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crushed to minus 1/2". This size is controlled by screens at both ends of' the 

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

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

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

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

the tinea sufficiently for notation. 

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

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

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

.f'urnishes t.he necessary water requirement tor milling. The steam stamps are. 

operated at 170 PSI and the f'inal exhaust steam is run through a low pressure 

turbine to generate electric power. The conglomerate ore contains practicall7 

no ma.sa copper and since it now comprises the major part of the mill feed, it 

was possib1e to automate the steam stamps portion ot the mill that treats 

conglomerate ore. 

The minus 1/2" discharge from the stamps goes to 3/16 inch trommel screens 

where the tinea are separated. 'l'he plua 3/16 inch product goea to oversize 

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

rigid rolls which are 1n closed circuit with the 3/16 inch trammels. The 

undersize f'rom the trommels goes to a class1£ier where the minus 3S mesh £ines 

are separated. Hal.f ot these fL"'les (overnow portion) are re-cireulat~d to 

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

m1ll classifier density regulation as required. The oversize f'rom the clas

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

liberated copper, and the tailings are discharged to a dewatering wheel, 



328

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

Ahmeek Mill Itlneral Processing Flowsheet 
By J. J. Vi tton - 10/20/66 
Page 3 

hence to a ball mill and classifier in closed circuit. 

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

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

rolls, and are then returned to the rough section for claasification by the 

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

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

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

closed circuit· with a mechan1ca1 clasai.tier, or cyclone. Both rakes, cyclone 

and spiral. c1ass:1fier are used. A launder hydraulic in the ball mill circuit 

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

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

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

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

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

No. 2 fUel. oil, and Dowtroth 2So or equivalent. TaUinga range f'rom 0.8 

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

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

ings from notation go to a 16-inch pump and discharges into Torch Lake. 

The flotation concentrates are pumped to an Esperanza type drag: piassifier 

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

Esperanza is ted to a nine cell notation machine f'or upgrading. This 

notation machine also treats thickened fines from v~oue overflows ot the 

entire Mill. The concentrates from this machine are pumped to a 30 .toot 

diameter thickener with the underflow pumped to the concentrate filter. The 

overflow goes to waste. 

3 
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Because or the d:lfficulty in, sampling the ore t'! determine grade, it is 

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

centrates and tailings. All concentrates except the notation concentrates 

are kept separate and are 'tieighed. and assayed eeparate:cy-. Flota:tion copper 

attributable to a certain Mine 18 determined by teed and tall. assays. 

Copper concentrates shipped to the Smelter are aa follawas 

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

Head:tnj - .Assqed periodicall7 and an , average assq applied . 
1io all heading. Assay range from 916 to 96f. copper. 

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

Poor - Hydraulic tab1e concentrate and finishing jig con
- centratea are combined. Each shipment ia SalJ4)led and 

monthl.7 car;>oai te determined b7 tire assay tor each Mine. 

Flotation Concentrates - Each carload is assayed. 

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

Revised 9/20/68 
J. w.~· Keck 

9/24/68 
JWK/ag 
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·0~ ;;~~~j)~r l'? W:t» d1~C\l~ecd the i-'I)S~ib.i.llt.,Y or l>J'fin;;i.r\g &11 9-!tlltent. .t.r•aQ:JI a.~ 
t.h'J ~~75!~~.< ~·:11..1. to c:tne pcin~ ot d.1.~t!h:'1.t-g.- t'~.lrol li:!1Ch M ~ccuro::~t.• l'···•~~ple C~J\ W 
t.i).ken ror c~~~or ~A-~~10 :t.ttd 4~~1ty. 11n<1 ~·h¢r' tho vol't~=~· .. e ot f~lp le&rinc t.he 
~ill co\il.d be rA!I\eurcd \rith ronaon.nhle :;.<:0\tr:•tcy. f."n• ditt1eult7 ~tb eollt~otJ.ns 
a ltOOd a!)uplo on a ro~~l~ ~'1t.ervAl bt.d• tro:a cw.t.o.r14l le~Yinl Yi·a t.ho asr. pwap 
1A t~.<t b.:•a-"';~'l\ at' th-o :t:"lill h~3 b~~n t~• pl'~$~t't· ot &.,..0. trOM \~ boilGr ~JO'L\Oe 
in tt.e ottluc:nt. a'tror.a a ~too4 pol'"tion ot t,bo t,~•· 

In l.nvost~~tl.t!r~ Vtt7 tn• bo1lor l'i(UU'i"O aoho11 .1lN r~~~ tirat. \o ~h· lniU ... }"WaP 
and ·t.~;o-n ·P'~:i into Ul• ~Jtko, M v.~lid ro~GOn h·•ll• r;.e.r.\ ~n4lo~d. Ttt1a 1• Ju•\ 
a h~~~ll"i"4r ;'~r4li.Ctic:e tr ... ,:;a wnen ,.h·• t-11.1li»trl'• .c+V;O. held to bo ~P~ .. conatd..zrable 
dist .. ~tJl~~ crnt on t.h~ "~:1.1.11\i b,.,nk. ~;f.nr.• th:te 4).J"'t\ h"'-• al.l nov btt-. dreq-.4 ou~, 
thcro aOO'U ~ NAeon ~l' th• aaboa tro:a t.b• toil~r l\ouCJo ciUUlO\ b• TN~~ dirttetll' 
tro~1 t.n~ bo:Ll.~r b.o\t~o to th• lA~•• oJP to t\ pilo boh.ini t.n• bo-ilal' hw~ troa wt,•r•. 
·t:n,~y ~::.:ut. ~o t.akoJ\ tor uae aa till by p~pla clo:o!t-il"llf ~hi• Mt•ri~l. lt • pile were 
m~d.:~ on \and, th• tl6\t-~u~ oould be ~do t.o dr~.in i·nt.o t.h!.t .tt\ln,~At'i.J.n C)H ... k e• to '\he 
l.14.tto. · 

Tha ~ah\l$ ue ~ through a .oix.-lncb oa$t. 11'011 lin• \hi'O\l~Jl t.h• miU.t Qador \be 
flo-ol". ~~rt~l frcqu,.nt. chok.,...\l.Pil 4t-\t ·~}~onoed ~d . .cb ba'V'e ~ bt el•lltH4 by ldll 
•'!l.il.'lt,an~~oo p~oomol. llp~rWttJ.y ol.l ~t.•~·• <:oat,o oa t.t11a lilA ~ o. \h• 
a.G)l FW~ ~:~r4l a.ha~ze4 to t..itG ~111. 

~• }l.~v~ :.utitc-d t.t~• l:rvg1:nor.ina fJG,S:l~-rt~~nt, to 1n,••r.;1g-.ate \h.• ~'Oesibi Ut-7 o.f d1 .. 
ch~l·gir:•~l" ·th~so 48hG·• ti¥ t\ 41tt'0J"'~lt. ~ua.•, ~1.t!l t,ho 't.~iO\\iSh\ 111. .t~.-4 t.hA\ witt. a 
li k~l7 (1,rr.~'!..tc~e~-~ont, tOr eoll•ct.!r.g Uill a~i-'ill1s, .-to. tt a l$t1 t'UJ.1.~.1.zt' Ql-,~·· CIAtl b• 
m:;;;.a~ ·r.t:. ... fJro~y t.h~ 4~ ;uaxp c;toul4 b.~ ahu.if dv~- ~J- olia!A.!\'ttiltl• td.tb. a GM.ud4wul• 
ettVli"la 1A i-'~1l.l" t.ti1d. Mi~~PUtnca ~o~to, .~ :ul n\Ul ottlaen\• WCN14 be cii.ohar;tcl 
th:r"~,h (»"10 11.u4 t'N.a ~t.cb ;s.<:~:#)rt..~bl~ sarup.U~e· ~d l..-. doft._ 

It 1~ ~ 'UM41'~r~r:~1Q.J t!:~t ah&>· hatt t~~1nf).l 1"~')-·ond.bili.t.:r f·o• M.Plins Jlrocl ... 
tletJig.rl t>11a~~d O.Jl a. C. P•ter:ecn'e inatrttCtiool\ to rot~ la..t\ ltHlre n•,-s•Rton• tor 
ona b1!' =~• 3C..~Or!i$~ ol Cttntr"'li:h\f 'tt~• 41$ch,~~t~<08 .r.~i. t..u.kluC AJ~~lU t.._ th• ralU 
viU 'bo proG4W1te4 u eooa &4 th• lnv~etta.-tJ.on ia coeplcrt.o. 

LC~{/tlr:tl L. c. Klola 
·CCI :;}C'i' 

JA 

~~1'.}i'( 

·/Ri 

&
F
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Preliminary Investigation 

Ahmeek Hill Boiler House 

Proposed Ash llandling Equipment Vs Present Hydraulic System 

.February 23, 1967 

To: T.W. Knight 

A recent request concerning the disposal of the Ahmeek Boiler 
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 50 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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Comments: 

(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 ppmped 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. ·Thts included 7 to 10 tons of ashes per 24 hour~ 
or about Z 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 
Reseirch 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. 

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

Approved: 

R.L. Ellison 
Industrial Engineering Manager 

JJV:ll 

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

Attachments (5) 

---------------------------------------------------------------------------------------~ 
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L. F. Engle December 21• 1966 

Aeh Pmlp at · Ahlaeek Hill 

On December 19 we discussed the poasibil1t7 of l;)ringina all. etnuent atreau at 
the Aluuek Mill to one point of discharge· troa which. an accurate sample can be 
taken tor copper auaqsia and density. and where the volume ot pullp lea'Yina the 
Jlill cou1cl be meaawecl with reaaonal:tle acoun.oy. One ditficult7 wit.ll collectina 
a good sample on a regular interval baeia troa mat.eria1 learing da the aab pump 
in t,he baaem.nt. of the mill haa be• the preeence of aah•• froa the boUer house 
in the ettluent st.r~ a good portion ot the tiM. 

In inveatiga~ina ·vhl' the 
1alc•• 
boiler house aeh•• are pumped tiret. to the mill ash puJip 

and then pumped int.o the no valid reaaon ha• be . .a: uncoTered. ~· ia juat. 
a hangover practice troa when the tailings • eto. · bad to be pumped ~ conaid.erable 
distance out on the tail.ins bank. Since this uea hae all now been dreq .. out. 
there ...... no reason wh7 the ashea troa the boUer house cannot. be pwapecl direct~ 
froa the boiler house to the lake• or to a pile behind the boiler houee traa where· 
t.hq oan be taken for uae a• till b7 people desiring thia 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 ailo-inch cast iroa line through the mill• under the 
floor, and frequent ohoke-upa are experienc• which -han to be cl•ared b7 mill 
maintenance personnel. Apparent17 all maintmanc• coste on thia line ancl on the 
ash pump are charged to the mill. 

We have asked the Engineerins Department to investigate the poasibillt7 ot di .. 
chargin& the•• aahee b7 a ditteren\ mea.na, with the though\ in mind that. 'With a 
llkel.7 arrangemed tor collecting lllill. epilla• eto.,: a tev further chana•• C&D be 
made whereb7 the ash pump c~cl be shut, down or el.iJiinatecl, with a considerable 
eaYiD.I in power and maintenance costa • ancl all Jlill etfiuenta woulcl be diachara• 
throush one line troa which acceptable sa111Pl.ing coulcl be done. 

It ia rq underetandins that R&D baa terminal reaponaibility tor aamplina proc••• 
deaign baaed on B. c. Peterson• •. inst.ruotiona to JOU la•t we•k. Sugeetione tor 
one or more scheme• of centrallzina the diac~s•• and tald.ns -aamplea troa the mill 
will be presented aa soon ae ·the investigation ia complete. · 

WK/wmh L. c. nein 
CCI "'BBP 

JA 
TWJ( 

Jl 
RW 
RWK 
Rl 

m
~>
fo
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Calumet CALUM:E·T 

& He-cla 
,_ _____ DIVISION------

CALUMET. MICHIGAN· · 499131 

For Inter· Officg P,e~spcP.ri'ISRM Apri 17, 1967 

cc~ RJ'f JK 
Tq 'Mr. RWK LCK AhmeekDittll Sampling and: Efflu~n~r 

JA Engr. Dept. Handlinq· 
TWK Ind. Engr. SlAgk., 

Reading tl 

Some time agqi. you. asked R & D to· -study sampling:~ _a~~··~ff~:ueiJ~t'(hand •. 
at the· Ahmeek· ~till.: The resu.lts :of that study} as:· reporte,~~:1ri:Ii:.:;;·. ·:·· 
L. C: Klein's memo to.:- me.;· of_ April:· 14 ·, 1967', are attache~-;~~=f,~ There wa 
some delay in: presentinci· t.his=· informa:tion ·since~/ durinq:.,:'tt1e-:: ·cqurse · 
of_ the investigation;,>. Mt-.:· I<lein did feel that test:.'work{.·orr- .cyclon.~ 
of: shovel-wheel·. C?Ver~;l9~S- could contrib~te·· qr~~tly:::;_~Q~: t_pe;·:·9~~r.:a~JJi{ 
design·. :t am pleased~ tq--- report. that thl.EI test:·worlt:·. di4t~ ~h()W.:.thaitf:~:\" 

·. ci~iones will conservatively add· some: 200 ~o 390· _lrpsJday·.:·~~: C?.PPEe.~L 
m recovery. · ,.":~,},;;;·_::~;(:,~·: -!~~-~· 

various unitS of. the Eriqineerinq !Jivision clnd thEi •·lil1' p~?~~d;t~ h!iive 
of course, 'contributed a: great deal to the o~ork pre_sented,~_hf;!rEf·i::-·;. 1:11~::· 
my opini()n):- there ,is· ~!-lffi;.qien~ information' an<:}.,.: j~_st.ificati · 

:: 
you to aut}iorize: th~ ptop~:r,· paper wo:r!( from·~ 'thee.· Iii,vi.aa . co:nc4erJl9( 

_this;" 
:~OIT!\~!~.~;~~~~~1<~~il~I,~~1~~~~;~!~?i 

so.rt.';,'~;_:· u·se: of ·nagri~ttc· f.lf?W! m~t~X'!:. an<f· densJ,:.~y\:· gaug~.fl;~~ .. ~~ 
common· for;:the·job·, an<:1'u~der:~· certa1n.:·sttuatioris·v· ...,....,_ ........ _..., 

• 

0 

justified~-~~; Becoming:~ InOre; and. rnore c()mmoJi· al.sq-' is~· thef u 
. · co~ti~UOUS:. chemical .~(\!!l~YS'i$:_. ~ns:t:rwne.llta~i,Op\ -~We do .. fe!J 

time·~~- i;flat\, the· $20·,.,0QQ~30' 1 00:p:~ ~XperisE,j,.f foJt'.' S9C~·. deyices~· • 
0 

•• f.~ab;te:~f- t~Ef propos.~ .. ~'~:~~e"_~yst~#f.~·t·Fa~h..~~:-.~~~ ._i.ris~~~l~.,. 
' further.· operating· ext?e~lence< and;~ 11eedS\· .are:: definf:)d··i~ we, 

'~Ii~t~1t~ :::i~~f~~~f: 
t~EJ~'J~~p.g;ne~-~"~Jlc.t·~ 

d~i!~:!~lf~~[~!~~~~i!~!t'~;it 
'1; 
ax-e. avCl,ilable ate ~j,.V:I:s.to_~·~ · a_P.d,al':~- ~~~,-"~ 

. . 
c.a~Qnt~CI:. 

,~h:f~, ~re any,,~~~~{~~/ ~~Jg~~nj_i{f~~; ~~~g.:e~d(~{Jh~';, , 
cOurse, would be pleaJ!ed to. ils:~~~r is, ;;~{~fi,~~~ion:'t~r ,~·· .:ft 

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

.... (~~~~~· 
LFE/bv. 

APR 1 cs 1967 
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Calumet CALUM-ET 

& Hecla 
,_ _____ DIVI Sl ON------

CALUMET. MICHIGAN 49913 

For Inter· Office Correspondence Qnly 

L. F. ENGLE ~il 1.4, 1967. 

su11.1Ecr' 
Fonn 022010 

Proposed System for the SamJ?lin9'.·. 
· anci Diap=••l ; f Ah11eeh Ui 11_ cpe i J i,<· 

An investigation was made of the present method of· dispo_sinq 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~-:'; . ·
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~atoi:s:· ·· 
for the purpose of controlling the operation. · . .. · 

Wastes now leave the mill by way of the general tailing;J punlp, the .
ash pump, or by a launder under the mi~l basement flo<?rt,, -~~it grayit~ , 
(See attached c:trawing No •. ·. 17331-:-A> • ... The ~e~er(ll_ tai~,4~9}i", l?~m~:~~::t_7.:, -,~;-~: ~ · ~
handles the taJ.linqs; f~om. the' e1gh~ p~imary· flotatio~~-ma9J.lil(Ehi~Jr~:~~<·.·:\:····.i~: ~

. and. the ovc;.rflows- ~ro.· .. It\ the.· six. slime.,.:· thicke. n. e_· .. ;. tf:.~ .. ·.:~.- ~.::T~e:~.-.;·.c:_. a.;·.P_·-__ .4_'f:.~.~ .. ;:t·.· V<-..~.~~_f.:;~:~.<_·::·~._Jr_i_·;.·j:_:.:
this pump 1e ove~tc,tx~d wheJ\ more than; six. o~~ th~: eigh-t;~: ~-~~: .. unitsi.-:';/:·:f: .. ~
are operating~- and--th~ pump sump overflows: to··; the." a~&-.. _pumijK$~··~;·.t,~t;:-~;~,·~;:
This situation. will: be. worse when. two- aCldi tional: sli~·: thickf!ner!!<~;,;~·:: · :.
are activated to handle:·. the ad~it;iona~_ amou1,1t Of .s~~mt(_:Ci!'<.\· WCI,t~~ " -~:,,
fr,un the spill re~ov~ry_ system, that:---~11]._ soon be ~n· ~P.-~7"~~-~~-n:~ . . ::. '·:--'

The ash pump disposes. of· ~sh~s· frc:lll\·:·_;the ~iier house·/ .til~'- 't~i-~i-~gs.·: .::,: .. 
from the slime flot~t;_iot:~. macl:li~e;· in( .. ~h~, · ~1~ base~ell~ ,_ .. ~pi.!~S' . · .. :·. ·~ :. ~<~- ~: ~

::::~~~~::~::~~~E~~~!5:y~~~::!~i~~~~~!!~~;:~:~~:~~~~=~"
from,·the basemenj. o~.- the; mill,: o~er£1ow f;"o~· the gene~al'\:·_ta;linqe.~;<;t:.:_:.;i4£':

overflows. and_ t'iater·· overflow~ng from .. the mi~l ~on~tan1:_:·,~~;~~t~~ater.- ;·.·.·~ 
tank. - .... · ~-.~··;·~;~(\~:-_~·:;.~ .. . .. _ _· 

~=~~~:~!~m~~~~q s~is~=-~~u:i~;l~:b~:es~~!~~t si:~~=i':t~~!!s b& · .· ·
made so that samples·.· of these streams would be more' ··valuable: for .· . 
the purpose of mill: control~ and so that these wastes .i,;>~~ eliminated 
from the mill at only .. two points- instead of three •. All flotation.> 
tailings would be· h~rtdled. by the main tailings pump •; · ., ~ll,· ot:her· · 
"unproc~ssed" waste~~ would.: leave tl'le pla~t _by. qrayl~Y.::·. t.h~~uqp the 
basement floor launder.. Autom~tic samplers ~~ould b~:- 1n,ta~led ,> · 
to sample each strea..IQ in a conven_tional .m~nne~~:\: . A ~a o change · · . ... 
will be necessary in:. t;tte~ gel_leral taili~c.f ... d 'sch . _, .:r:>::~;~_;
to install a sampler~, th~t: w1ll collect,~ re ·· ·
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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 
instances1 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-_.tailinqs·~ .... 
and overflows from the thickeners and shovel-wheels-;; 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 ovexo_ ha.,l~~-- -~-.. )_~·~-

.of the total volume handled by the pump.-· The,. proposed:· _schem•::. _ · · ·· .. 
divert these overflows to the basement: floor' launder . .,h~re:;.they::_. .. 
would flow out of .the plant by gravit¥, relievi:-n~~"- the.:',l~~dr ~~ the· ... --.-
general tailinqs. pump. - - : - _ : '_ ·· _ .. , · · , ;' .. - ... ;; ~ ~- :, ::-- , .- · ,· ,1~:::' · 

,, : -~ 
~ ,! .<'' 

The tailings from the . slime flotation. mach,in~ iri .. the:. Jni.lf. ba$e·me:nU1 
which are n~w· discharged~ from the mill byi. tb&""-'asW· pump' would· 

. pumped I into the general tailings sump:·td; b. ~~scharge4· wittr ~ne~·, 
primary flotation tailings. The reduced· volume: handled: by .. ~e -:~-~.,.,,, ~: , . 
pump is more than sufficient to allow the"pump.-to;handle· all·possil',
flotation tailings from an eiqht ~tamp operation,. with no:,. overflo'"'-~ ~,. 
qoing to the ash pump. ' . .. · · ··---~- ~tJ.fi ; ·· ·· ·

. : ·, . . . . ' : . ' '• .. :., '• : . ~j·~f . f:/ ,·, ~~~:'~ ,:; ~;/'h/ . ..·;' ;,. 
Recent: tests 1 using a cyclone.- ~0- reqoveJZ··' ·coarse~ . rriatiJ:ia~ ancf . _ ._ · 
riched coppe:c _ b~ari_ng· fin~s< fr9tw, .. th:~<~ s~ov~lt~f!~e:~;~·-P!~:~;~~oy!,;;·.:~a, , 

___ i[l~ica~ed .. that ~- substa11t1a~ .. ~\ln~· O.·~V 90PP•~1l.>~~;:~ng~ '~t~~~~-! .. ¥~ --·""'··- -·--' 
_ be recovere~ fo~< repr()C~ssinCJ'i~': an4S .an:'. ,~~~~~~iaJ...I~~~.~-nu, . f.OQJ., ~ . 
· slime: rejected.::·.! It· is- recommenqed: th.ct:ti: aJ)J·' ~(!qitio~,_l;- c .. _clonil$: _ _ . 
. installed to- process:· a~l~. 9f~ thisr ma te:r;a.l~·-~) a~~~~ .. th~,~·~ 1:.h~~:,.)::yc~Ciner~~tf':'. 
, overflows be combine(i· with th~-' thickene~_ oye-~flow-l for.~' samplintjr:.:~·~:~~-;~.:·. 

. 

. ·. ·> 
lbs./day 
and· discharqinq _ througb. the:.:_ basement:_ floo~ launderd':(~:.":· It;r i-$\ con-'':'L~>~-,:~1t\ 
servatively 

of 
estimated.· (based ori ·t·etJt:,··res~l tsJ+ that;; f·ronil200~300~:,:,.'?.·;,, 

cop~J! c-~~ ~- jjco~~;e~;;;~t~;¥~~~1~:t~~-~Zi't:~1;<~~b··, · · · 
The~ proposed systent wil~' ha~~; th~ f<;)~~O'fi.~C£:.-,·~d.Y~nt_ag·~,( i~r ac;ld' 

- ·" · to ~hose already mE!,J:l~t~r::u~d,;t>· _'l'hc:t.J.~ a~~~: P~P( ~1l~Cno~'' ~-9~<1e';:,P . 
operated except-: for,; th--~; 1,nfrequent_: per~Q~Q;;~,.t~a w;, -· .·· . fJ1?-

. ~!!e~o h~~:a:~e ~;1~l~1~=~r1~#£~:.~!~!{I~~f:.~~t~t~!+r ... eaucea~;?,~-
. The,- "unprocessed wastes'' will be· depos1te~ i~. aiC'·-: area:.: . _ 
. the qeneral tailings. pile. where:. th•:' ~e~~leq/portio~ will' prob,ab . 

,. be· enriched in· copper·. and. woqld be;· .dce'iJi;iblfi< ~()i 'the~: d'r~dq$; t,~~}~:t;.· .. ,· .
. reprocessing at the Tamarack. Reclama1;i~# .. pla~t .. a~.-_som•~''_~u_tur~:.d:a'te:, 
. - . . . - .· . . , - ; < , . ·-: ;.::. --~:·i: .,:'y(; :: .. :.:,~>~~·::~.:··· ·;/ _ _,t·~~~:,. '_ .. :_,0·:-rs·: .. , . ;;-:_;. ~ -~~ ·; :·~. 

Following is _a sununary_· of_ what mus~t. bt- done·. to· tnake the; ... recomin8hde· ~ 

.. 
changes in the 

general. 
Ahmeek 

.tailingS 
r.till. flowsheet:· in~ 1nl5·tallf- a~equate. eamplin9/: 

:~at:::s :6." -p~ ~tl:~:ig~;·;i~~fj~2·2:.;~~iJ2tfi~~~
_that qoes dirE!~tly·. t() t.h~ .. tail~n~~:d~~~ ap~f~:~,~~:~ely·· 300 {r:l~~~,;:·
feet east of the. m1ll •.. x~- willi·. b"~~.ne<?essary~ _t;~- raisel: t~' pi .. __ ,;:·::~
about three feet_ wh~re 1.t goe$·-- thro\lqh·: ·milt,~;.<:: This~ ·· 
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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$. A secondary sampler-> would be usee 
.to reduce the size of the sample collected by· .the primary · 
sampler to. a workable volume. Samples. would. be taken at ten 
minute intervals and analyz.ed for each- -shift. Equipment re....; .· 
quired for this includes two samplers·, 300' feet, of;, 22~'; P.iP,E!.~ 
launder, box, and supports. The estimated: • , , • • • .·: , ' < :. : . • . cost· ' ' . i$ $12/; 04$-~· · · . 

0 • :,'~i X •{: ~f>;';,· .. ; t . ' •' .',' ••• 
0 

2. To divert the tailings from; the·. basement slime-. flota~ion· machir. · 
to the. qen~ral tailings pump sump will requira.· Cl pump, and moto:a;· 
installation and pipinq. ·A 4:~· pump. and··.lO hP.:. moto~~ a.t!'.,avail
able •. Total cost off installatio~', ia; estimateq: at;..· $440·:;":~::; .. {;,. ·;. · <~ · 

3. OnEt 20" Krebs cyclone is lt~w inst~li!id e~perirni:.~t:~i1yJ1~{pr~~ · 
ceasing shovel-wheel overflows. Two-· will be required'' to pro~· 
cess the entire flow. These cyclone• ara. 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:~~ pumg;.w~·tq.·· · 

. motor 1 a screen 1 and pip in<}~~ l.si __ r~q1lire~·~·~;·:- £~ti~1:f!«·:}:;os·~:~{ irif.'. 
eluding new pump.: and motor lfillt -b~:'.·~l:)o~tf;. $l:·i 5.4_(J,·¥~i,·;~.,R.egt~¢~nq::}.;};;/ · • 

the cyclone!.'· .. at ,.~;;l~~;~~.·;d~J!: *·:~~'~;g~~i~,k~t~\§~tmatjll ·~~~~··f~:··,:; 
4 ·• To combine the: thickener· overflows~-

.· 
wi tff.: the,: 'shovel";.:w ee ·~'-·ove~:~t·,.~·~i~ · .· 

flows,. install. an' automatia:·sampl.e-J{f.anct' divert:;'·t:r1£j}'f1o~·e4:.·-F::-;/·· .. · 
the basement. floor launder· will .. require,, an. aoprQ~~mat•l.Sr" 35·: f.'t 
extension of the · floo.J:r · laut)9er ;_ · plu~·· :a cat.e~: bo,,t:,. ·-·~n4>s)lor1;'~: ·!~t:. 
launder with samplinq. statiori·t ·:~ and 'arf automatiC:·. sampler·;·> . ·.· ... --

two., 
~~~~~~:;:;~:~~~;~~;;l;i~!~~;fy~¥w::~~1~i~~&!~~i!f~~~~f~;:~~~i:j:~ 

weeks vacat1.on shutdown:~.<~ ·~or)(;zc,·· ort, .. the> othe~;. :thrett(~:1t .· •.. · coul~r:~~':iih£1~;:;; 'I 

!:st:s!!~ ~~;P!:~h\~~~~~:~~tmt!!~1:h~f~t:~!t!~/:~:t;~~l~il2{~~fJ!:~~ 
. the mill is 

· 
not operating.; ' . ', r "· '•·'"' ~, :,'\:::;~ ,':- . \ ,' ''.',' 

.Attached is a summary ot tabor· a~ct· ma{~~l~i~·'esti~at.~'i:s:C'~·fo~.,: ~~dh 
of the items listed.' Also· attache(!· are: flow diagramsf 17331-A' ._ · 
showing the present arrangement, tailin9s and overflow·; streams·, 
and 17331-B showing the proposed arrangement with change~:- i~di,<:atec. ,t
by heavy 1 ines. . , . .., .- . ~

LC{(/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 $6,400.00> . 
Contingencies 455·.00, 

$51005 .QO· $7,~!~:~~.· ·. $~¥~-o,;~js.~oaf:.,:· 
Item 2. . . . . 
Pump and pipe- to· pump slime, · 
flotation tailin9s· to·. main; 
tailings sump._ 4" pump and··· 
motor available., 200 ~ oo: ··-' 

Con~ingencies'.· · · 20. oo:, 
22o.oo·.· . 

. ;.·". .; 

' / 

-' -~. '-.. : . . " ..... . ~ ' 
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/ • 2 .. l"'j ~~.~x ::;:~, Calumet~ CALUMET 

Fo\~e.~ ;( 1-
& Hecla ~ .. . cALUMET. ~;~~~;AN 49913 

For Inter· Officoa ~~e;pqxglft')IR§ob' 1\f'ri 17, 1967 

CC: RJ'-7 JK . 
TQ Mr. RWK LCK ~AhmeekDMtll Sa~pling and Effluent 

JA Engr. ~ept.L/' Handling 
Fomt 0220 10 TWK Ind. I:;ngr . SbiOtoT 

it--:1:"7..1.-~ 

Reading ltl . 

Some time ago, you asked R & D to study sam~ling and effluent handline 
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, ~tr. Klein did feel t~at test work on cyclones 
of shovel-wheel overflo•lis could contribute greatly to the overall 
design. I am pleased to report that this test work did show that 
cyclones will conservatively add some 200 to 300 lbs/day of copper to 
mill recovery. 

Various units of the Engineering ')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 more common also is the use of on-strear. 
continuous chemical analysis instrumentation. We do feel, at this 
time, that the $20,000-30,000 expense for such devices is unjusti
fiable. We propose that the system attached be installed, and as 
further operating experience and needs are defined, we can re
evaluate the inclusion of sophisticated measurement devices. 

Detailed equipment and design data pertinent to ~r. 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. 

:-
•/ 
. ..,. Y· {4.~ __ 
x;?/1? ,4!;{: e .. .a 

LFE/bv L. F. Eng e 
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~------DIVISION _ __ 
CALUMET 

CALUMET. MICHIGAN 49913 

For Inter· Office Correspondtmce .OnlY 

TQ Mr. L. F. ENGLE ~ril 1. 4, 1967 

Form o22oto sueJEcT' Proposed System for the Sampling 
· anil Dis12:ul :f Abmp' ·col 'l'a 5 ii 

An investigation was made of the. 9resent method of disposing of 
tailings and other wastes from the Ahmeek t~ill to determine a 
reliable method of automatically sampling and handling these 
waste streams. Presently, wastes from the mill leave the plant 
at three different points. Each of these streams contains wastes 
from different areas of the plant, so that even if a good sample 
of each stream were obtained, it •..rould 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 controlling the operation. 

Wastes now leave the mill by way of the general tailings J?Ump, the 
ash pump, or by a launder under the mill basement floor, by gravity 
(See attached drawing No. 17331-A). The general tailings pump 
handles the tailings from the eight primary flotation machines, 
and the overflows from the six slime thickeners. The capacity of 
this pump is overtaxed when more than six of the eight mill units 
are operating, and the pump sump overflows to the ash pump sump. 
This situation will be worse when two additional slime thickeners 
are activated to handle the additional amount of slime and water 
from the spill recovery system that will soon be in operation. 

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

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

The gavity discharge launder normally handles the shovel wheel 
9'' overflows and ''later overflowing from the mill const.ant head water 

tank. 

Before attempting to set up a reliable sampling system, it is 
recommended that some re-routinq of the effluent waste streams be 
made so that(samples of these streams would be more valuable ~or 
the purpose of mill controlJ·,. and so that these wastes be eliminated 
from the mill at only two points instead of three. All flotation 

343

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 ~~~~auld be installed 
to sample each stream in a conventional manner. A major change 
will be necessary in the general tailings discharge lines in order 
to install a sampler that will collect reliable samples. (See . 

attached Drawing No. 17331-B). 

~ 
I· 
~ 
I 
1! 

i 

ll 

ij 

0 
~ 

' 1 I . 

~ 
:1 

i 
2 I . 
~ 
~ 

I 

( 
jl 



344

L. F. Engle - P. 2 April 14, 1967 

A system is being installed in the mill to collect all spills. 
These will be returned to process entirely, except in very rare 
instances; such as a power failure or major 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 

. 9oing 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~c 
changes in the Ahmeek Mill 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 
lar~e box, from which two 22· pipes would take the tailings 
by gravity to the tailings dump. The 12" pipe from the ash 
pump would also discharge into the box that the tailings do. 
A second 22'' pipe would rel?lace the 12· pipe going to the 
tailings dump and this can be mounted along side the present 
22 •· pipe on the same bents. A secondary sampler would be 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. gquipment re
quired for this includes two samplers, 300 feet of 22 · l?ipe, 
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 h~ motor are avail
able. Total cost of installation is estimated at $440. 

3. One 20" Krebs cyclone is now installed experi~~C,ntally for ;:>re
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-l/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 aoproximately 35 ft. 
extension of the floor launder, plus a catch box, and short 
launder with sampling station, and an automatic sampler. 
Estimated cost is $3,103. 

'\uch of the work required on Item 1 can only be done when the mil,l 
is down. This work could presumably be done during the regular 
two ~eeks vacation shutdown. ~'lork 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. 

,'\ttached 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. ) 
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COST ESTif·1ATES 

~==-:-, 
~v £-\vt 

~2" ~ Jl.Iaterials tailings pipe 3 •. Total 
Procure and install launder, 
box, and sampler. New /}f!-4/( 

/-lR #I tailings pipe plant to 
&f' 

tailings dump $4,550.00 
cwp Contingencies 455,00 

$5,005.00 . . 
$12,045.00 

:uem 2, 
PUmp=and pipe to pump slime 
flotation tailings to main 
tailings suntp. 4" pump and 
motor available. 200.00 

Contingencies 20.00 
220.00 440.00 

Item 3. 
Cyclone installation, in
cluding chip screen, pump 
and motor, and pipeline for 

v0, 
returning recovered values 
for reprocessing. * l,ooo.oo 400.00 Contingencies . 100'. 00 

I,Ioo.oo 40.00 
440.00 1,540.00 

Item 4 
Sftm~thickener and shovel-
wheel overflow sampling system, 
including sampler and relocation 
of outlet. 1,260.00 

1 R. ,}It Contingencies 126.00 
1 oo '19P 1 !J8 t, · 3,103.00 

Totals $7,711.00 $9,417.00 $17,128.00 

~ No purchase of cyclones necessary for about one year. Cyclones 
awaiting installation ~n~~~~ circuits can be used. Replace
ment cost approximate!~ 
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Six-cent Copper from Calumet & Hecla Tailings 
Over 50,000,000 Tons of Sand, Accumulated During Half a Century, 

Being Treated by Tabling, Flotation, and Leaching 

:.\1 t u ll ur l, t , 

alum t · 
di tin t 

hr -quarter of 
tw n, the two 

to th hor of Tor h La.k , 
year w ufficient 1 vation 

Dr dg and porti n of pontoon lin 
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ern fine-grinding machinery, coincident as it was in 
the Lake Superior district with the introduction of the 
low-pressure turbine and consequent cheap electric 
power, it was not felt that the time was right for be
ginning operations. Then, at first, the plans were only 
for finer grinding and Wilfley table treatment, and it 
was the expectation that the recovery might not exceed 
40 per cent. Even this was attractive, and work was 
begun in 1912. The regrinding plant was not yet in 
operation, however, before the leaching process was 
developed, which promised to double the anticipated 
recovery. Construction work was started in 1914 on 
the leaching plant, designed to treat sand, and experi
mentation was continued on the treatment of the slime 
by the same process. The rapid development of flota
tion, however, and its adaptation at the Calumet & 

Calumet Sanols Hecla to native copper, made it advisable to discontinue 
work on the leaching of slime, and a flotation plant 
was erected for this material. This again increased 
the recovery, so that about 85 per cent of the values 
contained in these tailing piles will pr.obably be ob

Fig. J___,Map of Calumet & Hecla units at Lake Linden tained by the present process. Inasmuch as the re
covery on the ore originally was about 75 per cent, over 

about 1898, with the introduction of Wilfley tables, soon 95 per cent of the metal contents of the Qalumet & 
followed by fine grinding in Chilean and later in Har
·dinge mills, that any serious attempt was made to re

• • I 
SAND BANK. tStamp Hill Totiling 
Dre~( Ctlp) duce the losses of fine inclosed or attached copper. The tqO!X' lrJns E).C.HING PLANT 

'lO"P~mp l& introduction of this more modern machinery was co- · ( 1250 hp.) set!Jing Tanks 
Sfati~ry Sc.reen~I"OpGntng) Und~rflow ov:rflow 

incident with a rapid falling off in the quality of the UnderXii.e ove"rsiz.e 8 Oorr QJaaruplex Classifiers 
ore sent , to the mill, owing partly to the lessening in Pot! ~-<_Ru_b~_ish_~..., Sand Dib~~ Sli'tne Overflow 
grade · of the deposit underground and partly to the 12"SaJd l'ump 14"Pu'tnp1 IO"fump 
fact that lower-grade ore could be treated economically. rSc.r~en (j"Opwiny) ~I& Scanct Tanks (54' Diamf-t 
A further decided drop in the copper losses followed Undersize t Ovetsiu Leochi!VJSolut'ion$ Copper+in Solution Tailing 

+ + the installation of a regrinding plant in 1908 and made (Rubbish) 
2 Double Drag Classifiers t r Still House 16"SandP\Jmp 

it appear that the tailings subsequent to that date might cJ.rse Fi+ne Distillate Goppe{ Oxide &Qn~ Bank 

not· pe profitably reworked, although they still contained Tanksl SMELTE-R. Belt ~nveyor Sehling 

ab.out 9 lb. of copper to the ton. These tailings were ~Undtrflow Overflow NOR.TK FLOTI>.TION. PLANT 

accordingly segregated on one portion of the Calumet · ~ 8"tunip 12 Dorr ThicJner.s(40\?iam. 3Trt1J) 
pile. Wfth the discovery of . the leaching process in NO.'Z ~EGIWIDING + PLANT . unJerflow ovlrflow (Clear) 

1912 and the adaptation of flotation a few years later Bin 8"Pjmp(Oi/ added) 
64 Co~ical it , became '· 

Mills 
eviden~ that t4ese apparently worthless tail 4 StondJrc:.t M.S. Flotation Machines · 

. r:-16o ings were of economic value. In the year just passed wirley Table~ (16 C1l~s 12Agimf~'ng Cells,IZ~rs,2finishm) . 
C.oncentrote . T01il ing 

the work. was almost entirely on these later fine, low t\iddlmg 
r6 

ConlentrC~te Ta!ltng~ 
Wilfley Tables+ Dorr + Thtckener . s"J>t f mp 

gradt:l tailings, .and the curious fact is that .. while the 
Midi ling Conlentr01te Tai I ingJ unJerflow oterflow Sand Bank. 

recovery per tori was less, the cost per pound of copper ~ (Clear) 
4~i~fl~yT01bl:s~ . ~ecovered 

Oliver Filter 
was as low as ori the richer coarse tailings of Mtddling Con+entrate Tol!tn ~ previous operations. ·This is because the ·regrinding SMELTEit I&"Pump SM~LTER. 

cost is entirely eliminated. 
Fig. 2-Flow sheet of reclamation plant ·That these tailings had commercial possibilities was 

recognized for a great many years before any effort 
a~ r~covery Hecla conglome:r:ate lode as mined will be obtained as was begun. Until the development of mod-

refined copper, a record probably unique in the history 
of any copper-mining operation: r 

Although the commercial :possibilities of these de
posits had been rec'ognized long before recovery plants 
were erected, their treatment was not sufficiently im
minent to prevent surface contamination. All the rubi 
bish of the stamp mills and from the adjacent town~ 
was deposited on top of these sand banks, and although 
this rubbish does not constitute a large percentage of 
the total weight, it amounts to thousands of tons of 
every conceivable kind and size of material, and any 
plan for the reworking of the sand had to take into' 
account a mixture of ashes, hoop iron, wire cable, laun
der plates, and submerged logs. After five years of 

Model showing status of sands for reclamation plant. operation the suction dredge originally chosen has been· 
The white represents lake bottom, and the dark, in commission without at any time having· had serious 

· · · reclaimable sands. difficulty in operation. ' 
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The reclamation plant a at pre ent con tituted con- for dredging the sand directly from the pile and dis
sists of five units eparately housed as follows: · charging it through the pontoon line to a stationary 

creen at the hor plant. This eliminated entirely the 1. Dredge. 
2. Shore pumping plant and cia sifying hou revolving creen on the dredge and the cond dredge 

pump, and re ult d in a tremendou aving of power 3. Regrinding plant. 
and maintenance. It is surprising what large pieces 4. Leaching and di tillation plant. 
of timb r, rope, and ev n steel plate can be picked up 5. Flotation plant. 
by the pump and carried through 3,000 ft. of the 20-in. 

Fig. 1 how a diagram of the unit of thi plant di harge · pipe to the receiving pool on shore without 
in connection with the other mill building . Fig. 2 i a choking pump or pipe. 
flow sheet. In winter tim 2 ft. of ice on the lake i u ual, 20 

1. Dredg - It wa r cognized at on e that a u tion deg. below zero i not uncommon, and u ually for two 
dredge ould be the only po sible m an of r }aiming · to three weeks the temperature is continuously below 
the e' tailing b au of the d th of th d p it and zero. However, the e conditions have caused no delay 
the eyerity of the climate. It was not f a ibl to d - in the eight years of operation, and the dredge has 

1 s difficulty and lo s of time in mid-winter than the 
railroad that bring ore from the mine to the mill. 
At fir t, effort were mad to cut the ice from about 
the dredge and haul it away. When the revolving 
cr en wa di ontimi d, however, o that the second 

Fig. 8-Cross-~~ction of dredge used in 'reclaiming sand 

dr dging pump was not required, thi pump was con
n t d to a pipe urrounding the dredge and discharged 
wat r through a series of nozzles about 10 ft. above 
the deck of the dredge. The agitation from this water 
wa ufficient to keep the ice from forming freely and 
al o to melt such ice as had been formed adjacent to 
the dredge. For the last four years it has not been 
n ce sary to break or remove ice by other means, and 
the co t of operating this pump for a few hour each 
day is small. 

Fig. 3 shows a cro - ction of this dredge. The 
dredge pump it elf ha a 20-in. diameter inlet and 
outlet, with impeller 55 in. in diameter, operating at 
360 r.p.m., and is equipp d with a 1,250-hp. motor. 
Th pump ca ing is split vertically and is lined through
out. Variou types of material for liner have been 
u ed, and although the be t re ults are obtained with 
manganese teel, chilled ca t iron made in the local 
foundry is much the cheape t material per ton dredged. 
In addition to the main dredge pump, and an auxiliary 
pump for supplying water to prevent ice formation, 
ther is a 4-in. centrifugal pump for service water and 
an 8-in. centrifugal pump for supplying water at 75-lb. 
pres ure for agitating the sand. The dredge suction 

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

Electricity is supplied to the dredge at 2,3·00 volt , 
the power lines being supported on tower atta bed to 
the pontoons carrying the discharge pipes. The main 
dredging pump motor is 1,250 hp. rating and con umes 
about 900 kw. when working through its maximum di -
charge pipe of 3,000 ft. length. An additional 200 kw. is 
consumed by the 8-in. and 4-in. water pump . Water 
rheostats control the speed of the pump with varia
tion of about thirty revolutions, from a minimum of 
335 r.p.m. 

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

Flotation Plant., showing row of Dorr t]t,.ickeners. At 
the right are the backs of the flotat ion 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 th~s water is 
carried on the digging ladder and eonnected to its 
pump through a rubber sleeve. This type of agitation 
has proved satisfactory and at no time has the lack of 
a rotary cutter been felt. 

When the dredge gets into certain portions of the 
bank there is a tendency for the material to hold up be

- 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 Regrinding plant, showing 64 8-ft. x 18-in. 
dredge and install a new suction, using the original Hardinge mills 
dredge pump, operating the temporary suction inde
pendently by means of tackle from above, lowering it of pipe, mostly in 60-ft. lengths, carried ·on steel or 
gradually through the accumulated sand, and adding wood pontoons. The pontoon pipes are connected by 
additional pipe with depth until the ladder was finally means of rubber sleeves, and although other types of 
freed. The ten-day delay because of this accident, and flexible connections have been tried, especially ball 
a second shutdown of thr.~e _.weeks when. the dredge-was joi-nts, ~e~ery·thing-:1ba.s~ been .abandoned in favor of the 
-dry-docked and the hull ~craped and painted, have been · rubber sleeve. The sleeves are held on by split steel' 
the only interruptions to continuous service during bands, which arrangement, in connection with the 
eight years of operation. beaded ends of the pipe, gives a simple flexible joint, 

The suction ladder consists of two longitudinal lat and one that does not cause much trouble. 
rticed girders thoroughly fastened and well braced. It The pontoon line discharges at a fixed point on the 
is 141 ft. from center of suspension to the end of suc shore into a stationary screen 16x20 ft., with round 
tioi\, and will permit of dredging to a depth of 110 ft. openings 1 in. in diameter. This discharge is placed 
It carries the outboard suction of lap-welded pipe and so that the sand runs from the screen into a pond or 
also an 8-in. water pipe for supplying water under reservoir which supplies the pumps in the shore plant 
pressure for breaking down the ·sand. The center of about to be described. Not much rubbish accumulates 
the dredg-e pump is on the same center line as the pivot on the screen, but it may consist of large pieces, includ
of the suction ladder, and the suction pipe is connected ing many relics of the early days. A chain 6 ft. long 
to the pump by an elbow, swiveled on this same center was once removed from the screen ; also pieces of cast 
line. Near the outer end of the suction ladder the iron, innumerable rocks, and logs up to 16 in. ip. 
lower block of the hoisting tackle is attached, and the diameter. 
upper block is attached to the bow gantry, forming The dredge has a rated capacity of 10,000 cu.yd. per 
part of the hull. day, which has been realized. No facilities have ever 

.The dredge is not self-propelling, but is operated by been at hand to make a · definite test of its efficiency, 
swinging lines fastened to anchors in the water and and there is so much variation in the size and nature 
deadmen along the shore. There are two four-drum of the sand to be pumped, the length of discharge line, 
winches for operating the lines, two drums of which the condition of the impeller and pump casings, and 
are for the ladder swing, two for the bow-line swing, depth of suction, that a test would be of little value. 
two for the stern-line swing, one for the stern line, In the winter about sixteen hours, including delays, are 
and one for hoisting the suction ladder. The bow required to do the necessary work,· and sometimes dur
swing lines are ! in. diameter, the ladder and stern ing the summer, when the pontoon line is 8,000 ft. 
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fine and att r d, continu u th 

complete information a to ondition of d po it. The 
original lake bottom i fortunately a compact nd that 
resists dredging with thi type of rna hin , and much 
of the area i a clear of tailing after dr dging 
surface operation could b . In addition to thi m 
which i changed t how xi ting condition , th 
a cro - ection f r v ry 100 ft. whi h h w 
progre s from month to month. 

A problem" at fir t wa to find 
tailing. For thi rea on th outer and m r 
deposit ha b n dr dg d up to thi tim . In wint r 
when the climatic conditi~n are at their wor t th 
dredge i moved clo e to hore to horten up th p n t on 
line and minimize operating difficultie ; in umm r 
more di tant material i att eked. Th op rati n i 
from its natur a "one- tope mine," but the quality of Leaching plant, showing tank filling 
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