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INTRODUCTION 

= 

This paper on milling me t hods and oosts at a f lat r i ver (fa.), mill i s one of a series 
Of i nfo rmation c i ro ulars on mi lling metho s and cost whio h i s being prepared by the Unit d 
States Bureau of Mi nes . 

The mill unde r consideration t reats 5,000 tons of l ead ore dail y by table oonoentration 
snd f l ot ation. It is 25 years old, and ye t it i s a new mi ll. Resea roh has been 1n continual 
progress at t he plant s i nce i t s begi nn ing , and ao oordingl y a day never passes without a re­
oo rd of change for advancement. The ohanges have b en so orde rly tha t no evide no of ob 0 -

lete equipment r mains . 
The mill 1s not of the s ort to be i ndorsed by hose who st ress simpl i oity i n mil l s; 

yet the operat ing cost is phenomenall y low. Gravity tai ling w th a t eno r of 0 . 11 per cent 
of l ead, and f lota t i on tailing wi th tenor of 0. 16 per c nt of l ead cha racterize th met 1-
lu rgioal re s ults. 

An unusual poli oy of t he ma.nagement , re Ilec ted by the employees . aoooun ts fa r the supe r­
i o r aooomplishmen ts. "Ge t the mi ne ral fi r t and f te rwards f i gure the cost 0 f remodelin " 
is t he slogan . Thus the old idea th t " the ohange i ll oos t all the extra mineral is worth" 
has been rejeoted. 

The mil l 16 very complex. 
roducts have many cleanings . 

Gravity pr oduots have severa l t reatmen t s and some flotat i on 
But t he procedu re is so o rderly tha t very li tt l e extra ex-

pense is incur red. 
The mill has 217 motors drawi ng a lo a.d of 4,800 kilowatts . The use of 14 hydraulio 

01 ssifiers , 116 ooncentra ting t abl es . an 21 des l i mi ng d rags 1 requ ired . Pulp is thiok ned 
i n two t hickeners with an area of 39, 000 squa re feet , and t he 8, 000 gallons pe r minute of 
thickener-wa t e r i s returned t o t he mil l and ci rcu l ated through 8 wa t er pumps and 62 sand 
umps . Conveying i s acc ompli shed by 2, 500 fee t of conveyo r bel t and 1,600 feet of elevator 

b It . The f l ota t ion requi res a qua rter of a mile of pneumatic flotat ion maohine . Consider­
ation of al l these thin gs together wi th the esults obtained justi f i es putt ng before opera­
tors the idea that goo milling depends more on good eqUipment wel l install ed than on me e 
simpl ioity . 

The Uni t ed S La t ea Bureau of i ne 1n ooopera tion wi th t e .i ssou r1 School of 
.st l lurgy, Ro lla , Mo ., began a study of the milling a t Fl at River , Mo. (Southeast 
lead distriot ). in t he ea r ly p r t of 1926 . 

ine a.nd 
is ouri 

The maj or investiga tion was to compare the al ready i ns t alled distr i buted-reed 8y tem 
th class ifi cation fo r tab l ing . Althou h olass i fi cation bad experi enoed several unfortunate 

t rials , t he fi rs t t ests just ified r emodeling one seotion of a mi ll fo r cl ass i fi oation . As a 
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result of the improved per formance a second section wa remode led. and the ohange was con­
tinued seotion by s ection in the first mill and others unti l f inally five of the s ix mills 
of the dis triot were remodeled for olass ifioation. The alterAtions of the flow sheets were 
oarefully planned for Sundays so that none of the mills lost t1me. 

Forme rly, in order to maintain a satisfaotory grade of ooncentrate and tailing, it had 
been nec essa ry to wet-s creen througb 10 mesh. The operation was expensive and ge ne ra lly un­
satisfaotory. 

By t he new plan the wet s oreen were replaced by t he ol assifiers ; t hese s ent a sized 
feed to t he tables f rom whioh as much ooarse material as de s ired could be sent baok to the 
ball mill s and again t o the cl assific t ion s ys tem. Thus th ball mill s were in olosed circui t 
with olass ifie rs and tabl es , whereas t hey were formerly in olosed oirouit with screens . Th 
new oiroui t was flexible and made a pe rfeo tly prepared fe d to the ball mills . In a battery 
of 10 tables the firs t 5 oould return the tailing to t he ball mill s while only the last 5 

made tailing to waste; the dividing point oould be changed a t will. 
U"n aocoun t of the coarse ohats whioh contaminate t he t ab l e oonoentrate the mill under 

discussion has not been able to take full advantage of t he soreenless section adopted i n 
some of the other mill s; however, the s oreens have been reduoed 1n number and a re of a ooars­
er mesh than t hose employed before olassi fication was ins talled. 

Al though many imp rovemen ta we re in progress and ul t i ma te resul ts depended upon many 
faotors , it may be sai d t ha t the me ta llurgical resul t s shown in Table 28 would not have been 
at tained wi thout classi fi oation. The table tailings of the f i rs t mill that was remodel ed 
had been t h most unsati sfaotory of all the mills of t he di t riot, but after installing the 
new sys t em the tailings were markedly the best of the district. 

ACKNOWLEDGMENTS 

The hearty coope ra tion of ell t e mill operators i s he reby aoknowledged. Speoial ac­
knowledgment 1s made to T. J. Clifford . one of the opera tors , who aided 1n the preparation 
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1n the distriot . Later , A. B. Campbell and J. 8. Clemme r , bot h of the U. S. Bureau of Mines . 
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tion of the report. 

LOCATION AND GENERAL LAYOUT 

• 

• 

• 

The mi ll described 1n th i paper is located t Fla t Rive r , 0., 70 mi l es south of St. • 
Louis. The mill i s ho used in a s t eel- and-oonor t e bui ld i ng adj aoent to the hoisting s ba ft 
and is divided into three s eotions : The prima ry crushing plant , t he s eoondary and roll 
orushing plant, and the concentrator. The three seotions r oonneoted by enolosed oonv0y-
ors. The conoentrate drying plant. shops . and other buildings a re nearby. 

Tbe mine is a part of the network of mine s s upplying bou t 22,000 tons of o re daily to 
the severill mills of t he "Lead Bel t " district. Most of t he mines are conn cted by an ex­
tens ive unde rground haulage s ys tem. ining is by open s toplng with pll1~r support. Timber­
ing i s rare l y neoessaI'Y. he s tapes LIre large. and the are i s load d by mec hanioal shovels 
into 2. 5- ton oars, t rammed to the shaft pookets, and ho isted 1n s ki ps of 6.3 tons oapacity. 
All the ore is delivered through a 2-compartment s ba f t to t he crude-or~ bin. Underg round 
grizzl l e are not used, a that the ore 1s uDsized when it r eaobes the mill. 

Tbe building, whioh is oovered with oorrugateJ i ron. i s wel l ventilated and lighted by 

a large number of swinging windows. I t 1s also ',·.'e11 illuminated artifioally by eleotrio 
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l ights . Although f irep roof in cons t ruo t ion, t he bui l di ng i 6 prot eoted by an automat io 
sprinkling system . 

The conoentrator is bui lt on t 0 te r raoes and has fou r p r incipal floo rs , as indioated 
in diagrammat1c s ctlon, Figu re 1. On the bo ttom floor , or firs t terrace , are belt oonveyor 
and pump for bandl 1ng tab l e produots and fl ota tion tai l i ngs . At a l i gh tly 10 er elevation 
are other pumps t o faise t he s econda ry slime to t he t hickeners . On t he seoond floor , which 
is an extension of the second te r race, a re t he conoent rating t ables . Rod mi l l , drag d -
slimers , and f lo tation-produot pump s a re located on the seoond terrace. The foundations of 
the ooncentrato r bin are a l so on t hi s te rrace and t he disc harge of t he bin i s only a few 
feet above . The bin extends to t he top of t he mill and oocup i es muc h of t he spaoe above the 
terrace floo r . On the uppe r flo ors and i n t ermediate gall ries a re :he flotation machine , 
s oreens , d r g c l assi f i e r s, fl otati on-feed d i stributors , and h y rau1 1 , ol assifier . 

Although designed for a flow e eet hioh is now obsolete , the mil l was so wel l planned 
that it has been adapted to s ubsequen t ohanges . A notable f eatu re in th e p resent design is 
the storage fac il i ties. 8ins of 180 , 900 , and 8 , 000 t ons capaoi ty, r es peot i ve l y , are at tbe 
b ds of the primary breaki ng uni t . t he secondary and r oll oru bi ng unit. and the conoentra­
tor . The 18 ge sto age bin a t the head of the oonoentrato r al lows cont inuous mi ll operation 
in pite ot sho rt delays i n the dry- o r ushing units . 

An abundan t water supp ly i s av lIable trom the mine , but mo s t of the water 1s reoovered 
and feu ed , Bome wi t hin the mi ll and some th rough the circulat in system . 

Pow r 1 ~ puroh~ ad f rom t he Union El ec t ri o Power and Li gh t Co. 

ORE TREATED 

The only me tal of eoonomio impo rtanoe i n t l e or e 1s l ead ; however, minor amounts of iron , 
copper , zino , oobalt , nioke l, and silver ocour. They appear i n small amount s i n the feed , 
and are graded up i n both t he t abl e and flotat10n midd l i ngs . 

The lead oocurs as g l ena . The presence of oxidized lead has been suspeoted but not 
proved. The iron , ooppe r, and z i no occur as su lphides i n mi xtu res of pyri t , lIIaro 51 t • 
chalcopyri te, and sphale r ite. Like lse, th oobalt , nioke l, nd i lve r probably are pre nt 
as ulphide . 

The gangue i s oh i e fly dolomi t i c l imestone. However , il i oeous ubstanoes, suoh as 
sandstone . and shaly glauconitic and ohlorltic minerals are present. 

The t enor of the or i s about 3 . 5 pe r cent of l ead , oocurri ng as galena diss minated 
through t he gangue . J aokaon 4 wri t es of t he charaoter of the ore as fol I o s : 

In genera l , it may be said of the district thnt galena ooours disseminat d 
through dolomiti c limestone and shaly beds , in hor i zont 1 sheets and along bed­
ding lanes , in ugs and oavit ies , fill ing or l i ning w l Is of joints and crevioes 
and as aggregate of oubes in ahannels and j oi nt . 

A chemical analysis of t he ore is i ven in Tab l 1 . 
Tho do l omi t io limes one 1s a hard , dense variety fa i rly reSis t ant t o orushing . The 

1 uoon i tic and ohloritio materia l i s 1 rgaly eliminated in the primary lime . he andstone 
is p resent in such mall amount s tha t it s resl tance to grinding i s negl igible . Galen 
breaks readily , but the other sulphi des are more di ff i oult t o c rush . 

.... J ok.on., C. F .. 

Clroul r 6170, Buroau of M1ne , Sep t ., 19~9 , p. 3. 
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Table 1.- Chemioal analy 1 of the are 

CQnstituent 
Lead ........ .... ..... .. .. ......... ........ ......................................... ........ . 

S11i08 .. ... ..... .............. .............. .............. .. ....... ........ , ...... ....... . 
Alumina ........... . ..... .. .... .... ... ....... ...... ... ... ................................ .. 
I ron oxide ... .... ........... ...... .......... ................. ..................... ... . 
Lime .. ......... . .. .. .. .. ...... ... ..... ... .. .... .. ..... .. .. . ...... ...................... ... . 

Magneaia .... .... .... .. .. ....... ....................................................... .. 
Manganese oxide .. .... ........................................................ ... . 
Sulphur .................. .. ... .. . ..... .... ... .. .. . " .... .. .. .... ... ........... .. ..... . .. 
Coppe r. niokel. oobal t ......... .... .. ................................... .. 
Z1no .... .. ... .. .. ... ........... ....................... .... ...... ... ................. ...... .. 
Carbon dioxide (by differenoe and undete rmined ) .. 

Assay. 
Par oent 

3. 5 
3.2 
1.3 

6.6 
27,4 
15.5 

.7 

.8 

.1 

.2 

~.,L 

100.0 

Some of the lead is finely di sseminated and som i more ooars ely orystal line. Former­
ly, when a 5-mesh feed was s ent to t he t a bles the ooa sest conoentrate was too ~ontaminated 
with looked ganfue to be marketable. Now. a feed t hrough 7 mesh gives a produot of accept­
able grade. Looking is also noticed i n the gravity tai l ing , the lead oonten t of whioh is 
never in a free ~tate. 

None 0 f the gangue is en t1 rely fre e from lead. ThE:' :.:ipeoi fio gravi ty of partioles of 

• 

orushed are ranges from les s than 2.85 that of galena (7.5), and all specifio-gravity 1ncre- • 
ments of any mesh oontain lead. The assay per oent ot lead in the increments of stated sizes 
and densities is given in Table 2. The lead ass ay of e oh s peoifio gravity inorement, ex-
oepting the sink in 3.34 speoifio gravity, decreas s as tie finer sizes are approacbed. 

Ta.ble 2.- Assay of pergentage of 1 atfic-gravity i ller menta of th,L.Q!'.i 

-
A~U!~il leaB, Ee r oent 

Size, Float on 2.85 t o 2.90 2. 90 to 2. 95 2.95 to 3 .34 Sink in 
me~:;h 2.85 speoifio speoifio speoifio specifio 3.34 s peoifio 

gravity a ravi t Y' IU:~vi t:£ - g[ Avit:l gravi t~ 

Plus: 4 0.36 0 .35 1.07 7.74 19 .10 
6 .18 .15 1. 07 7.64 45.46 
8 .16 .14 .76 6.86 54.93 

10 .16 .09 .b9 6.74 59.32 
14 .09 .09 .36 5.98 60.50 
20 .07 .08 .25 5.06 60.84 
28 .07 .07 .25 4.90 64.39 
35 .06 .06 .14 4.68 64. 05 
48 .05 .05 .13 4.60 61.52 
65 .05 .Ob .09 3.30 64 .39 

100 .05 .05 .08 2.50 65. 87 

Oth r ulphi des as well "'::-1 lead are looked. Th l igbtes t inorement in Table 2, the • 
rloat. on 2. 85 sp ci f i o gr vity, contain a higher pe rcenta e of lead than t h oorresponding 
sizes of the next heavier inorement, 2.85 to 2.90 speoific gravity. Thi s ligh t est portion 
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1s the most s il i ceous part of t he ore and t he looking with lead i s more persistent ; f i ne r 
crushing i s required t o libera t e it. 

The s i l i oeous oha racte r and t he l ooking of l oad in t he f loat on 2 .85 speoific gravity 
i s present i n ven a ligh t er inorement . The s epa ration between 2. 80 and 2. 85 speoific gra -
t ty , showi ng t he same persis tent lo oking, is ivan i n Table 3 . 

If the mi ll were making a tailing wi t h a tenor of 0 .75 pa r cent of l ead , t he l ook ing 
m ntloned wou l d not oome up for aonsid ration , but hen Q tai ling of 0.11 p r cent of 1 ad i s 
m de , a 1 the prao tiae a t thi s mill. the di ssemina tion i s ery i mpo r tant. 

cha raoter of 
l ight es t speci f ic-gravi ty 

Produot Weight , Assav oer ge nt 
per cent ~ lu.§..Q~ 

Float on 2. 80 sp oifio grav i t y 12 .30 0 . 12 30 . 21 
2 .80 to 2.85 speci fi o gravity.. 55 .28 . 01 5. 92 
Si nk in 2.85 specifi c gravity .. I 32 .42 

Tota l. ....... ... .. .. ... .. .. ... .. .... .. ... .. . 1 100. 00 

The ent 1r story of t he dissemina tion of lead i s not told by t he assays of the incre­
monts a l one . The weight peroen t a BS and dist ri butio n of t he l ead add to t he knowl edge of the 
oha raoter of the a re. This i nfo rmat ion is given i n Tabl e 4 . 

The sink i n 3. 34 speo ifio gravity is not indioative of t he grade of conoentrate that 
o n be made . The galen itsel f i hi gh gr de ; hand-p icked ooa rse galena and f i ne table oon-
o ot rates assay as high as 84 pe r oent of lead . As p revi ousl y mentioned . considerable free 
gal ena i s libe rated f rom t he ooarse sizes . Tb~ ult i mate free i ng of l ead , however . r equir s 
fine grinding. 

Thua fa r t he discussion of l ocking bas related primarily to the ga l ena nd nonsulphld 
angue . Gal ena is also looked with othe r su l phides . This was shown by a micro oople x­

ami na t lon of a fl ota ti on middl i ng , where i t was observed t hat t he i ron and copper oontent was 
igh and t he locki ng of t he lead wi th sulphide ' was mo re pronounoed t han wi t h dolomite . 

HIS·tORY 

The il l was bui l t in 1906, about a decade before fl o t at ion was i ntroduoed into ~he 

dist iot ; and gravi ty concent ra tion w s predominant 1n the a igi ns l flo w sheet . Tbe mill was 
t he largest in t he dl tri at and had a capacity of 2 ,600 t ons dai ly . A f eature was a separat e 
outside orushi ng plant where t he ore was dry orushed t o pass 8-mil l imete r screens. I t then 
passed t hrough a. sa.mpl i ng pl ant t o t he mi l l storage bins. Thi s arrangement was a big advance 
over anythi ng pract iced in the dis t r iot. Three soreen sizes above tbe 2- millimeter size 
were made and eaoh was trea t ed on Ha rz j igs hila the undersize of the 2-mi llimeter soreen 
wa ol assi f i ed . Some o f t he sp igots were j igged and others were tabled . 

La te r t he Harz j 19s were rep l aoed by Hancook 19s . This change simplified the fl ow 
hee t and enabl ed t he oapaoi ty to be i nc reased fr om 2 ,600 to 4 ,000 tons pe r day . 
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a b le 4 . - Speo!" q-gr. 118i9 of. 1II11L t eed . Der .2Wll 

I F1Qa t on 2. 85 II 2. &5 to 2 . 90 I! 2.90 to 2 .95 II 2.95 t o 3. 34 II Sink 1n 3 . 34 II Total 

I sP§qiUQ gravity II :rpeo1Clo gravity I I SPecific gully II emciri g grav ity I 
Size . 1I~9b I Weight I Assay .IOist r i-IIWelibl IAssay . jDls t.rl - I!"e1gbt I ASU:; . , Dll!1trl- Welgb t I Assay. 1 01atrl- I!We1 &h t I U s e.y, I01strt-j 

I 1 l n d Ibutton \I 1 lead Ib\lUOD II 1 l ead ! bUtiOn II I lea~ l buUon II I load Ibut10n II 1 1e&d i bUtiOn 

~-!-1-1~1~1-- 1~11-!-1~1- - laLWJI--1QLlnr1l-~ I-~ 
Plus; 41 7.47 1 0 . 36 I 0 . 57 11 1. 07 / 0.35 1 o.oa II 0. 48 1 1.07 I 0.11 11 0.60 17.74 I 0 8S /l 0.24 I 19 . 1O \ 0 . 9sll 9 . 86 \ 1.23 ! 2. 57 

I I I II I I II I I \I I I II I \ 1I \ 1 
61 H5. ;51 \ .1B I .58 II 2 . 091 15 I .07 II . 9U I 1. 07 I . 20 Il l. 24 I 7 . 64 I 2.00 II . 70 I 45 .461 6 . eoll 20. 24 1 2,2.5 1 9.65 

I I I II I II I i 11 I I II I I ! 
8 1 10.79 1 .16 I . 37 I; 1. 62 1 . 14 I .05 11 .61 ! .76 10 I .71 6 .86 I 1. 03 11 .76 I 54.93 1 8.8311 14.49 1 3.38 I 10.38 

! I I II I I II I I I' I I II I I 1\ I I 101 7.301 .16 I .25 11 2. 121 .0' I .04 I! .45 I .5' I . 06 i .4B I 6. 74 I . 68 1\ .83 \ 5 •. 321 10.4.\1 ,1.181 4.96 I 11.52 

141 5 . ., / .09 / . 10 /1 1.291 09 11 .031111 .40 I .3S II . 03 1111 .30 / 598 / 38 1170 1 ~.50\ 8.98\\ 820\ 5.48 \ 952 
I I I II I 1 I Il I I II I I 11 I I 

201 3.29 1 . 07 I . OS II 1. 10 1 . 0:8 I . 02 11 ·43 I .25 1 . 0.2 II .15 5 . 06 I . 16 II .46 I 6,(l, 84i 5.9711 5.43 1 5.41 I 6.22 

I I I II I I 1\ I II I I H I I' 
28 \ 2. 43 \ . 07 \ .04 \I .9-41 .07 I .01 1 38 I . 25 I . Q2 I . 10 I 4 . 90 I . 10 II . 51 I 64. 391 6.9511 4.3s l 7 71 I 7.1.2 

I I I \1 \ \ II I I II 1 I I! l \ I l I 
351 1 79 \ .06 \ 02 I .as1 ·00 .. 01 n . 26 \ . 14 1 .01 U .06 4.68 I 06 1\ .43 \ 64.0s l 5 . S 111 3 40 \ 8.20 I 5.91 

I I I II I I II \ \ 11 I I 1/ I I II I I 
al 1. &41 .05 I .02 11 .811 .05 I .01)1 30 I . l> I .01 II 05 I 4. 60 I .05 11 .38 I S1.521 4.88 I! 3 18! 7.39 I 4.91 

65 ' .931 .05 / 01 II .791 05 1 .01 ,I .23 / .09 /
1 

.00 /111 .03 13.30 I . 02 11 .31 / S'3'! •. >ell 2.29 /
1 
8.91 I 4.J> 

I I I II I I II I I I I II I 1:1 I 
1001 .791 .05 I .01 II .• 51 .05 I .01 I .25 1 .08 .00 II .03 I 2. 50 I .02 1\ .35 I 65.571 <.8'11 2.311 9.82 I 4.93 

Mi nus ' 
100 11_-1_-11--11-=-1--l---IL I--I - 1\--1--1--LJ--Lln.J~I~II~ 

Tota1 _ .. 57 .25 1 0.17 2.02 11 13. 64 1 0.11 ' 0.34 11 4.69 1 0.57 1~1 3.75 I 6 . 92 I 5,36 1 5 . 67 1 57.21 1 91.7211100 001 4. 72 100 .00 

1 - All t.he l ead t n t he alnus IOO-86Sb pl'oduot is assumed to be fre_. 
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The size of the mil l feed was i ncreased f rom 8 to 10 millimeters , and the plus 1 -
millimeter part of the feed was treated on the Hancock jigs to give concentrate . t a1 l1ng; 

19h-grade middling , and low-grade middling . Addi tio nal oonoentrate was reoovered from the 
high-grade middling by screening on 2-m111imeter me h and taking the overslz as oonoentrate . 
The unders ze was roooncentrat ed on Q jig f rom wbioh t ai l ing, a middl ing , nd a oonoentrate 
were obtained ; the tai l ing was tabled t o r emove a smal l amount of fine l ead, and the m1ddlln& 
containing zino, l ead, i ron , and oopper was tr t ed i n a magne tic plan t along lth the t able 
lddling. The mixed sulphide mi ddling was roasted and the pyri te and chaloopyri te re re­

moved by a Cleveland-Knowl es magnetio machine . The t illng from the magnetic maohine - - the 
zino oonoentrate -- was t abled to s parate the r emaining lead . The magnetio ooncentrate had 
7 per cent of coppe r and some s ilve r. 

The low- grade middling WIlS r eooncentrated on j 19s. Produots Simila r to those of tho 

"ore" j 19s were made. The low-grade middling was r eground in rolls and the plus It-m1lli­
me t er part retu rned t o the jigs. 

The undersize of the ' original feed (minus 1 mm. ) and the undersize of the reground jig 

middl ing (minus It mm .) were desl ed , olassi fied in hydrauli c class i fiers, and tabled . he 
c l assifiers used were la ga l y of t he Riohards vortex type , but some were of t he Bunke r Hil l 
& Sullivan type . A t a il ing , middling, and co ncentrate we r e made on all the table. The 
middlin g was reground in rolls. 

The slime was treated in spitzkasten and the spigot products were conoentrated on tables 
and vanners . The t abl and v nn r tailings nd slimes were treated in a canvaB plant . The 

co eentrate of th canvas plant was oleaned on t ables and vanners. A l ead oonoentrnt 
all tha t was reoover d i n t he slime treatme nt . 

To r oapitulate: Before the advent of flotation the oonoent rat i on was by jigs, table, 
vanners, and a oanvas p I n t ; roasting and magnet i o separation were app11ed to the oom lex 
sulphide middlings. 

During the course of t hi s early milling a l arge tailing pi l e accumulated , many part of 
which ha a te nor in lead as hi gh as 1 per cen t. 

In 1914 f l otation was adopted . Thi ~ was the turning oi nt in the milling, for 11m B 

could the n be tr ated e f fiCient l y . The way was paved for finer grindi ng and the oon equent 
lower tailing. of to-day. Although a l l -tabling of a minus 2-millimeter f eed had been attempt­
ed at an ea rlier da , it had failed beoause of . t h in bility t o recover th l ead in the 
s lime . 

The fir s t flot a t ion praotice oonsisted 1n t hi ckeni ng t he lime to about 20 per oent of 
olide and fl oating the thiokened p roduc t. Crude wood oreosote was used a the frothing 

agent : aold was not used . 
Sinoe 19 14 fi ne gr1nding , t able oonoentration , and f lotation a l l have advanced . The 

dry-orushing pI nt was remodeled in 1926 ; the p imary breakers were replaoed by ne rush r 
and placed in epa rate plant . Thi s ohange made finer grinding po sible and inorea d th 
oapao i ty to 5 , 000 tons per day. In 1927 the l ast jig was discarded . 

I n 1928, as a result of a coops ativa investigat ion with the United States Bureau of 
IDes and the laaour1 Sohoo l of in sand etallurgy , hydraulio ol assifioation was substi­

tuted for the "distri uted " tabl Ceed. E rlier attempts to improve resul t s by olassifying 
th t ble feed had failed . herea desliming had a1 aye been praoticed , i t a not untl l 
this chango was made t hat the benefit of aot~al olassifioation was f ully realized . 

During the l ast fou r years , five mi lls of the distriot wi th n aggregate capaoity of 
19,000 tons per day have been remodeled to adapt them to mUltiple-spigot hydraulio classifi­
cation in p l ace of the customary distributed tablo fee d. 

I n tho last f ew years low- pressure ir flotatio n maohines have a l mo t entirely replao d 
t e maoh niosl and hlgh-p r ssu re ai r types . Pi ne oi l or cresylic acid and xanthate are now 
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generall y u ad as lota lion re ag,ent. Trammel h ve been r pl a.ce d by vib atin SC I' ens . 
Rod mil ls have supe rseded roll s for sg r nd1ng mlddlin T ble ta111n a t h t were f ormer l y 
dewntered nd oarri ed t o was te by l ong ~ eri e9 of b It oopv yO I' a r now des l i m d , ixed 
w'ith par t of th f l otat ion tail i ngs , nd pump d to wa t. Table oonoent r atee aro fil te red 
before s hipment in tead of merely boln by d r & 

PRESENT MILLING PRACTI CE 

The descr i ption whiol. follow are of t he mi l l ing r ctice a 1n 1931. Conce nt ration s 
by tabling and flot tion. Tabl co c nt r t es at nt oon tltute abou t 52 por oen t ot the 
output and have a cont ent of 76 per 0 nt of 1e d . On ooount of muc h r egrindi ng abou t two­
thirds of th e mi ll f eed 1s ev n t ua l l y treated by fl ot tion to produce t he at er 48 pe r oent 
01 the t otal concent r t es . Fl ota tion conoentrates ar not as r i ch a.s grav! ty conoent rates 
and average 71 per oent of lead. 

CRUSHING A~D ROLL GRIND ING. 

• 

Dry 0 ushing, 1n t hree s t ep , reduo es t he run-o -min a re t o 5-mes h (0.17-ino h) . The 
fir~t r due t t on i s by breaki ng i n 9E Te l s mitb gyrato r ie to 1 ss han 3 lnohe , t e seoond 
by c r ushin 1n 48-1nch Symons ho r izontal di s k orushers to 1 6 t han 1.5 lno s , and the t hi r d 
step by g r indi ng 1n 48 by 24 inch S t. Joe roll s to ss 5- mesb sc r ens . Th is ize is con­
side r ed he p r ot~cal minimum without saorificing tonnage . The dry-o rushing flo~ hee t i 
shown in Figure 2. 

Crude are i s dumped l nto bins as hOis ted . Iron bar hanging i n the bi n aot a buffe r s • 
and proteot t he bin wall. Ore ' s f ed to t he bra ker by p r on f eeders under band-operated 
arc i a te s a d heavy iron fin _ rs . The gates are opened wide and t he fin ge r s retard the flow 
of are onto t he feeders . When t he ore .angs up in the bin it is ba r red down by h nd . Gr izz-
lie are not u ad unde rgr o nd nnd p ieces t oo large for the breake r are s l edged or bulldozed 
in the pr imary-o r ush ing plant. A 40-ton c rane above t e yratories tao ilita t e ~ repai nd 
replacemen t . 

The brea.ker 
for three hi f t . 

handle in two shifts enough tonnag to employ t i e disk c ru he rs and rol l 
The re pective oapacities in term of origi na l feed ar about 107 tons per 

hour for each breaker, 66 ton per hou r for each di sk oru b r , and 56 tons per bour for each 
set of ro lls . The 9E Tel mlth prim ry breaker a r e abl t dI e a oonsiderably l a r ger ton­
nage th a n they do now, fo r even in t hei r p resent op r t ~n of only two sh i ft , hey are not 
heav~ly loaded. 

Al t hou gh con.r.:i idered an old type of 0 ru hing equipmont , the Symons hor i zonta. l di k , 
whiCh have be en i n u e for over 20 yea r , are r ta in d bec u e they are s till able to i ve 
the req i red vice. How~ver, it i ~ likely that be la e m n t oy will be r pl ao d b 
newer maoh inery. 

The 8 by 24 inoh ~t. Joe rol l are oper t ed i n 010 d c i roui t wi th vib rati ng soreens 
wi th 5-mesh openi ng . Thi s f i ne rol l -grinding nace itate d Bs i ng the r oll s hel l s bou t 
eve ry three month to remove f l nges nd corrugat i o To do t his the roll on its shaft iB 
lifted ou t o f the frame and placed i n s peoial b aring . It is turned down by ro t ting at 
about 2 r.p . m. gai ns t Q 0 tting tool t ha t mov Qutom tic lly a oross the f ac e . Somet1me 
a ~rind i n, wheel i ns t e d at t he outte r i mounted on th tool 0 r riage . 

The op r t i ng de tai l of t he primary orus hers , the seoonda ry cru hers , and the roll 
are gi ven 1n Table 5. The s izing analyses o f the produots o f ea oh s tep are bown in Ta.ble 6. 
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D ta 

Flo r10. 1.. .... .. 

Crusher . i n operation .. ... .... .... ..... .. ........ ... . 
Type . ............ .. ........ . ....... .... " ... ... . " ..... . .. 

Manufacture .. ... .. ............... .. ...... .. .. . . . 

Size .. ''' . 
Opening : 

Top . .. ... ....... ....... .. . ... ..... .. ......... i nohee 
aximum dieoha rge....... ..... .......... .. .. do . 
lnimum ... .... do . .... ... ............ ... . .... ... . do . 

Gyra tiona per minu te .... ... .. .. .. ...... .... ........ . . 
Eccen trio throw . ........ ...... .. ... .......... inohes 

Speed ; 
Coun tershaf t ...... .. ..... . ... ... .. ...... ....... r . p . m. 

Disk... ... . . .. .... .. ... .. . ... ... ... .. .. . .. .. .. ... .... ... do. 
Eooen trio . . . ... .. ..... ........ .. .. ... .. .... ... .... do . 
Ro ' l s .. ... ....... ...... .... ...... do. 
otors ... . .. .. .. ........ .. .. ..... . hor epower 

Ciroui t . open or clos ed .. ....... ... .... ..... .. .... . 
Power oonsumpt i on . each ... .. ... horsepower 
terlal: 

crushing-surfaoe .. 
Frnme .. ..... .. ........... ...... .... ... ... .... .. .. . ....... . 

VI aring part , l i f e ....... ... . .. ... ... ... .... y r8 

Sh1 fts opera t ed ... ............. .. ..... .... ... .. ... ........ . 
011 used per shift pe r maoh ine .. gallons 
F 

Character ... ...... .. .... ... '" .'''' ..... ....... .. ... ... . 

How fed. 
N W, per hour .......... ... ... .... .. .. .. ... .. .. .. tons 
N w. per hp. -hour.. . ... .. ... ... .......... .. . do . 
Total . per hour ................ .. .............. .. do . 
Total. p r hp . -hou r ........ ... .... ........ .. ... do . 

1 .0 .6658 . 

______ ~~~t..-..l:!.A.l::~..:r..::.~~~=~ _____ _ _ 

( 4) 

3 
Gyra tory 

4 

Symons hori zontal­
disk 

R 
(14) 

4 

Sp ring; type 

Smi th En gi nee r- Nordborg Englneer- St. J oseph Lead 
ing Wo rks i ng Co. 00 . 

9 E 48-inch 48 by 24 i noh 

19i 
2 t o 2t 

1-1/16 t o It 
108 

One a t 5/ 8 
Two t 3/4 

324 

Three a t 150 

Open 
44 verage 

Manganese stee l 
C a t e t e 1 

Two , 8-hou r 
4 

Run-o f- mine 

Dr um feed r 
107 

2 . 43 

7/8 

100 
250 

Two at 250 1 

Open 
40 t o 45 

Manganese s teel 
Ca t iron 
Disks, 2 

Th r ee . 8- hour 
4 

Primary orushe r 

disoharge 

Chute 
56 

1. 31 

S t clos e 

60 . 0 to 65 .2 
Two a t 250 1

; 

Two a t 150 
Closed 

161 t o 164 

Chrome s teel 
Cast teel 
Shell, 1 

Three , 8-hour 

Symon iacha.rge 
and sere n over­

size 

Launde r 
56 

0 .34 
309.2 

1. 9 

1 - 250-hp. motor fo r two .symons and one Bet of ro lls . 

171 - 9 -



I.e.GEi5S. 

Table 6.- Sizi ng analyses or s ucces t v ~ry-c rushe r products 

W~igh ~, :ge r 2!i!n~ 

Primary breaker Symons hori- Composi te Fin1 hed 
Size disoharge zonta1 di s k- roll fe ed Roll roll d i s -

(Symons hori- orusher dis - (new feed and disoharge oharge 
zonta1 disk- oharge {new d ry s a reen (s oreen 

Qrl.! §!b~r f.~edl r~~d to [Q11 } Qv~ts1z.e l - und~rgize } 

PIUB 3.0 inch 11. 7 - - - -
2.1 do. 19.0 - - - -
1.5 do. 17.6 13.3 1.8 - -
1.05 do. 12.0 32.2 4.3 - -

.742 do. 8.4 23.4 5.0 1.2 -

. 525 do . 6.6 10.9 6.9 7.7 -

.371 do. 5.3 7.3 20.9 15.8 -
3 meah 4.2 4.0 19.3 19.8 -

4 do. 3.7 2.5 19.2 19.5 -
6 do . 2.2 1.0 11. 4 11.9 3.0 
8 do. 2.0 1.0 6.5 8.5 14.5 

10 do. 1.8 .7 1.9 2.3 18.6 
14 do. .9 .5 . 6 2.3 12.9 
20 do. .8 .4 .2 1.2 7.9 
28 do. .6 .3 .2 1.2 8.0 
35 do. .5 .3 .1 .8 5.5 

49 do. .5 .2 .1 .6 3.9 
6b do. .4 .2 .1 .6 3.7 

100 do. .2 .2 .1 .4 2.3 
150 do. .2 .1 .1 .4 2.0 
200 do. .4 .2 .1 .3 2.0 

: 200 do. 1.0 l l ~ - 1. 2 f,2.5 15.7 Minus 
Total ... .. .. .... .. 100.0 100.0 100 .0 100.0 100 . 0 

Afte r passing the 5-mbsh ~oreen~ the ore i:J oonveyed ove r a Me rriok weightomete r to the 
conoentrator bin. In oaBe the conveyor belts stop. automa t io li ghts Si gnal thl3 operator in 
the primary-orushing plant to close the arude-ore bin gates . 

WET GRINDING AND GRAVITY CONCENTRATION 

For disQus s ion. the wet-grinding and g ravity OOI1i~e' l\t a Uon are divided into pr1mary a nd 

s eoondary oirouits. In the primary gravity oirouit, wet- r 1nding. hydrauli c ol as 1f l catlon. 
and tab1~ conoentration are done in s ix simil a r seotions of t he conoentrator . One of these 
sections , t he flow sheet of whi oh i s given in Fi gure 3. will be di s oussed . It deal s wi th the 

new feed and t he returned low-grade mi ddling. The seoonda ry gravity oirouit deal s with tbe 
hi gh-grade midd line from the firs t operation, and will be disoussed Inter . In all. gravity 
oonoentration uses 116 tables aod 7 rod mills. Table 28 shows that the g rade of t he tabl e 
tailing i s 0.11 per cent of lead. Suoh a low tailing would not be obtainable were not every 
effort made to keep lubrioating oil out of the ore. 
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Primary Grav i ty Circui t 

Tne ore for eaoh circuit i s drawn f rom the concen t ra t or bin by th ree be l t feeders , i s 
lifted to t he top of the mill in a buoke t e1 vator, and is s i zed by t wo 7-mesh vib rating 
~creens . On accounl of the fi neness of the d ry f eed the soreens a re l ightly loaded . The 
ove rsize 1s ground in a pri ma ry r od mill and i s re turned to t he sc reens by t he new-feed 
elevator . The s creen unde r s ize i s deslimed in t wo .dr ag deslimers . The ove rflow r uns to flo­
t at ion thi okene r s . The sand discha rge i s di vided by 2-way meo hani oa l dist ribut or and 1 
sized i n two 10- spigot hyd r aul i o cl ass i f i e r s . The ove r fl ow o f the hydrau l i c c l ass i f i ers a l s o 
goes to t::c: flotation t hiokeners . The 10 spigot discharges of eaoh olassi fi er are trea t ed 
on e ight oonoentrating t ables . T e f i r s t six p l got s f eed one tabl e eaoh , whi le the even th 
and eigh th spi gots , and t he ni nth and tent h s pigots , re comb ined t o feed t he otho r two 
t bl es . A conoentrate , a high-g rade middling , a nd l ow- grade midd l ing are made on eaoh o f 
the f i rs t f our t abl es. The l ast four t ablos make s imi l ar p roduots and a tai ling in dd1 t lon. 
Sizi ng na l yses of t he tabl e tai l ings and oonoent rates of the oombined pr i mary and midd ling 
oi reui ts are shown in Tab le 7 . The low- grade middlings f rom a ll ei ght p rimary t abl es ar e 
dewa t ered in a drag des l i me r and reg r ound in t he p r i mary rod mi l l . The siz ing an lys i s of 
t he l ow-g rade table middlings i s gi ven i n Table 8 . The high-grade t a bl e middl i ngs oonst i tu t e 
t he fee d f or t he seconda ry gravi t y ci ro uit and will be discussed unde r t ha t cap t ion la t e r . 

T bl e 7 .- Siz10 nd 
compo§!ite ~~b l e 

Si ze . 
l--!elg!H, l2er cen~ 

me Sh[ Table I Tabl e 

- t ailing_ concent r a t e 
Plul: 14 2 .1 

20 3. 5 
28 3. 5 4.6 

35 13.1 8 .3 
48 28.7 14. 3 
65 42.3 24.0 

100 B.6 12.5 
150 3.0 12. 8 
200 .5 8. 1 

Minus : 200 __ l 9.8 
Total. . . 100 .0 100 . 0 
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Table 8.- ~ng ana~~§~s 2! Er~m ry' rQq-mill produot§ 

!le ~gh~, Ear ~~n ~ 

Soreen Low-grade Rod-mill Rod-mill 
Size, mesh oversize middling drag teed dischal'~e 

(1 ) disoharge (1 ) and (2) 
(~l 

Plus: 6 2.8 0.5 
8 2£.8 0.3 7.8 

10 I 36.6 4.6 

'I 
16.0 

'I 14 13.6 9.1 14 .2 0.2 

20 3.7 10.1 8.8 .3 

28 2.9 17.1 19.2 10.7 
35 1.3 22.0 16 . 2 17.7 

48 1.2 19.4 7.6 15,5 

65 1.1 13.4 3,4 14.5 
100 .8 1.9 1.1 5.2 
150 .7 .6 .7 4.9 
200 ,7 . 2 .5 3.8 

Minus: 200 __ 5~ , 5 1 Q -ALL 
Total .. .. 100.0 100.0 100.0 100 .0 

Rod-Mill Grinding 

The primary rod mill reduoes t he wet-soreen over~ iz nd the low-grade middlings from 
the prima.ry tables to 20-mesh. In other words , the rod mill are oper-ated in olosed oiroui t 
with both s oreens and table~. The new f eed to eaoh of th six seo tions i s 850 tons per 24 
hours. Beoause of the circulating load t he tonnage of od-mill f eed is about the same n~ 

that of the new teed. 
The pulp density in the mill s i s about 40 per 0 nt of solids by volume , 65 per cent by 

weight. The :::izing analyses of the seveial products a r e gi ven 1n Table 8. The meohanical 
detnils of the rod mill~ ar~ given in Table 9. The dr iving gears on the rod mills may be 
reversed to oompensate for wenr. 

Unus ually long liner lifer is obtained in t he rod mil l . Af te r five years of oontinuou~ 
~eL'vice. the estimate has been made that the life il l reach seven years . This may be at­
tributed to the softness of the ore, the fin ness of t he f eed , and the me thod ot installing 
liners. The liner sections are bolted in plaoe with l i S-i nc h shims be tween the liners and 
the shell of the mill. Then molten zinc is poured between and under the seotions s o as to 
form 3 oontinuous and oushioned all-metal lining in t h mi l l. Alter five years it has been 
found expedient to reverse the seotions and razino them , beoause of the breaking loose and 
erosion of the zinc. Thn greatest wear on the lin r s h d taken place toward the di s oharg 
end a f the mi 1 L bu t rod wee. r was un! fo raJ th roughout the l en th 0 f the rods. 
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Tabla 9.- Rod-mill data 

-----------------------------1 PIi ma ry 
Flow- sheet serial ... ............. .... ... .. .. .. j (29) 

111s , in operation.... ....... .. ... .... ... .. 6 
Manufacture ........... .... ...... .. .. .. ........ .. \ Alli s-Cha lmers 

Fe:~~e ....... ... .. .. .. ........ ...... ... ......... feet .. 6 ;' by 12 

Character .... .. .. .. ... ... ...... ........... ... ... .. . Wet soreen over­
s i ze and t able r e­

turn 
Ra te per 24 hours . .. . .... ..... . ."t ons 
Solids by weight .. .. ....... . per cent 

Feeder type ... .. .. ... .... ... ............... .. ... ... .. 
Dis charge t.ype ... .. ..... .. ..... ... .............. .. 

Liners: 
Type .... .. . ......... .... ........ .... .. ... ......... ... . 
We i gh t .... .. ........... .. ... .. .......... .. pounds 

850 

66 
Sooop 

Ove rfl ow 

Wave 

Seoond r~ 
(53 ) 

1 
Al1 is-Chalw~rs 

5 by 9 

Low-grade middlin gs 

125 

66 
Scoop 

Ove rflow 

Wave 
19,660 

Composi t ion..... .. . .. .. .. .. .. ... ... .... ...... Manganese stee l Manganese stee l 
How held ... .. .. ......... .. .. .. . ........... ....... .. Bo l t ed and z incked Bo1 t ed a nd zinck d 

in 
Life ... .. .. ... .. .. ......... .... .. ... .... ..... yea rs 7 1 

Zinc used ...... ....... .. ... ... ... .. ... pounds 4.800 t o 5 .600 
Make-up rods : 

D1ameter .. .. . ... ... .. .. ... ..... .. ... .. inOhea ! 2 
Load ........ . .. . .. ... ..... . . .... .. .... pounds 55 ,000 
Co nsumption .. .. ... .. ... .. .. ..... .. ... do. 0.38. pe r ton 0 f 

or ude are 
Dr i ve . type ... .. .. ... .. ..... ....... ..... .. .. ... ... Direc t with he r-

~,~i 11 speed .... .. ... .. ... ..... .... ... .. .... r. p. m. 
;,:otor: 

Type ... .. .. ... ... ............... ... . ........ ....... . 
Powe r oons ump tion ...... ho rsepower 
Capaoi ty....... .. .. ... ...... .... do. 

1 - Estima ted. 

ring- bone gea r 
16 . 9 

Induotion 
190 
200 

i n 
6 1 

3. 900 

2 
28,000 

2.97. pe r ton 0 f 

a.otua l f eed 
Direct with he r­

ring-bone gea r 
2 0 . 8 

Induc tion 
95 

100 

I.C .6658 . 

The roda a re hOl-sawed and machi ne-s tra ightened . The l engt h is 11 f e t lIt inobes 
maximum, and 11 fe et lOt inohes minimum. The ohemioal speci fi ca tion 1s as fo l lows : 

171 

~!!§t ! tuent 

C .. ... ... . .. .. .. 
Cr .. ..... ...... . 

Mn ... ... ... .. . . 
Si .. ..... ..... . . 

S (max.) .. 

P (n:J.x.) .. 

~L..£W 
0.60 to 0.75 
0.30 t o 0.50 

0.50 to 0.70 
0.15 to 0. 25 

0.04 
0.04 

- 13 -
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The l ad charge i n t he p rima ry r od mil l i gi ven in T bl e 10. Ti e or1gin 1 cha r ge tJ ~ 
t he p rimary mi ll s was 56 , 000 pounds wi th a m ximum s ize of 4 inohe.J. Th is maximum has bean 
r educed t o 2 inc e • and t he t endenc y i s t oward a fur t her dacrease. This is promp t e . at 
l ea t 1n p r t, by the t hough t that t e la r e rod beak t e small ones premat~re ly. 

Rod , 
inohes 

di ame tor 

Table la.-Primary rod-mill obarge 

r about four II A retu r ned to mill 
years o p ratj on II 

Rods , I--i!i!illl_t _ IIROd , 1 fi ~&!!_t_. 
____ number pound lE!!r c ntl! n! 91 pounds Ip~r oen.!. 

2-1/2 
2 

1-7/8 

1-3/4 
1-5/8 
1-1/2 
1-3/ 8 
1-1/4 

1 

Tota l . . 

I I I II 80 \15, 912 \ 
47 1 5, 983 1 11. 8 1\ 38 1 4,837 1 
88 9,847 19.6 11 92 \10.296 1 

135 13.163 1 26.0 II 117 11,408 

7, 812 \ 15. 4 II 7 1 6 ,300 93 
67 4, 797 9. 5 I 54 3,866 
84 
41 

6 . 057 1 10.0 1 

2. 03s l 4.0 I 
69 4 ,154 

28.1 
8.5 

18.1 
20.1 
11.) 
6.B 

7.3 

(1) 1.910\ 3 8 11 ______ _ 

555 50 ,607 100. 0 II 25 56 ,772 100.0 

- Broken rods, 2 to 7 feet long . 

Hydt~~lio Cla sl f1oat i on 

Two lO- sp i got hydraul ic olass i f iers of t he oons trio t ion-pl ate type a r e used in each of 
the s i x primary s6otlond. Two others a re 1n the middling · aot ions . Eaoh 1s fed bou t 430 
tons per 24 hours by a drag des l lme r . The meohanic a l detai l s of t he c1 si f ier are gi ven 
in Tabl e 11 nd s ome d t on the p roducts of one re hown in Table 12. The re ults of n 
effioiency t es t on a s imil a r ol assifi er , giving mor comp l e t data , a re presented in a recent 
publ1oation. ~ 

Several kinds o f s pigot I1ne r s includ1ng rubbe r and case-ha r dened s t eel types , have 
been tri ed, but porcelain ha been adopted f1nally. Th present 11ne r s are poroe la1n oylin­
drioa l t ubes about 1-1/8 inches out i de diame ter an 1 i noh long. The hol es are 3/4, 5/8, 
l/2, 01 7/16 1noh in di a ater, the larger holes being t the feed ends of t he olass ifie r s . 

15 - CO&h111, " 111 H . . 

Bure U ot Wino , 1929 , p . 38 . 
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Table 11.-De a1~s or hydraulic cIa sirl~ 

Flow-sh 1 .... (~O) (41) (47) 
Cl ss1 f iers in ope rati on ..... 
Cel ls: 

1 

Number .. .. .... , .. .. .. .. .. . ... .. .. .. ........ . 10 
Siz .... ......... .... . .. .. ....... " ................. noha 10 by 10 

Divi ders , height ....... ... .. ......... .... .... ... . do . 12 
Ove rflow t ype .. . ... " ..... . .. .................... . .. .. . .. Side and end 
Ov rf10w height .. .. ..... ..... .............. .. .... inohe 20 

Ma tarial .... . ..... ........ " .......... ... .......... .. Cyprea 

Ho l e spaoing in p I tea . . .. Co D r of 2-100 I I!Iqu re 

Hole diamEltar .............. .. .. . . .1 0:"8S 4 ,ells , 1/4; 4 oells , 3/16 ; 
2 cells , 1/ 8 

Disoharge t yp .............. .. _-.;Ci!Ul9u.:n~t iIll!.!iJl§. -KlOlO&Co.1-..:o.:.. 

Spigo t diam tors . . .... .... ..... . . . ... inohes To , 3/4 Two , 3/4 Two, 6/ 8 
four , 5/8 four , 5/ 8 s i x, 1/ 2 
four , 7/16 two , 1/2 t wo , 7/16 

1-----~/]£ --- -
Feed: 

Rate per 24 hours .. . ... .. .. ..... ........... .. . ton 
Pulp dens i ty . .por oent 
Hydraul i c atar pe r mi nute ...... . ... . gallons 

Rat io ... ...... .. ..... .. ... . .. .... .. . ..... wa ta r : solide 

Table 

WeIght, per Qant 

:50 
:38 .5 

275 

3.8 1 

Siz , mas h Feed Spigot Sp1go l~igot l~l ot \SP1&ot ~i ot lSpigots I ~igot. 
Plus: 8 

10 

14 
20 
28 
35 
48 
65 

__ ~ ~)~I_O' _ ~ NO.~ NO~ No . 9 

0.2 1. 6 0 . 4 0 . 1 - - I - - -
3 .7 17. 8 9.8 2 .7 . 3 0.1 - -

8.0 28 .0 19 .7 9.3 1 2.3 1.51 
6 . 6 17 .9 16 . 4 11 .6 4 .9 4.1 0.41 0 .3 

11.1 16 . 0 18.5 20.2 13 . 1 11.5 1 3.5 11 
... . 6 

13.2 9. 6 15.1 1 22.01 22 . 3 1 16.9 8.8 7 .4 
14. 1 4. 4 9 . 5 16.2 ' 24 . 5 19.8 21.4 18 . 0 
20.3 3.2 7 . 0 12 .2 22.9 34.1 41.7 , 0 

0.2 
2 . 2 
6 .6 

16 .1 

38 . 0 

Over­
flo 

100 
150 
200 

7 . 4 .8 1. 9 3 .1 .7 13.1 4 .8 ' 21 .4 1.2 

5. 1 . 4 .91 1.4 2. 5 3.0 7.0 8.0 12.3 14.3 
2. 3 1 . 1 . 4 . 5 . 9 . 3 I 1.2. 1.1 17 . 1 

inus : 200 7 81 2 . 4 . 7 3 --.R.J1 3 . 7 1_-.::slL-.,l.7_ 1 __ -:2:L,,:.u;1 ___ ~ 
____ ;...L.lI~_ ~ ]00.0...lQQ.JJ --LQ!LQ. _J--.Jl ...lQQ.JJ -lQ2.& lQQ.Q ~ 

0 .305 0 .828 0 .62 0.451 0.323 0.28711 0 .215 
1418.4 52 .1 78.4 41. I 48.8 49.4 47.6 

1 - T is tonna e does not inolude the lime in the overflow . 
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Table Conoentration 

The 10 spigot produot of e oh pr i mary classi f1 I" a r treat ed on B tabl es . The amount 
of f a d ranges from 50 to 75 tons p r t able per 24 hou rs . The t ble f ads are about 25 per 
oent solids . Fr om 4 to 15 gallons of as water pe r l nute ilre used on eaoh t able. Thp. 

m chanioal nnd operat ing de tai l of ti e oonoentrat ing t able are given in Table 13. 
Li noleum and quiok-s et ti ng oement e re used fo rme r ly for deck-surfacing material, but 

both have been repl aoed by live-rubber cove rs. Rubber a t hiok as 1/4 inoh has been tried 
but a thinner oover, 1/8 or 3/16 inch t hi ok, is now usod . At first rubber oement aod tacks 
were used to hold the rubber cover in plaoe, but now t he praotioe is to laok the oover at 
one end, stretoh it well by a weight applied to the othe r end, and finally t aok the res t of 
the oover in plaoe. 

Table 13.-0ata on conoentrating t ablM 

Flow-sheet se ·l al ........ ...................... .. .. 
Table, make ....... ....... .. ................ ............. . 

In use, each .. .. , ... ,,, ... ..... ,., .. .. , ....... ..... . 
Stroke~·; pe r mi nute ...... ........ ........... . .. 
In use. total ..... , ...... ... .. ... .. ..... .. ..... , ... 
Stroke length .................. ... ..... ncb s 
Dr! ve. type .. ....... ... .. ... .. .. .. ..... .. ..... ...... . 

Powc r, totaL ..................... .. horsepower 
Conneoted per table .. .. .. do. 

Deok: 
Size .. ...... ..... .. .. ..... " ...... ................. feet 
Slope, longi t udinal. ... .. ...... deg rees 
Slope, latera l. ... .. .. ....... ....... do. 
Sur faoin g ma t rial. .......................... . 

Riffles, type ....... .. .. ....... , .... ................. . , 
. a. te rial .... ... .... ..... .. .... .. .. ...... .... .. .. ...... .. 
lioight ..................................... ... i n c h 

Spaoini. ............... ... ... ..... ..... .. .. .. do. 
Feed: 

Character .. ........ .. .......... ...... ............. .. . .. 
Rate per 24 hou rs .. ... .... ... .... .... .. tons 
Pulp dens i ty ..... .. .............. ... pe r cent 
Wu~h wate r per mlnute .. ... .. . gallons 

( 32 ) (42 ) a nd ( 1§.L~ __ _ 

Wilfley lButcha rt \De1ster-Plato lst. Joe 
76 I 19 2 19 
~_I_ 5 I __ ?~_I 240 

116 

7/8 to 1-3/8 
Btlt-and-pulley 

192 

1.65 

5 by 15 

o to 1/2 
3 to 5-1/2 

1/8 to 3/16 inoh rubb2r 
St raiglt , parallel to motion 

Rubber , or wood and rubb~r 
1/16 to 3/8 

2 

Spigot diBcLar(~.a 
50 to 75 

25 
4 to 15 

Rubber las prov~d more r esistant t o wear than linoleum and· does not beoome uneven, as 
was the case with the cement deck. The poros ity of t ho oement gradually allowed water to 
seep throu h t o the boards underneat h . oaus ing them to warp a.nd di·s tort t he s urfaoe . Cement 
i s objectionablo al so bec us e of its we i ght. The li fe of the rubber oovers has not yet b . en 
de termined but 1t i s over two yea r s . Some buokling ocour after long ser~ice but· i f prope r­
ly laid the oove rs are qui t e s a t i faot ory. One operntor has e termined that the lite depends 
on the amoun t of abso rbed wate r. Af t r long service t e tops oontain from 2 to 14 per oent 
of .lllois tu.re. The high moi s t u.re oon t nt i s found in r bbe r wi th a low zino oxide oontent . 
Tops containing 39 p I' cent of zino 0 i de ore good, hi l thos e with only 2 to 3 per oent 
are not 80 satisfaotory. 
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Straigh t riffles , l a i d pa rall 1 to the axis of motion, are u£od. They a re of l i ve r ub­
ber on the r ecent ins t al lations , but riffles of wood faoed wi t h rutLcr s t rips are found on 
t h older taCles . The riffles are he l d in place by coppe r t aGks . 

~ndarv or Table Midd ling Ci r oyi t. 

The treatment of the high-grade p r ima ry table middlings 1s shown in t he fl ow sheet , 
Fi gure 4 . The middlings a re ga thered fr om al l six p rima ry seo tions and sent to a middling 
seotion wi t h ten t abl es where they are class i fi ed aD ooncentrated without p re11min ry 
grinding . A ooncentrate , hi gh-grade middling, and low- grade middling a r e made on eaoh tabl e , 
and , 1n addition, a taili ng is made on t he l as t four. 

The low-grade middli ng is r eground 1n one of the primary rod mill a nd thus r turns to 
the primary circuit. The high-grade mi ddling i s t reated 1n a oi rouit of anoth r group of 10 
t able simila r to t he one describ d above fo r high-grade prima ry t ab l e middlings . In this 
oi roui t no tai l i ng 1s made . It yields onl y conoentra t e , high- grade midd l ing, and low- rade 
mi ddl ing . Th hi gh-grade middling 1s Ci rculated in t he seo t ion by being dist ributed to t he 

last fi ve t a.bles. The low-grade mi ddl i ng i s dewatered in a drag desl lmer and ground t o fl o..: 

t at i oo size in a 5 by 9 foo t secoo ry rod mil l. The sizing analyses of t he feed and di s ­
oharge of this mill are given in Table 14. 

The rOd-mill di soha rge i s trea t ed directl y by fl ota t ion on a St. J oe rough r n th 
s ubsidia r y fl otation circuit . and the t ai l i ng 1s r e tu rned to the d rag in ol osed c i rouit itb 
the rod mill . This drag over fl ow . t ogethe r wi th the ov r flow of t he other t wo drag and hy­
draul i o olass l fiers , 1s joined i th the fl ot t i cn feed that 1s pumped t o the l arge Oorr 
t hickeners . The drag sand returns to t he rod mill. This pa rt of t he flow sheet 1s novel i n 
tha t t he rod-mill di s oharge goes to flota tion and th~ flotation tailings return to t he rod 
mill. 

171 

Table 14. -S1zing nal yses of f eed and disoha rge 
of secondary rod mill 

Slz , mesh Weight . pe r cen! 
________ ~ ~ Disoha rg~ 

Plus : 10 2 .. 6 
14 5.4 
20 8 . 4 
28 9.3 

35 10.4 
48 8 .5 
65 15 .6 1.4 

100 I 11. 8 2 .6 

150 1 lo .s l 5.9 
200 6.3 9.4 
325 7.9 31.7 

Mi nus : 325 --.U 50 .0 
Total. .. .. . 100.0 100 .0 

- 17 -
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FLOTATION 

Flota tion is in a main oirouit and 1n a subsidi ~y oircuit. The ma i n c i rouit he. 23 

rougher-and-oleaner units and s ix recle aners : t he s b i di a ry oi rcuit . has one rou he r-and­
oleaner unit. With the exoeption of the final recl eaner I the maohines are a modif ication 
of the Forre ter or Walso l pneumatio type ard aro. called St. Joe low-pressure flot ation ma­
chines. A rougher-and-oleaner unit oons ists of a 36-foot rougher in tandem with a 12-foot 
oleaner. both of which reoeive air from one long, horizontal he ader pipe at the end of which 
is a oent ~' i fugal blowe r; the uni t is about 55 f eet long . Eaoh of two 42-foot reoleaners h s 
its own blower. bu t only one blower i s .J'equi red tor t wo small 12-foot reo leane 1"a se t in 
close parallel. The final reoleaners are two 2-ce11, 24-inoh Denver Sub-A meohanioal-type 
maohines. All the pneumatio flotation mao hines a re s et parallel on one floor with the blow­
ers 1n 11ne at one end. 

The s ubs idiary oi roui t receives reground low-grade tabl e mi ddlings from the g ravi ty 
plant. and i ts product~ join the oorresponding p roducts in th e main oirouit. The main oi r­
ouit f eed i s primary and s eoondary limes . thickened i n t he t wo 150-foot Dorf thiokene rs . 
Rougher conoentrates are ol eaned four times to make f i nal ooncentrates. The flotation flow 
sheet is given in Figure 5. 

1he p r imary feed 16 a pulp of about 20 per oent s olids by weight. and it is dis tributed 
to the roughe rs by a 23-outlet dis tributor. shown in Figu r e 6. The aleaners are fed a pulp 
of lowe r dens ity. Sizing analys es of feed , oonoen t r a t • and t a iling are given in Tabl e 15. 

Flotation reagents are potassi um xanthate, s odium oyanide. and ores yl10 acid or ~ i ne 

oil, or a mixture 0 f t he two. Th e device for feedin g pine oil i s s ketohed in Figure 7. 

• 

Other reag n t e are fed 1n solut i on by pulley and s orape r eeder. The flotation cire it 1s • 
slifhtly alkaline, having a pH value of about 8.3. 

Tabl e I5.-S1_z i ng ana l ! s ot f l otat i on fe d . t a i lin.& ..... 
and conoen11:~ 

Size, meshi We ight; ]2§L.Q.Wlt 
~~ Tail i ng CQncenl~~ 

Plus; 65 0.8 1.0 
100 3.4 3.1 
150 9.£ 9.4 
200 10, .. 2.. 13.5 

325 1 21.8'1·'22.7 
Minus: 325 1_ 54 .2 J~ 

Total. .. . I 100.0 I 100.0 

0.3 
1.0 

2.5 
15.5 

--~~ 
100.0 

In the main Circuit xanthate and cresylio aoid or pine oil are fed to t he intake pipe 
of the pump that elevates t e feed from the s urge t anks t o the di s tributor. Sodium ay nide 
if added to the :.:lump of the pumps that ele·vats the ol eaner concentrates to the f1 n;;t re­
oleaners . Thu~ the conditioning period~ are very shor t. 

In t h subsidiary oi rouit. xan t ha.te and oyanide a re added to t~e rod mill. and oresyl i o 
aoid or pine oil to the sump of the pump th a t el eva tes t he mill disoharge to the flotation 
maohine. 

The amount of r eagents per ton of flot ation te ed is i van in Table 16. 
chanioal data.il s of the St.. Joe pneuma. tic and the Denver Sub-A meohanical flot a t i on 

maohine a r e i ven in Table 17. Oa t on t he Dorr t hickene rs for dewa t ering flott10n fee 
and flotation oonoentrates are in Table 18. 
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f r 4-l nch ~ r_en ly- O(~ne pili ged;--.... pipes 

FI li re 6.- d dl t r lbll or (58 ) flotat ion fee 

Plne-ol l feeder FI ti r e 7. -



• 

Table 16 . - Amount of flotation reagents per t onot flotation teed 

____ _ ~Uf.!w1c.:nug~o~r~el:ifosy",,"1=..lL'1o~a~Q.0.1 d=-____ I 1 Using pine 011 

Raag nt Per t on of flotation ll Reage nt IPer t on .of no tation 

-------l--..LlL ........... --""""~"'"""--1I I teed, poun .-
Cres ylio a oi .......... II Pi ne oil .... ... ...... ...... 0 .06 
Potassium xanthate . 083 II Potassium xanthate 
Sodium oyanide ....... . O. IISodlum cyani de ....... . 

. 083 

.04 

Tabl e 17 .-ru.~= ___ ~l=~~~ 

Fl ow-sheet seri 1 ( 5~ ) (72 ) I (90~ (73 ) I ( §3) '~J.22.L_ I __ -IoO~~_ 
Machines , in use.. .... . . . .. . .. .. .... ... . 24 24 2 _ . 2 _ .... T_ ......... "-'" 

Type.. ...... ...... ......... . ... .. . .... .. .... .. . Low-preBsur~ pneumat i o 
Size . .... . . ....... ..... ... . ......... 37 we b 3 =1/2 inohes deen 

St . J oe St . j~; ' an u tao t u re .......................... """"" . St . Joe 
S [-vic . ~.~ ....... ... .... .. .... . ' ... .... ... . " .. . 

Length .. ... .. .. ........ .. .... ..... .. .. .. ..... feet 36 
I mp 11er , diameter .. .. ...... . i nches 

Ove r flow height : 

Tai l ing .... .. .... . ............. .. . o . 18 

Froth .. .. ... ...... .. ..... .. . ...... ..... do . 27 
Ai r haader , diameter .. .. ...... .. do . . -· 1~ ' 

Air pipe : 

St: J oe 
Cleane r 

12 

18 
24 

Rec l eaner 

42 

21 
32 
16 

Sm 11 

reo lean r 
12 

19 

39 

16 

Size ............. .. ..................... 1nches Diameter . 3; opening , 1/4 by 3-1/2 
Numb ·r ...................... ~ ................. _~I 12 60 I 18 

Length .... ..... ........ .... ..... . ....... To wi t h in 5 

Blower type . .. .... _--.lIQiI-l,~ew.., ~~I1-~~:.:.::::,a"""---=:~~~.J;:;...:.../:L..l.._-
Air , p r 1111 ut ....... cubio f eet ach 

P essur .. ... .. .. . .. ' . ounoes 
t or oapaoi ty .. .. ..... ...... horsepow r 

Driva .......... .. ... ............ . . Di r eot 
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Table 18 .- 0 t on DQrr thiot ~ 

Flow- heet s erial. .. ... .. .. .. ..... . ..... . ..... . .... .. . .. ... ..... 1 (31) (71) (75) 

Thiol~eners , in us e ... ... . .... .... .. " ..... ..... .... .. .. . . . 2 2 
Type.. .... .. ......... .. ... . . .... .. .... . ... .. ..... .. ....... .... ... .... Traction Central-shaft 
read . .. ... .. ......... .. ..... ... .... ...... ,..... .. .... .... .. .............. Flotation feed Flotation conoentrate 
Diameter .. .. ... ... .... .. ..... .. ..... .. .... .. ........... ....... feet 150 50 
Depth ..... .. . . .. .. ... .. ... ... ... .... ... ... ... ..... ....... inches 15 
Speed ... .... .. .. .. .. ... .. .. .. .... .. .. ... .. ......... .... .... r.p.m. 0 . 29 0.15 

.Solids : 
Per 24 hours, dry ....... .. .. .. .... ........... ..... .. tons\ 1,454 , eaoh 
In feed ..... ........... ... ... .. .. .. .. ... .. ... ..... .. ... per oent 4 .42 
In disoharge .. .... .. .. ............ ....... . .. ...... do. I 48 to 55 
In overflow....... . .. .... ........ . ......... .. .. .. do. I Traoe 

Area per ton per 24 hours .. ... ..... s quare feet I 11 I 
Motor oapaoi ty ........ ... .......... .. .. . .. .. .. .. horsepower I 10 I 5 
Drive. type ... . ....... .. .... .... ...... .. ............. .. .. .... .. ...... D1 reot-oonnected, Motor, gear reducer. 

gear reduoer and I chain-and-sprooket 
epur Eear I 

~oreening . and Me ohani cal Cl i fl£At i on 

• 

Vibrating Sareens • 

So r eens are used at t wo plaoes in the flow s heet. Dry soreening is done in olosed oir­
Quit with t h roll grinding , and wet soreening i s carried on in olosed oirouit wi th t he 
primary r od-mill grinding . Vibrating s oreen of the Leahy type ara used throughout. Some 
of the soreens ha.ve ball-bearing head motions but mos t of 1.l!.c1m are of the babbitted-bea ring 
type. Wove n wi re 1 th s quare openings i s us d for both wet and dry 60 reening.. The detail 
of operation are given in Table 19. 

Drai Oes11mers 

Des liming is by 21 d r ag des llmers and 2 t ank drags . . They a re of the Esperanza chain 
type, and a re driven by bel t and sp'ur gear. Some of them remove slime and divert it to the 
Dorr th i ckeners, and othe r s s e rve only as dewa terers . No p r ay water i s us ed , but wa ter is 
added to t he bowl of the drags treating the wet-30reen unde r s ize. The operat ing data on 
drags are given in Tabla 20. (The reciprooating rake drags used for tailing di pos sl will 
be treated 1n another seotion). 

Tabl e 20-8 ehows data from an efficiency test of a drag de s limer. 

Meohanical HandJ..i!l.g 

The meohanioal handlint of the are 19 by belt oonveyors, bucket elevators , sand and 
slime pumpG, and launders . 
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Tab l e 19.-Sc r een d ta 

Flow-sbee t se ri a l .... ........ ... .. ... .. ... .... ...... ..... .... .. .. 
So r een , in use ........... .. ... .. .. .. .. .. .. ....... .. ... ........ ... . 

Wi dth , e f f'eotive ........... ... .... .. .. .... .. .. .. .. l nohos 
Length, effeot i ve .. ....... .. .. ..... .......... .. . do. 
Slope pe r .foot ...... ................ ............... do . 
Tens i on applioat ion ... .. ............. .. ... .. .. ... .. .. ... .. 
Opening .............. .. .... .... ............. .. .... .. . .. i nches 

l r e size , a nd diame t e r ........ .. ..... .... do . 
Life .... .... .. ..... .... .. .... ... .. ............ .... ..... .. .. ....... clays 

Vibrator pulley speed .. .. .. .. .. .. ....... .... ... r.p. m. 
Vibrations : 

Per r evolution .. ......................... .. ........ ... .. .. .... .. 
Pe r minute .... .. .. .. ....... .. ..... .......... .. ... ... ....... .. ... ... . 
Amp l i tude .... .. .. ..... .. .. ..... ... ................ .. inches 

Feed: 
Cha raote r ................ .... .... ... ... .. ... ... ...... ........ .... ... . 

Per hou r per sareen .. ....... ......... ..... dry tons 
Per quare fo ot .. .... .. ................ .. .... " do. 

( 16) 

12 

45 

48 

B-1/4 
Side 
0 . 17 

No. 14, 0.08 
216 

189 to 203 

.... 
I·~ .I 

1,512 to 1,624 

1/8 

Roll di~; charge 

107 

7.1 

(26) 
12 

2S 
1 .. ·.~ 

1Ji,.) 

7-3/8 
Side 
0.12 

No. 14, 0. 08 
~1 6 

197 to 239 

8 

1,576 to 1,912 

1/8 

Prima ry r od-mill 

disoharge and 

s ection feed (wot) 
35 .4 

3.3 

1 - At eaoh end It inch s and 3t i nohes re doubled back; screen s heets a re 60 by 
34 i nohes . 

2 - Wurk i ng days of 24 hou r eaoh . 

Bcit Conveyors 

The bel t oonveyor use 2,421 f ee t of bI ting ove r a tot a l transporting leng t h o f about 
1,200 r et . The oonnected powe r i s 205 hp . The disoha rge of the prima ry orushe rs i t rans­
por t d by bel t s to t he s condary sto rag bin . The dlsob r e of t hi s bi n is oonveyed from 
the f eeders to the hor i zonta l dis k oru her , nd tbe f ini s hed roll product is conveyed to 
and distributed over t he conoent ra t or storage bin. The des limed table tail i ng i s oonveyed 
by belt to th e pump bo x pre a ratory to mixing with part of t he flotation lail 1n s to be pump­
ed to th e tall ing pond . The meohanical and operat ing de tai l s of the conv yors a r e gi ven in 
Tabl e 21. Specifioa tions f o r conveyor belt i ng ca ll for 32-ounoa duck , fri c tion of 25 to 
30 pounds and a tens i le s t r engtb o f 3 , 600 to 4 , 000 pounds . 

A be l t oonveyor t r an po r t s the f l otation oonoentrat from t he d ryer t o the box-o r load­
er, and t 0 be l ts oa rry the ~ravi ty oonoentratee from the bin to t he box-oar l oader ; t hese 
are, however, mall i nsta llations and are not desorib d i n Table 21. 
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T~ble 20.-Dra g-deslimer da1§ 

FIOW-::';h~e~ seria~ .... ... .. ..... ...... 1 (27) (38) 
Drag de...,11mers, 1n use. .... ...... 12 6 

Type ........... .. ... .... ...... .. ..... .. .. .. .... \Espsranza Esperanza 
Incline,length .. ........... . fee t 15 14t I 
Slope per foot .... .. ... .. . lnohes I 5t 8t 

(40) (46) 

2 

Esperanza 
12 

4t 

:~:~~:: : : · ::::: : ::: :: : :: . r.:~~ . 3~~7 ~~t9 I 
55 
37.0 

Chain spaoing .... ... .. ... inohes 29 48 I 
Flights: 

24 

Number .. ........ ..... . ... .. .. . . . .. .. .. 52 37 'I 

Spaoing ......... ... .. . . 1nohes 8 12 

Size . .. .. .... .... ...... ..... . do. I 41x3x3/8 46x8x3/8 \ 
Feed: 

32 

12 

46x3x3/8 

Cha rae te r.... ... ... . ..... \ W::d:;:~:: \ [.::~:: ~~e II 
I I table 

I I midd11ngs 

iddlings in 

retreatment 
cirCUits 

Per 24 hours .... .. , ..... dry tons I 625 I 30C 

Rake product.. .. .. . .. .. . . do. I 430 300 

Overflow. . . ........ ..... .. ... do. I 195 \ 
Motor capaolty .... .. .. hoTsepower 10, for 4 5 5 

I drags I 

I - Cylindrioal tank. di~meter 9 feet, height 8~ feet. 

2 - Fllght length 57.6 feet. 

(51) 
1 

Esperanza 
12 

5t 
68 

33.0 
42 

34 
12 

54x3x3/8 

Low-grade midd-
lings from 

seoond midd-
ling seotion 

5 

Table 20-a.-Effio~QY Qf a drag de limer 

Size, mesh Weight. per cent 

____ Eu!L p1SChati~!IQverrlOW 
Plus: 6 0.4 0.7 -

8 6.5 9.4 I 
10 9.4 14.4 

14 7.1 11. 0 
20 4.3 6.6 
28 6.0 8.9 

35 7.2 8.7 0.1 

48 8.0 11. 0 .5 

65 12.81 14.0 7.4 

100 4.61 3.3 8.2 

1501 4.5 2.3 9.3 

2001 4.41 1.7 9.9 

Minus: 200 24.8 8,0 64.6 
Total. .... · llOO.O ! 100.0 100.0 
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2 

Tan.k dra.gG l 

( 2) 

7:· 
22 

31.8 

Single ohain 

41 

16 

l6x3x3/8 

Table 
oonoentrate 

(Table 25) 

5 • 
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Table 20-a .-Eff101enpy of ~ des11me r (Continued) 

--

I 
Tons per 24 hours I RemOV~d in 

Prod uot Feed lD i sO ha r gej Ove r flow overilow, 

1 _ _ / 1 _ _ _ l--2.er con t 
Solids ... ... .... ......... . 1 1 J 474 972 I 502 I 

~~~::~~ .~~~ .~~~~ \~:~ !~~ l .~~~ I 
150 to 200 do. 66 16 50 
100 to ISO do . 68 21 46 

65 to 100 do.. 70 31 39 
48 to 6ti do. 180 141 39 22 

I ~ Including f r esh wat e r. 
2 - 78.5 per oe nt effici~noy throu gh 100 mesh. 
3 - Correct numbers. Those not marked check very closely. 
No te : Type of desl i me r, E~peranza; Wi dth , 46t inches ; 

slope, at inoles per foot. Fl i ght. length 461-
inches ; dep t h 31 inobe ; t hiokness , ~ inch; 
spaoed 12 ioohe oente r to cente r; number. 38 . 
Speed . 44. 8 f ee t per minut e . Fresh water. 132 
gallons per mi nute. 

Table 21 .-Bolt-oonvgyor dQtR 

Fl0. - I Bell delql1a jSl OP ISpeed orl Motor IAV ral 
p oduo oonv ~6d IShe t ILenlth . IWldlh,lplyl Ouok Rub er oover 1 KInd OC! per I b 1t . Ihors powerltonnai 

laertal ] Co t 11nob 1 IbeltIDI.llbloknea, Inghg,1 d rI ve 1 t oot , l C. p . . I I per 

1--!--I-I-l""O·)QQ·O I-~I Bottom 1 ]~I I -1-bJ)1ll-
0IBahar,. or thr a I 1 Iii t ·1 Dlr ot·1 I I I 
9 .Telaa1tb prI- 1 15 ) I 9~ I 36 I 5 1 32 i 3/16 I 1/~2 I . 1lh !Horl- I 394 . 3 I 5 ! ' 329 

ry b r aktr I I ~ . 1 I I I I reduoer Izon -11 I II 
Disoh r & 0 r above 1 I I 1 I I 1 I ! I I 
conveyor . ....... . .... I (7) I 286 I 36 1 6 I 32 I 3/16 I 1/16 Isell Qnd I 3-7/81 3.3 / 50 I 329 

F.ld to Symons I \ I \ \ I I I-pur'-a.. rl I I \ 
I\orizonl. .1 d l k I I ] I 1 I I I I I 1 ] 
oro hI . . .. t .... .. I (11) 178 I 24 I I 2 1/4 ! 1/1 ] do . ] 3-3/ 41 37 . 6 1 20 1 11 2 

F d to S YIlOD I I ] I I 1 1 ] 1 I \ 
norlzonlal dl.k I 1 I I I 1 I 1 I I I I ~ ~ 
oruehers. 0 t .... 1 (11) 1 178 I 24 ] I 32 1 1/ 1 1/ 16 I do. 1 3-3/4 1 402.3 I 20 i 112 

Ugd r.tz of dry I I I 1 Iii 1 I I 1 
or.,ns .. . ....... . I (17) I 2 0 I 24 ] IS 1 32 I 1/8 I 1/16 i do . IHorl- I 320.0 I 20 I 

01 oha rl 0 r above I I I 1 1 I I I 1 zon l 1 \ \ I 
1 Doli ne to oonoeo,..1 I I I I 1 I 1 1 \ I I 
Lr tor.. . . ... . .. I (l8) 450 1 24 & 2S \ 3/32 1 3/32 I do. I 3-J/41 -an. 5 I 50 2_2 

Will Ceed. l r 1 ppe r I 1 1 I I \ I I I I \ I 
oon .... yor ...... .. .. .. .. I (21) 1 510 1 2-a 1!5 I 32 I :'1 /32 I 1/8 do \Horl- i 387. 6 1 20 22 ~ 

l I I I I I I I Izoo 1] I I 
Table t. ill!l. eaR L .. I IB9) I 124 1 22 ! (1) I 32 I 3/ 32 I 1/8 I Direc t \ 1 I 2B!S.4I 1 !S I 2 

] \ \ \ I ! I j.Ilh ro- I \ 1 I 
I I \ 1 1 \ 1 \ Que er \ \ I \ 

Tabl tllil .• e. L .. I (89) I 170 I 22 I (Ill 32 I 3/32 I l/S 1 do. I 1 I 272.0 I 5 1 42 

Tabl talll!l. 00 - 1 i )1, 1 I I 1 leeH B..nd I I I I 
po ite . .. -- .. ...... / (90) I 180 22 1 (1) 32 I 3/ 2 1 1/ I pur- , rl 374. 4 I 10 I 84 

1 - The b It ra 11 or step oon lruOtioo . 3, 4 , and 5 ply. 
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Buoket Elevators 

Both dry an d wet bucket el vat ors are us ed . Fourteen el eva tors require 1,585 fee t of 
belt ing . The disch a rge of the Symons bor i zonta l di s k crusher is elevated to rolls. and t he 
discharge or the roll s 1s eleva ted to the s creens which are in closed oirouit wi th the rolls . 
In t he s ampling plant the rejeots of the outters are returned to tbe mill feed by an oleva­
tor. The oonoentrator fe ed is united with the primary rod-mill disoharge and elevated to th e 
wet s c r eens . In the flotation ooncentrat e drying plant the diecharge of the thiokeners i s 
rai sed to the filter by an elevator. Table 22 gives the meohanical and operating details of 
these ins tallations. 

The e levator bells ar e oove red nIl a round with oider clo t h. A tens i l e s trength of 3,500 
to 4, 000 and a friction of 20 to 24 pounds per s quare inah on the dry elevators and of 25 to 
30 pounds on the wet elevators are paoif i ed. The life of both wet and dry elevato r belt 
is three years or more. 

T ble 22.-Buekat-.leyalor da t a 

flow-s hee t. ar1 1 .......... ... .. .. ........ .. ......... \ (13 ) \ (15 ) 1 (25 ) 1 

Eleva t ors . 1n use ............. .... .. .. .... ..... .. .. .. 1 2 I " I 6 I 

Bel t1.n g: I I I I 
K1nd ,. ··· .. ·· .. · .. •· .. ·· ·· ...... · .. ·· .. ·,,······· .. ·· .... ·····1 Rubb r I RubboI' I Rubbo r \ 

Duok, w 11lh t ................ .. .......... .. ounoe I 36 1 36 \1 36 I 

::::;· ~~~:~~:~~·; .. · .. · .. "· ·· ·······I 9 I 9 8 1 
Buo'.' ., . .............. .............. 1000 .1 3/16 I 3/16 II 1/8 I 
Pull ey 81d ......... ..... ... .. .. ....... do. I 1/6 I 1/8 1/8! 

Leng t h..... ......... ......... .. .. . ..... . ......... fa t I 95 I, 116 1 125 1 

,f14 U\ ................ .. ... .. .. .. ...... .. ... .. .. . lnch.e I 28 28 I 20 I 
SPeed .............................. .... .. .. .. .... f .p.II· 1 3M to 410 I 415 t o 45-0 1 340 t.o 352 1 

.u::·:.:....... ..... " ...... ...... ......... 1 67 1 81 I ~ 1 

(96) 

Rubber 

34 

8 

1/8 

1/8 

125 

16 

269 

62 

(78 ) 

Rubb I' 

34 

7 

1/16 

1/8 

56 

16 

460 

S1z ......... ......... .. ... ........... .. .. .. .... .. 1noh'. 1 24 x 8 x 8 1/2 124 x 8 x e 1/2 \19 x e x 8 1/2 \14 x B x 7 1/2 I 14 x x 7 1/2 

Spao1al .... · .. ·· .... · .... .... .... · .. ·.. .. .. .. do . 17 I 17 I 18 I 24 I 18 

How a t. taobe ................. · .. .. ... ....... .. ... ..... Iaolted wi l b two rows of 3/8-1noh boll triP . 1 _. One 1'0. of bolts 

I of b.ltln, u.,d to bold bot.toa or oups oul I I 

Pu~:': : .,. I r .n. tao " ..... looh. \ 48. 30 \ .8 . 30 \ 42." \ 36. 18 II 36. 18 

80:~ .'~ ; .:::: I :~ t~~~ :: .::: ::: / :/5~~6 I 30 ~5~~6 I 143~ ~/:: 1/1 :/ /~: II :. ~ I~: 
t:levalo r 100liOIl, t.1 00· .. .. · ...... • .. · .. ·• .... ·,·· .. 1 Ver tioal 'I VerUo 1 I Va rt.1 o 1 Vertioal VerU o 1 

Feed : I 
Chareo tor ........................... .. ............ ..... .. !Sy ona dl eooargel Ro11 disObar&e l" . t. t Od l ., 111 feed, ea - IThiOk ned flot -

Pulp p r hou r .... ....... ........ ......... .. \00.1 112 / 32.2 I II Ple3~:j e ot. " I
u on oo:~/t.rat.e 

SoHd . ...................... . ... . .. .. p.r oerlt·1 (2) I (2) I (2) 69 .2 

Yo tor oapaoity. ho I' epo.er .. .......... . .. I 50 I 0 1 I 460 1 5 

Dr i ve ..... .... .... .. .. ........ .. ... .. .... .. ... ... ...... ...... I B It. and pu r 1011'00\ with rrpeed 

I 1 

1 - TI'I bor o f t ho pull .~y 1:.. 4 15/16 Inohe . but t hs bea r1D& aro 4 7/16 . 

2 - RU fVooOf- in, or , oontai ns 2. 75 t. o 3.0 pe r oenl oC lIois t.u re . 

3 - A 20-hp. aotor OD eaob wot eleva tor ~l so driv es two L bJ so r e' DS 

4 - Tho 60-hP . 1II0lor a l s o drives lnol1nud ooov (' ~'cr Cro IS oond ry p l n 
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I. c .e6S8. 
a lle ble i ~on buokets of the "AA" typ I ha.v i ng a 1'e1n[o1'O d front edge and co rners , rs 

u The li f of the we t e l evator buok ts 1 about 11 mon h . Formerly t h ry e l eva tor 
buokets ore o.w y at tho f ront oorners , but now th l i p i s re i nfo roed by we l ding on n ~d e 
of Hasoro~e or Stoody rod . 

Solid oot pu l leys are used i nstead of t rimless pul leys emp loyed i n ome of the o ther 
mills of tbe distri ot. The ope rat ion of the sol i d pul ley h s been sat i s fao to ry . and t he wea r 
not excesslv. Bot h woode n and oil-paoked stee l bearings a re used in t he boots . 

Sand and Slime Pumps 

Pumps are used for the di spos tion of sand~ and l.imes . (T e water pumps wil l be dis­
ouses elsewhere ). The y are all of t he centrifuga l type , 3, 4, and 5 inch Morl i s pumps, and 
4 an 8 i noh Wilfleys , and are di reot dri ven by induo tion motors . No wa te r is used on t he 
Wil tleys, but c l ea r water is used on t he stuffing box s of t he Mor ris p u~ps . The detail : Qf 
sand and slime pump op ration are gi ven in Table 23. 

The two makes of pumps a re used more o r less inte r changeab l y . Howeve r. 0 r tain f eat u res 
in th des1gns h ve een recognized as more adaptive to one servioe than nother . The po 1-

t 1ve auot i on a t the i nt ake of t he Mor ri s ump enabl s i t to l i f t fi n flot a t ion p r oduot f rom 
a lowe r 1 vel. 00 the other hand. the gravi ty intak of the Wi lfley has l ad t o i t use on 
Goal' er and heavier p roduc ts t ha t a n not be li f ted by suc t ion. The absenoe of suot io n by 
the Wllfl ey pump pr events t he air l ooking tbat oauses urgi~g i n other pumps. It 1s claimed 
that the cost of up keep of the Wi lfley pumps is considerab ly l ess , and t bere i s a tendenoy to 
use th m f or ooarser, heavi e r, o r mo re abrasi ve solids . 

Launde r s 

Launders of t he box-oonduit, hos e, and pipe t ype are us ed . The box-oonduit l a unders are 
us d for l a r ge tonnages and for s ma l l e r t onnage i f more oonven ient than the other types . 
The p r i noipal uses of th i s t ype of l a unde r a re fo r t ranspor t i ng the des liming-drag disoharges 
to th 2-way revolving dist ributors f eeding t he hyd raulio classi fi e rs , and for oar ryi ng t he 
pi ot disaharges of the classifiers to the conoen t ra ting t ables. These launde rs a re lined 

with cast i ron or r ubb r ; a fl a t pi ec e is l aid in the bottom and a tri angular piece ofood 
mouldi ng is used to line t be oorne r s . Rubbe r hoses are used for uni ti ng small tonnages 1n a 
oommon launde r or pump s ump. The pi pe t ype i s used only f or s lime . The data on the box­
oondu i t 1 uode rs a re ven in Table 24. Other l aunders a r e used for the di spos i ti on of th 
t hIe p roduot ; they are not inoluded. 

Table 24.-BQx=oonduit lnunders t.Q hydrnulio o!a-Q3lClo,,1 Dlul QpQoggtrol1nc t !l.blao 

Produc!. \ 

I 
\ 

\ 

T ~.~r~ ... ~~.~~ .:..... . ........ .. ........ ... ...... 1 

0 ......... . ............... .. . .. ................................... . 1 

I 
undere, 1n u ........ ............ . .. ........ ... .. .... I 

Idlb ............... ....... .. ................... ....... lnoh4u!J 1 

Depth ............... ........ .. ... .. . ............... do. I 

10 e p root. , 1111n.1l11ulII... ....... .... do . I 

I 
I 

'~ t I 
Solld ............... . ..................... p c oen t 

Ra t p. . U bou ca .• , '" ............... ........ .. t. one\ 

1'11 

Delli mlol drag Qlk. dhaharn· I Hvdraul1a-olaosl tiar agigat pro1upla 

IFlow-She t.1 !F10W-

I "rlal I labo.t 

I \ lauW 
I I I 

Dr IL d. 11 •• r I (27) IHydt 1.1 110 cla Hie r .... . .. .... ·· ...... ·1 (3,9). 

2- Y <lllSt. Ibut.or 1 (28 1 IS 1?cl a r-y t. ble o f !Ion b .00c-1~: 
I li on 

6 I ~ 
12 I 4 3/ 4 

9 1 :5 

1 

J -L\-L\-L\_L\--L\-L\-L. . 
2 :5 l e/ 16 [6 1/ 2\ 7 14 3/612 1/412 1/ 2 12 l/sl 2 1/4 

22 .4 

S50 
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DEWATERING THE CONCENTRATES 

Table and flotation conoentrate~ ar~ dewatered separately. Figure 8 18 the flow sheet 
ot the dewatering of these products. 

~ravil~CQncentrates 

The table ooncentrates are firs t dewatered in two tanks equipped with dr~g mechani sms . 
The tanks give a longer periphery for overflow and more depth than i s ous tomary on other 
drags. The water overflows and Joins the flotation ooncent rates. the dewate rin g of whioh i s 
discussed later. The dra g dlsoLarge is furth er dewatered in a Dorrco filter. The filtered 
oonoentrates drop into two bins from whio h they a re oonveyed to a Stephens-Adamson box-c~r 
loader and loaded for shipment. The de tail s of t he opera t ion of t he tank drags are given 1n 
Tables 20 and 25. 

'fable 25.-0perat i on of tank dra gs for t able c on~ntrates 

(See also Table 20) 

Flow-sheet serial ... .... , .. ... ...... " ..... " ...... ,.. ... .. (34) 
Feed: 

Rate per 24 hou rs . wet ...... .......... . . tons 2 ,796 
Rate per 24 hours. dry . . .... .. .. ... . " ... do. 148 
Wa ter in ... ..... .. .... .. . . .. .. " ... . .. .. .. ... . " .. do. 12 .648 
Solids . .. .. ............ ... ... ..... ... .. ... . per oent 5.3 

Rake disoharge (filter feed): 1 

Rate per 24 hours ... .... .... .... ... , ' . . .. tons I 165 
Water in,., .. ... ... .. . . .. .. ............ .. .. .. do. 17 
Water raj ected . . ........ ...... . .. ....... , ., .. do. 12.631 

ov!;~~::: · .. ... ... ............. ........ ....... .. per oent I 80 

Rate per minute .. ...... ... " .. .. .. ga llons 1 439 
Solids per gallon ... .. ... .. .. ... ... .. . . . , ~rams I 2 
Solids pe r 24 hou r8 .. ... ..... ... .. .... .... .. ... tons I 1. 4 
As say, lead in s ollds ......... ....... per cent 60.7 

The Dorrco filter feed of about 145 tons per 24 hours contains 10.2 per cent of moisture 
and i s reduced to 134 toos with 2.8 pe r cent moi s t u re; t hi s product ic tbe fiDi ~ hed gravity 
conoentra te. The water rejected. 11 t ons per 24 ho u rs , is 74 . 6 per cent of t he wa t e r in t h ~ 

filter r ad; 25.4 per cent of the wa ter. or 3.75 tons i s s till contained in the fini s he r 
produot. 

The Dorreo filter i s 10 feet in di~meter by 2 feet long and is opera ted at 1 r . p.m. 
The filter cloth cons i sts of burlap support i ng Victor twil l . whic l is disoussed later in t~, 
operation of the Oliver filter. The cloth i s held in plaoe by ropes. The filter is drive, 
by a 5-hp. induo t.i on moto r I 1, 140 r. p . m., th rou gh a Philadelphia Gea r Werl speed reducer. 
ratio 12.75:1, connected with the filter by a chain-and-sprooket drive. 

The vaouum pump used in conneotion wi t b the fil t a r i s an Ingers oll-Ra nd wi th a 14 0 
5 inoh vaou um cy1 inde r. It i s ope r a ted by a. 15-hp . induoti on motor wi t h Texro e dri v •. 

From 12 to 16 inches of vaouum 1s ma intained . 
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I . C.6S5S . 

A Connersville blower, size 20 B. s upplies t he pre s ure for r emovi ng t he cake . I t 1s 
opera t ed by a 3-hp. motor. 1,140 r.p. m., direot-oonneated . A pressure of 2 to 4 pound , de­
pendins on the oondition of the f ilter oloth. 1s maint i ned . 

A small Goul:s p~~p, di r ec t -connected to a ~-hp. motor, running at 1.720 f. p. m., r emoves 
the filtrate to a pump that feeds t he tan k dra, . 

", : 
.. ,_. 

flQt~t1Qn Concentrates 

The flotation ooncentra t e • together with t he over flow of the t ank dra 5 , are dewatered 
i n a 50- f oot Dorr thickener and t h ove rf l ow settled i n another thickene r ot the ame 
s i ze . Th ove r flow of the seoond concent a te t hi ok n r ret urned to th e pumps t hat elevate 
t he slime to the bi g f lota tion- t d Dorr t hiokener . The t hiokened co noen t r t o fr om both 
oonc ntrate thl~k ener a r e e levat d to an Ol iver fil ter. The f i lt r a te i returned . to the 
second ooncentrate thiokene r, and t he cake i s dr! d on Lowd en dryer . The ri ed concen t ra t e 
1s conveye d to the box oa rs and 10 ded b St ephens - Adamson box-car Ioacler. 

Two 8- our sbift with fou r au t nt rve nin g are neces a ry fo r dewat e ri ng nd , dr~1ng 
the flot a tion concentrates . The operat i ng time i s ad quate to handle t e 3-shift produotion 
of t he f l ot a tion plant. 

Fla t tion produce 3.9 d ry t ns of cone ntra t e ar hour . This s pumped to t he first 
50-f oot Dor r t hickener in a pulp of 13. 3 per cent of ollds , s o t ha t t b ros we1gh t 1 

29.3 ton s pe r hou r . Thu s , 25.4 tons o f wat e r pe r hour goes to t~ e firet Dorr t hi okener . 
The time of operation of the f ilte r is 16 hou r s p r day, and t he amoun t t r t d by th 

drying plant 1s 5.9 dry tons pe r hou r o f operat i on . 
Tbe concentrate thickeners disohar e B.5 t ons ot pulp of 69 pe r cent s olids pe r hour 

for a p r i od of 16 hou rs , and for t he r emaining two 4-hour erioda nothin g is dr n from ' th 
tank . Hence . or the 2 5 .4 ton o'r water per hour Bent t o t he Dor r t iokensr , 359 ton "" for 
16 hours and 210 ton s for 8 hour • 0 a to t al of 569 t on fo r the 24-bour hif t , is re­
jeotod ; 41 to ns r emai n with t he feed of th 01 ver filter . 

The Olive r filter f eed o f 8 . 5 tone p . hour i n a pulp o f 69 per cent solid i...; r d\loed 
to 6 . 7 tons pe r hour 1n a product wi t h 12.1 par cent of moisture. T e wa ter r e j ected i n the 
filt e r ng is 1.8 tons per hour. 

Th Lo de n dryer reduc the mo i sture of t h cake from 12.1 to 7.3 per oent. The ri d 
oonoentrate is 6.4 tons per hou r . n t he w te r re j eo t ed by the dryer 1s 0.3 to n p f ~ e~u r . 

The amoun t of water rejected 1n t h uoc 8ss i ve steps i as follow~: 

Tons pe r Weight, 
Sou r oe &4 hour~ ~"'r ('r~n t 

In Dorr tank .. . " ... .. . " 569 93.3 
In Oliver f11 t e r .. .. .. ... ... .... . 28 4.6 
In Lowden dry e r .. .. .. .. .. .. ..... . 5 .8 

Remainini in oonc en tra teo § _U_ 
610 100.0 

The Oliver f Ilte r is 11 fe e t 6 inohes in dlame t e and 12 feet long . and I s driv en t hrougb 
a wo rm gear at a s peed of 0.12 r . p . ~ . Two covers are used; t hey consis t of a bu r l ap oover 
and 14 by 37. 5 foot VictOi t will . No . 223 . T e Ir for oldlng t e OOV r 16 a No . 12 

hard-d ra n. galvanized steel wi re ouid sp i al ly wi t h a pitch of 3/4 inch. The l ife of the 
tilt clo t is 11 months . T1e l ong li fe is probBbly due t o i ts being given very 7 or 8 
. aek an ao i d was h In whi oh 114 po' nd3 of oommero i al ydroohl orlc ao id is use. The bowl of 
the f ilt r is of the shallow s emi-oy l indrioal type. To (eap t he concent ra t B in suspen 10n 
in t he bowl a reciprooating paddle i~ us ed, 
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The two vu~uum pumps , one of whi ch i s a sp . e , a re the Oliver make, Type M O. 14 by 8 
inch oylinde r. 300 r .p.m. Eaoh has 400 oubi o t eet di oplaoement and 1s operated by a 25-hp . 
motor. The vacuum i s maint ained a t 15 to 16 inohes . 

From 1 to 3 pounds a ir pre ure is us ed to displ aoe t he oake. The pressure depends on 
the condition of the canva ; very littl e i s required tor Q new oanvas . Th cake is drier 
with an old oanvas t han when a new one 1s used ; wi th a new oanvas the mois ture i n the oake 
may run as hi gh as 20 per cent, bu t the oake i s generally thioker. 

The Lowden dryer 1s 12 feet wide and 28 feet long and i~ driven by a 5- hp. motor. The 
rake meohani s m makes a forw a rd s t roke of 11.5 inches a t the r a te of 2.4 r.p.m. and has a 
11ft of 3 incles. Nat ura l gas i s us ed for heating. 

A fl a t a rch over the fire box of the Lo~Jen dryer is employed. Fo rmerly the ordinary 
aroh oons truc tion was us ed and oons iderable trouble was encountered from failure. The flat 
arch bas eliminated t hi s f au lt. The me thod of oonstruction i s as follows : 

There are three horizJul ~l I-beams over t he t i re box, perpendicular to th~ lon g axis 
of the d ry e r . Si x smaller I-bQ ams are bo :ted to the unders i de of t he e and pcrperd i oular 
t o t hem. On t he smaller I-beams a re hung six rows of 24 fire brioks . Eaoh brick is 10.5 

inohes wide , 5 inohes lon g , and 12 i nche high and is mada with a center gro ove to fit the 
I-beams s o t hat the t op o f the b r i ck is fl ush with the upper horizonta l pa rt of the be~m. 
All of t he b ri cks are fitt ed olos ely together . 

DEWATERING AND DISPOSAL OF TAILINGS 

Only t he t ab l e t a i l i ngs are da ata red prior to di spos al. Thoy are t hen mixed with a 
portion of the flot a t ion t ai lings and pumped to tbe s lime ponds . The r es t of the flot ation 
tallings are pumped separa t ely to waste. The flow s heet of the dewat e rin g and disposa l of 
tailings is given in Figure 9 . The table tailin gs a re dewatered in four Dorr rake deslimers. 
The detai l s of t he rake des lime r operation a re given in Tables 26 and 26-a . 

Si nce t he adop tion of t he method of pump ing the combined tailings t o was te, the classi­
fier s se rve p r i ncipa l ly as des limer , whereas with the ol d system of conveying the tailings 
to was t e , t he i r pri ncipal use a for clew t e i ng. The r ake overflow i s jo i ned with t t e flo­
tation feed and the sa ds a re collec t ed, repulped. nd pumped to was t e. A seoond pump in 
serie 1s u ed to k ep up t e ve looi ty nd p revent ettlin of t he and in t.e pump lin3 

leading to the tailing pond. 
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Flow- shee t seri a!. .. ...... ... .. .. ..... .... ..... ....... . (88 ) 
Class! ie r : 

Type ... ..... ... ... .. ..... ......... .......... ........... ...... .. . Dupl ex recip rocntl.ng 

Si z e ... .. ...... ... .. ... ... . .. ... .. .. .... .. .. .. ....... feet 
Slope per foot ... .. ...... .. ... .......... i nches 
Lif t ...... ... . .... ......... ... .. .. . .. .. ..... .. .. . do. 
Stroke .. ........ ......... ....... ...... ... .. .. do . 
Speed per m1nute .... .... ...... .... .. ... s t r okes 
otor ..................... .. .. ....... , ... .. ho rsepower 

Feed : 
Ra t e pe r 24 hours, et ..... .. .. ..... tons 
Ra t e pe r 24 hours, dry .. .. . ........ . do . 
Solids ... ... ..... ...... .. ....... .. ... .. ..... per oen t 

Rake di sch rge : 
Ra te pe r 24 hou ra , we t ... .. .... .. ..... tons 
Ra t e pe r 24 hours, dry . ............. do . 
Sol ids ... ... ................. ..... ........ ... . per oent 

Ove rflow: 
Rat e p r 24 hours , wet ..... ........ .. . tons 
Rate pe r 24 hours , dry ....... .. .. .... do . 
Sol ids .. .... ... .. .. .. ... .... . ........ .. ... .. pe r oent 

a. te r removed ........... ....... .. do . 

rake 
8 1/3 by 30 

4 

4 

11 

17.6 

10 

1 . 700 
381 

22.4 

498 
37 4 

75.2 

1 / 202 

7 

0. 57 

90 .6 

Tabl e 26-a .- Sizing anal yses of raKe-deSl imer produc t s 

W!l!h;,ht . e~H: Q~ nt 

§~Z~I I!!~sh ~R ke d~sQharge Qverf!2 
Plus : 28 5 .1 5 .2 

3 5 13.1 13.0 
48 25 . 0 27.1 0.6 
65 35.9 3·Z:.2 2.3 

100 10 . 2 8.2 9 .6 

150 6. 5 4.6 17 .2 
200 2 .6 1.9 18 .3 

Minus : 200 ---L.§ .8 52, 0 

Total ..... . 100.0 100 .0 100 .0 

1. 0.6658 

The tailing- pond dam oon i ets of cu r re nt t able t a i lings , and i t is rai sed from tim t o 
t ime to keep pace with the flil ing of the pond . To build the dam, or t o raise it . 01 ar 
w ter , in plaoe of fl otation tail i ngs . is pulped with the t ab l e tai l i ngs ; t he san oeit 
more rapidly on the top of the embankment when pulped in th i s manner . The fl ot at i on ta1l i ng 
a re deposited s i mul t aneously on the inner ai de to ea l t he bank. The dam requires atten t ion 
about onoe yea r. 

The pond ove r f low is recovered by a vertical oonore t e to er , 5.5 feet equare. l ooat d 
within th impounded area . The l ow I' port ion is conorete on f ou s i de and the upper p rt 
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b 3 only two opposite s i des extended. Thes e s i des are built with not ches a t both ends . ond 
t i mbe rs a re filled in t o ra i se the weir as oft en as n 06 sary to ob ta i n a olean ove rflow . 
The towe r is bottomed by a ho r izontal tunnel extending through t he dam . Through thi s tunnel 
th - intak e lines of t he p 'mps for returning t he 01 r water t o t ho mi l l a r 1 i d; p i pes are 
oonneoted with the bottom of the vertioal tower whi ch fo rms a ump (see f ig . 11). 

SAMPLING 

The mi ll feed sample i s t aken as t he ore drops to the t r ippe r conveyor over the mill 
bi n. The further trea tment i shown in the flow · hee t of t he sampling pl ant, Fi gure 10. 

over peria of five mon ths t essay dete rmined by amp 1 i n t h mil l f eed c tleoked the If'<l.d 
as determi ned by as~ay nd wei ght of ooncentrates an tailin s with an error of only one in 
2.00; t hat is , with an e rror of 0.02 per oent of l ead when t he mi ll f eed was 4 per oent of 
lead. 

Two hi ft t:) ample s . t able ta ilin~s and flota t ion t ai l ings , are t aken by mcoh,'inically 
op r ted outters . Fifteen othe r shift s amples -- ne fl otat i on f eed , r ougher feed, oleaner 
oono n t rate , cleaner t ai ling , I'eoi eaner ooncentra t e No. 1 , reole ner oonoen trate No.2, re­
cleaner oonoentrate No . 3 and recieaner t ailing , fi nished oonoentrate (Denv a r Sub-A oonoen­
t ra t e) . Denver Sub-A t a iling, reg round tabl e middl ings (subsidiary f lotation oi rcuit feed), 
subs1dia y flot a tion oirou it ti ling , tabl e oono en t r te , A-mi ddling- s ect l on concent r ate, 
and B-middling- s eotion oonoent r a t e -- are s ampled by band . For the hand samples at leas t 
s i x cuts per sh ift are tak n. The meohanioal s ampler out the f lotation and table t.ailings 
every 18 minutes. • 

Concont rate a re samp l ed i n t he oa rs and al s o i n t he mil l . In t he load1ng, the table 
ooncent rate aro leve l ed in t ho oa r s t o a dep t h of 22 i nobes nd f l ota tion oonoentra te~ to a 
dep th of 30 nehes; t he s pace in fro nt of the car doors i s 1 ft ol ear. Thr ee rows of four 
ver tical hol es are s mpl ed on either side of t he doo r. The samples a r e t aken by a oon1cal 
outte r 1 i noh in diame ter at the bottom and 2 inohes i n diamete r a t the top. The ~ntir8 

mount of concentrate be l d dn t he cut te r i s t aken as t he sample and is cut down in the s ample 
room. Two sepal'a te room are used fo r preparing mi l l ample f or assay. The "conoentrate 
r oomll 11;1 ul3ed Cor table 'nd f lotation oonoen t ra.tes, a.nd t ae "ore foom" for ore, middlin 13 , 

and. tailings. 

MILL WATER 

The mill wate r i obtained fro m four s ou ro es , the ina , th e la r ge Dorr thi ckeners, the 
t il l ng pond, and the lable low-gr ade middling drags . The oi roul ati on of t he water is chown 
in Figur e 11 . 

For 11 hours eao h day the make-up water is pllmped f rom the mine ::.t. t he rate of 2,000 
g .p. m. T e t otal water in oirou l a tion i s about 10,000 g. p .m., whioh on t h b siS of 6,000 
t o of or per 24 hours i s a wa ter-to-ore r atio of 12 to 1 by weigh t. 

The tb i cl:cmer ove r f low i s piped to a sump and i s pumped to th e mill supply tank. The 
mine ate r . when pumped, i s deli ver::·d to the sa.me s ump and th e over f low is diverted to t he 
t a iling pond. The tailing-pond water is returned to the mill wlon the supply of mine water 
i s ins uffioient or when the mine pump is not 1n operation. 

The overflow of the drags t hat dew~t er low-grade p ri mary tab l e middl ings i s re us ed in 
t he mi ll t o di lute t he we t elevato r fe ed. t o fur the r d!lut t he ame produot as i t i s fed 
to tto drag des limars , nd to dilute t he r ake disoharge of t he drags so ttat it can be laun­
de r ed to t h hydraulio 01 i f iers . The opera ting da ta of th pumps for oirculating mill 
water are e1ven in Table 27. 
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T bl e 27 ,-PUARD Coc mill water 

----~-------------------------------------------------------.--------------- .------
(100) (103 ) Flo '-B1l ot eriaL ......... ,." .. ..... .. " .. , (103) (103') I (103) , 

PU In ul . .......... . .................... .. .... \ 1 1 1 1 I 2 (1 par. 

Manu! otur . " " .. .. .. .. . . .. . .. .......... "IDaytoo-OOWd 0 yton-Do d 'J Be.V 11 All i s - Challier 

Size ..... . . '''''''''' ............ . .. " ... lnoh 16' 6 I 12 \ 10 x 10 

1 ( 39 ) I 

I ~ 1C~' IAlbO<'" ':'bin 
I e I 16 

Call oily plr illut.e .. . .. · ..... i 110n! 8,000 I 8,000 I I 2 ,000 \ I 6.000. oaoh 

S rving .. .. " ....... .. ... ".... ... .. ........ . · .. · IW111 l!I: kPP1Y "*nFdlOeltn lrltOtDn,'1 Sp ro t.o IS11l1e pOnd 0 

.. ...... mill l nk' r:3 r'voi r 

I I Sp ra t. o 111 

1 I 

I I
boxes on e- I \ 

loon PU~ I I I I 
I I I I 

Type ..... ... .. ... .. . ........ .... '" '''ISYDObrOnousl Induotion ISYOOhrODQUJlI I nduotion 

C p 01 t.y ....... ....... .............. horllepo. r 2~0 I 70 I leO ' 50 

II d .... " ..... " ........ " .. .. r.p .D·1 1.200 I 1.7~! i 600 I 

ID ~:, ... ~ .. ~~ ' , .,. ., .... ". r ., I • I • I • I 

Motor : 

1 .740 

IS'Doh,onoo I S .. ahronou. 

I 100 I 
I 900 I 
I \ 

250 

600 

Dluet r .. .. ........... " .................... 10011.81 20 I 8 ' 12 I I I 
I.. n'lh ...... ................... .. ... ............ ,, ( t 1 4 I 4 I I I \ 

1t.t.1np ..... . . "'" ."'''' ........... ........ 1 90°, d 1 90° , an I 90° . nd I \ I 
I v 1 v 1 v 1 ve 1 v 1 v I I I 

01 ob ra a pipln : 1 I I 1 I 
V 10 1 Utt. ............ ...... .... ....... .. . reet 1 76 , fro I 76 I 

I tel' ur- 1 i \ I 
I \ 

76 

I t aoe to I , 
I d18ohar&e 1 I I I 

01 tel' .. ........ " . . .......... ...... 10ohell\ 20 I 6 12 I 
Lenllh ........... .. .... .. .. .... .. .. ... ...... r •• t\ 76 1 7e 76 I I I 76 

1 Un ....... .... .. .................... \ 90° . and I 90 e 
I CLDd 90" . nd I o ~ . cd 1900 , val ve .1 90 and 

! v lvae I valve. v Iv.. l v 1v B \ Ild U •• I v l v 

POWER 

The leotric power is 3-phase , 60- cyo l e ourren tran~mitt d t o t he mil l t a potential 
of 7 , 200 volte . I t is stepped down to 440 volt. for a l l moto rs and t o 110 tor l ighting oir­
Quits. Wit the exoeption o f f ive s ynohronous motors used on mill wate r t he molor are all 
of the induotion t ype. A 125-volt d.o. genera tor, 400 amperes , 50-kilowatt oompound wound . 
dr1v n by 75-hp. i nduo t ion motor at 1, 150 r. p . ID . • s uppl i e the d i reot ourrent for excita­
t ion 0 the synoh rono us mo t ora and fa the t a eleotroma nets in the prima ry-o rush ing plan t . 

Meohanioa l tran mission 0 f' powe r 1s by m ny met .ods. Bel l-a.nd-pul l ey dr l ves I e1 tha r 
direct or by means of 11 l i ne sba f t, fe used on the prima ry breakers , seoonda ry c rushe r , 
rolls , soreens , and oonoentrating table. Belt drives wi th Ree ves speed reduoer are use 
on some feeders . Belt and spur gears a re used on belt conveyo rs , drag desl1 me rs , and buok t 
elevators. The rod mills are dri ven by herrin bone gear and pin10n direot- conneated by 

fl xibl ooupling t o tho motors . Direo t -connec t e motors are used on the flotation blowers . 
Oi r at-oonneoted gear raduc t ion un i t s a re used at va rious plaoes on feeders , t hi k ne rs . 
eto . Bevel gears are used on some oong eyor bel t s in oonneo t l0 with t he conoent r tor feed­
e r . Chai - and- s proc ke t driv e wit h ear reducers i s u d on t he 50- f oot Dorr thiokener. 
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RECOVERY AND LEAD LOSSES 

The re covery of lead is between ·96 and 97 per oent. The average assays of t he feed, 
t a iling , and ooncentrate for 1926 to 1930, respectively, and for the first five months of 
1931 a re given in Table 28. During the 6-year period the lOBS in the tailings was reduced to 
bout one-third of what 1 t was originally. This emphas izes the benefi t s of research, one 

of th r esu lts of which was the introduction of olass ifioation. 
A comp lete analysis of a t abl e ooncentrate a nd a flota.tion oonoentrate is given in 

Tabl e 29. The representative lead assa ys of the shi ft samples of other' products in the mill 
are s hown in Table 30. The met allurgioal data of the overall operation are given in Table 
31. The screen analyses of table aod flotation tailings are given in Table 32. 

171 

Table 28.-mrage assay. l ead in m'll f ed. tallings~-.QQncentr tes . £§Loent 

Produot \ Assay. l ead. ~!ce.~n~t __ __ 

I~ 1927 ~ ~~ 1 1930 \1931 1 

Feed .. .... ..... ..... . .. ..... .. .. 13.91 3.92 3.72 3.51 \ 3.551 3.4-3 
Tailing: 

Table .. .. .. .. .. .. .. ..... 1 .40 . 23 .16 .12 .11 .11 
Flota tion ... ... .. ....... .19 . 201 .16 .16 .15 .12 

co~:::~~:~~: · · · · ·· · · · · 1 .33 \ .22

1
.16 .16 \ .

141 .12 

Table .. .. ...... ... ....... " 72.53 174.38 75.3874.53 76.52176.04 
Flotation ..... .. ..... . . 62.14 71.99 170.89 71.80 71.36 69.42 

Combined ... . ... .... ..... 69.09173.54 73.69 73.47 74.30 \72.84 

1 - First five months . 

Table 29.-Complete analYses of table and flotation concentrates 

1_ . _.. AssAY , . M.LQi111- I Ounoes 

Product ---- I~ 1.:..1 Insol. \ Fo I: MgO I_S_ I~ I CO ~ Hi-Co Iper A:on
, 

Table oonoentrate .... .. .. \75.89IO.14 ] 0.3 14.5 \0.8 0. 5 17'0 10.5 1.1 0.12 1.2 
Flo tation oonoentratel73.03 1.11 \ 1.6 3.0 1 .S \ .5 15.9 2.4 1.2 \ .15 1.9 
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Tabl a 30.-R va l ead assays of hi ft samples 

Pr oduot Assay , l ead , 
pe r 0 nt 

Or 
P 

Gravi t y concan trates of A-midd l i ng seo tion .. .... ....... . .... ... .... .. ... ... . 
G avi t y oonoent rates of B-middl lng sect i on .. ........ ..... .. .. ...... ....... ... . 
New fl ot at io n feed ........ ................ .... ... .. ...... .. ... .... ..... ..... . .. .. ..... .. ..... ..... .. 
Fa to r oughers .... ... ........................... .. " ............... .. .......... .. ...... .. ....... . 
o Ilver Sub- A ooncentra t ea (finished fl ota. t ion oonoen t rata ) .. .. 
Dove r Sub-A t a i li ngs ...... .... ......... ... .. ...... ....... ... .......... .. .. ... ........... .. ... ... . . 
Cleaner ooncentra t e ....................... .. ...... ............... " .. .. ....... . , ....... ..... .. .. ... . 
Cleaner tai ling. j .. .... .............. . . " . . . . .. .. .. . " ... . . . . ......... ....... .. ... .. . .. ...... .. .. .. ..... . 

No . 1 rec l eane r conoentrat .. ..... " .......... ,,"" " ...... .. " ......... "" .. " ..... " . 
No . 2 reoleaner concent rate ........................... ... ................ .. ............... . 
Reoleaner tailings (No . 3 r oleane r oonoent ra t e nnd tailing ) 
Reground l ow-grade t able middling : 

Roughe r f e ed .... .. ............ .. .. ...... .. .. .... ......... ... ... ... .... .. ... ..... .. .... ......... . .. 
Rougher t a i l i ng ............ .. .......... ..................... .. .. .. ..... ........... .. ........ .. 
Roughe r ooncentrate .. ................................................... .. .. ... ... . ..... .. 
Cleane r ta11ing .. ........ ... ... ........... ... ............................... ................. .. 1 

Table 3 1 . -Meta1 1urgio~1-£~ t§ 

1996 1927 1928 -,~ 
t reated, tot 1 ......... .. ... .... tons 1, 651 , 776 1 ,642 , 945 1, 523 , 218 1. 577 ) 351 
r 24 our , ave age ...... "" . do . 5 , 022 5 ,301 4 , 929 5 ,177 

Produotion pe r man- shif t.. .... do . 35.34 39 .31 42. 05 5 .87 
11 shifts operated ... .. .. ..... .. ........... . 927 930 927 914 
Time per day .. .... .... ... ........ ....... hours 24 24 24 24 
Pe r iod ... .. ,_ .. , ... .... , .... . .. ..... . .... do . 8 8 8 8 

Concentrate , t otal. .. .. ..... ..... .. ... .. t ons 77 , 713 79 , 840 70 , 905 69 , 942 
Rate per 24 hours , 

a ra e ............ " . .. ... ... ...... do . 

Table , total. .. ............... .. .. ..... .. . do . 
R t per 24 houre , 

ave r ga .. .. .... ..... .. ... .. ..... .. ...... do . 
lotation, ota1 ..... .. ....... .... .... d o . 
Rate per 24 houre , 
averag .. "." ... " .. . " .. " ... ... .. ... do. 

Reoove ry ; 
To tal lea . ..... .. .. " ... " ....... per oent 
By tables . .... .. " .. ... .. ..... . . . do . 
By flotatio n ...... .... ......... ... do . 

Wate r oonsumption : 
Gross .... . '" .. .. ...... ... ... ... .... .... . ... ra t i o 

Net .................... . .............. ... " .... do . 

1 - F ret five mont ha . 

261 .50 257,551 
52 , 518 51, 811 

169 . 96 167 . 13 
2 , 195 28 , 029 

81.64 90 . 42 

91 .70 94. 53 
67 .6 64. 9 
32 .4 35.1 

33 -

229. 46 1 
44 ,'170 

142.94 
26 , 735 

86 .52 

95. 77 
62 . 3 
37 .7 

229 .56 1 
42,82:5 

140 . 55 
27 , 118 

89 . 01 

95 . 91 
61. 2 
38 .8 

12 to 1 
1 t o 1 

57 .3 
71. 1 

2 .21 
2 .35 

73 .2 
27 . 2 
45 .1 

6. 21 
56 .9 
49.6 

4.01 

6. 36 
0 . 39 

69 .6 
4. 42 

".;." 

1930 
1,473 , 801 

5;047 

50 .38 
876 

24 
8 

65 ,609 

~l..:. 
492 , 302 

5 , 76 

69 . 93 
291 
24 

8 

21 ,790 

224 . 70~ 224 . 61 
37;434 11 , 448 

128 . 19 118 .02 
28 , 174 10 , 42 

96.51 106 . 69 

96 .24 96 .64 
57 . 0 52.5 
43 .0 47 . 5 

12 to 1 12 t o 1 

1 to l I to 1 
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Table 32.-Screen analyses of t Able and f l ot ion tail ings , lW.~nt 

I rab!§~ta~il~i~n~lg~ ______________ ~F~lo~t~a~t~i~Q~n~~t~a~i~. l~i~n~~g~ ____ _ 
Size, mesh IW9ight lAssay, lead Dls trib ht lA y , lead lOistribut i on 
_____ \ of lead ___ I_Of : enL 
Plus: 28 3.5 ] 0.15 4.9 

35 1 13.11 .13 15 . 9 I 

48 28.7 ,10 26.8 1\ 

65 42.31 .09 35.4 3.6 0.13 3.9 

100 8.61 ,10 8.0 
150 1 3,0 .10 2.8 

8.0 .09 6 . 0 

12.1 .06 6 . 1 

200 I .51 .29 1. 4 

Minus: ~~: I }~ l 1.70 4 .8 

10.6 . 06 5 . 3 
.07 I 13.3 
z19 _._ 21i.!-L_ 

Total. ...... l loO. o l 0.11 100 . 0 0. 12 I 100 . 0 

LABOR 

The workmen are all American-born and in mos t cas s a re na tives of t distr i ct. The 
labor turnover 19 low. 

A t ota.l of 69 men are employed. A supe intenden t and assis ta.nt s upe r nte ndent a r e 
direotly in oharge of the plant. There are six shif t bo e . one or s hift in the s condary 
crushing plant, and one per shift in tile oono ntrator. Six t y- on men a rB employ d i n opera­
tion and maintenanoe. 

Inoluding the shift bosses , three B-hour s hi ft s of 11 m n pet s hift are mployed in th e 
oonoentrato r , and three s hifts of four men i n t he secondary and roll crushing pla.nts . Two 
shifts of one man Br e operated in the prima r y crushln , and in the flotat i on oo ncent r a t e 
f iltering and d rying plant. In the aas e of the 2-s hlft operation t he s hil t s a s eparated 
by tou r .0 6 . Three men are employed on mp l l D The maint enanoe i s hand l ed by a o rew of 
15 men. The wage soale for the prinoipal cI a es of l abo for 1931 i s given in Table 33. 

COSTS 

The ml11in~ oo::;to 1n units of tons pe r man per 8-hou r hi ft, kilowa tt our's pe r ton 
run-of-m i ne are, and po~nds of reagents pe r ton of f l o t ti on feed a r ivan i n T bl e 34 . 

171 - 34 -

• 

• 



• 

• 

• 
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Type of labo r 

Shift bosses ... .... ....... .. 
Crushe r feeders .... .... .. 
Roll- floo r men .. .. ...... . . 
Sor enmen .. .. ... ... .. ..... .. .. . 
Rod-mil l men . . .......... .. 
Rod-mil l he lpers ... ... .. 
Tabl emen ... .......... .. .... .. . . 
Tabl e helpers ............ .. 
Fl otation men ... .. . ..... .. 
Flotation helpers ..... . 
Fil t er and drye r me n 
Concentr t 10 ders . 
Motor attendant .. .... ... . 
Mai ntenanoe: 

19311 

Wage pe r 
§~hour @ill 

14.70 
3.50 
3. 70 
3.25 
3 .70 
3 . 10 
3 .70 
3 .25 
3 . 90 
3 .10 
3 . 90 
3.50 
3.55 

Fo reman ... ... " ... ... ..... .. 4 .90 
ach n ts ...... ... ... .. 3. 30 to 4. 50 

Machinists ' he l per 3 . 15 
Mill r epairmen ........ 4.10 to 4. 30 

1 - Fir t five months . 

- 35 -

I.e.S6se . 
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Table 34.-Summa ry of cos ts in units of labor. power . and f~_tion reagen.,a 

Dry orushing .. .... .... ......... .... , .. , .. ... .... " ... ..... ..... ... ...... ... . . 

Per man per 8-hour 
, __ ~sz.:h:.:.:i:o..:f ...... t I, tons 

340 
Wet grinding ......... .... ... .... ..... .. ... .. .. .... , .... ...... ....... ... ..... . . 567 

Table conoentration ........ ..... .... ...... ..... .. .......... ... ..... .. 
Flota tion .. .................... .. ....... ......... .. ... .. .. .. ... .. ,., ..... .. . . 

Labor Sampling .... , ............... .... .... .. .. ... ... .. .......... . , .. .... .. ........... . 
C~noentrate filtering. drying. and loadin~ .. . 
Supe rin tendenoe .. , .. .... ... ..... ... .... .. .. .... .. .. .. .... ........ .... ... . 
Maintenanoe .......... .. .... .. .. .. .......... ............ .. ...... .. .. ... ... .. 
Ove rail. , ...... ...... ... ....... .... .. ........ .. " .... .. .... ... .... .. .. ... . , ... .. 

Per tQn o! [yn-Q,-m!n~ 
1930 1931 1 

Dry orushing ........ ... .. . 3.4 3.4 

Wet grinding ... .. , .. .... .. 4.2 4.0 
Table ooncentration 1.6 1.7 
Flotation ... .... ... .... .... .. 4.6 4.6 

Power Slime disposal ... .. ..... .4 .4 

Conoentrate loading .2 .1 
Water supply .. ... .. .. ... .. 2.7 2.0 
Tailing disposal ...... .~ . 5 

Total ... ,., ..... .. .. ... 18.0 16.7 

Cres ylio aoid .... .... ... ..... .... ... .. ..... .. , .. ............ .. ..... ,. .. .. . 
or 

Pine oil ....... ... .. .... ...... .. ... ... ... ... .. .. .. .... .. . ,., ..... ..... ....... . .. 
Reagents 

Potassium x-anthate ...... .......... ... .. ... .. .... ... .... .... ....... .. .. 
and 

Sodium oyanide .... ..... .......... .. .... .. ..... .... ... , ................... . 

1 - First five months. 1931. 

- 36 -

567 

850 
1.700 
1.700 
1.020 

283 
70 

Qrs. kilow~tt-hours 

~1rd[1by~iQn of powg, r 

l~~Q 1931 1_ 

18.9 20.4 

23.3 24.0 
8.9 10.2 

26.6 27.5 
2.2 2.3 
1.1 .6 

15.0 12.0 
§.Q 3.L 

100.0 100.0 

Per ton of flotation 
fe~dl gounds 

l~~Q 1~311_ 

0.185 0.20 

.053 . 06 

.079 .083 

.036 .04 

• 


