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Introduc .ion 

The Pit Ope r ations Dejmrtment a t Ray Mines Division is 

presently responGible for mi ning 24, 000 t ons of ore and 

approximate.ly 50,000 tons of waste per day. This is accomp-

l ished wi sh twelve (12 ) shovel shifts maintaining an average 

of bettel than 6 , 000 tons::ach and approx jmately 1 ,200 t ons 

per t !'ucl< shift. 

Th( Pit Operations Departm. nt contr(l ls the blend of ore , 

ue c.u: Lng i n mind four mai n factor :: t ot a l copper, n on 'ulphi de 

copper , concentrate grade ILnd rF ~overy. ~he concentra ,e grade 

is held at 20 and recovery aver< .s es about 85% . The effect of 

ore controls on the min i ng operation wil l be di :.;cussed ;1. l itt le 

later . 

Organizai Lon 

The Pit Operations S lperintendent Ci 'Tie s on the l1ining 

operation through three department heads . Thes ! are the Truck 

a nd Shovel General FOJ'eman , th e Drill:Ln~ i.; 1d Bl lsting General 

Foreman and the Doze r 'l.l1d Grader Gene ral F )rema \. 

The Truck and Shuvel Gene} 'al Foreman is T< ' sponsible for 

the entire production 'f the mine. This :J 1cludes primary 

crushi ng and train OPE 'ations between Ray a nd Ray Junction, as 

well as tJ e truck and ;hovel operaticn. The se operatio ns 
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functian an a 24-haur, 3 ,;h ift, 7-day week basis. Supervision 

a n each shift cansists of ane shavel fareman, ane are haul 

fareman, ane waste haul fareman and ane relief fareman These 

men ratate shifts as a uni.t wi tr their respectil ~ crews everr 

twa weeks. 'he shavel fo 'ema n j. s in cbarl e af i lie shift as 

well as havil g persanal C Ll 'ec tic 'n a j · the ~ havel Jperators 0.) 

his shU t. j he ore hauie ~e foreman bas ct arge of the crush( r 

and the train operations while the waste haul foreman give ; 

direct E'.lpervLsion to thl truck Jperation: . 

The drilling and bl l. sting operation i. s coordinat ~ d unde r 

the Dril ling and Blastjn€: Gener,1 Foreman ,"ho s l~parates his 

work into three distinct (reas with a SUPI ~visor for each area . 

These art as are rot ary dl .lls , primary bl; sting, and se ~ondary 

blasting 

The Dozer and Grade General }'Ol'Cmal rece i. ves his ordeJ'S 

directly frrom the Pit Ope ations Supel' intl Ident and 

coordinai 2S the work with the other two gf:. 1eral foremen He 

personally supervises the dozer operation0 an day shift and 

instructs the shift forerr' :n on dozer wo r k ,a be accompl shed by 

the nigh·C shifts. 
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Drilling a nd Blasting 

Primary drilling if accomplished wi h fou" 40R Bucyrus -

Eri e rotary ' ~lectr ·. c dri " Ls and one 30R B .cyruf -Erie liesel 

p owered dril l. Tho ~ 40R , "ills are equipp' d wi i 1 9 - inch rotary 

drill bits and four dril! stems which giv . theJl a depth potential 

of 112 feet . The 30R drj ,. 1 uses a 7-7/8- .nch tt , an,l although 

this dri II uses smaller i )o ls and lacks t he per ~ trati \) n rate of 

the bigger dri.lls, it i s Iuc h more mobile and (.m be moved into 

areas tha t ar = inaccessil I. e to the 40R ' s. 

Th l~ prii1ary blastil ; operation is C' rried on luring day 

shift an( is t'oordinated ,0 i nterfere as ' ittle as possible 

with the truck and shove l operation. Due to the c( ,mplexity 

of the OJ 'e body, the min j Ig faces are ge n( 'ally na rrow and 

the operation does not lEd itself to ver-:, l arge blasts whic h 

could be fired dur' ng sh j 't changes, 

ThE' normal b( nch h E:' ght is 40 feet" Blast holes are shot 

fi ve feet below grade, b u an additional i lree to f ive feet is 

drilled t o insure that a 5 - foot hole wi ll stand until it can b e 

blasted . In general , sin ,le row blast ing ,atterns are Ilsed, 

except wh =re n arrow or sh .Llow cuts make i , impl lc tical. Hole 

spac ing r mges from seven to ni ne yards , 101 ~ c ord ng to t il e 
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character of t he rock. ~ he di stance between drilJ lines varies 

from 30 t o 5C fee t . accoJding ~o t he amount of bac\: breakaLe 

fr om t he previous ~ last . 

The powder foreman determines the burden for each hole 

by measuring its depth, ts Spi cing, and estimating the 

length of t oe. The burd( .1 in i urn is multiplied by a powde r 

factor which lS giv::n in )ounds per cubic yard to determine 

the amount of powde r.' nee, ~d. Powder f'actors vary from 1/2 t.o 

7/8 pounds per cubic yurl.. Re:mlts of previous blastj ng are 

our best guide to a good JOWdel factor . lfusatisfactor frag­

men tation can usually be .raced to an inc lfficient cha ge or 

poor distrib~,ion of the 'harge. The penetration rate of 

t he drills is an exce lleJ J ind icator of the hardne ss 0 " a given 

formation . Alothel' indicator is the s i~e of i.he drill ~uttings; 

the fine cutt i ngs : ndicating hard ground and -f.he large cuttine;s 

indj cating a ::ofteJ' formation . The 0.1 teration of the ',)ck als( . 

gives us infol·mation about its breaking properties. AJ l of the 

heav i ly ~ilicified rocks ure hard, while rocks which huve 

experienced breakdown of feldspars and d~velopment oJ' clays 

are soft . 
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The primary blas t i ng is done with p illed a.mmonium nitrate 

(Carbamite "p") and Apa che slurry, depend ng on whet her the hole 

is dry or contains wa t er. The use of Carl amite "p" was initiated 

as a trial to determi lle whether or not the bulk 10;lded ammonium 

nitrate - fuel oil mixture could b l~ used . C. :l.rbami te "p" was felt 

to be a valid substitute in the t rials duE. t o the ;imilarity of 

the two mixtures in dens ity and '=xplosive propert i ~s. The 

resul.t s achit ved by the C: rbami t ,; "p" were better f r agm mtat ion 

and 11 smaller powder fact ,r . As a result )f this , the Carbamite 

"p" has repla ' ~ed tr e Carl Lmi te p ' eviously lsed . A storage bin 

is be ing cons ~ ructed and .1 mixin ; truck pl, 'chased for handLLne; 

AN-FO and tests ha\ e corml :nced 01. th e use )f th s equipment 

It is believed that the j mproved fragment Cl cion i :hi evE i by he 

Carbamite "p" was t.he r e ~' lit of etter di~ ,ribu lon bJ this 

le s s dense explosive. Tl; prill storac;e b.n is ,:;ravit f loaded 

and gravity d i scharged . [ts cap r.city .is J L4 tons. Th~ prill 

truck will hO . .Ld 300 cubi c feet c f prilled lmmonium nit r ate, more 

than enough f or an averal day 's u se. 

Se condary dillling md bla ;tlnc: .LS d )n e with two cat-

mounted jumbos which driJ L three ·inch holE 3 up t o 24 fEet in 

depth . A truck-mounted C' )mpress l) r suppli ~ ; air to jackharmners 

when they are needed. Me..,;t of t Ie work dc· Ie by this department 

is pioneer wor k in undevE oped areas when blasting is necessary 

to establish wo rkir g lev( s for sh ovel OpE. 'atio,r.l. 
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Whenever possi ble t Ie 24 - foot holes are s lJ rung t hree times 

and given the maximum exp .oslve charge to get best possible 

fr agmentation . 

Prllled ammonlum ni .rate i s l oaded i nto these holes through 

a compres.3ed a j.r supe r cha ,'ger . The explosive char l e ranges from 

75 ·~ o 150 Ibs . The chare; ~s aI" > primed with one st ck of 2 x 12 

Amol..';el 60% dynamite attac led t() primacord line, 

Boulders that are l( ·ft f 'om primary Jlasting are drilJ ed 

to a depth of 2/3 tr ej.r damet' :r and blasi 2d with .;mall chaJ [';es 

of Amogel according t o thl i r s ze . 

Des<:Y'j.ption of Equipment 

The mi n e ope r a tes e e;ht : hovels , thl ~e Mar ion 4161 ' s wjth 

6 -ya r d buckets and five P & H l lodel 1600 ; ~ with seven yard 

buckets . We are presentl. in i he p rocess )f instal ling automat. i.c 

lubJ' ication 0 : 1 all shovel Tl is will r ef llt in improved l ubri-

cat i on and will permit a .I orce reducti on \ lich wi] 1 be accont -

plished by combining the lork (f the do zel operato]' , who normally 

tak( ~ s care of the cleanup 3.round t he shove .! s, and 1 he shovel o iler. 

The haulage truck f] eet of 34 units ('onsists of ~; ix sepal'ate 

truck models. I ncluded in the flee t are three (I i fi erent models 

of Euclid trucks, two type s of KW- Dc rt trucks, a nd the Lectra -

Hauls . 
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The smallest members of the fleet are t he five 50-ton 

tandem axles KW-Darts. These are powered by 600 horsepower 

VTl2 Cummins engines with t Win disc converters, air operated 

clut ch and starter. 

There a l'e fourteen 15-to n truc l~s, of which seven are 31LD 

Euclids and seven are 4LLD Euclids. The 3LLD's are powered by 

two 325 horsepower E LlO G 1C diesel engines and twin four-sp eed 

Al l ison transmissior :;. T Ie 4LLD' s have twin NT380 Cu'nmins 

power plants producj 19 33 hor sepower each and also r,ave l the 

fo ur- speed Allison t cansm ssions . Presently the NT38 0 is beinl: 

modified t o produce 380 h 1rsepower and a progr,m is underway to 

equip these trucks "ith 6 ,- t on beds . 

The next group of tl'ucks i n order of i ncreas ing capacj ty 

are the Euclid 5LIJD' 3. Tl e se were oc i gi nally )';J -ton trucks, b\ lt 

have been modified t 1 car { 65-tons by th 2 use of light er weigelt 

Tl steel beds. The s ' tru\ (s , like '.he 3L.JD's , a "e powered by CMC 

6110 diesel en?;ines, but " re geared considerably Lower in order 

to handle the additi( Inal payload. 

The truck fleet also includes three 65 - tor single rear axle 

KW Darts. These trucks are e quipped with 700 he 'sepower VT12 

engjnes, manual shift transmissions, tore le cony cters and the 

air operated clutches. The manual transn ssions are being 

replaced by s jx- speed Alli son D. P . 8000 ;eries transmi s sions, 

whi c h are expected to improve the pe cform ,nce and availability 

of these trucks. 
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The lalgest t rucks in the fleet are the tw.) 85-ton Lectra 

Hauls . The lower for this truck is generated by a 700 horse­

power vl6 GMC diesel engine . The generator and drive motors 

will ha ndle up to 1000 hp . The drive motors are an integral 

part of the rear ,,,heels. This eliminates the maintenance of 

a ur i.ve assenbly from the motor to the r e:ir wheels . However, 

m:.1jntenance of the generator and th ' elec~ric mot0rs must be 

eXl 1ect ed . 

Do ~ ers a nd Graders 

The n ece ssary r oad c )nstruct hm and maintenance, and other 

do~er work necessary t o th 2 operath n i.s :ar'Y'iE ' on by the dozer 

and grader ge neral foreman, He has a f'l e =t of 9 piece s of 

e qu ipment . This includes 1ine tracl type dozers , five rubber ­

tiJ'ed dozers . three r oad g "aders an I two 3- yard fro nt - end 

loaders. 

The heavy dozel's SUt: 1 u s the Caten i.llar )- 8 and the 

ALLis -Chalmer s 6 HD 21' s are used for sl:::h heavy jot,s as road 

construction , ramp buildine; and preparat -' )n of each dumps. 

An Allis -Chalmer s HT) 16 is equi ppe cl with I. scarifier for 

road work too heavy for n )a d graders. 

The front - end loade " S are used to 0ad flux into railroad 

car s a nd repair roads in ,he pit . 'hey I. SO find applicati on i n 

pY'f 'paration of pipe l ocai. ons and i bur;} , ng pipe lines. 

----_ .. _,"-
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There are seventeen miles of active haulage roads at 

Ray Mines. The average haul is about 6000 feet and average 

positive lift about 240 feet . All pit haulag e roads are 

maintained at least 60 feet wide with additional room for high 

berms whereve r needed. H'lads are provided with 3uper-elevat ion 

whe n necessary. When the super may cause the s ] )wer (up hill ) 

traffic t o skid into the down hi ll lane, a divi JLn g berm is 

constructed. All roads a "e crowned t o pruvide (, 'aina~e and 

decrease pot hole s and 01.)101' water damage;. . Mor.; haul. roads 

are designed at 8%, where lift i s n eeded, to f i 1 the ;ypes of 

trucks now in use at Hay. These roads ar bei~ wi de ne d fe. ' 

three l anes \I f traffic so that the faster truck. can pass and 

operate a t f ull effic iency. In areas VIhe'e spa· = i s c irtical, 

ramos and grade s are t ncreas ed up t o 10%. The) )ads on the 

dumps are built on a 2% adver s e grade sin e addjtiona J. height 

can be obtained in this wa~ with ver:r lit le 10: ; i n truck 

spe ':d. Runaway ramps are (onstructe I on J ong de Tn grades . 

She 'p turns are avoided in designing road r to roluce tire wear. 

Hau la g e roads '3.re scarifie, I and graded regularly and are treated 

wi 1. 1 water Spl ay to contro . dust. Norlig md en! llsified asphal t 

hav .! also been used to impJ'ove dust contro L and (;0 stabilize the 

r oa d surface. 

Ore Blending 

One of the outstandin ~ charact ':'rist i::: s of he ore body JS 

its inc ons i stency in aJ.L ar'!as except in dlabase Ore grade and 

mi lJ i.ng characterist ics var;' greatlv over ;hort Ls tances . 
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Diabase ore carries only a moderate grade of copper, has ve t'y 

low oxide content, and in general produces a low concentrate 

grade. Highly pyritic ore j. n ,the West Pit is in schist, chalco­

ci. t e is the copper min<~ral and it commonly oecm's as a thin 

'1'11 u} reSLll ts j n a very pOQ} ' concentrat '2 

gr,ule. Tllcre is a J.; rLE' b'nn().c;e of tld:3 typr:; of ore that will 

l'oncentJ'ate at no bei tu' than a 10% cracl(: uL tllOur;h maintaini ng 

gooJ )'ecovery. The ~ ,'!l'i:.;+; ore in the }\:?'l.r'l, lIanu I.e Ext.ension 

and Ea:.; t Hay Hill. an l uf the l:1,i.ne in G":neral llu:: c;o'Jd conl:ell -' 

t,l'at Lng pl'op!.~rtj es UP 1 il Gnod recovel'Y can be made on the 

copper. In ,lddltiotl ~O these preva] ent type:;, tl!ere are resi­

dua 1 pillars of rl igh l;l'adc and genera LJ:; lligh ox de ores Id't 

i, tl t h e undcl'c;round b:l ')ck c~.vcd p ort ions <If' the m' ne . 

Week ly ql1a.lity contl'c 1 meetinGs !In' hel(l wLth miLl 

1w1' ;·,onnc L to detennil1 c' t,h(:~::>t'c blend; Il {~ w~l:esSal'Y to achieve 

a 1.1. l) four [jo!;.l:,. 11.1:~ ul t,cn nece s :..;;u.':v '~o b Lend from ,3cver', 1 

nf' I,he above n '~ ntion(:.l Ol 'e::- to achievI ' )If'Opel' mil L headings. 
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KENNECOTT COI 'j 'El~ COHPOHATWN 
RAY MINES DI VISION 

RAY, ARIZONA 

LEACHING AND PRECIPITATION 

The Ray Mine i s one of the pioneers of leaching and precipitation in 

the southwest, starting rr.any y ~ars ago with wooden tanks, using waste water 

from undergr ound and any scrap iron available. 

The poss i bility of l ( aching old mine workings by introducing water 

into caved areas was investigated, and our fir st unit of approximately 300 

gpm capac ity was placed in operation in 1937, with effluent e rades running as 

high as 125 pounds per 1000 gallons. 

From thi s small beginning, our system has developed ~nd exp anded t o 

its present size, (~ overing the l each areas shown on the attached sketch map 

of the area. 

As leach~ng f ol lowed behind mining, our plant capacity and pumping 

rate wer e increasei correspondine;ly . During 1955, undergr ound mining was 

discontj rlued , and the entire underground area bec ame available for leaching . 

In 1960 ~he grade of effluent had declined, blotJ~ages occuYl'ed :Ln 

caved areas underg 'ound and leaching of dumps was started. Dump leaching 

presently accounts for aLout 75 percent of total precipitate production. 

In order to ma i ntain production, pipelines, pumping facilities, 

and plan t capacity were steadily increased to achieve our present circulation 

rate of about 'l500 gallons per minute. Dump j.nflue lt solutions cons ist of 

tail water fr om th ' PreCipitation Plant with ml:tkeup 'ater from shallow wells . 

Acid is , used conse 'vatively to control penetrat ion. 
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The method of applicatton of soluttons to dumps s varied dependtng 

upon the material bei ng leached a nd results achieved . In :eneral use are 

ponds , ripper fur 'ows, and dozer - width tren ches . 

General 

Princ ip 1 problems in conne tion with the production of preClpitate 

copper at RMD have been, and COL tinue to be, the low grade of solutions from 

Leach dwnJl~ , availabl e plant cal aci ty, 'J.n d a far Crom abundant water supply" 

At present , water supp ly is the Least of these pr1jblems , since we had a ver'y 

wet wi nter season we al'e operai ing at the capac i l.y oj' our present Precipi tat, ion 

Plant . Howevcl ', "ith a planned increase i n production, water supply wi lJ ag.ca ll 

become of major i lporti) lce . 

The sec nd pI )blem, that of plunt capacHy , has beel ' tempol'ari ly 

allevia ted with c . nstru ~tion of an additional precipitator. IThe constl'llcti on 

0 (' a new Precipi t; tion :>lant, no 'J in the plann ing and designing stage, w 111 

provide for fUrth( r i nc 'ease. A lvance of mining operations makes it necessary 

to construct a ne1 Pree pitat ion Plant by the end o C 1<)68 , because the existjnl'. 

plant 1 i es within the 1 mi ts of future mi n inG" The new plant wi II be ell'S 1 gne::d 

to trea, 10 , 000 gr n, as compared with the present p ian t . 'apacity of approximul. 'Iy 

8 , 000 g 'm. 

Sy,.;tema Ic Dump Le lchinc 

Efforts ire h ing made at the ]Jresen1 time t o Use systematic dump 

leachinl 
An extE lsive pip i ng system is curreltJy ce ing t nstalled on our 

Nl) . 1 1 , 'lch dump t ) enal le us to control flows 'lnd (; istribution bette] 

the exh bit , it cal be :een how we i n tend to d strilute solution s. 

From 
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The type of pipe used is epoxy, fiber glass wrapped ABS plastic 

tubing in lO-inch and l2-inch sizes. This appears to be adeqllate for conditions 

imposed and is the least costly of the alternatives considered, which include 

transite and polypropylene pipes. The low pressures at the dump level allow 

simple rubber pinch valves to be used to divert solutions between areas. The 

leach ponds are of the dozer furrow type and are approximately 200-feet long by 

20-feet wide. 

No. 2 dump is currently being leached in dozer-width furrows on a 

systematic basis. Acid is being added to promote penetration. Currenly, this 

dump is being leached at the rate of 1000 gpm, and effluent solution is averaging 

approximately seven pounds per 1000 gallons. 

No. 3 dump, the oldest dump in the system, is in the process of being 

converted from pond leaching t o dozer-width furrows. No acid is used on this 

dump at I 'resent but will probably be required t o promote penetration of solutions. 

No. l.j dump is being leached at the rate of 1000 gpm. Ripper furrows 

have beer l used suce =ssfully for some time on this dump . 

The under~round caved area, previous ly mentioned : had been in pro­

duction since 1955. Pres=nt grade of solution fr om this area averages 

approximately six ~)undsper 1000 gallons. The area has been completely flooded 

for about four year 3 and grade of solution recoveree has steadily decreased. 

Recently , the water level in the caved are8 has been lowered to permit mining to 

proceed cn the next level in the West Pit area. Present plans are to successively 

lower and raise the water level i n the caved area to promote oxidation and 

improve r l ~cover'y. The su ' ~ce ss of this plan wil] depend on adequate fl ow of 

solutions to the available dewatering f acilitie s : No.2 shaft, No.4 shaft and 

No .6 shaft drill hole, and on the availability " f water . 
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Future exp nsion of dump leaching will be to the south of the property 

in an area underlain by Gila conglomerate. The conglomerate contains limestone, 

which causes elevation of solution pH and subsequent loss of copper from solution. 

Recent testing has shown that formati c'n and deposition of sa] ts coats th~ base 

surface and prevents the loss of copper from solution after a short time. The 

coating of the base surfaces should form an impermeable collecting area and give 

excellent solu tion recoveries. A distribution and recovery system is currently 

being designed for the area. An estimated 65 million tons of material can be 

placed in this location. 
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CONSTRUCTION OF NEW FACILITIES AT THE MINE PLANT 

B \Y MINES DIVISION, KENNECOTT COPPE ~ CORro ~TION 

There Lre presently under construction a~ the Ray Mines Divsion, 

Mines Plant, the following :new facilities which wil _ affect Kennecott's 

future Ol)( ~ t'ations at Ray Mines Division: 

1. Pl imary Crusher - Ore Stockpile and ~oad-Oui Tunnel 

2. S · I_ icate Ore Pilot Leach Plan1, 

3. An nonium Nitrat " Prill Storag ~ Bin 

4. TI 'ee Bay Greas (~ Pit 

5. et mge House an, Foreman 1 s Of ,'ice 

Pt: imary Crusher .- Ore Stockpil( ~ and Load-Out Tunnel 

Prior ,0 19')1 all 0 'e production tt :Ray came fr r m the underground 

mine. In 1948 iti Ltjal strippi 19 wa ~; started to cotlver t mi.ting to ar open pit 

operation. The origin al pit o~erat_on was c lnf i ne c t o the area called the 

Pearl I-Iandle Pi t . 

The pr '2se nt 84 " x ' 10 " pr imary jaw crushET was pl3.ced in (pera '~ion 

in 19: 1. At thai time, secondary c 'ushing w· LS aIse perfoI'! led at the Ray Plant , 

Ore PJ lduction dU'ing the per _ad oj 1951 to 95) ca ne from both the undet'ground 

mi ne Co .1d the Pear Handle Pit oper; ~ ion. SilLce 1955 all pIoduction has been 

from epen pit min ng. 

The present primal' cru her is loc. ate d near the north rim of the 

Pearl landle Pit. Initially lrodu tion was at the rate of l5,000 tons per 

day. 

In 196 ) production was xpand~d t r 22 , 5( 0 tons p=r day, a ; wh ch 

time n t=w secondary crushing f .cili ies w ~ re laced in cpera sion at the 

Hayden Plant Average daily Todu tion laS I radual ly i 1creased to 24,00( 

tons p er day at t Ie present t me. 
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It was recog nized at an early date that the exLt ing primary 

crusher would have to be relocated , as the open pit mining operation 

expanded. 

Planning fo ' a new primary crushing plant start. 'd in 1956. 

Final s1 te selecti on W·'J.S made in lS 53 in the area ~ mmediately north of 

the general ::hops . The site select. ~ d is app 'oximai ely 1 - 1/4 miles ~ outh­

e;tst of the ('xisting primary ~rushe' , and is outsLde futl Jre pi t limits. 

'1'1 e n ew primary cr lsher i s being 'on:::;trllcted C 1 the side )f a. 

ridge wHh t1 e dump elevation at 2C !3 . Dump elevat.ion of the lresent 

_·,'usher is 2J 30. Since pract"i. cully all of 0 l1' ore production ' lOW comes 

from elevations of 2000 feet )r 10,"" :1' , the n :w location wi ll r '~ sult in a 

savi ngs of over 100 feet of l i. ft ir or e haul~e . 

Exhibit "A" repres 'nts 

a nd 10,lU - OUt tunnel . The cru :he1' 

section ,h1'ou[':h the crusher , stockpile 

lilding i: of concrete and G ,eel construc -

t Lon. The crusher is a 54-74 gyr ai )ry. All contro ls are centr LIly locat~d 

in a c ,;ntrol room above the d mpin/ pocket . rrucks will clump directly in I~O 

the crl lsher wL th no grizzly p ovid, l. A 60 1 )n bridge cr a ne is provided to 

servict ~ the c rusher and all 01 her luipment" ithi n the Cl'l sher building . 

The po. :ket be Low the cursher has a 'apaci ty 0 ~ approximat . ly 135 tons of 

crushed. ore . The design is unLque n that th ~re is no feede r under th e 

crusher discharge . Feed to a T2 - in 'h bel t is controlled by an adjustable . 

finger gate. The 72-inch belt wi.l1 serve as .I, pick .ng belt fo r removal of 

wood , c' nd in 3.dditio n will sav e wea o n t he l .,nger ~; 4- i nc h m tin belt. The 

54- i nch belt will di scharge cr lshed are to an open [ tockpilE located weI' 

twin concrete load- out tunnels La di ng o f r; Lll'oac cars wjl be con ; roll .~u 
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by four air operated tunnel gates ir. each of the two tunnels . The 7500 ton 

live s t orage will permit the loading of a f ull 38 car train of 1 00 ton ore 

car s from either tunne L. The open stockpile arrangement provides for an 

addi tiona} Jead storarsc of approx.i mately 15,)00 tons whidl can be dozed -La 

the load.l nc; !jilt c area in the event 0 [' t emp~r lry shutdown s at tlle cruslw·!'. 

In th ,: event of longer shutdc wn llC I' lods , we liLI. be able to cont inue 

production b:r dumping selectt. d fin,~ are diretly from the p L t into t he 

str)ckpill, by-passj.ng the cr1 sher . 

Preliminary desig tl spec fir:ations for t he crus hi Ig plant facili ­

ties were pH'pared by Kennecl ,tt CO]lpCr Carpal at.lon , We stern Mining Division s , 

Engi neer .lng l)C'f':'ll'tment, in S[ 1 t LaLe City. '] he contract fo' design and con­

s-Lruct Lon wa~ awarded to RobE: r'ts & Schaefer Company, Chicag' ), Illinois. 

Actual construct ion started in Dec e.nber 1965, with plant sc11eduled to be in 

operation by November 1 , 1966 . 

Silicate Ore Pilot Leach Plan :, 

A t wenty- ton per dty pil.)t leach IL. ant is un(1er c)nst 'uc t jon at 

Ray . I.'his plant is bei ng con;truct ~d for the pllrpose of tes t; ing on a pi Lc t, 

scale the flow sheet that has been .1csigned f (,r a propo~'ed l(~ach :i ng plant 

to tre;lt the silicat e are that is b '~ i ng e ncountered in sulfi de mining, i.n 

Lncreasing quantities . 

The flow she '~t provides r or crush il lg to minus one quar '~er inch. 

The cr !shed are will be classified i nto a min' s 35 mesh slim ~ product and a 

plus ::: ' me sh sands product. ~ he sl me produc will be t reat, 'd by leach 

agitat on. The pregnant solut ion fl ' Jm the le; ch agitators w 11 g) t o 

precip tation units util izing iron i 1 the fa n of cans , or sl redd" d scrap, 

as the precipitant. 
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The sands product will be treated i,n conventional type leaching 

vats with a ten day leach cycle . Cement copper, produced from the slime 

circuit, will be redissolved and the resultant copper s olution combined 

with the pre~nant solution from the leach vats wi.ll go to electrolyt ic 

cells for production of electrowon coppe r . 

Holmes & Narver, Inc . , ,os Angeles, California, are contractors 

on thj.s project. 

Armnonium Nitrate Prill sto"age Bin 

F)r a number of Yl'urs t ' le lliasting agent used at Ray Mines Division 

has been "Ca'bamite". This materjal is delivered i n bags a nd hand 10adeJ 

into the blast holes . Studies indicate that a savings in blasting costs 

can be made hy converting tJ ammonium nitrate pl'ills and fuel oil mixture , 

and the use 0 f' a special truck for m Lxing 0 ro the prills and fuel oil "rll j ( h 

is direct loaded into blast holes. 

Conversion to "AN/FO" e :plosives mwle it necessary to construct 

storage faciJ_ities foe bulk prill,', These facjlities are presently under 

constr ;lction and wi.ll provide 1'01' 'Jhe storage of 112 tons c f prills. In 

design l.ng the bin we ,'ondidered tr ~ possibil ity of making t.he entire system 

gr avi t ;r flow . This was accomplish ~d by choosing a site whece we could make 

a cut r;hrough a ridge. A concrete loading t unnel was designed to support a 

circul 'cl.r con cret e storage bin. Tb! area around the tunnel 'lnd bin will be 

backfi lled. This design will perm t tru:::k and trailer unit 3 to delive r 

prills on a roadway constructed al >ve th ~ bin and discharge by gravity into 

the t op of the bin. 
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Three Bay Grease Pit 

The existing grease pit is located on the east rim (f the Pearl 

Hand.le Pit and mu:,t be moved t o permit pit expansion into the ~ ineral Creek 

area to the east . This present two- pit faci _ity was originallJ built tu 

service the 34- to I trucks in use at the start of pit operations in 1948. 

With the larger t 'ucks current l y in use larger facilities were needed. 

The nel' grease pit now under con~ ;truction will be located approx­

imately one mile .o the southeast and will consist of a 60' x 80 ' steel 

building, with thr ee pits provided for servicing of haulage trucks and other 

large rubber tired mobile eqUipment . A tirE repair shop is scheduled t o be 

loc ate 1 adj acent to the grease pit i n i he in mediate future . 

Chance Room and F lreman ' s Office 

Presen ; change room and pit foreln.n ' s offices ar located in the 

old un,lerground c lange room abollt one - half ill LIe west of the present primary 

crushe: ' . 

A new ) 0' x 120 ' c lange room and :'oreman ' s offiCE is now being 

constrl~ted in t~ gener al ih. p area . ~his new flc ility wi ] L provide office 

space J'or pit prot uc tion supervisors anc' locLer and shower f 3.cili tie s for 

340 prc ,duction an, maintenance employee[' . Tl le new change r c Jill locat j on will 

be clorer to the center of operations , end will aid operat i c 1.s by reducing 

travel time of em] loyees and p r.' ovide more certralized superv Lsion . 
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The Ray lviines Division of Kennecott Copper Corporation c on-veTted f ron) 

underground to 100 per cent open-pit mining in 19.55 , and is presentl y c once;'"ltr a.1i : g 

24, 000 tons of coppe r ore per day. With a stripping ratio of two to one, approxl ' 

mately 75, 000 total tons of mater ial are produce d dai.ly in the th ree- sh ift , seven 

da y week operation . Pit operations I personnel c onsists o f 21 5 da ypay ern pl oyees 

a nd 18 supervi sors. Major equIpment includes eight 6 and 7 yard electric 

shovels a nd a fleet of th i rty -fou r haulage trucks. 

Haulage driver training is included in one of the s e v en basic eJements of 

the Ray Mi.nes Div ision safety prog r am . 

These eleJnents are: 

1 . Responsibil ity for safety. 

2 . An a ccident record system. 

3 . Saf. ~ t y education. 

4 . SafEty training . 

5. Job and pro perty conse rvation . 

6 . Maintenance of safe working c ond Iti ons. 

7. Measure of results. 

Our safety prog ram would be co nsidered incom ple te without aU seven 

of these elem ents, and the y are all e 'lually important! 

Sinc e management a cce pts its safety res ponsi. bili ty, o ne very inlportant 

duty incumbent upon management i s p roviding adequat e t raining whereve r dnd 

whe never it is neec.ed. Haulage d river training i s especially nece ssa ry beu:ilu.,e 
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ot the large am ount of driver exposure, the d ifferent truck types used . cha nglne 

traffic situations, and vanous other safety haza Ids inhe rent i n dl1 opt·n · jJ1t 

mining operation. 

Haulage drlv er training at Ray consist.s of t h r ee broad categones , ",s 

follows : 

1. On - t.h e - job instructio n " 

2. Classroom training. 

3. Weekly sdfe ty t alks, and speCl a l instr ucUo n s wh e n ne (.(ssar
V

• 

Most of tl-e on-the-job i nstruction invo l v es the tra)nlng of new emp l ,) Tees . 

These men are c1assified as "driv er trai nees ' ! unti l the y dre quaht l erl., cit \-"' 1( I", 

time they are cla ssi fie d as "Plt utili ymen" . Ut ilit ym e n are used as needed ir-, 

any of s evera l pit jobs , including haulage t.1:Uck. dnv er , wat.er tr uc k. dn '" e r : (lnll 

helper, shov el oiler , and bank spray aU:ende nt. In other wo rds, whlle a uti l,l Y 

man is assigne d to a certdin shift , a nd rema1f:\S with. this s}--,1il , b e rn~1.V be wo d:.)'")l. 

as a rotary d ri ll helper one day , and a haulage drive r t.h e next day, SincE' t ~' f'~;(:-

utilitymen are usually asslgned as d r iv ers, dl1 neW men "re requ I red. to h<.:t i" f d. 

least ten shifts of on-the - job training before they are dSSlgned to a h 'uc k b v 

thems elve s. 

When a man is hired, he receives his safety indoctnnation cit the sct. [ei y 

office; a t this time h e is issued a haulage tru c.k operator1 s manual. The iJTs! 

day he reports for work , he i s giv en about thre e hours in Wh l Ch 0 re c>.d t.h r ot,gh 

this manual. He is then taken by his supennsor, the trucl< fo rf'man, iOT 11 tn ll l 

through the pit, during which the operation i s hriefly exp l rti ne d - - espeC1c.dl) 



regarding haulage truck operation, traffic procedures , and the like . 

The man is then introduced to one of the older drivers and spends the 

rest of the day with this drive r , who s t arts breaki ng him in on the haulage 

truck. The next day the new man is assigned to the same drl v e r , or some 

othe r experienced drive r , for continued break .. i n ,. Duri ng the next $ev era] 

shifts , the foreman assigns the new Ind.n to worle. with diffe rent .. t ype bucks . 

so the man can become acquainted with the varlOUS fleets o The foreman assIgns 

the man to work with the more experie nced driv't"T s , interested in tra inIng new 

men , in an effort to prov ide the best poss i ble tri:llning . During t hl s pe r Iod , the 

new man is taught by his "driv er - in s tructor !' how t o check 0 11 , water , and tHe s 

before starting l how to start and stop the truck , interpr e+ the gauges . shift 

gears , raIse a n d lower dump body , saf e siri vlng spe.eds ' arfd pra c t lce s , pit 

traffic procedures , a n d numerou s · other trnc k o perati on de tails and ge ne l dl 

pit p ractices . Incidentally : durin g thIS brea.k lr... per i od , the new rr,an 1S 

scheduled for day shift only , 

During the training pe riod , the progre ss of the new man is fo llowed b,' 

his supervi sor through checking with the man and his !ldr i ve r ,in s t ructor" 

After ten s h ifts , the man is giv en a c heck i n the v a r i ous trucks , by 

either a plant safety representative (a specialis t in dr ivel" training) , or b y one 

of the tru c k supervis ors who is quali fi ed as a driver ~· instructor , If the m an 

passes the check , h i s classification i s changed f r om HHaulage truck trd.1nee " 
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to "utility ma n" and heis asslgrH' (~ t o bl S o~n 81'n l l a n d }-a , s o wn true/:( If 

additional tl'andng is indJ(ated ,o 51) '. t· tl ",.Hung 1 ~ pTO 1ded a nd t .. e ma n cliE':( ked 

at a later date , 

deemed "quahi]ed" , 

used on ci tnal b4:1S1 S 

FOT"TJcil classroom '/.r.auurr.g ( o r\ S;f;.is 0' ii ' & r.our CO \Jrl:-e' lor ne v.; 

employees and a 4 · hou:r rE .. ~" res}' eJ CO I .• T S E" for expe TleTqted e'ropl::> I. e e b T he 

frequency wi th WhiCh t'~ e 8 b OUT ( OU T s.t- 1 s g . '.' E'I , depe n.ds p I ;-nd- Jl l '. Up Oh the 

turnover of .aulage tru c.k drp.' ers . Wr.e :-i OUt dr'.{" T tor c e l.o.('\udes al'·ou' l <:' 

men. who ha've n o t had tbe cou.rse ,) the 8 h ou r course 1S s c} e d:u led 

The co rse is preseI1lted in tw·o [our hmH segments and 1.S sel"e·duled !.. 

days per week for se v, 'eral weeks Tunt'.n g . so 0-.0.1 <ill f h e dr;. \ ers on lhe tr)l f"e 

rotating shlf t, s wlll be able to atte nd tic. E" sessn 0r. ~ w lth O·.ll l o s lr.g an '.; of then 
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regularly Icheduled working shifts. The drivers a J~e paid for attending the 

classes . 

The classroom h 'aining course is presented by the plant f:ire & sa.fety 

inspector z a driv er training specialist , and is based upon thE" t ruck ope:rato }'" ' s 

manuaL This 60 - page manual is revised periodlcally to keep abreast o j ne w 

truck development and current pl t. operating procedures . Slides and o ther 

v isual aids are used in the classroom course to illustrate vari ous types o( 

equipment and safety prachces . 

The operator I s manual contain s 22 section s dealing with pr-opel' equlpmer.~ 

care a.nd opel'ation , and t r a.f.f: c procedures " 

A partial list of the subjeC'ts cO'\i'ered in the classroom are . Startlng 

instructIons , engi ne care and oper'd.tion, standard and power Shlft tr.a.nsnns S l O o. 

ope ration , brakes p gauges , tires , dump body control , shov el signal s . p.a. tklOg 

procedures ., dwmp procedures , and r lght - of ,- wa ,\' rules . One sec-hon con1alns 

considerable detail about the recommended downgrade gearing for haula.ge and. 

water trucks . This section was compiled by a driv er - speci alist superv lSoT 

aft er extensiv e field study of the various truc.ks regarding safe downgrade 

operating speeds and retarder operation , A seetlo 1 of forty ~,four operating rul~b 

is also included , 
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In conjunc tion with the proper' care a n d operation of the erqm.p:me. nt , 

some roe cham cal aspects al' e t.OIl( b ed upon in Olde r' t:o illustra1:e t'esults o f 

h'nprope 'r ope r ' a ~ : on of some o f the (ompon ents 
CertaIn repla ( emen t malntena t'(f 

and repdoH COS 1 S are dlso presenH,d \' 0 Impress fr-e dn \: ers '-'- I n- tb{,H ld.rge 

The dr n ell:! doTe encouraged to a>J k quest'i o n s d unng ! } ~, e r :asse s conle ~. 

Ing any li'ems p:rE"sented , or on d.n ~" subJects rela~, ln.g to the' e "tlJ] p rl)ent ot t)',e 

ope ratton Ma ln~ eno.nce super "151)1'S cue o n call -d ne(.' ded .. to dlSC 'JS S i1.r.d 

The' :\' . l ,ouJ' re fresher cla.SSTonm ('Old'f;e lB- presf!nre,d 10 tf, ('" rno re 

e-xpenencNi. dL '; P! s iil:OUt. e ~ er i t oAl O yp. drs , Th I S CO\Jlse I S dls '.) b tl. s e ~ UPi).r , 

t.h e truck opera.toT. 1 ~ i!"'( .<s-u ual bu¥ SInce j~ ' IS dl J{'c 1 ed to more e x penE" llced 'rne ~ 

ser ' es d n e.f) j" a ,~" a tf"11€!£\her and re'-nl1 ,del o ~ pr o per hlJ r ~: (' elle dnd opt': d. ~ IJ '< , 

In addl tJo n to on , ~he ,J obar.d cla&sroom trc.Llnng , d. h 'Hd ar-e:i 0' ciner 

tral0Jng it ,el u des weeLd y saleh' cO'l1mu mrah on mf'etJt'\g~ a n d. speCl . .il dd. ', to deb 

l rts t ructions , 

The weeld '; saiet 'I c ommUnI c ctt io .l.1 nleeti r. !;s are held at t- e begl l1 I1l ng 0 f 

the. shift '\.'-'h i lt:' tl-e 'ne r. aTe in the plt assem~h room 
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supervisors present. s the t.alk r which usually lasts about 15 rran ut e<s " Qui te 

often superv isors are instructed by management to include in t h ei r weekly 

talks spedfic subjects relating to safety ; the safety depa r tment a ] so provi des 

material on a variety of subjects for use b y superv1sors in these talks , While , 

occasionally, some mention is made i n the safety talks o f safe t y stahs t, ( s .1nd 

of otf - the -, job safet y , most of the s u bj ect s in the weekly ~alks deal with safet f 

i n day-.t.o -. da y pit operatl'::ms o A large percentage o f the subje cts ,included pext~lJ.n 

to the safe oper'ation of haulage truck s , either r egardin g the trucK itself or new 

t. raffl c patterns . 

T h e talks include a question and answer pe n od regaTdi. n g the sub j e ct 

discu ssed or any pl t safety area . If the SUpeT \l lS OT 1S una ble to answer a 

questlo n ,. th e a n SVlET is obtained through upwa:r'd commuXll cahol"' dnd l ci+e r pa ss pd 

on to t h e me n , SUpeT I/1SOT8 report on t h e i r sdfety t a l ks h v completing a 

(ommumca hon H':POT't form W h lCh h sts t.h e subje cts dl Scussed a n d also any 

upward communi catIon and safety re commen da t l ons . These report iOT'r(ls! a:l: E' 

re viewed b y managemen.t , including th e plant s upe rin t endent a nd the g e- n.er a l 

'manager ,. 

In additIon to the weekly safety talks , spenal safety ins truch ons ar e 

gi '\. en whenev er.- ne ces sar y " These spe cial inst r uc t.ion s u~ually appl y t o new 

traHic patterns or pr'ocedures . Special talks a r e alway s glv en Qn the f1 r st 

s hifts followlng a shutdown .' 
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Still another ar.'ea. which contributes to haulage driy er trailiJing I S a 

Job safety analysis program. Job safety analyses are step ·· by ~ step. breakdowns 

o f specifi c portions of the duties of a haulage d river , These s t udies detail the 

key job s t eps , potential health and injury hazards " and re commended safe pT cH ~. ' p~1 . 

Job safety a nalyses are compiled by a superviso r and a haulage driv er " Tbe. >, a n~ 

up .dated wne n nec es eary and are used in the weekly safety talks " 

Sa ie ty goals at Kennecott ' s Ray .Mines Di vi s ion specify a fr e quen cy rate 

of. no more than 1 di sabling injury " 0 T' less , per mill i on manhour s wor l<'ed . T o 

a.chieve thi S goal ~ safety must be a day·,to ··day re sponsiblhty , OUT se '" en p :) rl
t 

safety pT'ogram defines our respon s i bilities , Since safety is a mc;.nagemen
t 

l'esponslbility. sa fe t y trai ning 18 a ne c essity not only for the expected safe~y 

pe rfo r.m a:o.ce but for the efficient operation 01 e quipment that demanc\s emp1-o '-' e e: 

sinl1 · 

If th e re are any questions on the detal.ls of our d river' tr~nni ng " 1 will 

be wi Ihr~g t o anaWf'! r th em at thls timp.. 
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MD'JE MAlliTENANCE W')RK 01 OER S {STEM ------

Kennecott Copper CorporatjJn 

Ray Mines Division 

A standard work order system is used through01 't the Western Mining Divisions 

of Kennecott. Briefly, each maintenance job (f any significance .is treated 

as an individual ,job would be in a .job shop. SmaLer jobs of lesser j mportance 

are simply grouped together to give a desired cost record. 

l.!ork ord ers Rre wr itten by any supe ~ -visor and submitted t the Pl annine; and 

Scheduling Of fice or the Field Repa : r Office. There they are clnssifi ed, 

estimated i f necefsary, and re ;urned to proper approving authori t y. l fter 

approval, the work order is en ·.ered in the maj ntenance workload t o be scheduled. 

', [ork orders are also used as a meanf of keepir ~ historical equipment J ecords. 

Because of t hi S, the Maintenan :e DeJ>artment a( ;ually makes out I'llELlly oj the 

wmk or lers f ( r operat i ng equipment. The yTOrk orders are detailed to l i ve 

the de :ired (' ost and equipment hist lry record. 

All m8 Lntenance work is divide'd intI) three general catego' ies as foll 'Yvls: 

1 HEG aLAR JOBS 

UnUS1al jobs which involve dlternate m~tho 5 , materials, or 

apprc>val to proceed, require estimates and appraisal before 

the work starts. These jobs then require accurate accumulation 

of costs while the work is in process so trlt estimates can be 

checked. An example of this type job 'Houle be t he modification 

of an Allison transmiss ion :rom 4-speed to )-spe(" I • 
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2. REPETIT IVE JOBS 

i'lork of s u.ch routine nature that a history of indiv Ldual jobs 

is not necessary. Such jobs as replacing a radiator hose or 

greasing a truck, fall in this category. 

3. EMER GENCY JOBS 

Usual maintenance jobs for which individual ~osts and historical 

data is dE3irable. Ne r essary work done to , =luipmr It or facilities 

\,hen it is definitely understood the equipm' nt mus t be returned 

t o its ori~inal operating condition and no ndividual approval 

is necessa "y. Such jobs as overhauling eng nes or transmiss ions 

in a haula ;e truck ' ..... auld be class ified in t l is c ategory. 

""aRK aRDEH sm rES 

Each type of job i a s s i rsned t o a work or der s 'ries i s indicated by the 

sec ond digit in th work order nunn ET as folIc s: 

Seri es a -----
Reg ula r j C )8 ar,; a ssigned Serie , a nu bers lfter estimai tng 

and obtaining [Jprovll of operating 3uperv "ion. Most constluctior 

jobs or equ Lplnf 1t mod ii'ications are done OJ Seri s a \-lark orders 

which are then !losed when the work is cOIIIJ leted 

Series 2 

Repetitive j , ,b 8 ar ~ aSS :.(p1ed standard Series ~ numb' rs, which r <:main 

open until disp lsal (If the p iece of equipmE'1t an! until more detaiJ ed 

rec 'rds are reo .tired . This seri ~ s gives a c ~urat r cost reporting f or 

j ob: not requil ing irdividunl jO' l cost. 
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S0ries 3 

Eme"g e ncy jobs ar e assigned Series 3 numbers before sts 4;ing 

usual repairs to production equipment or facilities, fabricating 

parts or doin~ small construction jobs. No es t imate or special 

a-1proval is n~cessary and the nu .... nber is closed when the job is 

C < lmpleted . 

Sl!ries 4 

E:<pense portj ons of /\FE's are nss iened Series h numbers . T lese 

r !quire estin ltes and a: lproval of plant eneinef 'rs. 

S' ries 5 

~,!; rehouse stc 'k items manufact tred in the shop ~arry Ser ies 5 

n' mbers. Sst matef and apprcv, Is of warehouse ;upervisors a re 

r ' quired. 

S 'ries 6 

S- ecial cost , ccumulatic>DS are assiened Series ) numbe rs by cost 

a counting personnel. 

Cl: lital porticlDs of autl orized expeniiture jobs are g iven Series 7 

nu Ibers. Mosi ne'" equiJ 'ment purchas)s are e; iven numbers in this 

se 'ies after ( 3timating and receiving approval by proper au thority. 

..... _-. ___ I..: 

To cor ,rol the flow of work orders and i nsure that they a -re wr j tten properly, 

two cc ltrol pOints are used. One control point is the Field Rfpair Office, 

and th '~ other is the Mainter mce Scheduling Office. The F'ield Repair Hork 

Center is responsi~le for m8~tenance of all pit m~ ile e1u ipment including 
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AI,tuchment 

) ~ 

Attachment 

5 
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including shovels and dr i lls . At t h e Field Repair Office, bl ocks of work 

order numbers are kept for haulage t ruck s, dozer equipment, shovels, drills 

and small mob i le equipment. Very few work orders are wri tte11 by operating 

personnel for Iw intenance on these piece[: of equipment and generally the 

equipment is returned to cr iginal operating condition. Therefore, most o f 

this mainteocm :0 falls uncer the " s tandard job' or 'routine ,j ob' categories. 

To facilitat e v[riting of work order:" the shop ,'oreman judges if i.he job 

',,; ilJ ('o~' L liver $50. If the cost is under $50, ;he W I Irk is perforn e d on 

~ Ile yuutine SeJ ies 2 work order number ur'less t ,1ere j s some reason t o make 

a record of th l' job, i.e., warranty clail . or es ,abli : hing a trend, etc. 

The 'outine Series 2 work ordeJ s, for accwLUlating cost against 

each piece of : quipment or components of the equipme It, are set up in t he 

Mach i n e AccoUJ cing System and requi l 'e no paper 'No rk )ther than use of the 

number to char ;e time on time cards and mlterials frem the Warehouse. A 

shop order ShE ~ t is used while the j)b is in process to keep track of its 

existence and 'omplEtion . 

If t e jot is judged to be over $50, the fo 'eman t~kes the next 

ava lable work order number f r om a p 'epar{ ~d list and l otes the job on the 

lis and on hi , shop order form. Al l time and nHterials are then charged 

to i:hat number for t1at particular j lb . lJote th~ only difference between 

the two shop oJders LS in the series of work orders u[ed . 

However, further paper work is recessa y to ;et up this new, 

neve r' before U: ed, number in the Accountir g Syst m. T e truck sho] , clerk 
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prepares the work order form from the notation of the number list 

and shop ord( I' f orm. Proper equipment and component numbers are assigned 

to the work order. 

Any work order requiring an estimate (a non- s tandard job) is 

r outed throUE h the Maintenanc e Scheduling Offi c e and approved before the 

job is perf ormed . Work perfo 'med on the field repair (~ quipment by 

other shops .' s done on a worl' orde)' routed through the Maintenance 

S :hedulj ng O. 'fi ce . The Maini ~nanc(~ Scheduling Office a ssigns work order 

n lInbers and "ontrols the wor] order system for the othe r three work 

c t.:nters . A entral wor k orde :: board is ~ept for assigning Seri es 0, 2 , 

and 3 numbel and individual shop work , 'der schedul e l)oard are kept i n 

E lch shop . 

Wh , n parts are brought to the shop for 'standard job ' repairs, 

t le equipmer., number and work requi red are written on the work order 

b lard by thE man delivering the material and ssigneo the next available 

f 'ries 3 nun Jer. When a job to be done LS of :m unusual nature and 

1 :quires an =stimate , the job descrlptic'l wil be written on the por ~ion 

0' the board designed f or Series 0 work .)rder ' . For work m routine 

j )bs where a Series 2 number is establis1ed , a directory is ava jlable 

S) that the )roper numter can be writter on t} e board with a description 

c I' the work 'equired. 

As a review, we will look at the WOl'k Orc er Flow Shee t . 

'Ile reason j or establishing SUt::h a worf. order sys t ( m, one that can 

1 . ... 
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give a large amount of inform:l.tion , is quite simple. Maintenance 

costs are ont ' of the largest I tems on the cost statement. In OJ der 

to control ttese costs, it is necessary to know ac curat ely where and 

why the money is teing 3pent . Secondarily, a breakdo~ t of cost, such 

as we are able to obtain, results in the ability t o am lyze high cost 

areas, t o analyze costs to each piece of equipment, to compare f or 

like equipment, aJ d to take su h action as may be nece [sary to improve 

or replace tre equLpment. 

Whet we lave shown SU far is hOt[ we get the : nformation t o the 

A('counting DE ')artmtmt. Now, what does it l ook like whtn returned t o us 

f( r us e as I ,just llescribed? 

Se- eral J'egular reports are iss led as well a ~ special reports 

tl t may be J equired . 

ThEre are currently ten reports being prepared . These reports 

ccntaln much of the same information but are rearranged to give the cost 

r ( )orting in the f orm that may be de sirE I . 

Thr =e reporting periods are USt 'lL: Current mcnth, year-to-date, 

an.L to - date f )r any open work orders . 

For cos t control purposes , the currer:t month report is the one 

most used . F::>r examination and evaluatj m of equipment, the year-to-.date 

reports are 1 sed . For control of indivi ual w( rk orders, the to - date 

report is USE 1 . 

Witl this system, it is possib le to ILn point high cos ~ areas 

• L I 
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and show exac tly why it was a h~.gh cost area. The syst em is flex;~ble 

enough that costs can be arrang,=d in any number of waY3. For example, 

let us look at a page from a n onthly rep,)rt showing cos t by equipment 

number withir a given operatil g work cen ;er. 

This report groups :.11 co s t f a . the operatin ~ work center ~ n 

Ol :e place , in this case, truel. haulage. Each piece of equipment is 'e­

ported complete wi th every j ob performed on it by nume rical equipment 

nl lmber within the t ruck haulaGe work. cen ',er. It is quite simple t o 

n n thrc'ugh i. his r eport and find any hig 1 cost items t '1a t may have 

caused budget variances. 

A l onger period of vime than one month is ufua l ly required 

f ,)r evaluation of ~ quipment. Again using truck s as ar example, a 

y ~ar -to -date repor t is prepared by fleet number, by equipment number, 

wthin t he fe et and further grouped by component numler f or each 

t . ·uc:k . 

At 3.chmen t 9 shows a complete ;rear' s hi :3tor y of every job 

per fo rmed on one particular truck . 

WOl k. orders a 'e written to gi v (! the desired ietail for all minE" 

e luipment . '_.'rucks, she rels, and drills itre subdivided into ten c omponent s . 

M)st other equipment i l no t b 'oken down l)eyond the basic equipment and 

i 1 s ome c as es like-piet es of ,':quipment a " e grouped. 

. -/ -
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It is easy to see how truck CO ~j ts can be ana: .yzed with thi s 

r(~port, not )nly for evaluat ion of the whole truck or ~_'leet of like 

tl·ucks, but 20mponents can a lso be exami ted . We have used this system 

as a basis f)r making modif jcati on impro ·ements to our truck fleet. 

I' 



HAULAG"2". TRUCK H & R 

FLS~T #2 - EUCLID 4LLD - ~4T (022537) 

COl'-lPONENT 160 162 166 165 161 163 164 
r;:'::3CRIPTION 

-

1 ENGIN~S TURBOS 120811 120821 120831 120841 120851 120861 120871 c. 

2 TRANSNISSION-,- CLUTCH , CONVERTER 120812 120822 120832 120842 120852 120862 120872 
3 Dr?:'., A..o,(l.~Q, ~?~T.r.::~ :"1;' 120813 .L~uo.c3 120833 12084) I 120853 120863 120873 
4 BED 120814 120824 120834 12084h I 120854 120~64 120874 
5 BRAKES 120815 120825 120835 120845 120855 120865 12087 5 
6 HOIST, STEERING 120816 120826 120836 120846 120856 120866 120876 
7 SUSPENSION FR.ONT .'L':~':' - .... - - - - .... -' ....... n , ")" "'1"" 120847 120857 120867 120877 .L.c::.v ...... ...I....1 ...J.,..,(.vvc.. t ..J-s::..,vV..J( CAB , CHASSI S, rtAJI ATOR 
8 AIR SYSEI-i 120818 120828 12q?38 120848 120858 120868 120878 

_9_ ACCIDENTS WRECKS, FIRES 1120819 1120829 1120839 1120849 1208 59 120869 120879 



1 6394 Wands Robet"t s. Mech Trk. 6400 1 ... ," EMPl.OYIt NQ EMPLI IVEE NA AE <) CCUPl\or fQ N TITLE murAI I'IIO. 

LIST OTHER 
RIUAR , 

M 
WORKID OCCUPATION , 

I NUMBERS BaOW Fan belt 160 120811 1: 
I 

___ 2 I 
I Trans 160 132157 71 

___ 3 

___ 4 

~ DA ILY T IME CARD 
~ 

M Belt, fan 

IY PLANT 

Cummins 
1 -:::::;-;;r:::~----- - --- I ;,. " -'A~fQo.l;;;II.H.,"O","O:;;R·'TI;;:I .. ;;: .. ::;: •• ~H."";';['":':::.'~NU"'II"8"".::". "".,:-0:.(, ,pm.,,' . If ony) -t7:,s-'::'U;::'~N:::-U:::II::;:8':=. 

DEPT W.O. OR ettA.1[ NUMIEI! ''''IT 
732 1 ?o811 Jl 

IT / 'IIH NO. 

i ~..(l/""', 9321 

AUTHOAllID 

CLA" 11 .. 

54 04 ~07 1 

, IIPl . NO. 

6 

ONL 

AND 
NUM 

IUUEO IT 

==r.;;r.;:~:;c;;== / 0 E 80 PU,. T I 0 =~===,*=;r:r===#F;=r==;===¢== ==r=~=~=r==;:==:;::: 

HERIAL 8 SUPPLY 
ISSUE CARD 

.,..TE 

3-9-66 

... fIIT NlI ~IER 

1158 
---

ONE , (PE OF MAT I, RIAL 
'NE WOR ( ORDER Oft C lARGE 
ER ON EACH ISSUE CARD 

0 

1 

2 

3 

4 

5 

6 

7 

8 

~ QUANTITY 2L AMOUNT ITEM 
, ' II. U &:I M • ., .151 71 11112 " 1117, n ,,'" • """TEO IN u.u. 

z 
~ 
> 
ii 

I!I .. 
i 
l-
c 
0: 

I 

" 2 .. 
c 

" f 
~ 
u .. 
'" .. 
~ 
" II 

z 
!? 
'" ;: 
;; 

'" '" " :s 
) . 

"" r. 

z 
2 .. .. 
0: 
o .. 
0: 
o 
U 

0: 

t f 
31 
t­.. o 
u .... 
z 
z 
'" >< 
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ATTACHMENT # 3 ORDER FOR SHGF RJ::PAJi<.3 & i·vL,.',,; ~=".:.·'.. r-K; .s ---_._ .. - --- - .--

EQUIP. No. 160 EQUIP. TYPE 4-LLD ~ .. Z ---, , c: ! ! 0 • i ...... . . 
DA TE IN: 3-10-66 ..... ' . TIME IN: 10: 30 a.m. Itt i 

i tJ • <::: 
I DATE OUT: . . TIME OUT: 0) 

II I 0) 

Itt 

/ / iJ , 
RECID BY: Ray 

I 
1 
I 

. 

/ III II /1//////// 
RELEASED BY: ;g 

,y 

ii;J 
DESCRIPTION W. O. 

j I I I TOT t 
'N" ....... ho .. I THv] Li 

Repair oil leak R.= -t 120bll t++ttH+1 I I I I : 1--. -
I Pn~lace fan belt P .R. pna;np I 'I rr-4 --- - . I I I 

I I' I r i 

~ -~-+-!,L+ 1, 
i 

1--- • i 
! TT f 

tJ · · --
l 
; · i 
~ 

I 
I-

· i 

I ~ 
I 

i 

I ! : 
i 
i , I 

-_ ..... _"'""' 

-+-W~ ! 
• 

I i 

~ 
. s 

; 

J i 
i ; 1 

+~~--~-r-' I j 

1-
~ I 

I 1 - . 0- j 

!-- I I I I 
-'--

i ! i ! i · I -~ --{- - i I . ! T i i I I II I I I 1 I I . I 
~ _ ~ __ ~- '-- ~ __ ~oai ... "*_ ~. • I ! ),.. ! 



NIT ACHMENT #4 ORDER F'OR SHOP R.E·PAL~5 ~x 1,·rJ,.~·'·~T ..c.::FA}';CE 

E QUIP. No. 160 EQUIP . TYPE 4-LLD 

DATE IN: 3-10-66 TIME IN: 10:?:fJ a.m. 

DATE OUT: TIME OUT: -------
RECIO BY: Ray 

RELEASED BY: _____________ _ 

DESCRIPTION 

IV 
() 

~ 
Q) 
H 
IV 

-----.-. - .--- ~--

C; 
o .... ..., 

111 
() 

i::; '-C1J 
C1J 

111 

'"-~~ . /I/ ! 
~ 
~ 
..-i 
rc:J 

iJ II II/II 
~ ;gO 
o . 
~ a:: 

~ 

W.~ 
Il\.T,.L~ ... 

lJ!!J//ZDq JJ~l 
, 

. • 
I 

i • 
f 

TOT 
I'TTM~ 

.. Replace transmission right hand I L co Ht+tH H+-H -i ____ - - I : 
I SiN 17451 out - hours 4,026 1 . ~ ~ siN 17237 in 

. I 1- ~ I rll III . j 
· --' i I II r I III ! , : ! ! l _' . =: : .. 1 

.., 
I • 

i 
I 

I ---i I ! •• j • ~ --.l 
-- 1 : ~ -l 1-- t I '" ~ .. " 1 I 

I I -; 
,- J[ ! I ! i il, ! . - - I II , ! II: ! 
t= ~ _Jr,J-.-J-; '- 1 ! I +=10-; . --- --- ~.~-- . ~~t-- ---"'J'-HI i I ! : I I i L __ ~l 
t - ~ _. --r---r , , i ' I I . . __ 1_ 

I 
, • • " I 

-L--L __ _ 

l~~.. • _ I I i It, .L --,-=_J d...-"o... 
'- . I I I k '= _ 

I ___ j. . • . . ____ _ t __ ~ __ J.-- -
~ . 

... ..... -.q 



- - - -_._. __ ._----
A1'1~ A GHMEN·r lJ\ f'J 0 R K 0 R D ERA U T H f) R I Z A T I ON JOB 0 

REQUEST N . ') n ''/7' 
( "UI 

Replace right hand transmission. 
Truck #100 

Out - 171.~5l 

I n - 17237 

.. - - .. .. 

WORK 
ORDER NO. 

O COST 0 6· ANALYSIS 7· CAPITAL 

--CO ST SUMMARY ._-
AlITHORIIEO ACTUAL 

HOURS 

LABOR 

F -.- -
1 -AOUNT 

LABOR 

r- .--~-

j~ATERIAL 

-.-

Operated l.~ 1 )26 hours - no warranty. 
OTHER 

--_ . 
TOTA . 

=.--"",, .. ,~~.=~=.=~====. =.======. -======= ---W O RK () RDE I~ Tillt -- ----Repl. t ,rt'l lS l74 ~ ;1 - l ' 237 
--- -.--~---.------- ,----- ESTiMA' EO LABOR & MATERIAL REQl i'iiEMENf ---- ----------- --.. ~l ,·t:,~T-:~~~::r!-· l oCC~6i·~1 ;r-- OccuPA-no- N- - - ---····t·· NU~-BE-~-O-f --~fp, ~~N MA~)~~L-UR-S---'--lC-AO-B~-TR---~~·:~.~ ;·-' .. -. __ .. (- - ,----r- ---- .---- .- t-----+--

ill 
I I I 
I 

~L_ 
~I I NT 

.-r-__ ~_---..:!S:=:ER:::.:V:..:IC=::E:... : QUIPMENT REQUIREMENTS 
WORK 
~ENreN EQUIPMENT . ____ -+H_O_U_RS+_ 

TOTAL 
o Te Rf.QUIREO I DATE STAR ·ED 

3-10-66 .. -- ._-_ .... _-_._- -
DII I I P/'ROVED IY 

.JoT. 
.; "':~ ';';:.:': ':;: -: 

----- .... ----+-----~r__- ----1-- --'-TOTAL 
---".------_ ...... =:==--::-. -----I=.,-----~- ---~ ___ O"-Y"-H,,,,ER,,-,-,-RI QUIREMENYS 

AMOU~ _-++-___ ______ D_E_SC_R_IP_TI _)N _______ -4 __ A1 O_U_N! __ 

TO "AL 
DATE COMPLETED 

.~ T~ - - j --:A-:::cc:::E=n-;:::ED:"";s;;;-y- --_. _- - --··---DA-=re=-

.3o"J~O -6~ 



I' • I 

------'--------------------------_,_~_~_, __ O_. " ,~'~vrAC.tJl.tiThT 11-6 W 0 R K 0 R D ERA U T' H 0 R I Z A T iO N 
~ ' )'IWAt'\.oY ·;;~~~·~.I{;~:==-=--==':"-'=----="-::":-===:::-· ::";.-=.:..=.=:=.==:=...-- - - -

RA Y MlNE!i DIVISION 

JOB NO 
REQUEST • 

WOR K NO 
ORDER • 

] 'rW073;NlfR 
I( 'i'w' ~.(._'0 _ _ - -_--_r'_C_H_Ao_('2_'~_2_'§_'3_0:,_'- _'_-_-_-_-o_lA __ fof_'_NO_o ___ ~~~~~~L~SA~F_Et.!::b=w~O_~K ..... E.:...~llrli --[!}--N-O---~--rru;y~===, TYPE Of '" 

ORK I)f1 0 0 0 AFE 0 0 COST D W ~ 0 - REGULAR 2 , REPETITIVE 3 - EMERGENCY " ' E (PENSE 5, STORES 6 - ANALYSIS 7 - CAPITAL 
~~~R.~~~~~~~ _ _________________ , ____ 
DESCRIPTION OF WORK. 

CO ST SUM M A-liy-- -
AUTHORIZED ACTUA -,- _ l _, 

o. , HOURS 
Convert L.H. transmission from 4 : .. p eed to 6 speed. LABOR 32 

- - " --
AMOUNT 

LABOR $10 >.00 
.-r-----'-oo 

MATERIAL 700 .. 00 
-,-

OTHER 

--
TOTAL $805.00 

_. • •.• ": - -'7.- ~-=:'.:=-::' .:.:;_::=-.-=."_ 

- --.---W(IRK OF .lUI 01 !HE 

i-+ sp to 6 6:p. 
ESTIMATED LABOR , MATERIAL REQUIREMEM 

~~,~p~,i~~- l~~c_X~_'~~_: + ___ O=~_ OCCUPATION I 
-.---

NUMBER OF ... ,URS TOTAL LABOR MAT€RI MEN PE MAN MAN HOURS COST COS1" 

I j 
J. 132 6tl{ )( ~. =ch . trk. 2 L6 32 105. )0 7 !){) 

I 
I 
i 

.lLL_J 
--

TOTAL 32 ~ O5.00 700-00 
-______ -tt ________ -'O=..TH==E::...R _lEQUIREMENTS 

--.,-_ _ -.-_ _ -'S::.::Ec::.RV;:..;I=CI EQUIPMENT REQUIREMENTS 
p INT ~::inR EQUIPMEN' HOURS AMOUN OESCRIP nON AMOUNT -, - ----1--- ---- ------+--1- ---tt------------------ --- f------.--

1 M E Mf.QIJ IRED 

3-10-66 

TOTAL 
======-==~~~~~================ DATE STArrEO 

APPROVED BY 

TC TAL 
= ;=, O=A=TE=C=O=Mf'= lfT=E=O===== - - - --=-:: ===';:;-

------- -- - --ACCEf'TEO BY VATC 
siV J~lC 66 KV 3-11)-66 J 

• __ .- ---- .. --..... - .• - ..- - ::--:: :: ~.:;. ;-;:-:;:::.-~ ;: .: _-.;:=:-:::::-..:.- : .~:,;: = = := :!:r:=:.=::LIt" ~ .- :; . = :~= _::;;~:.:...~-~~,.:=:.::.':,.:=-=.::. ;:;;;.;:; -:::;: =.~:===-..:::::.: .:;;' :."::: ,: ;:;' :::":--:::--.:;: :'=_=-- :-:.' ~ • -~ ,~:= ~:;; :; "':.:-:: = -::-:-;';:..=.;;::: :::--;; .. :.: .. -~. 
i. ~-"r:J ;.~~~\·J.;6:;riri,·. j~l' f-=,'ii_,· il-~ :'. 



I Change Designation of Series 3 Work O~der I 
F o rm Emergency Job to Standard Job 

ORIG INATOR 

MAINTENANCE SCHEDULING 
!Aooraisal I 
~~stion Need and Cos t--.J 

No Estimate Required 

~ 
ST ANDARD JOB 

Usual repairs to eqUlpment. 
Fabrication of small parts. 
r ----...--~~t'2e ~ c:: :: ~- .... (""' 

Neces sary construction projects. 

Improvemenlof safety conditions. 

SERIES 3 and 6 - For detailed 
history and cost accumulation . 

or 

C:::,;'DT1:"C::: ;} - F'Jr gen e"':llized cost 
accumulation. 

1 
Priority A~ q i~nec1 

Notification ""Ofl 
Job Completion 

I Estimate Required 
(Clas s ification) t 
--I 

I 
I 
I 
j 

I 

NON-ST ANDARD JOB 

New repair techniques 
Equipment modifications. 
Requests for estimates. 
Construction projects. 
Involving alternative methods or mate rial. 

! 
ESTIMATE 

1 
RETURN TO ORIGINATOR 

1 Appraisal 1 
APPROVAL REJECTION 

I 

1 
~ 

,--_._-1 
MAINTENANCE • SCHEDULING 

I 
WORK PERFORMED 

SERIES 0, 4, 

I 
l-'nonly Ass ig r..ed I 

E 

I ., 
and 7 

.~ .. 

-: 

.:::::: 
-:-
/. 
--' 

- 1 
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~, , 
• 

F 

Lacnm ent 8 

O<ENN ECOTT COPPER CORPORATION 

r;) 
,~ 

~s 

l ' w 
, C [ 

1 
1 
1 
1 
1 
1 
1 

1 

11 
1 
1 
1 
1 
1 
1 

11 
1 
1 
1 
1 
1 
1 

I 

J 
~ 
J 
J 
J 
J 
3 
J , 
3 
3 , 
J 
3 
3 
3 
3 
3 
3 
3 
3 

I 
11 , 3 
' 1 ' 3 

R Ao " V INES D IVISION 

.. OJ •• - -r-" DATE OF A F E 

I ~:;;;~ 
WORK 
OROER NO 

i 
! 

2 160 21 8-63 
2 160 22 8-63 
2 160 23 1:1-63 
2 160 24 8-63 
2 160 2~ 0-63 
2 160 26 iI-63 
2 160 28 1:1-63 
1. 160 29 8-63 
2 100 2 11-65 
2 160 7 12-65 
2 160 3 12-65 
2 160 3 1.2-65 
2 160 7 12-65 
2 160 3 12-0) 
2 160 5 12-6:' 

2 161 21 8-63 
Z 161 22 11-63 
Z 161 23 11-63 
2 161 25 8-63 
Z 161 26 8-63 
2 161 28 11-&3 
2 161 1 11-65 
2 161 2 11-05 
2 161 7 11-65 
2 161 8 12-65 
2 161 5 1"-65 1 
~ .0. 5 12-~~ 

2 161 7 12-&5 
2 161 3 12-65 
2 161 3 12-65 
2 161 7 12-&5 
2 161 3 12-&5 
2 161 7 12-6:' 
2 161 7 J.2-65 
2 161 7 12-65 
2 161 7 12-65 

2

1

162 21 1i-63 
162 22 ! 

1162 23 1 b-63 0-
63

1 

: 162 25 1 0-63 
i 113 

l i 3 
11 ' 342 ' 162'26 ' o-A, 
I I ' 34Z ! 162 1 l7 i 0-63 : 

' 1 342 ' 162 128 1 0-63 11 
: 1 ; 342 1 162 ~9 1 0-63 

1 342 162 8 1 12-6~ : 

I , 
i 

CHARGE WORK 

"'0 
ORDER 

NUMBER 

I 

024!~40 120lHl 
02l~40 120812 
022~40 120813 
022540 120814 
021~40 !2:2:-
022~40 120~16 
022540 120818 
022540 120819 
0241540 131524 
022~40 '1'31553 
022~itO 131583 
022~40 131597 
022540 131624 
022~40 131654 
022540 131692 
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Mr. R. B. Mulchay, 
Anaconda Company, 
818 Kearns Building, 
Salt Lake City, Utah. 

Dear Mr. Mulchay: 

WILLIAM C. BROWNING 
MINING ENGINEER 

1211 PACIFIC MUTUAL BUILDING 

Los ANGELES 

Los Angeles, California 
, April 8, 1960 

I regret very much that I was not in the office when you called 
here the latter part of last month, and I wish to thank you for your 
information about the drilling you have been doing on the Fortuna property. 

In regard to the porphyry dike near Superior and south of Magma, it 
has been at least forty years since I last saw the property so I imagine 
the roads must have changed very considerably. At the time I was there 
was before the construction of the concrete highway between Superior and Ray 
and, as I remember, the old road was considerably east of the present highway 
and was some little distance from the old dirt highway. The old dirt highway 
went over the pass from the more or less flat Superior Valley and, after 
going over this pass, went down a rather steep road to the camp of ,Ray. 
My recollection is that the property is located at least a mile or ' two north 
of this pass. 

I expect to be in Salt Lake sometime this fall and, if you are in 
town, shall calIon 70u. and try and give you more detailed information. 

Please give my best regards to Mr. Druby and with the best of good 
wishes to yourself, 

Sincerely yours, 

w. C. Browning 
WCB-Z ---- -.--J 


