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v | American Smelting and Refining Company
Tucson, Arizona

May 5, 1950

"" A 1 .a x
NG AND SAMPLING W

J 78 Jalae BN
CHURN DR1LJ.J

Reference is to last sentence in paragraph two, page 6, and to the
"addendum” on page 10 of the above mentioned report, wherein it was stated
that "A new splitter under comstruction is designed to provide a more
accurate split, and that separate description of the new splitter will be

“provided for the files".

This supplement contains a deseription of the new design and a dis-
cussion of results obtained from its use. The new design showed con-
gsiderable improvement over the old, producing a sample that was 97% acourate
in respect to weight.

This paper should be attached %o the above mentioned report.

GLNAL WET SPLITTER:

While drilling the Oxide Copper deposit, a typical Jones-riffle
L-tier type splitter (purchased from Magma Copper, Tiger, Arizoha) was
used to obtain the desired churn drill sample (approximstely 12 1bs. dry
weight) for laboratory requirements. This equipment was patterned after
a aflitter device whiech is adequately deseribed in FPeale's Mining
Engineer's Handbook, Third Edition, Volume 1, Seotion 10 - "Frospecting,
Development and Exploitation of Mineral Deposits," pages Li %0 47.

Dimensions of sample and reject slots for the four tiers of the
original splitter are tabulated from uppermost to lowest unit as follows:

1 - 12 openings @ 1-3/8" x 5-1/2"
2 - 12 openings @ 1-3/8" x L-1/4"
3 - 18 openings @ 15/16" x 3"
L - 18 openings @ 15/16" x 3"

Other structural features are similar to those described in the
apove reference.
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v, .. Inaecuracy of the splitter in respect to weight is apparent in the
" dabulation on page 6 of the aforementioned report. The average ratio, in
.%ﬁ!@.u&, of the actual welght of split over the caloulated weight of split
- (Col. 7 over Col. 6) for the rifteen tests is 131.5%, or qn indicated oversize
sample of 31.5%. Individual ratios varied from a low of 100.9% to a maximum
of 192.6%, with a majority of the tests around 127%.

Sludge discharged from a tler sample slot tends to,gi%%g.dann t
front plate which is inolined at 51", Juoh construgtion allows but a 6°
to 8° angle of reflection for the material as it comes into contact with
the auaeoodinf rejeot slots, and the small angle of refleotion oreates a
"surging" action whioh tends to cause a portion of the rejéet sludge to
"boll" over into the sample slots of the same tier. This condition is
largely responsible for the exlisting inaccuracy and has been almost entirely
eliminated in the new design.

Tabulation on page 6 of early report indlcates a homogeneous mixture
prevails inasmuch as average variation in ocopper content of split and reject
was 0,06%, and the combined average difference was only 0.02% Cu. The wet
split as received was, therefore, accepted as & representative portion of
the entire sample in respect $0 copper content.

Splitter currently used at the drill rig is a Jones-riffle type
modified to some extent. Four changes were made to help lmprove efficiency
of splitter, and are teabulated as follows:

(1) Seme width sample and reject slots (1-3/8")
for all four tiers.

{(2) A 64L° overall slope for the units.

(3) Addition of a discharge 1lip to provide a "fall"
of material to succeeding tier.

(4) Addition of a movable baffle between units.

The same width sample and reject slot openings were maintained in
all tiers for uau{ conastruction and to accomplish a simple staggering of
each suffessive tler, such that material passing through a tier sample slot
would be equally split by sample and reject slots of succeeding tier.

A steeper overall slope was accomplished by moving lower three tlers
horizontally toward rear of splitter; that 1s, movement of the tiers was
such that the back vertex of the triengular shape is immedistely below the

ower epex of the preceding tier. (See attached print - Design of Chwrn
%rill Sample Splitter).

A small 2-1/4v-wide lip, across full width of tier, was added as
a continuation of the sample slots to direct discharged sample material
toward center of succeeding tier, permit material to "fall"” against reject
1 'ngtz. greater angle of ineidence, and reduce "surging"” or "boiling"
to a minimum,

_ A lng barfle was attached by two hinges to front under side of
tiers on one splitter after a series of tests had been taken on the splitter
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incorporgting only the first three improvements. This improvement acts as
a reatriction to reduce "surging” of material, and as a wier to equally
“1s__ bute the same sludge de acrosa full width of tiers, such that each

~.ample and rejeet siot of succeeding tier receives equal portions of the

discharged sludge.
RESULTS OF

A series of thirty tests were made on the new splitter, sixteen of
which were taken on splitter inecorporating anlz the first three improvements,
and remaining fourteen were teken on splitter incorporating &ll four improve-
ments. In each test the sample and reject sludge were saved, dried and
weighed., In some instances the reject was assayed as 8 check against the
annplo.za determine whether any appreciable hydraunlic classification had
occurred. ;

L 4 tebulation of the thirty tests is glven below. Table I shows
tabulation of tests made on splitter incorporating the first three improve-
ments, whereas Table II is a tabulation of Sests made on splitter in-
corporating all four improvements., All weights are of dry material.

Table I

Ratio
AB Theoret. Act.WH.
» OELE uo Wg.0of of split
Wg.of (Caleu= Uplit Over Cal-

A Reject lated) Actual based oulated Pa t Cu.
W, of We. of on Diam, Wt. of Eiiﬁﬂ;ggaﬁtgi““'

gpiit and or-
ipe g sy I e gl B SRl B g g e

8
1298 280 6" 1/16 206.1 12.88 9.00

11.5 69.9 i
133E 345 6" 1/8 110.0 13.76 9.9 23.0 71.8 0.37 0.19 0.18
126K 310 6" 1/16 409.0 25.55 19.50 11.5 6.3
131E 285 2" 1/16 199.7 12.5 = 9.69 11.5 78.6 0.29 0.25 0.04
1448 380 " 1/38 233.3 1%.9 11.0 11.5 792 0.3k 0.34 0.00
123E 340 6" 1/16 186.6 11.66 10.3 11.5 88.3
14L1E 260 6" 1/16 307.3 19.2 17.3 11.5 89.8  0.34 0.35 0.01
1L0E 525 6" 1/16 194.5 12.2 11.0 11.5 90.0 0.20 0.22 0.02
1298 325 6" 1/16 195.2 12.20 11.00 11.5 90.1
1328 340 6" 1516 173.6 10.9 9.69 11.5 90 .4 0.29 0.29 0.00
135% 230 8" 1/16 322.5 20.0 18.3 17.6 91,2
135*% 160 10" 1/32 469.3 1h.7 13.5 13.6 92.1
135 265 8" 1/16 349.5 21.8 20.5 17.6 93.9
1268 300 6" 1/16 _203,8 12,72 12,00 11.5 el

AR

AVOerege: «. . s« 8.7 0.278 O.Zhé_g,_@_

*Hole izs is churn drill hole on Oxide leposit. All other holes on El Tiro
Deposit.
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Comparing column 6 (weight of sample caloulated by the split fraction)
and column 7 (mctual weight of split) i% is epparent that the new splitter
tends to produce an undersized sample. Column 9 (ratio of eolumn 7 over
a0l -~ 6, in percent) indicates that column 7 varles from 6% to 30% lower

28u .olumn 6. Although the new splitter tends to produce an undersized
sample, more consistent results were obtained as compared to the erratic and
wide-varying results of fifteen tests mmde on the old splitter. Average
aefficiency of the sixteen tests is 8L.7h.

Table II
Hew Splitter 4
4 Improvements - (Baffles)

, Ratio

u"“sfsaz Theoret. Act.Wt
on ‘roduct Wte of of aplit
¥t.0of {(Calou- Split over cal-

A Reject lated) Actual based culated _ Per Cent Cu
Hele Lgath Sze .jnifp ﬁ%&s w§£z§i§ g;ﬁ_i_ m' ﬁ_%ﬁ_ Be. sst "_fﬁ._' :
Gle Lepth Glze XX A o 5 18 il @
1218 265 6" 1/16 231.0 lh.e 13,5 115 Eees
1458 310 6" 1/16 201.5 12.6 11,00 11.5 87.3 0.3 0.48 0.05
146E 195 8" 1/16 290.1 18.2 16.2 17.6 89.0 g.gﬁ 0.5 0.02

1458 345 6" 1/16 197.kk 12.34 11.19 11.5 90,7 0.22 0.02
235 g- 1/16 §2§'§ 15.2 .0 11.5 92.3
237.5

15.3 .5

vl , . 14 .8 b3 11.5 9600 i 8
IL78 240 6" 1/16 230.8 lheh. 1he3 115 99.2 0.24 0.,29 0.05
W98 285 8" 1/16 690.0 43.1  43.0 17.6 99,7  0.27 0.29 0.02
1438 350 6" 1/16 215.0 13.4 13.5 1.5 100.4 O.48 0.47 0.01
1228 475 5" 1/8 125.,0 15.5 16.0

121E 280 6" 1/16 207.6 13.0 13.5 u.g 103.8

136‘ 19’ 6" 1/16 115.8 702 708 o ll' 10609
‘lgg! 2!2 §I !‘!é !2&,: Lg;} 12-2 Ll:i — -
AV 8 é a8 998 » ) 0.2&2 00233 Qoozv

* Hole Rs is ohurn drill hole on Oxide Deposit. All other holes on El Tiro
Leposit. ) ;

Column 9 (previously explained) of Table 2 indicated that column 7 varle:
from 10% higher to 14% lower than column 6, and that an average efflclency of
97.6% was obtained, which further indicates that this splitter incorporating all
four design changes more nesarly approaches a true splis. Sludge deusity might
account for the oversize and undersize samples in that the baffle might fail to
properly distribute a thicker sludge across the width of the tler, thus
 permitting more sludge to enter either the sample slots or reject slots.

In columns 10 and 11 of both tables the copper content of the spllt
(sample) and the reject are respeotively listed, Aversge difference for
Pable I is 0.0,2%Cu, and that of Table II is 0.03%., Combined average
difference for Table I is 0.032% Cu, and that for Table II is 0.019% Cu.
Pi{ferences are within allowable assay limits and results compare favorably
 tests made on old splitter. Hesults further substantiate kr.Courtright's
conclusion that the wet eplit is an acceptable representative of the entire
sample in respect to copper content.
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The following table comperes average results of the three splitters:
(_ she old; (2) the new splitter with three design changes, and (3) the
new splitter with four design changes.

Hatio
(actual We. of
split over ‘ ‘ t Co
Bumber Caleulated Ve, verage
Splitter of Tosts  _of split) _  _Semple  Keject Difference
L 15 131.5% 0.98 1.00 0.06
2 16 8L.7% 0,278 0.246 0042

3 14 97,65 0,363 0382 0.030

In conclusion it is pointed out that although the new design showed
no change in acouracy in respect to the copper content of the sample, the
greator welght aceuraoy is an importent festure. JIn churn drilling,
oceasionally soft areas are encountered whieh results in appreciable

~ overbreak or sloughing in the hole. The accuracy of the assay in these
instances is open to more question than where the hole is of correot size.
In securing a sample that has a welght corresponding to the fraction of the
entire sawple whiech it represents, the amount of overbreak or
sloug in the hole nn{'ho determined by nothing more than the dry
wolght of the split sample.

The light weight eonstruction of this splitter permits flexible
handling and moving by one sampler as compared %o the heavier con-
struction of the original splitter.

Re B. HMIZRITZ

Copled at Tucson, OGeot. 29, 1951
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Early in 1948 the Company undertook drilling a series of churn
drill holes on the Oxide property, a porphyry copper deposit located
at Silver Bell, Arizona. principal purpose of this test work was
to check the grade and continuity of the ore body as defined by churn
drilling in the year 1909. General geological work and diamond drill-
ing at E1 Tiro were included in the project; however, this report con-
cerns only the chrun drilling and sampling, and is designed to provide
for those interested a description of the methods used and a summary
of the results obtained to date.

INTRODUCTION

Those comprising the staff on the combined project are: R,E.Hicritz,
J.V.DESVaux, J.C.Playter and the writer.

GENERAL FEATURES OF THE DEPOSIT

Location and Geology

The Oxide deposit, a disseminated sulphide copper occurrence
situated in the southern portion of the Silver Bell Range at 2900
feet altitude, owes its commercial grade entirely to processes of
supergene enrichment. It compares favorably in grade to other
deposits in the Southwest of the same type and origin, but is
relatively small in size. Horizontal dimensions of the ore body
are approximately 1200 feet by 2000 feet; average thickness
125 feet. Oxidation and leaching extends to an average depth of
100 feet. The present ground water level stands at an elevation
of 2500 feet, or about 400 feet beneath the surface.

The chief ore mineral, chalcocite, associated with pyrite
and minor chalcopyrite, occurs as narrow veins, stringers and
discrete grains in a moderate to strongly altered group of rocks
which includes monzonite, dacite, porphyry, alaskite and a series of
valcanic flows and tuffs. The mineralized intrusive rocks occupy
a major northwest "break"”, marked by Paleozoic limestone on the
north and Cretaceous shales and volcanics on the south. El1 Tiro,
a deposit similar to the Oxide, is situated on the same structure,
three miles to the northwest. 3

The northern one-third of the deposit (Copper Girl Hill) is
characterized by numerous moderate to steep-dipping mineralized
faults in silicified igneous rocks containing inclusions of meta-
morphosed sediments. A larger proportion of the chalcocite occurs
as narrow high grade veins and the distribution of ore is generally
more irregular than in the southern two-thirds of the deposit, where a
more uniform blanket of sulphide enrichment exists.

Early Drilling

Around 1901 a total of 71 churn drill holes averaging 275
feet in depth were completed in and near the deposit by the Oxide
Copper Company. These holes, eight inches or less in diameter, were
drilled without casing, except where excessive caving of the walls
occurred. Data on "Churn Drilling at Silver Bell" from Peele's
Handbook is listed in the appendix of this report.



CHURN DRILLING

Equipment and Supply

The present drilling program was started in April, 1948, and by the
end of December thirty holes averaging 356 feet, a total of 10,700 feet,
were completed. Two Bucyrus 24-L, semi-mounted Diesel powered churn
drill rigs are operated two 8-hour shifts each per day by the contractor,
R.H.Wininger. The drilling crew consists of one driller and one helper
for each of the four shifts, one arc welder and one foreman, a total of
ten men. Equipment includes two 3-ton service trucks with steel beds,
"A" frame and power winch, one 500-gallon water tank truck, one pickup
truck. two portable electric light generators, one portable arc welder,
drilling tools and steel casing. Water for drilling and sampling
purposes 1s obtained by the contractor from the camp storage tank, one
and one-half miles southeast of the Oxide deposit.

Drill bits used include the standard paddle type, the star, the
spiral paddle and the spiral star. The spiral and the star types allow
less side motion in the shank and thus tend to drill a straighter hole
than the standard paddle bit in ground of non-uniform hardness. Bit
gauge and cutting edge are restored by electric welding.

Drill rig locations (level areas measuring 24 feet by 50 feet) and
service roads are constructed by the Company. The work is done on a
rental basis for fully manned equipment, including one RD-8 caterpillar,
. one 230-cu ft. portable compressor and two jack hammers. Blasting
powder was included as a separate charge. At the present time drilling
and blasting are done on contract at the rate of $1.75 total cost per
cubic yard of bedrock removed.

gmrat ion

Holes are collared and drilled 12-1/2 inches in diameter through
the leached capping into the sulphide ore zone, a distance of around
100 feet;: 10-inch (ID) casing is installed and the drilling continued
for 30 feet with a 10-inch bit. At this point a 35-foot liner (section
of casing that does not reach the surface) is lowered and the drilling
continued with an 8-inch bit. Subsequently this process is repeated
-with T-inch and 5-inch pairs of bits and liners. If the bottom of the
ore zone is not reached in the 5-inch hole, one or more liners are
pulled and the hole straight reamed to the bottom. In such instances
a liner of sufficient length to protect the open section of hole is
lowered and the drilling resumed, using the 30-foot interval as before.
Holes are drilled without casing for a distance of from 50 to 100 feet
below the lower limit of the chalcocite zone, in the lean primary
mineralization. ,

After the first 12 holes were completed the liner interval was increas.
ed to 35 feet, making a total of 105 feet for the series of three liners.
As the 10-inch casing is usually placed 10 or 15 feet below the top of
the ore, the 5-inch bit often reaches through the ore, eliminating the
necessity of reaming. ' '

In the drilling on Copper Girl Hill hard silicious "ribs" were fre-
quently encountered. These often deflected the bit; in such cases,
blasting was required to straighten the hole.
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A ceupag engineer controls such phases of the work as location,
size and d of the hole, casing, reaming and sampling. The depth
of the holo reported by the driller is checked at zoo—m,mtmn-
with a steel tape.

SAMPLING PROCEDURE

Bailing

A dart valve baller is used to remove the sludge from the hole
at 5-foot intervals. The driller is required to make not less than
four passes and to continue in any case until less than three gallons
is discharged from the bailer.

Splitting
Sludge, discharged from the baller into a metal lined dump box,
1s conveyed by launder to a 4-tier Jones splitter. The objective

in wet splitt is to obtain a representative portion which will
average around 12 pounds, dry:; however, due to wide variation in the
avity of the sludge, thc weight of the dry sample varies considerably.
mﬂ. s the sample from a 12-1/2-inch hole is split seven times; from
inch holc, three times. Seven splits produce a amlc representing
28 of the origiml; three splits, 1/8 of the original.

Sampler's Duties

The sampler, employed by the Company, collects each sample in a
5-gallon milk can and attaches a a tag bearing the hole number and the
sample depth. His d\m.u also include: cleaning and leveling the
splitter and 1am, m&nzn a portion of the reject for field

examination by » and keep a complete record
of the drnl m and nnpnac on a mg‘mm report form,
a copy of wh is included in the appendix of this report.

SAMPLE TREATMENT
Drying

The wet samples, varying from two to four gallons mdruden
four steam heated cast iron tables, 34 inches squave, in the

room at the camp. Steam is generated by a 5 h.p. tuuy mgu,tic
Butane-fired boiler, operated at 22 1lbs. maximum pressure. The tupcra-
ture of the sludge varies from 212 degrees F. when wet to a maximum of

240 degrees F. when dry.

As the sample dries on the plate, the cake 1z crushed by means of
a metal hand-operated roller. About four samples per hour can be
handled on the four tables.

The sample is divided into four parts by a Jones type splitter.
Two pm:dgc stored in l-quart fruit Jjars for future reference; one
part is pulverized for assay, and the remaining part i1s used for washing
and concentrating the sludge board sample.
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Assaying

A pulp le, weighing five or six ounces, is sent to the Umpire
Laboratory in paso for electrolytic determination of total copper;
one duplicate is sent to Jacobs' laboratory in Tucson for non-sulphide
copper determination and for an ore-run composite which includes total
and nonsulphide copper, gold, silver, molybdenum, iron, sulphur and
insoluble. The Jacobs laboratory employs the permanganate method in
determining total copper, and the sulphurous acid method in determining
non-sulphide copper.

S Bo 8

A one-pound portion of the dry sludge sample is washed free of
slime. The wet sands are weighed, an allowance made for moisture, and
the lous in weight recorded as approximate slime percen « A small

portion of the clean rock fragments, and the panned conc te l-inch
wide and 2-1/2 inches long in the groove of the are dried and later
glued to a pine board, 50-inches long, 3-1/2 es wide and 1/2 inch
thick. [Each sample, representing five feet of churn drill hole, is
applied as a 1/2-inch band to the board. Sample depths and assays
are inked on the margin next to the concentrate.

Records

The composite log, compiled from (1) the daily shift report; (2) the
geologic log; (3) the assay log, and (4) the survey data, represents
a coﬁcmt on of useful information pertaining to the hole. The data
is drafted on a letter-sized tracing sheet which provides as many
duplicates as desired. Sample copies of the composite log, geologic
log and the daily shift report are attached to this report.

The sludge board constitutes a miniature column of rock material
- and concentrate representative of the hele. It serves as convenient
reference during 88 of the hole and as a permanent, visual record
of the ore 8, gangue minerals, and rocks encountered. Since the
ratio of concentration is approximately the same in each sample, a rough
quantitative appraisal by eye, of the copper in the concentrate band
on the sludge board, is possible.

: The geologic log 1s prepared by sight and microscopic examination
of the samples. A binocular microscope is used to identify small
amounts of the various sulphide and oxide ¢ minerals. The petro-
graphic microscopic is used principally to identify diagnostic heavy
minerals in the panned concentrates. The most useful of these heavy
minerals is zircon, which occurs in nearly all igneous rocks as small
euvhedral crystals, and in certain ary rocks as small rounded
detrital grains. Thus far, this of investigation has aided in
determining silicified limestone to the formation that is chiefly
responsible for the - form of the chalcocite ore body along the
northern fringe. The limestone contains a minor amount of primsry
copper as chalcopyrite, but due to its dense siliceous nature, was
impermeable to supergene enrichment.

An occeaional sulphide concentrate is sent to the University of

Arizona for briquett . Polished surfaces examined microscopically
under reflected light determined the chief copper mineral to be
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supergene chalcocite which occurs essentially as a replacement of
chalcopyrite and pyrite.

Labor

Three men are employed in processing arocund thirty samples per
day, including fifteen diamond drill samples. An effort is made to
secure young engineers, either student or graduate, for field and
laboratory work.

ACCURACY OF SAMPLES

Bailing
The dart valve of bailer normally leaves 12 to 18 inches
of sl in the hole. To determine the effect of this remnant on the

succeed sample, a series of tests were conducted as follows:

After all of the sludge obtainable with the dart valve type had
been removed from the hole, the rmining sludge was recovered by sand
pump (suction bailer), a comparatively slow and tedious means. The
remnant was dried, weighed and assayed, and the results compared to
those obtained from dart valve bailer sample.

Av.dry wt. Av.dry wt.

of total of total Assay Assay
dart valve Sand pump Dart Valve sand pump

No.of tests Sample Sample Sample Sample
18 317.0 1bs 0.0 lbs 0.93% Cu 0.96% Cu

The foregoing results indicate that no appreciable concentration
of copper oceurred in the remnant through hydraulic classification, and
that the weight of the remnant was not sufficiently great to materially
affect the succeeding sample, had it been allowed to remain in the hole.
It 18 concluded that in the sampling of "low grade” copper ores the dart
bottomed bailer is an acceptable tool for recovering the sample. However,
adequate supervision must be provided to insure that all sludge possible
is removed from the hole with any type of bailer: a common tendency among
drillers is to avoild bailing the hole clean so that az higher gravity
liquid will be availlable for the start of the next run. The rate of
advance is comparatively slow until the water added at the start of the
run thickens with mud from the drilling. The mud tends to carry the
cuttings away from the face of the bit and this permits more efficient
drilling and more rapid progress.

Wet Splitting

To obtain a comparison between the sample from the splitter and
the rejects, in a number of cases the entire reject was dried, weighed
and assayed. A tabulation of these tests is given below. All weights
are of dry material.




o

E%ﬁ
&%g Dotgth gﬁgo_ Fraction

WEIGHT IN POUNDS -

%_15

B
Tombined Product Theoretical
Wt.o of AB Weight of
Reject (Calecu- Actual Split based Per Cent Cu
lated Wt. Wt.of on Diam, er-

of %pnt Split of hgle %y.t Re ject ence

123 115 12-7/8" 1/32 T45.2 23.2 23. 22, 1.23 1.4 .18

A ’ mg 1:-;%' 1/5 i}%.s; hﬁ.sg 53& nsfg 1.23 1.29 .05

: 125 10" 1/16 .25 38.32 50.75 27.25 31T 3% .02

119 145 6-1/2" 1/16 151.2; 9. 13. 11.50 0.87 O. .07

165 6-1/2" 1/16 208, 13,086 21,12 11.50 1.13 1.06 .07

109 240 6-1/2" 1/16 208.62 1.0 25,12 11.%0 0.92 0.95 .03

ggo 6-1/2" 1/8 132.62 16,58 21.12 23.00 1.03 1,05 .02

o 6-1/2" 1/8 167.62 20.95 26,62 23.00 o.g 0.7 .00

300 6"1/2" 1/8 1“1.62 1 .70 22.12 23.00 0. O 007 o&

2&0 4-3/4" 1/8 128,62 16.08 18.62 12.25 1.33 1.20 .13

.‘ 280 4-3.4" 1/8 7. 1817 13.88  12.25 0.88 0.86 .02

2 §-2/3" 1/8 111, 13.99 13'88 12.25 0.85 0.90 .05

1 y-2/4" 1716 88. 5,58 .06 6.12 0.19 0,14 .05

106 220 4-3/4" 1/16 100, 6.29 8.32 6.12 1.26 1.41 .15
105 250 4-3/4" 1 110,81 13,85  15.81 12.25 1.04 1.00 .03
AVverage ooveeseass cine BB L0 B8

In the above table the inaccuracy of the splitter in respect to

weight is apparent in the two columns (6 and 7) sh

owing a comparison
between the weight of the sample calculated by the split fraction and the
actual weight of the split.

former in most cases,
to be due to the.:zl

backs of the re)

The latter is 10% to 90% higher than the

The tendency to .groducc an oversize sample appears
itter design which allows the sludge to strike the
slots at right angles, causing a ion of the

reject to boil over into the sample slots. A new splitter under con-
struction ie designed to correct this condition.

The presence of overbepeaking or cav in the sample is noted by
comparing column 8, theoretical weight b on diameter of the hole,
to column 6; for instance, in hole No. 123 at 125 feet, the split
fraction (calculated from the rejects) weighed 38,95 pounds; 1/16 of
he theoretical weight of a 5-foot column of rock 10-inches in diameter
2.6 gravity) is 27.25 pounds, a 43% indicated dilutlon. Most of the
above samples are, however, within a reasonable range of the theoretical

“mt v

zncolmsmmofthecmercontmuottm»ntmm
The average variation is .06 Cu; the combined
average difference, .02%

reject are listed.

securing and assaying a pulp
reject, the results indlcate

Cu.

Allowing for a margin of error in
from the rather large volume of sludge
that the wet split 1s an acceptable

representative of the entire sample in respect to copper content.
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Drying

The process previously described, wherein the sample is dried
at a maximum of degrees F., eliminates to a large extent possible
oxidation of the sulphides and loss of water of erystallication in the
clays, incurred in open fire drying.

It is here of interest to note that tests conducted on duplicate
samples by Magma and Inspiration Copper at San Manuel showed that the
average total Cu assay for 150 feet of hole was 1.24% for the steam-
dried portion and 1.33% for the fire-dried portion. This 7% increase
in total copper content was probably due miainly to the driving off of
the water of crystallization contained in the clays by the excessive
heat of the open fire method. The steam-dried portion assayed an
average of .30% non-sulphide, and the fire-dried .32%4., a 6% increase
which might have been due either to the oxidation of sulphides or to
loss of water of crystallization. In both of the foregoing tests
the average difference was a true reflection of the trend present in
the series of 30 samples assayed; that is, the higher average for
the flre-dried series was not due to the effect of a few erratic assays.

Assaying

Duplicate samples from the first twelve holes were assayed for
totel ¢ r by Jacobs in Tucson (permanganate method) and by the
Umpire La' tory, El Paso (electrolytic method). The average
difference in each hole is noted in the following list:

Average difference per

CDH No. No.of Samples iﬁ%}f sample g Cu
' 0
101 e 0.0 .017
s o 2
104 28 .0 .01
1% 89 .0 .001
: E : B
- % : -
110 0 .0 o068
111 86 .0 gﬁ
112 61 .0 042
“Iverage 796 0 035
w Shig= 2. 3

It is to be noted in the above comparison that the El Paso results
were persistently higher, with the exception of hole No. 102;: also a
sharp increase in the difference occurred in the results from the last



8ix of the twelve holes. The average of .035 on the "high side" for
El Paso ees rather closely with a comparison of Tucson composites

(ore runs) for twenty-seven holes, and the corresponding averages of

individual samples assayed at E1 Paso, as follows:

Jacobs, Tuecson - average of 27 composites............ 1.043% Cu
Umpire Lab. E1 Paso - average of individual samples

IR SHH 27 COMPOBIEEE .0 iias cuvvpnaanssenbnsnss 1.08$; Cu
DITTRIONEE . oo vevsrvning i
No independent checks were made on the non-sulphide copper
determinations by Jacobs. These, at the start, were made by dilute
sulphuric acid leach; later the sulphurous acid method was adopted.
A check of previous determinations showed that the sulphuric methed
produced persistently higher results than the sulphurous method. This

was apparently due to the dissolution of all or part of the finely
divided chalcocite during the sulphuric acid leach.

Effects of Casing

In general practice, when there is cause to suspect the accuraey
of churn drill samples, underreaming is used to permit the casing to
follow the drill bit and protect the sample from contamination.
Kennecott Copper Corporation employed this method extensively at
Chino and Bingham Canyon. Usually the hole is underreamed in 20-foot
sections corresponding to the common length of casing joints, however,
it is impractical to extend the reaming process to the bottom of the
hole, due to the fact that the underreaming bit cannot advance when the
‘hole below 1t fills up with cuttings. To remove these cuttings and
continue the underreaming the tools must be changed (twice), the hole
redrilled, and the sludge bailed out -- a process involving considerable
time and excessive cost per foot of advance. Thus, in practice, the
casing lags at least ten feet behind the drilling, failing at any time
to protect the walls of the hole around the shoulders of the bit where
the surging action of the sludge is at a maximum. In view of this, and
other undesirable features, such as the higher cost per foot compared
to the short liner method, underreaming was not employed in the Oxide
drilling.

The system of casing described under drilling "Operation” was
designed as a means of gauging the acecuracy of the churn drill sample,
by providing for analysis, a large number of samples drilled under
specified lengths of open hole. Every sizth sample, drilled
immediately after & liner is run, is completely protected from possible
contamination from the salls of the hole above; the preceding sample
is exposed to 25 feet of uncased hole.

: A comparison of these two samples by copper assay provides a means
of measuring in an approximate manner the amount of salting in terms of
copper content. If the ground is susceptible to salting, i.e., an
appreciable percentage of the ore minerals oceur as relatively soft,
friable veins or pockets in the host rock, the sample taken below the
liner will show a drop in assay value equal to the amount of "extraneous"
copper introduced into the unprotected sample taken just before the liner
is run. Due to the lack of uniformity in copper content, any one pair
of samples 18 of little significance; however, over 100 pairs have been
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pairs have been obtained and persistent trends are discernible in the
two areas previously described as showing some difference in ¢
occurrence, i.e., concentration of copper in veins is more prevalent
in Copper Girl Hill than in the area to the south.

In the 21 holes drilled in the area south of Copper Girl Hill,
comprising two-thirds of the Oxide Deposit, 82 pairs of samples were
obtained for comparison; in 41 pairs the "before casing” samples ran
higher than the "after casing” samples, with an average difference of
.21% Cu; in the remaining 41 pairs the "before casing” ran lower than
the "after cas:m*" samples with an average of .15% Cu difference. The
distribution of "highs" and "lows" was in exact balance; however, the
82 "after casing" samples contained an average of .03% less copper than
the "vefore" samples. Since the series of tests in each hole was
started in around 1.00% Cu and discontinued in around 0.4% Cu material,
90 to 105 feet below, the arithmetical average mmm. would be
.03% Cu per 5-foot sample. This is precisely the of drop in the
"pefore”" and "after” comparisons; therefore, the results balance and no
salting is indicated.

The foregoing conclusion is supported by comparisons between
old and new drilling results in the same area. e average of three
section lines of old holes compared very closely to two
parallel sections of new holes as follows (refer to 400 scale plan):

Average thickness Average
Grade

of ore
01d holes (19) on
Sections C-C, D-D and P-F 120.0 ft. 1.144% Cu
New holes (12) on
Seetions B-B and H-H 124.6 ft. 1.213% Cu

On Copper Girl Hill, comprising the northern one-third of the Oxide
area, salting was evidenced in the before and after” casing comparisons.
In 47 pairs of samples,l8 showed an increase in copper content after =
casing, and 29 showed a decrease. After deducting .03% Cu for the
normal drop in each sample, an aver of .043% Cu remained as the
percentage of copper to be deducted each sample to ¢ sate for
the indicated salting. It is not considered that this factor is
. pecessarily close to a true average due to the small number of samples
on which it is based; however, a definite tendency toward salting is
evident in the new drilling in this particular area.

A comparison with old drilling further confirms the trend on Copper
Girl Hill, with an average difference of 35% in grade as follows:

0ld Holes (drilled without casing)

Nos. 47, ga, 43
62, 58, 54 - 808' ore - 1331.5 grade ft = 1.65% Cu. av. grade.

New Holes (with casing)

Nos. 107, 100, 110
- 119, 121, 122 - T25' ore - 781.4 grade ft = 1.08% Cu.Av.grade.

o.



A total of 11 holea were drilled on two section lines on Copper
Girl Hi1l; five of these, however, were in waste or submarginal
material and were not included.

while the foregoing comparison is based on a comparatively small
number of holes, the indicated reduction factor of 35% agrees rather
closely with conclusions reached by Kruttschnitt in weighing the 130
level Copper Girl drift ralse and cross-cut samples representing 2130
ft., against the grade of old churn drill holes in the same area. The
130 iovol samples averaged 34% lower than an average of the churn drill
samples.

Samples from a seriles of five raises, driven on old churn drill
holes by the Oxide Copper Company, averaged 6% lower than the correspond-
ing churn drill samples. However, the trend was not uniform: two of
the 20-ft raises ran higher than the drill samples, two lower, and
one was equal.

The apparent inaccuracy of the samples from the early drilling
on Copper Girl Hill may be attributed principally to the prevalence
of copper-bearing veins in the area, combined with open hole drilling’
;rogucnt blasting in the siliceous zones may have been 2 contributing

actor.

Summarising, the data obtained from recent drilling does not
represent sufficiently thorough sampling to arrive at a precisec
reduction factor for old drilling, due prineipally to the excess
irregularity of the chalcocite occurrence. However, the presence
of some salting in the old drill samples is the logical conclusion.

It is recommended that for the purpose of calculating ore reserves,

(1) 211 of the old churn drill results over 1.2% Cu in the vicinity of
Copper Girl Hill, north of Section H-H, be reduced 35% in grade, and

(2) all ofold drill results south of Section H-H, and all recent drill
results in both areas be accepted at face value. The application of
the reduction factor need not be uniform; higher assays may ve reduced
by a greater amount. However, the net effect should be an overall
reduction in grade of at least 25%, This is believed to be, taking

all factors into consideration, a sufficiently conservative basis on
which to establish the average grade within the mown deposit. To firm-
ly establish a tonnage figure and limits of minable ore, a few additional
drill holes are required around the margins of the deposit.

In applying the short interval liner system of casing to deposits
of greater thickness than 150 feet, considerable straight reaming,
installing and removing of liners would be entailed. To determine the
susceptibility of the ground to salting, every third or fourth hole
might be casedon short intervals and the rest drilled open.

J. H, COURTRIGHT

Addendum:

Since the foregoing was written, the sludge splitter designed to
provide a more accurate split in respect to weiht (page 6) was completed
and tested. In five different sludge runs the split sample varied from
80% to Si% of the correct weight, or an averag of 92%, which represents
a considerable improvement over the design formerly used. A separate
description of the new splitter, which differs from the old mainly in
having a steeper pitch to the series of Jones-type units, will be
provided for the files.
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TABULATION OF CHURN DRILL DATA AND COSTS

ver s
Operational
°r of HOI‘. will‘d ............ L N B BN B B N N B B N
Av.rag. d'pth ............... LN B B B R DN B R B BN d& o ft.
Tot‘l footm LR B B R B B B8 2.8 2 8 F A RN l “
M‘l NG. 8‘”.h1rt' AR R T e :
Average advance per shift ..... dessssuensenaas ey
s . il T R L USRI . »
" 3 . s m m rt‘.-.......t 160 e
Water consumption per shift ......ce0vvvevevees 300.0 gallons
millm ...... LR B B B R O A 61.2 ks . - Ssgllwm.
PRI iosciinibnssen umadis LY s rvbaneens "
T R SR SRR SR TBBY coiciisarenin i 5
Running casing and liners ¥, ) SRS USRENA v 57.2
Delays.repairs,fishing,ete(14.7%) .....ccvivvune 0.2 "
Costs:
— Contract drilling ........ cessens$ T.00 per £t.drid.
Casing - $ .20 pcr ft.,r\mnm or pulling
Liners - .50 s R
R.m 7 m L] " " ” "
Service roads and locations ...... PP rug SR, T :' # :
Sampling and sample processing ......... R 2| Y
T R TN R RN RS S ST gz iRt "
Engineering,geology and cuptrvisim .......... b T T
Camp operation and maintenance ................ 1.% TRy oL
T w;t ‘ 1 LN O B B N 00'.‘ v ‘ . i "

Note: Camp construction and preparation for drilling
not inecluded in above items.
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g R R AT R SR e S R v

62
Rm r“t LA O I O I O BN T I R R R N N R R B RN R R R RN R R S A N ) 1‘2“
Mu drilldm oooooooooo L IS B BN N BE B RR N N O N TR N B O O N R N ) 579
Average depth of holu, R PR P S PR e 2%381

A"l'm f“tmmdly L T I I R
Average footage per tonof RN R R e

Gallons water per day (including steam ho:ucr) vvese 2200
Hours consumed dr:llling (62.5%) ........ 3011
delays,moving,repairs,ete. (37. 5’) «es 4825

Costs:

I‘mendrill. .......... 0l....l‘......'."..".l‘.* 125”’“.

Supplies ....... SRR AP S OB G A PR N SRR
o B AT O e e e L SR R SRR R TR > e .09

Rmir' L B R T R B O T B O O T I S S S om
mlo R T I O I R R I I R T I N N S o 035

Note: né‘nm" data was probably obtained frem drilling
& Tiro
Average f per day" refers to two 12-hour
lhiftl, or 24, 1 fnt in 24 hours.
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BASAS AR AL Lt SAARAAAWG

NOTE

NMaterial used in construction of splitter
@- 16 gauge black sheel irop for Splitter housing,
trers, baffles, discharge /ips, sarmole and

reject discrarges.

13 equal leg x 27 angle irons for Splitter frame

and reinforcements as showss.
& Diamend Foor plate.

Welded comnstruction used lreroughout except for jorning
of Sariple and peject dividers of riers which wvere

Solder sweated,
Hinges used for splash cover and baffles are /4" butts

welded /17 place.

Sarmiple - Rejec?
Fartition joming Tiers.

D/;sc/;aryé Lip.

Swingrng Baffle.

Hinges

—';KH

Swinging baltle shown s-Jr‘__
s/iphty open for clartly. Lower |
edge of baffle fouches lower
edye of dischurge lip for Frue
position.

Sample d/scharge.

/64

Drscharge !
|l

673

2 7, 77 7 s gy

39~

b i e e o o o ——— — — —r_—

/ i
/
/ ,
f:/l
Floor plate: /)
J 0
______________ O TTTTTTTTTTY
[ S A DU SR W
. l . v
v — 7§ —
A -(—-j —— M7

48}

Reject
Discharge.

‘ =
DESIGN
OF
CHURN DRILL SLUDGE SPLITTER

American Smelting and Refining Company
Scale | "= |’ April, 1950
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