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PIMA MINING COMPANY - A PROGRESS REPORT
By
GEORGE A. KOMADINA
MILL SUPERINTENDENT
PIMA MINING COMPANY

The Pima Mining Company lies 20 miles southwest of Tucson, Arizona,
and some 45 miles north of the Mexican border. The mill is situated on
a hillside overlooking Tucson and the Santa Cruz Valley, the ground gen-
erally sloping northeast at a 2.5 percent grade, The hillside location
allows for gravity flow generally through the plant as well as for tailing
disposal.

HISTORY

Unlike many mines whose beginnings are shrouded in antiquity, the
Pima Mine is in a relatively new district and is a recent discovery.

In 1950, using geophysical methods, discovery of a buried deposit
under 200 feet of desert alluvial wash was made by R. E, Thurmond and
W. E. Heinrichs while engaged by the United Geophysical Company then
headed by Herbert Hoover, Jr. Subsequent diamond drilling, shaft sinking
and underground development developed an ore body amenable to open pit
mining.

In the fall of 1955, Cyprus Mines Corporation exercised its option
on the mine and assumed the management of Pima Mining Company. Union 0il
Company retained a 25% interest and a 25% interest was sold to Utah Con-
struction & Mining Company.

After a period of stripping the overburden over the main ore body
along with construction work, milling was started in January, 1957.
Initial milling rate was 3,000 tons per day.

The Pima Mine occurs in two main ore zones, the Present Pit and the
Northeast extension of the Present Pit. These areas are overlain by 200
feet of alluvial wash and thicknesses of cemented conglomerates up to 40
feet. Mineralized areas presently known cover an area 4,000 feet x 2,000
feet comprised of contact metamorphic as well as porphyry type minerali-
zation. The former hornfels rocks contain the high-grade ore as masses
and disseminations of chalcopyrite in impure limestones. The latter type
of disseminated mineralization occurs in the low-grade hanging wall arkosite
rocks.

MINING
Alluvium is removed by a fleet of Caterpillar scrapers and bulldozers.

Primary drilling is done by two rotary drills. Nine-inch diameter holes
are drilled. Bench heights are 40 feet.
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FROM FLUOR UTAH’'S EXPERIENCE IN ENGINEERING }L
AND CONSTRUCTION FOR THE MINERALS INDUSTF!Y(>
\"/

Two noteworthy
North American projects

ISLAND COPPER

33,000 TPD turnkey concentrator

PIMA MINING CO.

Expansion IV to 53,500 TPD

The Island Copper concentrator on p ; LT e
Vancouver Island, British Columbia, Canada, R % (i
a turnkey project by Fluor Utah. f F g : - ‘

WV FLUOR UTAH, INC.
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PACIFIC OCE4,,

of approximately $50 million.

Completed on schedule, in a remote location, Island Copper
represents a new milestone in modern copper concentrators.
The grinding section is semi-autogenous and is the largest such
installation in the history of the copper industry.

Fluor Utah’s responsibilities included the definitive estimate . . .
flowsheet preparation in collaboration with owner. .. preliminary

design engineering . . . design engineering management. .. con-
struction and construction management.

The total cost of approximately $50 million included, in addition
to the copper processing facilities, a 600-man construction camp,
maintenance shop and grease building, fresh and reclaim water
systems, electrical power transmission and distribution systems,
and various ancillary civil and structural works.

'sland

Near Port Hardy on Vancouver Island,
the Island Copper 33,000 TPD
concentrator—Canada’s second largest
—is now on stream. Designed, engi-
neered and constructed by Fluor Utah

at a total cost for concentrator and all
ancillary facilities (excluding the pit)

]
1
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WORLD’S LARGEST

SEMI-AUTOGENOUS
COPPER GRINDING

CIRCUIT

Each of the six grinding
mills is 32 feet in diameter
and 14 feet shell length; and
each is driven by two 3,000
HP, 900 RPM, 13,200 V
wound rotor motors through
two pinions to a girth gear,
nearly 40 feet in diameter.
The ground product for flo-
tation averages 90% minus
100 mesh and 70% minus
200 mesh.

CYCLONE BANKS

In closed circuit with the
mills are six primary cyclone
banks of eight cyclones
each. Cyclone wear is mini-
mized by recycling gross
oversizes back into the mill
with scalping trommels.

LATTTY
MARES

Abpy

GYRATORY CRUSHER

This 54-inch gyratory
crusher, processing 3,000
TPH, reduces ore to minus
12-inch size. From crusher,
ore moves on a 60-inch belt
to the screening tower,
where it is sorted into plus
4-inch and minus 4-inch
sizes by two 6-foot x 20-foot
vibrating grizzlies.




o w

FLOTATION
The copper flotation circuit consists of ten
banks of rougher flotation, five banks of cleaner

flotation, two recleaner banks and two scaven-
ger banks. There is a separate molybdenum
flotation section.

\ 4~ 54" GYRATORY CRUSHER
500 HP MTR

A SPLITTER
4 6x20' VIBRATING
GRIZZLY FEEDERS
\
0’SIZE
Q=10
U'SIZE

a—o0

f

84" APRON FEEDER

|
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CRUSHING & GRIN
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) TAILINGS DISPOSAL
Tailings are gravity-fed to two 375-foot dia-
meter, earth-bottom thickeners. Thickener
underflow is maintained at 48-50% solids by

modulation of rubber-sleeved valves, actuated
by gamma gauge density controllers.

O/F TO ROUGHER FLOTATION DISTRIBUTORS

.
v

STOCKPILE

(54,000 T LIVE STORAGE) CYGLONES

OJ:_D [ ‘ ]’- FESEEETS FESDED SEMI-AUTOGENOUS MILL
Q:D\j (@ I—) 32 DIA. x 14’
(2) 3000 HP MTRS.
d ! —

)ING FLOW CHART
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Pima Mining Comp

EXPANSION IV

Pima Mining Company began operations at its open-pit mine and
concentrator, south of Tucson, Arizona, in 1955. The Fluor Utah
organization constructed the original mill and also did pre-pro-
duction mine stripping. Initially the mill’s copper/molybdenum
processing capacity was 3,000 TPD. Today it is 53,500 TPD.

This almost eighteenfold increase has been .accomplished
through four separate expansions. The Fluor Utah organization
performed the engineering and construction for all of them. Ex-
pansion IV, which was recently completed and alone increased
capacity by 35%, brought the annual output up to approximately
80,000 tons of contained copper in concentrates.

Fluor Utah’s role consisted of engineering and construction of
additional facilities for crushing, stockpiling, grinding and con-
centrating. The contract amount on IV was $15 million.




Pima Mining Company’s
open-pit copper/molybde-
num mine and processing
facilities, after completion of
Expansion IV by Fluor Utah.
The long structure in upper
right center is the original
mill after three expansions.
Facilities added in Expan-
sion IV include the new aux-
iliary mill (“stubby” build-
ing at lower left), primary
crusher and radial stacker
at left center, and the 400-ft.
thickener at bottom right.

STOCKPILING Crushed ore is conveyed
at the rate of 3,200 TPH to stockpile by a

\s

GRINDING From stockpile, ore is fed to

two semi-autogenous mills. These grinders

were selected for their ability to reduce the
ore size without additional crushing. Conven-
tional rod or ball mill circuits require two or

CRUSHING The new single-stage crush-
ing plant, pictured above, contains a 54-inch

primary crusher which reduces run-of-mine
ore to minus 8-inch.

radial stacker. The stacker, 256 feet long,
traverses on an arc of 106°.

three crushing stages to reduce the ore to
approximately half-inch size; Pima IV needs
but one crusher. After going through the
semi-autogenous mills, ore is further re-
duced in two ball mills.

CONCENTRATING Following grinding,
the copper/moly is separated from waste in
300- and 400-cubic foot flotation cells. The
concentrate is pumped to the main mill build-

ing for additional processing, and the tailings
are sent to a 400-foot thickener to reclaim
process water. The thickener underflow is
pumped to tailings ponds.

il

P
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Task Force Concept

Fluor Utah's Project Manager and Gen-
eral Superintendent on Pima’s Expansion
IV are shown here checking a construc-
tion detail. This picture typifies the Task
Force concept of project organization
which Fluor Utah has evolved from its
own volume of experience and that of its
parent company (Fluor Corporation). This
method establishes the Project Manager
as the center of project responsibility
and liaison with both the client and Fluor
Utah management.

What you can expect
from Fluor Utah, Inc.

Mine feasibility studies, preliminary engineering, complete
design, procurement, engineering and construction of
mine and mill facilities. For turnkey operations or for ex-
pansions of existing facilities—anywhere in the world—
Fluor Utah invites your inquiry. If you would like to know
more about the company, please write Business Develop-
ment Department.

W FLUOR UTAH, INC.
177 BOVET ROAD, SAN MATEO, CALIFORNIA 94402
TELEPHONE: (415) 574-1111 CABLE: FLUORUTAH SMT 340152

Subsidiaries:
FLUOR AUSTRALIA PTY. LIMITED MELBOURNE

FLUOR UTAH LTD. TORONTO
COMPANIA CONSTRUCTORA UTAH  LIMA

Other offices:

Los Angeles * New York * Houston * London * Calgary * Tokyo
Diisseldorf * Teheran *+ Haarlem, The Netherlands * Singapore

Printad in the UJ.S.A.
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THE STORY OF THE PIMA MINE <

One of the more outstanding events in the history of the mining industry -
the discovery of a major copper deposit by geophysics - occurred at the Pima
Mining Company's property 17 miles southwest of Tucson, Arizona., Here in a typi-
cal setting of sagebrush and cactus, entirely devoid of surface mineral indications,
this company has located and developed a promising copper orebody buried under
200 feet of alluvial wash,

‘ History

The Pima ore body was the first base-metal deposit of any magnitude in the
western U. S. to be located by geophysical methods. Under the guidance of Herbert
Hoover, Jr., who was then President of United Geophysical Corporation, Robert
Thurrr‘fond and Walteereinrichs - 'exploration engineers for UGC -- made their first
discovery in this area in 1950, using equipment primarily designed for use in ex-
ploration for buried mineral deposits. Subsequent preliminary drilling indicated
a deposit of medium size and grade which could be worked by underground methods.

In January 1952 an underground development program was initiated and carried
on until approximately the middle of 1954. During the latter phase of this program,
it became apparent that the medium size high grade ore body could be more economi-
cally exploited if the halo zone of low grade material were incorporated as a part
of the entire ore body. After extensive study, it was decided that the deposit
could be more profitably worked as an open pit mine.

In the Fall of 1955, Cyprus Mines Cofporation exercised its option and assumed
management of Pima Mining Company. Union 0il Company retained a 25 percent interest
and a 25 percent interest was sold to Utah Construction Company.

In November 1955, Utah Construction Company started removal of the overburden

% Source: "Mining World" and W. J. Rundle of the Pima Mining Co.
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over the ma?n ore body. In April 1956, Pima started its own stripping operation
alongside the Contractor. Utah completed its stripping contract on 1 October 1956
after having stripped 6 million yards of alluvium and waste rocke. (Pima had
stripped an additional 3 million yards of waste material during the time Utah was
working in the pit)e.

Pima moved its offices to the mine site on June 1, 1956. All efforts were
concentrated on completion of the mill, auxiliary buildings and the water supply
system in order to get the mine into production. Plans were underway for a County
Road due east of the mine which would shorten the haul of concentrates to our rail-
road spur on the Nogales Highway. Ore was being stockpiled for processing in the
mill. |

At 8:)0 AM on December 15, 1956, the first load of rock was dumped into the
crusher for a preliminary tryout. The mill turned over for the first time on
Decenber 21st -=- and on December 28th, the first concentrates were made.

Pima started its shipments of concentrates to the El Paso smelter on N
January 1957. There are still problems to be ironed out and some construction to
be completed; but after almost seven years of hard work, the Pima Mine is adding

its potential to the copper resources of the Country.

Geology
The Pima deposit includes two distinct types of ores:

(1) A highly altered limestone, strongly mineralized and
relatively high grade, and

(2) Low grade disseminated ore mineralization in volcano-
sediments.

The high grade ore occurs in what was originally a dolomitic limestone
which has been thoroughly altered by igneous action to a calcium silicate rock
called "hornfels'; the latter was subsequently impregnated with the ore minerals,

The ore formation dips about L5 degrees to the south and trends east-west,
curving from a northwesterly bearing on the west to a slightly northeasterly

direction on the easte It is quite variable in thickness but probably averages
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about 200 feet. In the main part of the mine it has been developed over a lateral
extent of 1,600 feet, extending into neighboring property on the west and being cut
off by a fault to the east. Its lower limits have not been determined, but it has
been intersected by drill holes at vertical depths of around 800 feet.

Enclosing the "hornfels" band is a thick series of detrital rocks, essentially
a mizture of sediments and volcanic material, known as "pyroclastics", These have
likewise been altered and mineralized, but the ore values are more sparsely dis-
tributed, yielding a low grade disseminated ore minable only by low-cost (i.e. open
pit) methods. This type of ore is found in most extensive development to the east
and northeast of the main high grade ore body. It shows no well-defined structural
form, but occurs in irregular masses.

The principal ore mineral at Pima is chalcopyrite. There are also small
amounts of sphalerite and molybdenite, neither of which is recovered at present.
Pyrite and magnetite (magnetitic iron ore) are accessory minerals. For a short
distance below the bedrock surface, the copper sulfides have been oxidized to form
the green copper silicate, chrysocolla, and the black copper oxide, tenorite.

Various types of igneous rocks have been recognized in the Pima Mine, but none
shows any direct connection with the ore values. It is generally believed that the
entire region is underlain at fairly shallow depths by a granite mass which may be
the source of the ore solution. Granite has been penetrated by drill holes a short
distance west of the Pima property but has not been found to datein any of the Pima

holes.

General Mine Description

The mining operation is planned for production of 3,500 tons per day.
The pit development is laid out for a final over-all slope of 1.L45/1 in the
alluvium and 1/1 in the rock.

Present daily production is as follows:
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Oremining............. 3,500'bons
Rock stripping and oxidized ore o+ « 8,500 tons
Alluvial stripping o o ¢ ¢ ¢ o o o o 12,000 tons

TOTAL 24,000 tons
The mine is operated on a 2-shift basis and equipment maintenance and repair
on a 3-shift basis. At this time the total mine force consists of 73 men and the
maintenance férce consists of 29 men. These figures include supervision.
Mining equipment selected to accomplish scheduled production is as follows:

PRODUCTION CAPACITY

Alluvial Stripping:

6 - DW-21 Caterpillar Carryalls « o o « o« o o « o o o 122 tons/hr/unit
(rubber=tired) )

2 - D-8 Caterpillar Tractors
(pushcats)

1 - D=8 Caterpillar Tractor
(ripper-dozer)

Rock Stripping and Ore Mining:

3 - 54-B Bucyrus-Erie Diesel Shovels o o o o o o o o « 3437 tons/hr/unit
2% c.y. capacity
7 - 802 Kenmrth Rear Du-mp TruCRS e o o © © o° ¢ o @
23~ton capacity
Ly - 802-B Kenworth Tractor-Trailer
RearDumpTNCkS ................122.6tons/hr/unit
1l - D=8 Caterpillar Tractor (dOZer) © ¢ o o 0o o 0o o o
1 - L4O-R Bucyrus-Erie Rotary
Blast Hole Drill o o o o o o o o o o o o o o o o« U7 feet/hr/unit

77.5 tons/hr/unit

L 3

General:

1l - No. 12 Caterpillar Motor Grader

1 - GMC Water Truck - 3,500 gallon capacity

1 - GMC Flatbed Truck - 13 ton capacity

2 - GMC Pickups - 3/l ton capacity

In addition to this equipment, a rockover skip system is '~ being installed

and will be in operation in the near future. The double drum hoist for this system
is powered by four 500 HP wound rotor AC motors. These motors are semi-automati-
cally controlled with grid resistors. Two 22-ton skips will be hoisted in balance
and will transport ore and waste rock from the loading pocket (now on the 3070

bench) to the surface. The incline railway for the scip hoist has been placed on

Y

?‘Wn
S
s
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the north side of the pit on what is considered to be a final pit slope. The
capacity of this system will be 1k,000 tons per day. When this system is in oper-
étion, the 802 Kenworths will be used only in the pit hauling to the loading pocket,
and the 802-B Kenworths will be used to haul on the surface from the skipway bin
to the crusher and to the waste dumps.

At this time, mining has progressed to the 3070 level. This level is roughly
the top of the sulfide ore zone. A drop cut has recently been started below this
level to the 3030 level.

Milling Operation

The purpose of the milling operation is to separate the wanted copper minerals
from the unwented "gangue" or waste rock. The first step in this separation is to
reduce the ore to a size where the individval mineral and rock grains are sub-
stantially free of attachment to each other. This action is first accomplished by
crushing equipment which reduces the ore to almost all minus l-inch in maximum size.

Next, water is added and the ore is treated in rod and ball mills where the
tumbling action of steel rods and steel balls grind the ore to a size where a large
portion of the individual grains of rock and minerals are as fine as face powder.

The resulting suspension of ground rock and water is known as "pulp". The
pulp is then agitated and aerated in & series of flotation machines. Certain
chemicals are added which have an affinity for the copper minerals and create a
water repellent coating on the mineral surfaces. The tiny coated mineral particles
attach themselves to air bubbles created in the flotation machines and rise to the
top of the machine in the formof a frothe The froth overflows the lip of the flo-
tation machine,

The rejected material, consisting of unwanted rock, is not affected by the
chemicals and flows out of the lower portion of the flotation machines. This material
is pumped to the tailings disposal area where it is allowed to settle into storage
basins covering several acres. The clear water resulting from this settling oper-

ation is decanted and returned to the mill water circuit.
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The froth overflowing from the flotation machines is twice subjected to re-
flotation in order to increase the concentration of copper minerals. The final
froth is called "concentrate',

The concentrate is a thin suspension of copper minerals in water and is
partially dewatered by thickening in a large circular tenk. The partially de-
watered concentrate is then treated in vacuum type filters where the water content is
reduced to about 12% by weight. The filter cake or dewatered concentrate, contain-

ing 20 to 25 percent copper, is now ready for shipment to the smelter.

Conclusion
It took seven years of hard work to convert an area of sagebrush,cactus and
alluvial wash to a potential source of valuable copper metal. If. it had not been
for the application of the latest geophysical know-how, the existence of such a
copper orebody would never have been discovered. The Pima Mining Company is en-

gaged in adding to Arizona's wealth instead of depleting it.

May, 1957



DEPARTMENT MINERAL RESOUKueS
MINERAL BUILDING
FAIR GROUNDS
PHOENIX 7, ARIZON

PIMA MINING COMPANY CCUCENIRATOR

TUCSCN, ARTZCNA

Goargs A, Zomadina, MAIL Buperinteundent

Phe open p3% mins and coppenbyator of the Plma Mining Cowpasmy
is located spproximetely twenby miles somth of Tueson, Avisona in the
Mineral 311 ayes. The Pims oye body wes diceoveved in 1950 and afber
an sxbensive woderground ééw}_ﬂpmut nrogremw it was desided that the
depoglt ¢ id be more profitebly worked as an open pit mine, The cone
centrator was completad late dn 1996, regularly scheduled operation wos
sharbed on Jammary 1y 1957, Through Cotober, 1958 the consapbyrator has

treated 2,000,548 dry toos of ore.

CRUSHING: Runeof-mine ore is fed by twuek frem the plt or doser frem a
agtockpile to the primery ornsher chuds. A Hosa chain fesder drsws ore
ooy & T-in. grizszly to fead a 45 xn Bh-in, Birdsbore jaw crusher seh
$o producs 7=, meterial. The crushed ore ig trangported to the
gecordsry evushing and seveendnz building by e Sheln. comveyore. The
ore is sereensd over tuwoe dovble=desk Tyler F=000 Tyrock sereens dresssd
with 1% 2z 18«in, yod grizziies on the top deck and 3/h % 2eim, slobbed
woven wire on the loser deck. Oversize fyom the top decks pagses to 2
7o, atandard Symons crusher and oversine from lowey decks to a T-0%,
sherthead Symong erushewr. The geveens and orushers ave so losated thal

QrOgE CONVeyorg are not necessary -« the sereens feed thelr respective




Tine ore CoORvEyOr.

the «3/h-in, ore o

two £ine oye bine, These bips wers designed to hold 6000 1ive touns, bui
g ¥

axperience hes provad thal the , angle of vepose (mp to
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cuirved operation gaven deys & wesk

srryeq B B do 5% P . iyl e T Th & . N e R WA R R
rabber than the sepechted piz days, It is plamed Lo increass bin sapaiiyy

5% % 4 P e it
ansuegh o pe will seven devs g week with the crushing

awl screening plant

GRINDING: Ore io

ey MRS

aperai

v

each bin by seane of & palr of

glote owbo gathering M1l feed ab raves up to 600 tpd

iz drawn the four bellt feeders, The

peovide wnlform flow z'a’z,e“z,,

dischevge onbto a ecomverer that Clews into the spont Leeder of a 10 %13 it

AitizaChalners rod haree
ig split bebween hwo

10~in, type T Lwsco dradge por is & type CT
Barvrett-Hacnblens solids hw Each unit delivers rod ndll
discharge at H0-57 pers Ly bwo A nodel D20 Kreba eyclones

operated with a feed inlet pressure of 8-10 b, At the

vortax Tinders and 3-1/2-im. ¢ e apex pieces are useds

CYOTONE SEPARATION: The cvelones are able o teke & falrly wide renge of
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to 31 percent solide. The
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underflow, at 80 to 85 pereent sclids, i delivered by & spout to a
10-1/2 =z 13-ft, Allis<Chalmers overflow ball mill, The ball m=ill
dischargs, at 76 to 82 percent solids, veturns to the cyclone fesd swms,
A portion of the cyclone overfiow is bled off to maintain constant levels
in the sump boxes, The remainder is redueced to 27 to 28 percent solids
prior to flotabion.

The regrind circuit consists of a 7 x 1204, Allis-Chalmers
oyerflow ball mill operating in clesed ecirouit with six 10=-4n. model
D=10-B Krebs gyclones., The cyelone overflow is usad as dilution water
in the primayy grinding civeult. The uze of the vegrind ¢iveuit has been
deferred until a change in character of ore requives finer grinding of
edther the middling fraction or the rougher comcenbeates, During the
firet 10 months of 1958, 88 pevesnt by welght of the middiing produch
was =200 mesh and contained 89 percent of the total copper in this
produet,

The rod mill, opsrating at 15.55 rpm, was sharged with J«1/2-1g,
and l=in, reds at & rate of 0,572 lb. per ton for the first ten months of
1958, the October rate was 0,712, It now appeavs that h=in, rods will
he the standard mekeup. Single weve chrome-moly gteel liners are uged,
The imdvlal set of shell liners tweated 1,719,002 dry tone of ore.

One of the ball wdlls iz now operating ot 16.85 rpm or 708
of eritisal whils the other one is spheduled to go to 18,6 rpm or 77.5% of
eritiesl at an early date, Considerable iscresse in ore havrdness has%
necegsitated the speeduap of the =dlls, Ball consuwwpiion Por the firvst
ten menthas of this year was 1.079 Ib, per ton, in October the rate was

10235, Starting late in Cotober ball rationing was wesumed using one~third
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thres insh, balanss two inch. Double wavs chromesnoly steel liners ave
uged da the ball mills. ALY of the original liners are s%ild in the
ball wille, in the wary mear fabture the feed end Yimers will have to
be replsced,

Az yoi there is ne informebtion 4o show the efisct of foed
rates, pressurgs, aund other varlables on classification performawce of

the ayelones.

THE FLOTATION SECTION: The flotation feed paswes through a distribubor

that divides the pulp to aix p&railel banks of 68«in, single overflow
Fagergren flotation machines, The rougher concenbrate from the firsh
four oalls goes to the i0=cell No, 2 Denver cleaner and recleansy
machine, ke cleaner tailings avs coxbined with the scavenger concanbrale
proeduced on the last six sells of the rougher bank, AL prasent this
middiing pulp i belng pumped to the head of the primery grinding civeuld
for use as dilubtion waber, The aliernate flow is to send the middlings
to the wegrind clyeuit.

Becleener comsentrabe flows to a 50-£%, Dorr thickensr,; the
underfliow is moved by sentyifugal puxmp o a 694, diameter Tedise Bimeo

LY
H

> miGdiing sump for use as dilution

®

£ilter, and overilow is retuwned o th

£

water in the geinding clrendt, MNxpericncs haz shown that the pump can
be divectly commectsd to the underflow disshsrge spigot. Currently the
thickenss s also vesed for stevage to permit filbtering for 2 hours awd
then an idle storege poried for 10 hewrs., This oyele is vepoabted twice
evary 24 honrs, The filtered conesnirete (combaining 10 to 11 percent

water) is conveyed ts ghorage and then scrapsd by 2 Joy slusher inbo 25
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(MIBG) sre added 46 the rod mill, Z-6, Z-31 and MIEC avs added to the distrie
buber, the second, fourth, sixbh and eighth cells. Sodium snlifide, when
reeded, is added to the fourdth, sivih awd eighth ocells,

Afper laboratory imvestigation showed promiss g mill test
employing 2-200 as one of the reagents was tried doring July and a pcrtion
of August. The resulis ware sncouraging so during Seplesher o repzab
test was schedulad. More operebing detalls were clarifisd so that an
ophimam condition eonld be determined. Tuving Geteber the plant used
this antieipated optimom condiflon and came up with resulis that comparsd
with the betier to dobe. The change from the standerd previously described
was that 2-200 was substitubted for the Ze11l in all points of addition, Z-8
vag reduged in ouantity; 2 pH of 10.2 malstalned on the grinding circult.
Dowfroth 250 or MIEC was found to be opproximaetely egual in the Laboratory e

will

The averase roagent conswmption in pounds per ton of ore miiled
¢ 57 ‘f

Por the verionz periods follows,

&

Myat Six

Yonths, 1950 Ocicher, 1958
Iime 6 o 8’.19 3 .;'leh
76, Xanbhate 0.086 0,039
Z-11, Xanthate 0,043 i
MIRO 0,090 G012
Dowfrath 250 - 0.045

Sediwe eyanids G, 019 G 00l
Sodivm guifide O hﬁ 9 G 03‘2
£ ‘;‘C’apﬂa‘tﬁ %u}i@ Qoﬂl@
4200 ssemen 0,00

The congsnteator is lald oul to utilize the naitnral slops fow

gpravity £lews threugh the plant. %The enbtire plant is designed to uss

't

mindwam labor, The crushing erew, woviing on single shift upder a foveman

2
”

consists of one primary and one secondary operator snd one or bwo laborars




im

o

who cilean wp spillle and remows wood and sbeel from the ore, Shee
vemoved by hawd - a tramp stesl detecior will not work because of the
magnetibe comtent of the ore,

The plant cperates on & sevencday baslz, relisf operators are
asmployed to meintain a five~day work week Tor 211 hourly employees, The
soncentrator is handled by a shifd foreman, e grinding operator, flotation
oparator and a tailing laborer. Un dsy shift a concentrate leader and a
reagenh msn are also asvailable, Malontenancs of the mill snd arusher is
handled by nine repalrmen, one ciler, and thrse leborers under the dirsciion
of the repalr foremsu. The total mdll manpower of 50 includes supervision,
operation, maintenanceo, wmetallurgy, sampling, assaying and clericsl
auployees,

Elecbrizal power purchased Trom the Tueson Gas, Blestric Light
& Power Company is delivared to the Pime substation at hh,000 v, Power
iz stepred down to LIAO v Por digbribation to the mine smd mill, Fower

consumption for the First 10 months per tene is ss fellowse

Crushing 1,087
Gongentrator 16.312
Fresh watey 2,288
fleelaim water _.0:593
Tobtal =il 20,280 B per ton milied

L:.-if\‘}w



APPENDIX

A0D MILY SOREEN AVALYSIS, JANUGARY-OCTORER, 1958

FEED DISCHARGE
Peroent Cun. Fet.

Size Retained Retained Size Retained Retained

+ 1 imeh G, 0b * B 3,02

=) 4% ipch 19,10 1934 + 10 397 5,99

<% in. *h mesh 37.76 56,90 + 28 26,22 33.21

=)y megh 43,10 100,00 + W8 15,09 18,30

Total 110G, 00 + 68 5e23 53,53
4 id 6,03 5)9,,5'6
%+ 180 50 18 61;071;
+ 200 k.10 68,04
+ 325 Telb 75.99
Total 100,00

PLOTATION COHURENTRATH ASSAYED SURUER ANALYSIS
JANUARY THROUCH SEPTRMARE, 19%8
Peroosnt Cum.Pet, Asgay Pot. Disbyibution

Size Betained Rgtainad Total Oy Pereont Cum, Pt

+ 100 0,82 16,77 0,60

+ 150 354 ho36 20,09 2.7h I3k

i+ 200 ?070 1200‘5) 23(:5’5 6@91 10(;25

4 290 13.82 25.88 25,3k 13,43 23.h6

& 32‘5 8073 333;.61 25055 80h6 53&92

Lo 32§ 65639 1&0&% 2755? 68;\08 1@6’@00

Total 10000 26,56 100,00

wIe



Size

* 65

+ 100
+ 350
+ 200
+ 270
+ 325
- 325

Total

# Of this 0,089 pevcent iz oxide and 0.1L7 percent is non-oxide ecoppers

APPENDIX

FLOTATION TATLING ASSAYED SCREEY ANALYSIS
JANUARY THROUGH SEPTEMBER, 1958

Parveant Cum.Pet. Agszy Pet. Distribution
Retalned Retalined Total Ce Peresnt Cum, Peto
1 :}91 C*a }49 3036
&.h 8,65 Co3l 8.63 11,59
10.23 315,88 (1,28 12,26 2h. 25
9072 28& 50 0022& 9@91 3’.&916
11,38 39.98 0021 10,16 hlo32
éa39 2.5.6 &3? Oc 19 .r?lu 2’4 b9o§6
54,63 100,00 0.22 50,k 100,00
100,00 0,236 100X

SUMMARY OF CERRA fl%G DATH

JANUARY THRCUGH

CCTOBE

51958

Filovation feed pH
Rod sonsumption
Ball consumpbion

Crusher opef?ten {single shift hasis)
Mill operated (3 shifs,

Ore, Spevific Cravity

T-day basis)

13.2

0,572 ibe per ton
1,079 1be per tom
6$@1? pereert

/ O 023 ﬂﬁarﬁ'ﬁﬂt

Rod mill discharge
Cyclone feed
Cyelone Underflow
Cyclone ovayflow
Ball mill diascharge

Rovgher flotation feed

Clesansy flobation fee
o

Regleaney flotation

2.937
FERGENT SOLIDS IN WILL, PULPS
70,57
No. 1 = ©5L,0% Yoo
Wo. 1 = B82.9% No.
Ne. b - 29,13 Mo,
K. & « 79,78 Mo,
27,01
1 17.30
e IéaOG
Undardlow 59,80

Coneantrate Thickenar

PSRV S )

-

s

5l 85
81,61
30,10
79.10

PP
e i
, ’u £



APPENDIX

METALLIRGICAL SUMMARY
JANUARY THROUGH OCTOBER, 1988

Assay., Pot. Uonper __ Bistribution, Pot,
Froduct Dry Tous Total Oxide  Suifide Total Oxdde Sulfide
Fiill F@e‘:‘}‘ 9153’ 989 le 81% 0009 3—0 ?S 1000@0 100@00 1000%
co:‘aﬂ@nﬁ%ﬁ‘aﬁ*ﬁ 56§9?9 25@39 04 28 26 911. 88@98 18027 92083
T&il‘ingfs 8593 Q10 QG 21 4] ® 08 Qe 13 11002 810 73 ? 917

CCTORER, 1958 RESULT3
BMPLOTING Z+200 AND Zef 45 COLLEOTCH

Azgey, Pet, Copper _ Digtribution, Peb,
Product Dy Tons tobal  Oxide Sulfide  Tobal Owide Suitfide
Mill Feed 20,538 1.78 003 1.75 100,00 100,00 100,00
Concentrate 5,338 27,88 0s18 27 .57 ga,08 36,06 83,02
Tailings 85,198 G.15 0.02 0.12 7.92 6390 6,98






BIsTaRY

Tho Pima ere body way the lixet base wmybael depesit of any

mepndiude In the westorn Tulbed Stebes to be losated by geophysicel
wabttwls, Baplopation coglassrs for Usndted Uoophysiesl Corpany made
Phedy fivet dlscovery in this ares in 1950, uveing equipmert prdmariily
doyigned for ves in exploration for turied vineral deposits. Subsew
quent prelindupsery dpdlling indiosted a deposit of mediwm size oyl
grade which eould b worked by wdlsrgeound msthods,

In Jammsxy 1992 spn wlerpoond development progras wae dnitlebed
ol sarried on wetil sppronisately the rdddle of 19%h, During the
dzbber phase of his progeam, 10 besmas apparend that the medinms
aine high grede ooe body coudd be nove econcmiselly exploited 47
fr hwio gone of low grude mabteriel wave invorporsted as & pard

of the endire oxo bumly, Alter extensive shudys It was decidsd thet
the deposlt sonld be "f‘iv*"ﬁ, profitebly worked as wn open vit mivne.

T the Fall of 1995, Cypeus Wices Corpovetion swereimed its option
avd agsvmed monageesnt of Plus Mindng Compavy. « Uaion 031 Company
radained o 25 percent iuberest wnd a 2% pervent iuterest wss obbalnsd
by Ubeh Comptrustion Company.

Iy Wovesbey 1955, Ulsh Conslroetion Compony starded vemovel of the
gvorvorden over the mein ore bedy. In Apell 1956, Rine starbed ite
o sbrdpping eperetlon along side the cenbiraslor. Wiah complebed
its stripping coutiact on L Oobober 1956 afier having siripped 6
milidon yarde of alluvius and waabe woole (Fian had sbripped an
edddtional 3 willdon yerds of wasto waterdsl during the tiwe Ulah
wns working in the pib.)

On Deceubor 15, 1950, the fiwet losd of voul wap dumped into the
arusher for o praliminary tryout. The will furaed ower for the
fivet tlme on Decowber 2wt - and on Dovewbor 28%h, the first ceme
ecamtanbes wore made ‘
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CENRAT, MINE DESORIPILGY

smed fop predustdon of 3,500 tong
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whe resk o waintedn developed orve.

The wsdodug of
wiw dxy of jn,w;a &"'ﬁy

stydpping of adluring m.,l '

The pit developmsnt ie leid oul for a £4aal oversall s‘i,epﬂ af

2 40 1idn the aﬂmfﬁﬁ 5 50% bank hedphies 0.8 to 1 bank silopas,
500 banohes wwepd 5 the base of the elluvlm where an 0857 bemsh
43 1eft oo o measure of probestion :*:mm sxogasive sloughing.
il :31-:;»;;&;% m ponk are 3sid gt sb 1 bo 1 with L00 bank heighte,

375 to 1 bexls slopes, and alieinwate 107 and L0 benches.
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Jenerel Vine I sripticn, continued Page §

PRODUCTION CAPACITY

Rogk Stripping and Ore Minings

@

+ Bh=B Bueyrus-Hrie Diesel Shovels
234 cubie yoxd espaeity

3 123,5 euble yards/hour/umit
Z « 802 Kemrorth Reayr Dump Trucks - -
1

45,8 eubie yards/hour/unit

€
3

= §02-B Kemworth Tractor=-Trailewr

Hear Dunp Trucks « « = = « e ® == 59,0 ¢cuble yards/hour/unit
» DoB Coterpiilar Tractor {(doser) = =
1 = Westfall Rubbar Tired Dogey « = « =
1 = hO=-R Bucyras-Hris Hotary
Blash Hole Drfil = = = = = = » = = 45,0 Peat/hour/unit

eI

1 » No. 12 Coterpillar Yotor Oradsye

1 = 0 Water Teuok = 3,500 gallon capeclty
1 - OMC Flatbed Trock - 1% ton eapesily

3 = OM0 Pickmps - 3/4 tom capscity

I addition to the sbove listed equipment, a rockever skip system is

used %o helst ore and waste from the 3070 bench te the surface (33157),
The deuble drmm holst for the system is powsred by four 5060 HoP. (1750

RUM) woumd rotor AC wotors, The holst is somewhat wnique in that high
speod AC motors are used. The twe 20 ton skips are noimally holsted in

balsvee bub mer be operated separetely (whem not loeded) by unclutching
ne dyums. The holst vope speed is 16507/ min,

The insldned vailwsy for the gystem has been placed on the north side
ef the pit on what is congidared to be & final slope. The maximum
sapacity of the system iz ¢800 eubic yards per shift.

The 802 Kemsorsh brueks are used mainiy in the pit houling from the
shovels %o tha skip leading structure ard the Kemvorth 802-B trucks
are used nzinly on the surface hauling from the headframs to the
craghey or the wastse dump.

At this tiwe mining hes progregssed to the 2950 bemsh. This bemsh is
voughly LOO fest below the surface.

The ore being mined varies considerably in grades and blending is a
problem. Usually one shovel is worked in high grade ore running from
9% 4o T% cooper and one shovel is worked in low grade ruming from
0,60 o 1,00 copper. These clagsss of ore are being blended to

about 1.85% copper will head.

To date 1,372,092 tons of ore avereging 1.TW¥ copper have been mined
aod milied, ,

0
o oh,
'1/,'\ 7%* (’)
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CONCENTRATION
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PRIMARY BLASTING WITH PRILLED AMMONIUM NITRATE

Isbell Construcition Couwpany

Lynn Chyistlan



During the last faw years, Iabell Construction Company,
at Shely different opsratlicons has broken approximately
25,000,000 tons of grownd with Awmmonium FHlirates. Two-thirvds
of this being with fertilizer grade Ammonium Nitrate prilis
and fuel oill, and the remainder with commercially prepared
nitro=carbon nitvatess Carbamite, LDX, and NPL67.

The change bo fertilizer grade prills and fuel oil,

came in the latter part of 1950, during the stripping of

ASER's Silver Bell unit, This method proved savisfactory

£

Cand wes passed on o our obheyr jobs. Prastice 1s to dise

- eb

tribube the bagged prills at the collar of the hole, a
gallon of fuel oll 1z then poursd inko each 80F beg, and
%h@n'gllewed to seb for LS minntes so the excess aii will
drain, the right ratio of fuel oll ©to prills 1s obtalned.

In the beginning the priming charge used was 60% gelatin
dynamite, 8 x 22 Amogel, which was split on the sides and
dropped into the hole after the primscord had been lowersd;
the prills now sensitiszed by the fuel oil are poured inte
the hole with additionsal priming charges added at intervals
until the priring was 20 to 30% by weight of the botal charge
In the event cof decking the charge, & new primacord line and
primer was put into the hole, prills added until the charge
was completed. Using Amogel as a primer, the net results

were equal to using s LOZ straight dynamite. This hes held



trus for blast holes ranging in size from 2 3/4" up through
o¥, in all types of ground, Andeaites, Porphyries, Shales,
Sandatones and Quarisites. We have maintained our hole
spacing and burden ﬁonﬁistehﬁ wlth what 1% would have been
with conventicnal explosives, varied of course to sult the
ground being shob.

Befove going Turbther, 1t must be sbtabed, that in
extremely hard ground, where bit cost wounld be prohibliive
to close up on spacing and burden, it 1s dur-cuatcm o uss
a column of Amogel together with prills and fuel oll to get
a denser charge where nesded. Also, in wet holes, Amogel is
used to ralse above the water, and then the chargs is come
Pleted with prills and fuel oil. |

At the present time we are using L00 grain primacord
in one foobt prepared lengbths, tled with rubber bends to ths
standard reinforcsd 50 grain primacord at intervals throughe
out the charge as a primer. This use of LL00 grain series
together with delayed shooting has given excellent results
in the pioneer work we are now doing abt Duval Sulfur and
Potashe We have pulled us high as 35 foob tos on 20 foob
hole spacings, in what we would clesslfy as medium hard
ground, Bebter fraguentation 1s qulet apparsnt as reflected
in reduced shovel wear and maintenance. As o what the

ultimate vesulbs will be regerding comparison to sbralght
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dynamites when working on conventlonal benches, it is hard
to gay, but indications are to a better then 50% straight
dynamite.

Regarding powder facitor, we are consclancs of a good
pawder factor but are not unduly influenced by 1t, at the
expense of wear and tear on equipment. A few extra ?sunéa
of powder to meke batter digging is well worth th@ price.

:In.cemparing coats betwesn 60% Amogelgyprillswfuel oil
with 25% by welght Amogel, end prills<fuel oil using 40O
series primasord, in & typical 9" blast hole. The results
are about as follows: Prill~fuel oil with 25% by weight
Amogel is 65% less in cost than using all Amogel; Prilie-
fuel oll with L0C series is L2% less in cost than prills=
fuel oll & Amogel, and iz 804 less in cost than using all
Amogel.

Othoer properiles that fertilizer grade Ammonium
Mitrate prills have, is safe handling and easy storsgs.

Our atorage facilities consist of flve well ventilated van
type semi-trailers, each with a capacity of 25 tons of prills,
and parked near the pit. Handling ia safe if prills sare

asccorded the same respect 88 any other potenitial explesive.
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MAINTENANCE, PROCEDURES AND THE NEED FOR ADEQUATE: PERSONNEL

{A Survey in Southsrn Arizona Section)

By

M. Ho Nicholson
Mechunical Superintendsnt
Pima Mining Company
Tueson, Arizona



The inception of the wheel has often been referved to as the
greatest Invertion of a’l time, for every present day machine SMDIOYE
the prinediple of the wheel in one form or another. Just when the wheel
came into existence s shrouded In the dim shadows of civilization®s
past. It iz safe Lo assums that 1t was first used for the Lransport
of material from one place Lo another and 1t 1s conceivable that this
material may have besn for dwelling construction. Tt 1s doubtful that
the {irst load was of naterial from which metal was to be extracted
but by the measure of mon's existence on earth, this procesg was soon
te follow.

Visuallze the Dirst wheel made from a flat eirculsr stone with
a hole in the cenber into which the axle was affixed. In all probability,
the axle was made of wood or possibly stone, Bub regardless of the
materdals used, as the wheel furtied on the axle, friction and weow
oeourred eventually destiroying the device., Thus the demand for maintenance
was created and man's efforts since this early time has been towsyrd
the malntenance of the machines whilch he has created.

Webzter defines maintenance as "a maintaining or being maintained;
upkeep, sunpert; defense, ete.®.

In a llteral sense, malntenance is the everyday attention of
lubricating, coollng, cleaning and the compensating for wear or
vreakage whlch guards against the eventual replacement of units involved.
Wherever a wheel tums, maintenance is required, The replacement cyoie

of cumponent parts is dependent entirely upon the effectivensss of




the dally service allotted toward its continued usage. Slnce the
existence of man is dependent upon hiz mobility, 50 is his mobllity
dependent vpoh his maintenance program. This may be demonstrated
foday in your own operations. Imagine 1f you will, how long the
plant would operate i the maintenance program were to cease., In a
few short days the plant would fail to function. This, of course
iz a drastic example of the lmportance of maintenance. A more
practical example of this Importance may be observed in the shops
where a menber of operstions might be seen rantleally looking over
a machanic®s shoulder while inqulrlng when the machine will be
returned to serviece, This too 1s a timeshonored practics dating
back to the first repalr job, History does not record the true
date of the first wheel nor does 1t mention this Yover-the-shoulder”
practice. Yet there 1s no guestlon of thelr existences - and you
ecan be sure that the first mechanic was not alone.

Pregent maintenance is a many facebed program divided into thres
main categories: service, scheduled maintenance snd u.nsseheﬁuied
procedures.  In the mining industry malntenance requirements are

further divided into mine, mill and electrical maintenance groups

which may be supervised by one man or split into various responsibilities.

Since I am involved primarily in the maintenance of mine equipment,
my comments are intended basically in support of this tvpe of

aquipment .

£



When a maintenance organization is established it is normally
headed by one individuasl who is responsible to management for the
entire program, He 1s supported directly by his foreman, his craftsman
and his warehouse organization., Indirectly, he 1s supported by
manuf'acturers? parts supplies, service personnel and by vendor shops.
Due to great diversification of demand and application, there is no
universal organization upon which he may pattern his own organization.
Further, procedures must be varied when he considers the type, quantity,
and scheduling of equipment. Available shop facilities will vary the
plamned program as applied to his particular operation.

Service procedures are basic and involve the fueling, lubricating
and cleaning of machines. Equipment mamufacturers supply adequate
service literature with machines from which an excellent service
program may be drawn.

Some manufacturers offer a preventative maintenance program which
may serve as a base, while others make no recommendations., A procedure
based on past operaticn or experience may be formed, but only through "
machine operation over a given period of time can a true preventative
maintenance program be scheduled. The time period involved may be
subdivided as follows:

From 0 = 2500 hours -~ A period ¢f acquaintenance and obgervation
during which time performance is only indleated.

From 2500 - 5000 hours - A perlod during whieh performance is

recorded and some component life expectancies may be established.



From 5000 - 10,000 hours - A period during which total
performance can be critically appraised and true preventative
maintenance can be scheduled to apply to future operations,

But regardless of how rigidly the service and preventative muintenance
programs are stressed, these two procedures are continually interrupted
by the element of unscheduled maintenance or breakdown of equipment
which may necessitate sacrificing one program to aceomplish major repair,
Depending upcn the severity of the breakdown and equipment type involved,
it may be necessary to reschedule equipment to maintain production at
normal levels. In maintenance shops there is an axiom which poes “when
things get rough for us, the rest of you people are in deep trouble”.
This 18 certainly true, for when maintenance organizations fall to
provide equipment on schedule, the whole plant suffers with them,

In contemplating a maintenance program, adequate shop facilities,
warehousing and persorrel must be considered. Shop facilities depend
upon area locatlon and the percentage of repair to be done on the proparuy
as compared to the amount sent out for repair at oth_er shops., Parts
warehousing is established by plant inventory allotment levels and
the ability of vendors to supply adequately upon demand.

Basic personnel requirements are estimated on mechanical man~hours
avallable for equipment shifts scheduled. Since there are o many
extenuating circumstances involved in this evaluation, no industry-
wide figure can be derived which might apply to all operations, #An
area check of five properties in this viecinity shows an average of
4,63 mechanical man-hours available for each equipment shift scheduled.



Thiez Mgure varded from a high of 6.0 to a low of 3.68, The
mechenical men-hours used in areiving at these ratios were those
hours expendad by service peraonnel, mechanics and welders only.

It does pot include support from indirect sources such as machinists,
carpanters, supervisory persoonel, clerks or laborers.,

Regardiess of how wall the maintenance program is wrilbben
and enforeed or how plentifully the organization is stalled, the
and product of equipment avallability at a reasorabie cost depends
entirely upon the knowledge and skill of the personnel within bh
organization and the application of that knowlsdge s;i sicdll toward
8 given task.

o are these men who accomplish maintensnoe? | Vhers do they
come from and how did they learn thelr craft? What future source
of supply is available and will thev have adequate training?

Dnee agaln reference 1s made to the direct support of serwice
pereomnel , welders and mechanies and 1 refer to them in that order.

Service Pergsonnels

These are the people who attend the fueling, lubricating and
aleaning requirement of equipment each day.  The supply of personnel
in this classification is adequate, and normally some nrior netruction
In service of automotive bype equipment has been taught either in
high schools or through  postehigh sehool smployment at seryice
statlons or gerepes. This treining is directly applicable to mine
equipment and in a relatively short pericd of time the individual

vecanes competent,  Fubture supply appears adequate to meet the requirenenta,




Welders:

The persomnel in this craft are involved in the fabrication of
new components and bulld up or repalr of existing components., The
supply of personnel in this classification is adequalte and the
percentage of first-cless craltsmen among new hires s atively high.
In aimost all instances, ingtruction has been obbained throush high
schools or ab trade schools, Purther basic training 1s seldom required
afler shop procedures have been outlined., Through sontinued instruetion
at high schocls and trade schools and through self »waachim,g, future
supply sppears adequate,

Mechanies:

These are the men in whose hands is placed the continued operatio
and eventual 1life of equipment. Recent trade ard technieal Jowrnals
have had many articles written about the lack of o aualified persommel
in the mechanie and repairman eﬁl&sz%ificat;icng The mining industry,

as well as the construction Industry and highway trucking firme, shares

=

this alarm, One recent article was entitled "The Dizappearing Mechanis’
I disagree with this articie only to the extent that he ha

URIN. rmETeaTYE v

vanished.

The fact of their absence fg borne ocut not only by virtual "open
grms weleome®™ by personnel departments to anyone who hints that he has
bad experience in this line, but alse by the volume of repalr asent
out tw vendors' shops where 1t will be repaired on a single shift
tasls - urger the watehful eye of a service mansger who i concerrsd

with onily one meulacturer or one special repalr,




It is estimated thet the supply of qualified mechanics is from
five Lo seven years behlnd demand.

Present shop crews are somewhat lackdng in training. Statistics
from one mine in the ares indicate that the average age 1s 42 years -
18% are 55 or older; 29% are 50 or older; yet only 221 are under 3%,
The averape education level 1s 10th grade; T=1/2% have had one or
more yeurs of college training; S4% have had no speclal tralning;

18% have had trade school or correspondence school training of short
duration; and 28% have had training In military servieces.

These igures indicate an urgent need foy Ammediate upprading of
present crewd - this can be achleved only by Dirther tralning. Since
the total crew cannot ve taken off the Job fov tralndng and Lhere are
no replacement cvews, thiz training must take place on the Job. This
can best be zccomplished 3 step at a time through instructlonal procedurss
cutlined on filmed frases to be shown simultareously with asdio Instrug-
tiong, Normelly, 12 to 15 frames will instruct the correct repalr

procedure of a unit.

As an exemple, & rear wheel brake relinevent is ¢ited. Rlghteen
frames will show tire, planet assembly, axle shaft, hub and shee removal]
also instruct the inspectlon, repalr and relnstallation of parts In
proper sequence and specifications. A shovel holst drum shalt repalr

is equally simplified vy this method. Thus, Individual ifnstruction

is made availlable wittout Loss of supervisory time and little loss of

productivity from the orar™ Instruction may be and should de

repeated again and agsin as vecqudred.




Presently, there sre no such training alds svaliable to us but
equipment manufacturers, who invest thousands of dollars yearly In
training aids in printed maintenance and repalr manuals and who are
currently using pletures in these publications from thelr own [Mlming
processes, would be receptive to this practical trealning method 1f &
abirong demand was made.

Consldering agaln the local survey of minlng properties In the
immediate area, let us assume that today 184 mechanics are required
to staff maintenance organizatlions,

In the next ten years, 33 will have reached the retlrement age
of 65, Forty will have been lost to other lelds and other Jobs.
Trerefore, T3 mechanics will be required for replacement only. It
ig calculated that & 20% incrsase in production will demand an
additional 36 men and new proverties will demsnd another 45. Thus
a mintmm of 154 mechanics will be required by mines slons in our
own small area, Where will they come from? How well qualified will
thay be? 'The answer rests entively wilh me and with you.

It is evident that no braining is avallable to meet the demands:
of the vresent mine maintensnce shop. High schools offering advanesd
training in automotlive machanics stress engine repaly and only touch
upen: the principals of power train, braking, steering and suspension
systems. lLacking entirely at this time are hydrauliecs and aly systems

ingtruetlons,



Correspondence colrses ard trade schools svallable to prospective
mechanies In this fleld place heavy emphasiy on the diesal engine and
ite care, which, Ironically, is an area in which we ourselves are mosg
adept in training - and which we can watch more closely due to the nalure
of the repajr, Also, the present trernd to engine repalr in dealer
shops reduces the demand for high technical skill in this area.

Therefore, the training of future shop crews to meet our require-
merts iz entirely our responsibility. Not only the mines, but also
the contractors and highway tricking industries, must recoenize this
requirgnent and start itraining programs immedlately. This must
necessarily be & Joint venture between govermmernd, unlon and managee-
ment toward apprenticeship training. Regardless of our present views
on apprenticeship tiralrning, we must recopnlze it as a salvatlon rether
than e burden., It is rot a case of "shall I start training®™ but Yhow
socn can I start?®

Webster defines an spprentice as "one bound by legal agresment
to serve another for s cevtain time with & view of learning an art or
trade In consideration of instructlorn®, As it applies to us, the
apprentice would enter o legal agreevent with his employer and the
state., This agreement would includes:

1. An age limitation.

2. Organized Insbtruction In the classroom and on the Job,

3. A schedule of work proeesses and a number of hours

determined for each ovrocess,
L, Provisions for sn approximate nunber of hours of

classroom instruntion per year,



5. Wages and hours of work.

6, The number of training hours required for the apprentice

to become a qualified journeyman in the trade.

T. A grading system for both elassroom studies and on=the--job
training which would serve as a guide toward advancement and/or
additlonal requirements, Of course, grades would also be uzed in
determining whether the apprentice should stay in the progran,

Classroom instruction appesrs to be the greatest drawback at
this time, Lack of both classroom facilities and qualified instructors
are contributing factors. However, I feel this is a problem that can
be worked cut through cooperative effort between the public school
gyatems and our own instructional potential.

Currently, the traditional ratio of one apprentice to ten Journey.
men applies and the number in training is far below this level, I
suggest a more practical ratio of three to ten in this classification
since the finished product will not be realized until 1967 cr. 1968,
Group tx’aining In the classroom and early stages of on the jo’b" training
1s as easily accomplished as individual instruction. Employers should
cansider seriously an increase in personnel authorized for maintenance
departments to allow for these trainees who appear to beb Our ohly
source toc f1ll present and future demands for skilled craftsmen.

In summation; I appeal to all of you to consider strongly a joint
demand for supplenentary training alds more suited to our requirements
that we may stock individual instructional libraries for the upgrading
of present crews and the reeducating of future crews, Further, let
us cooparate in a concentrated study toward immediate participation
In apprentice training, which will be to our mutual benefit,
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SPRING OPEN_PIT MEETING

TUCSON, ARIZONA
Apr;!.l 259 1958

PROCRAM:
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9300 AM. = Registrat.iou at Pima Mine, General tour of open pit,
g Return 'bo starting point at approximata]y 11330 Aauo

12500 N = Luncheon, Karichimaka Tavern. 2 miles south of Ajo Way
on Mission Road

2300 P, ~ Tesinical sessiom - E1 Conquistador nam, 3300 block,

esst Broadusy
PAPERSs 1, "Turbochargers at Inspiration Consolddated
Copper Company” =
by R, V. Bamerio
2o "Primary Blasting with Prilled Ammomia
Nitrate"? «=
by Lym Christian

3. "Recen®t Mining Development in East Afyice” «w
by Ao A. Friedesn

6300 PiM, =~ Cosktails -~ El Congquistador Hotel,
7200 PoMs = Dimner - El Conquistador Hotel.

M%me

R. Eo Thnmnd Chairmen
. PIMA MINING CMANY, Hoat
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PIMA MINE ‘ 1

Loeatlon, ,
: This mine is in the Pima Minlng District, 20 miles south of Tucson

' W 4 _and mostly is Seetlon 1 Te 178 R12 E. Elevation is 3300 £t. Good roade
:ﬁ“wr,:fﬂ? ',conneet it wlth Tueson and with a shipping point near Sahuerlta, 12 miles
eastward It ad301ns the copper property of the Banner Mining Gompany to

_the West and the San Xaxler mine of Eagle Picher to the southwest The

"property embraces L6 claims.

'History

‘:~j?h ‘mlne ie owned by the Pima Mlnlng Company, a.wholly owned
”svbeidieryuof United Geophy81cal Company, which ie wholly owned by ther
':fﬂnxon Gil Company
‘ Strong geophysical anomalies were found by United Geophysical
Q?and after proving ore by dlamond drilling, Pima Mining Co. was formed.

:Union 011 purchased Unlted Geophysical from Herbert Hoover, Jr., and

 Uhion edvanced $h50 OOO for equipping and developing the ore body

Jﬁﬁ'_f " ; Geology;‘
T TAR TR R ' ' ’ '
TS Te ey o The ore oceurs in an altered and brecc1ated fault zone in eed—

‘iments, 1ergely 1imeetones, that appear to dip about 35° to the south

"_,The ore dip conforms only generally to the dip of the host rock average

"'~a -fdlp is about h5° eouth, but becomes vertical between the north ende of the

_Sth. and 6th. 1evels.

The ore body ie overlain with sbout 200 feet of loosely consolldated

b'gravels. Ore minerals are chiefly chalcopyrlte and chalc001te with scant;

'naﬁiwf'copper 1n the upper 1evels Gangue contains abundant magnetite and-
7o.‘some‘pyrite. | :

;%'uthulément»-"---f

Present surface plant bui1d1ngs consiet of a small combinatlon

:eioffioe and chenge room, h01st and compressor housee, blacksmithswelding

.igppp,‘qerpenter shop and shelter over the Diesel generators, a 50' steel

"headfreme with steel ore bin.



ﬂ) | T gt ) 'P&m )

;ﬂ;~E¢Wérris purchased, and there are two standby G.M. diegel generators.

f & 112 H,P+ double drum.Wéllmap Seaver Mbréan unit suitable only
“ate duty. 5,
e txmbered shaft is 620! deep, has two compartments, each 5' x 51

-withé, ls'at 100 ft. 1ntervals commencing with the 300' H01éting is

don  w1th a cage, using a counterbalance in one compartment,

l;'kaentilatien air is returned to surface thru a 42" drilled hole

nnects wmth a serles of manway ralses e&tending down, to the 600!

3 Production ?o date has been from development wvrk with some tonnage
'frﬁm 6 small stapea that ara being carried across the ore body on three

v;li”“'ls,to determlne phy81ca1 stoplng characteristlcs and to check mlning

"'  ha1as 'ram underground worklngs. From thlﬁ'work 2 reasonably accurate

Teatim._e of ore - reserves can be mads. Some queshion exlsts as to the

'=milling characterlstlcs and regovery of the vein below the gravel capping,
‘:~*;;and T have used onky SO' of available ore above the thlrd level Dr111 holea

;:Y'¢aﬁb? i and south from the west end of the 600' 1evel show ore apparently

‘v;: sgﬁ'ijted fram the main body, and ore has been dlscovered in a surface

° aianond dmll hole at a  depth of 711!, some soo' southeast of the shatt,

sQThl}hlndicates that tha apparent bottoming as interpreted frem the 1evel .

2”_:maps may be only a feature caused by a local change of dip.

£



; ":whf) kR ) Pima 3

Levels

Leng’th Ore Av. Width. . Area Assay.

“ ’w"ébove:[ : T : , e
o308 s e TBBEL 28000 3.80 Cu.

g T e o - 60 15600 5.30
/508, % - 630 | 5T 35200 0 g
o .'_6@@? i el . Lo 8000 5.27

g _qunqge & Grade H. " Vol.. Assay  Tons
Abovs 300 S50L . . ES'W.. 28000. 50, 1400000 . 3.8 127272
o-lioa . 555 2 5"7% 37662 100 3_5'*?6'6009 5.0 . 3k2 363
Py 65 S8 losT v logstoo 5.8 369 608
BO00 WS WS 1990 v 199000 L.s8 161 091
S BRI B 8 LT LT 1 020 334
CBeMen MO C s s T Jdlasgoe |t o gag
Pt Ty ) . ~ 1 2346000 h.h2 1123 367

Less prev1ously mlned ‘,. 8 A K ,:V:?w  . '-5.79” 35 000
Minable Ove Qotal| " - i ot k371 087 367

zﬂﬁbiluéiqh'will contain some copper so assume a L.LO grade,

. D

A number of tests run at Iron King on a head sample that assayed

i;'j g Eu“ and 0 5 oz. 511ver lndicate that a 90% recovery of copper and

" 6)p @f the 511ver will repart in a conoentrate assaying 25% copper and
' f'fgi26% ironu Reagent cost is moaerate and grind not difficult The net value of
'f:; ore on thsse results is the same as w1th 95% recovery in a 20 - le grade
ey of concentrate | - | |
'5f:11 ' The calculatlon for value ore based on shipping to El Paso, about

:ff;{hOG miles. superlor and Ajo are about 150 miles, and Insplratlon is

s 250 mlles.'

B8NS
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Miﬁingv&VMilling Costs.

"y Thé-a?e is sﬁrusturglly weak, as are the walls and the following is

: ba&éd%bh mining'withltimber and careful filling oif stopes.

stoplnc labor 1,40 per ton
timber IR % 5 s E3
explo&ives 10 Sl
: R 2.50
' filllng stopes T 50
development & exploration .50
haulage & hoisting - .80
mechanical mnt. & repair .50
drill steel & drills ’ .20
| power . _ © W30
”;hﬂ:;miscellanecus _". & .20
" . Total direct mining , Y= $5.50
- Milling | ¢ et LR O
- Office expense ete. o .50
" local taxes . <30 -
Deprealatlon N replacements .50 ‘
Total Operating cost =~ 9.80 is 11.13¢ 1b. contained Cu.
"76.8# payable copper per ton b, e 12.76¢. % payable Cu.
Marketin | : . " & R 0
Heads L. h% Cu. 1.0 oz. Sllver 90% recovary oc copper 65% of silver
Recovered by mill 80# copper and .65 oz, gilver. Ratlc 6 25 to 1.
Congentrates L 2944 CogE ' 2h¢ Copger.
o Copper  SOO# 29 5'56¢' A5 S3BT )
Less . 20 3,080 ~ 3,080 4
Payable LBOF- 26.L76 4127, 08 20.795 - $99.82
. Silver Li0-%oz 3.5 - 3.10 - Felgae W E 3.10
: Total Value = . 130.18 - ceoaie 168,92
" Treatment - 9.L2 o o | h A
Frbie(S% Ho0) - L.55. r B
Tmcmng 1-00 1hG97 o lh097 “
Net, Smelter : 2., 115.21 . - ; - 87.95
 Per ton of mine ore ' $ 18.43 o $h.o7
Per pound payable copper 2L . - }1832
'Per pound copper in ore : 52095 JRY 1599

& B | B Al



‘ Generel Conditions affecting Plant Investment .

l: The present facllltles represent over %lOO 000 in building,
vnmﬂhleery and eqpioment, part of whlch can be utillaed in the future
The two largeet 1tems of cost for a hOO ton operatlon are the mill and
ja snaft.( A new mill of LOO ton capacity can be constructed for $500,000.
To dlsmantle, move and erect,with some new equipment, the Dern mill would
ccst &beut %250 OOO. From this, and because of the uged nature of some
of the machlaery, it may be estlmated uhat ‘the Denn mill héds a werth in
plece at Lowell of $150 OOO«%ZOO OOO 1f it is used for the Pima
The nine makes 350 G.P.M. of “good quality water, and this is more
' _than enough for milling and camp purposes. The mill could operate on as llttle
‘-‘ as 150 G.P. M. and it is felt that this amount of water wnuld always be
proeurable from the mine.
_ The present shaft is large enough to handle the proposed mill
‘» tonnage. Thls sheft 1s approximately 200 feet in the hanging wall at
1edge and cresses into the footwall Jjust below the hOO 1evel To properlJ
' preteet thls shaft agalnst any future misalignment due to stoplng operations
' lt wnuld be necessary to leave approximately 150 000 tons of ore as support
Zf‘_pillars frem the hOO level up.. While these plllars could be recovered

1amer, I belleve it advisable to 1n ure the future with a- new shaft, the

2 }cest of whlch is. only a small part of the total plant investment This

| ”new shaft w1ll be some 200 feet north of the present shaft, and w111 be

, entirely in the footwall below the top of mining operations

&3



;, dismantling & erecting Denn Mill

650" @ - $120. 78 000
& Signals, 1adders ’ 13 000
Hoisb. v (used) : - 35000
Hea rbme ;,; = 15 000
;&haft Blns, conveyors ete.
”Sklpm and cages
Undfrground equlpment
.44 -tl@nal campressor .  -10 000
: ’myressor & hoist hou51ng - 10-000
- Machine shop v , 11 000
Offlee & warehouse 12 000
b ,”Total Improvemants ‘
P?@llminary underground work.
_ ”Brifting top of ore - 700"
. 300 1evel s 500
g F B0 LA - U 20
"fj‘“OO v K S 600
. T ' 2520' @ $30.

.E'GTOUSGutS from new shaft to new drlfts
: i . ; 1200' @ 30 '

 Shatt pcckets hth and 6th. levels

2 Transfer raises

"Enlarglng ventilation to. surface'

., ‘I‘otal Underground

'Total

”5Add for present value Denn Mill :

lTotal cost of equlpplng ore body,'

250,000

141,000

25 000
10 000

39 500

43 000

75 600

36, 000
30 000

B
10 000

$ 508 500

157 600

$

5100

150 000

816 100



Tons 1, 087,000 ( At, 11 cu, ft. per ton.)
Grade L0 Cu. 1.0 ‘silver. -
o Mine hOO tons per day : lhO OOO tons year.
o ‘Eife AN - Byears.
Lo S AR .§2§;¢ Copper . 2h.0¢
b Smelter Return $18 L3 per ton o $14.,07
Luste Operating Cost  _9.80 ' 71
ofit 8 63 (11.24¢ #) ’*;ﬁfgt_ ( 5.56¢ Lb.)
-, 208 200 o s 597,800
thor 267 Tex 69l o0 0, L3 112,'
Qm 8 jee_z,r_s 7 152 000 38 696

T ped - 3920 000' : vtgl _ 1 9h0 ooa,
s&{lnitial cost 816 OOO . 816 000
1ue ore body _ < 3 th OOOJ ais % 5 & 1 12h OOO'='

Plus reasonable allawance for salvage value of plant and

ame”increment for p0581ble additional ore.

5@re.. Access1bility, topography, climate availabillty of waﬁer

'””nd prexxmity to Tucson and labor markets are all favorable factors

'T'af‘fcr a'prefltable operation

Jan 15, 195k. et &
. f"Humboldt, Arl.zona ia : .. : H.F';Miiis S

RN|



April 19, 1966

© Mr. Clyde Hull
_ ?+S3§§ Horth 1_8@&1 Ave.
?ho&m::, Arizona

mm* ﬁix' Ezzl].'

"‘he mllming is a ligt of aas&y x’esul*cs from the gamples eollecteed from
your mine:: '

Ssmple I«;o. : é.‘i - Ag Cu
w2301 - Ty Wil b.20
12302 Ty Wil 0.68
12303 _ LI Wil 0.36
1230k , T Nil - 1.00
112305 T Wil . 2.70
12306 - ¢ o Nil 0.14
12307 - Tr Wil 0.88
12308 .03 Wil 1.46
12309 - Ty Wil 0.30
12310 : Tr Hil 4,80
12311 . _ 0L T 0.20

AThos& &ampma with p&rﬁicularly high copper résulta are d.ua to selzcted

Y ssapling of chaleopy*rme veinlets ete.

: On wvmwmg t.he px‘op&rty ag&iu, I think the tonna.ge poteam;ial would bhe a

- pmblem for our consideration. However, as I mentioped on the phong, I

. 'ghall velsy the pertinent date regarding the mine to a,nother who mlght e
'imema ed,. 1: will leave it with h:tm to contact you.

h Thank yc:u f‘m- the opportunity to exam:.ne “thig property

~ Yours truly,
SHATTUCK DENN MINING CORPORATTON

J. Olaf Sund
Chief Geologist

Jos/do

I2[08
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A greater public awareness of the environment, pollution and
the increasing scope of industrial activities, has brought mine rec]amé—
tion to the public's attention. The prime aim of the reclamation of
mine wastelands, as viewed by Pima Mining Company, is to bring about the
establishment of a permanent, self-sustaining, maintenance-free
vegetative cover to the tailing disposal berms. This is to be achieved
by utilizing the tailing material as it occurs on the constructed
disposal berm, without the expense of capping the tailing with overburden,
or mix overburden with the tailing material. Ta111ng material contains
only trace amounts of copper and is principally worthless rock. Tailing
material is spherical in shape and does not lend itself to compaction.
Soil samples indicate that tailing material has no organic matter and
is éomb]ete]y lacking in clay content. Tailing commonly has the texture
of fine sand, is deficient in plant nutrients, and lacks normal microbial
~populations. The disposal berms resulting from the accumulation of tailing,

often range from the very acid to the very alkaline pH conditions.

To provide for stabilizing tailing berms and to help meet the
aesthetic objectives and overcome possible pollution problems posed by mine
wastes, efforts have been made to produce vegetative growth on sterile
. tailing soil. However, mine wastes are often unfavorable growth media,
due to presence of iron sulfides, which when present, will have formed
armor-like crusts on portibns of the tailing surface. Wind erosion will

have carved ridges and large holes; and water erosion from escessive



summer and winter rains creates numerous deep gullies. Therefore,
special treatments and techniques are required for plant establishment and

continued growth.

At thé present time, é Targe excess of tailing is being produced
from mining operations. Ceramic tests have demonstrated the feasibility
of using copper mill tailing for making building bricks (1). Some tailing
material has been used as railroad and highway ballast and even land fill
in some cases (2). The amount of tailing used for the foregoing purposes
is very sma11'compared to the ever growing tailing ponds. Thus, the
principle answer to this particular problem is stabilization. The
successful initiation and preparation of vegetation on fine mill wastes

involves improving a number of adverse factors.

Mi1l wastes are usually deficient in plant nutrients, contain
excessive salts and heavy metal phytotoxicants, consist of unconsolidated
sands that when wind-blown destroy young plants by sandblasting and/or

burial, and lack normal microbial populations (4).

The sloping sides of tailing berms receive varying amounts of
'solar radiation depending upon the direction of exposure. Gates (3)
" indicated that, contrary to popular belief, photosynthesis in plants is
not a continuous process while the sun is shining. Under high temperature
conditions, photosynthesis'may almost completely terminate. Furthermore,
most tailing materials are light in color and may reflect excessive

radiation to plant surfaces, thus intensifying physiological stresses.



For these reasons, vegetation that may be effective on northern and
eastern exposures may not be suitable for southern or western exposures (5).
Ideally, vegetative stabilization should produce results necessary to

provide for the many problems concerned with stabilizing the tailing berms.

Over the past couple of years copper mill tailing has been tested and
it is possible to bring about the establishment of vegetation on tailings
by satisfying certain conditions, and to add the essential elements.
These elements would be humus, nutrients, moisture and bacteria or
microorganismé. The conditions are that the climate must permit’the
vegetation to become established and to persist. This condition can be
met by supplementing the moisture requirements at times of distress,

as well as following planting dates.

Tésts have also been conducted on tailings utilizing hay or barley
straw as a mulch. This provides the following results.
1.  The straw mu]ch insulates the surface from both heat and cold.
This stabilizes the temperature of the soil, creating a better

environment for the fast germination and root growth of the seed.

2. A uniform coverage of straw mulch over the area to be seeded
breaks up the fallen raindrops and permits the soil to absorb
this moisture.. The mulch also creates small dams to slow down

the velocity of fallen water which causes erosion.

3. Finally, the use of mulch adds to the growth of bacteria and

microorganisms.



Salinity is also a common problem in arid soils thus leaching
must occur before vegetation can be properly established. In the initial
vegetative process it is desirable to utilize plants that can withstand

high concentrations of salt.

The pH rating of the tailing will initially dictate the vegetative
procedure and it will be essential to know the representative pH values
of the surface and plow Tayers. Tailing pH values clearly iilustrate

three definite categories.

1. Tailing of normal or neutral pH (6.5 to 8.5).
2. Tailing of low or acid pH (6.5 to 2.0 or less).
3. Tailing of high or alkaline pH (8.5 to 12 or more).

A large quantity of commercial and organic ferti]izeré are normally
worked into the tailing berm. The amount of N-P-K will be made to vary
according to tailing conditions. The organic fertilizers applied provide
Tittle complete fertilization but are rich in bacterial populations and
are therefore considered soil conditioners rather than fertilizers.

One key element that inert soils or sterile tailing lacks is, of course,
an adequate bacterial population, numerous and varied to permit the
‘germination and growth process of plants to proceed in aiding the
absorption of added nutrients. Therefore, new plantings are carried out
throughout the year to propér]y utilize both of the Arizona growing seasons.
In winter, cover crops such as barley and rye, are planted to be utilized

as green manure crops. Other types of winter and summer annuals are also



disked back into the ground as a mulch. Ultimately indigenous
vegetation will take over. There are very encouraging signs that

this is already taking place.

Grasses are essential to the establishment of an initial
vegetative cover. Grasses become well rooted rapid]yAand will provide
for the necessary vital protection against erosion. They also act as
a nurse crop to the slower growing, more vulnerable leguminous plants.
However, the legumes do thrive in the favorable micro-climate provided

by the proper selection of indigenous grass species.

The legumes are a basic tool of the.rec1amation process due to
their precise ability to fix nitrogen from the atmosphere with the help
of the rhizobium bacteria contained in the nodules and make it available
to benefit not only the Tegumes themselves but the entire vegetative
cover. An excellent grass and legume mixture will develop a dense
subsurface netting of roots: rhizomes, vertical taproots, sod forming
roots, deep rooting fibrous bunches, that are capable of reaching down

and considerably consolidate the tailing soil.

Often, the immediate concern of the public is to desire planting
"of trees when the natural process of reclamation of tailing berms are

not fully understood. vNumefous trees planted on extensive barren tailing
slopes do nothing to prevent erosion either by wind or water, and under

ideal circumstances barely succeed in surviving in a stunted condition of



growth. As a rule, most of the trees will die as seedlings, and if
transplanted, hardly sustain a chance for survival. However, once the
tailing slopes have properly provided a thick cover, the legumes have been
fixing nitrogen into the soil and the root systems of various types of
plants have firmly stabilized, aerated and otherwise properly preconditioned

the tailing soil, a planting of indigenous trees could be considered.

Preparation of a tailing slope for planting includes numerous

steps to follow:

1. Heavy or fine grading to smooth up the deep gullies formed

on the side of the tailing berm.

2. Dragging a spiked chain over the surface of the slope to
break up areas where iron sulfides have created a crust, and
to rough up the excessive compacted areas and smooth out

irregularities.

3. Grading a two foot 1ip on the leading edge of the slope to

insure against runoff water eroding away the surface.

4. Grading cross dikes adjacent to the slope in order to collect

excessive water from rainfall and prolonged irrigation.

5 App1ication,ofAcompost manure at five tons per acre to provide

for a better soil condition.



6. Compéction of barley straw at 2.5 tons per acre with a sheep-

foot roller to adequately provide mulching.

7. Preirrigation with application of fertilizer injected into

irrigation line.

8. Hydroseeding a mixture of desired seeds with various rates of

woodfiber as the artificial seedbed.

9, Hydraulic spraying of sewage effluent at 1,000 gal. per acre

to act as a soil conditioner.

10.  Additional irrigation with a liquid fertilizer added to

insure germination and seedling emergence.

Major emphasis has been directed towards developing vegetative,
physical and chemical stabilization and combinations thereof. To
protect the seeded tailing soil from tremendous heat, and to retain
moisture in the uppermost layer of the tailing in order to permit
successful initial growth, and to insure against surface erosion,

a combined chemical-vegetative stabilization procedure utilizing a
resinous adhesive compound in conjunction with selected vegetation

appears exceptionally effective for achieving this desired affect.

A large area of tailing slope exposed to the summer heat will
quickly lose all the available moisture in its surface layer and will

adequately reach temperatures over 100°F. A moderate wind, blowing



against the tailing slope will cause a sand storm condition close

to the surface and the sand blasting effect will quickly destroy the
established plant material either by sand blasting or burial of the
seedlings. These conditions can occur in practically all areas where
there is tailing material to be vegetatively stabilized, even if it
only occurs once or twice a year. Environmental irregularities in the
climate pattern, either high temperatures or freezing snow conditions,

are also factors which alter vegetative response on tailing material.

Hydroseéding has been utilized extensively in Arizona in a great
variety of landscaping situations, along highways,bra11roads, canal banks,
and for the seeding of tailing disposal berms, where the fastest possible
‘methods of seeding under adverse conditions exist. Hydroseeding permits
the conditioning, seeding, fertilizing, and mulching at a high rate of

speed, but it does not surpass mechanical seeding for accuracy.

Cattle, rabbits, pocket gophers, jave]ina, field mice, deer and
other animals have invaded the tailing ponds seeded with various
succulent graéses and forbs and have been a disruptive influence.
However, the tailing ponds appear to be completely stable, and ekcessive
-~ damage is-not apparent. In attempting to restore_nature's balance,
and even improve on it, Pima constructed a small game refuge which 1is
| utilized by the animals in- the surrounding area. A 750 gallon watering
tank has been placed below the tailing pond, and it has been surrounded

by desert plants that are natural habitat for the animals.



S

Tests have been conducted recently utilizing a combination
system of hydroseeding and the chemica1-vegefative method. This
system was applied to a 20 acre test plot on a copper mine tailing
disposal berm. The following was applied per acre in this testing

program.



TABLE 1

COST OF CHEMICAL-VEGETATIVE STABILIZATION

Item Rate of Usage

0.5 inch covering of overburden

Compost Manure @ 13.00/ton 5 tons/A
Barley straw @ 37.00/ton 2.5 tons/A
Dairy Sewage Sludge @ 150.00/A 1,000 gal./A

Seed source - Pecoff Seed Mix
(trees, shrubs, and

ground cover) 750 1bs./A
Soi1 Seal 80 gal./A
Fertilizer - Ureasol 25-00-35 200 1bs./A
Wood Fiber - Aspen Wood Filings 1,500 1bs./A
Hydroseeder - Application Cost seed one acre
Labor @ 4.00/hr. ' 3 men
Water Truck Supply water to seeder

Total

20,
65.

92

150,

10.

00/Acre
00/Acre

.50/Acre

00/Acre

.00/Acre
.00/Acre
.00/Acre
.00/Acre
.00

.00/Acre
.00/Acre

50



TABLE II

COST OF VEGETATIVE STABILIZATION WITH

TAILING SLOPE PREPARATIONS

Item

Overburden Capping

Compost Manure

Barley Straw

Sewage Sludge

Ureasol Fertilizer 25-00-35

Hydroseeding

Preparations

Hydroseeding

TOTAL

Rate of Usage Cost
.5 inch cover $ 90/acre
5 tons/a. @ $13/ton 65/acre
2.5 tons/a. @ $37/ton 92/acre
1,000 gal./a. @ $150/a. 150/acre
200 1bs./a. 80/acre
1,200 1bs./a.
200 1bs. Barley 385/acre
$477
385
$862/acre

11.



TABLE III

COST OF VEGETATIVE STABILIZATION WITHOUT

Item

Sewage Sludge
Ureasol Fertilizer
Hydreseeding

TOTAL

TAILING SLOPE PREPARATIONS

Rate of Usage Cost

1,000 gal./a. @ $150/acre § 150/acre

200 1bs./acre 80/acre
1,200 1bs./acre '~ 360/acre
$ 590/acre

12.



TABLE IV

COST OF VEGETATIVE STABILIZATION WITHOUT TAILING
SLOPE_PREPARATIONS AND WITH MECHANICAL (HAND) SEEDING

Item A Rate of Usage Cost

Fertilizer - Ureosol 25-00-35 200 1bs./acre $ 80.00/acre
Sewage Sludge 1,000 gal./acre @ $150/acre 150.00/acre
Hand Seeding - labor (broadcast seeding) 79.46/acre

TOTAL ‘ ‘ $ 309.46/acre
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It was revealed from the testing program that the chemical-vegetative
stabilization (Table I) did perform adequately, however, the cost factor
was high. The vegetative stabilization with tailing slope preparations
(Table II) provided the best results with a cost figure far below the method
of chemical-vegetative stabilization. Vegetative stabilization without
tailing slope preparations (Table III) was equal in results obtained and
was also less expensive per acre with adequate vegetative stabilization
.occurring. Finally, Table IV i]}ustrates that hand seeding on tailing
slopes without slope preparations was the cheapest of all the methods
tested, but did not result in adequate vegetative stabilization of the

tailing berm.

Severe windstorms and excessive rains have passed over the
stabilized tailing berms without raising dust clouds or carving unsightly
erosion crevices into the slopes. The vegetation has satisfactorily
maintained the surface of the tailing berms and appears fully resistant
to wind erosion. As tailing berms increase in height, successive benches
will be planted with material that has proven successful. The ultimate
objectivelis, of course, to maintain the natural splendor of Tow desert
| environment to the disposal area. The success of the vegetative
stabilization has illustrated that such an objective is feasible, at

a reasonable cost, and is being accomplished.
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