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INTRODUCTION

The 0ld Rellable copper’ mine was first examined” by Harlow D, Phelps
engineer of the Bureau of Mines, in October and November 1942, in compllance
with a request from the Tar Productlon Board, which furnished copies of assay
maps of the 100- and 200-foot levels and reqpested that they be check-sampled,
The author and R, }, Grantham and W, D, Hughes, englneers of the Bureau, made
a second and more detailed examination later, after & number of manways had
been opened that were 1nacce351ble when the flrst examlnatlon was made,

i

1/ The Bureau of Mines will welcome reprlnting of thls paper provided The
following footnote’ acknowiedgment is used* "Reprinted from Bureau of
Mines Report of Investigations’ 4O06M ““,»ij

2/ Mining engineer, Buréau' of* Mines, it
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Figure 1.- Location map, 0ld Reliable copper mine, Pinal County,
Arizona.



S R K

Copper: Creek is the main streamﬁof_ﬁhé are§., Ash‘Creeyléntérs'itnabout
%.mile.downstream;from the mine, Both creeks occupy narrow, steep, V-shaped
canyons.: 2

(A
e

The climate of, the region is semiarid,~-Rainfall is said to average 18
to 20 inches anmually., Recorded temperatures range from 110° F. to 8° F.
Snow falls occasionally during the winter. There are no climatic obstacles
to year-around Operationy: il meealissi oo 1t T ; o

Vegetation is sparse-and of a semidesert variety. ' There is no timber
suitable for mine use in the area, =~ ° "i;’;i:::;:v:!'.'n :

- HISTORY AND: PRODUCTION * i
Lode-mining ¢laims were first located in the Copper Creek area about
1863, when rich lead-silver ore from the Blue Bird mine was shipped. In 1863

the region was.recorded as: the Bunker Hill mining district. = - 77
Little work was done until 1893, when -the ‘Gopper *Greek *iining Co, ac-
quired claims along Copper Creek, Acquisibion -of ‘clainms ‘ror'th df the creek
in 1907 by the Calumet & Arizona Mining Cos-and ~completidd 'of a wagon road
from Liammoth in 1908 started a boom, - This'latber ‘comparly ‘€xplored the Copper
Giant, Superior, Globe, Copper Prince, .and obherproperties in the arez by
underground work and diamond drilling, From 1908 until about 1918, numerous
other deposits, including:the American Fagle, were worked, A’ survey for a
railroad from linkleman was made, but construction was not undertakén.

Except on the Childs-Aldwinkle claims, little or no work was done in

the area after 1918, This property was exploited primarily for molybdenum,
the first work done during World War I. The war ended before production
began, but from 1933 to 1938, 329,000 tons of ore was milled and 7,000,000 .
pounds of lioS, was recovered. From 1933 to 1935, the 0ld Reliable mill was
used to treat the ore, Toward the end of 1935, a mill was built on the prop-
erty, and from then to the end .of 1938 a total of 296,652 tons was milled, an
average of about 200 tons per day. Maximum production was reached in 1936,
when 87,021 tons was milled, AUy R ' ‘

The first corporate owner of the Old Reliable claims was, the Copper
Creek Mining Co,, which by 1908 was controlled by the liinnesota~Arizona Mining
Co. The latter company built a steam-electric power plant, a dam,.and a mill
on Copper Creck, about a mile from the 0ld Reliable mine, and about 2% miles
of a railroad from the mine to the mill,- Ore from other mines in the area was
treated in the mill. Pom Wy ;

In 1910, the liinnesota=-Arizona Co, was reorganized under the name
Copper State Mining Co., to which company the 0ld Reliable was transferreds
In 1914, the new company replaced the steam plant with a Diesel-electric unit
and revamped the mills Ore from the American Eagle as well as from the Old
Reliable was treateds. The property: operated until about 1919, Later, the
mill was dismantled and the machinery was removed, : :
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Figure 2.- General map of Copper Creek ore deposits; Pinal County, Arizona.
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»Although the pipes are found in all thé igneous rocks, those that have
been productive are in or near granodiorite. . The' chief producers have been
the Cnllds~Aldw1nklc, Copper Prince, 0ld Rexlable, American Edgle, and Globe.
The first two are in a large granodiorite mass, The second two, although'
chiefly in andesitic tuff, are at a granodiorite contact.A The Globe is 1,000
feet from a granodlorlte contact. Bl

‘4 A typlcal plpe outcrops as a small but promlnent plnnacleg In horizon—
‘tal section, the pipes vary from circular to elllptlcal and stand vertically
or have a stcep pitche : -

.The plpe £illing con31sts of angular, 5111c1f1ed rock fragments cemented
chiefly by quartz, sericite and copper minerals,

The outcrops of .some copper-bearing pipes, notably the 0ld Reliable,
appear to be leached, Below the 1eached zohe, oxidized copper minerals occura
The tranSLtlon from oxidized copper mincrals to ‘copper sulfides, usually
chalcopyrlte and bornlte, is gradual. Some cna19001te oceurs at ‘and near the
water table, There is evidence of the occurrence of primary chalcccited
Molybdenum sulfide occurs at the Childs-Aldwinkle mire, and zinc and tungsten
minerals havc been found in the arca, ;

Few data are avallable rcgardlng the gradc of the coppcr ore mlned from
the pipes or of the continuation of ore in depth. The Childs-Aldwinkle pipe
was mined to a depth of about 800 fegt, where it became small and the molyb-
denum content lows The copper content of the pipe, however, appears not to
have decreased with dbpth and to have avbraged ‘aboudt 2 percent,

The formation of the brcccxa pipes is bcllcvoa to be due to intersecting
fracture systems, solution of the rock along these fracturus and subsequent
_slumping of unsupportcd masses.

"The 0ld Reliable plpc is, one from which productlon has . been reallzvd.
Although molybdenitc has: been 1dent1f1ed copper -is the only metal of con=
sequence 1n the plpe.-"' : : L, :

Mucn of the outcrop is. covcred by taluu. Parts exposéd;appear:siliéified
and leached. W s

" SAMPLING

j Ch“ck—sampllng IOO— and 200~foot Levels

Detalled company absay~maps o; the lOO— and 200-foot levels were fur-
nished the Bureau by the War Production Board, All samples were horlzontal
channels 5 feet in length and takpn at 5~foot intervals,

Five arcas on the lOO*foot &nd throe on the 200-foot level were selected
by the Bureau for' check sampling.:. In all, 64 samples werge takenj 37 were
“’channel. samples’ taken from the 100~£oot; level,. Of. the remalnlna 27, which

were. taken' on:sthe! ZOP—foot lavel, 13 .were grab. samples of ore loft in chutes
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the surface, These levels are connected by three vertical raises, Ore
mined from the 200-foot level was hoisted through one of these to the 100-
foot level tunnel,

- Horizontal development on thé.100~foot level con51sts of parallel chute
drlfts, for the most part on 20-foot centers at right angles to the direction
of the tunnel, and a peripheral drift., In addition, near the tunnel portal
are exploratory drifts-that make acute angles with the tunnel.

In a number of the chute drifts the backs have been ralsed timber and
“chutes placed, and shrinkage stoping done, The makimum height to which stopes
have been carrled is 80 feet abovb the leVol floor.

Six pillars separating stopes hth.been broken through making a stope
about 100 feet in diameter at the north cnd of the mine about 4O feet above
the 100-foot level, Farther south, the pillar between "C" and "D" stopes was
broken through about 40 feet -above the level, making a stope 50 feet wide,

- The 200-foot level has not been develotcd or stoped as extensively as the
100~foot level, Pillars were left above the chute driftse, Only three narrow
shrinkage stopes'have been starteds The maximum height reached in stoping is
about 35 feet. i b e )

» Tlmber on' the 100-foat level is in good condltlon.. Chute~drift sets are
tied with girts., In‘many places’ ‘these are supportéd by posts between sets,
Most ‘are on 5*foot centers, Posts are 8 feet highs Some round timber has
been used but’ most of 1t is 8 by 8 inches Squarce %

Access to the 200—foot level is by either the ﬁpnnel or the raise to the
100-~foot level, The'bottom of the raise is in the back of stope 1, Where
stoping has been done, a back pillar has been left over the chute drift. The
level makes an insignificant quantity of water,

METALLURGICAL TESTS

"'Ihépiration Copper Company Tests

Prellmlnary small-scale laboratory tests made by the Inspiration Copper
Co. by their continuous, single-stage, leach-float method extracted 96 percent
of the copper with a consumption of 98 pounds of 60° Be! sulfuric acid per ton
of ore, The concentrate averaged 42,41 percent copper, The tests were made
by W. G. Scott leachlng plant superintendent,

The sample tested assayed 4,42 percent copper, about twice the indicated
average grade-of the ore; 2,01 percent of the copper occurred as oxide and
kel ‘percent aF sulflde._ A qualltatlve microscopic analysis showed the pre-
" dominant sulfide mineral to be chalcocite, Some chalcopyrlte and covellite
and tracos of bornltc and tetrahedrlte were. found, The ox1d1zed copper min-
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The Childs—Aldwinkle property, which is nearby, milled 200 to 250 tons of
ore per day for several years by utilizing these sources of water, Although
the mine appears to have made little water, it is now flooded and is itself a
potential source of watere

A reliable source of unlimited water is the San Pedro River, About 10
miles of pipeline would be required, and a static head of approximately 1,400
feet would have to be overcome to utilize this source,

Powefo — Power could be obtained by constructing a transmission line from
a high-tension hydroelectric-transmission line at a point near Mammoth,

Equipment., -~ An old-model, 285-horsepower, licIntosh-Seymour full-Diesel
engine direct-connected to a Crocker-iheeler 200-kilowatt, 2,300-volt genera-
tor with switchboard is installed at the property. It is said to be in good
condition. There are a few buildings at the property, which are in fair con-
ditions Some rail remains at the mine,

1312 S






Arge V

Mineral Resouvee Office March 1k, 1966
Memorandum
To: . R. Havdwick, Project Leader
Through: J. H. Soule', Project Coordinator
From: Acting Chief, Mineral Resource Office
Subject: New prints from negative D-608-TU

in accordance with your request of Merch T, we are forwarding
three 8 x 10 glossy prints of the subject negative. These new
prints show everything that wes on the originel negative.

M. H. Salsbury
Attachments

ee: Ry W Geshan
Poul Zinner

s o DHREAN OF BN
S. BUREAU Ut Wi

TUGSON, ARIZONA




Soule?

Area ¥
Mineral Resource Office July 1h, 1965
To: Paul L. Russell, Physical Seclentist
From: Joel W. Ven Sent, Chief,
Area V Minersl Resource Office
Subject: 4 Preliminery Stuly of the Pessibility of Fracturing

the 014 Relisbie Copper Deposit With Wuclesr Explosives
ﬂamm&u&utﬁw&g&m&uﬁfwa@a@%sﬂmm.

JOEL N. VAN SANT
Jeel N. Van Sent

Attachmente

cc: Soule' /

Geehan

~nap 016 W
n ¢ BUREAY OF W
Wy, W




Mineral Resource Office
Tueson Feld Office

July 12, 1965
Memorsndum
To: J. H. Van Sent, Chief, Area V Mineral Resource (ffice
From: J. H. Soule', Project Coordinator, Tucson

Subject: A Preliminary Study of the Peasibility of Fracturing
the 0ld Relisble Copper Deposit With Huclear Expleosives

Pour coples and the originel of the subject report are attached for
your transmittal to Paul Russell in Weshington. An additional
eopy also is attached for your files.

Attachments (6)

ce - Paul Russell
File "
DF

JHSoule :rm



A Preliminary Study of the Pessibility
of
Frecturing the 01d Relisble Copser Deposit
with

by
¥iilism R. Hepdwick
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A Prelimtaary Study of Feasibility of Frecturing the
14 Reliablie Copper Deposit Wik Nuclear Bxplosives

by

I
Wiliae B, Bardviohs

fovperative researeh by the United Slates Atomlic Energy Commission
(4EC) and the United States Burssu of Mines, Depdrtment of the Intericr,
{UsBM) under the Plowshare progrss indicetes prosise for the spplicabBion
of nuelesr explosives to Practure leschsblie sopper ore deposite.
mw\"m‘iw will persit recovery of the coprer by in-situ leaching at
& cont estimated to be lower thae the cost by cosventional methods, and
will seke joseible the sconosie reeovery of couper from the depceite
that cannot be mined profitebly by comventionsl wmethods. Bome safety
probless sre iptroduced but they sre not belleved to upeclude use of
the pew method.

Froof ef the method for fracturies & devosit spd reecoweriug copper
ean be determined only by & fll seale feld test. JTwtifloantion for
sueh & test stess from the fact that there are large regerves of

warginal copper ore Lo vwhich this method may be applicuble.

1/ Wining ingineer, U. 8. Buresu of Mines, Tucson, ATi%.
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This report has been repured from information in UBBM files.

The (ld Beliable deposit vas selected because it ls of » representative
type, and considersble infowmstion wee svallsble.

The study is 3 part of the SEC-USEM coopewstive affort to
investigate the possible wse of suclesy explosives by the wmining
industey. This report lg of 2 vrelisisary pature and (¢ is not
anticipated thet an sxperiment will be undevisken in the lmmediate
Tature without further gtuly apd cooperation with the projerty owners
and other agencies.

LOCATION

The (l4 Bellshle mine, 3 copper depvelit that sy be amensble to
nagelesr exslogive frecturing snd subseguent fn-gita lesching, is on
five patented wining claime im sec. 10, P, 8 8., B 12 B., in south-
sngptern Plasl County, Arisons.

The mine is sbout § miles esst of the Ssm Fedwo River, % wiles
from the town of Mammoth, 12 miles from the Bam Mamuel Blocke-caving
wine, and 1¥ alles sortbesst of the fan Munuel concentrator, smelter,
sed townsite (fig. 1). The 04 Relisble wive s st an elevation of
about b,500 feet, the San Pedro River is &t an elewation of €,400 feet,
end the Hsn Mawme)l wine snd concentrator on the opposite side of the
river sre at about 3,100 feet elevation.
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The ares is sovered by the Mesmoth, Holy Joe Pesk, Klondyke,
snd Galinve Mountoins guadrangle sheets publishbed by the U. 8,
Gevlogieal Survey on & seale of 1368500,

\

The 014 Reliable property, althoush located sbout 1850, #irst
wag developed by the Minvesote~irisons Minisg Co. in 1997. The ‘m
operated intermitiently wntil 1915 and profuced sn estimeted 703,000
pounds of sopper from 3,000 toms of ore. The copper deposit was
exmsined by engineers of the U. 8. Burean of Mives in 1942-43 at the
reguest of the War Produetlion Board. The vesults are verorted in War
Hiversis Repert €74, 19495, snd UBBM Report of Invastigations 006,
Februnry 1947,

The veorganised Copper Creek Consclidated Mining Co. neguirved
the proverty, comstructed & eomcentrating plavt, snd rehabilitated the

mine in 1953, but cloped after cperating about & months im 19%5%. About
& ears of comcentyates condalsing 800,905 pounds of ecvper were
rrodueed frow 5,90 tons of ¢me. An add@itional 971 tons of ore was
alued sed shipped to the smelter st Heyden, Arisoms in 1954 ond 1985,
Fellure of the cperstion im 1994 wes sttributed to the berdpess of
the ore vhich reduced the ospmeity of the will and to low copper
recovery by fotation which was telieved to be cawsed by cxidation
of the sullide ore in the stopes.
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The Cld Relisble mine ie smorth of the Copper Creek stress on the
west side of the 014 Reliable Owieh (fig. 2). The wive is resched by
& short rosd vhich turss noarth frowm the Masmmoth Copper Creek road,
crosses Coppeyr Creek, aul winds wp the steep bsnk nosth of Copper
Creek snd west of 014 Rellable Guleh. Reyowd the mine the voad
eentinues up 014 Relisble Guleh sbout one-balf mlle to the Copper '
Prince wine. About one-helf mile beyopd the Copper Prince mive the
road forks, one brasch turns northeast to the Glory Hole mine and the
other southesst to the Bluebird alve. From the twenoff %o the 014
Reliable rosd the Copper Creek rosd continues sbout & mile along the
south. pide of Copper Uresk, posses the Childe-ildwinkle mine (fig. 3)
and fores the wmain street of the now sbandoned Covper Creek settlesent.

The settlesent, sbout 4 wile from the O34 Relisble mive and about
& wile and & heil west of the Pimal-Gmshsa County line, was established
about 1500 snd gerved nusercus prospectors in the district. letivity .
in the distriet cessed sbout 1920 and the setilesent hes bees sbandoued
exeeyt oy soowadic ceriods vhen cne of the slnes of the distriet i
tenporarlly revived. About © miles south of Copper Ureek & sisilsr
settlement, Sombrerc Butte, on Mulberry (reek, served the Magne and
Bucker Hill sdves. MHost employees in the district now prefer to live
in Masmoth snd drive the 12 alles.
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The sres in the vicinity of Copper Ureek and east of San Pedro
" River is very thinly settled but s used to pssture cattle. Humerous
watering ponds, spriogs, sod wiodmills sre maintsised by ranchers to
witer esttle. Bome of these ave slong Copper Creek below the 014
Belisble mine.

The vearest settisments of signifiennce, Hummoth and M Hanuel,
are on the west side of the Gen Pedro River. The mesrest major eity
iz Tucson, sbowt 40 miles southwest, alr line, or abowt 795 miles by
rosd. The town of Heyden, where the Xemnecott Copper Corp. concentrator
and ewelter ond Americsn Swelting snd RePining Co. custom sweiter are
loeated, is sbout 20 miles worth.

The topogravhy sear the mine is rugged. The slope of the ground
at the nine i sbout 30 degrees. The lower or 80 foot level suters
the slope frem Old Relisble Guleh st sbout 3,650 feet and the surfsce
at the top of the vise ls sbout 4,98% feet.

The cliwate is seml arld. Rudnfell is snid Yo swerege 18 to &0
inobes ammmlly, recopded temperatures rsuge fvom 110° F. to §° ».
m falls ocensicenlly in the winter,

Copper Creek is the main stress. It cccuples & nervew, steep
'V" shaped canyon and flows for pericds of £ to 3 momths during ratny
sespons. The water, flowing om the surface to the Ssn Pedro River
aaly during Tlood sesson, dissopesars in the gravel of the strens bed
weet of the mine. The E00 foot level of the (1ld Relishble wmine wmakes
#ir insigeificsnt quantity of water, fhe botiom of the ore i below
dround water level.
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The rock of the Copper Creek aves in the vielulty of the 014 gm
Reliable deposit s & complex series of sadesite snd dacite Plows,
rhyoiite tuffs, =nd intrusieme. A medium graived roek of varisble
composition but predominently gremedicrite hes intruded the series.’

g/‘ Huboy, T, H. Plpe Desosite of the Copper M fren, Arizons.
Beonosle Geslogy, v. BNAVI, No. 5, August 1941, pp. 51€-536.

Bumerous breceis pires bave been found in the aves {fig. 4).

The pives wvary from cirenlar to elipticsl sod stend vertieally or
have s steep plich. More thae 185 pives sre keown but only s few
bave been explored for ore deposite: these ludicate Lt the pipes
decresse in size downvard.

The 014 Belisble pive iz & breceis body thet erecvs ocut st an
slevation of sbout 4,000 Yeet near the intersection of Covper Creek
and Old Relieble Guleh. The pipe is irvegular in sheve snd sbout
T feet long. The cre devosit 1s sbout P25 Peel in disseter.

Other aines mearby that heve produced ore from plipe WM&M are
Buperior, Globe, Copper Primce, Childe-Aldwinkle, snd Asevicsn Bagle.
Several of theme, ineluding dhe Copper Prince smd the Olobe ave very
slollar to the Old Reliable and way be sites for subsequent operaticns.
Many simiinr deposits with substastisl copper reserves ccour in Gther

BPGRY «
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The Sen Fedroe Valley lles in o large vorthwest~trending strustursl
depression. It iz bouwnded on the sest by tilted fault bleexs that
form the Galiuro Mouninine and on the west by renges vhich inelude the
Bants Cataline Mountelns snd the Bleck Hills. The dows dyey basin
that Matmhrw:mstMWiaéﬁﬂMM the esst by
the Copper Creek and relsted fsuit aystems nod on the west by the
Cholls, Weet 8ide, snd related Teult eystess.

The centynl trouvgh of the B.n Fedre Valley vewr Mamaoth hae been
filled with sedivents requliing from ercslion. Deposits on both sides
of the Dan Pedre River are not Wtrieﬁ wnuds; sceording to Helndl,
this say lndleste that the wplift m the twe sides of the flan Pedro
Valley were nelther simultapeous nor necesserily of the pawe Wmm.i/

3/ Beindl, L. A. Cenosole Geclogy in the Memwoth Ares, Pimel County,
Arizeona. U. 8. Gsol. Survey Bull. ﬁ#’é*ﬁ, Washington, 1%3-

The generalized geclogy Trom Memmoth to Copper Creek with s schematic

geoticn s shown on Tlgere %.
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The wine has been developed by tvo levels known as the 100 foot
level {fig. 4} and the U030 Toot level (fig. T). fccess to sach i» by
adit.above Gld Relisble Gulch., A third sud lower level wes started
from the Copper Cresk side but wes sbandoned before 1t remched the _
ore body. A raise sxtends Trow the 100 level 4o the surface (flg. 8).
Chute drifts st right sugles to the sdit extend to = peripherisl dwift
on the 100 foot level. The two levels are comnected by three raises.
From some drifte shrinksge stopes have been carried sbove the 100 foot
level. In the upper part of the wine six of the pillavs sepavsting
shrinkage stopes were broken making o single large 6 x 100 foot stope

sbeve the level. The cre asbove the store did pot enm.ﬁi"

i/ Kompke, €. I. War Minersls Report £75, Bublines, Bovesber 1084, p. 8.

Seversl bulldings of & tempowary type congtruction and &
concentrating plent with o espselty of sbout 129 tome ver day are st
the wise. The concentrating vlant eonsists of erushing, grisding, aud
flotation equipsent. It iuncluwdes bins, belt conveyors and other
auxliiiaey mlmt.
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The drifts sod raises in the center of the deposii were ssapled.
Measured snd indicated ere, Trom 57 feet below the {00 foot level to

&5 feet sbove the 100 foot level, was estimeted »t 379,000 tons. An
sdditionn) 73,000 tons of ove wes luferred waiing s total of 353,000
tope st & grade of 2.2% geveent copper. Sempling indiested thet the
copper s showt el in sxife snd half in sulfide sissyaie.d/

Buinen &M& ol Xww. %‘}f‘ﬁﬁ, i%?g 2 e

The moteriel sbove the back of the etopes wae sanpled enly by &
sisgle raise that extends Twow the 100 foot level te the surfece.
The average zopyer contewd fur the uprer T17 feet of this reise wap
a6 paveent. Assuming 13 eubie feet yer ton this semple rervesents
%,480 tons per verticsl foot in a Pi0efoot disweter eolumn or 585,000
tone Tor the 217 Teet.
6 the 100 foot level the mespuved part of the cre deposit vas
sompled frowm epous cubss spweed at €0 feet slong the sdit. The sesay
average of the ssuples lsside s Vi0efoot dlameter elrele was 2.07
pereent copper. ‘The aversge of the sssays in 5 clivele vertieslly
helow this ares on the &00 level was 1,91 pereent copper, snd the

mvarage Tor these two civele asress is 2.3 pereent souper.



13
Aspuming the influence of the average values for the two levels
- sxtends from 43 feet sbove the 100 foot level to 50 feet below the
200 fou

t level, s vertiesl range of 190 feel ig represenied and af

B,480 tons per vertieal foob contains to 567,07 tons. PFrom this

wagt be deducted the vre thet has been slved, sboud 37,500 toms,

leaving avallsble B10,07% tone at o grede of ¥.70 pewveent asopoer.
Other rook surrounding the deyosit that mey be broken by s 10

kton nuelesr expiosive i sssumed to esontain 7.80 percent or b pounds

of copper par tOB. |
sgsuming & oolum of ssterisl brokes from the 430 foot lewel

with s rediue of about 100 feet and containing 1 willion tons, the

e that will be brobes lo eollmated s follows:

From po} one

Burfaee £17 2%, 525,000 6, 300,000
EXT £6.  BLO . h3n,000 19,780,200
510 e, 530 %, 1T s

Total ;,*W},*“"J 86,250,000
The coprer content of this ove lg not sulfficlient 4o cover the
ecost of shipping to o gaelter, snd the toveage in the deconit is not
sulficient 4o amortize the cost of o conventionel conesnteating plant
with sufficient eapecity te operste urofitably.
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CHARACTER OF THE ORE
4 metallurgieonl test sswple assayed 4.40 pereont copper, about

twige the aversge grade. In ma sasple P.01 perecest of the copper
sosurred as osxide while 2.4 ‘ percent coourred ss pulfide. £ gualitative
wheresecplie spalysis shoved that the predomivant suifide mineral wae
chalecoite. Some chaleoyyrite, and covellite sud traces of bornite sud
- tetrehedrite were found. The osxide copper wiserels were mmlschite mﬁ )
ehrysoeolls, 1

Steaight leachisg tests, uwsing swlfurie seld, are oot availahle,

- although they wey have been run by the lagt cpersting compsmy. A

smell seale test by the University of Arisops, using the Inepiration

single stage lesch flest wmetbod, recovered 20.% percent of the copper.
For the wurpose of caleulsting 1t is bhere sssused that the copper

in the fors of clwleopyrite, bommite, and tetrubedrite ip not recoversble

by leeching. As the majority of the eopper is in the form of ehsleocite

upd oxlde eopper winerals; the recovery of tetal copper by lesching

wmight be 00 gercent. BSueh & recovery would be peseible with relstively

fime grinding (10 wesh) snd lesehing with sulfuric seld and ferrcic

sul fate.
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Pragaentetion by & nuclesy explosive will leave wmany large
trageents (fig. 9). Beecsuse the solubtion penetrates these Fragments
slewly the recovery is Purther reduced. The seme condition is
evident ot mines when I'reguentation is by cowventionsl explosives
and the watarial is plsced ep & dwsp or when Trageentation results
from subsidence from wining operetions. The effeet of these large
particles ls to decresse the recovery snd rpate st which copper cen
be extracted. Hetimates of totsl recovery by opersting wines range
from 25 %o 75 percent of the total copper during the first 10 year
period.

Assuming » possible wetallurgiesl vecovery of 80 pereent snd a
10 year recovery of &7 pervesat, = total Mexmry‘ of k& percent o
sbout half of the copper may be possible fve the 1) yesr in-situ
leachling operation.

If the veserve figeve of £6,090,000 pounds of copper is secepted
for the Old Relisbie depceit the recovery of 48 percent or about 13
willion pounde of copper is indicated. Some sdditional copper may be
recivered frew Irsctured vock outside the broken chimsey. The total
recovery way be smmﬁ by sxtending the opersting peried beyond
1% yesrs but & yapid decreuse in the rate of resovery may be expected
beyond that period.






Buelear sxplosives have bees fired underground to bresk s cclusn
of poek sismlisr to that which includes the 014 Belisble ore deposit.
Ose such explosion la illustested on Tigere 10) snother is 1llustrated
en figure 11. fvailable exgerimentel dats for undergrouwnd nuclesr
sxplosions permite the prediction of cavity size, chimpey beight, aud
tonnaga of rook broken with comsiderable sonfidence.® Curves hsve

&/ Bensen, 5. W. and D. B, Lowbard. Completely Comtsined Nuelesr
Brplosives for Mining by Ceving. Procesdioge of the Third
Plowshove Dymposius, TID 7695, AEC, 196h.

been developed 1o sbow chimmey paressters plotted sgasinst depth of
burial for varicus vields. These cen be used to determine the

wpproximate sxplosioe Tor & wsining operation.



FIGURE 10. - Crater formed by nuclear explosion.
(Courtesy Lawrence Radiation Laboratory
UCRL 6251.)
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~ In the case under cossiderstion, the C14 Reliadble ore bedy, it
is desivable to break to & vadlue of 100 feet fyom a depth just below
the ¢re body, spproxisately 500 feet benesth the ground surfece
(fig. 1), Refeorrisg to figure 13, & 17 kton explosive appesrs to
satisly this reouirement. At a depth of 500 fut' the redius of a
1% kton nuelear explosion is approximstely 100 feet. The predicted
ehimney helght from figure 1% is approximetely 510 Peet snd the
roek byoken is estimated st 1 millicw tons from Tlgure 15.

The nuclear expglosive should be scaled to the ore deposit and
designed to produce 2 eyater similwr in conformity to thet of figurve 1l.
Lesch solution would be sppiled to the broken surface, percolste
theough the ore, dissclive the copper, and be ecllected in the 200
level adit, or by & sew adit driven into the bottom of the chiwmney.
£ pump would be necessary o eolleet sclutions below the adit.

Copper would be recovered frem the solution in & surface plant and
the soluticos reuwsed.
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The curren. sopper price ie 36 cents per pound. At this price
the indiested 17 ‘ii‘lmw pounde of recoverable copoer has & gross
value of $h, 680,000,

| The estisnted voet of bresking this deposit with & nuelesy
axplmiw sad lesching the copper at the rate of 1,300,000 pounds per

yosxr is se Follows:

Peapibility study $ 50,000
Batety prevaration 130,000
Huclear explosive 350,008
Hsplasement hole 10,000
Site preparation and support 350,000
) T " &

Postehot development Tor lesehing 150,000
Working caplitel 513,000
Safety equipment |

Total eapitel $1,200,000
Cost per pound of eopper $0.085



Beelting, vefining and sarketing
Migoellaneous

$ 35,000
B, 000
F4500
b8, 000
B 000
ki, 500
$.109
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Sal1ing price $0.36
Operating cost .83
Tedlested peturn $0.13

Indicnted return $0.13
Botiwated toxes, voyality, ete. 3,06
Indieated net profit 007
Het prefit cer year $9), 000000

et incowes ae ealouisted freuw published rveports for seversl
mipes are us follows: The fwo year aversge net inecss per pound of
copper produced hy the fsp Menuyel-fuperior mines of Mages Copper Co.
in 196% and 1963 was $0.05. The 1959 and 1967 average net incoue
per pownd of copper soid by Inspiration Copper Corp. was $0.08 of
which $0.0% was pald in dividends. The 1961 and 1963 sverege net
ineoms per pousd of copper produced by the Plas aive was $0.0% of
whieh $0.089 vas paid in dividends.

The indicated set profit for an opsretion at the Old Relisble
wine is $0.07 per pound of copper or $91,000 per year profit.



Bafety problems pecullar to sining with nuelesr explosives can
be divided into three cntegories. First, those involving alr bLlast;
second, those involving grownd sheck; sod third, those invelving
radionctivity.

Alw Bisst

The first of these, air blaet, results froa the rapid expension
of the: m M eut a:tmmm tewperature. This exvanelou causes
& shoek vams ‘tﬂiiﬁh mrnn ia ttm a&r m m casteard st high wmrity.
fihoek mwg wove from the canter of the blast h,r tuwn routes, rnamlly
slong the ground snd by wellestion fron stmospheric condliions over-
head. A charscterietic of thie weve 1 that pressure rises at the
soving front causiug ap cverpressure which wmey demsge struciures when
it exeeuds mm one W1l pousd pey sgusre isch.

Air blost is attenuated by charge bmu*l"’ Por a -aituﬂm

1;{ M' J. #. Project QW, Chapter ?p Pioal km, Tib &iﬁi}"}
(16th ed.), Bondis Corp., Nevada Test Site, Mey 194, p. 169,

exviceion most of the blast energy is sbot upward through & conical
| reglon defined by the true creter slope. Copeequently, blaest (ressures
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close in and on the grouwnd are smedh susller then would be expected
from & surfece binst. The resulte of Seden ouclesy explosion, a
erataring ewperizent, show saplitedes for olr blset that sversge sbout
20 percent s large se exvested from s fres air burst at grownd level
and the Danuy Boy suclesy explosion date sversged sbout 10 percent the
alr blset might be expected from a grouwsd level explosion.

Ao the Dlast weve travels in the sir sway Tros its source, the
‘gverpressure stesdily decresses. The veristion of the pressure with
Aistances s dependent on energy yleld of the expiosion, stacspheric
. eonditions, and topogrephy.

Theoretical ealoulstions for the overpressure versus dlstance
relation have bees ssde for certsin standasd conditions and sealing
inwe have been derived for extrapclation te other unifora burst
condivions. A comstant overpressure (shock strain) is obtained when
the f&isﬁma is chmoped in proportion to the cube yoot of the new
yleld snd inversely to the cube yoot of the burst altitude subient
slp 'Wmﬁf For bursts underground, surfece OVerpressures sre

B/ Couthen, Lewis J., Jr. Survey of Rock Damage to Surfece Foeilities
end Deilled Soles Resulting frow Underground Huelesr Zxplosions.
| lawrence Bedismtion laboratowy, Liversore, Celif. UCRL 796k, 1906k,
e by
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reduced further becthuse much of the lnitial blsst energy ie lost in
| Poradng m' enter. For completely contulned explosions a pericus
- 8lr blast mey wob cecur. The sroposed experiment will be contalned
to the extent that aix ‘bi&gt is pot sxpected to be eritieal.

The second Wy@;mﬁ m;; cause danage is grownd shook, or
particle aotion which resulis when the shock wave csused by an
- explosion ia th a@w’ through the roek. Particle veloeity
or acceleration iy \hm&af arevity \arg uged to measure sarticle
motion. Particle veloelty lg the messurable pareseter of surfave
sotion vhieh apmwe o ecrvelste best with surfece desmge. The
measured veloeity sbove which damege will coewr to residential type
gopgtruction is generally dsfined ss 11 zen. per sec.

The upproxiaste distance at which meximad perticle vecleity
f&mgp;é below 11 oen. per sec. [OF several wuclear sxplosions in
Mf&iwt typee of rock is shown below.
| Pistances at which wesswred varticle weloelty dropved below
11 cen. per sec. (Table O from UCAL-7357, Rev. 1).2 |

3/ Boardwmun, €. R., D. D. Rebb, and R. D. Mehrthwr. Chareacteristic
Effects of Contained Nuelear Zxploeioms for Evalustion of Mining
Effecte. University of Oslifornis, UORL-T350, Rev, 1, 1963, p. 23,




Tield~kion Distence-Ch.
Gnome : 95 | fiale 3,500
Hurdhst Gal Granodiorite b, 200
Branos 1.8 Alluvium 3,000
logan 5o Palf 6,100

Roek of the 014 Reliable mise coupares sost favorsbly with that
of the Bardbat wres. fealing the dnsmage thresbold dlstence for the
Herdbat explosion uwp $o 17 kton gives & distance of 5,3 feet. Tale
i the Jdistance at whiech threshold damege op glight evacking of the
plaster sy be exjected to cveur in residentisl tyie constiuction,

Ground shook osn alse cause demsge to underground workisgs.
Tunnel demage date has been tabulsted for several sxplosions. Hardbat
workings ware dascged to o dlstance of 535 feet from the explosion
center. Using cube root sealing en Lndieation of the threshold dessge
digtance iz obtsiced by the ml&timhip:

D« gy

%

Substituting Dy = 335 feet, Wl = 3 kton, aed ¥ = 10 kton, the indieated
digtance at which tunnel dasmge may cccour ls found to be 573 feet.
Mine dassge could be expected In undergrownd workinge ot this dlstsnce
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from the 014 Relisble wine when = 10 kton explosion is fired. The
nearest undergrownd wzices ave the Copper Prisce and m Childg~
Aldvinkie, both are wore them 3,000 feet distant.

Travemission of mie;"m through the grouwsd between shot
point and structure i dependent on geologleal characteristics of
the ground through which waves must travel. Tewmwailted waves are
interrupted and attenuvsted by intervening geclogiesl struactures.
Geologleal structures shown by the section (Pig. 5) between the Old
Relisble wine sad Sen Manuel may decresse the effect of ground shook.

The struotures ol sajor importasce clogest to the 014 Reliable
mine are st San Mepuwel {fig. 16) m 12 wiles distant sud inelude s
50 foot smeke stack. The formuls suggested by Jossd and Geodetic -
furvey, U. £. Departeest of Commerce, for sredlction of seeceleration
and displacesent sttemustion with digtence mllm-ﬁ'/

i3/ Carder, D. 8., L. W. Morphy, T. H. Pearce, and W. V. Mickey.
Hurface Motlone From Undergrownd Explosions, Operation Herdtack
1. U 8. Department of Commerce, Cosst sud Geodetic Survey,
Aprid 1, 1960,
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Tog aow 2,75 log W + 3.96 « 7 log B
Were: |

& = maxiwue secsleration, single compovent {grevity)

# = eguivalent high explosive (tems)

b = dlgtance o \wxmxm { toat)

s&mﬁw of thie aﬁmﬁw’ using & shot size of 10 ktor sod a
distanee of If miles zives sy sreelerstion of L00F g or aboul .08
foot pay BeC. Lar seg. | |

The San Manuel stack wae desigved for a seismie amméim a'g
of 33 g or an accelerstion of sboat 1 foot per sec. per see. (fig. 17).

N
Badiosctivity

The third Wﬁéﬁ - wesm demmge is rsdicactivity.
Radlosetivity wey couse hazsrds tros four d1ifferent agpects:

1. Radloactive fallout if the explosive is pesr the surface.

B, ‘\MMﬁw hazarde to empioyees in the cpewation u feoa
excavation 1o hot growd or comtawminatlon of solutioss with which
mkw oome in coptast.

3; Contamipstion of eoppey produced.

b, Coptamination of ground water. |

oe desizn of the explosion will be asueh thet only & esa)l sswunt
L2 sy setivity ssenpes. An evalustion of the fallout hazands way
tudloate semoving pecple from sn ares reagisg wp %o 25 wiles. If the
ghot is Jlred vhen Wili‘hg fallout will be extended ju » northesst

divection vely & few people will be involved.
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LIP-15 feet of acid proof bricks
added -by San Manuel.
o
A DESIGN FACTORS - Wind loading of projected
W
z stack area =33 Ibs/sq ft.
(&)
E Seismic coefficient a/g=
i 3 pct, an acceleration of
e | fpsps. ’
W
(4
g :
3
(5]
b
(2]
-é. .~— STACK- Cast in 7.5- ft sections.
« / Horizontal reinforcing placed
w _ in continuous spiral.
3 Full height of lining is solid
515' P . acid-proof brick laid in

acid-proof mortar.

S

Space between chimney
column and brick lining
is fiberglass. (6-1b. density)

FOUNDATION~ Concrete qualit
: Max. soil load is 8700 Ibs/sq, ft. .

DIAMETER: 42'-8 |/4" CONCRETE THICKNESS: 3] I/2"

Y ELEV. 3223

neso |

S R e Tl | A i

FIGURE 17~ Reinforced Concrete Smelter Chimney, 500' X 20, San Manuel, Ariz.
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Boon alter the explosion It will be necessary b drive reentvy
apeninge inte the sres of the expiogion cavity to pyovide channels
and pvecover the copper besring sclution. Based om the experiepce op
Noveds Test Slte this does ot sppesr &0 present an unsuracuntable
veoblen. Red-safe protection will be an addlilonel expense.

When solutions ere spplied to the ore some radiosctive ummj
sy be lesched. Yhe ssount apd cobcentyation In leach solution ie
being investigaied but is not believed to be such that uwsurasuntsdle
probless nre developed.

Like the bessweds feowm sctivity sud leseh solutions the amcunt of
coneentration in the copper product ig being investigated. Present
indications are that 14 will not present a serices problem.

The smount of contasinaticn in the ground waler is dependent
on half-iife of the isctopes and the rate &t which they are leamched.
Mueh of the contasinaiiss may be renoved by process lesching. It
wiy be necessary to discard eerly solution. If this ccours sericus
consideration sheuld be glven to plunning the operaticn 8o 88 o
pevent the bullduy of disposed contaminntion in 2 serfece area that
may be flocded by Tlagh floods and corrlied dovnstvessa %o the San Pedre

River.
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A mmall deposit, the 014 Relisble Copper wine, haes Leen explorsd
sufflciently to esthmnte the type, quentily, snd copper content of
the ore. The depoeit is typlesl of ssny thet are uot currently
econcuie heenuge the grade of the ore is too low for diveel swelting
and the reserves are oo sxall o smortize a covcentrating plant.
Although the yeserves in the (14 Relisble sve less than s sillion
tons some depoaliis of this type snd grade »ange vy to 17 willion tous
of oXe.

The amall size of the deposit reduces the cust of way of the
problems of an experiment. The deposit is typles! and results csn
| be sealed to lavger deposits. The 014 Relisbie deposit is recowsended ’}
for & detailed fessibility study. £ sucoessful experiment is 1Mm,'
will ppevide an incentive ot miniwum vost, and will illusivete & new
apeiicative of the in-gity leach wining method.
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