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SUMMARY

|

A three day plant test was carried out in early
September, when some 20,000 S.D.T. of oxidized stockpiled ore
were treated using a new sodium carbonate/sodium sulphite
reagent scheme. The test results confirmed laboratory results
and demonstrated that there appeared to Be no physical- reason
why the oxidized ore could not be successfully treated in the

= 3 . .
expanded-Anvil concentrator’circuits.

e e PN
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Despite the new reagent scheme which would incur an
estimated additional cost of $1.10 to $1.20/ton milled, the
metallurgy for the stockpiled ore remains substandard when

compared to normal ore metallurgy. Lead recovery especially

’ ; . is very poor aud iLs uot eXpecied Lu exceed a woial of 70%
under normal operating counditioms, with the new reagent scheme,
\ 4
‘ and the expanded mill circuits.
An interesting observation made during the plant
test was that zinc metallurgy even with normal ore, appeared

to be enhzazsd when using sodium sulphite. A recommendation

was =zde o Zurther investigate this phenomena with a view to
a furchar -izac test to probe the value of sodium sulphits cn
Opre=il . Crs

S -~



INTRODL CTION

The original plan for the development of the Anvil orebody was based
on the concept of processing the highest grade ore zone first. An integral
part of this plan was that during the first four years of operation between
two and three million tons of lower grade ore would be stockpiled in order
to extract the high grade core of the orebody. Present estimates indicate
that by January 1, 1974, this phase of the mining operation will be completed,
the high grade core depleted and some 2.75 million tons of lower grade ore

..(averageing 8:0% combined lead and zinc) stockpiled.+ The plan then called
for the treatment of the stockpiled ore during the years 1974 to 1975.

By late 1972, however, it was apparent that the stockpiled ore was

| undergoing rapid oxidation; iron oxides could be seen staining the stockpile
and the internal temperature of the stockpile was obviously relatively high.
Since oxidized sulphide ores are notoriously difficult to process, some samples
g of ‘the stockpiled owns were subjected to prelimi=zr mérgllepes et n e = mLp
: results of these tests showed that severe oxidation of the ore had indeed
occurred, and that the metallurgical response of the ore would prcbably be

substandard. (1)

A test program designed to investigate the effects of oxidation on
process zmetallurgy was submitted and approved in principle by management in
December, 1972. (2) Samples of the stockpile ore were taken initially bv

churn drilling and later by trenching and channel sampling the stockpilzs. (3)

)t

Laboratory work ccmmenced in January of this year and was initially diraccad

to provide an Iavestigation on a droad Iront covering the most promisin

avenues of attack. (4, 3) After about four months work, sufficient daca was

rh

+ v
Actually there
See Appendix I

twO separate stockpiles designated Red and Yellow.
cdecrails.

hoW
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available to perzit a cdetailed investigation into the most promising area of

test work, centerzd at that time on the use of sodium sulphite and sodium

carbonate. - (6, 7. 8, 9)

The deteiled investigacion of the sulphite/carbonate reagent scheme
took the form 2 oper circuit cleaning tests (10); in these test attempts were
made to produce :tatrget selective concentrate grades at best recoveries, thus
permitting procesc grade-recovery curves to be constructed. (11) As an adjunct
to the Anvil laboratory work, the Galigher Company, Salt Lake City, was askéd
to develop indepenlieatly a scheme fgr'%?éaéiﬂé the oxide ore; their results,
based on a lime circuit were ndﬁgfeprod&éible, and did dot equal the results

from the sulphite/cuarbonate tests. (12, 13)

As the labcratory test program was concluded, a recommendation
was made to perform a plant test to verify the 1aboratory findings. (14)
This test was scneduiea co cake place 1in August buct poor sulphite and
carbonate deliveries delayed the test until Septémber. The analysis of results
of the plant test, conclusions drawn, and the effect of processing the oxide
ore on the concentrator operation are examined in detail in the text of this

repor t.
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THE: PLANE T EST

Durinz the :tinree day period from September 1 to September 3 inclusive,
aﬁproximately 20,002 S.D.T. of partially oxidized '"Red" stockpile ore were
processed utilizinz 2z reagent scheme developed in the laboratory. Throughout
the test period, ths =iliing rate was adjusted to closely simulate the various
operational parazeteré (expected in the expanded mill configuration), which will
be used eventually to treat the oxidized ore. (See Appendix II). The operaticn
of the plant was closely monitored and the metallurgy was aimed at producing

: : : + : : ; :
target selective concentrate ‘grades and measuring the reduction in recovries.

L = = .

L. ER " Since the laboratory test work had indicated that the fine material
in the stockpile was probably more oxidized than the coarse material, the plant
test was designed to investigate the three possible plant conditions which would
occur in normal operations:

(a) A natural mixture of fine material and crushed coarse material.
4 This condition would be typical or the ‘average' metallurgical

response of the ore.

(b) Fine matesrial only direct from the primary crusher. This
condition should exhibit the most adverse metallurgical response
of the ore, and would occur when the primary crusher only was
in operatic:z.

(c) cosz-se material only. This condition should, ia theory,
: roviczd the best oxide ore metallurgy, and reprssents the
=3itis5a which would occur with the secondary crusher circuit
» ia cp=ration.
The res:=iz: oI the test by phase are summarized below in Tzbla 1. YMNote
the allowence for 2 'Zlush out' period to remove all traces of aormal ore and
migeralsirraatiche 3-3 stotsss and flotation circults:




Table 1

Metallurgy by Shift r

Lead
Selective

Total Concentrate
Test Phase - Recovery Grade
Normal Ore-f lush System 83.0 68.7
(a) Oxidized Tianes & Cuaisc 1w 65.06
(b) Oxidized Fines Only 73.8 63.0

(é) Coarse Oxidized

Metallurgy 80.4 64.6

’ See Appendix IITI for details of calculations

e

. Aiae
Pl " Sélective
Total Concentrate
Recovery Crade
83.1 52.0
78.2 Ji.0
70.0 5240
83.8 532



RESULTS OF THE PLANT TEST . (Refer to Table 1)

froz the circvit was. longer“than anticipated. JIn-fact. zbour fourishifrts passed
before a siznificaut decline in the plant metzllurgy was noted. The long
response timz of the circuit was later explained when the laboratory flotatiorm
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tests showed that the

the test was rot ¢;pical o

Thee next thtree shifts of the test period were devoted to.the treat—
ment of the mixture of fines and crushed coarse material, hopefully forming a
composite mill feed whick would represent average metallurgy for the oxide ore
treatment. The metallurgy deteriorated rapidly at first and then leveled off
with total lead and zinc recoveries significantly reduced at the target grade
levels. The physical appearance of the flotation circuits was near normal
although it was apparant from the high reagent consumption (See Appendix IV),
that the ore being treated was oxidized. Of special interest was the dependence
of the plant metallurgy on the flotation feed pH; the addition rate of sulphite
and carbonate was varied to maintain this pH in the target range of 9.8 to 10.0.
{See Appendix 1IV)

The next phase of the test commenced at 0800 hours on September 3 when

primary crusher fines were treated. The appearance -of -the circuit changed in

=

a subtle manner and the sulphite and carbonate additions were increased to maintain
the flotation feed pH in the target range. Rather surprisingly, the lead
metallurgy did not change appreciably but the zinc metallurgy declined markedly,

almost a reversal of the laboratory results.

The final phase of the test commenced at 1600 hours on September 3

when the crushed oxidized coarse material was treated. As expected the metallurgy

improved but did not quite reach the levels exhibited by fresh ore.



For the purpose oI ceciding the basic metzllurgyv to be useé whexn
treating oxide ore, the plant test results for phases (2) and (b) were
averagedT and corrected (using normal process'gréde-recovery curves), to the
target selective concentrate grades. These corrected results were then
compared to the Anvil laboratory estimate and the Galigher Laboratory estimates.

The results of the comparison are show in Table 2.

L Table 2

Comparison of Plant Test and Laboratorv Results

; Anvil Laboratory Galigher Laboratory  Corrected Oxide
( . Fetimate Egtimaen Blant Tcst lre
Results Metallurgy
Total Lead Recovery at s
657 Lead Sel. Conc. Grade 63 55 71 70
Total Zinc Recoverv at
51.5% Zinc Sel. Conec. Grade €9 77 74 74

Fozes:

Ttz Anvil estimate was based upcn numerous laboratery flotstion tests
.0 it/ton soda ash and 7.5 1b/ton sodium sulphite. It was

E tha: some of the intermediate cleaner products could be used
n tne manufacture of bulk concentrates.

The Caligher results shown were the results of one test and were
tased on a lime circuit. Keither Aovil nor Galigher personnel have
sicce been able to reproduce these results.

<+
Sty i : : : . :
Because normal :es cperations would provide mixed ore, or primary fines most
of the time, tre er unusual condition of undiluted coarse oxidized ore was
omitted from the averaged results.

a
s
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In the final review of the plant test results the corrected plant
test data were scrutinized and, after consicderzble Ciscussion, it was asreec

/

that the lead recoverv be reduced by 1%

this reduction was based on the belies theat curing the nlant test, conditions
i v ~AiYeiiir weve i~ Kot =z pomzofe--i- 1
eleancr circult were'such thet &rs ‘copagirs/ton netal was anomelous?

W S e e = fax ths a £ e ;
he basic metalliuregvy for the treatment of oxidized

th
high, (See Appendix 11).

et 1 . oy o S S B TG Ly P
--ocxplle ore was thus gensrated for use in the asessement of production

schedules for the next three vears of operatic

Teble 3

Basic Metallurgy for Oxide Ore Treatment

Assays - Distribution
Pb_ _2n Pb_ fn 1
Lead Conc. 65.0 6.0 57 .5 3.1
_‘ ; Zinc Conc. izS 51.5 3.0 6#.5
. Bulk'Conc. 18.9 29.8 12.5 11.5
CONCLUS IONS

== =
e, -
% =L

1. The oxidized stockpileﬁﬁfé‘;}n'ﬁé treated in the expanded mill at the

10,000 S.D.T./day rate. Although the metallurgy of the process will be

substandard compared with normal ore metallurgy, it will be possible to

treat the oxidized ore during 1974 and 1975 and produce the target

concentrate requirements. (The fact that the plant did physically
" handle the slightly different froth characteristics occasioned by the

new reagent balcnce was a source of considerable relief to Anvil

personnel.)

<+
Bulk concentrate production is assumed to be at the rate of approximately

259 SDi/czlendar day.



P

2. Using averagel reagznt cuantities 2zployed during the test periods
(a)iand (b)), and comparing: then wich the 1973 year tosdate average
consumptions, peérmitr28 an estimate to be made of the additional reagent
requirements fer oxidized or® treatment. Using average reagent prices
and acdcition2i treatment cost of between $£1.10 to 51.20/ton milled was
esPimsve = for exidized oresprocessing.  {(Appengix IVyithhle AV < 2)

3. Based on observatfens mede during the test ic-is believed that the use
of sodium sulphkite zt atout 2 1b/ton may improve metallurgy even with
normal ore. PFurther, it is probable that close control of the lead
circuit feeé pHd may be ~ritical to process metallurgy at any time and
should be further iavestigated.

RECOMMENDAT TONS

1. It is apparent chat the sulphite/carbonate reagent scheme, while offering

a partial solutiou to the oxidized ore treatment problem, is expensive.
(The high cost of the process is, however, of small improtance when compared
with the very tight supply situation for carbonate. Indeed, the éearch
for an additional 4,000 S.D.T. of sodium carbonate, the minimum needed for

the oxide ore treatment program, has proved completely unsucessful.) :

Work has already started on the quest for a cheaper, more readily available
alternative (16), ard currently is centered on the use of hydrated ammonia

as a possible partial substitute for sulphite and carbonate. 17 15;\T9)’

Another alternative may be to consider screening out the primary crusher -
fines from oxidized ore and discarding ‘them. The relative economics of
discarding the fines from the ore, or modifying the present crushing circuit,
are under review now, but will require more study to effect a reliable con — i

clusion.

The remaining avenue of investigation, as yet relatively unexplored, is an
extensive literature research, augmented by plant visits to observe other
operations engaged in treating similar ores. (20) It is recomzended that

these phases of work proceed immediately and concurrently utilizing input

from management, consultants, and Anvil operating personnel.






(10.)

(11.)

(12.)

€132

(14.)

(15.)

Dyas: ~ "Preliminary Metzllurgical Testing of Drill Samples fromn Low

Grade Steckpile" | November 30, 1972
e

Erown "JTemporary &uthorization for an:bxtrz Meifzllurgical Technicizn
December 8, 1972

Pezeisre: "Trench Sezopling of the Low Grade/Kec Stockpile"
JOLE 255, 1873

Brown "Proposed T

T est Program for Investigation of the Oxide Cre
Problen", January 5, 1973
"

Brown: "Metallurgical Investigation of the Low Grade Ore Stockpile
farch 1, 1973

Hope: "Low Grade Stockpile Testing'" , February 16, 1973
Muir: "Technician May Monthly Report, Low Grade Stockpile"

June 7, 1973

Muir: "June Monthly Report, Red Low Grade Stockpile"

July 20, 1973

Hope: "Grinding Tests on Low Grade Stockpile"

July 20, 1973

Fukuhara: ”Progréﬁrfor Low Grade Stockpile Testing"
May 47,1973

Fukuhara: "Report on Low Grade Stockpile Testing"
July 23, 1973 : g

~
SOTNEL -~

Galigher Test Report: ! SEamm—s
”Progress Report on Testing of Sample’Lead — Zinc Ore
Our Lot No. 2097" August 8, 1973°

Galigher Test Report:
"Report on Testing Ore Sample designated as Red Ore
Lot No. 2097" , September 21, 1973

Fukuhara: "Plant Test to Mill Red Low Grade Stockpile & Ore"
July 31271973

Brown: "The Metallurgy of Cxidized Anvil Ore"
September 13, 1973 —-



(16.) Brown: O

CL7 9 Cornish: YALmionis as @ ipg ‘the Anvid Milgl

(18.) Dvas: “Prelimi

(19.) Hul Sdines-  "lemovancur -Concerning Visit to Anvil — Aupusti 30:ko L
Sentember 12, 1973

(20.) Brown: WElant Visit to Australian Concentrators"
Pl Y8073 :




{ . SEockpile ST 2T rom.EBEsgineering Department Recoerds’ Auvgusti 1973
’ Seol=oi =l Estigiated Stockpile Contents
It ic inttresting to note that an estimated 30% of all materis
| destinedsfor ct.:innilenes Deen moved jor will be moved subseguent to ey 31
1973 ne'stocitciling ~2s considered necessary iz order to malntain . en
z tabl gvete o= give n 1 mill feeds =rticulaerlv during h iss
acceptable ereCe 0z ZLEC in the mill rfeeds pearticulerly acuring tne iest

In view of recent discussions regzrding the reliability of the
diamond drill assay date it should be understood that the assays shown
below are based exclusively on blast hole sample analysis, and should

therefore be reasonable accurate.

Period Yellow Stockpile Red Stockpile

SaD.T. Pb Zn S<DiIT. =t Pb Zn

\ To May 31, 1973 1,494,266 2.7 5.3 432,942 3.4:15,8

.~ ‘From May 31 to _
Dec. 31, 1973 (est) 460,864 2254373 368,749 &b 78505

Total Estimated Tons S x; .
Stockpiled “ 7 Foass A 2.6 404 801,691 3.9 547

- e

- ~




Eable. 1t —#" Comparison
Averezces Plznt Tes
Grind
% +100+ ' 6.0
7% —200+# ' 72.6

Rougher Capacity Feet3 / Ton Solids / Hour

Lead : 143

&.‘ . O TEL LERe 149

Cleaner Capacity Feet3 / Ton Metal / Hour

|
Lead 409
|

Zinc 268
Notes:

1. The grind expected in the new mill was based upon an average work
index figure for the last two years.

2. The normal convention of using residence times for comparison in
flotation feed capacities was not applicable here since a decrease
in flotation feed pulp density is envisaged as the result of the

expansion. -

3. The cleaner capacity'comparison wvas effected by using design data _

} for A.F.E. 72 — 15.

SR

Expended

Mikl Conditions

535

12:0

137

215

471

336



Perails of Pisnr Metallerev:Durine the Rlant jdeskt
Septembeyr I to 3 Inclusive
T2ble 177 — "1« Metallunpv by Shist: Susmapw
lezz Zane
Dzate Teswy Dhose Shis Rec Grede Rec. Grade
Sept. 1 i <o I 88.2 72.7 88.60 5
& -to b 82,1 =2 672 77 .40 518
Lito 42 81.3 67 .4 87.70 51:2
Sept. 2 12 < £0.:8 80.3 67.6 78.8 5346
(a) 8 to &4 68.2 63.6 73.8 52.9
(b) 4 to 12 68.0 69.4 78.8 52,2
Sept. 3 (a) 12 to. 8 78.8 63.8 82.0 49.6
5 €:)) 8 to &4 738 63.0 70.0 52.0
(c) 47 to 12 80.4 64.6 83.8 532
§ Table III — 2 Metallurgy By Phase
Test Phase Lead Zinc
Rec.. Grade Rec. Grade
Normal Ore Flush System 83.0 68.7 83.1 52,0
(a) Oxidized Tines & Coarse_; 7ZL.7 65.6 78.2 5156
(b) Oxidized Fines Only 73.8 63.0 0.6 52.0
80.4 64.6 83.8 53.2

(c) Coarse Oxidized Material Only

2 na
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T — TgaIvReTOiY 2N Cebranber 7
= Assav % Fstrnibution
Beti, Pb Zn % Pt Zr
Teed PEW 2,64 01z Y000 105.63
PbConce 38.6 97%6 5495 697 S
Zn Conc. 144.2 0.87 53.6 0.7 6.1
Bulk - 33.0 18.2 32.9 10.6 9.7
Tailings 1900.2 0.57 1.06 19.0 18.0
Table II1 — 4 METALLURGICAL BALANCE September 2 8 to 4
Assavy % Dis tribution
8.0 Pb 7 72 7 Pb _7n
Feed 2241 2.20 5.46 100.00 100.00
Pb Conc. 45.5 63.6 6.5 58.6 2.4
Zn Conc. 143.1 136 52.9 3.9 61.8
Bulk 23.0 14.4 44,5 ~—2.9.8 312.0
Tailings 201%.4 0.68 1.44 2T E 23.8
Teble IIT — 5 McTALLURGICAL BALANCE September 2- 4 to 12
Assay % Distribution
S.D.T Pb % Zn % Pb Zn
Feed 2208 2.35 '5.13 100.00 109.00
_Pb Conc. 133.8 69.4 4.85 B 44.9 1.4
Zn Conc. 158.4 1.30 52.2 3.9 7351
Bulk 33.0 36.6 19.5 231 57
Tailings 1982.8 0.74 1.13 28.1 19.5



(82

SToeeli s Yeames s

gt i b L UBG U o At et

Assav Distribuzion
§.D:T Pb Zn % Pt 7r
Feed 2220.6 | 3.45 6.15 100,00 100.070
Pb Conc. i 7257 L1 7 FOES 7
Zn Conc. ol P 1.5 51.7 450 76.¢
Bulk 33.0 18.0 48.3 7.8 5.7
Tailings 1616.3 .72 .63 175 5.8
Table I1I — 7 METALLURGICAL BALANCE September 1 8 to &
Assay % Distribution
50T, Pb % Zn % Pb Zn
Feed 2205.8 3.20 5.72 100.00 100.00
£b Conc. 70.1 67.2 E 665 5
Zn Conc. 163.9 1.8 51.8 g 7 67.3
Bulk : 33.0 32.6 38.4 15.3 10.1
Tailings 1938.8 .50 1.26 13.7 19.4
\i:’iffabfejili _ § METALLURGICAL BALANCE September 1 4 to 12
Assav % Distribution
S:D.T. BE . Zal Pb Zn
Feed 2124.7 7,97 - 5.85 100.00  100.00
Pb Conc. 64 .4 67.4 5.4 68.7 2.8
"Zn Conc. 193.8 p s 5122 3:3 79:.8
Bulk = 33.0 2.1 29.9 12.6 7.9
Tailings 1833.5 .53 .64 15.4 9.5



Zn Conc.
Bulk

Tailings

Feed
Pb Conc.
Zn Conc.
Bulk

Tailings

. Feed

Pb Conc.
Zn Conc.
Bulk

Tailings

Lsee Distribution

23230 2353 3886 100.03- 100.00
6742 3.8 ¢ i3 726 3k
172.5 1.06 £8..6 3.1 71.3
33.C 11.0 35.8 6.2 10%7
264%9.0 52 .85 18l 14.6

Table TITI - 1G METALLURGICAL BALANCE September 3 B to 4

Assav 7% Distribution

S.D.T Pb % Zn 7 Pb : Zn

2309.4 2.66 5.14 100.00 100.00
66.9 63.0 5.8 68.5 379
134.2 1.18 52.0 2.6 58.7
33.0 9.8 40.6 5.3 11.3
2075.3 .70 1.53 23.6 26.7

Table III — 11 METALLURGICAL BALANCE September 3 4 to 12

Assay % Distribution

5 .D.T Pb % Zn % Pb Zn

2354.5 2.51 5.54 100.00 100.00
70.4 64.6 6.2 770 373
176.7 .84 532 2:5 721
33.0 6.1 . 46.4 3.4 11.7
2065.4 .49 .81 i7:1 12.9




gagents 1b/Ton M31les
Date Sniiz Zoandl ) eC CeST, 22C0au Ne SO 8
& il oy Ly ALY
Sept. 1 g8 — = 0.53 0,22 1,52 4.37 2.63 3.2
4 — 12 0.55 0.23 1.78 6.82 4.55 3120
Sept. 2 12 -8 : 0.53 0,22 1.91 6.62 4,42 3.58
8§ ~4 < 0.49 0.22 2.08 6.41 6.27 3.50
4 =12 0.58 0.22 9304~ 4651 4.34 3.50
' Sepr: 3 13 =38 n.57 n 7 189 2 75 4.12 3.50
5 £
8 — ¢4 0.62 0.26 1.50 10.4 6.21 3.50
| Bigp o C 0.65 0.27 180 % d0.2 6.10 3.50
Test Average . 0.57 ~0.23 1.80 "+ 7.89 474 3.50
| 1973 ¥.T.Dvive =:¢ 0.27 0.16 1.18 2555 0.00 3.20
| _
Net Increase in Cornsunpation
0.30 0.07 0.62 5.34 4.75 0.30
+
The Test Averzge was calculated on the data generated during
Prnase II and Phase III of the test.
+ g

Estimate Only.

s
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Reacents
o NaCN Ne ~ Na a
Z Tl NaCN CuSO4 It 2CO3 N hSO3 Cz0
Increase in Consumption 1b/ton 0.30 0.07 0.62 5084 475 0.30
Reagent Cost per pcund delivered
to minesite $/1b 0.262 0.223 0.260 0.048 g 19y 0. 034
Increase in Treatment Cost $/1b 0.079 0.016 0.161 0.256 0.603 0.00¢

Minimum Increase in Reagent Cost to Treat
Stockpiled Low Grade Oxidized Ore

$: 12024 F ton



