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A& SCOLICEGONURIC BTULY OF COPPER LEACHING A¥ HARTA RITA
by L. Viet Howard

ABETLEE

The recovery of copper by leaching of the wuste dumps
of the Chino Nivses Division, RKennecott Copper Corporation,
Sante Rite end Hurley, Hew Mexico, is described. Luge
gestions for jmprovsments are made. |

Agpumptions on which the present operation is based are
examined, Poseible impravamcnna in the assumptions ere
suggested; and sreas of needed ressarch are indlcated.:

A plan of opuration bused on shifting ewphssls from
pilling to precipitation recovery of <¢opper s described,
The cost gaving associated with such & nodified plan of
cperation 1s estimated.

Probable socloecononlc trends requiring an eventual
shift to copper recovaery biased wholly on precipitation
methods are descrlived. Yhe probable long-renge techw

nieel development of recovery nathods is suggestad.
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THRODUOTICN

This paper presents the rosults ol a socloeeoionic
study of lesching of copper from dunps st the Chino ilngs
Bivision, Kenneeott Gopper Corporstlon, Sonta dita and
Hurley, Grant County, & Hew Mexico. The study wag gonducted
in pertlol fulfilleent of the regulrengnts for the degres
of Master of Sclence in Geology &t the Hew Mexico Insti-
tute of Hiolng and Technology, Socorero, Hew kpxlco,

"The Ching min& i at Senta Hits, in the Central kining
fres of Grant County, Hew Hexico; the congentrator und
smelter are ab Hurley, appresimately ¥ wiles from the mlne.™
(Hnrdwiolk, 1958, page 1) The accospanyling wap, fron Herd-
wick (195¢), shows the relative legstlons of the uine,
gusp, preeipitation plant, sdll, snd suelter.

“The Ching Fiuvs Divisioen of Kennecott Gopper Corpora=
tion 1s & completely integrated wnlt. Copper ore is wiowd,
goneentrated, oand amelted, Flre-relined aopper 1o produted
and sold on the market. Volyhdenum is recoversd as & bypro-

duct end godd” (Herdwick, 1958, page 1),
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Fobtarn o an ook of aneeg (Miokami, 1933 .e Colsnel

cang dbd Bob Attt W oweek the prepuety {Joucs, I,&j.;ﬁ,}
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it Antarested Don Nuowed Prassloes Dleues®, & ssrghint of

Ghibhasabassy Las d0s bosbseos possibilivies (Jouss, 1904}

By b dubdelopite o the Speclab ouort, oebtalned &

gungbbaien W worh Whe deptalt snd B onabriet o oupply
popaer fov golbogs W0 they goversment ol dew Spsda {Uponcse
srd Podeo, 1935 In 304 bo m*wm:smz Gapresspots lntarent
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Jones [1004) stetes thet "Luwe FPattle brothers® leased

thae mine *for a mwbor of years, peylog 51000 per snnun®

{page 3715 ond thet 4n JE2V the «ldor Lyother atiovoted to
parehase the pioe bat wes folled Wy & swindla, Atelher vepe
Bhun shaten Lhab Ltwo teappers, Sylvester Pottie snd his son
Janens ook over cpurdtion of the mines fa 825,  CLydvestor
Pavtle gpereted tho ndoos with pome sucoasy ond wee on tho
vinegs of buybog Gha proporty whien & Lrusted wmwm shaoorile
ot with 30,000 of his working capital. Basloupt, Pettds
Lult in disgues (fds Io Shina).

donag (A004) plves vob seothor versisn. He states
thiy dn L08R Sonors slgues sold the pined. Howeyur, the
Parliboer wes exilod dn 10805 wnd the propurty phessd futo
Lo hunds of dobert Holindght.

In sy svens Bobewt Nololghe gained ownership of the
wines do LURG; ond worked the mines untdd J634% (Jones,liu),
when Indion bostility Lorced thelr i&mnmmwzat. fhdokard,
1932k In L0 leoneado Slaquedro took sontyel and woorbod
the pdnes witdl the late 1050%s.  (Rieksrd, Y932}, In 1860
the property was hoeld by Dwest snd LaGoety {Gpencer and Falgs,
4938 Conledirate tooope wdor Ghoeral Sibley lnveded the
aven In J06d, destroyed the doe works, and sonfissated &

lovpe awvont o8 soppey (Spandaer sod Felpe, 19350, Afber the

War Jwout S LAVOshe Rwopenod e sdnen and eontinusd Gpe
arabion until L8P, whon Msizetien wog Iadtiatod by the

il v S S A .

o Thia cebo o slso glves ae 2938 ibde To Chivo)




Blrues hedrs who clalmned the yrawaty‘mnﬁar the terna of
the old Spanish graont (Blekerd, I934), In 187) title was
repted in the Blgues baders by the Coadssioper of Fatente and
the Sewrstory of the Interdor. {Rlehkard, WIR), batthew

i M&yﬁam,_m gl o foom Golerads, ebtaloed title frow
vhe helrs] snd loostad snd y@tﬁmtwa the wines under Adwelle
con Yaw (Bpenoer and Palpe, 1933).

Huyes hold the property vntil LE80, when 1% was pur«
éhﬁﬁ%d by J, Perker Whitney (Rickard, 193i), Umder wWhitney's
ownership the property wes developed and worked by lssuoees
(Bpencer and Palge, 1935). The Hesrst edtele lebped the
propersy during AEUP-1E99 to provide sulphlde res Jor the
goslter et Bilver City (Uraven, M0}, Yhe Jants Rite
\Mining_uamm&&y, gonteeliled %y‘ah&-ﬁm&l&ummuwd Qoppar Goke
ﬁ%ﬁy% {hiokasd, 1932), ﬁﬂzﬁmdﬁW% ﬁha prugmrti ia L
{Graton, 1930}, In nn@m ywar tha & &m%a Hita branch of
wha Silver Cluy snd uwytmaym Rad 4&% 4% was bullt into the
srus (Spencer and Felge, 1935,

- hn @mamin%niwn ol tha peoparvy W&ﬁvmddm by the Sants
iy ﬁin&wg Company dn 2906, The &nywdwfﬁr bodles of high

geide ere weke nob diecovered éﬁﬁanﬁav and Faige, 1935),

Lok {Miakard,‘XQBH}. The Chine Copper ﬁ@mpany, apsouiated

' Hu ;‘mﬁ'& w&l}’&}d hzk‘tln B »W‘v’t‘fki} {.Mii.u A}ﬂ L’h%ﬂéﬁ)
w oW the lusoonds Lo ¥ {niekind, 32

Um now peart of the Sbchinson, Topeki, sy Donte Fo Hind Lwy
ooy {Sponoes and Fualpa, 1535}




with the Sugpenbeis fnterosts,; pursusd & vigoroeuws progran
of churn driliing, sud in 1910 begsn shipping operitlons
froz the first enan pit wining of the deposit. The compuny
bullt & 5,000 t.p.d. sl st HBurley, oine wiles eouth of
Lhe dapoaly by rudd, which wao eospletsd in 1$11 {(Spenger
and Palre, 19353,

Tro 342, hine Coppar Coupsny eeld oll its sagets Lo
Hey Conselidated Copper Cempany (Flles, fRBMUR); and whis
gonpsay wos in turn ehsorbed by vhe Wovads Gonsolidated
Coppor Company in 1924 {Andorson, 1957). By 1926 produs-
pion had Leon expinded to 11,000 tens of ors par day {(Fllews,
EVBMERY,  In 1933 she Eewnceott Sepper Corporetion asquds-
&d the aspets of the Hevads Consslidated Copper Loupny;
Cand oatablished 3% as 4 wholly-ewned subsidiesy, the heve
sin Conpelidated Uopper Corperatlon. (%nﬁﬁruﬁn} 1957}

Vi bonba BltaeBurdey eesplex wis eatabllsied as the hlng
wines Ddvision dn that yebr.

Yhe operations ot Saota Alta wore suspended Lrois Delo-
berr, 193G ve Jeanusry, 1937, das 30 adverss warket conditiong.
fusing 1937 o molyvbdemis recovery eleeult was sddad to the
wdl)l Bt Hariey. On Hay 3, 3939, & nuw snelter st Hurley
wig fived For the Cirst tioe) end concsatvetor capscity wad
incressed o 20,000 thp.d. (lnerade Yourbowk). The logtols
raticn o & ?itw&&&w gkip snd oluer modurnization of sige
ing epecations vithin the last thres yuurs dnsuve dantp
Bitu's poaitdon as Hew bexieo’s grastest single sinersl ra=

BOWCE Gperation,




e welter sstipatows, on the busis of Ansouplete proe
duation cats, thet total produestion theough Peoenbes 3%,
3 Gt +

1062 pmounts L0 6t Leaut h, UU0, D0, 000 pewdg of GOy
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as will ne censldersile soounts of gold, allver snu melybe
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Chagter XX
CIWTEG, RMYLLING, AND S9RLYIHG GRLRATICHS

”“hita‘a mine 15 an cpen pit which oovers s erva of
roughly one gsguire pdle et whe periseter. Feon thie uppele
past puotion of uncoversd e the it deaps to & depih G
peardy 1,000 feet® (This Ja Chingd.

he sides of the pit degeand stepwlee in & avri&mlﬁf
benohos about 50 fest hkth Tha wuper owledy ol wach
eneh foreg ah Lnwerd and dwwnwa?& wpir&¢, woves Lhoew 5U
Wilﬂ@ of @tﬂmﬁmrd souge relirecd ool gl T ade sre dctated

on the splealdy. |

Elogtoie~ oF dlens l«hun~rwm ﬁuw;n dad kl&'p&% down Jl-inch
Loles 55 te £ faet dewp along the sdge ol tha bengh.  The
holog &oe loadad wmma “V*maiMJ u&@r&»w~fuhl cdd explasive,
snd the moterdsl do blested ¢‘WM.ha» banah, 4 sdmulie
vad channel pungle Lo Gelub RErose thy pdlo of broken
roterdal; smd 1t 13 dealgsetsd s will oy o dusp sbure
La) on the basis of thw sspeys of the susples.

Fluctrig=jwaiad 5 m@hsﬁ f&Yd shovels lead the byroken
caterds) divectly into dailrosd enrs. %ﬂmi@ ts ioaded e
to J0-yard abrecperaled side-dusp é&ra; ulaa@:iw isonnge
tives pull the ctws Lo Shy dunp where thﬁ muterdsd is
dfgcherpad,  Oeg bs leadsd fnte Komyard gondels sers thet
wig Gidien hy‘ﬁik ety dpctastives e o getharlng yord L0
W wanle wp inte teadng. Ore wud wegls fpoin the lower levals
st Yesded lote %-tomn rour-dusg teucke for dolivery t0

foud bine for the plt-side skip. The meteris) lo holeted
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Yoo sresent Ore wdolbe waoselvy e 2,000 vonn ey
day,  About &0,000 Lo 45,000 woug of wagte sra sont W
the disy saoh day. |
APter bhe treios of ore dars are nede up in the guthe
sring verd, they tre gent te the will et Hurley, vis tho
atehdnaon, Toveks, sod Sants Fe Ballwar. Right Uralnw of
phout 54 cers osch sie peat Lo Hupley sush day.
The Flow sheot of the rdl) e shown on the Sellowing
sapn (Haedulol, fi‘iséj‘fn L
b orectvery of shoub 0 percunt la reported for the nilld.
the Pinel congentiate carries pbowt AU peresct sepper.  The
padybdenus eonewItrats, peekeged Qo sale suvalde tha G-
sandnbtien, asrries appreslictely Y0 pertent pelybdonite
(vt )
Bopper concentyate Sroo the edld de wdiad wivh couond
wpper dionherged Dron o rotury dryers argd the pdnture,

plunelsd with gultulls ey ﬁ.z*‘*m} » iu chirzed directly

DU
Lo & Onburel gas-lkeed peverbeestory Duepsve,  Mapte” lo
isppad Dok Soe 0F Ghe qu Paverboerotoricg an nueded fop
olusegn Lo ong of bises oonyorbor g o Afher LR Lo 14 hours
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Yo B opolton slatuwes of ook, copper, &nd sulpbar




WO ey B P
Mindng Durn

wng,  slhor refindog,

PoL O L —— " P, W e e g b
ghtitue wod ghlpped Do s

fu g o
wetlog.




11

Xa N ‘A3|InY “Joloyuaauo] o jeaysmor ] I

HIL3INS

AN3IWAIH -

wt%mo&»%O! JMI v 8v — 0L S3IVHINIONCI ¥3IddOD
3os

€'ON 3AVYHY

— QINIVIO3Y
NOILYLOT4 QI R
834407 | i

ONIHSNHD AHYWIHd

NO{1v3i4ISSYD
NV ONIGNIHO |



ROMIFRGT BEY POl KILL PLOMSHuST

1. Hine ger, potbey duaper
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Chapter II1Y
HIGTORY OF LEaGUTuG AT B4ANTE RIYA

ﬁﬁfiﬁﬁ the s0rly operatlon of the Junta Bits open pit
wing beight gesius of setsllic Copper were noticed where
pine watarn hed comg An contsct with metellice dron prosent
in the plt, It wus aloo observed bhat welers dissharzed
by a spring benesth the large waste dusp showsd a ﬁ%&y
blue color. Artﬁw‘danﬁrmining thut the blue coler of the
wotor was cuused by coppar in aéluﬁian, Gnd thet metollie
COppEr Wus produced by the reaction of the soluticus with
wetadlle dron, it waﬁ decdded ﬁu\&ﬁtﬁmﬁﬁ to ré@év@r tha

| copper dissolved in the watars rlﬂwing £roi beneath the

drange

Aecerdingly, in‘1924, plumple léuﬁﬁéa‘mﬂﬁe of wooy
were @v&ﬁiad on the sides of Sante Nite Craek below the -
dusp,  The water frow the sgring benesth the dump was lod
into the laundars. ﬁérmp iron r@wulting fr&m'tha wmindng
opwratlion was ploced in the 1&uﬁd&r. The aquetue copper
solution reacted with the wetallie iron, soen forulng &

couting of actoilic copper on the surfuce of the BLIBD .

Bhen the pleses of serap wore completely coversd with mee

tallia'&uﬁpmr_thay wara‘m@vad about to Jar the copper off
aﬁd prosent & clean awelecs of irﬁm to the setion of the

wabor. When auffiuiamt aépy&r 9rwcip££&uﬁa husad ¢$ll@$#ﬂd
in the l&uﬁdarﬁ, the water wan diverted froe the 1mau&ars

ardd Lhe cement eoppor wes renoved by hend shovel, Aftep

v g,

LIBRARY

N.M LT,
SOCORRO

S sttt i s i

s ML M,
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deying, the procipitates wore pagked in old genent aucks
and stored wntil @ carload Wag seowsulotad, when thiy
were shipped o the 5l Faso gnlber,

Purdog this early peried of vewent copper proguction,
An bttampt was made to Luprove SGppor recevery by lengtis
ening the launders, 4 lapger yaruian ef the copper in
#olution was recovered dus to the edditionsl ivon surface
avallably for resotion. PFurther efficloncice wers introw
duead bty the qonstruction of & parallel gt of laundurs.
Thue while one launder wes betng cluaned of its; copper
provipitete content, the watar was diverted to the parslilel
leunder whory soppar contioued Lo be regoversd,

Burdsg whe sarly period of produstion the operation
dopended on the natura) low of water foon bhe dwsn.,  In
1936, the firsy Artificlal additions of Water o the dunp
WOLI'G Bade. Pit desfoage and surlace run=-off wiater wos
punped to bhe wagte dusp L0 incresse moduetien. This
Gperation showst thet wine dralnege wnbes couldy L viged
suecesoelully to otebllize or iboresss the weter supnly, . ﬁ
In 1939, At wae dectided Lo ube the Gorth Pit ap & sLOrage lf
bagln for rueoflf wetep fropm Sants Bite Creek, The avoile
abllity of this end sdditionsl water fron pit drednuge
sepidd Ungurground mindng toarutions 4n the viainity wirpante
ed construction of additional Cepper recevery facllitiss,

Puring 1939 & sodern Precipdtation plunt waa budle,

The plant vonulisted of twe unlte of six collg enely ainiler
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to ene in Operation wt the Hay bineg D.tvlaion, Eennecoty
Copper carpnmmmn, Hay, Arigona, The PIent had » Cafiim
ety of 1,000 gallons pog Linute, Afger the plant wag

Placed in operation £t wag roslised that the quantity op

It won therefore deolded to PUBD tadling water oo the
Precipitation plant baek to the &ump. thug lloving Mow
Yo be bullt up g woaxkea plung Sapacity.

The firge Ladldng wavar Was puaped to Lthe dunp in
Cotober 193y, imticipated difficultivs 1y the vse ofp
telling waep dld not Baterialice, and experinents) ava
Ldence of the doplrabllity of tuiling Wator ag & leuch
solution wag confirmed, Yhe resulting sffluent 8slution
Was found to centaln lagpey duounts of eopper.s It wae
doclded therefore o UWilise nore talling watep in the
deuaching OPeration in awier 1o build up & Areater rlow of
Wator. The wdditiongl leach solution flow bermittod the
Conatruation of 4 third aix cell unlt ot the Plant, Yhig
addition, Sompleted in dane 1941, incresged the plant gue
meelty to 1560 g8llons per ainute,

In 1947 mine Hater vae obtainegd from the Groung Hog
Hine of the inericun Suelting ung Rw.!‘inmg Uoupany, Tha
new plunt flow bitde avadlable by the dquisition Porndtted
the addition of 4 fourth unit in January 1644, This now
emrmtmcuian, Goupled with kodilication op the exloting
unitg, brought tota) plant Chpacity o dppraxisately &, 600
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gellong por Eheutle,  Addivionel sequlelitlions of water
Peraitted the senstruetion of o Fifeh widt, which wan
placed dn operatlon in Ney .’w{‘iu Plamg CapLeIty AL thas
tite wup Rpproxioat gly 2300 pallung par pinute,

Binge 1950 the scquisition of $ditionid water fop
levohing ang the moddfication of the ::xx*&aigﬁmmmi Gafam
erstion hag exbendad the plant capooity e sbout 7, 500
Ehilons por pinute, | Lo 3955 & now ;:magiingg instelletion
Wil bullt at the piant sity, e é&-l-ﬂi?ﬁii‘l&’; the hendling
of greoatap auEntiticy of wuter z;m the Fusping of loagh
solutione t6 higher Gup levely,

At this tine the wperation ig %ming; sd atadned a%

8 chpoolty of 7,300 pellons pow mzzmw. Reseoreh i& roge
Bably undorway to develop leproved techndgiues 68 recdve
@y of copnor o seppar-bosring wators, Prelindnary
plinning lesding to the dwwﬂ&w&m ¢f & new and Luprove
ol oparation hoy Fecantly beon initfetod (1963).

The seursen of the precading disousslon are papera by
Fobare. W.H, Ooudrioh® snd 1F. Jerrse®, weitpen while
| CHEY wore Staff nesbers of the Ghiine Nires Livision of
tlie Konnoegott Gappes Corporation; mnd conversations with
Hostrn, 1o, Nontgouery and G4, Ven Bughlek, who currente
1y sro sssociateg With the lsaching operation at Santa

P formerly Ounepal Monsoor of Ohine Floes Divi slon;

b, Prugently Goneml Smuger, Roy Bines Mvision s Eidiige
wOtE Joppap berpeatatd o, by, Ardsona,
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PRgsuy QELRATION

The wasty duasp®™, thy laweddnbe gowrey of tie copngp
PROGVEred in the leacking eparatdon, e desdived from the
“pen pit windng operabion.  The dump Ly aam@uaﬁd G st
ortal stripped frow the wee body Lo expess 16 fop mdndng,
aad of inmﬁruda ﬁr-minmrﬁlwgiaa}lymuufﬁvvrah&a portions
of the ory body dtealf. Metorial thet GRnnet ba'edanaw
mleally trested at the Flotation wil) e liurdey ie dige
carded by budng ploced on the wasts bty éiﬁh&ugh neL
'ore! in terus of the Plotagien PécovEry of coppar, thesw
'waste' naturiale e CEALBLN ere 1608 eopper.  The
developient of the besendng precsss hog whide A4 possiblo

Lo recover thang Ginall out Yaduabl g BnLurts of motal,

Forsstion of the D

Huterdsd destinod {for the dwip 4o renoveq Lrorn the
YU vie the bew pit-pive BaLp o1 vin train benloge,  Fatw
erdel renoved from the PAt by skip hﬂ&ﬁﬁibﬁ Lo lobded |
inte 30wyard pldewidungy @ara Lihg Lhéuw wsed i train

hewlage.,  Standerg gange alectrdfied waote tralne, oonposed
ALt v W o . o o

“ Thy operation Lo be dosoribod here la chrmonly rofore
rod Lo in the ditsrature 4% hwap or pile &%ﬁﬁhi&ﬁ'{&iﬁd&ll,
Laub) . Lowever, heap op pile leaching Luplieg construge
ton of the plles Bpavifically fop lexching purposen,
The dusp st Sante Hite wie oripineldly, andg s still pri-
wardly, senstructod for tha Ulaposul of waots patardoal .
Thoralors, ba hwoping with verrent usage et Sauta Bita,
the denotationg Thwap® sd  dug deacddog' will e
wigd theoughout this popar.,
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of sl o blght cerg ond why loscrotlve, g the ppte
erdal ﬁiﬁﬁg U sdge of the Laamilks RUrrently belng cope
Blrusted, Robbaretirad imkﬁﬁammw&gw; kgep the mterdal
pustiud OYer the edge ang seintadn o eloap dunp bros fop
the tredng, Al the duep Ml lde outueed e teaek 1
Bovad o the wige by nwahesd moc track BOVGLD . |

The Qup btchon apy Budlt up dn FULoot leyers, oy
the sodorial SRS Gvep Lhuy sloe, the Lerger nesses Land
Lo roll op Beryy Lorther dow the slde of the WD Thus
& rough stratifivation elnller 60 praded budddng tondg
e be produced, ihiin Coddligy woy by ehvervad on the pidus
oL the Gwps,

Applivition of Wnter Lo Trasg

The purposs of Vhe wator applteation syatet 1 Lo
Faku WNber avallable Zor the lesgbing eng roeUVery of
upper from the P, AL Flrst wator wig dlutedibuted 'zf;;s
Spraying: later, by Pding.  Yhe PIvgsing g SRy hoges
Sk plpes iy praelpltetion of Lren 4818 Lrom VR Gie
bES ) adding sater oreatod fueh prold s thu ;fwmmw;
Wil daveloped up an Blteruate gthod o ﬁzg;ﬁg,siammmm Level
pon s BEprOsIRELe Ly 50y Pevt sounrs Waitt At on th
mégé‘mﬁ DRrTase off vhe Gusip L,» Wdldosess, Thy YOLEP tme
LI Lo stand Ln the ponda wnedl Lt souhed into e
immgz:; e applicstien op VRLOD WaS Rosonpaat gl WY paee

elpitation ol dron polty Poridnbadnange CONBIOLGY OF frm
s

Breal of 3:«*;‘:"‘%&“:;{;?;41'@:;@%;&4;15 Sadte s g AL iﬂﬁ;‘; L. lwgawm Ll
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purlucs o0 Be Yo porall Walel 50, gnlex Vi dunp.

The proesont technioue of Gpplledt lon upws the ‘&iﬂfw
doulty’ with sucfooe plugelin to poci advendage. The
preclpitation of fron solts fron bﬁa Lalling woter la
uosd wp o control techinigue. Frogreselve comenting of
the swrfues by procinitates ciuses bhn podng Of water
punebretion Lo Love GBULeEn the ﬁuﬁfuuu} nhua, doaah watopr
36 evontus Aly sluced dn cobbbot whth &ll of the dump.

Telllng weter {rowm the yrwmiwitmﬂi&n phdnt Lo pusped
b Lha ﬁumw;bmﬁa R3S RE VI aovoss vhe purfscs Ao %wm*w,
Reeh Wrenelte pipe.  The waber 4 then sdschurged lute o
greton of dlotrlivtion Lranciog, ﬁha el dbutlon pye-
Lo sonsiste of & Gadn teuoeh wirh' porlan of pecondary

tegnohes branchlop swny ot uunwmﬁia .@ﬂrl@@g Tho leach
witur Loltdelly piohs fote the dump yabhey qudekly; bt
, B8 the fion salis ﬁr¢¢$»mvuﬁw G %ﬂwwﬂﬁ Lho surlide tha
water 48 foraed to flkW‘fnf”%ﬁW.“ AV iwmwarut&nw EA TS
wisepe  Yha polot of numedmkimm el the ﬁwiutimﬁ.ﬁrm&u&lly
Boves dovmnbress aleng weeh teenche 4 aubll oo diw»rna
the water fMep Lhe wedn tronch fote wach mf %hw ﬂuauiuimry
trauolisg,  ¥hon 6 wdu&ﬁdL%Vf tranel fo cwplétely sealud
by propdpitatos of iven, it 46 Dl@un&ﬁ ﬁﬁi auw the %mﬁﬁﬁ
'ia divertu! dnto ansthor t;widh. ’

The ¢itehus ee brenchog ag aonatrueted by wse of a

Fubberetlred dosder-goader,  The grader opepator Luye

?ﬂ-muwwm#hm*
- L R owome wed o g Y
= sl BLUCLERBY AN sbhotul
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cut the puttarn of trencheg by oye, and then gredes the
praten.  Yhe trenches ave the width of the pgrader blade,
with walls or wldes alx inches Yo one sid one held Deod
high, aAfter o m‘v:{m%;ﬁ m’zﬁ,m Asd been eonpletely plugped
by procipltoeted Ioon aolte, the woter 18 dlvertod Lo
anothaer gyetar of tronehes. The coemanted dusy surfaoy l.
Lo ripped %o bresk the fron sslt geal, the tronohos g
radod, amd the dusp o prephied for & new cyale of water
v&@@iﬁ&ﬂ@iﬁﬂu
e toekolave reomives s osdoful ssount of attention

sl %ﬁiu%uif ined, and Pegulres JAStLe preparation of the
Gusng paefeon for lesehing,

T0 effoct woonpnies iv w;-':-m?féé‘ié%n, “‘-W‘i;rﬁeii;n i r:va,m.uama‘s
kv besn i wam.m in m,a. s:*w-h%yim, of Wmmiw ploe on
the dung tuefses. Wien pipe ia w z;m voken up, 6o Bt
in nade to whz s¢ the Tronsite wl,},ema aod mh‘{;mv Suuls
Lhat w m@: 1inloot iam;ut:u i:;rf' M;m Iv heg benn f;m.m
mwuw w Yresk the old collies and une new mw;a when
vosloyiog plpe, retber then Lake Lhe mmé snd effort mw&w

w*ruf te rucevel succepkiully the old wl“ai?..;sa;vm Thiig & pabe

yla

Colluastden of Lrfusst Selusion
Aftey pussing theouph the dusp and becopdng eoriched
In dismolved copper, the Joach wabler 18 re-caphovud vy Bt

loction bebind tue dens olong, Senta Rits Creok. Mister




eodd eet o ﬂﬂha?i the Bisher dﬁﬁ¢j$ftur watarlng ond Date
wding, g grovity-Lod &iwwat&?‘gm‘$r¢aipit$;iam amlléi
That amlimétwa Rehind the lmwmr.mﬂm‘ia dlrected throug h |
phian and laveders L0 the mang hevsa, & web el ang %ﬂﬁ %mﬂ«
Phdsy 3 =¢Mm1m1 Yo potebdiohaed wﬁ ihm livngors just ﬁﬁ&&d
of thelr Jlschorge inte Lhe feed pxmﬂ du%pyi Fhve auuhﬁﬁ.
zdmﬁwg.ﬁ.m;-fﬂaﬂ PUHLE dpiw gupper-rieh solutdon fron g
thig sump ang fores 3t thoo uphs LAve 10-insh glaatia—iinwd

gneud plpvﬁ seross Sante ﬁima {ef ak& 1o the yrua;yith&ian

umil&w

zracﬁwitutimn vl doppar )

Thw cmw“u“«uanrit wutur &ftwr baduy iumpwm HUPGEH
deanta Bitae urmv;, iy dmaawtwa into CORCEEte wrwﬁiwltﬁtiﬂﬂ
cells.  Here the wwxunium i allawwa YO reaut with m#ta$~
iie dron, tebiog the dron inte golution and nrwaipitwtinv‘(é
watallic #ﬁypw?ﬁ.' Alvor tuw capp@r liss beun resoved from
Lhe ﬁuim%i@b, Whig waber fa ruauwﬂﬁu tuvuugh [ awnﬁrﬁu&

Launder wedvss Hante uitm w;mw& tu bhe pup LMH%M no b
Pridusrgrad Qm&& L uumy 80 Liwt a uww Junchdng eycle m&y
Legln.

A& pravdpivetion pell, shown In the scgcupunyling dlu-~
Srais, 1a,u§umnru¢twdjwf munarwt@«i gaeh cwll Lo LU Pest
lorg, & fmﬁﬁ whida, @n¢,5 fant aﬁmﬁ. The cel) ia uﬂubldﬁ
In the sdddile B0 Lhét Lhe weater nust aabe a 1507 turn
a:”ZQILSQEf'ugzxﬁu uahunt kﬁp?hri Tha pecovery of ceppor

Levin wolubdon by prenisdtation on wetellie dron is
Glften Galled 'uwm&ﬁbw%iﬁn‘
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midwey through the cell, Frotruding shoulders 12 to 18
inchens sbove the fleor of the cell support wooden wats or
grids with square opendngs 5/82 of an ineh on & gide, The
bottom ol each holi-cell Ls divided fntoe twoe slopes, esach
leading to & slmple plug velve. The valves from the upper
hulf-call permlé the water Lo flow Lo the lower one-hsll;
thoge frou the lower one-holf lead to settling ponds. The
entrange id exdt ﬂrvumnh‘aﬂlivuv¢ Fistoed with potes, w0
thot water nay be diverted whon necessary, Weter is ot
to and from the ¢olls by conorete lounders. The top of
the concrete work 4s fitted with A% % 12" tinbers o PEom
tect the cells frow reablisgs durdng charging with tin cans.
The construction of the cells is deglpned 8o that the wa-
tur flows ddwn & 5 percent prade, o

After s cedl 1o rewdled for use, it ls charged with
burned snd orushed tin cans by 3 orans fitted with an
elestronagnet, Copper-rich sovlution is then dirvected
into the cell and the praciplation of sopper is allowed
Lo procuad.  Alter wogt of the cens in o cherge sre oone
putied , the water fa diverted from the cell and it is
wighod to recover the metallic copper.

The coppor is ¢ften encrustsd ¢n the ressining tin cans
In whe geldl, and wust be weshed Sros thenm with wabser utder
high pregsure. . After the water has been diverted from the
oall, the pluw valves are upwuad,“aﬁd the copper pregipi-

tates are waohoed lnto diylng celle. The waesh water,
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supplied at 200 pes.de by two 73 hep. pusps, csrrdes the
ﬁﬁﬂp@r ferom the cans thw&mah‘%&&‘ﬁ@wdam wats end out
l;thraughftk@ wagh Liness served by;ﬁhﬁ piog walves. Aftar
washing , th# axﬁran@ﬁaﬁ‘m&ﬁahiéxﬁyr@aﬁﬁm in the tin can

- charge, such aa plaﬁtiafénd glﬁﬁ#. 18 rawmoved fros the
cedl; and wats in ?@ér ﬁwm&itimﬁ;mra replaceds  After row
ahmrﬁing th&\aﬂli wﬁtﬁ ﬁmm&,\u&ﬁér la allowsd to siter
angd mh@-prﬂ@aaavﬁflpéﬁaxpzﬁﬁﬁiéﬂfia repeated,

Ihe pregent operationsl yi&ai&&rwamw the water theough
four eella in noread flow®; ﬁhﬂafﬁh& water flowe 30 Lot
in eontact withftha &f&&i?iﬁ&ﬁiﬂﬁ‘&ﬁ&ﬁts The racovery
;n&a averaged about BY percaat rﬁr'ﬁh@ last year., o pare
loda of lower watepr fl%w~&ﬁﬂ‘ﬁﬁﬁﬂ¥%#? hag besn & bilgh os
99 pereent, bt flow In exeesos of roated capecity socounts
for the prassnt lower aifficlency. _ J

Afber the copper la w&ﬁﬁ&&‘frwm‘bh@ galle to the w&téy“
tling tanks, the extess vosh water iz decanted and fed to
the talling water lounder. 4 grene £itted w&mh m‘ﬁ§axnf~”
lasa stasl classhell rveooves the ooppar to ﬁryiﬁa_ﬁm&m;3‘
wh@rmriu\ié'ailaﬁﬁd Lo dirain,  Bhen the w&umr ¢dmteéﬁ{ha&‘
besn redueed Lo shout 25 perosnt mn&‘émwyﬁv i#vléﬁﬂad into
gondola cars by the clusubell and 18 sent to the sumedter |
at Hurley, o |

AR B unite of this type ere Lo uae, In sddition, one
shumueld wnit L6 now in opecetion. S
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heolrouiation of Tudling Woler

Tatling wataer from the celld g ddrected thrvwph &
concrete lausdeyr aorosy Sonts Bita Greek. After & tedl
gomnle has beun taben, the water lo directed lyto & latge
gettling tank sdjecent to the pusp beouse. The overfiow
from this tenk poss to the tedling sump, Ten high-Lift
'pumﬁaﬁ rated &% LU0 z.pte denw wetor fron the suad snd
fores 1t therouph li-ingh plagtic-lined steel prospurs
pipe, or l0-ineh Trangite pressuce ﬁipa, to the tog of
the dusp,. The ten talling return 3&n&a digcherge into

Pransite ploe which 16 uges o dlatributo the water on

tha dwap surlaos. 1?&,:
i mm—';y.
o ‘ ]
Vahaelp datay n ‘

Yosses duw v gvaporatdion and ether redsons Luquies
the gddition of watesr ob verious tinos, This wabke-sup
watar @W&ﬂﬂﬁtiﬁ io obbalowd Lo thpew suulecd.

Mine waber puspod fros Aserionn Smelilng and Relin-
ingts Ster ahaft, adjacent $0 tha precipitaticn plant,

io sdded te talllog water for clroulation Lo the dusp be g
reguired. Pt dralnegs Lrow the Jouth Pit, pusped div- ;

getly Lo Lhe woesbe dungp, dnounts Lo continuous addition
%WMhWH‘WNMM
Y Hiatwibuﬁmﬁ Y.} 1ul&uwa;
Slw & fru Balte 1%“5-;»’ b gate) A k&%ﬂ‘u; 300 Belredae vorbioad wotor
T 2k n.y.,mﬁm fout hopd, lu@w Eefretie vertioal motor
9 P J00 Ly b Q{JUU Fout iﬂu%\.@@ ERV W Foajtaiiie hoslaoatsd sotor
= pleteilubed as follows)
dix Ao-lnoh plastic~dined stosd llnes
Four luwinah Transite lises (0o he reploced by three
To=ivioh plastde-dinsd atovl ITinog)



28

to flow of 160 gepas.  The old Horeh Pt GErVes o6 & LeByle
volr ond flocd comtrol hosin from which woter pey be draws
e needed by peluessling 1% Antoe Gants Rite Crewk &uu ST
Ipeting it ot the daw Lelow the pregipliaticn plént. ”rﬁm
Jocted flood contrel dems will pvmvi&% additional water
SORLY OO a

frapdng wot %Mi&tgaﬂf’ wﬂwm m,mh un L’*«w«:m Loy YHOL -
Wm. 1503, wator edded o mm -«L‘iwms} hy‘ patural neans o
salficient Lo m@wﬁ\mﬁkwwﬁ% water Gesesde. The BOULGGS
notod Slava, amaayﬁ Seuth A deeldnage, e thmn hold An

TOBEPTD .

EPRe g

LR

Blunt Leyout

4 ghotob pap of the ;elwm follows Whig paga. i

Santa Bite Creck sod the Santa Hits teanch of tha Ate |
chiluaon, "i‘a’;mim, ot iﬁtmw f Fo wmmm paes throwgh the
precipiyation plant, «':zi‘faks.miwﬂy iiw:&di% the puspdbg
Anstallsticon fros the grecipltetion focilitive. This

.mwu the congtruction ol plpa mm launder beidges ol

[
. j

tunnels BeoeEaaT.
Thy precdpltation me:xmw 13 mwwm Ly two padlioeod
apurg, obs on sdthor m“-“"" LG mww a8 B delivery spus. i
':‘fm__ cariosds of uin sans for wae 4n Lhe Procuss are Bpote
vad- on Shis opur, wasrs tm St Mﬁ 'walumﬁm by the aranag
ah wmwmmwzw» to Lhe m,wh yilm) o5 dimut.;’&y o L

gelip. Thu pecond apur, aljocsnt w AT wmlix Lanks
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i GEying pead, 16 wsed Por this loadling of cars with
”éﬂﬁywr peuwelpltntas by the claushell erang,
| Bolow the pamp hwoss is 6 wele.  This asives 68 &
FUCOVENY oty SROPPAnG the nopper-rioh bl that hos
agtapel tha hiahar dans or collecting waber senbt dowm
Sante Bita ﬂaw&b Peots the Nerth iit. wlion sufiictent
w&&&r-ﬁma"hﬁﬁkm&,u@ pehdnd the g, 1t &8 pusped Lo the
“&iiiﬁ& mmm&r #uw@ hr'twu‘iﬁ btﬁ* eleotile pups.  The
wwir‘alﬂa BUTVEE 06 G a&ﬁfﬁﬂ&ﬁy coservoly in guse of
P Lwaﬁk&uwm e fdond,

';?ump Hongs

The pusp houwse o & naumrﬁ wwinﬁ#rcﬁd,aaurwmu@ sl

tile structurs. The puspe are locited on gallucies
growsd the dnterdor, which 18 & sunp Litted with inapoge
pion and oleandng ports to Whe loteke pobps.  Tha digw

chnrgs lines poss whrough the &ilw wells sbove ahu §
poinforeed conceate foundation, thus mﬁk&np the ALIue- !
ture virtwally wwhux tight a@ainmu fiooding. The mﬁntral
eontrel roos sveriooks the vhoele pusp Lo The plant i
foiﬁa& sre stteehed to Lhe &milﬁimaa ’ S ffﬁi
Construction ;.
Becsusy of the corrosive un&urﬁ uf ﬂhﬁ ﬁﬂkﬂt&@& h&ﬁdw E

led i the plast, snly loset o awrrﬁuiwmhr@niﬁnanﬁ Rty
spdnds say be woud In the eoasiruction of fmailit&ua.

Meteriols veed lnglude %ﬁmib3€ﬁﬂ pleck, ploagtic, @Quﬁrata,
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lead gheoting, fiberglass, Translte, snd non-corrusive

rubber,

Fowar

Elaeﬁrical powEl, uged for pampdng and operation of
the uranes, le supplied by t tha acmpunyuumnaa powar plant
ay Horley. High lines carry tha powsr to & transi{orser
statlon ut the precipitation plant, where it s converts
ed Lo 3-phage GU-oyole 440 volte for use. About 33 pope
oent of the tdtal power cﬂnaumpﬂian of Ghino Hines Division
ia attribvuted to the precipltation plant.

Can Conpusption end Coppar § ”rwdumtiém
About 000 tons of bwrned and c¢rushed tin sans, shipe
ped from as far evay ss itlenta, Goorgla, are consumad |
cach month. The averags 'oan factor' for the last w0
yaars has been about 1.5 (dve. 1. pounds of cans are
congwnad fopr sach pound @f copper produced).  Totel wonthly

produetion hes been about 2,000 short tong of ocepper.

Grade of FPreduct

Presentad Ewlww are three monthly aampaaitw aagays of
proecipiistion plint product. The wouths represented are
in odd-1962.

CORICSITE HONTHLY ALBSAYS
gapressed ap dey welght porcent

m@nth Cu Fa Cal thUB 8 unreportad
i'h Pdf*mjl 241 Le ,3:. Qﬂlﬁ JQ’QU

C" 5-23 wtk‘,) # n.l {ied Ev:} e ‘).3
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Chisplar ¥
IRPROYERIETE I8 FRESEST OPLAATIGH

i aiﬁﬂmmﬁiwn Lo be mrwéaﬁtﬂﬁ hare 1a rwﬁﬁviatéd

o lupyovensnts iﬁ the prasent ﬁpu?%ﬁ&ﬁn that do nac L |

quirm U o yh*ﬂ&aﬂl a&tav@tiwva in thw plmnm4 | ‘
The stafl of the 9rﬁ¢ipit%tiwn plact who h%ﬁ b

8 pert dn the evolution of the ?ﬁﬂﬂuﬂh operstion shuuld

Yo ﬂ&w*ﬁﬁﬂ&ﬂt@& fer thely work., The wpar&ti&m CERE A .

an'bmxng amm&u&tmu g been muvalapeﬂ tu 5 hi&h Eﬁvwi

of ﬂifﬁﬁiﬁﬁﬁf AL %@?Mﬁ uf thﬁ “ﬂaﬁ%ﬂﬁ ghjal»wl ﬁaci&itiua

and convepts of lw&ahium. Few srons of Feultful duprovae

ment &re left, hwbaxmr, auggestions %hmt hay 5dd to th&

[
wrfiaimmay pi the wpurmtimw Upis n@ﬁud harre. E_w

;hm prineipel wvnamwptiun ol m@nywb&vwmﬁy‘&& mttriw_ 3
bumﬁd ﬁw therae gwuupmhia&&, hﬂiﬂﬁ@iﬁﬁﬂ@@, uaah&ng of culls,
and Laydng of dia&wibumium pipdng on the ﬁuwp gurfaca.
Theae three sross ropresent the paﬁﬂiblﬁ subt %Qﬁﬁ Gl dnim
Provid mmaﬂﬁwmr el iCiwﬂﬁy;

ointednanse i& i nwaﬁaﬁ&ﬁy prrt af aﬁy agﬁxutiun
and is not muwuabl& Lo ere then cursory Lwntval. & Bahew
ﬂulw of proeventlive mwintainauww, such s mhmn nmw mmplwywd,
HEY eadues Ll u&&&m&hw CRPOIGE ﬂﬁﬁ%?%#, cur&&in Bt =
sssivios of waintalnance ordes tﬁw& aanmau ‘b iwpr&aawa
n & sohedule, and thet gt rmui@vm &ﬁm@intm m&%&mtﬁanq
Tharsture, econcuies tre not licble to opour in the opers
sbion Layonpd these liwidy 4o furca.
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waphing oF the cuedls conevnes woro wan-houwrs then
apy other sloglo vecupstics in the plant. Voonowles op
iwpravwwauﬁé i bbls epuration would be highly deulvabla.
Howswer, by the sery aeturs of tha phyeles) feelliviug,
vhe waebiog do comotwraingd to & cartaln condiguration.

He oatungive duprovemant in the waabdng fs avallabls la
Lhe patext of tho proesent feelliivy.

Laring pipe on the suclaco of the plie renulres the
soarvicus of & Plve-nan plpe orew,. Tharoelose, thie oparts
tion 4s & poasslble sourcse of doprovesant.

The ordginal wee of Tranedte plpe was prompled Ly
the oeregelve natury oF the selution belug dlstribubod,
Hosen wbed Lo the esdly operation were guickly eaben away
o Whotked by depogiva.  he Yeeselte pipoe waw not affect-
ad by the corrosdon. fowever, 1% 48 briotle and easily
brohoen by Lepeot.

With the new developoents ln plestde aud tublor, &
gulteble replecerent for Trausita plpe ciy piw be gvelle
ably,  The replecesent shoudd bove the followlng ehariec.
teristing

{1} Chenical reulotanee to corrosien and scale
Fepiantion; ‘
{2) Fhysicel pevlotancs Lo fmpost snd slrsaion,
il bo exbrosos of wenther conditions;
{3} svsdlstilivy 4n plpe eizes reguired, with
guloh-vennestlug Joints and poaitive seals,
12 such & produst 15 aveiloble st & ressonsble investucnt

it coudd well pay Cor lte puechess 4o Jowered ssintalsance

RrEs  pswemnos
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and replessment Sopta; and roouoed o $hw“ﬁk & prenuirenents
in reloying.

 Yhe Tringite plps on hand tsuld ve palveged fop
U B seklepuinanent dlstribution lines that would pe
paves only when 8 now July bench 18 0 be cstebliehed.

The only rew weterdal weed in the operstion la Lion
in the form of burpesd snd ghreddod tin cane. Efllcluncies
in paw satorded conpunptlon way be esslly dntroduced,

Inelwing selotdong ars pleh n Lopvdls sulphibe
@i pulfuric eeid in scditlen 1o the desired cupper sule
phinta,  Beth of these coppounds erd dron-sbosundng thiough
rasutloun of the Lo
{4} F@Q{ﬁﬂ%jg v Peow 3 ?aﬁﬁk § g
{2} f‘f‘:ﬁﬁi% R F%ﬁ-“#ﬁi& & Ha
Thess resetlonys oowpete with the pregipltatlon reactiom
(3) S, ¢ Pe v Cu v PalU, .
It would bo desdeoble, theralora, to pardly the incosdng
solution and thereby roduee wapraitetive dan sonsnetion.
Saverad possible wethods of purdficetion wry sville
able, Wt ondy one coudd be dnteoedused withoat medor podlie
Pleation ol the exlating plant.

L the iﬁfl@wanw.aulw%lmf wiry phgasd over o bl wf

pocsentyats Fron the w11l ot Hueley, the followbsg rouse
o

Lhong weuld take plus
f

e V) WS 12 Fop (B dy e 2 QB v 4 FalO, + 3

B Hots that %hdﬂﬂ m@&l 1ot b the mhly »mwmmimﬁa, Lwﬁ amy
Popreseatetive 08 the vype that wili ogg.

s See
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‘ﬁ) ﬂiﬂ;‘:@ & §I;3€3(33¥ Wy u«fl‘k + }*‘%ﬁh
The firet resction will ceduce Derpie sulphots Lo foro
that will not conowsa fren.  $he lattor reaetlon exponds
adfurle aetd, i drooeonneening eoupoust.  The gulfurle

wedd wiLl, howsver, b dnecapletely conmunsd, alnso the

sonount of coppar oxdden in Lhe 1313 congentrats L8 4w

Yploss tho medificetion is sontucted Ln the abaence
of cavpen, Psreds sulphate wild be pocongratod by the
roastion:

{id & Fﬂﬁﬁa R R, ﬁa “ 2 3ﬁﬁ{ﬁﬂ$}j L ﬁﬂﬁﬁ

Hewevar, this resction uhould st be rogtriotive LU tha
Bad of sencenteste fo sulfickantly Jong. Tho resqlion row
duces the guiluric soeid eontont 8 tho solution; knd wieh
suffiotently long bed op renotion seed, the fuerie sulplets
will &

T4 thw bod lensth is optislsed, so sulfurle nedd o foeeds

sln be reinged by the suleildes of the consentrule.

sulrhinte will sriet dn the solution podee to the gells.

T8 the seld 1s sonpletely conmimnd befors the Durs

he gulnhats, problams mey develed theoush mrpninitotion
e Perric tvon by heivelysis resotlong of thoy Coret
{7} ?ﬁﬁﬁﬁﬁ3{3 e HLD o Faalyti ‘e %ﬁq*ﬂ A %.Hwﬁ%%q

Te che hod i moved Porverd Lo the roigtlen el Rhoss
prseiodtataa will be eraptuolly sdmoved by tho aotlen of
the pulfesie aotd fn the lo-llowlon polutdon.

Kot Ghet the total ccomertiosn of fron 1g not ale
Garsd.  Sowever, the resovery of gopper pir wnlt off eon

sonsused WAL be geastly lusrsaned, popgibly appronshlug
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Yhe benefite derdved Lrow ﬁwwﬁlaﬁmﬁnt b&ﬁmﬁ ST
et of apsunptlons s Airect fuuutiaum af the valiuity
ol the a&aum;ﬁimn»*‘ Therelore, tw n«mim&&u tha b@n%fﬁta
o bae ﬁﬂrivw&‘frum‘&n.ay@r&uiﬂn tﬁ iu mmaﬁ&&&ry RO ke
%15@ the validity of nh@ m&ﬁuuynimnu @i which the ayurau
tion ie baged, B

Lesuhing st ﬁﬁmm& Blve iazngawﬁ wnv'»aw% of &saumﬁ;
tions made Lu am@ garly da;m of thi ﬁy@r&ﬂiﬁn. The ﬁﬂﬁuﬁpv
tione, aar&vw& Lrein ahwwwv&tiunml uata, heve not been
soalfied in Bay maldor pﬁrtiuulﬁr dnring the twsnty-five
f&ﬁfﬂ of extensive operation. Befove ﬂapitﬂli&iﬁ& addi-
tioenel effort Leswd on the %aﬁumptiﬂna, it is BeteBeary
that nﬁmy be reviswed sod soddfied so thos nhmy confors
nore closely to the austusl sltuation,

Hange of Aspusmptions | <
PFragtically every appect and phaps ol the operation

lock defindte davs. Leaching 16 bassd on an aspuned set

of chemical #nd physicsl conditions in the pile; recipe

cudation of Ladling water, on an sesused chenionl roantion;

and cowontstion recovery, on &n apsutied ouenooio sliuation.
It 18 the purposs hero to exémine the technioal age

peats of the lesching prograu; econosle considerstions will

be treated olsewherd.
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Fineralogicsl Agspuaptlions

Ene of the principal spsmusptions employed in thy
lesching operstion is that the wajor ore mineral in the
dunps A8 cheleocite. The entlrs operaticnal plon is g
tablished to recover effectively copper present in thut
iy

Sants Bite ip described se ona of the 'porphyry
copper' deppslts cheracterised by & ‘bhlonket’ of secendury
cheleoocite underdying & leachsd capping sone (lindgren,
1533},  Cthexr depcsits of the type sre woll known; in feot,
noarly 61l the copped produders in the Pecllic Joutdwost
froum Blnghons Canyon, Utah,and Ao, Arigona,to Santa Rlte,,
How Mexloo, ming ores of thls type.

Copper geours in pyrite a8 well as in cheleoclte ot
Bisboe, Arisonc {Rongome, 16041, GChaloopyrite and coppe-
bosrding pyrlte arde cosuon in the ores of the Clifton-
Borencd dieteiot, arlsona {Linggren, 1504}, At Ray and
Miard, Ardigonu, spprecieble arcunts of eopper ocour in
chaleopyrite: pyrite conbeing @ stkll soount of eopper
{(Banwome, 191%). The eecondury ores &t Blughom, Ytah,
carvy covellite in sdditdon to shaleogite (Lindgren,)1933).
Gpencer (1937, pape 1@2), nutes that the auconderily un-
righoed oros st %1y,'§&v&da, contein & lorge swount of
ghaleopyrite. A cwuposite ssssy of the ores produced to
1914 shows & e¢haleopyrite content of 1.4 welpht pergent

wnd b cheloocite content of 1.9 welpht perdsst,. Thus
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gbout 36 percent of ths votsd copper is eontiadined in &
sineral other that chaleesite. Pyrite, couwposlng en fvee
pogs 4ol welpht pereant of the Ora, 16 repartod Lo Q0N
toin edditdonsl snall anounts G COppEr.

A gorwmon festure of deposits of the segondury
shaloceite Lype L6 the chenge of ore charsoter with dipthe
Uhalcocite sontent decrecsss; the proportion of priuvicy
or 'protors' m&m&rﬁla.ﬁuah s pyrite and chadgopyrite
{noresses, The mineralogy of the eogpper, 66 well os
the oversil copper content, shangup pppreciably {Lindgren,
1933),

On the Lepisg of these cbsarvations it 1s & roie
sonoble copclusion that at Jsubs Rite sn appreclable wount
of copper in the dump ocours o a form othar thag ohiele
cutite,

Walls {A923) reporte chuleaoite to be the wmost du-
portent coppor wiusral in the we wodles at Jaute Hiva,
However, chalcupyrite fa widely distributed Lhroughout
the ors, ao ie pyrite beardug suull seounts ol QUpper,
soditicnal coprer minerels oecur In the onfdigod wpper
portion of the ore Lody; sweh ag eu&wiﬁu. melaghiite,
sturite, snd netive copper (Wells, 169233,

Sinoe the report Jjust clited wae wirdtten, wminlng
has procesiod 9 gva&twr ﬁmytha, Mherefcre, loss of the
midde copper sinerals ars to be expected in the orus.
Further, the d&ﬁp Gren why be oxpected O CEPTY & Brokt-

er portion of Lhe coppur dn chaloopyrite, while the
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polative importence of chaloocite nust dininish dowes
wisitt v A
| AL Banta fita, chaleopyrite ocours to the greatest
depthes yot exwbined, tegsthor with ouprdferous pyrdtes
fiowsver, the verticsd renge of chalobcite 1 extansive,
and the expostod diuinution ol chadoocite coutent Ly
not yeb Lo of wajor luporténca {Welle, 1923},

Hiercacopie exseinbtion of the cuprliereus pyelte
ooowring 6t Sants Kita ohows suedl inclusions o "Licbe!
of chalcopyrits in the nisurel. The appesrance wi the
inolusions dndlostes physloal sixing rethsr than oxeoe
utdon texture, suggoeotdng that 1Abtle copper eoouls within
the Wiy of the pyrite, snd thus the coupper gontunt of
the prrite suat be lergely due o such ingluaione of whal=
SaPyLLte.

Oros mined 1o the past frow sincraiisstion in the

Abo Pormaticn beve sontéloed an unuiuelly large propors
tion of chaloopyraite. lowuver, thesd ool wers Hob e
Lansive, g probably fosn ouly 4 seall purt of thig
Gy etesdal o

Pregent nletce snd nilliog operations sre Leges on
eleht ore typess Yhe fowr pringiple Lypee ars:
(1) fiwe chodeesile ore |
{Ef choleonita-pyrite imtﬁrmrawth ('du@hﬁ@wnita‘}
%,5) ﬁ:ﬁiwﬁyz‘iw org; G B
hi eheiseprribe-nugnatite 1na¢rwxwwth £ .

The rasedodeg four types wre verketloons of thoge wojor
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types, end oeour in miner quantities. The proportions of
the major ore types present in the material now being peunt
to the dusp his been getlusted to be, in the erder glven
abhove, LO:125:15:15.

Fuiuré pperations ars to be sxtended into the Lee

Hill eres, Exploratery drilling showa that the ores o

Le wined from thot ares will centaln 8 larger anount of
ehaleopyritve than has besn contalned in.ih@ oreg ndned

to date, The wasts waterisl from the ares will alsc be
i high in cheleopyrite,

'Protore' contaiping choleepyrite Is sncountered on
the wargins of the lrreguler lower limlt of the secondary
gardchnent wone. This witerisl containsg no éaaun&&ry-

1 copper minervals, but is reported to contain O.0-0.2 p@f«
’ ¢ont copper in nhald&yyrit@. Incrsasing smounts of this
material will be sent to tiw dump‘aa the sdnlng operatlon
g sxtended to gr@aﬁwr\dapth.

To date, only ore eurighed by &acondar§ ﬁfo¢waa¢a
producing ohaleosite hove basn wined., Therefore, the op-
eraving &amumytiwn-m@nﬁiaa@ﬁ garlier has bheon velld te
] dato. |
' Howover, Dature adaing plave call for thé developront
and use mf‘Lé& Hill ores containing nayyar winerals other
than ghaleoclte, Fnbthﬁr, 1t 48 to he expocted that 1n'
twrm&lmf long r&mg&~ﬁyerati@mﬁ an iuncreasing portiemvaf

the copper kined will odcur in ¢hulecpyrite, '+ Therefore,
¥ , iy




any chunge in the Isaching opevatlon should tuke sccount
£ the probible future chunge in the wineralogy of the

dwaps.

Physical Asgumptlions
Application of leach solution to the waste dump is
baged on the asmumptions that: |
{1} The lesch solution has physicol acoessibility
to the cepper-bearing ninerals; and .
(2) The leach selution gpay be recoveryd &ltoer obe
tadning ite lesd of dissclved copper,

The first assuweption i usually exprassed &8 two

statenentat

1 ‘ (1) The lesch solutlon hag sccess to emch rock mass
due to the hiph poresity of the plles; and

{2) The coppur winerals oecwr on fracturs plenes
within sach rock masg, end are therefers avalle
able Lo the selutien by ita poenetration of the
fractures,

The socond assunpticn is often stated: & foactor 4dn the
gucgessful developrmont of lesching at Senta Rita le "thoe
aﬂliﬁ, inpervious nature of the sarth's surface under the
dump® {Goodrichl}. '

Drilling teste on the lesching piles st Utah Copper
Division, Kemnecott Coppsr Corporstion, Bibgham, Ht&h,'inw 
dicate that water Dlow within the piles is essentlslly ver-
ticel. bxendnation of cuts through Chino's No. 8 dusp,
weved to llow ninlng of the Lew Hi1l area, indleated &o-
sentially vertical water flow. Vabter woverent of this

type indleetes high percoity and persaability of the
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material relstive to the msgunt of water applied {Tolman,
1932) .

However, there is some indicetion that the poroslty wnd
permesbility of the dump wey be modified by the leaching
process, Tests at the metellurgleal vesearch laboratory
at Hurley 1n&1¢aﬁa that appreciable amounty of hydrous
farric iron compounds are pv&ai@it&tmd.thrmﬂghnut the Gole
uen of dump material being leached. The ghaerved deposlts
wores of such & magnitude that, 1€ occuring in the duup,
vhey could seriously podify the {low of leash solution,

The manner of construction of the dusp may ereate
relatively impormeable layers thet restrict the flow of
soluticn. During the construction of & bangh or luyer,
the upper surfaes of the layer is subjected to woathere
ing that tends to preducse noteriale 1mparmeubl@ Lo waver
flow. Urdrous iren ealta, prealpitatud during lesohing
and loosened by ripping but not removed, sre left on the
dump surface, Finally, the povensnt of heavy equipment
on the dump surfece tends to pack the impermeable materials;
thepeby creating a layer that, uhan‘cevwwad by the con-
atruction of & new duwsp beoeh, 18 impervicus vo leach so-
lution.

4 ‘breskout' of water on the side of the dunp about
two yeors ago tends to support this ?ﬁs@ul&tian pf lmpare
meable luyers within the dunp. The 'breakout!, ccourdng

near the precipitatien plant, was locatod nesr the
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interssction of & bench tor and the side of the dvitgp
Leach solution soparently flowsd down through the duap
to the lopervious surfege, snd then charneled GuLward
dhﬁ?ﬁ thisg ﬁurftaﬁ to tha widgre of thid uump where it
smergod to the surfsce and flowed down the side of thﬂ'
dump,  Efferts to stem the flow wore not succesaful;
enly the cessation of watur &@gliaamién stopped the
YBroakoutt. ‘Ewwwvar, tha problem spparently ¢ured fte
aelf, sinee later epplication of lesch selutien nmg not
regulted in a sludlar cecurenge, | |

The evidence cited here ia not conclusive. Howevar,
thare ig a otrong suggeation that leach solutions do no&
have freg aumaau to the rock mugses at all tines, dmpmw
clally aftee leaching has ugbun.h Forthor inva%higmbiﬁn
is definltely indileuted, |

| Lxpumlnation of reck from the dump suphorts the assup-

tien thut la%&h solutlons have access Lo ﬁhw‘iuﬁﬁriar of
rock wmaess; and hauae,,ta the copper pinersls. Closs spuced
fracturing la & festure of all the meteriel now Leing
mingd, DMesesdnetion of ore mdnerals throweh the rock is
rapowtmd te be wioer; zegt of the conper min@#ﬂla Do
on the fracture planes.

A largelpiﬂum of natoricl wis roinced to particles
abeut 4 to § fueh vercss by brosking with & homer. Exe

apination of the particies indlosted two conclusiony:
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(1) Breshage ceowrsd primerily oo frecture planes
pressnt in the rock; and
(2} Most of the vopper wduerals {U5H) ocvour ova the
fragtuse plones,
Tha rock, lyin; on the surface Qi thw &umy 1n,¢nm of the
l@mahim@ selution trmnchue, umd ba&n pununra%ad by 1@uch
solutior to & depth of cbout two inuhua. &hmvtim@ =t
quir ad for thiyg ;wnutratiun ia nmL hnﬂwn* | |
The a&au&pbian than gopper min%rala areg ava&xmbiﬁ te
the action of lesch mu*utiuuu REpELIe Lo be »uundiy bwaad.
Only the Linatiaa of the pﬁﬂcﬂﬁﬁ Fremalin uuhxwwn* Huwvar,
1t hus been shown that the w@ﬁéﬁr&tian of fractures by
lench solutien is relatively Fagt (6 ul11an. lyﬁb)

It hap been essiued to date that lesch amlubian ia
recovered sfter it obtaing its load of diaﬁalvuu uuppgr
bvcﬁu&& of “the sulid, iﬁyuiviﬂuﬁ nﬁtuw@ of the sarth! a
auviuc& vnder the dumpt {(Goodrd eh} lﬁWﬁV%?, not «ll af
the laeach solution applied to the dump xa rﬁ&avar@u.
Lowses of lwach &@lutiau 0 hivh us 20 percont h&vW m&wm
rapmrﬁa&. To uatu these 3auawa mr& attv&but&d ta GYEI
oration, - |
| Tw¢haiquaﬁ for ﬁha ux&ct'@aﬁyanamiem of evaperative
10$@§a'arw sxtranely complex; furahwr, ) awrﬁaiu tnherent
grror Lo imuroduaud due na 1nubil&hy La quaztiﬁutivwly
handle the sonplex and nuwisrons veriables pregent.  HoW-
gvar, certaln estimatas mﬁy e made to 1ﬂ&1ﬁat& the arder

ef magnltude of the gveporstive 10&& to by Q&pﬁatﬁd.




The moal Bunual tenperutucs ab Sliver Gity, 15 miles
td the wast of Santa Kits, i3 53.1°%, The average Muaie-
dity 18 40 percent (Long, 1946). 7The totél water vipor.
capuedty of alr et 53.6°F. Lo 0.000606 pound of waber per
aable foot of adp {Hodpmen, 1402}, If it is assused that
ong cubie foot of alr immedistely overlying one sguare
foot of water surince becouws conpletely saturated in one
minute, the loss ol water by evaporation ¢sn be estizated
W Le UJ00LS gallon per squars Poot of water surlacs
poy wdnute ab 53.0'F, and ¢ rolatlve huweldity of 46 pure
b, Asoume Durbher Lhad 20 worés of water surlace ave
apossd, and that Lhe alr over the water is changed couw
pletely once each minute, The t0Lel water loss by avaps
eration ¢an then be estiuated to be 43.7 gallons per min-
ubi.

ducther vabinate nky be mede by comparing the lospes
Lo the gvaporation loes {rom the open surlface of the oceun.
The yuesrly evaporative loss ireu bhe oousn surface hua
basli asllsated to be M6 centlavtersh {Gverdrup, Johusoun,
and Fleming, 1942). %This ssounts 0 0.000043 gallons per
bguare fool of water suwelace per miunute b Byerage oceanie
bhusldivy and tesperature, 4gsia agpuning &0 seros of exe
posed watur purlegs, the losus of wabter by evaporation is
&abimmt&d Yo be 41070 gallons per minute,

Losses au high ss 20 psroent or, st the present rete
6l flow of 7500 gallonu per winute, 1500 gullons pes

M 1.&.)166 cuble cuntlpmotors por sguere centimeter of gurs
fucal.
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inute hiave besn reported. Assuming that the aversge loss
is closer o 5 porcent, the losses still wuount to 375
pellons per mloute. It le readily meen that even the lowe
er figure 1s grester than the eptimates noted above (43.9
snd 41.76 galions per winute) by & factor of 1.

The eredibility of the estinetes rmty by questioned
on several podnts. Howover, the sgroesuent betwesn two
gatinates cbtained through two gepaveto linea of resson-
ing is such that thelr validity is strongly sugrested.
Further, the suw of &ll possible adjusthnents o the GHLL-
mates 18 not llkely to alter them by a factor of 10,

Therefore, additicusl scurces of wateyr loss must be

sought.

| Solutiona enturing the precipitation plant on April 23,
1963, corried 13.0 pounds of dren per 1000 gallons of sole
ution, while on that diate sclution recirgulated to the -
dusp carvied 30,7 pounds of iron per 1000 gallous. Thus,
F3 A avplanu ow of 750G g&llenb per winute, about 187.5
pounds of dron are deposited in the duup per mimuts., If
theldeposition 1o sosuned to take place #cecording to the
hydrelysie reaction: |

2 Fog(80, )5 ¢ 18 1,0 ~ ':awc;3- 5 804°17 HyC 4 Hy80

& meadmws smount of water ls consumcd es water of bydras
tion (Forris, 1948). fThe stolchiometrie r@l@tiéa&h&p‘af

S dron and watar in the reaction is 1.367 pounds of water
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consvned per 1 pound of iren dapesited, Thus an estle
nated 20.Y gellons of water por minute ucy be lost,

Howover, thls logs sddsd to the sstimated EVEDOD R~
tion loss still dows not compire with the axperlanced
windisus or miximun Losses. vator loss i krown (o range
between 375 and 1500 gellons per minute., Only & mexi-
mum of GU gallons per mdnuto can be sccounted for Lhrough
evaporation and developuent of hydrated conpounds, Theree
fore, 300 to LLU0 galloss per mﬂnuhﬁ Bre logt tuxmuan -
Lh@ dusp botteoas., Assusding that thu Wt carriuﬁ ai

uunt ef dlssolved copper comparable to that uuterlng
the precipltetlon plent (20,30 pounda par thousand gal-
long on April 23, 1963), 7R00 to 36,400 pounds of ¢uppwr

are lost through the bottom of the dump sach doy., Thia
may total 1314 to 4643 short tona oi copper per year,

The precoding snalyeis iudic Lna that wuter loss f&r
in excess of thet to be expected is cecurring during the
dbeaching process. The loss uay be attributed ﬁo flow
threugh the "impervious' surfuce benesth the dﬁmﬁ.

At Burro mémnnuin, leacning Qp&r#ticna were cenducted
duriﬁ@ wordd War 1T Ly Fholps uﬂh&% Corporation, ¥%Water
WHs aprlinu to the asrea to be lwauhua by wpr&yin‘ Th@ﬁ&h
the ares was 5upy¢w»~ly composed af 'eolid! rach, engagh
w&tmr flow aeveloped through the rockh te uuﬁﬁﬂrt & slg-

able leaching operation., It is thorefore rna&anmmlu te



sugrest thet an snalogous [low has developed through the
suwiface bencath the dusp ot Santa Rits,

These opnsiderationa Indloate thet the assumption of
an impervious surfauoe behsath the dump Ls in orror. Fure
thar, tha govper losges are of such & wagnitude that fure

ther lnvestigstion ds dafinltely required.

Chemioal gﬁ&ﬂmpﬁiuﬁﬁ
The b&ﬁiﬂ chumical sssunption 4a the leaéhimg proéeﬁa

1s that forric sulphete 13 aqueous solution is & golvent
for th& aupruuu sulfide ﬂnalcucite.‘ The rw&étlun 18 thought
Lo take plama in two eteps:

(1) Gugh + Fuy(80,)5 « GusOy + 2 Pes0, + cuﬂg and

(2) Gus + Fey(80,)3 » Cud0y + 2 Fol o4 “
Gxidation of nyrite uccurdin& to the falluwing r&aaminna
is %Jﬁum@q‘ta produce the Adu&ﬁﬁﬁry Tarric sulphate:

(3) 2 FeB,, + 2 H,0 + 7 0y *2 Fal, + 2 1,50, ; and

{n) a FesC, - 2 ﬂdta + @4 - 2 ragtaﬂa)3 + 2 zdu.

w,.
porndt wxuminatiﬂn, ‘Thu trdtie) rwacti&n in thu progaﬁﬂ.
a cmubluabimn of ru&atioua (3 J mnﬁ (L), m&y be writtan* |
(5) b YaBy v 2 Hal @ 15 O = 2 Fep(S0,)3 ¢+ 2 1ig80,,
Thia axyr@aaian indicates the eﬁidatimq of pyritu as &
one~stop reaction. I
The ﬂ@yt step in the procoss ia thw @midmtxon of ch&lw

aoeity b; %uw ferric sulphate produced in rgaction {(5).
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The sxpression indicating the reaction, the sum of reuge
tlons (1) and (2}, may be written:
(&) CupB + 2 Fuy (80, )3 = 2 CuBly + 4 PoSU, + &,
The fival reagtion, using the products of reactions
(5) and (6}, way be celled the rejuvenation resgvien. The
rﬂaunion,.thnught to toke ploce in both the dump &nd the
reciroulated toillng wator, is identdcal to reaction (4):
(7) 4 FesGy + 2 HaB0, + Up = 2 Fou(80,)5 + 2 Hy0.
The sum of rsactiens {5), {6), and (7) indicate the
nat chamleal resction sseuned to tske plice in the dump.
The sun 1s;
{6) Cun8 + & Fed, + 16 0y = 2 Gu%ﬁk'+ 2 ?@2($$4)3 + &,
Hove the products of thia resgtion) enly cupric sulrhate,
ferric sulphate, and elomentz) sulfur should exist 4in the
solution collectad from the dwip.

Thia is not strietly true, since farric sulphate will
not gxist in & neutral enviromment. Freeipitation of hy~
drolized basic ferric sulphste salte willd produce sulphure
ie medd until the pli of the golution his reached & favor-
wble level Loy the exlstance of the ressining ferric sul-
pheto. _

therefore, thu solution entsring the precipitation
plant frow the dusp should contain cupric sulphate, ferric
sulphate, sulfuric arla, snd elemental sulfur.

fssays of the solution entering the precipitation plant

show conaiderable ferrous sulphate. According to rsaction
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{7)y 8l) ferrous sulphate in selution should be consumed
by the agid produced [rowm oxldation of pyrdte and by exe
owas oxygen, The resetion apparently hag not progresped
to completion, Uhls lack of complete consumption may be
attributed to the lngufficlent ameunt of one or the other
of the reactante. Howsver, both ferrcus pulphate snd eule
furic aeid ocgcur in weasurable quantities in the effluent
solutions withdrawn from the dunp. Therefore, the lagke
ing resectant must be oxygen.

If the anelysls just coumpleted is correct, verifigaw
tion wmay be found in @ singple test. It has besn stated
that the ferrous pulphste content of the solutions le
bigh; &nd that the anomolous ferrous sulphate content is
duo to the leck of 5nyﬁwn to p&riiaiymﬁa in reaction (7).
Howaver, the hends a&my&ﬁ ig teken after the solution has
flowed from the dunp and been in contagt with sir foy sone
tine, thus permsltting the Qxidaniuh of ferrous iron and
forwation of ferrie sulphate. Yherefore, it ia to bLe ex-
pacted chﬁt soluticn withdrawn from the bese of tha dwap
and haytvfram‘a@ntaah with the air, thereby forastalling
produstion of farbiﬁ sulphate through rﬂaﬁtidna'ar‘tha forn
of expression (7}, should exhibit an sven higher ferrous
sulphste~farric suiphéﬁé r&tiﬂ.‘zif tha rahi@‘ia 10 ragt
ﬁighar, the postuluted oxypen deficiency ias proved.

Such a test was mude on April 23, l?ﬂ}.' A &amyla w&a

withdrawn from the bottow of the dunp by inserting 8 rubber
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tube inte interstices in the dusp snd withdrawing solution
by gravity flow. The ssuple was kept from the alr by cole
lection in & narrcw-neck bottle and plugging the bottle
inwediately aftor collection. Aspay of the selution was
conducted st the mine sssay lsboratory. The technigues
used were those euployed in the daily essay of heads énd
talls gemples frow the precipitetion plant. The results
are presented below, with the hesds sarple taken on that
date presented for eonparison,

AHALYBIS i SAPLES, APRIL 23, 1963
roported lu pounds per 1000 pallons

Qoupenant, A i
total eopper(l) ﬁﬁﬁ? £1.3 .
sulfurie acig{2) 6,9 6.0
totel iron(l) 1.7 13.0
Terrovs iyen{ld) 7.9 .2
fercrie irvonlé) 3.8 [
% total lron
in furrie otate{5)32.58 36.0%
A~ sanple taken from bottom of aunp
B « heads sasple teken on that date
(1)~ by x-rvey spectrograph S
(2)= by titration with Muﬁoa with méethyl oraenge ine
dicator o
3)= by titration with Rind,
4!* by subtraction , |
51~ vomputed

The dats Indicatus some veriatisa of the percentage of

total ivon geguring in the Perric state. lowever, the <iff-
wranam‘is ﬂﬁall, &0 Lhet thu wianifiaanaa of the data nay
be quastioned. ) -

- ﬁmaminmpian of the base of the dunp in the ared that

the sasple wag teken showed that the dusp was quite poroua,
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Oxypen from the stmosphers could sasily have penstrated
into the dump and promoted the oxidation af iron to the
forric stota. However, it is thought'th&b the data do-s.
clearly indicate the possibility of verificaetion by such
a technigue. Future tests should include provisions for
drswing the somple froew the interder of the dusp beyond
the influence of stmosphuric oxygen.

'Thalinaufrici&ncy of oxygen la further suggested by
&n obaerved phencmensn. It has been found by experlence
that the recovery of copper from the dusp is facilitated
by the alternating application snd withdrswsl of leachw
ing solutlon, During the withdrawsd period the dump
Ydrys out' and alr is drawn into the interstices, The
duip 48, in effect, oxypen-saturated. The renowed ape
plication of leaching galuuian to the dump outs off the
atmospheric source of owygoen. ﬁnly the oxygen dissolved
in the lench melution 1s added to the dusp, and the oxie
dation resctions negessary Lo leaching are inhibited.
"It would seem, then, that the grester part of the oxidas
tion must toke Place whan the sulphiden are merely noist
rather ahaﬁ when tﬁmy are flooded, because theh the water
could regieve oxygen Lrom the alr In contsct with it at
the sawe rate ot which oxygen was beluyg taken out of the
solution by the reactions of owidstion”{Spencer, 1917,

page Bl}.
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The priacipel effect of oxygen deliciency is on rate
of recovery rather than on ultivate recovery. OGiven enough
time, oxygan will eventually reach all parts of the duwp,
snd oxidetion &nd lsaching will be couplete. Howaver, the
rate of recovery say be unfaversble for muintainspce of
an ipduatri@l.99¢?$iiﬁn.

Twana wore eonducted st Hurley during 1944-19406 to
detersine the rate of oxidatvion of copper-bearing waters
ials. Two beds of concentrotes wers formed and exposed
%o the atmesphere.  Ono bed was turnad periodically by haad
shovel, thus allowlng atwospherie oxygen free acoess to the
minerals. . It wae found that oxidation, and hence leaching,
procesded puch mors répidly in the bod that regeived groate
sr amounts of oxygun through pericdie turning,

“It 18 of interest to inquire whether the oxygen dige
solved in rain water could alone have effucted the oxidae
tion of the wase of material which has contributed to the
secondary eoppor now contelned ln oy glven ore body. This
query way be answered in the negative® (Spunger, 1v17, page
8Q). Spencer estlmates that fer the oxygen disselved ia
raluveter to oxddisze the coppor minerals from the capping
over & escundary eopper ore body a time compersble to the
age of the earth would Le waquiréd,

If the leaching dusps at Santa Riva are comparsd to .
the ukidinéd aapping of a secondary cuppér dapd@it, it |
may be readily Baen that the léngth of tine required te
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el'fect laaching in the abuence of oxygen other than that
dissolved in the leach solution is very large.

Additiopal remilicasions of oxygen deflelency arse
dlscugsed in the ligserature eoncerning secsondary enriche
mant;af ore depogits.

Lindgr@ﬂ (1933, page Eﬁé) notes: "Tha aaeandary d@p»
rer sulphides 'ﬂ*” may be dwﬁositwﬁ at any‘pl&ﬂﬂ in the
oxidized @one whara there 15 & dwiieiemcy im @mygun &nd
Perric sulphate,” Fnrthar, ”Pyritw of nriwarlly miners
#lized metorial hés actéd sa o r&uugimg &&ﬁﬂt in pr@ciw
pitating copper from surfscesderived polutions® (Spencer,
1917, page 102), “The decomposing pqwﬂr’(oflthﬁ gurfacey-
derived selutions) appesrs in general to be alubet spent
within & shell of mutsrisl searcely more than 3 feet thick

{drmedictely overlying the sone of secondary deposition)®

{Spencer, 1917, page £3).

The concluslons to be drawn froi thepe stetomenta are
guggested in the preceading discussion. It is reasonubls
to pestulate that the prineipal offeet of leaching has buan
Lo relocate th@'qﬁyper in tnw”dump; in effect, to creste
an artdificlial ore body. The copper recovered through eol-
lection of leach seolutdons oy then be taken Lo reprogont

’ _ ‘ &
only & portion of the total rumount of copper moved,

. Note thut sueh an n&ly&is indiﬁ“t&ﬂ the logs af rather
loarge amounts of copper during the forsation of thu se-
condary ore body now belng adued ot Sants flta, Conple
devation of the argusents established here way lead to

Fradtinl ereas of prospecting for hepretolfore unknown org
deposits.



To supmarizs the chomisel asownptlons dissusged thus
far, the following excerpt ls teken frowm Spencer {1917,
page ¥3):

S ¥The foregeodng discussion should make ¢lesr
the fellowing rodntas: Mlrast, that waters Lrom the
surface whigh penstrate a bedy of porphyry ore

{er porphyry dump seterial) will ducompose strongly
the metaldle sulphides presont so long as they
contaln ferric sulphate. Seaond, that whers chole
gogite, pyrlts, sad chaleopyrite are all present
the chilepedits will be lurgely wand perhaps fully
decomposed before the other minerals are sttacked,
Third, that the docompusltion of chalcaclite, py~
ritey and chaleopyrits effects the redquotion of
ferrie palts contained in the solution., Fourth,
that the decgonposition of pyrite, chaleopycite,
snd ¢haleooelite ench tends to produce sulfuric ascid.
Fiftvh, thet the decouwpuslieion of ohmloocite and of
chulcopyrita fornish cupric sulpbate te the solu-
tion, Briefly, thou, when oxygen-besrlng watecs
resch the upper part of the pass of sulphida-beare
ing roek the consuwiptlion of the dissolved exygen
beolng ot onco, end belfvre the wablers ¢on progress
dowoward fer any ¢onsiderable distance all this
firew crypon ls used up in decosposing the sulphldes,”

Fardler, in the diseussion of wineraloglesl aeswipe
tlong, it was ﬁbintéd out ah&ﬁ‘in the fﬁtur& & l%fﬁﬁPA.
anount of cﬂpf@r pleced on the dumps will be cunt&iﬂa& in
the minwrﬁl chais&pyrité. Cortadn commenta may by g
rwgmrding the eifTect ol the min@falagic&l ch&ﬁgﬁ on the
dham&éal agswentions.

Chaleopyrits, r@du¢&d-ﬁo ~1UG, +RO0 mesh and kept ﬂi
r@ém t&mp&r&t&%e, yi&ld% enly & pereent of its ﬂﬁppﬁrﬁln
Qﬁldaya’whgﬁ leached with & suliurie &diamfwrriﬁ‘ﬁulyh&ta
aolutidn (VendArsdale, 1953}, The strength of the solution

is unknown.



In the presence of excuns oxyeen, chaleopyrite 18 gon-
suniad by cxldation:
(9) CuFeliy + & O = PuB0, + Gus0,,
If sullurie acld s present, the consuwption of the chal-
vopyrite miey procoed according to the reaction:
| (10) 2 CuPey + 16 0 v Hy80, = Penl50.)3 +
' Z‘Euﬁﬁh * HEQ»
The rates of thepe resctions are net known) but it can
be stuted thet thoy will be promoted by the presence of
AHESRIH QRYLEN. ' |
On the basls of these conslderations it may bo stated
thut the sun of the effects of chaﬁging sdnerslogy and oxy-
gen deldelency will be to raduce the rate of recovery of
aopper fron the dusps 1f present lesching practice is cone
tinued.

It hes been agsumed thot the leaching operation is
enhancad by “Thw added helght of the dwap through the
years, which Incraases the leaching colusn and allows the
aolution to resein in contact with the recks for long per-
jods of timm.“(ﬂw@driah).

Bramination of the preceeding diﬁaumsiaﬁ of ouygen
daficiency indicates that, rather than an enhangasant, the
addad dumprhﬁight 15’a tipdsrancs tq_l&&ahingf It ape
nenrs t«!mﬁ vt,!u‘a;- 'qz;acy(gm’ ig conpumed very pear the swiace)

aid thet reactions thot redude the copper contsnt of the



galution aye tvakiung ploce durdng the rossindsr of thy
timg that the Jeaeh solution is in contact with the dump,
Parther, the added helght ol the dup uikoes @@u%tvmti@n”
by atwospheric ouwypgen move daifficult. Thus the lepghe
g proowss ney be dupered by excess dwap hedsht,

Io the fugura this faoter will probebly be an even
grester drawbagk, since additionsl mucunte of QXYL
will be required o sustaln lenching of waterial (578 & Y

inﬁ & bigher preportdon of ¢haleopyrite.

sulty have baen obtelned In uua\lwm»hxn@ of tnm dusmps
by reclreulaticen of tailing water from the procipitetion
cells.  The fevrde pulphate and sulfuric acid prosent
Iu the selution are thought Lo prowote the leashing pro-
QUG

k typleal sralysis of tumllna water rauivuulabﬁu o
the dump is presunted below, The assay te@hmiquuﬂ are
the setie ap thode noted eardier.

’}-‘ ’IL#I*W&? %éitfziui :‘\i LY»-}IM’ 4 }‘)RLL ) ] 19“,&
r@parﬁuu in p&umd% p@r xmuo rallions

total uawpar - 4e3
twtal iyon a7
Tarrousy iron Py .A

M{f‘

Fovprle iron : ,g
sulfvedo aedd | 2,

It nay be seen that ths amounts of ferrie sulphate and

.

sulfuric acid in the watreated talling water &r¢ very suall.
It 1& guestionnbly whather or not the bonofit gedned from



recireunlation of alling watsr outwedghs dvs dissdvantages.
ag Latling witer 1o distriluted scross the surface of
the duwip, oxysen lg ebsorbed by the sclution. The result
is the oxidation of ferrous dron, forming fercle sulphate,
Wowaver, sines the acld gontent of thy solutlon is too
amall to suppoert the ewistoncs of feprile sulphats in aoluy-
tion, nydrous {wwle salts prosipltste sccording o reage
tiona of the fosm:
{11} ﬁag(ﬁﬁﬁ}3 + & O = Fey04°2 803°5 HpO + HaB0y.
Thesa reecipltotes tend to collect on the purfage and seal
it agalnay penstration by leoch solution,  Periodic renove
al of thege pracipitatoen is thorefore reguived.

Sugh ?Pﬁﬂiyiﬁmﬁﬂﬂbﬁ?& not cerpletaly removed Lrow
the dump,  Thereloce, when o gew loyes ar'ﬂﬂnah is wided
to the dunp, thw'prw¢ipitmt@ﬁ ey tand to form & layer
within the dusp that is dwpervicus to the Flow of leack
solution, thus cubtting off a part of the duwy {rom offecs
tive leaching.

Losching tests, previously described, have shown the
possibility that precipltation of fervie selts way continue
throughout the leaching colutn.,  Therefors, serious podi-
flcation of the physicul ﬁaaw&a of leach solutions tu.th@
sepper ninersals aay Goeur,

Gther 111 effects of rwcirculntiwn af tailing water

way be posgible.  "The solvent piy coutain several unhar
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aeld-goluble elevents la addition te coppear. Thers ney
be fren (both ferrous and ferric), slumina, potassium, |
sodius and mepnesionm sulphates, sreenis, chlorine, nitris
aokd, ﬁalybd@num, wﬁa. Thuge may cgvae haru by building
up Lo aa gxtent requirdng thelr removal by solution dise
card or otherwlsge. Other wlwmﬁn&a, ﬁuah Y. &vsauﬁw,.»'
ehlorine, and nitrie acid, muy be airaﬁﬁly injurious.”
{VanArsdale, 1953).

Une of the assurpiions wsed in the leaching oporation
L8 that the material of the dump is non-scdd conswdng, -
bxamination of the mineralogy of the muteorial now belng
gent to the dunp shows this 18 a good assumption to date.

Howaver, plans for future mining call for the mining
of materianl st Lew HIL1 that conteins an appreciable amount

of corbonates. Yherefore, the approximation will probow

Lly mot be valld after neterial from Lee Uill iz placed
on Lthe dwaps.

Before precsoding farther, it may be uaﬁfui to uware
ize the vonclusions indicated by the an&lyaiﬁ of chendonld

aspupptions, They are:

(1} o mlterstion of besic chemical cssusptions ove
nesessury so long a8 cheleocite remsing the prl-
nary copper«boaring mineral in the dwap;

{2) Whon chaleopyrite becomes & nalor copper-bodrs
ing constituent of the dump, certaln sodifications

o dn chesdeol assweptions will be required;

{3) Deficiency of waygun in the leuching snvirone
mont delinitely inkdbits recovery of copper frou
the dunp, and the retoardstion of recovery ean
be expucted to increasdiasichalcopyrite © 1.
becomes a major constituent of the
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dumn o : :

(&) The effect of sdded dump height mey be harwful

rathar then Leseficlel, 2 & consequence of
Cdtes {3);

{5) Repirowlation of untreated talling water By
barwfal through precipitation in the dump of
bagic fereie pults, end bulld-up of other

o harsdal elementa; and

(&} To dave the ssswsption that the dump is none
sald oonsusdng hos besn & good spproxiuction;
but ss the cerbonate-rich materdsd to be mined
Lrom Lo HIll cones to form a substantial pore
tion of the dunp, the asswiption will bLocome
dnvalld.

Reserve Lssumptions

Timplicit dn the initiation of plamning for & new pre-
elpitation plant is the sssumption that snough recoverable
copper is avallable to suppert the leaching eperation,
This agsunption sugt certalnly be examined before procwede
ing farther.

The cwrrent lesching operation produces nbout 2600
short tons of copper ver wenth. 'miniua opgratdons currente
1y send about 1,100,000 tons of matarisl conteining 0.3
welght percent copper {i.0, & totel of 3300 short tens of
metallie eopper) Lo the dump each wmonth. The present ree
covery ostinaten used 4t Smnta Rits assuse that oanly 60
percent of that coppur is recoverable (i.e. 1980 short
tons}. Therefore, 620 alort tona of copper per wonth are
recovered from tha materiel ploaced on the ﬁumg before the
leaching operation reached its pruaant'magnitu¢a‘

An eptinate of the total asount of copper ploced on the

dups 38 made in the teble on the noxt page, The munber
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of tong of waste per day placed on the woaste dusp i taken
to be 1.5 times the will capacity dwring that period. The
grade of the naterlsl placud on the dutp 38 en estinate
based on publishud ar reportod cutwofl grades for will
feod during the gerded. The estiuoate le based on an &vew
rage Eaﬁw&a? work vear. It should be noted tuaﬁ the &&ﬁi*
mate varics less than LU pércant frow valuea m@ntianad in

sonvergation with stoff mmmbarm of th& china ¥nes Divie

aimu, ‘
LSTIHATE OF COPPER PLACED IN LUMP
PERICD TOWS PER DAY . ORADE . TOTAL TOMS

TG ﬁﬂm? % ﬁﬂ QGP?MR

l?éénl?Bl lu,;ww D & llﬁ i

lasamlegz g 8, 4;u~ 0.4 27, /du

1433193 wrom

193?*1%&(&) é «w , U m,ww

1439-1960 30,000 u 50k s WG

19601%62{c} uh,ﬂwu : : .3 73,200

W i B S S T Y T

Totul copper p&ﬁa@a in dump 940,000 tens
2&) - é@ar&t&mﬁ& curtedled
b} - gperations suspended
{¢) ~ reported present rave of waste disposal

The tetal copper extracted from the plle is sptimated

below.
EBTIRATE OF COPRER EXTRACTED PO THE UMY
HETHCD OF EXTRACTION ‘ TOTAL TONS

‘ . CUPPER
netursl loss due to reinfall l%ll~1939}'a) 11,510
natural loss due to svepage | 93?«19mﬁf-bg 32,850
mroduction of copper to 1986 j{e} 211,230
production of copper {L966-3062) (a) 240,000

-

Total coppor extractoed fron dump LY5,580

{a] = based on average yeerly rainfall of 17 inches
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{Long, 1940), 300 scres of duwp aren, and water
cupacity of £ pounds of copper per 1000 gellong
{b) ~besed on less of 300 gallens por wloute and wae
ter ocapoeity of 20 pounds of copper per LU0
pallons
ﬁﬁ} ~ fron Pargons, 1957 ' R
d) « based on estimsted mentildy produstien of 2500
tonsg

1f the current estimste of 6O percent recovery 14 e
ployed, iﬁ 16 sewn thw% 584 yGOD tenﬁ_mf recoversbla copper
hove been pl&amﬁ on the dup; and that 455,580 tdﬁﬁ of
that reeavarablé rwﬁﬂrva have alrm&ﬂy b&@n»axtwmafwﬂ ffém
the dump. 48 noted earlier, @Ealtéﬁa sre raquiwad each
mﬂnﬁh £P6mthiﬂ.P¢ﬁ#PVﬁ td maiﬁﬁ#in‘th@ prﬂ&udtian at thé
pr@ﬁwnh rave, It coan bae %amdily‘cmmyutaa thut, aaﬁumtn@
the aérraaﬁnwﬁa of tha estinmttes and continuation of the
operation at the present level of production, the life of
the operation on & 'status quo' basls 18 jJust over § yeare.

- The prineiptl velue of the eetimates Just completeod 1o
te indicete the order of wagnitude of the quantitios be-
ing dealt with. The estinates indleate the prebability
thit more detalled axamin&ti@n of reserves will show av.
least 70,000 tong of recoverable copper resaining in the

dump
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Ghupter VII
INDIGCATSD AKEAS OF IRVESTICATION

' The ﬁraéading examdination of the apﬁrating aﬁaumptinna
amploy¢& in the leu&hing aaeratian 1ndica$m Buveral ara&u

of imauffimi&nt kn@wlwdﬁw.

Bineralogy

An examination of cors or sludge samples Irow sxplor-
atory drilling should indicate the mineralogy of the orse
wined or to be mined. The correlation of the examination
results with wining records or future sining plens sbould
indicate the conposition of the dump st any time paast,

pragent, or future.

Urilling Tests

Several pessible benelits may be %ﬁiﬂwd from drillinﬁ
and drill hole examination of the GG »

Jowe gquestlon calsts as o the freedon of movement of
golution within the duup. Physiesl exaninetion of the ma=
terdel resoved during drilling ehould oonfirm or dlaprove
the suggested wodiflcation of porosity and permenbility by
deposition ux hydroeus iron salts Lrow the laach solution.
“uch sn sxaniuation should alsc reveal the effect of Lhe
manner of construction of the dusp on the flow of zolution.

Should such physlcal exeminetion fail Lo reveal the nece
eamary informstion, wodificd oil well logging techniques
gshould b @ffwcuiv&-in detervdning the poresity and perw

neabllity of the duwp. These techniques might also reveal
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somethiing of the nature of the physiceal-themical changes
agcompanying leaching.

Acceés to the interior of the dusp through drill holes
ghould allow exsuination of the poatulatéd erygen defls
clency mentioned sarlisr, Tha-m&gmiﬁua@ and result of tho
deficiency should be indlcated by physlcal exdmiﬁamioﬁ of
the material produced by drilling. Pestulated ‘tertisey!
deposition should be readily observed il it is of ifnporténce.

If the minerslogy of the duwnp at the location of drill-
ing is koaown, the affect of leaching on tha‘cupy@rnbamriﬁ@
mingrals m&y'b@ qualitatively determined. Thus the relés
tive rate of congumption of chaleocite and chalcopyritg
m&y be estimated.

.im.v added benefit of drilliog the dump may be found in
the possible verificasion of the regerve sstimstes nade

earliisr.

fvaporation Tests

ine of the more lwportant suggestions madé in the an»
alyaly of aparati%n&l assunptions is that & rather large
quantity of water, bearlng leportant ssounts ef copper,
way ba lost by flow threugh the bottom of the dwnp.

Ihe suggestion was basued on the satinate that the water
losses experianced coudd not be astribuved to %vmpormtion~
?haraf&ra,_wxgari&mnnal verification of the water losses
actually incurraed thvaﬁgh avaporation sust b gsought. Sev=

sra) technlques for the deterwdnuilon of evaporative loss



69

gre deseribed in the lisersture of atuospheric scisuce.

Hydrologie Stvudies
If the estimates vade earlice sre borns out by the

svaporative loas studles Just suggested, s hydrologic
study shouwld determine if in fact the abnormel water loss
is attributable to scepage o1 flow through the botton of
the duwp. The study way include drilling teats in thae
ares of suspected loss.?

Any holes drilled in the hydrologie study may be used
for the recovery oI copper~bearing selutions encountered,

if loss of the solution is in feoet ocouring.

sxygen Jeficlanoy Investigotions

Betfinesent of the &ayarimﬁﬁtél y#déwduk&'daéﬁribéd
asrlier should cont'irm or diayr@#&Iﬁh& poaﬁulaﬁed nxy;én
deficie¢ncy in»thuidumﬁ. Golluction of a watar sample
from the bottow of drill hoeles way repréessat the wost
feapible mathod of verifying the dsficlency.

Kinetie Studies

If the o%ygam daficiémcy w&nhiwﬁ&d &b&vw io verified,
the kinétia effoct of ché d&f1ciancy should be dwt@rminﬁd
through laborastory experiment. Thaaréahlts.ﬁf thu Jubor-
atory tests mhquld indieﬁt& tha ﬁ&nufa of any’angihé&ridg
ﬁﬁ”éégzmgﬁan thae astudy may produces éa g side raéulbrin-

dicationy or techndiques fovr the location of other Becw
ondary are deposits.
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development and dnprovement of the leaching process rew

quired to improve the rate of ragovery.

Examination of Recireulation of Tailing wﬁﬁur
Tt hes h&ﬁﬁ ﬁug@watwd thst the raairculubian mf t&ilw
ing wutar w&y ve detrimental in th&t it induces madificam
tién of the porcsity and pornesbility of the dump by dew
poaitian‘wf hydrmﬁa fron salts, fTests conduched st thw‘
mﬁumilurgieai rwaﬁ&rqh«lmbaraaar§ at Hurley indicste
- that the addition of acld to the tailing water will ald
iu the rectification of this condition. It is sugzestad
that such teste, correlated with the results of porosity 4
and permeability exandnations permitted by drilling of i
the dump, be continued until & definite sonclusion 1g
reached concerning the value of tha addition of acid to

the tedliog water.

Eegarve Invaétigaﬂiwn
The besie for the esteblishment of amy‘minaral Faw
aource osperation e the probable uxintanc@ of sufficient |
avmil&ble waterial to psrrit the mavneaic continuation ‘
of the operation. Therefore, to ensure the soundpess of
any fuﬁuf& invmﬁnﬁwmt'br'ﬁavmlmpm&ut baged on leaching,
the sstinate of &vailwblu meterial made carlier should bw
verified uﬁing the nore accurate figuraﬁ svallable withe
in the erganigation, Such an estimate nay requlre vepi-

ficatlon by drilling.
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Recovery Investigation
Fresent estlmstes of ultinate recovery state that 60
porgent of the copper present in the dusp mey be regovered,
It is suggested that application of the results of
the inveatigstions just outlined may indicate twuhﬁiquﬁa
for lvproving the ultinste racovary of aoppaw from the
dwsp.  Purther, the lovestigstions ahould indicate mothods

for fmproving the rate of TUCUVery.

By-Produgt, Hecovery
o date, no atbompt has besn mady Lo recovar iddd -

tional products from tie coppar-besring solutions.  Howe
e¥er, & possible ilnportant arsa of productlon should not
be overlooked in the future.

Folybdenws, in the forw of Eolybdenitve (hmd,), ie
known to oceur in the waterial bedng sent to the duip .
The mineral fors of the nelybdenun fodicates that leaghe
lng of the molybdenuns should coour dn a wanaer enalogous
to the leaching of the Gopper. Further, there iu soue
indication that m@lybdﬁﬂu$.d0$ﬂ eoeur in the sclution.
Therefore, study of the possibility of recovering the Holyb-
denum should be instituted,

If a teehnique is developed to halt deposition of 4ron
in the auwsp, the iron content of the solution should be
expedted to {norsuse, To Pirevent the iron bu}ldaup Ly

boeouing ercesaive, pose techndque will ba roguired to
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reneve the excess lron fron solution, Elegtrelytic re-

covary of the iren frew the solution after yamoval of

the disgelved copper is a possible tachnique Loy redud-

ing the iroen gontont of the soluvion, regensrsting the

acid eontent of the solution, und praﬁuming # salable

by=product in the form of hiﬁﬁ purity slectrolytic draen.
Other by-product possibilities should be inveatigated.
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EGQEORIC GONSIDERATIONS

Yhe sociocecononic 1ifw of any industrisl operation is
dependent on 1tg ability Lo compete with like industrisl
prerations. Thmbufarﬁ iﬁ.iﬁ'naﬁmaaary tau&maﬂin&'tha POG G-
1hilivy of seintadning and improving th@'aamﬁéﬁitiv¢ Liim
sitlon of Ghine Fines Division sa & produceyr of céyp@r. |

A comuon Lusis Yor cotparing the coupetitive sbility
Of operatlons is the cest per anit of production. Howaver ,
this inforustiovn 1s net publiely availelble for Chine Hinss
Dlvialon or for a comperable eperation. Therefeye, the
deteindnation of Chine’y relavive conpuetitvive «bility in
terws OF the ability of othier operaticus s not possibla.
through stendard dete eolleztion nothods,

In the abseacy of &vﬂilabl@.da&t data, 4 poesure of
the competitive strength of Lhe eperation du thw'cmmparim
son betwoen the prescent estinsted cost per unlt production
with thet estimated cost spsociated with esch unit of proe
duction under gome ressensble luprovesent or moddfication
of the preasnt aﬁmraciam; |

Thim'diﬁeuaaimn will therafore precesd ta:davwlay Lha
production unlt cost under the'praaﬂnu mparaniﬂg plen and
undar a pas&iblé mc&ifi&d cperation plan, The discussion
wWill be develeped within the constralnts of the Lfollowing
sssaptions:

(1) The rats of production within the diviaion wust
not ba less tihan that presently maiuteined;
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{2) Aoy redevelopment er piveration of the prosent
operstion puet be made Io the context of the
present teehnology; :

(3) The prosent facilities must be used os long as
egononleclly feasible; o

{4} Bo wajor capitel investiwont vy be pervdtted; angd

(5} Consideration must be restoicted to the operus
tions dnvelved dn the phyalesl recovery of cope
per, f.¢. sdlling and precipitetion,

Kote that the sssumpticns just listed restrict the dis-

cusalon to pelatively short~run consliderstiong.
Assunptions

The following data were collocted from the literature

as &1ds in the cotisation of the necessary cost figures.

| MILLING CUST DATA o |
KILL  CAPACITY  FLED  GUST  HECOVERY  YedR

| L tousfday B Cu gfton %
A 1,200 1.52 £5.41 91,3 1Gay
B 2,400 3.2 6173 95.7 1929
b U0 2,63 51,30 Aa 192y
& 30, 300 l.?ﬂv 3990 L. 684 1426

A » Guperior Coneentrator, Pluuss County, (alifovsis
{lielaon, 1%32)

B - Cansnes Consolldated Copper Compeny Concentrator,
Cananca, Souora, Haexico (Tye, 1*;?303

G~ Copper Gueen Consentestor, Bisbes, arizons
{(whittensu end Craser, lﬁﬁl)

B~ Luecmari Concentruatos, Naeozuri, Sonora, Hexico
(Hose and Cramer, 1lv30) o

& = Hayden Congentrator, Hayden, Avisona (Carws,1930)

F o~ Blond Copper Company Concuntratow, Hland, wrizong
AHunt, 1930}

{a) - not rescrted

HOve two inverwsting reluationships;

(1} Hecovery and gride of foed appear o be direot-
1y related; and

{2) Capseity and cost per ton appear to be invergely
relataed , :
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It wag ageused thet the relitionships do in fact hold; eand
that the data repressnt & good sawple of the available cost
data, Therefore 1t is ﬁmﬁ&ib}ﬁ 1o conatruet graphs ol re-
cuvery veresus grads of feed, and capaclty versus willing
cost per ton. I the date snd the resulting curves are
taken o represent a norm of operation for copper sulphide
mills, an sebiwate of the wx@éﬁnwd rocovery and nilling
cost per ton ey be developed by véa&ing thé gaurve values
aarr@ﬁﬁuﬂdimg Lo the projuectad grade of fewmd ahd.c&g$aity,
Bueh curves are prossated on the Lollowling jpeces. 4
& ¢hock the reporbed recovery was compared withibh& gebi-
nated recovery for the grade of foed rupwrtqdl?_rumwivmu
at the mill at Harley. The two valusgs differ by leas than

OUg pexrtunt.

On the basls of the fadicuted acoupacy of ecatinatas
e by thls spprowch, 10 i aspused that the estinatoes
af willlng cost per Lon of ore, retovery, and hence nille
ing cost per poumd ol copper recoversd ars valld.
| hote that the estisete of nilling coet per poung of
coppur obtalngd de In bterss of Y930 costs and prices.

To updatse ths estivete to 1903 costs and pricss, the Lfole

lowing formuls iz euployod:

1963 cest = 5 x [{1Y30 cost) + 2.1 = §{1930 costs).
Tha forsula is bused on the sesunption that onge-half
of the sdlllng coste ls lebor; one-half, gupplies.”  Cose
§:7§gza”;;&um§ticn i an catinate beaed on dats Lo oo

perable ndlling operations. The percent of totel cost
(continued on fﬂliﬁ%&ﬂﬂ P )
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parable Joy wages havae inoprcasvd feom $4.00 in 1930%
{Zeele, 1941} Lo §20,007 in lﬁéjb; hency the factor 5.

The wholesale priee index, the ratio ef wholaemale prices
in the glven year t& prices in & Lose yé&r; haa inoressed
fros 56,1 in 1930 to 109.5 in 1559% (L. 8, Departaent of
Commerce}. If the supplivs sre purghaged at wholegsals
pricus, iha ingresge in aupply ceat botwoen l?ﬁ@ and

1563 should be in uhenratialdf‘tha ehanga in the wholssale

piriew Index; henge the factor 2.1.

Fresent F#édueniwn Cout

Tha cost per unlt of production msy be estiumated by
using dete eollected within the Chine Mines Division snd
cost sutimatus developed by the techulque just desoribed.
The cost eotlmate 1s shown on the next PRLE,

Un the b%aia‘nr the estimates snd ealoulstions made,
the cost per pound of copper at a daily preductien rate
of 468,720 pounus ia 659 mentsQ |
o s

(coutinued from previous puge) attriluted to luber at
varicus operatdions in 1930 ds: :

Gopper Queen 31.@#% twnxtﬁenauwan@ Cramer, 1931}
Supgrior 40.08%  Lhelson, 1933) v

Teggert (1y27, page 806} astinstes labor cost to be
30 to 50 percant of total flotaticn milling cost.

- Mlner's daily wage &t Uround Hog Mineg, Vanadiwa, Hew
Hexleo. Hepresents a paxdsws 1930 daily wage fer

Y will pergennel other than supervisory stafl,

« Postod contract wage rave for wmill personnel; includes
somg Friuge bonelity.

w LS T L5 100
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ESTIMATE OF PRESENT PROUUCTICN CGSTS

MILLIKG A o
Daily tonnage capacity £2,500 tons/dey
Urade of feed L U.7¢ % Copper
¥11ling recevery : vo %
Cost per pound copper{s) 7.67 ¢/ pdund
Total dally recovery(b) 260,800 pounds
Total daiiy cost(b) 21,537 -
PRECIPITATION
Plany flow T2500 g.pam. :
Copper content of watsr 20 1ba/LKGG gal.
Precipitation recovery . &7 % o
Potal deily recovery(b) 1£7,920 pounds
Cost per pound copper({e) . . 5 ¢/pound
Total da&ly‘aaab(b5 $4,396
TOTAL ' o
Baily recovery{b) LG8 ,720 poursds
Deily cowt(b) = o $30,933
Gogt per pound copper{b) &.5% ¢/pound

?3“{':‘22&1@@4
b} - computead
(c) = from faroons, 1457

Fodlfication Aspunptions

To exansine the gtrength of the preseut econonle st
wation at Ghino, 1t 18 necessary to axaﬁina the posalibie-
lity of irproving the cost configuration of the opuratlon
within the congtrainte iuposed earlier. Hecsuse of the
conditions noted earlier, it is assuwed thay the only
reasonable duprovement possible wust be o shifting of
reletive enphasis betweoen willing and precipitution,

To sxandne the possible effect ol such sn emphiiols
ghift on the cost situation, it 18 necessary to neke goue
aaaumptianm* |

They srs:



&

(1) Frecipivation recovery can be ﬁxganuad LG QO
pensete for & reletive oub-back in slll recove
ery, il.e., producticn con be meintained ot &
congbant level; and

{2} The cost of production by presipitation can be
malntalned at 5 cents per pound x&@wfulﬂﬁﬁ (¢34
production rate.

Further, aome estimate of the ore grade snd guintitiesn
abipped to the mdll must be made. Thet estimets is pre-
sented below. lHote that the average grade of such & day's
shipuent 18 0,777 percent coppsr, wiile the gvarage ship-
ment grade sctuslly eaperdenced is G.78 percent copper,
The reliebility of the wstivate can be considered Very
aood,

BOTIVATED GRADN OF OXB SHIPMONTS
THTERVALS i&“&?mnmﬁ TUHS Pul DAY

(b} ~0.65 0.6 6,500
0.65*0,?,‘) Un? J,:&.‘s&
Ue b5, G5 U.9 3,000
Uaiinl 035 1.0 2,000
o Us-1.15 Lol 04,000
Ledlb=1.25 1.2 : o500
LeB5-1.35 13 AN

Totsl shipments ad,BUU

AVETagS prody U /fi“

?;In:m;;;;ﬁub COLLuY
(b} = cutoff grude
Hodifieatdion Modeld
In thé wodification wodel 1% 1a aﬁaum&a Lhat the ocutecif
grade of mill iumu is rajged to U635 percent copper; and
thet udll »w“agity ia u&naaquwntly cut to 16,000 tons per

day. The model takwa account of all asssusptions noted



pefore; snd all estlisted valucs are errived at iun the
penner deseribed. It hes further been aagumed that the
ore minw& will contious to conform te the estinste Just
nikde ) hwnw@; the 16,000 tons of ore per day that are 885N~
od teo ba‘aﬁnt to the 111 will &?&raﬁa 0.65 pereaent gope
pa. |
The estisatad Cost &ﬁﬁaeiaaad with mhé ﬁaﬁifiﬁatian

model, as well us the other salient date, are prosented
Below, | |

- ESTIMATE OF COSTS ASSCCIATHD wITH HODIFIGATION MODEL

MILLIEG L ‘ ,
Daily tomnsze capacity(al 16,000 tons/doy

Orode of feadil{l) Q.65 Y copper

$#1114ny recevery{e) | L2 %

Cost pur pound copperl{e)l  7.778 ¢/ povnd

Total dally rgcovery (b R2A,040 pounds

Yotal daily cost{l) S RT3
FREGIFITATION

Flant fiowlb) | 10,000 .t

Copper content of weber{a) T AU 1ba/1000 gal.

Precipitavion recovery{s) 87 @ _

Cost per pound copper(a) 5 ¢/pound

Toted delly recovery(lb) 245,650 pownda

Total delly cost{b) $12, 58
TOTAL | | |
paily rucovsry(b) LG8, TR0 pounds

baily eosti{b) VAN v
Cost per peund copper(b) .35 ¢/pound
g e A .
(a) -~ woswasd
{p) -~ coumpubed
{c) - ostineted

Compurison with the sstlinaty of present production cost
nede warllier shows thot the fullewlog adventages way be
rained 1f the modification 1o inptituted:

(1) &n overall eost saving per pound OF copper pro=
duced of .23 cent uay be doeveloped; and




L

(&) 8y gonsteny production o aslly saving of $1,308
way Lu enjoyod.

IT will througheput is decressed to 16,000 tong of
ore par d&y;'it 1s sotinated that rocovery will incresge
to 2 peroent, whila cost per pwunu of copper is aatiwatud
to be 7.775 cents. Incresse in prscipitation racwvavy of
57,760 puunda per dey will allaw duily total prﬁduati@n
to be m&int&inma. The daily cost saving 1o ﬁhy&i&&l rw~
auvsry ol the cuwyar 18 estinated to be §1,308.

Additions) Advantejges

‘The wlll et Hurley was originelly designed to operw
ete at & snaller capacivy and higher grede than pressut
opecations now meke avollsble {(Parsons, 1957). 4 veturn
to condibiony wors neerly conforsing to the daaign ro~
guirensats of the will way mntrQuuum ragovery snd cuﬁt
imyruvauuntm In excess of those setliosnted. karthur adm
vant&ﬁ@ way be ifotroduced by the reduction of wuar-en
the squipment, thus srbendlng the 1ifu of the uquipmunt
and reducdog weliteinanoa costy,

An advantsge thet has not been valued is the reduc-
tion in heat reguirerents in the smelting apar&timﬁ. Tha
coemont eopper rasovered by lnersasing the precipitation
ﬁraauat*mu iy wore deelirable for hu&lbing titn the cane

centrate 1:3:‘w.a\mum by the wilil.
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Froipht Saving
ha additlonal saving ds introduged by the modification
in that fredpght costs are reducsd.

L ds renorted that tha‘frﬁighh ELAL for wraneler of
ore from tha adne vla the dtebinson, Topeks, ond Santa Fe
Badlway to the oil) was 33,00&,&@& L6 ﬁ#,ﬁmﬂ,wﬁﬂ‘iﬂ 1962,
Assuming that 5,750,000% tons of are wers shipped during
the year, &n&‘th&t the lowar | rﬁiﬂht rivurw i curr&ét.
tha ¢as ﬁjmf transperting thw ora sy e am@ut@ﬁ to ba
Iele o lsdy cwuh per ton. & dally reduction in shigweents of
6,500 tong gan therefore be taken to indicate an estinmuted

i ord

daily saving of 2,880,

Additlonal Produotion
Toug Lfor the astimates of gaving have been baged on

mill operation days. The wmill eurreatly operates alx Jayes
& weuk, while the precipitetion plant aurrauﬁly operataes
Savan days pur wesk. Therefore, the sdded pregiplration
production ubility regquired by the modificatlon would be in

u;r&,ina approxiustely LU days each fuﬁr in ¢xc¢4m Gf 61l
up&”%t&aw anoadded production of 57, iuq pounig for ua
days smounts to an added yoeely productien of 3,465,600
nounds of vopper.  Asgusing that the value of cosver Lo the
Chino Hines Diviaion, after dadustion of produstivi costse,
iz 5 gwﬁt‘ par pound, the aédaﬁ production would mouan an

& hi"&ﬂ‘«“zf oy ds %1}1?’ &‘%‘i‘:l wivh of Q;Z AU tonn aod o '-"l'lii.“‘f,ffi?lﬁ
yaear of 30U days ‘



adided yearly ineope of §173,200. Based on a will operation
yeor of 300 dayas, the added lngoue would swount to §578

per day.

Loag of Melybdemu Production |

It is reportod thet the nojority of the molybdenum
ocouring in the Chino ores ls associsted with 1au'anpyaw
w@ntunt' Uy sending 6,500 tong of the lowest grade nill
ora to the waste dump instead of to the mill, a4 consider~
able reduction in wolybdermas récavary may e gnoountered.

Recont production Mlgures indleate that the cdll re-
&wv&ra about 1,100,000 pounds of nolyhdenus concentrate
valued ot about 40 centa pur pound vash year {(Anderson,
1957) . Boged on & 300-day 01l year, this indicates a
total value of dally preductdon of 1,467, If it 18 aseun~
ed that one~half of the production is loat becsuse of the

change 1o ndll feed, the dally loss acounts te $734.

Daily Gost Saving |
The estluetes of cost savings amd 1ncous gadn and
loos Just completed may be nmtaléd to show the gatlinated
dally saving fotredused by the wodification model,
ESTIPATED DALY BAVING

I BALLY Valyg
Rocovery saviog %l , 306
Freight saving 2,088
Additionsl recaovary 578
_ Qross dedly saving  §4,775
Losg wolyldanuws loss T34

9 Vi ol e R e

il ™



Gost of kodlfication

1L the podificstion used in the wodel is erploved,
an exponsion of the precipitation focility will bLe ree
qulred. The cost of the expuansion must be conpared with
the expected saving to errive at & deeizion to suploy
the medificetden, It is therefore necessisy 10 nmake sosg
gotinate of the coust of exsponslon. |

The following estimste is hypothctical. However, it
iz ﬁha@gﬁ% that the estinate is conservative; i.o., that
the oot exnanslon is oversstimated.

SOTTHATED COBT QF LIPAVSICON PLB 3,000 O.F.0. CAPACITY

i“Lw - GuUsY
ﬂr&ai Atation feellity BLUG QU0
Fumuanm Faglillty 440 UUO
Fipiry 2y 060
ddseed laneous jm LR

Total per 1,000 g.p.a. @2&&,&&&

Earlier it wos estimeted thet an additional ﬁaily'pra~
dustion of 57,740 pounds of coppsr would be roequived frowm
precipitation. Aspusing o water capaclty of 20 pounds of
ramyur per 3,000 gellons of wobter, and a FegQvary of 87
pargent, an expansion eapable of handllng 2,300 gallouns
per mAnuty is vmquir&ﬁ. Thus an expenslon ¢ost of about
BEOU, 000 da va quirudﬁ

Alteration of }mﬁﬁf va ditustion

In Obeptee VI o regerve 1ifs of O yeurs wos computed
for thoe precipivation eperation, The preosst operation
requires sbout 7,040 tong of cophor por year from the

freserve’ ln the Junp. The %xpmmdud epeiratlon lovuwding
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a peet of the moddiflention podel will reguize additional
pronnts of copper Dros the resarve.

Each day of nilld opecatden under the wodified plan
will requlre the net recovery ef 10,900 pounds of copper
from the reserve now in the dunp. This is computsd on
the bagla of the sdddtion of 6,300 tons of nmoterial cone
tadning 0.6 porcent copper to the dump, GU pergent roe
covery by lesching, sind a gress dnervass in pecovery of
57,?&5‘p@uﬂﬁa,ﬁf‘¢npyar,yar doy. In addition, sach day
that the nill ds down but the precipitstion plant ig in
oparation, a drain of 57,700 pounds of coppor will be
placud on the roserve. Aﬁﬁuﬁimﬁ‘th&ﬁ.th@ éill:m@ﬁr&ﬁ&m
300 deys & year end the precdpdtation plant operates 35ﬁ
ﬂ&y& y@r year, the net sdded y%&rlyvﬁrmin Gn rBeurves
will ba 3,321 tons. |

| The totsd veordy coasunption of resorves &y‘tha.ﬁéam
gont apﬁrﬁtian arl tha ymuﬁu&ﬁté& expanpion will amount
o iﬁ,?é&‘ﬁwﬁa~ Barlier 1t was estlnmated thot the ree
coverable reserves anounbed 1o 68,420 tons; thus the ine
dloated ra&&rw@‘l&fﬁuﬁf the woddfied oparation will bé

6.8l veurs.

Fossible Value of the Hodilicatdon
Au ostinuted saving of 04,041 per pdld oporsting day
hoa boen postuleted. I the wil) opsestes 300 devs per

year, the pospible yesrly saving asounts to $L,812,300.
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deeerve culeulatlona ghow that such & saving wight ba ene
Joyed for sbout € ypars. The present value of an annuity
of ¥1 for & yeoars &t 10 porpent interest® is $4.3553 (Parks,
1957); thersfors the prosent value of such a gaving, when
vonsidered sz an amnuity, if @5;259,@3ﬂ‘ The imvm&tmé&t
regulred to sscure sueh an anpulty hes bosn getinatod to

b HEG0), K, ﬂubﬁrmatimg the lnvastuont eequirsd foom

the present value of the annudty it can be ghown that the

poesible value of the modificetion fa 44,759,930,

Reonond.g Fﬁmiﬁiﬁn‘

IT the saswnud plan of medification is put into opers
ation, the reletive sgononie position ef Ching Hines Dive
ioion will be luproved by reducing tﬁw cust of opper Pre-
duetion,  Any technlgue for lwproving the competitive
strengih of an operation nay bo lmportant, If not enploye
Bl immadiaﬁwiy, tha technique should be hept under cone
slderation Lfor use at gush time og th& marheot aiﬁuﬂtian |
should require.
ﬂ:”ﬁé;";;%ar&at rate for m@nggarnrm&ng'th& capital of ¢

corporation s asswusd 1o be 10 percest, Lused on
reported comaon practles (Parke, 19371,
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The pessible nodification of the phyelcal rovovory
ef coppar diseussed in the preceding chuptay popresunts
a shorterun or immedists development. This chopter fo
concerned with & posslble patlern of longe~rangs toghnle

eal and socleogonomic development of Chine Mines Divislon.

Definition

he principle characteristics of & long-range devel-
apmanﬁ‘ﬂrﬂ tigh probubility of cseurrence, but roesonable
tnsertainty as to the dete of actual dsplenmentation of
the developnent., The leng-range development plans will
by fmpde uwutwﬁ whan the scoumulated phyaical o &nﬁiﬁ~
seonorde checlescence nakes 1t lwposalble for the prasent
coppar-produsing feellity to printedn gulficient coupew
titive etrenzth, | |

Physleal obwolesconco say be degoribed a8 the wedsdng
out of the equipsent of the operation. The sceunuloted
physioal obsolescance will be indi&&téd by rlsing adne

talnance costs; when the a“mt of mminﬁxinanwa h@ﬁam@ﬁ‘

prohibitive, 1t ¢on be stated thet physical obsolescence
Lias overtaken the eperation. Yenes & mﬁw'd&vwlapw&nt will
be required Yo continue production of coppor,

Soeionoononie obsoloscunce vay be defined as the loss
of necgasary conpetitive strength through soclsl or eeonouic



a9

chenga. At any tige that the ooet of peodusticn rldes sa
a raamlt of wxternal eventa®, or merkut proatura decpenses
o that the necessary nerpln baotween outge and Iugows is
net waintalaed, 1t may be sald that the operatien ls abe-

solote in o sopiogeonimic BuREY.

v ironsant

Bufore any statesent Is nede ¢oneerwing the possllle
léngwramﬁﬂ dovelopment of the phyglesd recovery of copper
st Chino Plones Division in madw, gomothing rmst be known
about the anvlrmmmwut Iu wbich th@ umvwlavuﬂnt will take
pluce.,

The prineiple use of copper is in the electyrical dne
BN abawrbinw about twe-thdinde of the toval output
{varsons, lhf } o Pthe lndustey hus Lawn wipsnding ot u
Leenendous rete and, ne doubt, will continue to expand,
not enly in the United Statse snd other industrial coune
trien bub dlﬁ@; to an dncreaning &ﬁtukh* Lo the powcalled
Yhackusyd? countries, Darring gore wuforeseen technolos
gle develemnent, coppor will be indispengable Loy geneps
sting, distributing, sod utilising electrie @ﬂargy“ {Pay~
Bona, 1@5?}, Therefore, on exponding demand for copper

can by axpected.

A N S U

Te Such sxberasl W»”mm& woudd duelude Inoveased ;g,u,fmly
eant or inorecasd lobor eoste. Thess externnl avonto
repereoent the changes in coed that &re not wnder in-
bornal ponagenent o uuhlu@uring gontiral . ,



Howaver, the 'uwnforseen technologio developneat! has
takan plage. Alundnun wire, sowetiuen soppor-gostad, le
new gadning sccuptonce sg o poterlsl for vge in electri-
al power dlssribution, The meteriel heg {avorable phy-
plesl cheracterdstics for euch use, aad is additiensily
recemawndoed by 1ts lowsr prige. |

The laser, @ davics for the gensration of coherent
Light bozna, presents & nessible tevhniqua for the trange
mlssion of electrical powar thet requires no centinuous
slastrical connsetion. It is quits pessible that within
the next few ywmré power trangsmlission lipes will bacome
pbgolete through ﬁppliaﬁtimm.@f laser vechnology.

Tha postulnted expunsion in dessnd Tor copper will
gertainly be medified by techuolesie developments such
g thase just deperibed, In wff&av, &ftear decsdes of gne
Joying & neturadl” wmonopoly, coppoer will be ploced in ﬂG$ﬁ
sorpetitlon with other uwebterdals; and copper technology
will Le plased in competition with cther technolopies.

If wopper is %o retsln a competitiva position, its prico
will probakly h&v@'te decrcage relative te prosent levels
to ensure an Inopeasing veluwe berket.

O the ether hand, the cost br production cen he expoche
od to rlse. The probable inerease® in lubor cost alone will
5Z~§§§ﬁ§§§agm in nations) sverage day wige psid dn the

mebad nindng indestey has bsen sbout 20U pardsnt io

the pagt thivey years. Projections of thig trend dndi-
gate the wpper liudt of labor cosy ingroeass.



e gulficient to oflsel By eest-cattlng devalopaaats of
Ui pregent produstion tewohmolopy, Purtheyr, the probable
trawi of supply vest {o Loward ﬁ&ghmf eipense 1o servic-
Sy and seintalodsg seeh operations.

. To pustete the soencluglong:

(L} The sarket for copper in teaditionsl uss arens
aén bo expected to incredpu] X

() Competition from other saterisls and tocknioloe
rhus con by wepected to increpse; '

{3) To compete for & shere of the mirket, the
priq? of copper will probably hove %o be roe
e e ‘

{4) The cost of production con Do gxpactad tw rise,
o long s the prosent wathodg of PUCOVETY Bl
tinmue to be used; |

(5) Copper produsere can wepogt ar inereasingly

. Sovere sust-prlee squeste wnlopp. long-range
paarndng and Goveloprert gan Antrodule oono e
Bien in predustion costs,

Frinciples
Frlugiples for long-renge developrent are:

{1} In any tudusteds) process iU 1o desirable so
winindse handling of the waterinls invelved,
and to mapivise the sese of hamadd ing

(2) baxdiows recovery, ond consequent mindenm exs

pensn duw to leas, should be aghieved;
{3) It i deslrablz 6o obtein the woat valusble
produst poseille conslstent with the soclovsoe
nokic sltustion; ,
The aluplest sraoess consisbant with the forew
godng prdoeiples 48 the nost deslvable,

Agsurptions

The long~range developnent plans hope ivpoped will be
restricted Lo the phyelesl reesvery of conper.

It will bo sssuned aﬁ the outset that milling ag o

teehndque for the lorge seale phiyslosl resavery of goppor



Wil et sone podnt in the future buecose Tepracotiesl due
o obawledsence; and Lhot long-ronge dafwlﬁﬁmwam piéng
will b béwed on deaeldig

The lollewing sssuapticong are wade congerning the
Ohino Hines viviaion:

{1) The necasssyy sonles will be aveilable when
vedovelopuwent 1s required;

{2) The copper contont of Lhe muterial mined will

. Gecrenur on o longeldem busia) snd

(3) The wiunepalegy of the weppacsbodring seterisal
wlll change, 8o thet cheleupyrite becowes the
anst luportant coppere-bearing winepald,

v wiil furtber be casused that the resgsareh cutlined in
hapter VII hus bews conducted, and that the fellewing cone
clusdons huve Lok redched:

(1} Beposition of hydrous ferris iron anlts Crom
loach solution mey weddily the porealty ond
perieabliity of the msberial being lusched,
but deposivien of the palis can be halted by

o, wddivion of seid to Lhe leach solutions;

(2) Loss of water flow through tha bettom of the
dimaps 18 dn Lot ocourding, bub pey be halted

L oy adaguate proparation of the dusy site:

{3) avvificiel wugition of Qrygen e the naterisl
belng leached and 1o the lesch solution will
Liyrove both the hinsticp and the wltinoats row

Cuvery of the leaching process;

{4) The looch solutions do wsrry eppreclébls amounts
of poteriel whese recovery iu desirable in bhat
A% will persdu byproduct lneomo,

Arean of Developmynt

Thiree probable aress of dafwl@pmwnt of the 1@&&&1;@
provess exist, They arer hendling ef the moterisl to be
lenched; the leaching process Lteelf; sud the recovery of
copper and othor products frowm the leach &uluuimﬂ.

bl dal B R

= goo Chapter VI
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¥averisl Handilng

T4 s asspansd that the opon pit mining of khe dants
fita ore depoait will continue, and that the duap will
inereess in slse. Further, Ly assuming that leachlng
will taky th@vplmaw of willing, 1% has baon implied thav
411 of the saterdal mined will go to the duap.

The £irst possible development in materied hendiing
Cthat comes wWithin ihe resla of physlcal recovery of tha
gopper in the preparation of the duup site belore tugle.
erisl 1o placed on the duap,  Juch prepuralion sould end
Cthe possibvility of loss ol copper-batring waver Wty
tha bobiom of the dwsp and ald in the lesching procuss
1vaell,

Wster 1088 through flow tiwough the bottom of the dump
may be helved by seallog the dunp slte in dowe Rennsr.
ﬁu&ﬁ gealing conld be aw&mmﬁliﬁh@d by elling the ground
suirface, o by covering the surfoce with an sephalt pad.
However, both techuloues beve a comwon falling: settling
of the duap meterisl and cowmpaction of the uwaderlying
ground would tend to break the affectdlve sewal of the
material .

‘Boverel teste using plestic aheets to stop water losg
have been gondutted in rocent yoars. After the slts is
Loveled, the cheat dg laid down and coversd with & thin

layor of dirt to held it in plage. The technique bas .
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proved noat effective In reducling weter lopa; end is
apparently unaffscted by losding. %The plastle stretches
and ezpands t0 conform Lo irregularitics introduged by
settling end compagtlon. BGite preparction will probably
enploy suth 8 teshnique to atop water loss in the futwrs.

A& sesond possible development in cite preparation is
tho laying of eonerete or other high-atrength low-cost
pipe to aid in the lesching of the dump. IL guch pipe
La perforated, and air or oxygen is ferged into the plps
aftor 1t 1s covered by the dupp, leaching will be proe
goted,

Ferlier it was noted thot wogss of the eoppereboaring
sdnerale ecpurred in frocture planes prepent in the roek.
Parther, 1% was noted that the tlwe of @mmatr%mian ef @
rogk wpeass hy Ieoching am&uxian, ond henee the time of
lenching, is & Dunetdon of the sise of the yock nass.
Sonatderation of these two faote letwls to a possible dewr
veloprent of material handling.

The Lrecture planse presunt in' o weterisl reproessnt
planes of weakness, I the wmeterdal ls crushed, 1t will
tend to braak slong the plines of wealinens. Hinoe the
plenes of wesknoss in the Bunta Fiﬁ& ore mntmrim& mfe axsa
the prinaiplw 6&%&3 of copper nineral aamurmnmu, wruahina -
i bh@ tined metordal would tend to wxposw thw min&walﬂ o

leaching., Purther, the desreased reck page alze would



pronote the rete of leashing of copper winerels within

the mass, Thus e kinetle sdventage in lesching vould be

pbtained throwsh physlesld prepuration of the naterisl.

Apgume thet erushing to B certain sise exposes vost

of the coppor winersls on the swrfece of the rovk frage

ments.  If tha fraguests ere then subjected to wbrasien,

the ceopsr minerale would tend to be raoved &8 sendesise
od waberdal, Seresoing of the crushed omd pbroded mite
erial would then tend to produce a physical separation

of the copper mineral snd the barrsn rock. The oversise

fron the scroening operation, composed of relatively

barren reck freguents, would be sent to the aump for leach-
ing: while the undeveise would be sond te & controlled
| . . -
lenching precess to be dusorided later®, |
The sising of the material wonld ald in leaching of

- khe dup. It 15 woll hnown thet the porosity and PUrNea

billty of o mues composed of ﬂarﬁialma mf‘hﬁtrmgammduﬁ’

aigo. fhe erushing and slping would tend to improve the
péroglty and permesbility of the dump, thus impreving the
rave of Jesching. ’ . | |

D O A AU WA N : .

& Hote thwt the operstion Just described could be applied
Lo the presont cperatien to inervase the grade of pill
feud. Nutorisl udped could be grushed to sxpose the vop-
per mingrale; sbreded by rellinmg in & drum spparatus or
passing through & ehute; and sersuned to ebtaln & phye
aloal congentrate. Ovarsise would b@if&ﬁﬁﬁﬁ‘ﬂﬂ the dwsp
and leached; woderaine, sent to the will for further ol
centration, Advantage should be obbtained in Lfredght and

grirding soving, ne well sg in the increased recovery
atteibutable to lusreasod grede of widl fesd. :



The possitle longerange developmonts in materisl hands
Mng discuased above aye:
{1) Preperation of thwe dunp elte by
(a) Sealing the dump sltw with plestic ghest
ing Lo prevent water loss) '
{b) Luylng pipe on the groumd surface befors
_ fersstion of the dusp to sllow introdustion
of oxygen durdng legching; o
&) Grushing of the paterisl to parnit fagter ponc-
teation by leach sclution; | |
{3) Physical separation of the copper winerals frow
the barren resk by erushlug, abrading, and soresn-
ini.
Lasching . |

It bas been asoused that the reswdts of regearch will
ghow that the kinstics mnd wltinate regovery of leaching
can be luproved by the srtlfielal addition of oxypen. The
eyl ney be wided te the paterdal belng lesshed, or to
the lesch solution,

If perforated conorete pipe 18 placed benesth the dunp,
ag suggested Lo the preceding sertdon, ouygen wky be appe
1ied directly to the dunp by forcing wir into the plpe end
through the perforetions, Sueh application of the exygon
% e bage of the dwap would alse odd in the elinination
off "tertdory’ deposition of copper sugpested ssrlier.

Quygen may bo added to tho leach solution by passing
the solutdon over a surles of riffles. 4dgltetion of the
solution n the prossnce of atrospheric oxyzen will allow
the abesorption of oxygen for use in the lesching reactions.

Addisdon of sulfuric ecid to the lesch solubion is
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spsuned Lo be netossary to Jorestall the deposition of
hydrous fervie palts thab proevent eflective physicul cons
tact betwoen the leach solution and the material to be
leached, o |

The addition of acld to lessh golution, in the pie~
ﬂﬁﬁ&@ of sulficlant owypen, will heve an sdditionsl bogew
flolel effeet. Ferrous sulphate, produced by the leach
reagtions, s cwnvarﬁ&& Lo furrie Gudphate, o desirable
reagent for laaehing,‘ﬁyrr@aaa&ém with sxygen and ol
Turde scid. Thus the lesch solubtion i waintained ag:
an effestive solvent for the copper ninerels chelovclte
and ehadeopyrite by the gonblned addition of caygen and
ﬁuifﬁr%ﬁ sedd, | |

A poted earilier, propur prepargtion 6f the metoerial
will toud to proucte physiosl sosess of the leach solus
tion to the materdsl. Tuproved seeest will promate both
Tagter and greator reocovery of copper by loaéhing. |

Long-range develepnenta dn the lesching process will
therelore probably conclst of: -
31} iddition of oxypen to duep and lesoh #wluﬁimn;

%? ddddtion of suliuric sede to lesch solution; and

Orughing of muterial to dsprove physical socess
of leach solutlon to the coppor sinersls.
Recovery of Copper Prom Laach Selution :

Recovery considerstions will be restricted to exsuing

tlon of cementation and electrolyble recovery teehnlques.
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(ther methods of recovery, such 8s the hydregen sulphide
‘method {Gresnawnlt, 1912}, sulphur dioxide method (Newbon
and Wilwon, 1942}, Lime wethod (Mewten and Wilson, 1942),
and the ammonia mothod {Liddell, 1926}, will be igrored
because they violate one or more of the prineiples of -

deng-pun developwent wentioned cardier.

Conditioning of S@lm@i@m

The flret matier W be congldered ia the conditionding
of the golutien am'nﬁmﬁ #@ is mmenable to processing by
glther comentation or electrolytle methodg. ,

Bigth m&nh&da\aﬁ PEgCVery dre aiﬁ&@‘by the ?@m@va% of
fevrdo irow goupounds from the ﬁ@imhiﬁﬁ, In agditlon, the
agid sentont should he roeduced 1£ the solution s to he
‘trastad by the casantation mathod. | | | B

If the min@&‘m&aa$ial la tﬁﬂﬁ@wﬁ“aﬁrﬁ,%gﬁﬁﬂ%d in cone
sidering the handling of maloriala, th&‘twahmiqnm of con-
ditioning deseribed sarlier could be aplied. A concone
trate &ﬁﬂ@&ininm vopper rdneeals would be ploged An tanks
and tegsted with &uluﬁiaa.wmﬁhdw&wm Lrom the dumy. Tha |
aodd and ferede gulphate In the selutlon would react with
the conventrate atd be reduoed, while the copper contunt
ol the solutdion would bz ineresssed.  If alr wwrariﬂnrndﬁam
ed through the botton of the tank end sllowed %o bubble
thirouzh the conventrate, the rﬁugtian wauld b&,ﬁtimm;&tad,
the pulfurle acld and ferric sulphate content of theggyy.

tion would be reduced, and the copper content of the



golution wowuld be prostly increased. Thus the selution
would be prepersd for cementatlion.recovery of the Sopper.

1f the copper iu to be recovered by clectrolyvie Kig i
ods, » high acld couteny is desirabie. IL the selutlon
iz copditdonad by the wotbod Jﬂ@@-ﬂ@ﬂﬁ$ibﬁﬁ; without the
sttendent introdustion of opygen, the ferrie swlphste
content of the seluticn will be reduced without alterdng
the aeld content. fThue & awlmﬁﬁﬁn.ﬁuitﬁﬁlw Tor elebtroe
lytie pacovery of copper would bé developed,

ot thet the nothed of golution ﬁ&ﬁ&iﬁi&ﬁ&ng Jast
described &a‘mnalwgmua O tank lmmﬁhinmﬁﬁf pOppar Gre an
praciioed 8t Uhugquicanate aod Inppiration {Hewbon snd
Wileon, 1962}, The conditiendny of selution ia, in effact,
tank leaching of & sontentrato. Thorefora, examination
ol tani leaghing practice should BUppLY ﬁnidaﬁffar the phy~
phonl. desien of the conditdesdug installation.. Howsver,
4t smat be resesbered that the ghwndstry of the vpe sticn
Lo vestly eéilfferent since the copper ia in the Loww ol
wulphiﬂﬁﬂw&thwr thins the oxide usnally leoched by the tank

penbhd »

Copentavlon
Cna of the prinelple difficultles with t:h:a g,szmmm:
gomontation progoss le the gaparation of the precipiteted
gopper from the metallde dron, Any Pronosud ir.;;;'.a'cwm:‘-arm

or developsent dn the wementotion technique should dnclude
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& more sotdelfactory copper recovary chsractesdstic.

An additienal problem in cssantatlon recovery i the
supply of & pulteble preaipitant. Tin gans, the precl
plbant pregontly used, are belny replacsd in coppumsy
nay by pluatie and peper contelners, Sluee this trend
0 the contedner morket cun Yo eupedted to continue, the
difficulty in aoquirving sulfliclent seounto of tin cans
ean be expeoted Lo lnerense.

Epenge dron bag been propogad oo o substliute progl-
pitaut, Lecouss of Ats desirable qualily of lacge sur-
face wres Dor reactlon.  However, & aupply of this pro-
slpltent sufllcient to woet the denonia of cumuntation
recovary hue not boon ASsUNGU.

bincg the coubined supply of the twe precipltants
wiil probebly be availdable in the quantities required,
it ds desivable thet any proposud developrent be cepalle
of uping the twe precipitonts interchangebly.

This amn&i@ianm nated above lesd o thae conslderation
wl twe twahmigu@a for csuentation processing of Qaypﬁrm
buaring solutions: the vertiecal celwn sethod, and the
cOme Bethod, -

In the vertical colwn technique, the precipitant i
ehisrged o & veartical contolner such 26 & wine relse or
conerots goluna, and water beeriug copper in solution is

passed through the edlunn,  Tupts of the teshniqus ab
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Derro g Posco lodieate that & column 65 feet high and
12 feet dn dlameter will handle 1,000 gellons of selution
par pinuts with 4 copper recovery of %5.7 pereeat. “The
yartdansl coluwmn srrangensnt has much to reconsend 1t in
theory but some definite draw-bocks could result in procs
tice dus o oewpsotion of & long colusn of (prscipivent)
lesdiug to iﬁ&d&@ﬁﬂﬁﬁ dguer distribukicn® (Jucobl, 1943,
page G). |

I the soluticn were lutreduced by voverge Llow, l.e.
Lrowm the botton of the coluwmn, the upward-Llowling solution
wondd degrasss Lhg nmmdmnay.ﬁf the precipltent bed to pack,
in effect agltating the bed. Sdose Lhe dron &t the botton
pf the coluan would be consused flrst, & contisucus Prom
eesy could be developed Ly withdrawing metallic copper
from the botton of the solwnsg whil& adding precipltant
to the top, Addltional sdveatage wowld be ebioined by
th@ Siitering sction of the uppar porblon of the preciplie
tent bed; A% woudd tend to reteln the ssnller particles of
mptallic oupper, thus wlimimatia&_lw&& in Lhe ovesrllow,

The ¢one method of cesentation vecovery of oopper i
ploys an Gpparetus consisting of an inverted ¢one construci-
gd of sultable material. Jopper-besriog sgolution is sd-
mdtteu &b the apoit of the cone whille peeciplitant lo eharg-
e Whroueh the top of bhoe resetlon wres. The operation

WAy Lo condueted A LWo wWaYS.
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CIF the precipliant is vin cene, the water is sllowed to
overflow the cone, The finely divided wetallic coppor,
preoipitated by the reaction boebwaen the avlution and the
metallie irom, ie suppended in tha>evarflmw1ng,watwr and
removad from the watoer by settling.

¥hen aponge iren is used az & ﬁr@@i@ihﬁﬁt; & éifrarﬂnin
nede of operetion 1s required. If sufiieient sponge iron
is sdded to the cong to fornm & sendwselid or gquicksand
bad, the action dn the cone will be anslogous te that in
a besvy media separstien unit. The aaﬁpav'prﬁaipitata,
being more denge then the sponge lron, will be congentratad
at the bottom of the cell Ly the agltating action of the
ineflowing solution. Fiver particles of gopper, suspends
ed in the uwpwelllng weter, will be filtered by the upper
$¢rt1¢n of the spongs iren bed and held until they grow
by accretion to & sise that will settle in the cone, Ovirm
flow water will earry o wpininel amount of suspended mute
gris), thus requiring a omoller settling capacity. Copper
is rocovered by withdrawal frowm the bottowm of the cone,
while the wnlt is malntained in continmuows operation.

Buch a m@ﬁhﬁd of racovery 15 now being ax&ﬁlnad ab
the precisitation plant of the Chine Mines Divicdon.
| Howevar, the mwthod of operation when usilg sponge iren
ia somewhat diffarent.

dinee ne proviglon hae been made 1n the experduentol

gone Lor the renovel of copper from the apex of the cong,
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tt, hag besn Jound neceasnry to &dd the sponge iron noa
gquantity Just sufficlant to prosipitata the copper in
the inflowing solubicn o thal soatinucus operatlon may
bo meintained. The copper io collucted by pasalng the
grarfiow to o pettling sraa,

This plan of operation hoo shoun severid Atffiomities.
The protess control ragulred o pessit the addition of
Just the gorrecy amnwmt of spongs lron 1s both expeusive
and d@liuahm.,-ﬁuwthﬂr, 12 too sueh spongo lron g adds
ad, the coppar pracipitate Lo contmmdnated by the excsss
sponga Aron carried to thu ﬁﬁ?ﬂﬁ?»%&ttliﬂglmr@a.by the
waber; whils 10 tuo 1ittle sponge lron 1o added the resov-
gry of coppar s incowplata. ‘ o

It 1s bere suggested that this methed of upaw&t&&h
iz dnedequate; snd that the pllot facility shoudd ba rod-
ifiwa'tm exasing the plen of operation that oslls for uas
¢f' a ﬁﬁaﬁgw ivon bed.

Both of the camentation tochnlques juot dessriled may
epploy soveral unita In series to strip the solution of
1t copper content, the nusber of uolts belng contiolled
by ihﬁ roapvory degdred,  They have the further advantage
of hlgh capeolty and contdnuous operation. Perhaps the
greatopt sdvantage of both 1s the 4bllity to uoe gither

gponge Lron or tin cans as the copper procipltant,

 Produstion of Iren Pracipitent

It ip desirable to investigate the poseibility of
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internal supply of irvon precipltant for the cementation
rogovery of copper in the event thst sxternsl sources of
supply should fail,

~ Binge 1% has buen assumed that no wlll will be in~
cluded in long~range developnent plans, recovery of 8
soures of iron from the midll 48 elindnated aa & posuibi-
Xizy.'.ﬁuwavar,'xrau org 1z avallable in the iomediste
area; this ore could be converted to 8 usable preciplitant
ﬁy‘aﬂaﬁous reduction ha¢hﬂi%u@ﬁ wiaploying natural gos,
1L no othor foasidble mource of iron is availahle,

However, it was earlisr gtated that addition of acid

to the lesch solution would prevent the deposition of iren

from the solution during leaching., Thus iron resulting
Trom vhe oxidation of pyrite and consumption of chaloo=
pyrite will remuin in the circuit and build up to poseie
bly hermful levels unless otherwlse resoved. A progess
that would both purify the solution by meintaining & dew
sirable firon content and produce & sultable pracipihan@
would be most advantageons.

“Electrolytic recovery of iron® from leach sclution
stripped of ite copper contgnt provides the most probable
solution of the problem. It ia theorstically possible
thau,’if the solution ia completely stripped of ite copper
aamtan&. the resultdng iron will be of & high purity,

ﬁcﬁardinw o the L;thadm raaction:
Pa' ! p o R (muhwiliﬁ)
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possibly suiteble for rale to eutside cencumors. The
roturn frem the nirketing of the high purity, end thare-
fore high value, lron could defiay the eeponse of pure
choaing sponge dron or tin cong outplde the orgenisetion,

If the lron contelne copper or other impurities 4t
oy be roduced to pellet fore by melting snd granilation
Cthrough apray cooling; or shesring ond cutting mey ke
uoed to preporve o oulteble procipitent for charge to the
Sopper recoyery units.  This pregedure would engurs the
rocovery of ppy coppor ippurdty dn tho irvon.

Irc any event the asount of lron awwvﬁréd ahould he
in excoss of that regnired for use ap a precipitent,  Thus

tiarketable by-produet pheuld ba recovered o add to the
income of the oparetion.

A additdoned ndventage in thoe electiolytic rrcovery

ol Aren from the leoeh sclukion iz she generation of sule
Puric aaiﬁ‘mt the anode®, , L

Thy reaction shenld generste enouvgh ccld to fulfill
the requirements of tho lesching process, end thus elipe-
Inaty the necd of outside nequisition of snold, After the
solution hag pasped through the iron recovery prwaa&@, iy
1s roturned to the dusp, emcichad in sulfuric acid, and is
enployed in the lesching process once agein.
m:m}:;ﬁ*‘:; genorated hy the eloctrolysis of witar at the

anodea: |
2 HeD = & HY 4 Oplzeacous) & 4 &7

4

2" B, ™ B0
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Fyeparatlon of Cament Copper

"ha copper product of the cementation procegs 16 8
fineegradined setallle coppor contalning sppreclable nounts
of water. The exeess water hss heretoflvre been rosoved by
drying in the open alr on deying pods adjacent to settling
tenks. The copper has then bech sont Lo reverberatory
Marneces or convertores for fiield processing.

Copper 4n vhis forp Iz widesirable for three roasonsg,
Filrat, such coppay requises an instellation for fMned pro-
cosping. Seecond, Ttoeste on diying cenent copper showad,
sdion lowly drifed te 185 perocot soloture, that 60 to 90
parestit of the copper contout hid Leen twddined” (Liddell,
1926, page l&?ﬁ); thus requiring & second reduction., Lﬁat,
Lhe copper thus produced Lo subject to cxcesslve Tiue gas
loﬁa whon uhmrﬁﬁd Lo & fuvmrbtrmﬁury Durngee or ﬁ@nvwrtér.w

If the copper were fod Lo ‘riquéttin&‘grésa&é, & forn
not 80 ﬁu&jact te¢ flue fus lown would result, Purther,
the water contunt of the coppor vould be grﬁatly'r@ﬁucwﬁ
by mechunicsl mesns, thues reowitdng in & heat saving durs
ing the umqlting frLtent. Finally, the exldetien and cone
sequent reeselting of the product wewld be avelded., Thus
Leio 0f the bLhree ah;uﬁtiéna'uutua above wéﬁld ba aveiced,

Auother teehnloal rawdllcatdon of such & process 1o the
dlreet praductimﬁ'mf angdes Lor ﬁl&étTQFrmfining. If the
Cemeit, copper gonbaling lew Jiepuadties 4t could be progoed
inte sngde feun for divee &hiymani Lo and uss fn & copper

refinery. A& conglcersble siving would result from the
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olinfuwation f re-scelbing spe cenvergion ol cruwde Guiunt
BOPPL .

New developoents 1o vatrusion forpdng ol wetad proe-
duet chupes sugpest o direct uwse for bigli-purity cencat
copper that woulu sveld ail of the obJectious Lo Cuwiont.
gopper notud bufore. 1L & produet of suilebls purity
could be obtalned by cumeutation recovery, its particulate
neture would b desirable in exteuveion Persdng of vacious

Ltans,

Elaaurélynia Locovery

L”Th& wost widely practiced method for the precipito-
tion of the ﬂﬁpgwr ddmaolved in lma&hiﬁg in ﬁy &léatrwlfm
siz, using insoluble anodes. This method has one outstand-
ing sdventage over a1l other @racipitﬁﬁiﬁn nethods -~~~ it
vields diveetly a product (eathode copper) which is of the
sape quelity as tho cathoda praﬁuaﬁa by slectrolytic ro-
Fining. | o

#In gome respeots the process raﬁ#mblwa the olectrgs
lytie refining of coppar =-~ the tanks and electrigal cone
nectionyg are simllar to the mxatipiﬁ‘fﬁfining process, the
sasie type of sterting shoets are ueed, and the finlshed
cathmdua ara‘trn&twa in the seie way 88 cothodes from
ﬁlwwtrélytic velindng, Theve are, however, several funde
angntal differences betwewsn the btwo systers. Briafly,

thepe diflerences bey be swadrlsed as Lfollows:
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#1, Ingoluble snodes &re uwsed, and thore 18 ne sppre-
ciable corrosion of thes, snd hence ne ‘ancde rad' is forue
wida

t2, The copper in tha electrolyte comes [iow the
lesching plant, which is in oclosed elreuit with the elec
trolytic cells, snd bacause there is no copper disselved
from the anodes, the clectrolyte beconas depleted in
goppar and its free scdd content Incrseses o8 1t possed
through the tank house. In‘thﬁ leaching cyele the oppe-
pite offact i found »-~ dcld 15 uwsed up snd mere copper
ia dissolved.

R

vy, Cuprent efficiency is penerally lower, voltage lo ‘ﬂ
moeh higher, and the power consumed per pound ef gathode ”
coppor is such greater, The cathode twrrsnt denslty {s
less than thet used in reflinlog. |
“Aa Concsutrations of dissclved copper and frae acid
in the electrelybe are penarally less thin in refinery
eloctyolyten, and tha resistance of the eleetrolyte is
greater’ (Hewton and Wileon, 1@%3,-@&&@5 321322} .
The copper tontained in the selution or alectrolyte
is usually nﬂ%vﬁﬁmﬁlmtﬂiy deposited, becwuse as the solus
tion boooizes more deficient in copper, the e¢fficlency of
the operation becomes lower. In general practice the
dilute solution or 'spent slectrolyte’ ia elther stripped

of the rewalning copper conbunt by cemontation; or is
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reacirculsted into the leaching progess on the assuwuption
that the copper will be unltinately recovered.

Lesching as 4t willl probably be practiced at Santa
Rits introduces one &gpect not conmonly encounteraed in |
peneral practice: the high ferrie sulphats eontent of the
leach solution. However, & techndque for redueing the
ferrio iron to ferrous stute hoa been deporibed earlier;
and *ferrous iron is generally considered harnless® {Neww
ton wnd Wilson, 1942, page 327}

Mote that thoe solution conditiening process to be e
ployed should be thet process desoribed eerlior that does
not consume aulfuria acid, Sulfurice acid lo & desirable
constituent of electrelyte because it increases the cone
duetivity of the solution, and hence the efficiency of the
ProOCesR,

dnathor method of conditioniemg the sovlution ls the re
dﬁstimn of fervie lron on cewent copper. Thls techoique
would have the edvantage of roduclng the feryie fron gon-
tant of the gelution while enrdghiing the amlun&ﬁn in copper
snd thersby ineressing mhé sffigiancy of the electrolytic
recovery method.

The techndgue Just described would ﬁac&aaitmwa Lthe proe
. duction of eement copper. The cement copper could be ree
eeverad by stripping the 'apent electrolyte' of its reuaine
ing copper content bafore reclroulation to the leaching
s .
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If the cementation procuss Just desoribed produced
cenant coppor in oxcess of theb roquirad to condition
the soluticn, pregasd ancdes could bo formed by the wethod
described garllior. The ancdes could bu used in the ele
trolytic recovery cells in place of the insoluble ancdes
corponly uped in prectice; thus ertedohing the selution
in gopper, premeting the giticiongy of the glectrolytic
rogovary of copper, and avolding the problens that have
been conmonly associnted with the use of ingeluble snodes.

Two recent and relatively unused govelopments way aid
in developing & upable él&aﬁrﬁlytia’rma¢V@ry process. hey
are slectrodlalysis and lon exchange.

$ectroditlysis, studied thus far for use in thae pros
duetion of potable water from brines, 18 &8 technlque used
o separate & solution img two- productn, & congentrated
salt solution and A solt-inpoveriohed water stroas. The
theery and practice of the tochnlgue ars disensged slaewhery
{ser Bplegler, 10625 Wilsen, 1960}; Au guffices hure to
note thet the technigque might be used to produce & gopper~
reh selution suitable for use in glectrolytie recovery cells
and 8 copper-barven golutlon suitable for recirculstion to
the leassching process from the gopper-buaring solution withie
drswn from the leach dump. The yrbc@aa 13 as yeb only &
possible adjunct to an plectrolybic recovery systen; the
prosent techuologic d&w@lﬁﬁm&ﬁt of the process leaves much

to be Jdesired.
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lon exelenge yopressnts a batter-developed &G jungt

Lo an glestrolytle reeovery system.  The techinigue has
.bwmn sutansdvaly studled, sspeeially for use in the re-
govery ol uraniu.

In don exchengs o resinous substence with chwnieally
locaely attuched lons i3 pleced in a coluin and the soluw
then, 4n this cape copper-beaardog, 15 paused through the
eolung.  The lovsely attached lons ere preferentislly
disploced by the ion whoso concantration is dealred; in
thias cass coppar, Tha desiired fon 1e recoversd by bagke
flushing the column with o cencentratud solution of the
lon gpecles Qrigiually prosent in the 'wallﬁctian sites!
of tha»réﬁin,‘ The Lony awlievtei irﬂm thm a:i*inml 50 1aim
tlon mpe dl&“labux bj thy concentratey i&ua iu thu iiu&h
selution, &nd ere pﬂwnunt in tha flman solution rwmQV@ﬁ
from the soluse,  The ooluwn i r&ﬂMV£awLmu and resdy fop
mdu4tiun41 Fecovery duty, widle the ixumh m@lutiou Quhtmihﬁ
& cengentration of the !O3lw&k%ﬁ ilon, ?hiw Sluash a&luhiﬁa
ig x&ady Lor sdadtional prCﬁaﬁing 10 effoct the IeCHvery
of the desiesd don; in this cagg to sllow cecovery of GO
pur by electuelytic precipitation,

In theory ion exchange ey Lea valueble adjusct to tho
elactrolytic regovery tochnique, Hawavwr, addlitions) dne
vestigation iz nocesgary belfora the pragtical value can be

Llgetrolytic recovery, dncluding dts moditications and
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virdatdons, would be & 08t deglesble wabhed for reguvery
ol copper Lrou lesch solutions, The divect preduction of
& marhelable fore of voppes ropreseats & Wramundous sdvibe
bage.  Fupther, the method would produse sulfurle scid, &
deslreble component of solutiony uwsed lor leacking,
Howgwor, the ¢ost of the progess might be pronlvitive
for usd et Chine Mines Divislen wnless a cheap sourcs of
clectripel pover s dovelopeds  The ineewplete recovery
usrdly wououlated with eluctiolytic muthods ap applled

to lesch solubtions sy prove to be an additional hasdleap.
By-Product Recovery

Sarlier 1t was noted that wolybdemus probably ocoured

in the leach solutdon withdarawn £roi the dunp, snd that

the leaching ef wedybdenuws probubly oceurs in & nonner

anologous o the lesching of the gopper. If the nolyb-
demun content of the selublon s verifisd, its recovery
pay be elfected by epplication of ilon ex whitnge techniques.

Hy~product recovery of iron is zima possible.

F“ﬁﬂihl{i Day i.ﬁ £ )&.44;?3{,w

o the following poges oee cublinsd the flowshests

of tue pousdble develommunie of the phyaloud PEGOVRLY of

eopper From deach solutions,  One eaploys the cementation
methed; the oller, eleotrolytie recovery.

I is suggested that ¢ne of the twp Llowshesbs Tepreoents
the probeble cowrse of long-range developnent of COUPRE PO~

sovery dn the Chino Mines Divicion.
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Chapter X

TREORUEET EWPES A mase U aunme e sy oor g
PRNULTIENTE QEVELOSLGET

Kt'im Intaresting, &ﬁﬁ ﬂay‘ha instructive, to Specu-
latve aﬁ the nature of the gmnulﬂimﬁuﬁ d&vwlapméun Qf‘QOp«
par recovery at the Chinoe Nines Division. This ﬁ&v@lﬂﬁmﬁﬂﬁ,
probably té be followed by the imylem&mtaiimm dfkig gituy
Ieaehing, will reveesent tﬁ@ inal development of actusl
pindng of the orebody in a physlesl gensa.

Fining will probably consist of sows app;iaatian of
continuous cining techniques in which the waterisl dis plone
ed . from the sldes of the pdt by wechanleal) means. The
Edned product will oonsist of fine particles.,

Keterdal handling snd recovery process will probably
be combined. Afier the waterial is mined, 1t will bo re-
suced $o o slie thot can bo guspended In weater, smd then
slurried with » process selutien, The slwrry will be B~
wd frem the pit 4n plpes designed to proucte acitation of
the alurey oo that the chosdesl copenents of the solution
may act on the entralned partleles and lesch the desired
elowonts from the pesertioles.

At gome polnt the solutdon and the suspended material
will Lo aepareted. The saterisl revoved from the solution
will be eompletely stiipped of desirable somponents and
will be ready for dlecard. The solution, containing the

deplred elements, will be processed to recover those elu-

CEenRts, made ready for another round of leaching, and



PuEped buck Lo Lthe pit Lo be souowd in Vi traneport ond

procesalug of ‘t'.ma widsaod i‘eké&ﬁrﬁr‘:i‘i&:il.

e laeas stuted hoere arg aw;z-.;it’amll? Dubwelotie wng
netyulous.  However, it 1g supbeated ﬁhast; t}wy indicate
the pemdtinete developient of miuersl Sechnology thut
will be spplied at Sante ltigs,
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CONGLUAT OGN

4 study of the dnuching process now existing oy
Sauta Rita hay been nade, Aroay of Inguliicient knoulaedee
and nesdod resesrch are indiveted. Poseibie plang fop

Limediete dovalopnent, ur@ fuspeabed sod long-ranga dovele

an@amt plans are sugpeatod fop apweﬁl&&iﬁh,:

'Thm;ﬁrinaiyle valug of thia study liua in its arfmet
an the ur«ﬂmiaaticn and direction of affoct in tho induetry,

I such @ study cun be condugted for Chine winua Dy
isien of Kenneeott Qapper c@rpmwﬁtian, 3t can be ﬂ&ﬂdunt&u
For any other a@pparm@rwuuﬂin@ orgard gation. Thavﬁfar@,
it ia~wntirwly poasible that sueh a ﬁtudy has been sonducte
ad. Purthor, 1@ HEY b Buggested that such a ﬁtudg has
eon placed in u&w by gulding development in such an G
ganlsation. Therefore, to waintain sorpetitive amrun%th,,
some use of this study nust be wade.,

If other ﬁtﬂdi&ﬁ of this neture have BOL been sonidugge
8d, & coppetitivy advantage is Introidueed by this study, |
Usa of these results gnd sugeestions can Yead to a uwhwr
ent plun of dovelopnent thet will evold v&lua&m&ﬁ GEDT i
altwre of effort,

Tﬁa ultinote valug of this study livs in th@ poawi:lﬁ
development of an offensive compatitive péﬂini@n for Ching
Hineas Divisden, rather than continued defanelve coupetitive
manuvering. I furthey atu&y ghows that thy n@naluaiuns
roached in thiy thosis e g cQL;ve&, & trwuun&wus advantope
aould be goined by rapla but cureful liplanntation of the

Inddeateg davelopnonts,
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