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{in ;;~~em:Q~r l'? W:t» d13C\l5Jeod the '-'I)S~ib.illt.,Y o! l>~1n;;1t\g &11 9..tfittent. et.r•aQJI &~ 
t.h'J ~~75!~~.< ~·:11.1. to t:l~e pcln~ ot di~eh~.t-,F..ct f'r-.lrol lCA1Ch .US ~c-curo::~t.• l'···J;~;tple c~n W 
t.i).ken ror c~;;~Qr ~n-.~~10 :t.'M 4~~1ty. 11n<1 ~·h¢1"' tho volt~=~·.·• ot f~lp le&rin& t.htt 
~1 could be .tAII\eurcd \rith ronaon.nhlo %i.<:C.\tr:•tc,-. f."n• ditt1eult7 vttb eolleotJ.ns 
a J..tOOd a!)uplo on a :ro~-ul~ ~'1tervAl ln~ai• tro:a c..at.ori4l le~Ying Y1·a t.ho Alh pwap 
1J\ t~.<t b.:•a-"0;~1\ ot th-o :t:"lill h~3 b~~n t~e pr~~VJ~t't• ot &ohO. !I'Oftl \M boilor ~JO'L\Oe 
in ttaa ottluc:nt. a'tror4!1l a ~too4 pol'"tion ot t,bo t.~•• 

!n l.nvost~~:,t!r~ Vtt7 tn• bo1lo.r l'iOlU$·0 aohos ~ro !'~-&~ !irot. \o \h• lniU .aeh ~"WaP 
and ·t.~;o-n ·P'~:i into Ul• ~Jtko• M v.alid ro~GOn h-·~t• r;.e.r.l -..n~o~d. Tt,1a 1• Ju•\ 
a lu~n$~\l".i~or ~~r .. li.ctic:e tr ... ,• wnert ,.h·• t11,illn;t~, .trV;C. ba.d t.o bo ~P~ .. conat.d.Grable 
dist.~Jlt'!~ a ..... ;t on t.h~ "~11.11\i b""nk. ~if.n(t• th:te ~.l"'t\ h.a• all nov bttoan dreq-.4 ou~, 
thcro aee'M ~ NAt.«:)Jl whl' th• aaboa tro:u t.h• t.oil~r houtJo ciUUlO\ b• TN~~ dirRt.ll' 
tro~1 t.n~ bo:Ll.~r b.o\t~o to th• lAk•• o~ to " }11lo bi'Jh.i.ni t.n• bo.ilal' l:aw~ troa wt,•:r•. 
·t:iH~Y ~:.~n. ~o takvn tor uae aa till by fr«lpla do81t"in,f ~111• Mt•ri~l. lt • pilta were 
m~.d.:t on \~nd, th• ~t-'Jr oould be ~do t.o dr~.in i·nt.o t.h!.t .ttul\~Ari,.n 42H ... k er to '\he 
l~to. · 

Th$ ~c&h%1$ uo ~ through a .oix.-lncb oa$t. 11'011 lin• \hi'O\l~tl the mtu. Qador t.be 
flo-or-. ~~n~l frcqutt~t. chokct-\lp~ ~r-• ·~H;ricmoed ~d .. cb ba'CFe ~ 0. ele~Jr"4 by a111. 
•'!l.il.'lt,an~noo p~oomol. App.:J.rWttJ.y o.ll -.l.at.C\~-• <:oat,o oa t.111a lilA ~ OJ& \he 
ao)l pu;~ ~:~r~ a.tna~zo4 to t..it.4 ~111. 

~• !1-~v~ :.\rtitc-d t.t~CJ ltv,1:nor.ina flo_p!l·r\t'11!lll\ to 1n1f~!htr.;1g-.ate \:h.• ~'Ottsibi Ut-7 o.f d1 .. 
ch~l-gir:•~t ·th~so a8l"lG·• i}7 A 41(t'0r-lt. ~:at~•, u1.t!l t.ho \.~iO~h\ 111. .tU..-4 1J\~\ witt. a 
11 k~l7 ~-n·~'!..f"':c~e~-~ont, ter eoll;lct.!r.g uill a~;.oill1s 1 .-to • .t a l$tt tu.rt.~.l·t' Ol~~·· C~Atl b• 
m:ia~ ·u.'J. ... aro~y t.h~ 4~ ;uatp could. b.~ shu.~ Gu~- :or olitalA.!\'ttfhl• td.t-b. & GMtdtierule 
ettVli1~ 1A ~~1l.l!' t.t~lcl Mi.l\t.~PUtnca co~to, .~ :ul ~Ul oltlt~en\• WCN14 be 4i.obar;t4 
thr..J~,h Qtl.O l1.u4 t'N.a ~t.cb ;s.c~~)•t..~otal~ scup.Utlg· ~d l.-. dou-. 

It 1.~ tD;~ 'UM~~Gt<a,r:~iQ.J t!:;;..t ah&>· hall t,~~1nr1l. r~'):ond.bili.f.:t f·o• M..,Slios jlrocl ... 
tleaig.rl uan~~d. 0.11 a. c. Pcter:ecn'e i!'1&trttCtio.oll to rot~ la..t\ vnlr. n•a•attone tor 
ono ~'1!' ~r• 3C..~Orl$~ f4 Ci#n\-r~li:U\f 't~\$ 41$~h_,~~t~<08 ~J'li. t..u.kblC AJ~~lU t.._ th• ralU 
will 'bo proG4W1ted u eooa &4 th• uv~etta.-Uon ia cosploto. 

!.C~{/ttrdl 
·CCI ;,C't' 

JA 

g·,}i~ 

·/liiZ 

L. c. Klola 
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Preliminary Investigation 

Ahmeek Ivtill Boiler House 

Proposed Ash Handling Equipment Vs Present Hydraulic System 

.February 23, 1967 

To: T.W. Knight 

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

Scheme I - Flush System direct to lake, 

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

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

Scheme II - Belt Conveyor System - horizontal and inclined. 

(a.) Belt conveyor, 100 feet horizontal X 16" wide, including 
excavation for belt, construction of concrete conveyor trench, 
and installation of conveyor, including complete drive. 
Cost of this conveyor, $6,700, 

( b • ) Be 1 t conveyor , 3 6 ' wide X 16" wide ,. inc 1 in e d at 2 0 ° to . out s ide 
storage pile. 
Cost includes material and labor, driv~, and housing as shown 
by Sketch Scheme II attached, 
Cost of this conveyor, $4,610, 

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

Scheme III - Belt Conveyor plus Elevator. 

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

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

Total cost Scheme III above a and b ••• $14,400 

-1-
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Preliminary Investigation 
J\hmee}< }.lill Boiler House 

Comments: 

Page 2 
2/23/67 

(a) If it is desirable to change from the present ash disposal system, 
Scheme !,appears to be the most suitable of the three systems 
indica~ed above. Only an extention of the present pipe line 
system would be required. 

(b) Scheme III appears to be the second best, affording more storage. 
Ilowever, stacking of ashes may result in undesirable dust problems 
when strong winds prevail. It is to be noted that Stheme III 
ash storage pil~ would have a storage capacity for 45 days •. 
Higher maintenance cost should not be overlooked for Schemes II 
and III. 

(c) In revie,~ing a report to L.F. Engle by L.C. Klein, (attached) 
dated December 21, 1966, it is to be noted that the existing 
Ahmeek Boiler House ashes are pumped to the Ahmeek Mill and 
then p~mped to the lake---actually the ashes·are flushed from 
the Ahmeek Boiler House by high pressure water and are pumped 
out by the Mill 10" ash and tailing pump, This method appears 
to be the best and most common practice for ash disposal. Tests 
made during October~ 1966, disclosed that the 10" ash pump 
solids averaged 1.20% solids with an average tonnage of 335 tons 
per 24 hours. ·Th~s included 7 to 10 tons of ashes per 24 hour~ 
or about 2 to 3% ash. The ashes are discharged once on each 
shift for about 1 to 1 1/2 hour duration. 

Since automatic sampling and instrumentation shown by drawing 
No. 12702 indicates a good possibility of measuring density, 
flow and tailing tonnage, ·it is apparent that if the ashes were 
allowed to be included, it would not be too detremental. Also, 
if tl1e ashes were not wanted in the sampling circuit, the sampler 
could be shut off during ash disposal periods. Since this is a 
Resea.rch and Development terminal responsibility, and in view 
of the fact that several other testing problems to include changes 
and tests required for diversion and treatment of elevator shovel 
wheel overflows, as well as possible div~rsion of slime thickeners 
overflows and pending the requirement of several tests; more 
time is required to finalize a more definite conclusion. 
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We are attaching the following sketches and dra~ings.for your 
study of this problem, 

1. Proposed ash handling arrangement - Scheme II, 

2. Proposed ash handling arrangement - Scheme III. 

3. Existing overflow diagram No. 17331. 

4. Automatic sampling and instrumentation arrangement, drawing 
No, 12702, 

JJV:ll 

cc: LE 
LK, 
.. JA, 
JK., 
KE, 

Attachments (5) 

Approved: 

loJn- -~. t{ri ;ton 
Industrial Engineering Dept. 

R.L. Ellison 
Industrial Engineering Manager 

---------------------------------------------------------------------------------------~ 



334

/. 
..: ' 

: . ., 

m~-ooo 
~>'. '"1-8 

;':;"§>'~i<Ri,:O-\:::'-v 

folcier \0 

L. F. Engle 

: 'I.-~-~:) . : ....... :.,_ .1,. •••·· ....... {•" -~:_._ 

December 21• 1966 

Aeb Pmlp at · Ahlaeek Hill 

On December 19 we discussed the poasibil1t7 ot l;)ringina all. etfiuent at.reua at. 
the Aluuek Mill to one point ot discharge· rroa which. an accurate sample CaD be 
taken tor copper auaqsia and density, and where the volume ot pullp lea'Yinl t.he 
Jlill cou1d be meaawecl with reaaonal:tle acoun.o7. One ditficult7 with collaot,ina 
a good sample on a regular interval baeia troa material learing via the aab pump 
in t,he baaem.nt. of the mill haa be• the preeence of aahea troa the boiler house 
in the etnuent. st.r~ a good portion ot the tiM. 

In investiga~ina ·vhl' the boiler house aahea are pumped tire\ to the mill aah puJip 
and then pumped int.o the lake, no valid reason ha• be.a: uncoTered. ~· ia jua\ 
a hangover practice from when the tailings, eto. · bact to be pumped " conaid.erable 
distance out on the tailins bank. Since this area baa all now been dreq .. out. 
there ...... no reason wh7 the ashee troa the boUer house cannot be pwapecl directq
!roa the boiler house t.o th• lak•• or to a pile behind the boiler houae traa where· 
t.hq oan be taken for uae a• till by people deeiring thie material. It a pile were 
made on 1and, the water could be made to drain into the Hunsarian-creek or te th• 
lake. 

The ashes are pumped through a eilo-inch cast. iroa line through the mill• under the 
floor, and frequent ohoke-upa are experienced which -han to be ol•ared b7 mill 
maint-enance personnel. Apparentl7 all maintmano• costa on thia line ancl on the 
ash pump are charged to the mill. 

We have asked the Engineerins Depa~e~ to inveetigat• the poaaibilit7 ot dle
ohargin& the•• aahea b7 a ditteren\ means, with the though\ in mind that, 'With a 
likel7 arrangement. tor collectins lllill. epilla• et.o.,: a tw further chana•• C&D be 
made whereb7 the ash pump c~d be shut, down or el.iJiinatecl, with a considerable 
earlnc in power and maintenance costa, ancl all Jlill etfiuenta woulcl be diecharg• 
throush one line troa which acceptable sa111Pl.ing coulcl be done. 

It ia rq understandins that R&D baa terminal reeponaibilit7 tor aamplina proce•• 
deaign baaed on B. C. Peterson' •. instruction• to JOU la•t. we•k. Sugeation• to-, 
one or more scheme• of centrallzina the diac~gea and tald.ns -sample• rroa the mill 
will be presented aa soon aa ·the inveetigation ia complete.· 

U:K/wmh 
CCI "'BBP 

JA 
TWJ( 

Jl 
RW 
RWK 
RB 

L. c. nein 
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Calumet 
& He-cla 

CALUM:E-T 
,_ _____ DIVISION------

CALUMET. MICHIGAN·· 499131 

For Inter· Officg ~~~SfJcPs'ISRM Apri 17, 1967 

Tq 'Mr. 
CC; RJ'f 

RWK 
JA 
TWK 

JK 
LCK 
Engr. i>ept. 

AhmeekDAttll Sampling and: Efflut!n~r 
Handlinq· 

Ind • Engr. ilAg'hT 

Reading il 

Some time agq; •. you. asked R & D to· -study sampling:~ _ail~/~ff~:ueil~t'(hand 
at the· Ahmeek· ~till.: The results .-of that study} as:· reporte,4~:1rf:Ij;_:;;·. · 
L. c: Klein's memo to.:- me.;· of_ April:·l4·, 1967', are attache<;',;~~'\ There wa 
some delay in .. presentinci· t.his=· informCl;tion ·since~/ durinq:.,:'the-:: ·cqurse · 
of_ the investigation;,>. Mt .• :.I<lein did feel that test::'work{.·orr. .cyclon.~ 
of: shovel-wheel·. C?Ver~;l9~S- could contrib~te·· qre.~tly:::;_~Q~: t_pe;·:·9~~r.:a~Jli{ 
design·. l am pleased~ tq--- report. that th1EI test:·worJt·. di4t~ ~h9W.:.thaiff:~:\" 

·. clclones will conservatively add· some: 200 ~o 3QO· lr})sJday·.:·~~: C?.PPEe.~L 
m 11 recovery. -\ · · · · ,.":~,}>;;·_::~;(:,;;-: -!~~-~ 

Various unitS of. the :Sriqineerinq !Jivision clnd thEi •·1111' p~?~~d*'~ h!iive 
of course, 'contributed a: great deal to the .~ork presented,~ heri·~::·:.{ 1:11~::· 
my opini()n):- there ,is· ~~ffi;.qien~ information' anq.,.: j~_st.if.Lcati. · ···fa 
you to aut}iorizEf th~ ptop~r,· paper wo:r!( from·~ 'thee.' Oi_vi.la . 

to ~~r.~~~~2l•.··~~·~··· .~~0j~.~~{.~t~r;·:·I·<~~::~i;~~t.~;·i:ill~~a!1~~·· 
We arEf:. well; 'aware~ o.(~':·t-~chniquEj.;. of." me~~u~i_n(f_mas·S:}.f 
_this/ sc)rt"•!~r u·se:·· of:; ·nagn(!ttc· f_lC?wf m~t~~:. an~·· densi:.~y(· <Ja·· ug~~fl:~~ .• ~~ 
common· tor;: the· job·, an<:1·u~dex:~· certain.:·sttuations·v· ca~- t.JI'III;i: ........ _..., 

.. justified~-~~;_ Becominq:~xnore; and. rnore c()mmoJi·al.sq-"is~· thefu· 
.· co~ti~uous:. chemical.~(\~~ys'i~:_. ~ns:t:rwne.J1ta1:i,o#\.1 We do .. fe!! 

time·~~- i;flat\, the· $20·,.,0QQ~30', oo:p:~ ~xperisc;,j,.f fo]t'_' 890~·. device$~-. 
_, · f.~ab;te:~f. t~Ef prop0s,~. ~'~:~~· '{· ~yst~#f. ~-t·Fa~h.-~~:- .~~~ 2 _i.ris~~~l~. ,_: 

further.; operating· ext?e~:i.ence< and;~ i\eedS\· .are:: definfi!d~·i~ we, 

'~Ii~~~!t~ :::i!~f1~~f:d~i!~~~f~~i~!~~~~i!~!t'~;it . . 
a:re. av(lilable att t~EJ~·J:~,ng;ne~.~";Jl<.l-~ ~j,.V::Ls.to_~-~ · a_~d:.ar.~- ~~~,-"~ t:a~Qnt~CI:. 

'1; -~h:f~, ~re an~;·~~~'i{~~/ ~~Jg~~nj_~f~~; ~~~b~e~d(~{Jh~-;, , 
cOurse, would be pleaJ!ed to. <ls:~~~r is, ;;~t~t;~~~ion:'t~r ,~·· .:ft 

., .. ·' . ' .... '< ' < ' .<~;-~(.·.·. 

.. .. L~~L·•· .. ~--:_·.:-F\;~-·(E;;n.~.·~g·~~.-·e·;:, . ;.: -~:, ... 

· · - fe · ·. ' \;f-f;,~i:;; LFE/bv:. 

APR 1 8 1967 
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CALUM-ET 
,_ _____ OIVI S I ON------

CALUMET. MICHIGAN 49913 

For Inter· Office Correspondence Qnly 

Fonn 022010 

L. F. ENGLE ~ill.4,l967_ I 

sua.~e:cr' Proposed System for the Samolinc;r , ~ 
· anci Diap=••l ;£ AhJieeh Ui11_· cpe;Ji.·<' ~ 

i~ 
~~~ 

·1 
An investigation was made of the present. method of disposinc;r of. . ·~ 
tailings and· other waste~ from the: Ahmeek Mill to determine-. a· · · · ~·.§ 
reliable method of automatically sampling and handlincj the~e'. _ · . ·· ;~ 
waste streams. Presently, wastes from the mill. leave the plant··.: :- ·.;(. 
at three different points. Each of these; streams: contains:- wastes~·:·: . · .E; 

from different areas of. the plant, so that even: if a nood, ·s-ample·--;·_;·... .-~-_:;_ 

~:e e:~!r~!r~:m a~~~~~~;i~~~h i!v:~:l~f b~o:!!! i~!l !n;O o~~n~~:!n •·. . ·. .. ·~ 
Such samples would be practically worthless to the mill ope:r:atoi:s:· ·· }~ 
for the purpose of controlling the operation. · . .. · ·~ 

Wastes now leave the mill by way of the general tailing;J puni:p, the . ·~ 
ash pump, or by a launder under the mi~l basement flo<?rt,, -~~it grayit~ , _,_j 
(See attached c:trawing No. ·•· 17331-:A> • ... The ~e~eX:ct.l_ tai~,4~9}1i;, l?~m~:~~::t_7.:, -,~;-~: ~ · ~:·:~~~ 
handles the ta1linqs; fJ;o~ .. the' e1gh~ p~imary- fl<?.,tati~~~· m~9.~il(~.~l-~:~~<·:·:t···.i~: :·::.~ 

. and. the ovc;.rflows- ~ro.· .,It\ the.· six. slime.,.. thicke. n. e_· .. ;. ~:.~ .. ·.:~.- ~-;:Tije:~.-.;·.c:_. a.;'·p.· __ .4_9.~.~_.;:t·.· V(.-~~_i:;~:"'·;·~_-:.·~._J:"_i_·:.·+:_:.:~.:~ 
this pump 1e ove~tc,tx~d wheJ\ more than; six. o~1 th~: eigh-t;~: ~-~~: .. unitslo .. :'r;:·:f: .. ~:/::1~ 
are operating~- and~th~ pump sump overflows: to··; the." a~li.' .. _pumijK$~··~;-.t,~t;:-~;~,-~;::'l 
This situation. will be. worse when. two- aCldi tional: sli~< thickf!ners<~;,;~J::, :.'·::~~1 
are activated to handle:·. the ad~it;iona~ _ ciJnoul,lt of _s~~me~_:cs!l<-i· we~.t~~ · ,, -~:.:<>1 
fr()tn the spill recov~ry system, that ---~111. soon be in· O.P..~7at;_~~-n:~ . ·. ::-: ::._ :·: .. '·}.i~ 

The ash pump disposes:. of· ash~s- fr(Jll\·:'_;the ~iieJ: house·/ .tile/. 't~i·~i-~gs.·: .::,: .. ;~:~~ 
from the slime flot~t;_iot:~. macl:li~cat;- in(·· 1;.h~, ~1~ base~eJ1~ ,_-' ~pi,!~ a< .:·. ·~ :- ~<~- ~: ~}_~~ 
from.· the basemen it- o~.- the; mill, : oyer£1ow f;"ol!'!' the gene~al'\:·_ta~linqe.~;~~;t:.:_:.;i4£'::t~ 
pump:· sump,_. an~:l_ ai; t~~e~/:· P;art . of , the,·· sho~el/:- !J~~e¥:._9Y~:r~,-~R~~~i~:,:;> ) .~·~$-q'~--~?~;tti~;~ 
Recently,. the sh;ove~~ "!~E?ef .. ,.o'!~.:r;flow~r .. h~v~:~):~~et~.t.~~Jye~.~~' ·~ n~.i-~:1~~::§"~.. .}~~t 
·to this pump, for. S~J?l:~tlg: pu~poses_. · .-. . · < ·' ~ :_.·,:_:.., . .-, ~)~,:: .· :.(:2:;-.:~;:i~·:_;o; f}:·:._ "_.::?[:~:~:;s·>·~.'>:~~t 

The. qav·ity ~isch~rg~:;r~f'~~n~~r ·no~~ily handles .. th~-·sh~~~t ·,~~fi~~l ·:?.--~---<:->·:. !j 
overflows and \-tater" overflowing from,. the mill constan1:; ·fi~ad: water .. : >::·:i 
tank. - · · · · ... · ~---<~~<~-:~~~:-_~·:·;.~·,. , · · .. -: · -.. f~j 

~=~~~:~!~m~~~~g s~is~!-~~u:i~;l~:bi~es~i!:~t si:~~=i':~~~!:s be · .· · J~ 
made so that samples·." of these streams would be more" ··valuable: for .· . i,.:j 
the purpose of mill: control~ and so that these wastes .i,;>~~ e~iminated :·-:_-1 
from the mill at only .. two points- instead of three •. All flotation.> <~ 
tailings would be· h~rtdled. by the main tai~in,gs pump • J · ., .l\ll,,· 9tJ\en· · ,.>~ 
"unproc~ssed '' waste~~ would.: leave tl'le pla~t _by. gra.yl~Y.::·. t.lu;·~uqp the · j 
basement floor launder.. Autom~tic samplers ~"ould b¢:· :Ln,ta~led .> · :J:~ 
to sample each strea..tQ in a conventional .m~nne~~:\: . A · · change · · . · i 
will be necessary in: t;tte~ gex;eral t:aili~ci" .. . ·sch . _, de.~ )~~,;;._') 

!~t!~~:~l~r:w~~;~z];:~~~~t~. L~J.~~l~.t. · ... j 
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L. F. Engle - P. 2 April. 14, ·1967. 

A system is being installed in the mill to collect all spills. 
These will be returned to process entirely, except in very· rare 
instancesr such as a power failure or major spill when there is 
a possibility. of some loss, but as a rule, this material; will·, 
have no outlet from the plant. ' ' ' ·. . ·. .• . '' ·_ 

The only materia-ls leaving the plant ·will be -flotation-_.tailinc;s·~ .... 
and overflows from the thickeners and shovei-wheels·i Itt. the ... ; ·· __ ·.-:.··:·:·:·::.· · 
present flowsheet, the thick~ner overflows_ are combined: ·with the:·~,:_·,~? 
primary flotation machine tailings and remove_d from the· plant', by--:~;-~ : . 
the qeneral tailings pump·'t ThE!se ove_rflows> represent . over-. ha.,l~~-- -~- > ·, 

· of the total volume handled by the pump •.. The,. proposed:· _schem•:: wo 
divert these overflows to the basement: floor' launder . .,hE!re:;_they;:_. .. 
would flow out of _the_ plant· by gravit¥, relievi:-n~~"_the.:',l~~d; ~~ the· 
general tailinqs. pump. · · · · '.·· ·· , ~, .. ---.;< .· :, ::-- .· · . ,1··:.· · 

.,., ·~: ': ;· : .. : -~ 
~ ,! .<'' 

The tailings from the. slime flotation. mach.in~ iri.· the:. Ini.lf. baSeiDtc:nl~J(:W;h·\~.··,%.,;i 
which are n~w· discharged~ from the mill byi_ th&"-'ashf-. pump'would· ... : 

. pumped I into the general tailings sump:·td; b. ~~scha:r;ge4· wittr t:4e( 
primary flotation tailings. The reduced-volume: hcindled:by .. ~e<~-~-:r,.~:.~ 
pump is more than sufficient to allow the: pump.- to; handle· all- poss .. 
flotation tailings from an ei9ht ~tamp operation,. with no:,' overflo'"'-~ ~'· · 
qoing to the ash pump. ' . .. · · .. ··---~- ~_tJ.fi > ·· ·· · 

. , ·. · .. · . : . . . . .. · · -· .. ·· .. ~j-~r · f:.:; ••. ~~~:,~ .:; ;)1~-i~. . ..-;· ;,. , . 
Recent: tests, usinq a cyclone.· 1;o. reC;oveJZ··' ·coarse~ .mate:r;ia~ an4 . · _ ... _ 1

· · 

riched coppe:c . b~ari_ng· fin~s< fr9tw, .. th.~<~ s~ov~lt~~~e:¥1r.PY~~;~~o~'-;Jt,a. ·., ·· ·:( . • · . 
. . , i[l~ica~ed-- that ~· substa11t1a~ .. ~\ln~· O.·~V 90PP•~1l.>~~;:~t19~ ·~t~~~~-! .. ¥~ . · 

_ be. recovere~ fo~:·. repr()C~ssing,._~,: an4S •. an\,~~~~~~iaJ...I~~~.~-nuff:(~~tOQJ"~ 
· sl.une: rejected.::-.! :tt· is1- reco~n4e~: t~ct:ti~ 8.1}!~ ~~~,~tio_~~1;- C::XC?.lon~,_$;_ ·..... . 
· installed to- process: a~l~. 9f~ thisr mater;aJ·-e;: a~~~~ .. th~,~·~ 1:.he!r.·.9yc~q~e,;_;~~ff·: ... ·. · 
, overflows be combineci· with th~-- thickene~. oye-~flow-f..for~' sa,mplincjr:.:~·~:>;t.:.-

and· discharging througb. the;.:_ basement:. floo~ launderd':(<.":· It;r i-!11\ con-·:'L~>~-·:~10· 
servatively estimated.· (based ori ·t·e~.t:···res~l tsJ;~: that;; f·ronil200"":""300~:.: .. '?·. · 

. lbs./day of copper c-~ ~r ~~co~~ye~-~u~~~r~f~fc:t~,irro:~1i·~~h· ... 

. ·. ·> The~ proposed systent wil~' ha~~; th" f<;)~~Olfi.~C£:_.-~d.Y~nt.ag'~'( i~r 
· .. · to ~hose already ll'e.11~t~r::u~d,;t>· _'l'hE:t.J.~ a~~·- p~p( ~il~CnO~''.l ,;.· · · 

operated except-: for.; th--~; 1,nfrequen1l_: Pe:t'~~~Q;;~,. tA w;, ~· 
bOiler house are. bei'n(j( £1u'sli~d~/'.·~:- Th~#e':_'~·;i.1.1:, f{ . i(s _V .. ..LJL.I.~, .. 

. used to operate: th~i main. t~d.ling£f pi#fip;; 'beC;ausei(,(?ff:,thEJ~; rec:Juc::e<l~~~-
. The,:. "unprocessed wastes;;· 'will be· deposit'e~' i~.'afc'·~·''area.f'· a . 'W"'t'\I'K:~>(,l;J.~ 
, the qeneral tailings. pile. where:. th~:' ~e~~leq/_portio~ will' p~~t;J,a,4~~.~~.y!·~'~ 

.. be· enriched in' copper:·. and. woqld be;· adce-~i;ibl$< ~()i 'thE!~: d·r~dg$.; 
. reprocessing at the __ Tamarack. Reclama~i9,# .. pla~t· __ at}.-_som.~''_~u_tur;~: 
· · · · · - .· · · · · ; < , · ·-: ;.::. --~:·i: ''1'y(; :: .. :.:,~>~~·::~.:··· ·;/ .. }~~~:,. '_ .. :_,?·:-rs : . ·· .. ;;-_;_. --~- ~ : ... 
Following is . a summary_· of. what_ mus~t __ .b •. done·. to· tnake the;. "recomin8hd.e• ~ 
changes in the Ahmeek r.till. flowsheet:· ind: l.nlst.allf- a~equate. sampling/:· .. :~t:::

8

:6. genera! tailing~ :p~ Ji:LJlfg~~ii~~:l!:a·1~:~~:f;:ffij$i\'~i'A 
_that qoes dirE!~tly·. t() t.h~.- tail~n~~:d~~~ ap~f~:~,t~:~ely·· 300 {r:{:~~~.::·_:of, 
feet east of the m1ll. . :It· willi· b"~~ necessary~ t;~- raiae?": tHe' pi _,-~·:•v ! 
about three feet_ wh~re it' goe$·' thrQ\lgh·: · -~mill\;.:: 'l'hist '·· · 
would then termin·ate: inside' .. the,_~-· ·11: :" · · · 

' . . ' ':!t!i:~~1;~~J',;;;;; 
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into a short launder, on the end of which would be mounted 
an automatic sampler. The pul9 would then discharge into a 

· lar9e box, from which two 22· pipes would take the tailings 
by gravity to the tailings dump. The 12« pipe from the ash 
pump would also discharge into the box that the tailings do. 
A second 22" pip~ would replace the 12·· pipe going to the 
tailings dump and this can be mounted along side, the. present 
22 •· pipe on the same bent$. A seconda~y sampler·> would be usee 
.to reduce the size of the sample collected by· .the primary · 
sampler to. a workable volume. Samples. would. be taken at ten 
minute intervals and analyz.ed for each- -shift. Equipment re~ .· 
quired for this includes two samplers·, 300' feet, of:~ 22~'; P.iP,E!.~ 
launder, box, and supports. The estimated: cost· iS! $12/; 04$-~· · . 

. . - - ... ·: . ' -~ :. :. -. ' ' - ,· :,'~i, ·f:~f>;';,··.:t.' ·' '· ... ·· 
2. To divert the tailings from; the·. basement slime-. flota~ion· machit. · 

to the. gen~ral tailings pump sump will require..· ct; pump, and moto:a;· 
installation and piping. ·A 4:~· pump. and··.lO hP.:. moto~~ a.r~' .. avail
able •. Total cost of· installatio:n', ia; estimateq: a1?: $440·:;":~:>.-?;,. ·;. · <~ · 

3. On't 20" Krebs cyclone is O~w ins~~lif!d eJCPerillkE!~t:~i1yl:1o~,,pr~~ · 
cessing shovel-wheel overflows. Two-· will be required'' to pro..;.· 
cess the entire flow. These cyclone• are.. currently .. available: 
at the mill and could be used foJ; possibly a year. before·· they·. 
will be required for installation: in the . .ball' mill circuit. . ... 
l'o reclaim the cyclone· underflow. product·r· ~;. 2.-1/2:~~ pumJ:l;.w~·tq.·· · 

. motor 1 a screen~ and pi pine}~~ l.ai __ r~q1lire~·~·~;·:- £~ti~1:f!«·:}:;Os-~:~{ irif.'. 
eluding ne\1f pump.: and motor willi -b~:'.·~l:)o9•;. $1:·1 5.4_(J,·¥~i_·;~._R,egt~¢~nq::_f.;};;/ 

the cyclonel' .at ,.~:{~~:ef';da~~,,2~~,l;:;~~~;,i;~1]lf;~~~1i~t~ . ·oe ~~\f~,fl:;·',.; ,· 
4 ·. To combine the: th1.ckener· o.verflowar witlt.: the>: $hdv~l-~_w. .. · .. · ,·ove~~t'--·~i~· · 

flows,. install' an' automatic:· sampleJ{f >and' divert:;;. thi8t 't1oiA( e6~·-~~: :·:/·' ... 
the basement. floor launder· will .. requir~, an. aoprQ~~mat•l.Sr" 35·: e·t 
extension of the · floo.J:r · laut)ger ;_ · plu~·· :a catch;: bo,lt:,. ·-·~n4>s)lor1;',' ·!~t:. , 
launder with sampling. statiori{~ and 'arf automatiC:·. sampler·;·- . " 

;~c~~~:;:;~:~;;;~~;~l;~l~~~fi~~~?~~i~~~~tii!~~~[f~!,i~,~~is~''(t~ 
two., weeks vacat1on shutdown:~.<~ W'orMt~·- ort~. the> .c>thel;!':~- :thrett(~:;t · ..•... co~l~<:~~;~~·,£1%it't 

~st<:s~!: · ~~;P!:~bdt~p~~ll:~~tU!of:h!l'~f:}!t!A~r:~:t;~~~~:~f~~j'·J!:f( · 
· the mill is not operating.: - · ·-r "· ···''"~' :,'\:::;~,':- · \ ,· ''.', • 

.Attached is a summary ot ·labor· a~ct· ma;t~~l~i~·'esti~at.~'i:C'~·fo~.,: ~~dh, 
of the items listed.' Also· attache(!· are: flow diagramsf 17331-A' 
showing the present arrangement, tailings and overflow·; streams·, 
and 17331-B showing the proposed arrangement with change~:- i~di,<:atec. .t 
by heavy lines. _,. .., _. . ~ 

LCK/bv 
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. COST ESTIHATES 

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

. . . . . . . tailings pipe plant to 
tailings dump $4 ,_55.0. 00 

455·. 00, 
$6,400.00> . 

Contingencies 
$51005 .00· 

Item 2. . . . . 
Pump and pipe- to· pump slime· · 
flotation tailings· to·. main; 
tailings sump. 4" pump and · 
motor available., 

Con~ingencies'.· · · 

Item 3. 

200 ~ oo:_ 
20. oo:, . ' 

220.00 ·.'' .. 

. 640.00,:. 
$7,040 ~ 00,: 

Cyclone installation, in- .'" _. ' ·, ~,.:·.:.. . . . - . ' ( •• . 

cl.uding. chip. sqreen, p\lmp::_~, ;' .. > :' . c·. ;:: :.;r::.; ~' .• ;: .. :., ~\, . 
. and motor,, and pipe ;Lin$:, for·.:::,.:: . -~- .:. ·.:;:.:{_;_ 1 -t~-,._ ..... · ",. 

~~;u~:!~~~~~~~?I~~ii~;:·r "~: n~>: g~z~%'J~L;·;,~. ___ ........... ~ 
' .r ': . :" ' •, ~; . ·. -;, ~.~· ... :' r ;··,. • .• :{_..·. ; • 

· · . ··· ( ·:. <;F,"~i·<· .. :_. ;:<·:· ,f.ih:>. "· > 
Item 4· •... ' .· .. . . · . ',, ·· .. , .. · · ···t-' ·_, __ . .,..::·.: ~· --. · • .: - · 
slime . thick:ene:r: · and shove~~;· .. : ~. I< ·:. •• .:· .: >- / · .. 

. wheel.' overflow sampling· systen\i:,·' 7 ~: •. ·::·:c·~ ~';~>· """· ' ' 
·. including. sa1ftple~. and::. ;r.;tloca t:ipri,( .. ;· ·Jhf:!f.: 

of out l~tCo~t~flJ~nc !~!'~~·:/·~~%::~', ~·~ :;:f~~t, .... 
Totals(:.- .. . . ,, 

:~ >~:~ ~ 
~--: 1~·2~~- ·,- ···:.'~--

. : ... l; ·.. ··. :r:··.;:; :>:}~.: ~:>. ,: :;._;-{;(. 
~ 0 

•• f O .~:::J~~ .. : :' O ~· T " -:-~ ,• ' 

.. .'.'•··'" . .:;> :~- ··.o,_,.\:, ..... 
· ~:~ --~-: ~:y):.~tr.:-.~- ~> ·.-'·,,,~.~1_:._··.~~~~~.,· •. ·: -. ·· -··· ·· ·:·· · ' ' ~ ·.;~ ;/'?'{}; ;··:·· ·:' ~ ., 

* No purchase of cyclonf!sL necessarY ~~; a~~~t::6~~ yEi~r. , 
awaiting installation'· in ball mill.'circu~ts; can be used. c~:~¥~~!-/J, .... ~ 
ment cost appr_oximatel~-· $3,400.00. · ··· · .. , ·.~.1 ~ .· · --;'r"'-·· 

.. -~ : 

. ;.·'. .; 

' / 

. ' -~. '-.. : . . " ..... ' ~ ' 
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To Mr. 

Form 022010 

CC: RJ'-J 
RWK 
JA 
TWK 

CALUMET 
,_ ______ Cll VIS I ON ------

CAlUMET, MICHIGAN 49913 

1\f'ri 17, 1967 

JK 
LCK ~AhmeekDMtll Sa~pling and Effluent 
Engr. ~ept.~ Handling 
Ind. Engr. Sb'WikoT 

Reading ltl . 

Some time ago, you asked R & D to study sarn~ling and effluent handlin~ 
at the Ahmeek Hill. The results of that study, as reported in 
L. c. Alein's memo to me of April 14, 1967, are attached. There was 
some delay in presenting this information since, during the course 
of the investigation, ~tt. Klein did feel t~at test work on cyclones 
of shovel-wheel overflo•11s could contribute greatly to the overall 
design. I am pleased to report that this test work did show that 
cyclones will conservatively add some 200 to 300 lbs/day of copper to 
mill recovery. 

Various units of the Enqineerina ~ivision and the ·lill operators have, 
of course, contributed a great deal to the work presented here. In 
my opinion, there is sufficient information and ·justification for 
you to authorize the proper paper work from the Divisions concerned 
to implement the recommendations. 

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

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

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

LFE/bv 

~~~-::· .P /_'? 
:" """:>' • ( -·~·(.//.(?> 
•./ .f. • • C.C:.:JI ~--

L. P. Eng e 
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CALUMET 
~-------DIVISION 

CALUMET. MICHIGAN 49913 

For lnter· Office Correspondence Qnl.y 

TQ Mr. 

Fonn 022010 

L. F. ENGLE ~t'il 1. 4, 1967 

sueJEcT' Proposed System for the Samplinq 
and Disr;:=ul =f &bmp' ·col 'J'aPi 

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

Wastes now leave the mill by way of the general tailings ~ump, the 
ash pump, or by a launder under the mill basement floor, by gravity 
(See attached drawing Wo. 17331-A). The general tailings pump 
handles the tailings from the eight primary flotation machines, 
and the overflows from the six slime thickeners. The cacacitv of 
this pump is overtaxed when more than six of the eight mlll units 
are operating, and the pump sump overflows to the ash pump sump. 
This situation will be worse when two additional slime thickeners 
are activated to handle the additional amount of slime and water 
from the spill recovery system that will soon be in operation. 

The ash pump disposes of ashes from the boiler house, the tailings 
from the slime flotation machine in the mill basement, spills 
from the basement of the mill, overflow from the general tailings 
pump sump, and at times, part of the shovel wheel overflows. 
Recently, the shovel wheel overflows have been diverted entirely 
to this pump for sampling purposes. 

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

Before attempting to set up a reliable sampling system, it is 
recommended that some re-routing of the effluent waste streams be 
made so that(samples of these streams would be more valuable tor 
the purpose of mill controlJ·,. and so that these wastes be eliminated 
from the mill at only two points instead of three. All flotation 
tailings would be handled by the main tailings pump. All other 
"unprocessed" wastes would leave the plant by gravity through the 
basement floor launder. Automatic samplers ,,ould be installed 
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to sample each stream in a conventional manner. A major change 
will be necessary in the general tailings discharge lines in order 1 

to install a sanpler that will collect reliable samples. (See :1' 

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

The only materials leaving the plant will be flotation tailings 
and overflows from the thickeners and shovel-wheels. In the 
present flowsheet, the thickener overflows are combined with the 
primary flotation machine tailings and removed from the plant by 
the general tailings pump. These overflows represent over half 
of the total volume handled by the pump. The proposed schem~ woulc 
divert these overflows to the basement floor launder where they 
would flow out of the plant by gravity, relieving the load on the 
general tailings pump. 

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

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

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

Following is a summary of what must be done to make the recommend•' 
changes in the Ahmeek r1ill flowsheet and install adequate sampling 
stations~ 

1.· Tr(e 16" general tailings pump discharges into a 22" pipe-line 
that goes directly to the tailings dump, approximately 300 
feet east of the mill. It will be necessary to raise the pipe 
about three feet where it goes through the mill. This pips 
would then terminate inside the mill at the east end and flow 
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into a short launder, on the end of which would be mounted 
art automatic sampler. The pul9 would then discharge into a 
larjjJe box, from which two 22· pipes would take tl1e tailings 
by gravity to the tailings dump. The 12" pipe from the ash 
pump would also discharge into the box that the tailings do. 
A second 22'' pipe would replace the 12· pipe going to the 
tailings dump and this can be mounted along side the nresent 
22 •· pipe on the same bents. A secondary sampler would be usee 
to reduce the size of the sample collected by the primary 
sampler to a workable volu~e. Samples would be taken at ten 
minute intervals and analyzed for each shift. ~quipment re
quired for this includes two samplers, 300 feet of 22' pipe, 
launder, box, and supports. The estimated cost is $12,045. 

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

3. One 20" Krebs cyclone is now installed experimentally for ?ro
cessing shovel-wheel overflows. Two will be required to pro
cess the entire flow. These cyclones are currently available 
at the mill and could be used for possibly a year before they 
will be required for installation in the ball mill circuit. 
ro reclaim the cyclone underflow product, a 2-1/2" pump with 
motor, a screen, and piping is required. Estimated cost, in
cluding new pump and motor will be about $1,540. Replacing 
the cyclones at a later date will cost approximately $3,400, 

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

'luch of the work required on Item 1 can only be done when the mill 
is down. This work could presumably be done during the regular 
two weeks vacation shutdown. ~iork on the other three items could 
be mostly completed when the mill is operating, requiring, at the 
most, one day each to connect into the different systems when 
the mill is not operating. 

Attached is a summary of ·labor anC: materials estimates for each 
of the items listed. Also attached are flow diagrams, 17331-A 
showing the present arrangement, tailings and overflow streams, 
and 17331-B showing the proposed arrangement with changes indicate(. 
by heavy lines, ) 

LCJ.{/bv 

'r'/J' I -:·<t c >r.. (- :- / -e . 
L. c. Klein 
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COST ESTif,fATES 

!C==-:J 
~2" tailings pipe 3'. 
Procure and install launder, 
box, and sampler. New 
tailings pipe plant to 
tailings dump $4,550.00 

455.00 
$5,005,00 

Contingencies 

Item 2 
Pnm nd pipe to pump slime 
flotation tailings to main 
tailings sunap, 4" pump and 
motor available, 

Contingencies 

Item 3. 
Cyclone installation, in
cluding chip screen, pump 
and motor, and pipeline for 
returning recovered values 
for reprocessing. * 

Contingencies 

Item 4 

200.00 
20.00 22o.oo 

1,000.00 
. 100'. 00 
I,Ioo.oo 

·im thickener and shovel
wheel overflow sampling system, 
including sampler and relocation 
of outlet. 1,260,00 

Contingencies 126.00 
"fJ8 t, ·oo 

Totals $7,711.00 

April 1·4, 

r-Iaterials 

400.00 
40.00 

440.00 

$9,417.00 

~ No purchase of cyclones necessary for about one year. 
awaiting installation in circuits can be used. 
ment cost approximate! 

1?1?8~ 
3 ¢t:JcJ ft 

nc1:$2.o ~ 
I z, 377 E.!-

,c;,e"'l ""2t.o!!!!. 
/l/<!"2 ,5;1/7!.!. 

/2,.3 7T ~ 

. . 
$12,045.00 

440.00 

1,540.00 

3,103.00 

$17,128.00 

Cyclones 
Replace-

' 
~ 
'l I, 
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Six-cent Copper from Calumet & Hecla Tailings 
Ootr 50.000.000 Tons of Sand, Accumulated During Half a Century, 

Being Treated by Tabling. Flotation, and Leaching 

By C. H. Benedict 
).1HAihu ct•l . • •.,. hunn A IIMclu t'oru,olhhtlt tl t'Ot t lH 1 t •tt .• 

I .nk.. l ~tnclto, ~lh- h. 

THE CALUME1 &, Jlf:CI.A MININC CO wn11 
organized In 1871 11s a consolldntfnn of rour ('Om· 
panics. two of minor lmportnnce, together wi th tho. 

Calumet Mining Co., tornu><l in 18611, 11nd th~ llt>c la 
Mining Co .• organized about a year later. Both thl•Qe 
latter companies found tlrofltable ground at onct> nnd 
~n the erection of stAmp mill8. The C11lumet Minln.r 
Co. ftrat erected Its mill nt the mine, but in a few yean~ 
moved to ilK pretent 11llc on Torch Lake Adjoining tht> 
alte on which the Hecla Mining Co. had already built lt11 
orlrfnal mill and which Is about four miles from t he 
llllne. The~e mills have been In exlstence then, at the 
ame site. for upward of fifty yean~ and have been 
depositing their tailings continuously into Torch Lnke 
during that J~eriod . 
To~h Lake Is one Q/ 11 seritt~ of Inland Jakes in the 

Keweenaw peninsula of upper Michlaan, but is dis· 
U~ll!bed by being on the fame Jevelu Lllke Superior, 
with which it has navigable connection; and it is di!'· 
tlna uillhed further by the fact that it Ia quite deep rein· 
Uve to ill! area. At the t ime the mills were er ected 
on tbe ahore of th is lake there was no thought of anr
thlt\1 except the det~ire to find room Cor the sand ta ll· 
lop, but considering the development of the mine and 
of tbe art of metallurgy in the fifty years following 
tbe foundation of the mill& no better aile could ha\·e 
been found anywhere. The shore adj11cent to the lake 
II relatively tlat, so that all buildinp are at approKI· 
1111tely the same level, but the sloping hllla running 
down tow'ard the ehore permit of a uniform grade to 
a rravity rallrood, and a trestle of mode1·ate length 
cl'ftl the neceaaary elevation for gravity run to the 
... bina and atampe. 

The milia were built cloee to the s hore of Torch Lllke, 
aod for aome years there wa11 sufficient elevation ao 

Drtdfll 411d porti(;" of po"tooJt lint 

that tbe tailing& ran Into the lake by gravity, but 88 

the deposit Increased In area the 11hore gradually re· 
ceded and It wu nece1111ry to provide aome means of 
lf'fiDI tbe tailing sufficient elevation to reach the Jake. 
r or thla purpoee a device was developed unique in this 
country at that time, and even yet but few are In use 
CIUtalde of the Lake Superior copper dlt~tl'ict. ThiH i11 

Shore pla11t, &ltOit"lllg atorogt pm-1 a11d 1Jrvi11ging 
111ction litrt 

known u a sand wh<>el. a slowly rtwolvlng wheel with 
dep~ions or buckelll in the J)4'riphers which take their 
load at the bottom and di l:Ceharge tangentially on ap. 
pro:u:hing the top. Start ing \\ rth II so-rt. wheel the 
diameter or succeP.~Ive wheel~ wru~ increll!ed to 40, 
then to 50, and finally to 65 ft., to reach the d~ired 
ele"ation. 

Originally t\\O mill~ \\ere built, known tu1 the Calumet 
mill and the Hecla mlll, and there a re two dielinct 
I.Jliling piles with their centerH about three-quarters of 
a mile opnrt and with clear wnter between, the two 
almost inclosing a b11y from which Is drawn the water 
for the pumping stAtion. Theile tailing piles covered 
an aren of about 162 ucres at one time and vary in 
depth from nothin.r nt the shore line to 120 ft. The 
reclamution plants 11rc erected centrully to t ho north 
of th~ Calumet pile, and It Is this vile that i11 now being 
reclaimed. The HeclA bank wu all of It conglomerate 
up to obouL 1900. but 11ince that date the south or ex· 
treme end has been mo11tly amygdaloid taillnp of much 
lower gr11de, and there will be n boundary line between 
the conglomerate and the amygdaloid, which. 88 

dredged, wiU be 11 mixture of the two. When this 
mbted material is to be reclaimed It will result either 
in the Inclusion of low-grade matulal whic:h wouJd not 
pay by it~elf to reclaim or in the exclusion of some 
conglomerAte tailing which by illll'lf would be profitable. 

At the beginning of mining oJ)4'ratiom In the late 
60'11 the ore wu running better than 100 lb. to the 
ton by IIS!!aY and the metallurgical methoda wue natu· 
rally crude compared to present-day atandardl!. The ore 
incre11sed In richntt~s for some years after the opening 
of the mines. and tolling Jossu of 20 lb. to the ton and 
more Wf're not out of the ordinary. In those years the 
smelters required a very high·rrade product. and u 
the fine copper could not be concentrated profitably to 
smelter requirements, practically no effort was made to 
save the slimes until about 1884, when buddies or cir· 
cular slime tables were Introduced. Neither wu any 
effort made. except 8pasmodlcally, to do any grinding 
other than that by the origins! 11tamp. which crushed aU 
mater ial to pass thr·ough n h·ln. round opening screen. 
'fhls made for very rich tallingH, And it was not until 

~ 

~ t: i, 
~! t.i c 
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F ig. l -Map of Calumet & H ecla u11its at Lake Linden 

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

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

Model showing status of aatlds for reclamation plant. 
The white represents lake bottom, and the dark, 
reclaimable sands. 

ern fine-grinding machinery, coincident as It was in 
the Lake Superior distr ict with the introduction of the 
low-pressure turbine and consequent cheap electric 
power, it was not felt that the time was r ight for be
ginning operations. Then, at first, the plana were only 
for finer grinding and Wilfley table t reatment, and it 
waa the expectation that the recovery might not exceed 
40 per cenl Even lhla was attractive, and work was 
begun in 1912. The regrinding plant waa not yet in 
operation, however, before the leaching process was 
developed, which promised to double the anticipated 
recovery. Construction work was star ted in 1914 on 
the leaching plant, designed to treat sand, and experi
mentation was continued on the treatment of the slime 
by the same process. The rapid development of flota
tion, however, and Its adaptation at the Calumet & 
Hecla to native copper, made it advisable to discontinue 
work on the leaching of slime, and a flotation plant 
waa erected for this material. Tbls.again increased 
the recovery, 110 lhat about 85 per cent of the values 
contained in these tailing piles will probably be ob
tained by the present process. Inasmuch as the re
covery on the ore originally was about 75 per cent, over 
95 per cent of the metal contents of the Calumet & 

Fig. 2-Flow rlleet of rtcla:mation plant 

Hecla conglomerate lode as mined will be obtaJned u 
refined copper, a record probably unique in the history 
o! any copper·minlng operation. 

Although the commercial poaaibllitlea of these de
posits bad been recognized long before recovery plants 
were erected, their treatment was not sufficiently im
minent to prevent surface contamination. All the rub
bish of the stamp mills and from the adjacent towns 
was deposited on top of these sand banks, and although 
this rubbish does not constitute a large percentage of 
the total weight. It amounts to thousands of tons of 
every conceivable kind and size of material, and any 
plan for the reworking of the sand had to take into 
account a mixture or n11hes, hoop Iron, wire cable, laun
der plates, and submerged logs. After five years of 
operation the &uctlon dredge originally chosen has been 
in commi!lllion without nt nny time having had serious 
dlfficulty in operation. • 

I 
I. 
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The reclamation plAnt u at present COIUitiluted eon-
aista of five unit& N!parately housed as follows: 

I. Dredge. 
2. Shore pumping plant and classifying house. 
8. Regrinding plant. 
4. Leaching and distillation plant. 
6. Flotation plant. 

Fig. 1 shows a diagram of the units of this plant 
in connection with the other mill buildings. Fig. 2 is a 
ftow sheet. 

1. Dredge-I t was recognized nt once that a suction 
dredge .,ould be the only p081!1blo mean~~ of reclaiming· 
theae tailings. because oC tho rl(!J)th or tho depo11it and 
the severity of the climnte. It was not feasible to de-

279 

for dredging the sand direeUy from the pile and dis
charging it through the pontoon line to a etatlonary 
screen at the shore plant. This eliminated entirely the 
revolvinr screen on the dredge and the l!ecOnd dred~re 
pump, and resulted in a tremendous saving of po~~o'er 
and maintenance. It Is surpr ising what large pieces 
of timber, rope, and even steel plate ean be picked up 
by the pump and carried through 3,000 ft. of the 20-in. 
discharge pipe to the receiving pool on shore without 
choking pump or pipe. 

In winter time 2 ft. of Ice on the lake Ia usual. 20 
deg. below zero is not uncommon, and usually for two 
to three weeks the tempoJ·oture Is continuously below 
zero. However, these conditions hove Clluaed no delay 
in the eight years of operation, and the dredge has 
less difficulty and loss of time In mid-winter than the 
railroad that brings ore from the mine to the mill. 
At first, efforts were mnd1• to cut the Ice !rom about 
the dredge and haul It away. When the revolving 
screen was discontinued. however, 110 that the second 

Fig. 3-CroBB-89Ction of dredge med in rcclailllittg saud 

\-elop a dredge by experimentation on a small seale, 
because from the very nature of the problem large-seale 
operation on!~ was J)OSI!Ible. No dredge had e\·er been 
designed to d1g 110 ft. below the water level. A bucket 
dndge Will COnSidered entirely UOftt, becau~e Of the 
depth, and also because of the fact that although a 
bucket dredge might handle rubbish to rood advantage, 
the lharp coarse sand would be very hard upon lhe 
iMumerable bearings. Further, It was thought impos
a'ble to operate such a dredge In winter time in the 
lAke Super ior dlstrfd, with the thermometer fre
~ntly reachinr 20 deg. below z:ero. 

The dredge finally adopted wM de\'eloped with the aid 
of the Bucyrus Company, of South ~lllwaukee. It il! 
a lteel-hull dredge 56 ft. wldt> and 110 ft. long, with 
111 o\·trhanging deck 8 fl. wide. As origlnallr inlltalled, 
having in mind the amount of over11ize rubbish to be 
llandled, the drl.'dge wa11 provided with two dredging 
pumps. The ftrl!t dlschnrl{ed Into n ll-in. revolving 
ecreen for removing rubbiah, the undersize going to 
a aump from which a 11eeond pump elcvnted the mnte
rial and discharged It through the pontoon line. 

After experiencing conaldornblo trouble with the 
elimination of tho oversize rubbish In this wny. a 
method was finally devised of using but 11 single pump 

dredging pump was not required, this pump was con
nected to a pipe surrounding the dredge and discharged 
water through a aer ies of nozzles about 10 .Ct. above 
the deck of the dredge. The agitation from this water 
was sufficient to keep the ice from forming freely and 
also to melt such ice u had been formed adjacent to 
the dredge. For the Jut four years It has not been 
necessary to break or remove Ice by other means, and 
the cost of operating this pump for a few hour11 each 
day is small 

Fir. 3 shows a Cr0611-tot.'C:tlon or this dredge. The 
dredre pump itself has a 20-ln. diameter Inlet and 
outlet, with impellers 65 ln. In diameter, operating at 
360 r.p.m., and is equipped with a 1,250-hp. motor. 
The pump casing is split vertically and is lined through
out. Various types of material for llnertl have been 
used, and although the best re!!ulta are obtained with 
manganese steel, chilled ca11t Iron made In the local 
foundry is much the cheape11t material per ton dredged. 
In addition to the main dredge pump, and an auxiliary 
pump for supplying water to prilvent leo formation, 
there is a 4-in. centrifugal pump for 11ervlco water and 
an 8-in. centrifugal pump tor supplying water at 76-lb. 
pressure for agitating the 11nnd. The dredge suction 
is supplied with nozzles reaching oul In all dlroetlons 
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Flotatio1t plant, showi1tg r01o of D01'r tkickeners. At 
the right are the backs of the jlotati011 machines. 

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

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

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

.The dredge is not self-propelling, but is operated by 
swinging lines fastened to anchors in the wat.er and 
deadmen along the shore. There are two four-drum 
winches for operating the lines, two drums of which 
are for the ladder swing, two for the bow-line swing, 
two for the stern-line swing, one for the stem line, 
and one for hoisting the suction ladder. The bow 
swing lines are ! in. diameter, the ladder and stern 

lines are ~ in. and the ladder hoist rope is 1 in. diam
eter, all plow steel. All pumps and winches are elec
trically driven, but there is a small boiler on the dredge 
to provide steam for heat and also for operating cap
stans when the electric power is cut off. 

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

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

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

of pipe, mostly in 60-ft. lengths, carried on steel or 
wood pontoons. The pontoon pipes are connected by 
meall8 of rubber sleeves, and although other types of 
flexible connections have been tried, especially ball 
joh1ts, ev.erything~hafl< been .abandoned In favor of the 
rubber sleeve. The sleeves are held on by split steer 
bands, which arrangement, in connection with the 
beaded ends of the pipe, gives a simple flexible joint, 
and one that does not cause much trouble. 

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

The dredge has a rated capacity of 10,000 cu.yd. per 
day, which has been real_ized. No facilities have ever 
been at hand to make a definJte test of its efficiency, 
and there is so much variation in the size and nature 
of the sand to be pumped, the length of dischar ge line, 
the condition of the impeller and pump casings, and 
depth of suction, that a test would be of little value. 
In the winter about sixteen hours, including delays, are 
required to do the necessary work; and sometimes dur
ing the summer, when the pontoon line is 8,000 ft. 
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fine and att r d c ntinu u th 

Leaching plant, showing tank filling 
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by swinging a suction elbow through 180 deg., one 
pump could be replaced by the other. Delays have been 
ao infrequent, however, that such changing of parts 
as is necessary can be done during the regUlar six
ho~tr shutdown once a week, so that only a single pllmp 
has been necessacy. This pump has a 12-in. suction 
and discharge, is split horizontaUy and lined through
out. The impeller is 40 in. in diameter, running 375 
r .p.m. direct connected to a 200-hp. motor. The 
discharge of this pump goes into a large receiving box 
fitted with an overflow for the excess water, and as 
this water carries considerable fine sand it is returned 
to the storage pool. Circulation of water is vecy useful 
in winter, as the agitation caused thereby aids in keep
ing the pool free from ice. The receiving box is pro
vided with fo~tr openings, gate controlled, through 
which the sand and wat~r flow to stationacy screens 
with l-in. diameter openings. These screens are for 
the purpose of removing the liner particles of rubbish. 
The undersize of these stationary screens is fed to 
two double drag-classifiers, each fitted with two 20-in. 
belts, these belts being provided with 6x4-in. angle 
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irons, 24 in. long, as drags. The discharged 'product 
of these drag belts is fed by ~hutes to a ~~-jp .. b:elt 
conveyor, and the overfiow, after suitabTh dewatei:fng, is 
pumped directly ' to the same sand- and slime-classi1Sring 
system that takes a1so the. tailiJlg of the J'egri-nd
ing plant. 

The cost of operation of this plant for 1923 was 
2.47c. per ton, including blllt c<inveyor delivecy to the 
regrinding plant. Of this cost 45 per cent was for 
labor, SO per cent for pawer, and 25 per cent for sup
plies, chief!)• pump repair parts and pipe. 

8. Regrinding Pla1lt-Tbe material treated in the re
grinding plant is t. coarse sand classified out by the 
drag-belts In the s!'ore plaut and fed to the top of 
the plant by means of a belt conveyor. This belt 
conveyor is 27~ ft. between centers, rllDB at a speed 
of 500 ft. per minu~, and 1tas an Inclination of 2i in. 
to the foot. It discharges into a receiving bin, which has 
suft\cient storage to supply the mills for about thirty 
minutes. In the bottom of this receiving bin ar.e dis
charie openings, from which the relatively dry sand is 
run at a uniform rate and fed by means of water 
jeta Into launders running down either side of the 
plant and discharging into dewatering boxes for feeding 
the conical mills. 

The building itself is 122x431 ft. and contains 64 
Hardinge mills, 8 !t. x 18 in., driven individually by 
40-bp. motors connected by means of flexible couplings 
to herringbone pinions driving corresponding her
ringbone gears. Each mill revolves at 26 r.p.m., is lined 
with eiHler Belgian silex or domestic quartzite, and 
uses flint pebbles for the grinding medillm. The conical 
mills were among the first built by by the Hardinge 
Company and are low in capacity. At a corresponding 
plant now being built for the Tamarack sand, Hardinge 
miUs are being used as before, but they have a cylin
drical length of 6 ft. instead of 18 in., are driven with 
100-hp. m and give about three times the capacity 
of the shor ill. These conical mills and motors are 
carried on a structural steel framework Ol' floor about 
12 it. above the Wilfley table floor. The mills Are in 
two rows of thirty-two each and are served by a fifteen
ton traveling crane which can pick up a full mil}. All 
relining Is done at the end of the plant, where piet'li are 
provided for this purpose. By the use of two extra 
mills it Is llSUally possible to take a worn-out mill and 
replace It within an hour by a newly lined spare. 

The mills are fed by a gate in the overhead launder 
handled by a lever from the conical-mill floor. The 
material cut out in this manner is run into a dewater
ing box, from which a plug discharges the thickened 
product into th; feed scoop of the conical mill. The 
discharge of t:he mill is run into a distributing launder 
and fed directly to Wilfley tables, the product of two 
mills golni to five Wilfleys. The concentrates from 
the Wilfteys are reconcentrated on other tables, and the 
final concentrate., ~s pumped into ele,·ated bins for 
dewaterint, afjef\\'Ud fed by gravity into concentrate 
cars. Table hiiddlings are returned to the conical mills 
for finer grinding, The tailing from the Wilftey tables 
'joins the floe product from the drag-belts in the @bore 
plant, and thiuombined material is pumped by means 
of a 16-ln. centrifugal pump to a cla58ifying section 
J l).the ILtchi.Jig, plant where sand for leaching is sep
ai'!ited out frddt the slime for flotation. 

Sncfu CONSIDEiATIONS GOVERN GRINDING PRACTICE 

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

The use of steel liners and balls also comes to mind, 
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t're~;xpyi~g · n<I"di8i~ib~tti . n.'.'.'. ·.:: :::::::::::::::::::::::::: .. : : ~ 
Grindlnc . . . ... .. .... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 27 

JI~:;;j~~nln / y.:: : : • ~. : •.• ~ : ~ :: ~ ~: ~ : : :. : : • : : :.: : : .. I ~J; 4. 00 
Total ... . .. ... .... .. . . .... . .... .......... . . .. .. ... .. . ... .... 32 95 

Metallurgical results for the arne year follow: 

TIME OF LEA HI G OW CED 

As at pr nt in tall d, th 1 aching plant ha ixt n 
leaching tank in tw r w of eight ach, a h tank 

' having a capacity of 1,000 ton of nd. Originally 
day in I n th, but ch ng s in 

lut ion and plant improvem nt 
o a 1 w a forty- ight hour 

of a tonna e of 8,000 ton 

P r nt 
Tota l 

:\1n.t ri~tl 

n 28m h ..... .. 2.3 
n 48 m h . .. .... II . 4 
n 100m sh... .... 39 . 0 
n 200m h ... .. .'. 29 . 4 

Throuah 200 m . h . . . . 17 . 9 
T ot I. .. . ... ... . ... . . . 100 . 0 

of th feed and tailing 

A y T ilina. 
P r n t 

opp r 
0. 283 
0 . 140 
0.0 9 
0 . 092 
0 . 139 
0. Ill 

PerC nt 
Be overy 

-49.6 
71.9 
18. 8 
79 . 7 
8S.6 
80 .1 

Flotation plant, showing Minerals Separation machines 



360

0. 

• 0 . 
J 

. . , 

. . 

I 

• • 

284 Engineering and Mining Journal-Prua Vol. 117, No. 7 

life of the plant has been approximately ~ lb. per ton 
of sand treated. 

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

· difl\culty, but lhe classification for leaching is at all 
times satisfact()ry. 

The cost of this leaching operation for 1923 in cents 
per ton follows: 
Gentnl Ol)ltllll! • ~ _ ' ' 
Sand r luo!Scation•n d~•1'fibuoiQ~ 

bi::i'l/!'&n.: ... .'.... · . . 
Totnt ...... . . . • • .• " 

Anonionl• (in9ludl'd In above' 

The metallurgical resultS to~· 1923 were : 

s 09 
J 4Q 

I) 91 • 
1173 

)4 14 
~. 61 

oil added as required for frothing. Speciu flotation 
reagents have shown no advantage over the oils men
tioned. Neither heat nor acid is found necessary, and 
the consumption of oil is about H lb. per ton of slime 
treated. 

The plant is very compact and efficiently operated, 
two men only being required for shift work. The 
extraction is low, about 65 per cent, but native copper 
does not float so readily as the s ulphide. and little that 
is coarser than 200 mesq is recovered. A characteristic 
sizing of feed and tailing is as follows: . 

On 200 on ... h • ••• 

Th~~ .~~~ .~~~~': . . : 

~.~,, 

Total 
Matenal 

s. 97 
94, 0) 

100. 00 

FH<l .\ ... >·· 
Prr <'• n1 
CII)IM'r 
0. 249 
0 f l6 
0 S02 

p~ (' ..... , 
Ree•YtrJ 

IS ft 
69 . 60 
67 10 

The cosl of flotation, in cents per ton, for 1923, wJth 
metallurgical data, follows: 
Ot'llt tal f.XI)fl\~ •••• 
tttiru• tonvcyln, and dlttr lbutlon 
Fl<~taolon 

T oneueated . .... ... . . . . U 6UJO • Ro) .. hy 

2 78 
l .. 
s 41 
4 .. 

"\Mv re<'<l. ~rc•ntoop~r , . .. . . 0 SH 
Al.u)t tallin.p, per eeat-eop~r • . ... • • • 0. 105 
A.oay o•ldo. ~· « •toopp('r :. • . -. • 12 l2 
Pouodt ...SIIfd toPPf't • '~ , H.62S.OOG 
p~ •"~>P<'•IIf" ~·-Dil. • • • 19 
R«ov•rr . .,... ~ot . . . • 79 S 
Coet P<'•IJOUJid <OJ>Jif'l'• uclu<lm.t ;nocltlnr i nd .elhnt:, «Dti. 4 II 

5. Flotation Plant- The feed to the 'flotation plaJ)t 
consiatll of the overflow of the "V" tanks mentioned 
'above and of the Don classifiers. It is very dilpte and 

T O'Ial 

~t<d tom..,~lnN.~~untNPJ)tr 
Tam.,. or mathlnc.. ~· t'fQI Coll)~r 
<'O-II'II., Jl'lf MDI e~pl'f" 
POW>de l't'ftllfd <OPP>r. 
PO\lodi rop~r ~·ton ;lonlP 
1\teOvuy. ptr tfint . • • 
Coot~· pound, urludinu mtltiac and l<'lbnt. tcntt .• 

SUMMA.RY OP RESULTS 

ISH 

om 
0 164 
21st 

wsssr. 
6}69 

2 7t 

subject to wide ft'uctuations in quantitY and accol'dingly The details of operatipq. of the various plants as 
in dilation. The Dorr thickeners do not respond readily given above are for the individual units, and the costa 
to fluctuations in feed, and overloading, with its and metallurgical data for the leaching and flotation 

• attendant difficulties, is frequent and a source of ineffi- plants include figures pertaining to current stamp-mill 
cient operation. · • ' product treated in those plants. The portion of the 

The plant comprises settling units consisUng of product from these plants to be cr~it~ to current 
twelve three-tray Dorr 'thickeners with diaphragm, mine production is a rrived at by difference of assay of 
pumps, four 16-cell 24-in. impeller :"lfinerals Separation feed and taUing. All material is treated finally by 
flotation machines, a 25-ft. })art thickener for concen- leaching or flotation, and as the leaching is a batch 
trates, an 8x8-Ct. Olive!' filter, and 'the necessary inci- operatJon, eac~ tank conta\Jling 1,000 tolll!, the weight 
dental pumps and compresaor. , fi t this product is accurately determined. The weight 

The thickenet·s are in two rows of six each, with the of material treated br flotation is determined by 
feed launder in the center and an adjustable gate in sampling, ,the difference between feed and tailing assay, 
the launder at each machine. The first eight thick- divided into copper, recovered, giving the tonnage. 
eners were of the open type, but foul' more were ln addition to the cost or the individual units of the 
required and these are of the connected type. The reclamation plant as given above, this department bearA 
latter are much heavier in constructio~ and"far superior ita proportion of total administrative costs at mine and 
for the fluctuating conditions to which they aJ;,e sub- mill based on number of men employed. For 1923 the 
jected. They show an Increased capacity over the open complete cost of this operation in cents per ton of sand 
type of about one-third, but the best capacity over the treated was as follows: 
twebty-four hours for the tw~ve thickeners is about 
1,800 tons. 

The pulp is thickened to a consistency of about three 
parts of water to one of solids and pumped by means 
of an 8-in. centrifugal pump to a distributing box 
feeding the four flotation machines. The flotation oils 
are added at this same pump. The pulp is fed into 
the third cell of the machine, and th.is and the fourth 
cell are used for agitation only. Cells five to sixteen 
inclusive make middlings, which is retuq~ed to cells 
one and two for final concentration, the tailings of 
these joining the original feed at. cell three. A final 
cleaning up of tailings is made by· a series of air cells 
following the Minerals Separation machines. 

For flotation a mixture of variou$ coal-tar products 
is found most effective. The mixture at present used 
consists of coal tar from a local gas plant, coal tar 
creosote from the Barrett company, a residual coal tar 
oil from the Semet-Solvay company, and wood creosote 
from thl! Cleveland-Cliffs company, with a little pine 

1,74). 100 
0 6\ll 
0 124 

16 ttl 200 

4 4 
6 } 
2 s 

16 • 
2S I 

) . 
sa 1 

The total tonnage reclaimed from the beginning of 
operation up to Jan. 1, 1924, was 7,965,500 tons with a 
copper recovery of 82,102,924 lb., being 10.32 lb. to the 
ton, obtained at an operating cost of 6.32c. per lb. As 
the&e tailing piles were constituted at the beginning 
af operation they contained 46,688,000 tone of con
glomerate tailing, of which 34,470,000 tons wa.s esti
mated as available for treatment, with the probabiliti~ 
~hat the final figures would exceed this estimate. It 
Is evident that this deposit will constitute a profitable 
operation for many years and an important source of 
revenue to the Calumet & Hecla Consolidated Copper Co. 
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FlpN l. 4() /t. thickener~ in north flotation plant, 
Lake Linden. 

Fiwure z. Standard mlnerah 1eporalion flotation machlne1, 
north flotation plant, Lake Linden. 

Flpre 4. FahrentHld fJotorlon rnaclabae•, Ahmeek mill. 

CALUMET AND HECLA CONSOLIDATED COPPER COMPANY 

FLOTATION 
at the 

By 

F LOTATION was introduced at 
the Calumet & Hecla in 1918, at which 
time the first plant was put in opera
tion to treat the fines f rom the stamps 
In both the Hecla and Calumet mills. 
The following year the North Flotation 
plant was completed and began handling 
the slimes from the reground lake aand 
together with that from the mills. Five 
years later two more flotation machines 
were added to those originally in this 
plant and the installation treating the 
primary slimes waa then shut down. 

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

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

CONGLOMERATE FLOTATION PRACTIC& 

The ores treated in the Calumet & 
Hecla stamp mills at·e of two very dif
ferent types, (1) conglomerate and (2) 
amygdaloid. The former comes from the 
Calumet conglomerate and the latter 
from the Kearsarge and Osceola amy,. 
daloid lodes. The conglomerate ore 11 
noted for its hardness and carries a 
large ~art of ita copper in such finely 
dissemmated form that '-rinding through 
200 mesh does not liberate it very 
thoroughly from the gangue, while on 
the amygdaloid, crushing through 48 
mesh is sufficient to give a satisfactory 
extraction. Curves plated from the 
screen analyses of ftotation tailings from 
these ores show this clearly. 

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

The north flotation plant handles the 
conglomerate slimes. The feed is de
rived mainly from two sources, (1) pr i
mary slime from the stamps, (2) sec
ondary slime !rom the pebble mills in 
the regrinding plants. Most of the lat
ter comes from the ~·med sand from 
Torch Lake. About tot14 per 24 
hours of primary sl' is treated and 
1,400 tona of reground sand together 
with a highly variable amount of re
claimed tli.DM from the lake. Tbe prl-.._.,_ 
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mary slime when treated by itself gives 
a decidedly higher tailing and richer con
eentrat.e than the reground sand (-200 
mesh), but treating the combined prod
uct hne given a better ftnal result than 
handling them separately, partly because 
the feed Ia more steady and uniform in 
quality as well as in quantity. 

The secondary slime which is derived 
from the leaching plant claaslftcation 
system comes Into the plant at a density 
of approximately 2 percent solids and 
iJ divided between twelve 40-ft. diameter, 
three-tray Dorr thickeners, of both the 
open and connected types. (Fig"r' 1). 
The thickened underf\ow at 26 percent 
aolida is plugged off into an 8 in. direct 
connected Morris sand pump from the 
four thiclcenera nearest it and by means 
of 4 in. quadruplex diaphragm pumps 

xtrom the others. To avoid the use of 
additional reagent feeders and obtain 
maximum conditioning, Xanthate, lime 
and pine oil are added at the feed pump. 
ln addition to this feed, the slime from 
uch head in the stamp mill is thickened 
in a 25 ft. diameter three-tray tank 
and the combined slime pumped over to 
the 8 in. feed pump wh1ch elevates the 
pulp to a distributor located between 
the flotation machines and is split be
tween four of them. There are a total 
<>f six 16-cell, 24-in. standard Minerals 
Separation machines of the splash ty\)0, 
two usually being held as spares. (Fig
ure f). The feed enters the fourth cell, 
which is used for mixing only. From 
the remainder of the machine a rough 
-concentrate Ia skimmed off which Ia ele
vated in a bucket elevator to the head 
<Jf the machine and cleaned in the ftrst 
three cella. This concentrate !rom all 
four machines Ia combined in another 
elevator and sent to the latter part of 
that machine nearest the concentrate 
thickener, for recleaning. This portion 
-of the machine is blanked off from the 
nst and consists of five cells. The final 
1:0ncentrate ftows by gravity to a 25-
it. diameter concentrate thickener. Two 
pneumatic machines of the Inspiration 

.JO 

.20 
l I 

type, each consisting of seven cella 3 
ft. by 4 ft. 6 in. in size, act as acavengera 
on the tailing fro.m the Minerals Separa
tion machines and make a low grade 
middling which returns to the feed 
pump. This operation lowera the tail
mgs about .01 percent copper, although 
with the old coal tar reagents this sav
ing was twice as great. The tailing 
ftowa to a second 8 in. pump which ele
vates it to the tailing bank In Torch 
Lake. TbiJ ftow sheet ia shown in fig
ure 3. (B. P. 9602). 

The underflow from the concentrate 
thiclcener at 60 percent solids is pumped 
by means of a 2 in. pressure diaphragm 
pump to an 8 ft. by 8 ft. Oliver ftlter. 
The filter cake carrying 18 percent mois
ture drops through a chute into a 60-ton 
hopper-bottom concentrate-car for ship
ment to the smelter. 

The summary of operations at the 
North Flotation plant for the year 1980 
follows: · 

Tone tnated .............. 125, 780 to111 
Copptr """'lvend ... .. .. .. . 6.•27.000 lb&. 
AIO&J CMd ................ .627 
Aooa7 taWna .. ...... .. .. . .tO& 
AIOal' eoncentrata . • . • • • • • • U.U 
R«ov..., .. .. .. .. .. . • .. .. .. 80.1 

eo.u 
C«nual .......... .. . ............... l .te 
PwnpU.. and t.hiclt~ulq ........... l.k 
Flotation: 

AtunclaDce .... ............... . Ge 
Powu . . ...... . .. ......... . ... l .k 
Ra~rtnta .. .. .. .. ........... .. l.k 
Repairs ................ ...... .. 6c • . k 

Royal(Jt a llbeellaneous ............ l .l c 

Total .... . ........ .............. 8.6c 

REAGENTS 

In the beginning a crude pyridine oil 
obtained as a by-produet from the mtlnu
facture of ammonia from certain by
product coke oven plants proved to be 
the beat collector. A few gas-plant coal
tars and creosotes were satisfactory, 
more especially as stiffeners for the pyri
dine. Wood creosote together with some 
pine oil were used as frothers. The re
covery was about 70 percent and grade 
of concentrate 25 to 80 percent copper. 
Xanthate increased 10 to 16 percent over 
previous results and the grade of concen
trate to 35 to 40 percent copper. The 
reagent consumption is as follows: 

Sodium xanthate . . . . . . • .05 lbt. ptr ton 
Pine oU ................. 15 lbt. per ton 
Lime .. ................ . . SO lbt. pn ton 

The pine oil used is a mixture of 75 per
cent G. N. S. No.5 and 26 percent Cleve
land Cliffs No. 2 wood creosote at the 
feed pump. A. T. & T. No. 11, a de
structively distilled pine oil, is used In 
place of wood creosote in the mixture 
for the drip cans on the machines. The 
drip cans are allowed to stand a day or 
so before use, which allows any sediment 

. 40 

~ 
,JO 

to seitle out, tbua preventing choke-up 
troub!es. 

The ores of this district are aD more 
or l~a alkaline due to the pre11ence of 
considerable lime and no sulfides. Even 
the lake water has a pH content of '1~ 
and the water in the flotation feed is 
usually about 8, so little alkali is needed. 
As the lime drops tbe iron oxide, which 
the wood creosote tends to float, and also 
decreases the pine oil required, a little 
of it is still used1 although more than 
half of the total 1s added to the thick
eners to aid in settling the slime. The 
lime is slacked in boiling water at 4 to 1 
in an altered form of Pachuca tank with 
a coarse screen over the bottom, and then 
diluted to 10 to 1 be!ore use. This gives 
a very hi'b percentage of lime in aoluble 
form. D1aphragm pumps are used for 
lime feeders. 

Of all the different xanthates so far 
tried butyl-xanthate alone has proved 
superior to etbyl-nnthatel but the ad
ditional recovery is hard y enough to 
warrant the extra coat of reagent. Po
tassium-ethyl-xanthate was used at first, 
but baa, been superseded by sodium-xan
thate, which is equally efficient. Amyl
xanthate is decidedly inferior. Phospho
creaylic acid and some of its compounds 
are fairly satisfactory. 

Prelimmary work in the laboratory on 
amylrdaloid ore indicated that soda-ash 
was Detter than lime, but after experi
menting with It in various amounts in 
the mills its use was found to be un
necessary and it was discarded with no 
ill effects. The only reagents used are: 

Sodlum-dbyl-xanthate • • • .06 lb&. per tou 
Phwoll ................. 15 lbt.. pu ton 

G. N. S. No. 6 pine oil containing 3 per
cent A. T. & T. No. 11 pine oil is used. 
The oil consumption is higher here than 
in western practice, aa it ia impractical 
under local conditions to settle the mill 
tailings and reuse the water. 

The ordinary pulley-type reagent feeder 
is used in the mills because it is simple, 
foolproof, and inexpensive. The sum
mers are cool and without great tem
perature varintion between day and night 
ns in the southwest nnd the mills are 
stenm-hented for ubout seven months in 
the year so that the viscosity of' reagents 
is not chnnged sufficiently to alter the 
rate of oil feed and affect the flotation 
circuit. 

FLoTATION ON AMYGDALOID 

With the amygdaloid~~ it is relatively 
easy to separate the copper from the 
gangue so that crushing through 48 
mesh givea a final tailing assay of .02 
to .05 percent, depending upon the lode 
and its grade. 

Where regrinding and flotation of th& 
entire stamp product is practiced the 
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reagents are added to the ball-mill feed. 
The pulp density overflowing ball mill 
classifier is 40 percent solids, but this 
is lowered to 30 to 33 percent solids 
for flotation. 

Of the 800 tons of rock stamped per 
head about 620 tons goes through the 
Fahrenwald machine (Fi{!tlre .4) and 
most of the balance (primary slime over
flow) goes to six 2&-ft. diameter 3-tray 
thickeners in the mill basement, the 
thickened slime being elevated by means 
of six 4 in. diaphragm pumps to a 4o
ft. Forrester flotation machine, which 
does very good work on this class of 
material. 

The flotation circuit is simple. The 
feed enters the first cell of the Fahren
wald machine and a final concentn.te is 
taken from the first two cells. From 
the remaining cells a rougher concen
trate is made which flows by gravity 
into a side passage in the first cell di
rectly over the impeller, thus avoiding 
the use of an elevator. This coarse con
centrate averages nearly 60 percent cop
per , so retreatment is not necessary. In
creasing the grade of concentrate much 
above this point increases the tailing 
loss materially. As regards operating 
conditions on the flotation maehines it 
is advisable to carry a very high pulp 
level and comparatively small amount of 
froth for beat results in saving the 
coarser particles of copper. Flotation 
of most of the copper is rapid, as the 
following curve shows: 

Some of the heaviest particles lag be-

~I.OTATION Ft.ow S H Err 

0, 

C AUIMET. AND H~eu c-t.-MATE , . .,., ,... . 

Fiaure 3 

.,.,.c.._ .,.·,.,~ ,.._ ..,......._ __ , 

hind and are recovered only in the final 
cells. 

The flotation tailing flows to a 4-ft. 
6-in. Dorr duplex classifier which makes 
an overflow averaging about .04 percent 
copper that amounts to 80 )34lrccnt by 
weight of the ta!Ung and is discudcd. 
The sand product from the classifier is 
split between four Wilfley tables upon 
wbieh a small amount of copper is recov
ered that bas proven to be too heavy to 
float. The tables make a middling which 
is cleaned up on a finisher table, and the 
table tailings are combined with the clas
sifier overflow as a final tailing to be 
pumped to the lake. The tables save 
about a pound of copper per ton treated, 
which lowers the flotation tailing ap
proximately .01 percent copper. The 
table concentrate Is high grade. As only 
a small amount of coarse sand is treated 
any change in the flotation circuit is 
magnified so that these tables make ex
ceptionally good pilots. 

The flotation concentrate is pumped to 
a drag classifier for removal of the 
coarse copper. The drag overflow flows 
to a 30-ft. traction thickener and thtl 

.lteob Plot.. Poed 
Pu«Dl WI. A ... y 

-S6.. .. . . . .. ... . ... . i.9 .60 
-r48.. .•• .. . .•• . .. •.• 9.0 .60 
+65................. 14.0 .62 

+tOO.... ............. 17.1 .46 
+ 150.. . .. . . . .• • ... .. . 6.9 . 42 
+ 200.. . .. ............ 4.6 .• 4 
- 2oo................. 40.6 . tn 

Total. . . . . . . . . • . . • • . . . I 00.0 .11 

thickened product is elevated by means 
of a 2-in. pressure diaphragm-pump to 
the classifier discharge in order to wash 
the heavy copper into the filter. This 
latter is a 6 ft. by 4 ft. Dorrco fitted 
with a short belt cenveyor for dischar~
ing the filter cake into a concentrate bm 
which can be emptied into 50-ton hopper
bottom cars for shipment to the smelter. 
The filter cake carries about 11 percent 
moisture and the dry assay is 56 to 60 
percent copper. 

The filter i'J run with an overflow 
which was at first returned to the con
centrate thickener. This caused the 
slime to build up and make a dirty over
flow. Later the filter overflow was re
turned to the Forruter flotation machine, 
resulting in a better grade of concentrate 
without raising the flotation tailing. Thf 
overflow of the concentrate thickener 
under these conditions is clear and re
mains so when operating conditions are 
normal. 

Typical screen analyses of flotation 
feed and tailing and final tailing after 
tabling are as follows: 

Plot. Tallin11 Flu! Tailinw 
Pu<ent Wt.. A-7 P~mt Wt. A ... y 

8.4 .45 7.7 .u--
10.0 .20 t.o .n 
14.7 .o 16.1 .Of 
17.1 .06 IU .00 
U .OS 5.7 .05 
3.1 .0& 6.6 .04 

H.l .08 as.& .oa 
lto.l .01 ltU .07 

CALUMET AND HECLA CONSOLIDATED COPPER COMPANY 
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I 0./V'·"~~,~fl<;. \C(~,Ltu-, ... ~.J::,.f,....t - 1\~ ... "'l'"'v,...J 

S'rBAM LIU:ii YROM NJM!~ I~ '1'0 T~K ~O:I..AMAT;mN !i' R I I . II I 4 

t.ensth ot Poe' supports. 
N'U.mbeJ' of supports requ1:re4 .. 

UiDSth given 1a from 8l'QUn4 to ChiDtel" line ot 8" steam p1pe .. 

Post Poet Poet NUmbe:. 
NUmbe~ L!!&!~ Nwnbe~ L!!!at1\ Nudler J;ey~ of zgata lp!!i!! 

1 ln· 40 18/r' 79 8' 16 3' 
I 10 41 18 ao 8 so ' I 10 41 12 81 a 19 I 

' I 41 ut- 61 ;t 17 6 
6 I " 11 81 17 ' e I 45 1 8ft 7 9 a 
7 3 4& 1 85 ' 1 10 
8 8 47 10 6& 6-j ' 11 
9 3 49 a 87 6 a 11 

10 3 49 u 88 6 ' 13 
u ;: 50 89 6 l 14 
11 51 ' 90 0 l 15 
11 " 38 " 91 e 1 26 
14 n 51 ' 98 

H ni 28 
10 54, 6 93 
10 58 5 M 
17 I 56 gj 95 
18 n Of 90 5 
19 58 5t 97 6 
ao 09 I 98 I 
21 ' 60 :t 99 5 
21 ~ 61 100 6 
23 61 ' 101 •• 26 I 61 ' 101 ' 21 I " ' lOa ' 16 

I 
68 

I 
104 ' If 60 101 ~ 28 67 100 

21 ea 107 ' 30 &t 108 ' ~. 11 I 70 e 101 ' II 71 6 uo , 
5I 78 • Ul ' M 71 t Ul ' 38 ,, n ll.Z , 
36 71 134 ;j 39 76 ' 115 
38 '' ' 116 a 
31 78 a 

Ill' <J J 
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141" .. H. L. WUlla.ma, Production Manager 
Calumet. and Hecla Consolidated Copper Compa.n7 
Calumet, Michigan 

Deal" 3irt 

Lake Linden, )fichigan 

September 6, 1950 

In addition to the conglomerate sl.ilne being treated. a\ the Lake 
Linden Reclamation Plant .. the Company haa fCJU.ll' ancy-gdoloid sand banks. 
1) The remaitdng Osceola sancis near the coal dock. 2) The Osceola. 
Tar.narack sanda being ~rk:ed by the T&ma.l"ack Recla.lnation Plant. .3) The 
Ahmeek 114.11 ta.Uin& bank. 4.) The Point Ydll.a tailing banka. 

q&CH!Olzfl ~ limi, 

The Hecla and Calumet MiUs treated 1413711000 tons ot amygd.Gloi4 
rock between 1900 and 192.S or 19261 alter which all ot thie rook was stamped 

r 

at the Ahmeek Mill. Ourl.ng 194.7 and a. ~ or so prtWiously the Lakt Linden Re
clamation Plant treated. a total ot .31 736,COO tons ot amygdaloid sa.nd1 an4 for 
some years previous to t. his l'lhile the dredge was handling rnaterlal close ~ ' 
the borch.w line of the conglomerate and amygdaloid sands, a large amount ot 
a.J:ny'gdoloid was treated along with the conglomerate, proba.blT at least 1,500,000 
tons. 5o there is only a or 9 million tona remaining and a considerable 
portion ot thia settled fu out in the lJite beroncl reach of the dredge. Also 
the lake gradually gets deepe~ t• the south and east attaining a depth of 
1.30 feet OJ" more• while the dredges have a mrud.mtul dicging depth ot only 110 
teet. The engineering depa.~t estimated the island of santl near- the coal 
dOCk which is within reasonable dredaina distance at 1,2501000 ton• so the 
total amount ot sand that is possible te neover migb\ be 4.10001000 to 
s,ooo,ooo tone. 

To treat this material it will be necessary to revamp the iegindin& 
Plant and replace the conveyor,_ 'Winch, and 12• pump take., from the shore plant. 
Due to 1h(i increase in length of discharge line, it, will be necess£U'7' to put. 
a 20" booster pwnp on a scow 1/3 of the distance from the dredge to the shore 
plant, In addition, it will be necessary to purchase 3000 teet of 22" dredge 
pipe at about $10 per foot and probably a dozen more pontoon&. Last year we 
sold six to Quincy. 
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Mr. H. L. Williams 2 Jeptember 61 19$0 

During 1947 whieh was the last yea:r the Lake Linden ~l.a.nt ha.ndle4 
amygdoloid it treated 9971f»l tone lese 18,000 of Calumet dam c<Xl8lomerau1 
or 979,000 tons and produced. 3,846,6~ poundS ot coppe:' less 400i000 f'rolll 
the dam, or 3,446,636 ·~ equal to J.sa pounda per ton, a\ a cos\ of twenty 
cents per pound. The feacl a.saa1"14 .241. and ta.iliq .066. The original Hecla 
MUl td.ling averaged onl;r .31 pounds per ton so the remaining sands will 
probe.~ decrease as we l«):rlt south and will l:lkeq run O\'ll7 4 to 4t pounds. 
This would not, be conmercial under our prepent now sheet, but it 112. 
Regrinding Plan\ were changed. over l:Jk• Tamaraclt i\ ndght be protitable1 as 
the Osceola. rock is soft and the copper coarsel.T dissemi.na.ted. so coarser 
grinding than is practiced a.t 'fanw.rack would be practical. 

It sink a.nd float is perfected so a.a to treat material do<wn to 10 
mesh satis.taotor.i.l3"1 it would change th• p!Cc~ entirely. By putting a sink 
and noat. plant oa the dredge and discarding fifty to eixty....ab per cent ot 
the sand at that point, we could double the grade of sand treated. and have a 
really profitable operation. This would appl7 to the other sa:.ut banks a.a well. 

T~c!c qsceolt Stmd ~ 

There were 291342,.000 tone ot arqgdoloid sand aesa71n& .2.3~ eopp.
depositeci in thU bank. At least 1,000,000 tons ot amygdoloid. wa.a leached 
alon& w1 th the conglomerate ancl since the new pl.a.n'\ started ww;; have treated O'Pr 
41 600,000 tons more. This lea. vee approxima. tel7 2.3 17001 000 tells remaining, bu\ 
a considerable part of the bank to the south and east. is covered with new 
ta.iling!l l<Jhich it lJO'tlld no\ be profitable to treat and in addition,. there ie 
a considerable tonnage which lies ·t.qo deep foa- the dredge to reach. Also, there 
is a. large tonnage that is too ret~actory and low grade to treat except on a 
vecy high meta-l .n-lAU'ket.. tlol\tGVe~,. this bank should have a life ol l2: yeara 
remaining. 

N:al!ls ~ ll!Dll 
Up to the year 1929 the A.llmeek Mill had treated. 11,1S1,000 ton of 

rock with an average tailing ot .222% copper. Since the introduction ot 
notation in l929t the ta.J.tintllll&Ve be• tOG ).OW grad• to retre$t. The 
Ahm.eetc rock e;:i.vee a low tail.i.n& bT tl.otation and as the lake is deep here, 
the percentage of sand above 'WI:tt~r should. be l!rllaU wi t.h not much lose due to 
oxidation. A recove17 of ) to .34 poundl shoul4 be obtained• and by treating 
onl7 the oldeJ high grade pan ot the bank \hie ooulcl be increased subetantia.l.J¥. 
After the Tam&l"tlck bank is exhausted, the dredge could be moved. to tbe Ahmeek 
bank and the sand treated in the Tamarack Plant. While this is being d6ne1 it 
will be necessary to carry the Ah.meek Mill tailing across the dredgecl area 
with pipe and pontoons. 

This bank may have a lite ot 10 to 12 years as soma ot the better 
rnaterial in the outer part ot the bank is covered by low grade notation tailing. 
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Mr. H. L. Williams September 6, 1950 

This bank is nearly all J\llauea and CentenniAl tailinga and. amounted 
to a total of 7,061,000 tons. Included in thiS tonnage is a. BlMU amount ot 
Allouez eonglom$rate-probably well under 1~ ot the total. 

Some years ago grab samples were taken owzt the bank. The conglomerate 
averaged .351% copper and the a.mygdoloid ran trom.la8 to ,.2S9, so should average 
slightly over 4! pounds. The lake in this vioinit)' is quite shallow so the 
proportion of sand above water level will be high-probably 1/'J ot the total. 
As a conseqUence the notation tailing will be high. 

To treat this aa.nd bank it would be necessary to build a Reclamation 
Plant. It cost :~l,(X)()1 000 to ::Ouild tb~t Quincy Reola.matioa Plant seven years 
ago~ -~ we already have the neeess&%7' dredge and pontoons, and could take par\ 
ot #2 ftegrinding Plant for the building, it should not cost more to erect tha.n 
the Quincy Plant did1 as ~ have considerable second hand equipment including 
pun1ps1 tables, piping1 etc •• a.lthough we would have to bu7 the ball mills 
needed and motors to drive them. 

Yours truly., . 

/a/ R. H. Haskell. 

R. M. Haskell, Superintendent 
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J -A 
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·-occucn ~r. 

1-A Cu~us Oxide (Standard Cerio Sulfate) 
J.JJU'A .t1UUA<:J 

t jst- 1 9~? 
I- • 

1-B Cuprous Oxide 

2. Chloride, Carbonate & Cyanide 

3. Greenhouse Exp~~t·"'---------------------
4. Carbonate (Process for Cu Carbonate) 

5. Agricul!.uz:al Chemic-Us (Analn_ical) Partici.e._ .... S .. iz...,e"--------
' 

6_. _ReCM~aLCu..E:eom Flue Du.A.l.o----------------
_7~ ~l'lling_ & _Millin __ ____________________ _ 

9. Pyrometallurcz (Segre ation Tests on Slags, Te in eu, Se in Re!iD 

10. Special Leaching Tests 

Q .__-=-CO=J'!Il. Tailinas--Lt. wt. Bld&· Agaregate, Ti in Tailings 
12. Sulfide Leaching (Analysis) 
1.3. " n 

Sulfate 
\ 14: SuUide Ore leachini, Sulfur Compound. Sulfite. Thiosulfate. Ar 

15 Flua Dust.. 

16 Sulfide. Leaching_ (Tests z.-41. to Z.-.18 

,_!_7~-- " '· 11 _ {'l'est~ 3-1 to 3-33L ____ _ 

18 II " (TeetA.. 4-_79 t_p 4:.10.3) ______ _ 

19 _ •_• ___ ,_, __ (_T_ests 5-_! 03 to 5- ~2. 7):__ _____ _ 

ZO 11 " (Tests 6-12.8 tQ 6- !_48L 

Z.l - "----'-' _ (Tests. 7-34- _ 7-41 ) _____ _ 
I I Z.Z .._ _ _1 ~ ___ ,._ {Tests 8-149 to 8_- i<J~) _____ _ 

I Z.3._ S~i!i~Leachina - Manganese Ore {Testa 8:::..1<14._ t ) 

Z4. Cu:e,!OUS &_ Metal!i.£ - .Analytical ____ --------
' 
1 
z~ CUR!'9_U8 Cyanide ~Coppe!_ Chlorides_ --

Z.6. Cu Phos hat!_s1 CuZn Phos hate & Cu Silicate Fungicide_•-~-

2.7. L.e~ching__Q! Zn CQ!lcentrat~s, &_Se~_ondary ~y_-Products __ _ 

\ \ 8 
+o ~0 

\ \1-
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'zs. Cup'rous Cyanide 

Z9 . Cup!:QU! 8c ~etal.lic (T es~s 1 - 91) 

30- Leaching of Zn Concentrates & Secondary B~~roducts (Analysi 

31. Ag_ric. Chemicals (Analytical} PJ?17i~IE S'/.1_€_ 
3Z . Leac:::hip.g Zn Cone. & Sec. Zn Matls. , Cu I?_~\&J'e~:Mfnate, 
33. Distillation of Leach Solns. __ _ 

34._ Agl"ic._ Chemicals (Analytical), Storage Stahility of Mixed Oxide 

in_Bags,._ Solubility of Oxides in HCl, T~CS ~~Qcess from Oxide 

Procesa for Cu Carbonate 

35. CuproWl- &.-Metallic (Analytical) 

36, Pyri,ie_Proceaaing & Sulfuric Acid Mfg. ------

37. Cuprous k Metallic 
38. Met~ _A.tp.mino Compound~t_ - Copper Powc!~!' ___ _ 

39. _Aerofa.ll.Mill Teats (book. could not be found_ip MaY- 1960) 

40 •. AerOfall Mill Testa (Analytical) 

41. Metal ~i.!l£) Compounds, Cu Powde;- ____ _ 

4Z !-. Cu Powder Cupro~a Oxide, Furnac~ Tests on Cupric, 

NH_J_Reduction of Mineral_s __ --------

43 C_r_u§_hipa_ 8& Grinding_ lA.nalytical} _ 
1 44 A~;-ofal.LMill Testa (Analytical} & Keweenaw Sand Sizing_! 

45.._ Pelletizing. It Briquetting_ 

46. lctu..Exchange, Stabilization 8& Preparation.....Qf_<;;_upric Hydrate 

4 7. Combj.neg Leachina_ Facilities 

48. ~..!:_O~_!ties of Leaching Solution 

49. Ind. Oxide for Primary Batteries, 
I -
50,_ i:o.J.!UQ.ry_Sanda 

Competititve Cu Oxides 

' 51. Aggiega~e 
I 

I SZ. Poor Ro~ Processing 

~----~ 
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53. Silv'er Recovery 

54. Allouez Sands 

55. Silve~ Analysis - Sulfide Leaching __ _ 

56. ~__9nia Leaching--White Pine, Silver Recoyery, Kenny Paten 

57. Agric._ Chemi~alll (Analytical) - Ind .. Oxide~ Iron Chemicals 

58. Seleniw:n 8c Molybdenum (Analytical) ___ _ 

59. PoQJ.:Rock 

60. Sink_!loat - AnalytiCAl 

61. St. _Louis Exploration 

62. Funsicidal. Cements 

63. G.a~_cade Mill Testing 

64._ EEJQ.ot~ Core Sand - Ti (Concentration) in Tailings 

65. B_ol~~ Ore :. Ammonia Leaching {inc. E! Ar~o) ~anta Rosalia P x::' 

66. AKri~ultural Che~icals {Analytical) - CuP.ri<; Hydrate Assayq ! 
H'n:./?oN S IJtll C:or~J TNNT.f1 Pq t<Ttd€ S 12t;) c ~r/{.1&- 4c£Tq"T~ 

67. Cupric Ace tate - C upric Formate 

68 . _ AJgicide~ 

69 BoleQ.=._ Segregation Process -Santa Rosalia_pro~ct 

70. :Poleg_ =.. Acid Leaching_- Santa Rosalia P~ojt!~ 

71 ._ Bole - A.llunonia. Leachin - St.._ Roetali a Er_oie<a {See book 65) _ 

7?,._ Prec:._oncentration_ 

73. Boleo-=- Acid Leaching -:: St. Rosali a Proje_c~--

74. Countercurrent Decantation- Bole_o - St. ~osaJ.ia Project 

75. Leachin~ Testa on R ich 8c Poor -Arsenic;_ ____ _ 

76. B ol.eo -Acid Leac hing {Santa Rosalia Pro~~tl_ __ 

77. Cupric l{ydrate- Reclamation of Hydrate '&t _TBCS Wastes 

78._ Lea~hing_Testq on Rich 8c Poor - Arsenic (se~ fJS) 
1 79. ~~_acQ.ing Ri~h 8c Poor 1#10 Tank - Ars~nic ~-e_s_t ______ _ 

80. ':_:_' --~--" 
II " II II II 
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81·. Pr&:eoncenttatloa • Battelle 

83-. Cup~C!"J• • Metallic_ 

8-~ Copp•l" Cat&ly•t• __ 

84. Ahmeek_Mlll_ • l't'Otla flotatiOA-

_85. C" Powder._ LeacaRicll. k Pooa- Mi.QeraL ... LL-Laacla Plt 
86._ Seieniun) & Molybdenum- Laboratory Flo~tion_~ see 1158 

81._ L-P-E. (L_ea~h-Precipitate-Float) - SantacRo.salia Project_ 

88. II II II II II 

8_9! Mis_~e~_l~eous ¥alyse_s - Geo_!ogical Qe~t..!._ 

90. Ag_~i£ultural Chemicals (Analytic~},See f66 _ 

II " 

91. w~m~::R__eme_!" Jig 

9Z_. _ C_opp_eJ_ QxycbJorid_e 
-----~-~-

_!-!~~~ Media- Western Machy. Co . ..:!'e_s _ts ____ _ 

Agric. CHEMICALS - Colored Cu Acetate Fertilizer - ---- - - - - -~ -
Baum Jig 

96. Misc. Analyses (Depte. Other Than Geological) 

_2_L_ __ Mise. Analy~L (.Qep!-e. Other Than Geolog!_qal~,__ _______ _ 

_21h__ Hom_ogenizer Tests 

9'} . Mise. Anal.z_see (Depts. Other Than GeologicaU ________ _ 

100. Agricult\g'al_ghemic~JS ______ _ 

1(!1 ~ _ ~J?{>er P!methz-!<!1 thi<!_ Car~a.ma::.:t:.::e~-------------

1_02 •. _ CQpE_e~ Carbonate_~ Boo~ No . --!2=------------------

10~- Li~id Copper 

104. Cascade Mill - Crushine & Grinding _ _ __ _ 

105.._!_ !,._@ .!_ l'l.Qta..tio_IL - SeleniUJII & MolybdenW!l New Mexic 

106. Poor R9_ck_::_ Field Nqtes_ _ ____ ·----

l QL._ t_~gorat_ory Flot•tiort 

l.Q§A.._ Xin&aton--- --~ 

J..Qj) . Copp.er_AJ.loys---~ 
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110. 1834 - Algicides - Fluid Copper 

1~~· -~-sc_ell=an=-=-eo:..:u::.::s:... ___ --------------------
112. Zirconium - "" . .,1, -+--------------
11). l'11~~!11&1!e~~~ - - - -- --
114. Boron - - - ·- _ _.. - - -- -- --- ------
-~5. _Miscellan~5m~ (8/:!:.3/65_"t!C? _ _lj.L).2/6S)_ 
~1:.~ !.-_ F}"ed Bal~ _::'M1-_sc~llaneou2!_ _______ ---------

117. Miscellaneous 11/19/65 to 5/10/66 

118..__ M:i:s.cellaneoua 5/13/66 to 9/5/66 
119. Gary Corbein - Mis~l.J.aneou.!!._ _______ ---------- -- ----
120. Qaey C~rpej.l ~ Misc~llan~ou~s~-----

121! Mi.acell.aneous.JJ/5166... .= 4/2..7/61-

~2< ~ Oacy CorbeiL - Miscel1aneou.o.----------------· 
123_. L. 0. Stev~~ --~!· Data-=---

124. C1 E. Lugviel - Spectrophotometer 

125. C. E. Lugvi~~sc"-llane®LExperiment.a._ ___ ___: ____ _ 

126. c. E.!..._I~_uru~Chemi._caLAnal~LOthel!-CheM-WGrk-feP-LGS-

127 . ~E.!.- Lug!_iel - Q\eJ!l~caLAnalysi~_work.. to~ LGS_ 

_12~~ E._ LugvieL.=_ ChemicaL Analysi.a- etc.- fOZLLGS~-------
129. L._Q.:. Stevens - C_gJm~!" _Qrgani~ ~-----------

lJO...!..._K:i,_n~ton DrtlL.C..o.r11L_ ___ --- ------

.J31_. __ Mi~e1laneoua - C._ J. Bas.tiaa 5/l:/61 - l/2/68 
132 . Anne Stafford A. A. 5./6.7_- 9161_ 

!)J.. __ All!l~ Sta.f!o..rd. Misc._ 3/X/6~10/15/0U...----------
134. Anne Stafford 2/2.8L6L - JtX/68_ - --- -- ----
~~$..!-~-~ B~stia,p Mbce1laneou 

136...!..._ ~ !]._ Bastin. Miacellaaeeus- 6/21/63- - 1/2'}/63-- -------
].37 • ~on ~cjlan~.,- -: Slags, Tails & Ores - C:::.~-
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138. C~ J . Basti an Misc . 8/14/68 - 1/27/69 
• 

_l.J2~ _ c_. __ J . _ Ba~t.ian lL2.7L62.--=.::- 6.~~ 

140 Anne_ ~tafto~:<L9/1..6L6._8._-_l2Ll3/62_ 

141. Gary ~i!')9n!.~'!li 9/l 0Lq8_ _ _ __ _ 
1~~ F:re~ Ba_idwir! 112.... 6/9L65_~ 618L66 ___ -------
_1:_4_~~ L!_ ~- -~tey~~s .:: _I_nq_rg¢ce .t. ge~ ___ __ _ 

1....44· 4_. _q._ st~vertS.,. Or&anics ,._ Gen..._ ________ _ 

145. L. G. $tevens Ethyl ene _Bj.~ _Organic~ ~.9 M. et .c . 

146!_ ~ · G. Stevens - B. Nelson (MTU} Dithiocarb~tes~nal~-~tc. 

_147 ~ ~~g;rp_OQ ~ A._____ _ ____ _ __ _ 
14..8 Te.e.ht~on A tomi.c Absorpti on_(_ Sm.elt~Labl - ---
149. ~ed_?~a - Wampum - w. M. Lohela 7 11-:17- 66 - £-~1-6.1 _ _ _ 

150. Book I - Calumet _Foundry- Lohela- 2- 13- 67 - 6 - 1 - 67 _ 

151. Bq_ok I - Chemica}._Ana.l,y~~J....._Q.._ Johnson.. ~-16-65. =..l.L- .1.6..- 66 

-~1~5~2~-~~=iRl~QYOdry - W. M. Lohe la - 11-5- 66 - 3 29- 6 7 

153. B~qk I . : ~h~g>micro<]!"?-121!.§! of ~gu~LNi {lard_anci.. BOJ:.O~Un _ _ _ _ 
Modified Ni Hard Grinding Balls - J . D. Johnson 

---------------~-~~6,~------
154 . 

155. 

Miscellaneo~s - w. c. Yeh - 12- 15-66 - 2-3- 67 _ 

Robert Reilly - Cu Hydrate - 4 - 467 - 8 - 21- 67 

156 - J . Cone ' s _ Cu Work - J/_Johnso~ - 4:1- 6? - ~~5:68 

157. Chemic::al:_ An_a_l ¥ses ~ W_!_E· _!~h-= __ 1 - 3 - 6]_ - 4 - 13- 67 

158 . W. C. Yeh (Summary copper book- not a date to date Lab . book ) 

159. w. c. Yeh (Microstructures - not date to date lab. book) 

160. w. c . Yeh z~ cu~!_loy_ - 4 - l,e=E"i'Z - 6_- 27 - 6.7 

161. w. c . Yeh -:_ z~,_ Inc. - 12- 19-66 - 3 - 13- 68 

162 . w. c . Yeh - S!-~~!':lJ?t~r_e _- _6 - 2? - 6? : 6 - 25 - 68 

163. W. C. Yeh - ATLAS - 1 - 31-67 - 9 - 14- 67 
-

164. R. J. Marcotte - July 1960 - July 18, 1961 

165. w. c . Yeh - Copper Al loys 6-9- 67 - 7 - 18- 68 
166. w. c. Yeh (Cu) 1836- - 4•20- 67 - 11-:14 - 68-
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COPY VERN E. ALDEN COMPANY 

Jet. ? • 11. 0 a t1 e:dder 
Pnj .o t EDilD•• 
Calumet 1)1 dsion 
Cal.W!Utt ~ Hecla,. Iu. 
Calwaet, H1oh1g&t'l 

D_. ~. Ottl-.utlld'J 

ENGINEERS 

33 NORTH LA SALLE STREET 

CHICAGO 2 

RepoJI't on Liglltai.al Pl'Oteot1• 
POl' ~- E1eotaft1.U. 'h'&:l'lalaaioa .,..,. ot 

Calwaet a. Keolat Ina. 

~llcnd.n!l_~ ~1'7 lett• to us dl.te4 ApJP11 ~. l9SJ, 
PUJ-obaa• O:r4•• lo. 144J.G was 1se.ae4 to cove• th6 au.bJHt :repwt. 

Wo uo 1er1tUng )'CN hd'.-.l th t1ve oopiea ol thia •e,wt .. 
The o•pletton. of th1e ~qoJPt •• del&Jd ~til tho 0 seeola Un-
va terins PJtoJeot vas taiz-lJ well c~pleto aa waa •g,geetet 1a JOUI" 
lett.-. 

A ld.nto a,_ve7 ot ., • ., llnel aDA~ lu.batat1Qnl was ••• 
ant ·tmie •eport em.bod1•• OUP tiacliaga a.n4 ou.• reo<=••uedation8 
to-r CfWtaiB illpr-ovaeate. 

Ve will b• pl-.aed to rovi ew thia l'$pOJY~1S w1 th rou al'teJY~ 
fOil ha 'f'O bad U oppOJI tu.n1 tJ' to I ~4J 1 t. 
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August 25, 1954 

Mr. Carl J. Marold 
Herrick, Smith, Donald, Farley· &r Ketchum 
2.94 Washington Street 
Boston 8, Massachusetts 

Dear Mr. Marold: 

This letter is written to try to clarify the factual situation respecting the 
tailings banks in Torch Lake from which copper has been reclaimed by 
Calumet It Hecla. I enclose a sketch map showing_Torch Lake, the loca
tion of the various mills and reclamation plants which are located on 
Torch Lake or located there in the past, and the site of the original 
tailings banks from which copper has been or is being reclaimed. 

I believe the great•ut source of confusion in this matter lies in the fact 
that company names have been used as names for properties, and that 
these names have continued with the properties after the companies 
have ceased to exist. 

Thh discussion has to do with veins, mines, companies, mills, and 
reclamation plants. In many instances the same name was applied to 
each of these. This circumstance leads to most of the confusion. 

Calumet and Hecla Con•olidated Copper Company (whose name was changed 
to Calumet & Hecla, Inc. in 1952) was formed in 1923 by a consolidation of 
the following five companies: Calumet and Hec:la Mining Company, Osceola 
Consolidated Mining Company, Ahmeek Mining Company, Allouem Mining 
Company, and Centennial Copper Company. This consolidation has been 
ruled by the Treasury Department to have been a tax-free reorganization. 
All of the companies were Michigan corporations, and the resulting com
pany was also a Michigan corporation. Under the Michigan corporation 
law, it h expresdy stated that in the event of a consolidation of thh type, 
the entity of the constituent companies h continued and merged in the 
resulting company. 

Calumet and Hecla Mining Company conducted mining operation• on two 
veins: the Calumet conglomerate vein, and the Osceola amygdaloid vein. 
Osceola Mining Company conducted operations on the Osceola amygdaloid 
vein and on the Kearsarge vein. 
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About 1900 it purchased the north Kearsarge mine and the south Kearsarge 
mine. 

Ahmeek, Alloue2l and Centennial all operated exclusively on the Kearsarge 
vein. 

The Tamarack Mining Company was organized about 1880 to mine the lower 
part of the Calumet conglomerate vein. It did so until 1917, at which time 
Calumet and Hecla Mining Company purchased all of its aaseta. 

The mills of all of these companies were located on Torch Lake as shown 
by the encloeed sketch. The most southerly mill waa built in 188S by the 
Osceola Consolidated Mining Company. At a later date they built another 
larger mill adjoining the first. The tailings from both these mills were 
depoaited in the same general area in Torch Lake. These mills operated 
from 1885 tc> 1920, treating ore from mineiJ operated by the Osceola 
Company, and, at times, ore from other sources. 

The Tamarack Mining Company built its No. 1 mill north of the Osceola 
mills in 1887. It subsequently built its No. 2 mill between its No. 1 
mill and the Osceola mill. 

The Tamarack No. 1 mill treated ores from the mines of the Tamarack 
Mining Company on the Calumet conglomerate vein until Calumet and 
Hecla Mining Company bought all of its assets. Ca.lumet and Hecla con
tinued stamping rock produced by it from the Calumet conglomerate vein 
at the Tamarack mill until May 29, 1920, at which time the mill ceased 
operation. 

The Tam~rack Mining Company sold its No. 2 mill to the Lake Milling, 
Smelting ptd Refining Company in 1914. Lake Milling had been organized 
as a servlce facility by some of the smaller mining companies in the area. 
Its No. 1/mill was located at Point Mills on Portage Lake, and that mill 
and its t.ilings are not in isaue here. The Tamarack No. 2 mill became 
known as' the Lake No. 2 mill. It operated with several periods of shut
down .from 1914 through 1930. 

Lake Milling, Smelting and Relining Company performed milling for its 
shareholder• only. It operated on a fee bash intended simply to return 
its coat. The ore of each of the producers was kept segregated, passing 
through separate stamps, etc. The concentrates were delivered to the 
companies furni~:hing the ore. Tailings were deposited in Torch Lake in 
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in an area betweon the Osceola sands and the Tamarack &ands. The riparian 
rights to this area had originally belonged to the Osceola, which had trana
£erred them to the Tamarack Company when the mill was originally built. 
Tamarack transferred the&e right& to Lake, and they were confirmed by a 
supplementary grant from Osceola. 

After July, 1919, the tailings from all of the foregoing mills were com
mingled and deposited in a separate tailings bank. None of theee have been 
reworked because o£ their low grade. The reason for thh commingling wa1 
that the tailings banks had become so extensive that tailings would no longer 
now by gravity and it was necessary to install a pump to elevate them and 
distribute them to a greater distance. 

Enclosed you will find a compilation of tho stamping records o£ the Osceola 
mills and the Lake mill. You will 110te that the Osceola •tamped principally 
its own production from the Osceola vein and its north Kearsarge and 10uth 
Kearsarge mines. Fl"om 1905 until 1910 it stamped rock for the Ahmeek 
Mining Company. The Ahmeek Mining Company at that time built a mill 
for itself at a location 111hown on the sketch map. 

The Lake mill was shut down in 1919, and during the balance of that year 
ore from the Allouez, Isle Royale and Centennial mines was stamped in 
the Osceola mill. 

In 1910 and 1911, an arrangement was made by which the amygdaloid ore 
produced by Osceola was stamped at the Calumet and Hecla mill, and the 
Calumet and Hecla ore was stamped at the Osceola mill. The ble Royale 
mine did not become part of Calumet and Hecla, although Calumet and 
Hecla owned ZO"/o of its stock and managed its operations. In 1915 the 
Isle Royale mill burned down, and while it was being rebuilt its ore was 
stamped at the Osceola. mill. 

At the northarl y end of Torch Lake, Calumet and Hecla Mining Company 
had operated two mills: o~.the Calumet mill and the Hecla mill. Except for 
the Osceola rock which was stamped in 1910 and 1911, all o£ the production 
going through these mn: ··· wae from the mines of Calumet and Hecla Minina 
Company. 

In 1915, Calumet and Hecla built a plant at Lake Lindan to reclaim its 
sands. This ia called the Calumc•t Reclamation and is ehown on the map. 
This plant was intended only to handle tailings from the Calumet conglom
erate vein. It did so from 1915 until about 1943, at which time operation• 
were suspended on the conglomerate sands and tran1ferred to the amygda
loid sands. After several years, operations were re-transferred to the 
conglomerate sands and continued until 1953, at which time operations of 
the reclamation plant stopped entirely. 
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In 19Z 5 a similar reclamation plant was built for the purpose of reworking 
the conglomerate sands produced from the Calumet conglomerate ore by 
the Tamarack JM:ining Company. This was called the Tamarack reclama
tion plant, even though the Tamarack Mining Company had been dissolved 
in 1917. This plant continued to operate on these sands until they were 
exhausted, at which time the plant was modernized and transferred ita 
activities to the amygdaloid sands produced by the Osceola and Lake mills. 
It is these activities that are mostly in question. 

1 am not sure that this description will do much to clarify the fact situa
tion for you. I believe that a trip to Calumet for a day or two will be 
necessary. If you will let me know what date would be convenient for 
you, I will make arrangements to meet you in Chicago and go to C llumet 
with you. 

Sincerely, 

d, ~./? 
AEP:hp 

I 
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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 
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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 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. 
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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 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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Th1a repon liet.a b7 &Nbatationa, the statue ol Ve:m 1. Ald.en•e re
~tiona aon~ in their tw reportec 

!n&tneenna stu<l7 ot Dia\ributioa Suhatatiou 
Pebl"t1&1'7 16 1949 

Lightni.ft& Proteotioa tor IU.o. 'tranud.saion s.r.ta 
Ho~r 11, 19S4 

SU't:md. t ted to 

P. H. 00~:81. 

Jot.ee rbie t~tatu repon does not take into consideration the advi
aabil1t1 ot ineta.llini 10111 ot the ree-Ddecl ~nt, 1A the llgbt 
ot tho lite ot soma ot the propei"'Uee invol"'M nor doee it reflect. 
aoM oha.ngaa that have b4aeu made in the distrlbution syst• since the 
1949 report. 'tbia report, therefore, can onl.7 sel"V'$ aa intora.tioa 
tor turtl,.,. studies. A.J .x. 
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The tollo'Wing is a list. of rec~nd&tiona taken froa Vem B. Alden 
Compan)" reports of' February 6, 19491 an4 Novuaber 12, 1954.- and what. 
has been done toward cueyins thea out. 

QMincz Sub§ttt!oa 

ieOODIIIIMationa 8 
Re.Jaow 13 .a If Breaker. 
Set :rel.a;8 at A.hlleelc to cleu taW.t. when b~r 11 ~. 

Werle done on r.~t.ioruu 
Then -.. to be aou qu.eeUon as to the inten-upt.tna capacity 
ot this breaker. Y • .1. Alden'• npcnot. says 50,000 KVA ami a 
letter at.taehed to the report. troa a. '· la.UIIIII.ft ot General Electric 
ad.dnsMd to J. s. Breth claiu 250,000 !tVA. 
New busbings haw been installed in the 13 .. 2 !CV breaker and. it ie 
still in service. 

f!!§£1Ck Rso&l!lti91 ~~tatioa 

R&coJawulida.tiona 1 
Remow three lJ,2 .Q' Break en fro.Tl se:rvioe 1 one on l.1ntl troa AhMek 
and tw on hip aid• ot tr&.ruJfoi"'HnJ .. 
Set relqe at Ahmeek to trip on tault on either low voltage bu1 a.t. 
Tamarack. 
Oftrbaul 2.3 ltV Breakers. 
In1tal1 reactor on hip aide ot tra.nsto:rmor ba.nke. 

On 2300 Volt. bank, reactol' apeei.fioatiou - 4 .. 1$ Nutance1 132 aq:u~, 
lJ .$ 1\'V on .3000 O'l baM .. 
On 460 Volt bank, reactor speoiticationii - ~ reactance, 1.)2 amp1, 
U.t KV on .3000 KVA b&&e. 

Build. c\ll"b to prevent oil trosa. tranatonen troa tl.owin1 dow wooden staira. 
Provide escape ladd.er twa elevated plAtloN on oppolit.e side !rom etd.rt. 
Rep4oe old G • .B. ligntzdq a.rreetent. 

Work done on re~nc1a:t.1one 1 
The trip circuit has been t&.ken out of the 13.2 KY broker a\ ~rack. 
No other changes have been ~ •• 

Rec~t1ons• 
R.-ve ]J.2 Kl' 'bre&ken. 
Put both tn.nelol"''IGI" 'b&nkl on one a1rcuit. 
Chanae relq settinga at Lake Linden plant illhen b~ra ~re removed. 
Replace old. l.i&hWnc arr.atera it station ia to aonU.nue energized. 

Work done on Neo~tioruu 
Breakers have been taken out ot service. 
l"wG transfon.J" banks have been put on one ciroui:t ... 
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llee~ndationat 
Separate breaker• at I..ake Linden tor Coe.l Dock and ~lter. 
~ve 13.2 lV ln:•eaker at Smelter. 
Set rela;rs at Lake Linden to trip on tault. on low '11\)ltage bus at Smelter. 
Initall a reaeto!' on the high side of traruitormem t4 li.Bdt short. cir
cuit current u the 2., KV bN&kan ha.ve too low inten'Upting capacity. 

auctor speciticat.iona - ~ re&ctanoe, lJ2 amps, )J.I Kf on a 
3000 KV'A bue. 

Clean and overhaul low ·voltage equipment.. 
Replace old G .. Jt. llghtnins arresters .. 
Iltstall lightnina rods above sta.tion .. 

Work done on l."ee<»< .. w~ tiona a 
)J,.2 KY bnater :reJIIlO'ted. troa service. 

V,o!L Dock SUbstt)iog 

R4tc01Dndat1ou t 
Ramove ~~ 1.3 ,.2 Kf Bree.keFo 
f!l'.led substation f'roa &~..parat4.11 br~el' at l.W«e IJ.nden. 
Set rel..i.p at Lake Linden to trip with a fault on low volta.ge bus 
at, Coal Dock. 
Clean and overhaul 2,..3 Ki hrNkera. 
Itapace olA ~·leatittghouH llghtnina arreetE~ns .. 
InstMl lightninc rode above station. 

~i'ork done on recom~Mndationa t 
lJ .a ltV B~er haa been removed. 
IndooJI tranotol"l'Mr banks have been replaced with a new outdoor b&nk. 
S il C !uses ld.tb 209,000 KVA interrupting capacity have been installed 
on new tra.ns!ol"Jlell" bank. 
Cleaning ~ overh..ti.uling 2.) KV breakers 11 bfiiq doll4t. 
SUb ia f'od. lro• s~ breaker ant.\ l.1:ne which teeds Slulter, and tt. relay 
set~ at Lake Linden are sat1s!actor,r. 

Q.aJ.,umet :mRt1!t&oa 

Rec-.Ma.tiona s: 
lew lJ • .a KV breakers. 
Operate on 600 KVA bank with 1500 KVA 'bank aa BP&"• 
Overhl.ul 2 • .3 KV brown .. 

Work done oa reco-.ndattonas 
l3 • .a KV 1ft Calumet SUb1t&tion used onJ¥ in emergency. 
600 KVA bank ~ved. 
1500 KVA ba.nk used onJ¥ in emergenq. 

fil~t a.nd; Temok Water Wotkf Su.bf!t&tioa 

Rec~a.tionsa 
Check equipment. 
Replace llghtntns an-eaten on both transformer blinks. 
Install l1ghtninc rode over the mtehyard. 
Replace lightning arreateres on both endt ot 2 • .3 KV line to 'l'a.m. r~a ter Horlca. 

Work dono on ncown.enda.tions 1 
None of th• recom~~~~md&Uona carried out so tar. 
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Recommendationas 
Chetek lJ .a KJ Breaker and relqa .. 
Remove old light.ni.q a.rreat.en on line to tranatoi"JJ1er and retain 
modern station arreatera. 
Inatall modem a.rnatera at point when oomwctioa to t:ra.natormer · 
bank outs into main line, 
Install lightn1q a.rresten 1000' al.Oftl l.1.M to "B" statioa tro• tap 
point and 1000• al.q lJ.ntt in opposite direction trol\ll tap point. 
Drive o.d.d.itional gro'Wlfi rods to lower ground :res!st.anoe. 
Put llghtnin& arresters on 2 • .) KY dutribution syat.. 

Work dorw on reoQalenda:tiona t 
Liptn!ng an-eaters !mlt..Ulec.t on ll.M t~t comprtuaaon. 

RecOIII:WDia.tionaa 
Inat&U modem lishtni.n& arresters. 

~work doxua on reo011Mnda.1l.ions a 
No cha:npa have been made .. 

Recommendations a 
~ve choke coU in con-nection to tn.ne!o~r hank .. 
Repace lightnina a.rreatAn•a. 
The reh,yt at tbie station should be cht.npd. 

tiork done on re~tionaa 
No oha.ngea have been Mde,. 

Ahmeek Jo,l - & 5ubetJt&91 

Rec~ndationaa 
Replace lightninl arresters on all :l.ncomtq and outgoln.l liMe. 
Locate aU arreeten outside. 

Work done 011 recOBl:'lendationa& 
No chanpa haw been acle"' 

Seneealo12 §!qt!i!tioa 

Rec011118ndat.ionaa 
1:3.2 ltV breaker at Ho. ' 6 It Ahaek on Seneca line should bo ~ve4 
or replaced. 
Replace lightnina arrester-a. 
Install lightn!n& X'Odl over oubata.tioa. 

Work doNI on :recOimHndAtionat 
No chana•• have beer& made. 

Recommend.ationa 1 
Put. 1).2 KV breaker in service it it is in good condition. 
ltepl.ace llghtnin1 a.rreswl"'. 
Install liibtnin& rods over substation. 

Work done on nacc:mmanda.tioms s 
No e~gee have beea .made. 
The 1.3.2 Kl breaker is not. in operating condition. 
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The substations listed below have modern lightning protection and modern 
equipment and no changes are su~sted. 

Like Linden Power Plant 

Ahmaek Power Plant 

Trap Rock Valley Jubatation 

No,lJ Osc~la SUbstation 
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Belt Belt PJ.t, 
~ .~ !2lll! .;tl~ 

TABlE !I --
Stt:'i'l.iMI'"J' - A v"eraga ot Va.riou.s Tf;:lts 
~J~4=:. ~£ant S22xer~ 

Gen ... Gen., 
Fa~ Tail --

-Test 
Shirts .· Noo2 

~ !7&: ··~ FJ..ot,;, 

A .. 200 2,525 .,260 .,258 .,:J.4S .. 145 .. 1;0 .. 149 ~157 Regu.lar practice z-:u, 
#5 P.o.~ #ll P .. o .. 

B .,264 2_,295 ... 260 .. 249 ol42 .. 140 .. 146 ol40 .. 150 z-u, .f. /12')0 Dowfroth -} 
No" 2 Fuel OU 

C .. ZS2 2,3Sl .,261 .. 21~ .. .149 .. 15.3 .. U.4 .. 149 .,:u..g Z..U f. #5 P,Ov 

D .,272 2-,218 .,258 .,237 .llJ> .. 147 .. 11!.4 .,]46 ol46 z-11 t #5 P.,O., j. #ll P.,O .. 

E ,/2.67 2/121 .,273 .,28'7 .,162 .,173· .,154 .,160 ul68 Z,...ll Mj.,.x;.@ AhmoM:Ulj)l /i5 PoOog 
t/1J. PoOo 

___ ,__...._._ ___________ , -· ..... __ ... ._ __ l 4-·-·-<lilrM-~--=-1!14-·--·----·-----------

Plant Sl.iroos Gen .. Feed 112 No .. 2 Mach .. 
~e~st !~l.~ Plant Ii'ines Class .. QG flo'WS Flot Tail ~Used 
=~~ .';Jl.~.~-,!"~< .. i.<t!Uli!lll$§ ·-~~ ·-

D 2~278 ,2;8 o237 ,1.46 Z...llf.l liS P .. Oa, #ll P.,O., 

B 2,:::.'95 ,260 .. 249 .. 150 z,...u, Noo 250 DoFa~ ~ #2 F,O, 

c 21);351 .. 261 ' .,21.!,0 <>148 Z...ll, 115 P..,O., 

F' 2~1~00 ,272 .. 254 .. 154 2-ll.ll' /1250 D<~Fo; #2 FoO" 

A 2,,525 o260 .,2;8 .. 157 z.,.u, II; P.,Oo 0 #ll P.,Oo 
• # 

E ~~:;/12.1. '>273 " 2El ~168 Z,aJ.l Ahm.,li!J:iJr..., B IJ; P.,O.,:; 1111 P"O' 
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PROPOSED RECLAMATION FLOWSHEET 
GR1NDING-F~OTATION -LEACHING 

Conglomerate Tailings 

(Capacity 400 T. P. D.) 

Bank Sanda 

Mj~UI 

Trucked to 
Storale Bin 

l 
Vibrating Screen 

Conatant W,ght Feeder 

8' x 3Z" Hardinge Ball MUl 

l 
Clauifier (Or Cyclone) 

FlotatioQ 

Batch Leaching Tanka According to 
E1tabli1hed Percolation Leaching Cycl 
Practice at Lake Linden. 

Oxide Cone. 

I 
Smelter 

Oxide Cone. Upwards o£ 90' Cu. 
Flotation Cone . About 25 to 30,; Cu. 
Anticipated Overall Recovery 85,, 

Research Dept. 
A. B. Landstrom 
12/14/55 

Cone 
I 

Laboratory Waste 

Waste Debrie 

~ 
TaU 
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RECLAMATION FLOWSHEET- ALLOUEZ SANDS 

Calwnet Division - Calumet &r Hecla. Inc. 

Research & Development Department 

A. B. Landstrom 2/24/56 

z "..s.,/,d'.$ 
R~furnPu~ 

L.~-ch «~4' 

r Ta///nj's 

s.l'e Lau"d~r 

.LJ~'!:t:Y'"/n.'d1 L~crch Sokhon 
P/a.n/ 

Co/7C~n/ral-e 
~e/rer 
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SCREEN ANALYStS 
TABU& VIn COPY ............ 

MATERIAL tJmertJow (To Flotation) 11Y" TanlQI, Tamarack, December l.J. 1957 

NameofCompany ____ ~MR~·~J~·~J~·-VIT~~T~ON~~<2~k-~h~our~l¥y_s~am~p~1~es~)L-_________________ _ 

Location---------------------------------
Size:of Crusher--------------------
Feed to Crusher -------'--,--------------
Crusher Setting -------------:-----------
Moisture·------------------------
Specific Gravity -----------------------
Hardness-------------------------

Remarks ____________________________________ ~--------------

Form 71 Screen Analysis made.with Tyler Test Sieves 

Through On Weight on Screen %on Screen % Cumulative %Copper %Copper 

6 .02 .01 .01 

10 .. 10 .o.s • o6 

14 .. 12 .o6 .12 .J$4 .0004608 

20 .oo .~ .;2 .370 .Qo1J.AM· 

29 1.90 ·9' 1.47 .579 .. 0055005 

35 3.70 1.85 ).,32. .401 .00"14185 

J¥} 15.00 7.50 10.82 .202 . .0151SOO 

65 24.10 12.05 22.87 • 24l ' .029281.5 

100 49.50 24.75 47.62. .2,39 .059152.S 

150 48.40 24.20 71.82 .269 .0650980 

200 .30.50 15.2.S 87.07 .274 • 0417850 ' 

200 25.86 12.93 100.00 .471 .®9003 

Tota.l.IIJ 200.00 100.00 .2862271 

Head Assay .296% Copper 

By ;:;ereen Ana Lysis .286% Couper 

Copies toa 
A. Edwards 
1v.. G. Ga.gno 
L. c. Klein 
R. K. Paull lJJJ l'l. G. Game n. 
J. J. Vitton ~;J; Gagnon U r-17-57 

w 'gwa 

. 

-
-

-

... 

~ 

--

-
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orm 71 

__ ,,..,._., ANALYStS 
TABlE VIII COP! ---

MATERIAL Underflow (To Flotation) "V" Tanb* Tamarack, Decmnber lJ, 1957 

NameofCompany ___ ~MR~·~J-·~J~·-VIT~~T~O=N--~(=24e~h~our=ul~7~sam~p~l~e~s)~--------------------

Location----------------:-------------------
Size:of Crusher---------------------
Feed to Crusher ____ ·~---------------· 
Crusher Setting-------------:-----------
Moisture·------------------------
Specific Gravity --------------------
Hardness ------

Remarks ___________ ~--------------------------~--------------

Screen Analysis made.with Tyler Test Sieves 

Through On Weight on Screen %on Screen % Cumulative %Copper %Copper 

6 .o:a. .o1 .o1 

10 .lO .o, • 06 

14 .12 .06 .12 .:3$4 .0004601 

.. 

... 

.52 • 370 • OOHAM . 
. 

20 .ao .~ 

2S 1.90 .95 1.47 .;79 .00.5.5005 

35 3.70 1.a5 3.32. .401 .0074185 

4$ 1,.00 7.1)0 10.82 .202' .0151500 

65 24.10 12.05 22.S7 .243 ' .. 029281.5 

100 49.50 24-75 47.62 .2,39 .0591525 

150 M!_.4£! ~ .. 20 7l.S2 .269 .0650980 •.. 

200 30.50 15.25 87.01 .274 • 0417850 

200 25.86 12.93 100.00 .471 .0609003 

ota.h 200.00 100.00 .2a62271 

<' 

Head Assa.7 .296% Ooppel'" 

By Soreen Ana ~LYsis • 286% Couper 

nee tot 
Edllmrds 
G. Ga.gno 
a. Klein 
K, Poull Ia/ i·l. G. Gamo n 
I. Vitto• w. G. U.gnon 12 'r-17-57 

wwir.w. 
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Form 71 

SCREEN ANAlYSIS 

MATERIAL __ ....,.,_.__l'Slii!OUIIi111+--4111to-l.uaM-...,t.~.uOD-...· ---'J.• .. ma-~q...-...,.]!ili;I9:,;~~.111L.__ 
TABLE rv 

NameofCompany ________ ~MF~•~L.=-O~·~Kl==aia=·~---------

Location------------------------------------
Size:of Crusher-----------------------
Feed to Crusher __ _ 
Crusher Setting _________ _:.. ________________ _ 

Moisture·-------------'---------'---------
Specific Gravity ----·"'--------------------Hardness __________________________________________ _ 

Remarks __ ~ ___ _:.. _____________________________________________ _ 

Screen Analysis made.with Tyler Test Sieves 

Through On Wei,ght on Screen' %on Screen % Cumulative %Copper %Copper 

... _,... 
• l.J ·'' ·'' jJ 

' ' Ll .60 1.2; .250. .OC:OliJI 

41 ,,, u.2f 16.,. .l.IJ ............ ,!till 

' I )1., 1,.,, )1 .. .1, .. 231 ,()34,., 
l.DQ·· ''·' l? .. &J 49·91 .2/JJ ,, 1\t.'lltUd.i! 

' •' 

151 a.t 10.91 60.N.· .1:36. 
_,. __ ,_ 

208 u., •. ,,._ "·'' .3:34 ·=·· 2flG "-·· 12 .. 1..-a 10& .. £.8 - ';)At~~ --· .. -1, ttl::llllliPf..l ·-.: 

,~ ...... 331.0 100.00 
All __ .,. ... _ 

. 

IM&IU.,. . .~,,.Co, .... 
BJ'S ,_,_u .264,C -

/ 

·.-, 




