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1 . 0 I NT RODUCT I ON 

I n  1978 when consideration w a s  fir st g iven to the development of the 

Vangorda Plateau ·deposi t s  an e normous a mount of d a ta was re quired 

in o rder that  a decision to bri n g  the  deposits  into p roduction could 

be made . Some of t he critical data w a s  a va ilable as the re sult of 

work by other comp anies notably Norand a  and Kerr Addison , but 

m uch of the informa tion simply did not exist . 

The generation of the mining a nd metallurgical d a ta and a l so of t he 

s ize and cost of t he nec e s s ary support facilitie s  w a s  of critical 

importance to the over all development sche dule . The Feasibility a nd 

Development Group which w a s  forme d in June of 1 979 , designed a 

s che dule of events a nd almo s t  im me di ately implemented programs to 

a chieve t he various objectives of t he development sche dule on a 

timely bas i s . 

The  sche dule comprise d of t hree main sections , milling strateg y ,  

transporta tion o f  ore and mining se quence , and design of support 

systems .  T he work contained in this presenta tion in dicates the 

methods used to derive t he milling p a r ameters and the re quired 

modific ations to the Cyprus Anvil Concentrato r .  The rem a in ing 

sections will be publ ished later in 1981-82 when data  collection i s  

comp le ted for the appropriate areas  of interest . 
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By ye a r  e nd of 1979 , a s e ries o f  detaile d  plans h a d  been devise d by 

the Feasibility and Development Group . L a boratory and Pilot Plant 

tests  prog rams h a d  been imp le mented to determine metallurgical 

response by ore type and also a ve r age metallurgical response by 

deposit . Surveys  of ope r a tions were  cond ucted on a world-wide b a sis  

to determine t he best  oper ation al solutions to various problems and 

several p lant  v isits  were org a nized to permit first  h and s tudies of  

new e quipment concept s . 

P relimin ary mill design commenc e d  in late 1979 and involve d inp ut 

from many sources including Faro mill ope r ation s personnel , m em­

bers  of t he Feasibility and De velopment Group , Kilborn Enginee rs 

a nd some out side consultants . Mill desig n was completed by the 

middle of 1980 and an A. F .  E .  for t he first ph ase  development 

prog r am submitted at  that ti me . Following approval by the Directors 

of Cyprus  Anvil , predesigned construction sche dule s were imp le­

mented and modific a tions to the existing plant commenced in J une 

1980 . 

At the time of writin g , April 1981 , the proj ect is on sche dule and 

the modifie d mill will start up as planned in September 1981 at  the 

design rate . Ancillary proj ects  including the Down Valley Ta ilin g s  

D a m  and t h e  additional electrical generating facilities  a r e  destined 

to be comp le ted on sche dule in October 198 1 . 
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2 . 0 SUMMARY 

Metallurg ical test  d a ta from laborato ry and p ilot plant investiga-

tion s w a s  a s semble d  and ca refully a n alyze d .  Following deta ile d 

analysis  of all data , and b a s e d  on t he design performa nce- of the 

mod i fied concentrator and experienc e  of northern operations , plant 

metallurgy for e ach ore type was predicte d .  

TABLE 1 

PREDICTED METALLURGY BY ORE BODY 

ORE SOURCE CONC . METALLURGY 
ASSAYS DISTRIBUTION 

Faro-Zone III 

Grum - Open Pit 

Vangorda - Open P i t  

Pb Zn Au Ag Hg As Pb Zn 

Lead 67 * 0 . 75 600 40 0 . 03 87 . 5  * 

Z i nc * 53 . 5  * * 300 0.01 * 88 . 5  

Lead 60 * 3 . 5  750 90 0 . 10 80 * 

Z i nc * 55 * * 650 0 . 05 * 83 

Lead 50 * 6 . 5  575 60 0 . 25 80 * 

Z i nc * 52 . 8  * * 300 0 . 1 0  * 77 

Notes: a )  S i lver , Gold and Mercury assays in terms of g/tonne.  

b )  Data refers to predi cted metall urgy at rated 
tonnages with design feed grades . 

Au 

33 

* 

33 

* 

35 

* 

Ag 

65 

* 

65 

* 

55 

* 
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2 .1 I NT RODUCT I ON 

T he determination o f  t he metallurg ical response of each of the three 

ore types was a long a nd comp lex proce s s .  Cle arly the response of 

a n  ore is governed by two principal  factors 

conside rations a nd a l so tre atment conditions . 

miner alog ical  

Fortunately detailed miner alog ical  studies by the Exploration a nd 

Geological groups h a d  revealed that  e ach of t he t hree deposits  w a s  

made up o f  v a rying proportions o f  three m aj or miner alog ical 

components . These components were desig nated Type G indicating a 

b aryte rich ore , Type E representing a pyritic s pecie and Type A 

which covered a range of mine r alized quartzite s with v ar i ab le 

g r ap hite contents . 

Armed with this  information , testwork proceeded with e fforts being 

directe d toward the determin ation of  t he metallurg ical  response of 

e ac h  of the thre e  major mine r alogic a l  types . Then by using the 

geological  model for each depo s it , the proportion of e ac h  type 

present w a s  determine d ,  and henc e  the mean metallu rgical response 

c alculated . 

A s  laboratory and pilot plant te stwork proceeded it b ecame apparent 

that certain t re a tment factors fo r optimum metallurgy were common 

to all ore types . A fine primary grind of at le ast 50 microns 
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P80 appe ared quite critic al and there we re very strong indications 

that  e xt remely fine regrinding was a lso nece s s ary to the att a inment 

of acceptable concentra te grades . 

In t he following s ec tion t he d e riv ation of metallurgical  response by 

ore depo s i t s  using the  technique outline d above is  detaile d .  Some of 

the data requires furthe r verification by mea n s  of a dditional 

testwork and othe r data , not ably that from the Grum deposit  is  

c urrently being verifie d by a d di tion al laboratory testwork on new 

s ample s  o f  ore . 
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2 . 2  FARO ZONE I ll META L L U RGY 

2 .  2 1  P relimin a ry L a  bora tory Test  work 

I n terest in t he effects  of finer  primary grinding on Anvil metal-

lurgy was stimulated by testwork performed at  F a ro during the fall 

of 1978 on a pyrrhotitic o re type . The indications from this  a nd 

subsequent work coincided with data from other sourc e s  a nd 

sug ge sted that  optimum metallurgy for most Faro ore types would b e  

obtained by prim ary grinding t o  a t  le ast t h e  50 micron P 80 r ange . 

Table 2 s hows the sources of data relating to work to determine 

o ptimum grind for F a ro ore types . 

TABLE 2 

PRIMARY GRIND LEVEL FOR OPT I MUM METALLURGY 

DATA SOURCE TYPE OF TESTS 

Cyprus Anvi l Test Laboratory Rougher & C l eaner Tests 

Kaml oops Research Laboratory Rougher & C leaner Jests 

Sachtl eben - FOR C l eaner Testi ng 

Mi tsui  Mi n i ng & Sme l ting Rougher & C l eaner Tests 

Notes : a )  Numbers of tests are estimates on l y .  

N O . OF 
TESTS 

1 00 

1 20 

30 

30 

b) Japanese work i dent i f i ed pyrrhotiti c ore as 
benefi ting  most from fine gri nd i n g .  

c )  Tests are al l l aboratory sca l e  work on 1 .0 
or 2 . 0  k g  s amp l e s . 

OPTIMUM GRIND 
P8o %-325# 

40-45 85 

45-50 80 

52 78 

37-70 80-93 
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Detailed laboratory testwork by ore type w a s  then planned a nd 

c arried out a t  the K a mloops Rese arch L a  bora tory in  o rder to ensure 

t hat these prelimi n a ry result s were representative of the majority of 

ore t yp e s  ( Ref .  Report KM008 - June lOt h  1 979 ) . P a r allel work at the 

Cyprus Anvil laboratory on a different suite of s amp le s ,  but 

e ncomp a s sing t he s ame test methods yielded the s imilar re sult s .  All 

d a ta from this latter p h ase of the prog r am is su mmarized in  the 

Table 3 below ; For comp le tene s s ,  the pilot pla nt data , described i n  

detail later , i s  a l so s hown . 

TABLE 3 

METALL URGICAL I MPROVEMENTS W ITH F I NER GR I N D I NG 

DATA SOURCE GR I NP RANGE I NVEST I GATED METALLURGI CAL IMPROVEMENTS ACROSS RANGE 
(P80mlcrons) (%-325#) 

GRADE � RECOVERY 

Rougher Test s KRAL-78 135 - 40 50 - 85 7 . 0  * 

Rougher Tests CAMC 78-79 1 25 - 37  45  - 90 1 1 . 3  * 

C l eaner Tests KRAL -79  1 25 - 45 45 - 80 2 . 5  7 . 0  

C l e aner Tes t s  CAMC-79  125 - 40 45 - 85 3 . 2  5 . 2  

P l an t  Test Nov .  1 3 - 1 7 / 78 1 25 - 60 45 - 70 3 . 0  5 . 8  

C l eaner Tests KRAL-79 1 45 - 30 30 - 90 * 9 . 6  

Lakef i e l d  P i l o t  P l ant I - 7g 130 - 4 5  4 0  - 85 5 . 9  3 . 6  
I I-79 1 40 - 55 35 - 80 4 . 5  1 . 0 

Notes : a) * s i gn i f i es that res u l t s  were adjusted to a constant grade 
or recovery for the purposes of ana l y s i s  o f  data . 

b) P i l ot p l ant data refers to the two sep arate s amp l e s  tested . 

c) CAMC - Cyprus Anv i l Min i ng Corporation - Faro 
KRAL - Kam l oops Research and Assay - Kam l oops 
Lakefie l d  - Lakef i e l d  Research Laboratory - Ontario 

ZI� 
GRADE =� RECOVERY 

2 . 50 * 

s . g  * 

2.1 9 . 5  

4 . 4  4 . 0  

3 . 0  4 . 0  

* 1 2 . 0  

3 . 6  5 . 9  
4 . 5  4 . 5  
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2. 22 Pilot Plant Test Program 

In order to verify the results ·of the laboratory test program, a 

p ilot plant investigation was p lanned and executed. The work was 

performed at the testing facility of Lakefiel d Research of Canada, 

Limited, Lakefield, Ontario, during September and October of 1979. 

During the course of the investigation at Lakefield, two bulk 

samples were subjected to a detaile d investigation. The technical 

aspects of the work are described in Lakefiel d Reports LR 2202 

Volumes I-IV. Supervision and direction of the testing was the 

responsibility of W. Muir, Plant Metallurgist, Cyprus Anvil Mining 

Corporation and P.J. Brown, Consulting Metallurgist, Met Engineers 

Ltd. At all times during the program, the senior Lakefield 

metallurgist, Serge Bulatovic provided the· indespensible link 

between client and pilot plant operating personnel. 

The work was performed using the standard reagent pattern 

currently employed at Anvil and with a flotation circ"!lit designed to 

approximate to that proposed in the modified circuit at Anvil. 

Grinding and regrinding effects were the principle parameters 

investigated in the program. The program had two major objectives 

which were: 

(a) The determination of the optimum economic grind level. 

(b) Estimation of p lant metallurgy at this optimum point. 
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2 .  23 Determination of the Optimu m  Grind 

U s ing the result s  of the pilot plant  progr am at v arious grind le vels 

a nd by estimating the cap ital  expe nditure needed to achieve the 

v arious g rind le vel s ,  it  b ec ame pos sible to estimate optimum eco-

nomic  grind level . T h i s  c alculation w a s  pe rformed by u s in g  the 

m et allurg ical d a ta generated by t he pilot plant work , a c ap ital  

expenditure estimate gener ated by Kilborn Enginee ri n g  Ltd . for 

v arious g ri nding config ur ations a nd a n  operating unit cost 

increment . The result s of t h i s  stu dy are summa rized in t a b le 4 

below , a nd confirm that the eco nomic a nd t he metallurg ical optima 

a re n ea r  coincident a t  a P 80  of about 50  micron s .  

TABL E 4 

OPTIMUM ECONOM I C  GR I N D  LEVEL 

PR I MARY H . P .  REGR I N D  H . P .  TOTAL H . P .  GR I ND TARGET CAP I TAL �OST OPERATING COST6 I NCREASE RELATIVE NET PRE�ENT VALUE 
P8o $x l 0  $xl 0  

1 1  '700 1 , 350 1 3,050 50 43 . 0  6 . 8  

9 , 200 2 , 350 1 1 ,550 70 43 . 1  5 . 1  

7 , 7DO 1 , 850 10 , 55D 1 00 38 . 6  4 . 3  

5 , 200 1 , 350 6 , 550 1 30 0 0 

Note s :  a) Reference - Memo Brown to Taggart Dec .  1 6 ,  1 979 "Optimum Grind C a l cu l at i ons".  

b)  Capit a l  cost i nc l udes power p l ant : C l ear l y  case 4 is  w i th no  expan s i o n .  

c) Operat i ng cost i nc l udes manpower, stee l and reagent s .  

d )  Data as sumes mi l l ing a 50 : 50 b l end o f  Grum and Anv i l Zone I l l  ore. 

$x l 0  · 

1 53 . 9  

129 . 8  

1 1 2 . 7  

1 1 7 . 4  
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I n  reviewing the data  in t ab le 4 ,  it is important to note t h at for 

the four alternatives consi dered that  the difference in c apital  and 

installed power i s  very s mall indeed . The difference in pre dicted 

plant metallurgy for e ach case  is  sig nifica nt .  

The c alcul ation of Relative Net P rese nt Value w a s  achieved by 

mak ing certa in as sumptions a bout costs and prices : The  v alue s 

comp uted are appropriate for comp arative purpose s but may not b e  

u s e d  a s  a b solute v alue s . 

2 .  24 P redicted Metallurgy at Optimum Grind 

P ilot plant d a ta at the economic op timum grind level of 50 microns 

was ave r aged for each of the two bulk s amp les tested and the 

result s  used as a b as i s  to pre dict the plant met allurgy at the 

optimum grind . 

Both ore s amp les treated were takeQ from the Faro Zone I p it a nd 

were selected by the Engineering dep a rtment of Cyprus Anvil as 

b ein g representative of t he ore type known a s  4E . Type 4E i s  a 

predomin ately pyritic specie which comp r i se s  the bulk of the ore in 

the Zone I I I ore body . Since both s amp les suffered moder ate to 

s evere en route oxidation , some of the minerals  were rendered non 

flotable - this was e specia lly evident in s amp le No . 1. Shown below 

in T able 5 are t he s u lp hide a nd non-s ulphide contents of the two 

s amp les illu strating the degree of sample oxidation . 
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TABLE 5 

PILOT PLANT BULK SAMPLES - HEAD ASSAYS 

SAMPLE 

Bulk Sample 

Bulk Sample 

ASSAYS % 
Pb Pb Ox. Zn 

No. 1 2 . 35 0 . 40 3 . 85 

No. 2 2 . 40 0 . 35 4 . 34 

Note : "Ox i de components" encompass a l l  non-sul phides 
i nc l uding carbonates, hydroxides, etc . 

Zn Ox . 

0 . 2 5  

0 . 22 

Because of the oxidized condition of  the s amp le s , corrections were 

m ade to recorded data to compe n s ate for the a namolous oxide 

contents . The correc tions were b ased on experience , and e stablished 

practice which required that  a certa in fraction of the reporte d 

oxide be removed from the h e a d  a s say in the recovery calcul ation s . 

These corrections h a d  the effect of inc reasing the reporte d pilot 

plant  le ad recovery s ub sta nti ally ; zinc metallurgy w a s  only mar-

gin ally influenced . 
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TABLE 6 

CALCULATED SULPH I DE HEAD ASSAYS 

ASSAYS % 
LEAD 

--
Z I NC SAMPLE - -

CAL CULATED CALCULATED ASSAY HEAD .ASSAY O X I D E  EFFECT I V E  HEAD ASSAY HEAD ASSAY OXIDE EFFECT I V E  H EAD 

Bu l k  Samp l e  No. 1 2 . 35 0 . 40 2 . 05 3 . 85 0 . 25 

Bu l k  Samp l e  N o . 2  2 . 40 0 . 35 2 . 1 4  4 . 34 0 . 22 

I n  keep ing with conse rv ative method s o f  predicting data use d else-

where in t h i s  stu dy , it w a s  a s sumed that , of the oxidized le a d  and 

zinc , only one quarter would be r ecoverable ; ( T ab le 6 )  Thus  the 

c alculated effective lead a s s ays were derive d .  The result s of the 

p ilot plant d a ta modified in this manner a re s hown below in table 7 

and 8 .  

Feed 

Lead Cone . 

Z i nc C one . 

Tai l s  

TABLE  7 

LAKEFIELD  PILOT PLANT TEST RESULTS 

PILOT PLANT SAMPLE NO . 1  

50 MICRON GRIND 

TESTS 9 ,  1 0  and 24 

ASSAYS 
WEIGHT % Pb Zn 

1 00 . 0  2 . 03 3 . 66 

2 . 58 68 . 4  2 . 6  

6 . 35 0 . 38 52 . 1  

9 1 . 7 1  0 . 27 0 . 31 

Notes: a) See notes under table no . 8 .  

DISTRIBUTION 
Pb Zn 

1 00 . 0  100 . 0  

86 . 9  1 . 8 

1 . 2 90 . 4  

1 1 . 9 7 . 8  

3 . 72 

4 . 23 



Feed 

lead 

Z i nc 

Tai l s  
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TABL E  8 

PILOT PLANT SAMPLE N0 . 2  

50 MICRON GRIND 

TESTS 32 , 3 3 ,  34 and 35 

ASSAYS DISTRIBUTION 
WEIGHT % Pb Zn Pb 

1 00 . 0  2 . 1 2  4 . 26 1 0 0 . 0  

Cone . 2 . 62 73 . 6  2 . 6  9 1 . 0  

C one.  6 . 99 0 . 48 5 5 . 2  1 . 6 

90 . 39 0 . 1 7  0 . 37 7 . 4  

Notes: a )  Head a s s ay s  were determined from the pil ot 
p l ant g r i n d i n g  c i rcu i t  overfl ow w i t h  a 
c orrec t i on made for non-recoverab l e  oxi de 
speci es . 

b )  Wei ght  percent ages taken from assay 
c a l cu l ati ons a veraged for the pi l ot p l ant 
runs noted . Checked a l so by three product 
formu l a  method . 

c) Concentrate and mi nor el ement determi ned by 
a s s ay i n g  p i l ot p l ant composi tes . 

Zn 

1 00 . 0  

1 . 6 

90 . 6  

7 . 8  
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I n  s tudying the overall re sult s  of  t he two test series two factors 

were considered s ig nific a nt: 

i )  The  s amp le feed g r a de s  we re quite low comp ared to 

pre dicted mill fee d  for Zone I l l :  It would be quite 

rea son able to expect better result s with the higher fee d 

g r a de .  

TABLE 9 

COMPARISON OF HEAD ASSAYS 

SAMPLE HEAD ASSAYS 
Pb 

Bulk  Samp l e  No.  l 2 . 35 

Bu l k  Samp l e  No.  2 2 . 40 

Zone I II Average 2 . 90 
Estimated 

Note : a )  Zone I II data i s  from l atest 
m i ne mode l  and does not i n­
c l ude phase 6 ore .  

Zn 

3 . 85 

3 . 85 

4 . 50 

ii ) T he results  from s amp le No . 2  were cons idered to be quite 

e xceptional . There were several indications to s upport thi s  

v iew , e specially the h i g h  zinc concentrate g r ades which 

sugge sted a somewhat a typ ical zinc miner al structure , the 

r apid rate of  flotation of the mineral s ,  a nd the results  

from the Faro p lant when t reating s imi lar m aterial . Also 

t he s amp le exhib ited most unusual p recious metal di stribu-

tion s . 
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T he pilot plant data w a s  a n alyzed a nd a conservative meta llurgical  

b al ance constructed for actu al  p la n t  ope ration. For comp ari son are  

s hown some locked cyc le test  result s g e ner ated on s amp le s of Zone 

Ill d ri ll c ore . ( T able 10 ) 

TABLE 10 

PLANT METALLURGICAL BALANCE 

DATA SOURCE CONCENTRATE ASSAYS 
Pb Zn 

Pi l ot P l ant Work Lead 68 . 4  
Samp le  No.  I Zinc 52 . I 

Pi l ot P l ant Work Lead 73.6 
Samp l e  No . 2 Z i nc 5 5 . 2  

Locked Cyc le  Tests Lead 7 7 . 2  
Z i nc 53 . 8  

Predi cted P l ant Resu lts  Lead 67 . 0  
Faro Zone III Z i nc 53 . 5  

Note : a )  Al l data refers to metal l urgy at a P80 of 50 mi cron s .  

b )  Lock ed cyc l e  tests performed at Cyprus 
Anv i l duri ng 1 980 on s amp les  of Zone II I 
dri l l  core. Data reported in January 1 981  
i n  a report by A. Mcintyre . 

DISTRIBUTION 
Pb Zn 

86.9 
90. 4  

91 . 0  
90. 6 

88.8 
83. 5 

87 . 5  
88 . 5  
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2.25 Gold, Silver and Minor Elements 

Based on assays of diamond drill composites, the Zone I I I ore was 

estimated to contain appreciable quantities of silver and minor 

amounts of gold. Averaged data indicated that the mean silver 

content would be 35 g/tonne Ag while gold would be about 0.065 

g/tonne Au. The estimate of the predicted gold and silver 

metallurgy was conducted as follows: 

i) Silver Metallurgy 

Two pilot plant runs using sample No. 1 were assayed for 

silver; the results are shown below. 

TABLE 11 

SILVER RECOVERY AND GRADE AT 50 microns GRIND 

TEST PRODUCT WEIGHT ASSAYS %, g/tonne % DI STRIBUTION 
NO. % Pb Zn Ag Pb Zn Ag 

PP-9 Pb Cl. Cone. 2.58 69.1 2.4 501.13 75.8 1.6 60.3 
Zn Cl. Cone. 6.56 0.43 52.5 38.32 1.2 &8.8 11.7 
Zn Comb. Tai 1. 90.86 0.59 0.41 6.62 23.0 9.6 28.0 

' 

Cyclone O'Flow 100.00 2.35 3.88 21.46 100.00 100.00 100.00 

.PP-10 Pb C 1. Cone. 2.61 68.2 2.82 486.38 76.7 1.9 58.2 
Zn Cl. Cone. 6.24 0.34 52.0 34.86 0.9 85.6 10.0 
Zn COIIIb. Tai 1. 91.15 0.57 0.52 7.62 22.4 12.5 31.8 

Kason U'Size 100.00 2.32 3.79 21.82 100.00 100.00 100.00 
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A s suming that  the s ilver recovery incre a s e s  linearly with 

lead recovery as with most  Faro a rea o re types ,  then 

increasing the le ad recovery to 87.5% s hould result in some 

increase  in s ilver recove ry from the r eported 58-60% level . 

B a s e d  on experience a nd the long term silver recovery data 

at  Anvil , a s ilve r recovery fig ure of  65% w a s  selecte d .  

Unfortuna tely the bulk s amp le s were quite low i n  s ilver 

content - about 21.5 g/tonne Ag : correction for this w a s  

a chieved b y  c alcul ating the quantity o f  s ilver recovered 

into the le a d  concentrate at  fixe d recovery ( e . g .  600 

g/tonne s ilver in the le ad concent rate ) from a pre dicte d 

mill feed of 34 g/tonne Ag . 

ii ) Gold Metallurgy 

Some s upport for both the gold a nd silver predicted 

recovery le vels were obt ained by rea s s aying a locked cyc le 

test  on s amp les from Faro. Zone I I I obtained in the 1978 

drilling program . The d a ta in T able 12 show s that a gold 

recovery of 35-40% may be a nticipated in the le ad 

concentrate. U sing the predicte d mine model fee d g r ade and 

a g old recovery of 33% the gold concentration in  the le a d  

concentrate w a s  c alculated ( Ta ble 14). 
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TABLE 1 2  

GOLD AND SILVER METALLURGY - LABORATORY TEST DATA 

ASSAYS ( g/tonne)  DISTRIBUTION 
Au Ag Au Ag 

Feed 0 . 1 7  44 1 00 . 0  1 00 . 0  

Lead C oncentrate 1 . 20 530 38 . 8  66 . 3  

Z i nc C oncentrate 0 . 70 39 37 . 0  

Note s :  a )  Compos i te obtai ned from a very l i m i ted 
dri 1 1  program .  

b )  Head assays hi gher than m i ne model  
predi cts . 

d Data from cyc l e  test No . 8  Ref.LR2082 
us i ng Faro Zone I I I ore . 

ii i )  Mercury a n d  Arsenic 

8 . 0  

L acking specific a s s ay d a t a  o n  Zone I I I lead a nd zinc 

concentrate cont amina nts , minor element a s s ay s  for the 

year 1979 we re ave r age d a nd used to predict mercury a nd 

a rsenic concentrations. The  a ve r ag e d  da ta for 1979 concen-

tration s of minor elements is shown below in Ta ble 1 3 .  

TABlE 1 3  

MINOR ELEMENTS - FARO ZONE I I I  

CONCENTRATE ASSAYS g/tonne 

Hg As 

Lead Concentrate 40 300 

Z i nc Concentrate 300 1 00 
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2. 26 ?redicted Plant  Metallurgy 

TABLE 14 

PREDICTED PLANT PERFORMANCE - ZONE III ORE 

WE I GHT ASSAY DISTRIBUTION 
Pb Zn Ag Au Pb Zn 

Feed 100 . 0  2 . 9  4 . 6  35 * 100 . 0  1 00 . 0  

Lead C one . 3 . 79 67 . 0  3 . 0  600 0 . 75 87 . 5  2 . 5  

Z i nc C one . 7 . 61 0 . 5  53 . 5  40 * 1 . 3 88 . 5  

Ta i ls 88 . 60 0 . 37 0 . 47 10 * 1 1 . 2  9 . 0  

Note : a )  The average gol d  content of the lead concentrates 
from Zone III wi l l  be bel ow payable l i m i ts .  However, 
due to the i rreg u l ar occurrance of gold in the ore 
i t  i s  pos s i b l e  that payabl e  gol d wi l l  be encountered 
in some s h i pments .  

Ag 

1 0 0 . 0  

65 . 0  

8 . 7  

26 . 3  

Au 

1 00 . 0  

33 . 0  

* 

* 
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2 . 3  G RUM METAL L U RGY 

2 . 3 1  P relimin a ry L aboratory Testwork 

Metallurgical investig a tions of the Grum ore body by Kerr Addison 

Ltd. a nd Noranda Mines were preceded by extensive miner alogic al 

studies in which the entire a rr ay of ore t ypes , believed to n umber 

twe l ve , were individually ch a r acterize d . Having identified the 

v arious o re types , metallurgical testwork commenced at  L akefie l d  

on individual  s amp le s o f  e ach ore t ype , a nd a l so o n  composites of  

ore t ypes . This  compositing of  ore t ypes w a s  a rel atively late  s tep 

when it w a s  realized that  many of the s o  c alle d  ore t ypes  were in 

fact met allurgically indistinguishable . The concept of compositing 

sa:mp le s for testing was very acceptable s ince the costs of 

individually testing each ore type were prodig ious .  

The testwork , which wa s perform e d  exclusively at  L akefie l d  

Rese arch L td . , Lakefiel d ,  Ont a rio , com menced i n  1976 a nd culmi­

nated in late 1977 with long series of p ilot plant  test s . The work 

w a s  directed princip a lly by Mr . K .  Konig sm a n n , Chief Metallurg ist , 

Nora nd a Mines , a nd by others  in t he Nora nda Milling Committee . A 

very brief synop sis of the excelle nt work performed at  Lakefiel d  is  

given below . 
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2. 32 Critical Results  from La bor a tory Testwork 

T he earliest work performed at Lakefiel d demonstrated the need for 

a fine pri m ary g rind on Grum ores in the r ange 50 microns P 80 . 

Thi s observa tion w a s  strongly s upported by the results  of  the meti-

c ulous micros cop ic s tu di e s  of  Dr . Carson of Noranda Mines , which 

indicated an unusually fine interg rowth of mineral c rystals  in most  

o re typ e s . 

M a ny labor a tory test series we re pe rfo rmed to illustrate the effect 

of vari ations of primary grind on metallurg y .  Typical of the tests  

a re the data  s hown below in tab le s  15  a nd 16 ; they refer to 

testwork on a composite m ade up of seven of the twelve ore types . 

TEST NO . T I ME 
Mi n .  

153 30 

1 79 25 

1 80 20. 

TABLE 1 5  

EFFECT OF F INENESS OF P R IMARY GR IND 

% -200 PRODUCTS W E I GHT ASSAY% 
Mesh % Pb 

87 . 1  Pb C l e aner Concentrate 3 . 64 65 . 9  
P b  Rougher Concentrate · 1 7 . 93 1 5 . 3  

7 9 . 2  Pb C l eaner Concentrate 3 . 30 63 . 3  
P b  Rougher Concentrate 1 9 . 2 1  1 4 . 0 

68 . 1  Pb C l eaner Concentrate 3 . 01 65 . 9  
P b  Rougher Concentrate 1 8 . 8 1  1 4 . 0  

Notes: a )  Data Source L . R .  1 991 Vol . 7 .  

b )  Compar a t i ve data for the effect 
of gr i nd on the z i nc c i rcuit not 
reported for the tests . 

% D I STR I BUT I ON 
Zn Pb Zn 

3 . 69 78 . 2  2 . 2  
7 . 54 89 .8  22 . 2  

4 . 04 70 . 0  2 . 2  
7.65 8 9 . 9  24 . 1  

3 . 89 67 . 1  2 . 0 
7 . 66 88 . 8  24 . 2  
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Having established that adequ a te mineral liber ation could be 

obtain e d  at a rel atively fine primary grind , attention was then 

focused on improving t he lead concentr ate g r ade . In almost all 

s amp les the investig ators found t hat an extremely fine reg rind of 

the lead roug her concentrate w a s  mandatory in order to achieve 

reasonable concentrate g r ades at a cceptable recoverie s .  Typ ic a l  of 

the results  obtained are t hose s hown below in T a b le 16 . Data in  

t his  table refers to work on the p ilot plant  composite which 

e ncomp as sed components from mos t  ore types . The effect of 

regrinding on le a d  final concentr ate g r a de ,  at  almost  constant 

recovery , i s  obvious . 

TABLE  1 6  

EFFECT O F  LEAD CONCENTRATE REGR I ND O N  LEAD CLEAN I NG 

TEST NO. P R I MARY Pb REGR I ND PRODUCT WE I GHT  ASSAY % % D I ST R I BUT I ON 
GR I N D  T IME % PASS % Pb Zn Pb Zn 
{M I N . )  {MIN ) 10 u 

42 30 10 3 1 . 5  Pb C l eaner Concentrate 1 2 . 1 2  38 . 6  1 2 . 9  8 1 . 0  1 5 . 6  
P b  1 st C l e aner Cone . 1 8 . 63 27 . 3  1 3 . 7 88 . 0  25 . 5  
P b  Comb in ed Tai l i ng 8 1 . 37 0 . 85 9 . 1 9 1 2 . 0  74 . 5  

43 30 20 37 . 2  P b  C l eaner Conc
.
entrate 1 0 .54  45 . 1  1 2 . 9  80 . 4  1 3 . 7  

. Pb 1 st C l eaner Cone . 1 8 . 24 28 . 8  1 4 . 1 89 . 0  26 . 0  
Pb Comb i ned Tai l i ng 8 1 . 76 0 . 80 8 . 97 1 1 . 0 74 . 0  

45 30 30 47 . 4  P b  C l eaner Concentrate 8 .  75 5 1 . 6  1 1 . 3 76 . 1  9 . 9  
P b  1 st Cleaner Cone . 1 6 . 08 32 . 4  1 4 . 0 87 . 7  22 . 6  
Pb Comb i ned Tai l i ng 83 . 92 0 . 87 9 . 1 4  1 2 . 3  77 . 4  

46 30 40 58 . 0  P b  C l eaner Concentrate 7 . 97 54 . 6  1 0 . 7  73 . 4  8 . 1 
Pb 1 st C l eaner Cone.  1 6 .54  31 . 3  1 4 . 1  87 . 3  23 . 0  
P b  Comb i ned Tai l i ng 83 . 46 0 . 89 9 . 2  1 2 . 7  76 . 0  

4 7  30 50 62 . 0  P b  C l eaner Concentrate 7 . 96 59 . 7  9 . 53 80 . 0  7 . 6  
P b  1 st C l eaner Cone . 1 4 .56 35 . 8  1 3 . 6  87 . 7  1 9 . 9  
P b  Comb i ned Tai l i ng 85 . 44 0 . 86 9 . 32 1 2 . 3  80 . 1  

Note s :  a )  Data source L . R .  1 99 1  Vo l .  1 0  

b )  Samp l e: P i  lol plant compos i te .  
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T h e  route to  acceptable met allurgy with Grum ore types  then w a s  

e st a b lishe d; a fine primary grind ( P80 50-60 micron s ) followe d b y  a 

very fine regrind of t he le ad roug her concentrate . ( P SO 1 5-20 micron s ) 

I n  the cou rse of these detailed s tu dies  it w a s  found that  the lead 

reg rind mill  exerted a s ig nific ant influence on the zinc metallurgy; 

probably due to t he considerable quantity of zinc miner als  

reporting in the le ad roug he r concentrate .  In  general howe ver , the  

zinc metallurgy did not pose a m ajor proble m .  T he Grum zinc 

mineral w a s  observed to be quite low in interstitial  iron and 

manga nese a nd , ap art from los se s in the lead cleaner circuit 

product s ,  zinc recovery was g ood . The laboratory re sult s  sug gested 

that zinc concentrate g r a de s  in exce s s  of  55% Zn cou ld be fa1rly 

e as ily achieved provided that both t he le a d  a nd zinc reg rinding 

circuit  were optimized . 

TABLE 1 7  

EFFECT OF ZINC REGRIND ON Z I N C  CLEANING 

TEST 
No. 

41 , 47 

42 , 43 , 44 

Zn CLEANER FEED PRODUCT 
%-20 

IJ 
%- 1 0  

� 
Pb 

78 so Zinc  C l eaner Cone . 2 . 3  

Z i nc F l otati on Tai l 1 . 2 

39 22  Z i nc C le aner Cone . 2 . 5  

Z i nc F l otation Tai l 1 . 3 

Note: a )  Data source LR2027 .  

b )  Data refers to 1 aboratory batch 
c l e aner tests on a compos ite of 

the major ore types . 

ASSAY 
Zn 

56 . 5  

1 . 6 

5 1 . 0  

2 . 3  

D I STRIBUTION 
Pb Zn 

5 . 7  80 . 6  

1 6 . 8 1 2 . 6  

6 . 3  73 . 5  

1 7 . 3  1 7 . 6  
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2 . 33 Pilot P lant Test  P rogram 

As t he labor a tory test  work neared comple tion a t  L akefield in mid 

1 977 , underg round ope r ations at  the  Grum site we re directe d toward 

obtain ing a bulk s am p le for pilot plant  testwork . The development 

a dit  had by this  time penetrated the main sulp h i de zone a nd the 

bulk sample w a s  taken principally from this a re a . Unfortunately 

s am p le make-up was somewh at  b i as e d  because of the limited ava ila-

bi lity of representative quantitie s of  e ac h  specific ore type . The 

s amp le bias was reflecte d in the a nom alously high metal contents of  

the pilot plant  composite . 

mlwl  
TABLE 18  

HEAD ASSAY - PI LOT PLANT COMPOS I TE 

ASSAYS % ASSAYS g/tonne C u  Pb Zn Fe As Au Ag Hg 

.Samp l e  0 . 1 3  6 . 1 1 0 . 0  20 . 5  0 . 23 1 . 4 98 80 

Desp ite the problems with t he s ample bias there w a s  no altern ative 

b ut to comme nce tes twork and to a ttempt to com pen s ate , o r  correct 

the test  res ult s  for the h i g h  grade s ample when pre dicting prob a b le 

plant meta llurg y .  



TEST NO. 

207 

217 
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T o  a s sist  in the prediction of  p lant metallurgy and a s  a g uide in 

the extrapola tion of  results  several  locked cyc le tests  we re carri e d  

o u t  on v arious composites of Grum ores by Lakefiel d  Re searc h . 

COMPOSITE 
NO . 

TABLE 19 
LOCKED CYCLE TEST DATA - GRUM COMPOSI TES 

PRODUCT 

Pb Cleaner Cone. 
Zn Cleaner Cone. 
Zn Flot . Ta i l i ng 

Head (Calc.) 

Pb C l e aner Cone . 
Zn Cleaner Cone . 
Zn F l at .  Ta i 1 i ng 

Head (Calc.) 

WE I GHT % 

4. 77 9.18 86.05 
100.0 

6.12 8.91 84.07 
100.0 

ASSAYS % 
Pb Zn 

66.7 0.58 0.95 
4.06 

62.2 0.40 0.40 
4.18 

4.56 57.40 1.43 
6.71 
5.67 59.70 1.49 
6.93 

% D I STRIBUTION 
Pb Zn 

78.4 1.3 20.3 
100.0 

91 .0 0.9 8.1 
100.0 

3.2 78.5 18.3 
100.0 

5.0 76.7 
18.3 

100.0 
l----+----+------t-----l-----l----- 1-----1---------230 

237 2 

241 

3.� Pb Cleaner Cone. 
Zn C l eaner Cone . 
Zn F l at .  Tai l i ng 

5.82 13.75 80.43 85.4 I 

;: m:::u::t :u! lh ·u: ·u ,:; ; =I 
I-

H

-

ea

_

d

_

( C

_

a

_

l

_

c 
-
. 

)--+- - 1-0-0-. 0---1----�- 5- .-84-------j--- 9- .-2-5 --J--- 1- 0- 0 -. 0--�--1 0-0-. 0-- � 
Head ( Ca l c . )  100.0 

62.5 0.39 1.02 
4.51 

6.16 57.80 1. 25 
9.31 

80.6 1 .2 18.2 
100.0 

l------4-----l-------+--------l--------l----------� I Head (Ca l c.) 100.0 5.86 9.53 
Notes: a) The compo s i tes 1, 2, and 3 are desc ri be d 

in compositiona l  detai 1 in L.R. 1991 Vol. 8. 
b) Tests c arried out at 50-60 mi cron grind . 

100.0 100.0 
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After a bout thirty prel imin ary test s , the reg rinding circuit s w e re 

optimized , the reage nt scheme b al a nced a nd the optimum p rimary 

grind e stablished at b etwe e n  50-55 mic rons P 80 . In the cour se of the 

work , a nd s ub se quent to t he preliminary tests , several interesting 

obse rvations were m ade . 

a )  I niti ally it appeared that  le ad regrind w a s  not quite a s  

c ritical  a s  the laboratory work h ad indicate d . P re sumably t h i s  

w a s  because much of t he laboratory work w a s  c arried out with 

s amples averaging 9-10% combined meta l ;  the higher g r a d e  

p ilot plant s amples would naturally require le s s  reg rinding . 

b )  T he collector cons umption i n  the p ilot plant w a s  considerably 

lowe r than had been observed in t he l aboratory . Ag a in t h i s  

could be  related t o  t he rel atively coarse miner al ization 

a s sociated with the h i g h  gr a de s amp le . 

c )  T he z i nc circuit first cle aner pH w a s  found to be critical . Even 

very small vari ations (+ 0 . 5  unit s at pH 1 1 . 5 )  exerc i s e d  

enormous e ffec ts o n  t h e  zinc concentrate g r ade . 

d )  High cy anide ad dition s ,  in total  about 250 g/tonne were found 

to be critical  to a ttainment of good metallurg y .  
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T h e  pilot plant prog r am wa s directe d by K .  Konig smann of  Noranda 

Mines who was a ided by D .  M .  Wyslouzil of L akefield  Researc h . A 

tota l of 53 tests were performe d using a flotation reagent scheme 

v ery s imilar to that e mp loyed at Anvil ( a nd incidenta lly a lmo st 

identic a l  to that used in  the Anvil P ilot P l a nt prog ram ) .  T h e  

results  a re s hown below i n  T a b le 20 . 



TEST NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
49 
50 
51 
52 
53 
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TABLE 20 

GRUM PILOT PLANT TEST DATA 

METALLURGY 
LEAD GRADE LEAD RECOVERY ZINC GRADE Z I NC RECOVERY 

49.6 75.9 58.9 
53. I 74.3 56.0 
44.7 80.7 56.0 
44.1 80.6 50.2 
47.6 75.6 55.8 
59.0 81.8 54.3 
46.6 83.1 52.6 
49.9 79.7 49.6 
62.4 77.8 55.1 
44.9 79.2 36.9 
42.2 81.6 42.6 
47.9 74.5 38.2 
46.4 77.8 46.0 
52.8 77.3 47.0 
57.2 74.8 42.3 
56.2 76.2 49.3 
59.2 76.2 43.3 
57.5 74.8 50.0 
57.9 74.2 51.5 
59.7 70.8 48.3 
53.6 78.1 53.9 
62.3 71.7 54.2 
52.3 71.0 56.3 
58.4 63.0 52.0 
59.3 77.4 52.1 
57.0 76.0 56.4 
58.4 77.7 48.3 
51.9 78.0 46.8 
56.4 77.6 54.5 
54.9 75.4 50.0 
53.7 76.3 55.0 
65.4 78.1 54.5 
59.2 80.4 51.8 
64.8 77.6 53.5 
66.6 75.7 57.4 
54.1 77.5 52.6 
63.1 78.3 50.2 
60.6 77.0 53.3 
56.9 75.3 50.0 
57.2 75.2 56.0 
62.7 77.2 57.4 
60.9 75.6 48.4 
60.7 75.9 52.1 
54.1 77.4 52.4 
46.8 76.5 53.8 
55.2 76.8 50.8 
64.6 77.9 55.5 
62.7 76.0 56.5 
60.8 78.1 53.6 
65.8 74.4 52.6 
58.3 77.5 54.0 
60.9 75.5 54.7 

Notes: a) Data source progress report N o . l l  
V o l .  I -I V  L . R .  2027. 

b) A l l  results from tests usin g a stan­
dard flowsheet and one composite ore 
sample . 

48.9 
73.5 
70.9 
66.2 
66.1 
78.5 
72.3 
78.0 
73.8 
74.0 
72.7 
76.4 
77.6 
78.6 
78.7 
75.8 
81.4 
79.9 
76.7 
74.9 
76.1 
78.1 
69.1 
81.1 
81.1 
76.0 
79.8 
75.6 
74.2 
78.0 
75.4 
79.8 
79.0 
77.4 
72.0 
78.0 
82.3 
79.9 
76.6 
72.9 
79.6 
79.9 
75.5 
65.1 
71.7 
73.6 
81.5 
78.3 
80.6 
82.6 
78.0 
78.9 
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2 . 34 A.naiysis of  Pilot P lant Results  

T he data from the tests  in t he latter part of  t he program wa s 

e xamined in minute detail  by the Noranda Milling Committee . Noting 

t h3.t the s amp le tested comprise d princip a l ly of m a s s ive s ulphide ore 

ty\)eS, the committee elected to produce two metallurgical balance s :  

One representing the mas sive s u lp hide ore metallurgy while the 

other indicated their e stimate of the ove r a l l  aver age Grum 

metallurg y . This  l atter estimate was b as e d  on the result s  of 

l aboratory c le a ner  and the locked eye le tests o n  v arious s amp le s .  

The committee were of the opinion that  the t rue average met a llurg y 

of a l l  Grum ores would be  somewhat  b etter than for the sulphide 

zone ore s . Accordingly they modifie d thei.r b est  pilot plant usin g  

the resu lt s of t he locked cyc le tests t o  reflect thi s belie f  a nd 

incre a s e d  both lead a nd zinc recoverie s with the s ame concentr ate 

g r a de s . The two b al ances a re s hown below in Table 2 1 . 

ORE TYPE 

Mas s i ve Su l ph i de 

Average 

TABLE 21 

PREDICTED METALLURGY FROM P I LOT PLANT RESULTS 

CONCENTRATE ASSAYS 
Pb Zn  Au Ag 

Lead 62 1 0  4 .8 925 
Z i nc 2 . 5  56 * * 

Lead 62 8 5 . 1  950 
Z i nc 2 . 0  56 * * 

Notes:  a )  Data source - Noranda Mi l l i ng 
Commi ttee Report Dec . 1 977 . 

b) Au and Ag i n  g/tonne . 

Pb 

77 
* 

80 
* 

D I ST R I BUTION 
Zn  Au 

* 33 
8 1  * 

* 33 
84 * 

Ag 

72 
* 

72 
* 
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2 . 35 Gold , Silver and Minor Elements 

Som e a s s ays on three pilot p la nt run s  yielded some intere stin g  

results  o n  precious metal concentrations a nd di stributions .  Concen-

trate s collecte d during v arious p ilot plant ru ns were a s s ayed for 

m ercury a nd arsenic . The results  a re disc u s s e d  below in section 

2 . 36 . 

TEST NO . 

PP25 

PP35 

PP37 

TABLE 22 

GOLD & SI LVER METALLURGY - GRUM P I LOT PLANT 

PRODUCT WE IGHT ASSAYS {g/tonne )  % D I STRIBUT ION 
% Au Ag 

Pb C l eaner Concentrate 8.02 3.40 857 
Zn C l e aner Concentrate 1 6 . 04 0 . 1 5  73 
Zn Combi ned Tai l i ng 75 . 94 0 . 30 1 9  

FLOTATION FEED {cal c )  1 00 . 00 0 . 68 95 

Pb C l eaner Concentrate 6. 77 4 . 46 950 
Zn C l e aner Concentrate 1 2 . 30 0 . 1 5  69 
Zn Combi ned Ta i l i ng 80. 93 0.30 1 6  

FLOTATION FEED {ca l c . ) 1 00.00 0 . 68 86 

Pb C l eaner Concentrate 7 . 32 3 . 77 950 
Zn C l eaner Concentrate 1 6 . 72 0 . 30 74 
Zn Combi ned Tai l i ng  75.96 0 . 30 1 1  

FLOTAT ION FEED {ca l c . ) 1 00 . 00 0 . 68 90 

Notes : a )  Data source - Progress Report No . ll Vol . I  
L . R . 2027 . Go l d  & Si l ver assays reported on l y  
on these tests . 

b )  Each data set based on a n  8 hour durati on 
p i l ot p l ant run . 

Au Ag 

48 . 8  72 . 5  
4 . 9  1 2 . 4 

46 . 3  1 5 . 1  

1 00 . 0  1 00 . 0  

50 . 6  74 . 8  
3 . 4  9 . 8  

46.0 1 5 . 4  

1 00 . 0  1 00 . 0  

46 . 6  77 . 2  
9 . 8 1 3 . 8  

43 . 6  9 . 0  

1 00 . 0  1 00.0 
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2 .  36 P redicted Plant  Metallurgy 

Because of the  s ig n ificant e ffect w hich mill feed g r ade exercises  o n  

metallurgy a nd s ince the p ilot pla nt s ample w a s  known t o  be 

biased , there a re reasons  to believe t h at the Grum average met al­

lurg y ,  pre dicted by the Noranda Milling Committee , may be 

optimi stic . The principal reasons a re as follows : 

a )  Lead g r ade w a s  d i fficult to a ch ieve in the pilot pla nt , a nd 

le ad recovery w a s  quite low in those tests  in which con­

centrate grades  in exce s s  of 60% Pb we re obtaine d .  

b )  Silver recovery a t  72% probably reflects the a nomalously 

hig h s ilve r content in the pilot plant feed . Silve r recove ry 

into t he le ad concentrate at Cyprus Anvil averag e s  

somewh a t  le s s  than 60% a nd is  e xpecte d to reach 65% only 

at v ery hig h le ad recoverie s .  

Based on a ctual  experience of the ope ration of  a metallurg ical p lant 

in t he F a ro are a  with the constraints of  climate , limited ma npower 

a vailab ility and v ari able ore types , a conservative approach would 

indicate that a somewh a t  mo re p e s semistic b alance be  a dopte d .  

Accordingly the le ad concentr ate g r ade w a s  re duced from 62% to 60% 

Pb , but the le ad recove ry w a s  kept constant . Silve r recovery w a s  
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reduced to 65% to reflect lowe r s ilver gr ade expecte d in the d iluted 

ore from the Gru m deposit . 

The gold in the m i ll feed w a s  a s su me d  to be proportional  to the 

le ad content ; hence the dilute d feed g r ade re quired that the pilot 

plant gold head a s s a y  be r educ e d  by about 60% . A gold recovery 

figu re of 33% w a s  used in the c alculations - identical  to that 

a s sumed for Zone I l l  ore . 

TABLE 23 

PREDICTED METALLURGY - GRUM ORE 

ASSAYS 
CONCENTRATE Pbl Znl Au Ag As Hg Pbl 

Average Mill Feed-lead Cone. 60 11 3 . 5  750 100 90 80 

-Zinc Cone. 2 . 5  5 5  * * 50 650 

Note s :  a )  Au, Ag , As, and Hg assays in terms of g/tonne. 

b)  S i lver recovery recalculated on the basi s 
of approximately 50 g/tonne Ag in the mi l l  
feed. 

c) Average mill feed including di luti on ,  wi l l  
b e  about 9 1  combined lead and zinc metal. 

DISTRIBUTION 
Znl Au I Agl 

* 33 65 

83 
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2 . 4  VANGORDA METAL L U RGY 

2 . 41 P reliminary L a boratory Work 

Since its di scovery in the mid fifties the Va ngorda o re body 

remained , until q uite recently a metallurgical enig m a . E arly 

metallurgical work produced erratic res ult s and even t he most 

o ptimistic metallurgist  could predict only t he production of  a b ulk 

le a d-zinc concentrate . Probably the reason for the very poor initial  

metallurgical res ult s was that  the early diamond drill core was of  

small  diameter a n d  hence core recovery w a s  poor , incidentally 

neg a ting the cha nce of an a ccur ate ore body model , and ens uring 

the r apid oxida tion of  t he mine r al s ,  thus preventing t he gener ation 

of reproducible laboratory test data . 

Redrilling in the late s ixties , a nd recognition of at le ast  three ore 

types by the v arious investig a tors le d to the gener ation of a few 

g roups of re asonably encouraging met allurgical result s .  After a bout 

five ye ars  of  spora dic testwork in many laboratories , there emerged 

a picture of an ore which dep icted a n  extremely fine mineral 

c ry stal inter g rowth , very markedly activated iron and zinc 

mineral s , and a pre diliction for rapid and deleterious mineral 

oxidation . 
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T he Ta ble 24 below is  a s ynopsi s  of  the early published work on 

Va ngorda ore - unfortunately very few of t he inve stig a tors noted 

the ore type being teste d .  The testwork covers a wide ra nge of 

metallurgical  conditions v arying from lime to soda ash modulated 

c ircuit s ,  v arious collectors a nd depres s ants and s everal cle aning 

s chemes . All work exhib ited one com mon factor however - Vangorda 

o re s  re quired an extremely fine prim ary grind of the order 30-50 

J.l P80 to p e rmit a ny sort of separ ation to be a chieve d .  



REF. 
l'. Pb 

1 4.0 

2 4.6 

3 4.1 

4 3.2 

5 4.0 

6 3 . 9  

7 4.4 

8 5.8 

9 3.4 

1 0  1.6 

1 1  3.6 

12 3.7 

13 6.2 

1 4  3 0 1  
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TABLE 24 

PREL I M I NARY LABORATORY TEST OATA - VANGORDA ORE 

F EE D  LEAD CONC . Z I NC CDNC . TA I L INGS 
% Zn GRADE REC. GRADE REC. :t Pb % Zn 

4.9 49 . 9  7 7.0 49.4 60.4 0.1 5  0.66 

4 . 7  56.6 83.8 54.4 79.7 0.63 0.54 

5.2 5 1 . 7  89.7 5 5 . 4  78 0 1 0.38 0.65 

5.2 46.1 7 7.6 53.0 49.5 - -

4 . 9  49.8 7 7.0 49.4 60.4 - -

5 .  1 56.5 72.5 50.8 51.5 - -

5.0 22 . 7  85.2 24 . 2  60 . 0  0.52 0.44 

6.1 29.1 85.4 11.0 60. 1  0. 54 1.22 

3.7 22.3 75.6 1 2.5 64.2 0.58 0.70 

2 . 7  37.4 77 0 9 49.2 7 7.4 0.34 0.36 

4.1 53.6 77.9 51.8 77.3 0 . 64 0 . 63 

6 . 8  48.7 78.4 5 4 . 4  80 . 4  0.5 1  0.74 

1 0. 5  25.0 93.2 48.6 64.6 0.34 0. 72 

4.4 61 .. 7 78.3 5 5 . 3  86.6 0.19 0.14 

Note s : a )  A l l data s hown i n  t h i s tab l e  was abstracted 
from l abora tory repo r t s . Vari ous schemes were emp l oyed 
but the soda ash - cyan i de reagent scheme was mo s t  favoured. 

b) The importance of a f i ne pri mary g r i nd and the need 
for reg r i n d i ng was repeated l y  s tressed by the i nv e s t i gator s .  

GRIND SOURCE 
MESH N 

99%-200 Dowa M i n i ng Company Report. 
March 2 5 ,  1969. 

64%-325 Ga l l i gher Company Report. 
J u l y  1 7 ,1969. Ser i es 2 tests. 

82%-325 Brunsw i c k  M i n i ng & Sme l t i n g  
Report. 1 969 

- Brunswick Mi n i ng & Sme l t i ng 
attachment "Refrac tory Ore s "  

- Brunswick  M i n i ng & Sme l t i n g  
att achment " Refractory Ore s "  

- Brunswi ck M i n i n g & Sme l t i ng 
attachment " Re f r ac to ry Ore s "  

82%-325 Noranda Report " V angorda & 
·Brunsw i c k  M I 5 Ore Samp l e s "  
December 9- 1 3 ,  l g69 

80%-325 Noranda Repo rt " Pre l i m i n ary Test 
work on Vangorda Core s "  Apr i 1 2 ,  
1970. 

80%-325 Noranda Report " Pre l imi nary Test 
work on Vangorda Core s "  Apri  I 2 ,  
1 970. 

55%-325 Noranda Report " P re l i m i nary 
Locked Tes t s "  Feb. 26 , 1975 

63%-325 Noranda Report " P re l imi nary 
Locked Tes t s "  Feb. 26 , 1975 

7 7%-325 Noranda Repo r t  " P re l i m i nary 
Loc k ed Tes t s "  FeD. 26 , 1 975 

72%-325 Noranda Repo rt " P r e l imi nary 
Locked Te s t s "  Feb. 2 6 ,  1 975 

80%-325 Dowa M i n i ng Company "Met a l l urg i -
c a l  Test o f  the Vangorda Ore"  
May 1 975. 

I 
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2 .  42 Detailed Type Testing 

In t he Summer of 1 979 the Va ngorda deposit w a s  redri lle d by Cyprus 

Anvil  with rel ative ly large di ameter NQ drill  bits  and the core 

s ubj ected to a meticulous geological  examin ation and log ging . The 

core w a s  divided into three m a in geological  specie s , type 4G , 4E 

and 4A , and then sub divided a g a in according to a s s a y  range of 

lead and zinc . 

E ac h  group o f  s amples  w a s  then subj ected to deta ile d met allurgical  

tes twork at the  Kamloops Rese a rc h  L a  bora tory : T h e  tests  being 

designed to determine t he effect of primary g rind and regrinding on 

metallurgy when t he particular ore type was tre ated with the Anvil 

reagent scheme . During t he period June to November a total of 55 

ope n circuit cle aner tests were comp leted on the three major ore 

typ e s  under s tudy . 

T he res u lt s ,  are showri in summary form below in T a ble 25 a s  

gener ated a n d  a l so i n  a correc ted form b ased o n  established 

laboratory procedures for the  evaluation of metallurgical  test  data . 

The correction s  involve the redi stribution of  the cle a ner tailings to 

one or oth e r  of the concentrates a ccording to experience . 
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Of special note are t he extreme fines s of g rind employed in most  

tests ranging from 20-50 microns P 80 in the . primary grin d . T h at 

these  very fine grinds can be achieved is due to the extreme 

friabi lity of the Vangorda ore s .  

Derivation o f  the  metallurgy by ore type w a s  fairly simple a nd w a s  

a chieved b y  averaging t he b e s t  corrected res ults  obtained i n  the 

l aboratory testwork . Almost invariably the best  results occurred at 

v ery fine grind levels  couple d with fine r eg rindin g . Since the tests  

covered a wide r ange of  test  conditions for e a c h  major ore type , 

considerable attention was a ddre s s e d  to s election of the r e s u lt s for 

inclus ion in each data set . 

At no time during t h i s  phase  of . the t es twork , nor in sub se quent 

work performed in 1980 , was a point detected beyond which fine 

grin ding exercised a deleterious e ffect on  metallurg y .  These  latter 

s tu dies were conducte d in t he r a nge 1 5740 microns primary grind , 

with s amples of various o re types (Ref .  KM032 October  1 980 ) . As a 

point of general interest  more a nd more comp lex sulp hide oper ations 

a re emp loying extremely fine primary grind leve l s .  Meg g e n  and 

Brunswick grind to 30-40 while at Huelva and Azn alcolla in Sp ain 

t he primary grind is  performe d at  less than 30 � . 
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TABLE 25 

VANGORDA METALLURGY BY ORE TYPE 

TEST NO . TEST METALLURGY CORRECTED METALLURGY GRIND 

1 
2 
3 
4 
5 
6 
7 
8 

1 3  
1 4  

9 
1 0  
1 1  
1 2  
1 5  
1 6  
1 7  
1 8  
1 9  

34 

30 
31 
32 
33 
35 

20 
2 1  
22 
23 
24 
25 
36 
41 

37 
38 
39 
40 

42 
43 
44 
45 

46 
47 
48 

49 
50 
51 
56 

52 
53 
54 
55 

LEAD Z I NC LEAD 
GRADE RECOVERY GRADE RECOVERY GRADE RECOVERY GRADE 

45 . 5  43 . 9  54 . 1  69 . 6  45 . 5  58 . 0  54 . 1  
36 . 4  88 . 4  55 . 7  6 6 . 0  36 . 4  90 . 3  55 . 7  
55 . 7  85 . 6  56 . 7  76 . 4  55 . 7  B 7 .  1 56 . 7  
54 . 6  87 . 2  54 . 9  76 . 2  54 . 6  89 . 2  5 4 . 9  
57 . 8  83 . 2  56 . 6  75 . 2  57 . 8  85 . 7  5 6 . 6  
40 . 3  84 . 2  55 . 1  63 . 3  40 . 3  86 . 7  55 . 1  
48 . 2  85 . 0  57 . 5  62 . 3  48 . 2  87 . 5  57 . 5  
60 . 8  77 . 5  54 . 2  61 . 8  60 . 8  81 . 3  54 . 2  
57 . 3  83 . 1  55 . 9  7 1 . 7  57 . 3  83 . 4  55 . 9  
6 1 . 4  7 9 . 7  55 . 9  77 . 9  6 1 . 4  81 . 4  55 . 9  

36 . 4  72 . 5  47 . 7  63 . 3  36. 4  76 . 5  47 . 7. 
45 . 9  76 . 2  5 1 . 4  72 . 3  45 . 9  7 9 . 2  5 1 . 4  
49 . 6  67 . 9  52 . 4  75 . 9  49 . 6  73 . 6  52 . 4  
4 1 . 8  73 . 6  54 . 1  7 1 . 5  4 1 . 8  77 . 2  54 . 1  
41 . 3  7 1 . 3  5 1 . 6  76 . 0  4 1 . 3  74 . 4  5 1 . 6  
50 . 0  7 7 . 4  5 5 . 0  78 . 9  50 . 0  80 . 2  5 5 . 0  
49 . 3  80 . 8  55 . 1  74 . 8  49 . 3  82 . 1  5 5 . 1  
53 . 6  6 9 . 6  56 . 8  46 . 5  53 . 6  72 . 6  5 6 . 8  
56 . 9  67 . 9  58 . 1  5 9 . 8  56 . 9  72 . 5  58 . 1  

43 . 3  78 . 2  5 3 . 0  57 . 6  43 . 2  81 . 2  5 3 . 0  

33 . 7  79 . 6  37 . 2  68 . 7  33 . 7  81 . 3  37 . 2  
39 . 9  77 . 7  4 1 . 2  67 . 5  39 . 9  80 . 7  4 1 . 2  
44 . 4  7 7 . 5  5 1 . 0  65 . 8  44 . 4  79 . 5  5 1 . 0  
29 . 7  74 . 6  40 . 6  59 . 9  29 . 7  7 7 . 6  40 . 6  
50 . 7  78 . 8  49 . 8  65 . 7  50 . 7  82 . 8  49 . 7  

37 . 9  5 1 . 9  44 . 9  1 7 . 7  37 . 9  56 . 3  44 . 9  
42 . 9  53 . 6  50.4 43 . 1  42 . 9  6 1 . 1  50 . 4  
45 . 2  74 . 2  52 . 3  6 9 . 5  4 5 . 2  76 . 3  52 . 3  
3 3 . 4  72 . 5  42 . 7  74 . 6  33 . 4  75 . 5  42 . 7  
33 . 7  73 . 3  44 . 6  63 . 2  33 . 4  76 . 3  44 . 6  
38 . 4  58 . 0  42 . 4  73 . 1  38 . 4  64 .0 42 . 4  
34 . 2  59 . 9  45 . 8  57 . 3  34 . 2  65 . 9  45 . 8  
36 . 5  55 . 5  41 . 4  55 . 3  36 . 5  62 . 5  41 . 4  

23 . 3  66 . 9  32 . 1  50 . 4  23 . 3  72 . 9  32 . 1  
37 . 2  74 . 7  46 . 7  53 . 3  37 . 2  77 . 7  46 . 7  
37 . 7  65 . 6  45 . 3  5 7 . 8  37 . 7  68 . 6  45 . 3  
42 . 5  60 . 6  42 . 6  6 1 . 2  42 . 4  64.0 42 . 6  

38 . 9  76 . 3  46 . 8  6 9 . 9  38 . 9  76 . 3  46 . 8  
58 . 9  70 . 0  52 . 4  58 . .  8 58 . 9  76 . 0  52 . 4  
67 . 2  62 . 6  49 . 9  76 . 2  67 . 2  70 . 6  49 . 9  
58 . 6  78 . 8  56 . 5  6 9 . 8  58 . 6  81 . 8  56 . 5  

48 . 8  80. 5  5 1 . 5  77 . 2  48 . 8  83 . 5  5 1 . 5  
33 . 4  82 . 8  50 . 3  69 . 9  3 3 . 4  84 . 8  50 . 3  
31 . 9  82 . 8  44 . 8  72 . 2  31 . 9  83 . 8  44 . 8  

40 . 2  7 1 . 8  45 . 5  7 9 . 4  40 . 2  74 . 8  45 . 5  
36 . 9  75 . 0  46 . 3  76 . 0  36 . 9  7 9 . 0  46 . 3  
31 . 0  7 2 . 8  5 2 . 2  73 . 1  31 . 0  77 . 8  5 2 . 2  
30 . 6  74 . 2  52 . 1  74 . 2  30 . 6  7 9 . 2  52 . 1  

35 . 2  80 ; 4  5 3 . 9  66 . 1  35 . 2  82 . 4  5 3 . 9  
27 . 2  72 . 7  4 5 . 5  6 9 . 8  2 7 . 2  74 . 7  45 . 5  
21 . 8  6 3 . 0  42 . 3  73 . 8  2 1 . 8  68 . 0  42 . 3  
20 . 9  75 . 4  48 . 6  66 . 6  20 . 9  79 . 3  48 . 6  

Notes : a) Test met a l l urgy i s  recovery at f i n a l  c l e aner concentrate grade. 

Z I NC 
RECOVERY 

74 . 7  
68 . 6  
7 9 . 0  
78 . 7  
77 . 7  
67 . 4  
67 . 9  
6 9 . 3  
75 . 2  
80 . 6  

69 . 3  
75 . 3  
81 . 6  
74 . 5  
78 . 3  
81 . 6  
76 . 8  
6 1 . 5  
67 . 4  

64 . 5  

7 1 . 7  
72 . 5  
70 . 9  
6 5 . 0  
7 2 . 0  

43 . 2  
5 5 . 6  
74 . 3  
77 . 6  
6 9 . 2  
77 . o  
67 . 3  
67 . 0  

5 9 . 4  
61 .0 
63 . 8  
67 . 2  

75 . 9  
69 . 8  
82 . 2  
7 5 . 8  

81 . 2  
7 7 . 9  
75 . 2  

83 . 4  
80 .0 
78 . 1  
79 . 2  

72 . 1  
74 . 8  
75 . 5  
72 . 5  

b )  Corrected metal l urgy was arri ved a t  by redi stri buti on o f  the c leaner tai l i ngs . 

TIME 
( mi n . )  

1 5  
1 5  
1 5  
1 5  
1 5  
1 0  
1 0  
1 0  
1 5  
1 5  

1 0  
1 5  
1 5  
1 5  
1 5  
25 
1 5  
1 5  
20 

20 

1 0  
1 5  
20 

5 
20 

1 5  
20 
20 
1 5  
1 5  
1 5  
1 0  

5 

5 
20 
1 5  
1 0  

5 
1 0  
1 5  
25 

25 
1 5  
1 0  

1 0  
1 5  
20 
25 

25 
10 
1 5  
20 

c) Grind time refer� to time in the 1 aboratory test mi 1 1 . :  Product P 
80 

i s  proportiona 1 
to gri nd time .  

· 

GRIND % ORE 
325 MESH TYPE 

94 l A4G 
97 1 A4G 
96 l A4G 
98 1 A4G 
97 1 A4G 
86 1 A4G 
88 1 A4G 
89 1 A4G 
94 1 A4G 
94 1 A4G 

9 1  1 B4G 
94 1 B4G 
97 1 B4G 
95 1 B4G I 
95 1 B4G 
99 1 B4G 
95 1 B4G 
93 1 B4G 
98 1 B4G 

97 2A4E 

80 2B4E 
91 2B4E 
97 2B4E 
57 2B4E 
99 2B4E 

93 2C4E 
97 2C4E 
99 2C4E 
91 2C4E 
92 2C4E 
98 2C4E 
84 2C4E 
60 2C4E 

49 2D4E 
97 2D4E 
86 204E 
7 1  204E 

37 3A4A 
56 3A4A 
76 3A4A 
88 3A4A 

88 3B4A 
73 3B4.� 
54 3B4A 

62 3C4A 
74 3C4A 
85 3C4/, 
89 3C4A 

90 304A 
59 304A 
70 3D4A 
87 304A 
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2 . 43 Gold , Silver and Minor Elements 

In ad dition to the normal a s s ays used for the comp utation of 

recoveries ,  the concentrates we re a s s ayed for s ilver , gold , m ercury 

a nd a rsenic . Thi s data for selecte d tests  i s  shown below in table 26 

which s hows aver age gold a n d  s ilver concentrations a n d  e stimated 

recoveries .  Averaged mercury a nd arsenic concentrations a re 

reported in T able s 27  and 28 by type a n d  for the Vangorda o rebody . 

TABLE 26 

GOLD AND S I LVER METALLURGY - VANGORDA ORE TYPES 

RECOVERY GRADE 
ORE" TYPE T EST NO . GOLD S I L VER GOLD S I L VER 

1 A4G 3 54 . 6  7 0 . 6  4 .8 692 
1 A4G 4 47 . 4  7 1 . 7  3 .8 641 
1 A4G 5 42 . 2  63 . 3  4 . 1  685 

AVERAGE - 48 . 1  68 . 5  4 . 2  673 

1 B4G 1 7  28 . 9  62 . 7  7 . 5  584 
1 B4G 1 6  3 3 . 3  70 . 9  8 . 9  679 
1 B4G 1 1  23 . 5  56 . 3  7 . 2  588 
1 B4 G  1 8  30 . 6  5 1 . 5  1 0 . 3  620 
1 B4G 1 9  23 . 1  50 . 3  8 . 9  696 

AVERAGE - 27 . 9  58 . 3  8 . 6  633 

2A4E 34 59 . 7  81 . 5  7 . 5  638 

2B4E 32  57 . 1  53 . 9  8 . 2  582 
2B4E 35 60 . 2  64 . 4  8 . 9  I 7 1 4  

I 
2C4E 2 1  39 . 4  36 . 2  8 . 2  I 384 
2C4E 22  39 . 0  42 . 5  6 . 5  360 

2D4E 38 60 . 2  5 1 . 3  1 1 . 7 353 
2D4E 39 52 .8  42 . 7  1 2 . 3  353 

.AVERAGE - 52 . 6  53 . 2  1 0 . 3  483 

3A4A 44 7 . 0  46 . 4  2 . 4  822 
3A4A 45 1 0 . 4  59 . 9  2 . 7  802 

384A 46 9 . 6  6 1 . 0  2 . 2  579 

3C4A 49 1 3 . 5  5 1 . 9  2 . 1  381 

304A 52 1 7 . 0  67 . 9  2 . 5  4 1 5  

AVERAGE - 1 1 . 5 57 . 4  2 . 4  600 

Note s :  a )  Recover i es c a l c u l ated from compos i te head a s s ay 
and unadjusted test di stri but i on data.  

b )  I t  i s  esti mated that s i l ver and g o l d  recoveri es 
are accurate to w i t h i n  �1 0% . 

c )  Au and Ag i n  g /tonne . 
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2 .  44 P redicted Plant Metallurgy 

An app roximate mine model b a se d  on preliminary cros s sections 

generated by D .  Hanson indic ated the relative occurranc e  of the 

three major ore types . This  data was then used to produce a 

weig hted metallurg ical  b a l ance for all  elements of interest in the 

Vangorda o re body . See t a b le s  2 7  and 28 below . 

TABLE  27 

VANGORDA METALLURGY BY ORE TYPE 

ORE TYPE RELAT I V E  OCCURRENCE PREDI CTED METALLURGY 

4G 
Bari ti c 

4E 
Pyri t i c  

4A 
Quartzi t i c  

IN  DEPOSI T  ASSAYS 
% Pb Zn Au Ag Hg 

53 * 6 . 0  650 80 
31  

* 5 5  * * 440 

49 * 1 0 . 0  480 60 
39 

* 5 1  * * 250 

48 * 2 . 4  600 40 
30 

* 53 * * 250 

Notes :  a )  Data from best adjusted test data 
from type test i ng program . 

b )  Re l ati ve occurrence data c a l c u l ated 
from the m i ne model ava i l ab l e  in 1 980 . 

c )  Au, Ag , A s ,  and Hg , i n  g/tonne.  

As  Pb 

50 84 

20 * 

200 77 

50 * 

500 81 

200 * 

DI STR I BUTION 
Zn Au Ag 

* 40 65  

80 * * 

* 50 50 

72 * * 

* 1 5  55  

79  * * 



C ONCENTRATE 

Lead 

Z i nc 

- 4 1  -

TABLE  28 

PREDICTED PLANT METALLURY - VANGORDA ORE 

' 

ASSAYS 
Pb Zn Au Ag Hg As Pb 

50 * 6 . 5  575 60 250 80 

* 52 . 8  * * 300 1 00 

Notes :  a )  Metal l urgy c a l c u l ated from wei ghted 
average of type test i ng data.  

b)  Au,  Ag , As , and Hg , in  g./tonne . 

* 

D I ST R I BUTION  
Zn  Au Ag 

* 35 55  

77 * * 



2 . 5  COMPATA B I L I T Y  T EST I NG 
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2 . 5  COMPATA B I L I T Y  T EST I NG 

2 . 5 1 L a boratory Te stwork 

Having e stablishe d the metallurg y for e ac h  ore type a nd then 

deducing the over al l  meta llurgy for e ac h  ore body , the n ext point 

to consider was the fea s ib ility of milling the v arious ore s 

concurrently . As d i sc u s s e d  e arlier in thi s section , both p ilot plant 

stu dies  a nd a l l  recent laboratory testwork h ave been desig ned to 

emulate a chievable condition s in the modified Cyprus Anvil m i ll . 

Since the Vangorda material  is  o nly a s mall  fraction of  the total 

rem a i n ing ore in the a rea , inter action effects were stu died only 

betwee n  Grum and Cyprus Anvil ore . T he testwork described here 

was designed in cooper ation with W .  M u ir , P l a nt Metallurg i st at 

Faro , and various members of the Feasibility and Development 

Group . The work w a s  performed at the L akefield Researc h  L abora­

tory in  1 979 . 

The testwork compri se d  several open c ircuit cleaner tests utilizing 

the s ta ndard flow s heet , with grinding at  a bout 50 microns P 80 , and 

a reagent pattern approximatin g  to that employed at Cyprus  Anvil . 

The s amples con s isted of drill  core from the Faro depo s it 'a nd the 

s creened rem n a nts of the pilot plant s amp le tre ated at L a ke fiel d  

during t h e  1 977 Grum tes twork . Samp le composition w a s  a s  follow s : 



SAMPLE 

Grum 

Cyprus Anvi l 
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TABLE 29 

HEAD ASSAYS OF COMPOS I TES 

ASSAYS % 
Cu Pb Zn  Fe 

0 . 1 4  4 . 98 9 . 1 3 33 . 1 0  

0 . 1 8  3 . 1 5  4 . 43 34 . 80 

Note s :  a )  Grum samp le  ori g i nated from 
materi a l s stored at Lakefi e l d .  

b )  Cyprus Anvi l samp le  was provi ded 
by W .  Mu ir  p l ant metal l urg i st and 
compri sed pri nc i pa l l y  Type 4E 
Pyri t i c  s pec i e s . 

s 

33 . 9  

32 . 2  
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2 . 52 Base  Meta llurgy by Ore Type 

Fir st sta ndard ope n c ircuit c le aner tests were performed on Grum 

a nd Cyprus  Anvil s am p le s  to obtain data about the base  conditions . 

T h e  r e s u lt s  of two test pair s a re s hown below in T a b le 30 . 

TABLE 30 

BASE METALLURGY FOR GRUM & CYPRUS ANV IL  SAMPLES 

PRODUCT WEIGHT ASSAYS % % D I STRI BUTI ON 
% Pb Zn Pb Zn 

CYPRUS ANVI L  ORE 

Pb C le aner Concentrate 3 . 0 1  74 . 9  1 . 81  81 . 7  1 . 3 
Pb 1 st C l e aner Cone . 4 . 6 1  54 . 8  4 . 3 1  9 1 . 3  4 . 6  
Z n  C l e aner Concentrate 6 . 04 0 . 36 5 2 . 80 0 . 8  74 . 3  
Z n  Rougher Concentrate 30 . 8 1  0 . 3 1 1 2 . 9 3 . 9  92 . 9  
Z n  F l otati on Tai l i ng 64 . 68 0 . 2 0  0 . 1 7  4 . 6  2 . 5  

CYPRUS ANVI L  ORE 

Pb C l e aner Concentrate 3 . 06 72 . 8  2 . 03 79 . 8  1 . 4 
Pb 1 st C l e aner Cone . 5 . 68 44 . 9  5 . 2 1  9 1 . 4  6 . 8  
Z n  C leaner Concentrate 5 . 48 0 . 34 53.8 0 . 7  67 . 8  
Z n  Rougher Concentrate 1 3 . 00 0 . 48 29 . 5  2 . 2  88 . 3  
Z n  F l otati on Tai l i ng 81 . 32 0 . 22 0 . 2 6  6 . 4  4 . 9  

GRUM .ORE 

Pb C l eaner Concentrate 6 . 49 60 . 3  7 . 52 81 . 3  5 . 4  
P b  1 st C l e aner Cone . 20.65 2 1 . 6  1 2 . 20 92 . 5  27 . 9  
Zn C leaner Concentrate 1 0 . 2 7  0 . 50 5 1 . 70 1 . 1 58 . 5  
Z n  Rougher Concentrate 2 7 . 25 0 . 65 22 . 80 3 . 7  68 . 4  
Z n  F l otati on Tai l i ng 52 . 1 0 0 . 36 0 . 65 3 . 8  3 . 7  

GRUM ORE 

Pb C l e aner Concentrate 6 . 85 5 6 . 2  9 . 1 2  80 . 6  6 . 9  
P b  l st C l e aner Cone . 1 5 . 1 2  28 . 8  1 2 . 4 9 1 . 2  20 . 7  
Z n  C le aner Concentrate 1 0 . 2 1  0 . 63 5 2 . 8  1 . 3 59 . 6  
Z n  Rougher Concentrate 21 . 60 0 . 70 31 . 1  3 . 2  74 . 1  
Zn F l otati on Tai l i ng 63.28 0.43 0 . 7 3  5 . 6  5 . 2  
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2 .  53 T e sts with Ore Mixtures 

T wo mo re tests were then performe d with a 50 : 50 mixture of Grum 

a nd Anvil  ore s . The test procedures were the  s ame a nd the results 

a re reporte d below in T a b le 31 . 

TABLE 3 1  

METALLURGY O F  M I XTURE 50 : 50 GRUM & ANV I L  

PRODUCT WE IGHT ASSAYS % % D I STRI BUT ION 
% Pb Zn Pb Zn 

Pb C l e aner Concentrate 4 .  72 68 . 6  4 . 57 85 . 1  3 . 2  
P b  1 st C l e aner Cone . 1 2 . 2 7  28 . 8  1 0 . 70 92 . 8  1 9 . 6 
Zn C le aner Concentrate 8.38 0 . 5 1  52 . 5  1 . 1  65 . 9  
Zn Rougher Concentrate 23 . 80 0 . 53 2 1 . 60 3 . 3  76 . 9  
Zn F l otati on Tai l i ng 63 . 93 0 . 23 0 . 36 3 . 9  3 . 5  

P b  C l eaner Concentrate 4 .4 1  69 . 8  5 . 30 80 . 5  3 . 5  
Pb 1 st C l eaner Cone . 9 . 30 37 . 3  9 . 65 91  . 2  1 3 . 5  
Zn C l eaner Concentrate 8 . 0 1  0 . 38 53 . 50 0 . 8  64 . 9  
Zn Rougher Concentrate 20 . 87 0 . 56 2 5 . 8  3 . 1 8 1 . 7  
Z n  F l otat i on Tai l i ng 69 . 83 0 . 3 1 0 . 45 5 . 8  4 . 8  

By rea rranging a nd a veraging the d ata in Table s  29 a nd 30 it i s  

pos sible t o  s how that the r e s u lts  for the mixtu re of ore s  fal ls , a s  

expecte d ,  between that recorded for the two ore sources when 

separately teste d .  
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An i nteresting point a bo ut the se  r e su lts  i s  that the blended mixture  

produce d re sult s w h i c h  w e r e  s lightly better  than the  a rithmetic 

a ve r age of both ore typ e s  individually . This  i s  a peculi a r  b ut not 

unique occurr ance with ble nds of ore s a nd i s  prob a b ly d ue to 

preferenti al grinding of the r elatively softer Grum ore . 

TABLE 32 

SUMMARY OF TEST DATA 

CONDITION ASSAYS · D I STR I BUTION 
Pb . Zn 

Anv i l - Base Meta l l urgy Lead 73 . 9  * 
Zi nc * 53 . 3  

Grum - Base Meta l l urgy Lead 58 . 3  * 
Z i nc * 52 . 3  

50 : 50 B l end Meta l l urgy Lead 6 9 . 2  * 
Z i nc * 52 . 8  

Notes : a )  Al l data from L R  2 1 76 No . 5 

b )  Test data refers to batch tests 
wh i ch are not di rec t l y  compab le  
t o  the  predi cted p l ant data .  

TABLE 33 
COMPAR I SON OF 

Pb 

80 . 8  
* 

81 . 0  
* 

82 . 8  
* 

ANT I C I PATED AND ACTUAL METALLURGY FOR BLENDED ORES 

Zn 

* 
7 1 . 1  

* 
59 . 1  

* 
6 5 .  l 

CONDIT ION ASSAYS DI STRI BUT ION 
Pb Zn 

Ant i c i pated Metal l urgy Lead 66 . 1  * 
(Ari thmeti c Average ) Z i nc * 52 . 8  

Lead 69 . 2  * 
Actual  Metal l urgy 

Z i nc * 5 3 . 0  

Notes : a )  Aga i n  data refers t o  batch c leaner 
test resu l t s ,  unadjusted for redi s­
tri b ut i on of c leaner tai l s .  

Pb Zn 

80 . 9  * 
* 6 5 .  l 

82 . 8  * 

* 65 . 4  
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2 . 6  SP EC IAL CHARACT E R I ST I CS OF CONCENT RATES 

T here are s ever al  c h aracteri stics of miner al concentrates which a re 

of considerab le s ig n ific ance in  s hipping a nd s ales  wh ich have not 

yet b een discus s ed . The three mo st  importa nt factors , a side from 

major metal contents , are concentr ate flow moiture s , moisture 

content a n d  t r ace element a n alyses . 

2 .  61  Flow Moistures 

Flow mo isture i s  an  a pproximate phy sical test method which permits 

a n  estimate to be made of the point at  which p la stic. flow of 

conce ntrates might occu r .  C le arly the onset of p la stic flow wi ll  

depend on mean p article s ize , partic le s hape and the  r ange of 

various sizes present . The effect of p la stic flow of l arge concentrate 

m as se s  o n  ship stabi lity a nd rolling moment a re apparent . 

To determine t he effect of finer grinding of the concentr ate s on  flow 

moisture , s am p le s  o rigin ati n g  from the fine grind tests  at L a kefie l d  

Rese a rch were s u b se quent to a flow mo isture test . T h e  result s  of  

these s t a nd a rd tests  a re s ummarized below . 
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TABLE 34 

FLOW MO I STURE 

NORMAL F I NE GR I ND 

Lead 8 . 1  9 . 7  

Zi nc 9 . 8 1 1 . 2 

Notes : a )  Norma l - Nov. 1 979 test resu l t  for a s i x 
month cert i fi cate .  

b )  Norma l P80 for concentrates 30 -40 mi cron s .  

c )  Fi ne gri nd P80 1 0 -20 mi crons . 

d )  The i ncrease i n  f low mo i sture poi nt wi th 
fi ner gri nd i ng was unexpected . Usua l ly 
fl ow moi stures tend to decrease with  fi ner 
part i c l e  s i ze .  

2 . 62 Moi sture Contained in  the Concentrates 

T he upg r a de d  dew a tering plant wil l  accomoda te all  the p l a n ned 

concentrate production a nd produce concentrates contain ing 4 . 5% 

moisture under ideal condition s .  Howe ver , these ideal  conditions 

a s sumed in  the t heoretical  c alculations of drye r capac it y  seldom 

exist  in  pr actice . Therefore , as shown in the table below the 

moisture contents will  decrea s e  from present ie vel s  but wil l  prob a-

bly not im mediately reach t he t arge t  moisture content of 4 . 5% .  The 

prob a b le init i al p lant  pe rforma nce is  shown below in T a b le 35 . 
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TABLE 35 

MO I STURE CONTENTS OF CONCENTRATES 

CONDITI ON LEAD CONC . Z INC CONC . 
% WATER % WATER 

1 978- 1 979 Averages 5 . 2  6 . 6  

Theoret i c a l P l ant Performance 4 . 5  4 . 5  

I n i t i al Predi cted Performance 4 . 7  5 . 0  

2 .  6 3  Spectrograph ic An a lyses 

Some t race ele ments exercise considerable influence on the s melter 

proc e s s  a nd as suc h , incur s ig n ific a nt pe nal t ies  to the sel le r  of 

concentrates . The detection of t he se minor or trace elements i s  

us ually achieved by pe rforming a s pectrog r aphic  a n alysis  of t h e  

concentrates . 



ELEMENT 

A l um i num A I  
A n t i mony Sb 
Arsen i c  A s  
Bari um S a  
Bery 1 l  i urn Be 

B i smuth B i  
Boron B 
C a am i  urn C d  
Ca l c i um  C a  
C h rom i  urn C r  

Coba l t  Co 
Copper Cu 
Gal l i um Ga 
I ron Fe 

Lead P b  
Magnes i urn Mg 
Manganese Mn 
Molybdenum Mo 
N i ob i um N b  

N i c � e l  N i  
Pota s s i um K 
S i l i c on S i  
S ad  i um N a  

Stron t i um Sr 
Tan t a l um T a  
Thori um T h  
T i n  S n  
T i t a n i um  T i  

Tungsten II 
Uran i um u 
Vanadi urn v 
Z i nc Z n  
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TABL E  36 
SPECTROGRAP H I C  DATA - F I NAL CONCENTRATES 

( Resu l t s  from Can -Test Vancou ver ) 

VAN GORDA GRUM 

T Y P E  4A T Y P E  4E TYPE 4G P I LOT P LANT COMPO S I T E  

Z I NC 

l .  
N.D. 
TRACE 
0. I 
N.D. 

N.D. 
N.D . 
TRACE 
l .  
N.D. 

N.D. 
0 . 3  
N.D. 
MAJOR 

. 

l .  
0 .  I 
N.D. 
N . D. 

N.D. 
N.D. 
3 .  
N.D. 

TRACE 
N.D . 
N . D .  
N . D. 
0 .  l 
N.D. 
N.D. 
0 . 00 1  
MAT R I X  

LEAD Z I NC LEAD Z I N C  LEAD Z I NC LEAD 

l .  l .  0 .  l 0 . 2  0 . 2  0 .  l 0 . 05 
0 . 1 N . D. 0 . 05 N.D. 0 . 3  N.D. 0. 1 5  

* N.D. 0 . 03 N.D . 0 . 05  0 .  1 5  N . D .  
0 . 3  * * * * 

N . D .  N . D. N.D. N.D. N.D . N . D. N.D.  

N.D . N.D. N.D. N.D. N . D .  N . D. N.D. 
N.D. N . D. N . D. N . D. N.D. N.D. N.D. 
N . D. TRACE N . D. TRACE N.D . 0 . 05 0 .  l 
0 . 5  2 .  l .  l .  I .  0 . 1 0  0 . 0 7  
N . D. N.D. N . D. N.D. N.D . N . D. N.D. 

N.D. N.D. N.D. N.D . N.D . N.D. N.D. 
0. l * * 0 .  l 0 . 3  0 . 2  0 . 5  
N.D.  N.D. N . D. N.D. N.D . N . D. N.D. 
MAJOR MAJOR MAJOR MAJOR MAJOR MAJOR MAJOR 

MATR I X  * MAT R I X  * MAT R I X MAJOR MATR I X  
0 . 1 2 .  0 . 3  l .  0 . 5  0 . 02  0 . 02 
0 . 0 7  0 . 3  0.2 0 . 2  0 . 3  0 . 03  0 . 0 1  
N.D. TRACE TRACE N . D .  TRACE N.D. N . D .  
N . D. N.D. N.D. N.D.  N . D. N.D . N.D. 

N . D .  N.D. N.D. N . D .  N.D . N.D . N.D. 
N.D. N.D. N.D. N.D . N . D. N.D. N . D .  
5 .  + 0 . 5  l .  0 . 3  l .  l . 5 l .  5 
N . D. N.D . N.D. N.D . N . D .  N.D. N.D. 

0 . 001 0 . 0 3  0 . 05 0 . 0 1 0 . 05 N.D. N.D. 
N.D . N.D. N.D. N . D. N.D. N.D. N.D. 
N . D. N.D. N.D .. N . D .  N . D. N . D .  N . D. 
N . D .  N.D. N . D. N.D. N.D. N.D. N.D. 
0 . 3 0 . 0 1  0 . 0 1  0 . 0 1  0 . 0 1  N.D. 0 . 0 1  

N . D. N . D. N.D. N . D. N.D. N.D. N . D. 

N . D. N.D. N.D. N.D . N.D. N.D. N.D . 

0 . 005 0 . 001 0 . 001 0 . 00 1  0 . 00 1  N.D.  N . D. 
* MATR I X  * MAT R I X  MAJOR MATR I X  * 

Note s :  a )  Percent ages o f  the vari ous e l ements expres sed i n  these 
a n a l y s e s  may b e  consi dered accurate t o  wi t h i n  p l u s o r  
m i nu s  35 t o  50% of the amount pr esent . 

b )  Semi -quanti t a t i ve s pectrogr aph i c  an a l y t i c a l  resu l t s  for 
go l d  and s i l ver are norma l l y  not of a s u ffi c i ent degree 
of prec i s i on to ena b l e  c a l c u l a t i on of the t rue v a l ue of 
ores. Therefore , shou l d  exact v a l ue s  be requi red , it  i s  
recommended that these e l ements b e  a s s ayed by the 
convent i on a l  F i re A s s ay Method . Quan t i t a t i v e  and F i re 
A s s ay s  may be carri ed out on the retai ned pu l p  s amp l e s . 

c )  Si I i co n ,  a l umi num , magne s i um ,  c a l c i um and i r on are 
norma l c ompone n t s  of comp l e x s i l i c ates. 

d )  MATR I X  
MAJOR 
TRACE 
N . D. 

Major con s t i tuent 
- Above norma l spectrograp h i c  range 
- Detec ted by m i nor amounts 
- Not detected 
- Suggest a s say ( above 0 . 3% )  

ANV I L  ORE 

P I L OT PLANT COMPO S I T E  

Z I N C  L EAD 

N.D . N . D. 
N.D. N.D . 
0.0 1  0 . 0002 
N . D .  N . D. 

N.D. N.D. 
N.D. N.D. 
0 . 0 5  N.D. 
0 . 05 0 . 0 7 
N.D. N.D. 

N.D. N.D. 

N.D. N.D . 
MAJOR MAJOR 

MAJOR MATR I X  
0 .  l 0 . 0 1  
0.02 0 . 0 1  
N.D . N.D. 
N . D. N.D. 

N.D . N.D. 
N.D. N.D. 
o. l 0 .  l 
N.D. N.D . 

N.D. N.D . 
N.D. N.D. 
N . D. N.D. 
N.D. N.D. 
N . D. N.D. 

N . D. N . D. 
N.D. N.D. 
N . D .  N.D. 
MATR I X  * 
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3 . 0  SUMMA RY 

T he need for increa s e d  rod mill  c apacity  a nd a d ditional fine ore 

s torage h ave been s ati sfie d in t he modified mill design by instal­

ling a comp letely new rod mill - b all m ill grinding c ircuit to the: 

West  of the existing c ir cuit . T h e  tot al c ap ac ity  of the modifie d 

circuits will b e  greater tha n that  of the exi sting circu it even a t  the 

t arge t  grind level s of so microns p so ·  

T he design c alculations for s izing t he m illing equipment were b ased 

on conse rv ati ve estimates of both  work index and oper ating t ime .  

St a nd a rd Bond proce dures we re used in the power calculations 

except for the determination of le ad regrind mill c apacit y , where 

some adj us tments  were m ade to c ompe ns ate for the rel ative softne s s  

o f  t he le ad mineral . T h i s  latter proce dure w a s  i n  accord with 

stand a rd indus try pr actice a nd yielded results  which were in  good 

agreement with ope r ation al p r actice in o ther concentrators .  

E stimates of steel consumption were also derived u s in g  proj ected 

h i storical d a ta ; These estim ates a s su red de sig n oper ating condi­

tion s . Recom mended media s izes were also c alculated a nd a g a in 

refer to ope r ation a t  design conditions . 
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3 . 1  I NT RODUCT I ON 

One of t he principal concerns in designing the modified g rinding 

circuit w a s  to ensure minimum interfe rence with normal plant 

ope rations during the construction progr am . Accordingly a com­

p le tely new milling c ircuit w a s  desig ned to be installe d  to the · West 

of the existing circuit ; the concept being that  the present circuit 

would continue to  function as usual throug h the construction period 

a nd ,  after the commissioning of the new circuit , the tonnage to the 

existing c ircuit would be reduce d . Approximate calcul ations indi­

c ated that the existing c ircuit could produce t he t arge t  g rind of 50 

microns P80 at  a throug h p ut r ate of 200 tonnes/hour .  The new 

circuit was then designed on t he b asis  of  t re ating 250 additon al 

tonnes/hour . 

T he desig n basis  was  quite conservative a nd reflected the diffi­

culties of oper ating a com p lex plant in a remote loc a tion . For 

insta nce · plant  operating time to  a chieve planned ton nages at rated 

throug h p ut would be only 86% . I t  is a nticipa ted that a ctual p la nt 

o pe r a tional c apability will be in excess  of 90% . 

T h e  design c alculations we re pe rsue d using stand a rd Bond methods 

a nd b y  employin g  appropri ate emp iritical corrections which a re 

s ta ndards in the indus try . T hese calculations indicated that one 

new rod mill with a 1 500 HP motor a nd two in-series b all mills e ac h  
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with 2500 HP motors would treat the desired ton nage and achieve 

the target g rind level of  50 micron s . 

Similar calculations for the regrind mills indicated that the lead 

regrind mill wi ll h ave to be very c arefully controlle d to achieve t he 

desired g rind ; Both zinc reg rind mill in p ar allel  would be required 

to treat  the zinc roug her  concentrate . 
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3 . 2  F I N E  ORE STORAGE 

One of the most critical area s ,  a nd often one which receives the 

le ast a ttention in  mill desig n ,  is that of fine  ore s torage . There a re 

two a spects of fine ore s torage w hich exert considerable influence 

on the ope ration al c ap ab i lity of the concentrator : 

a )  T rue s torage capacity a t  r ated tonn age . 

b )  E a se of withdrawal of ore from the s torage b i n s  

u n d e r  v arious c lim atic conditions .  

3 .  2 1  Total Storage C apacity 

I n stalle d bin s torage capacity v arie s  g reatly from one oper ation to 

a noth e r ,  a nd i s  influenced by conside rations of crusher plant 

o pe r ating time a nd constraints  impo
.
sed by climatic conditions . The 

d a ta s hown below in Ta ble 1 indicate a fairly wide r a nge of  

installe d  fine ore s torage c ap acit ie s . I t  is  noteworthy that  most 

o pe rations in cold climates install in exces s of two days c apacit y  at 

r ated ton n age . 
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TABLE l 

F INE  ORE STORAGE CAPAC I TY - COMPLEX METALLURGY OPERATI ONS 

MILL ING  RATE F I NE ORE THEORET ! CAL 
MINE  STORAGE STORAGE TIME  

( tonne/day )  ( tonnes ) (days ) 

B l ack Mout a i n  3250 6000 1 . 85 
Bal mat 3450 3630 1 . 05  
Kerr Ameri c an 870 870 1 . 00 
Edwards 340 340 1 . 00 
Young 501 0 3450 0 . 69 
New Market 2720 2 1 80 0 . 80 
Jefferson C i ty 1 550 2270 l . 46 
E l mwood 2720 9 1 0  0 . 33 
Brus hy Creek 4540 9 1 0  0 . 20 
Magmont 381 0 3630 0 . 95 
Ozark 4850 5440 l .  1 2  
B u i c k  5440 5440 1 . 00 
Leadvi l l e  9 1 0  2720 3 . 00 
Park C i ty 580 1 9 1 0  3 . 28 
Bu l l dog Mountai n 290 290 1 . 00 
T i  ntac 680 540 0 . 80 
Lucky Fri day 620 9 1 0  1 . 62 
Wood l awn 1 000 2000 2 . 00 
Star U n i t  930 1 1 80 1 . 27  
Pend Orei l l e 1 270 1 630 1 . 29 
!dar ado 1 500 1 8 1 0  1 . 2 1  
Bunker Hi l l  2 1 20 2990 1 . 4 1  
P i ne Point  9980 81 60 0 . 82* 
Nan i s i vi k  1 81 0  4540 2 . 50* 
Mattagami 3490 1 0890 3 .  1 2 *  
Mattab i 2720 6350 2 . 33* 
H . B . M .  & S.  ( F l i n  F l on )  6800 3 1 80 0 . 47* 
Sherri tt ( Ruttan ) 9070 9070 l . 00* 
Noranda ( Geco ) 4540 7260 1 . 60* 
Orchan 1 860 4720 2 . 54* 
Se l co ( South Bay )  450 730 1 . 60* 
Texas Gu l f  9070 24950 2 . 75* 
Western 9 1 0  2270 2 . 50* 

* C o l d  c l i mati c  cond i t i ons for most of year . 

Note : A l l operati on s  c i ted are ei ther copper - l ead-z i nc 
or l ead-z i nc operati ons . 

By g roup ing a nd averaging the d a ta s hown in  t a b le 1 ,  it b ecomes  

appa rent that  the majority of  cold weather  ope r ations a re provided 

with a n  average of two days fine ore s torage a t  r ated capacity . I n  

t a b le 2 ,  the present a nd proposed c ap acity at  Anvil a re s hown 

together with ave r ag e d  data from table 1 .  
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TABLE 2 

F INE  ORE STORAGE CAPAC ITY 

CONDIT ION THEORET I CAL 
STORAGE CAPAC ITY* 

( days ) 

Average - A l l Mi l l s 1 . 5 

Average C o l d  Zone Mi l l s  2 . 0 

Anvi l - Present l . O 

Anvi l - Future 1 . 6 

Notes : a )  Theoret i ca l  Capac i ty of a storage sys tem 
i s  usua l l y  about 1 . 3 t imes the true capa­
ci ty due to hang ups , b i n  freez i ng ,  and 
poor l y  desi gned w i thdrawa l systems . 

b )  Actual Ba capac i ty i s  a l so i nf l uenced by 
many factor s ,  i nc 1 udi ng c 1 i mate , moi sture 
conten t ,  s i ze d i str i bu t i on and b 1 n  geo­
metry 

EST IMATED 
T IME CAPACITY 

( d ays ) 

1 . 2 

1 . 5 

0 . 75 

1 . 2 

On studying t he present Anvil concentrator , it b ecomes apparent 

that the only logical  expansion of t he fine ore s torage a rea is  to 

insta l l  two mo re bins of  the s ame ove r al l  size , in  l ine with a nd to 

the West of t he existing bin s , to give a tot a l  effective storage 

c apacity  in excess  of 10 , 000 ton nes . To install  mo re cap acity to 

more closely emulate s imilar ope r ations would be desirable , very 

expensive , a nd difficult to j us tify . 

:·· ·, -. )  
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3 . 22 Ease  of Withdrawal 

T he existing s torage bins  are equip pe d  with a s lot feeder with­

drawal system , which after a bout ten years of  continuous oper ation , 

h a s  proved to be reliable , effective a nd e a s y  to maintain under 

normal ope rating condition s . I n  t he expans ion of t he ore s torage 

a rea it is proposed to install a s imilar s lot feeder s y stem 

i ncorpora ti ng wider s lots a nd a d dition al we ar protection along the 

s lot lip s , under the two new bin s . Other withdrawal systems we re 

considered , howe ver s ince the predomi n a nt indus try trend is toward 

slot feeder s y stems , because of  reasons of reliabi lity a n d  live a rea 

consideration s , and because of the s ati sfactory record of the feeder 

systems at  Anvil , these othe r  s y stems were rejecte d . 

The bin s  will be sup plie d with fine ore by extending the present 

trippe r car s y stem . While t rippe r cars do h ave operation al 

problems , the alt ern ative , a s huttle conveyor is not v iable over the 

required di strib ution di sta nce . Once ag a in the indus try trend i s  

very strongly toward trip pe r  s y stems : T h e  more sophi sticated 

milling oper ation s do however provide s ig nific a nt a d dition al 

instrumentation to ensure g ood t r acking a nd automatic car posi­

tioning . 
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3 . 3  ROD M I L L  CAPAC I TY 

A cursory examination of t he desig n criteri a s ug ge st e d  that  no 

increase  in rod mill c ap acity would be required in order to s u stain 

a milling rate of 450 ton ne/hour in t he mod ifie d circuit s .  However , 

the exces sive s pillage of materi al around the rod mills d uring the 

last few years  operation , a nd t he v ery s hort life of the cyc lone feed 

p ump impelle r s  a nd suction s ide liners , i ndicated t hat the present 

rod mill c apacity  w a s  inadequate . 

The volume flow throug h e ach of the existing rod mills  i s  a t  times 

so great  a t  the r ated tonn age of  135  tonne/hou r  that , with a s ig ni­

fica nt proportion of the ore types e ncountered at Anvil , spillage 

from the feed chutes a nd di scharge t rom mels  neces sitated either a n  

i nvolunta ry plant shutdown o r  a t  le ast a s ig n ifica nt reduction i n  

throug hp ut .  T h i s  condition has  recently become incre asingly a s so­

c iated with the quartzitic a nd pyritic o re types . These ore t ypes  

predomin ate in  the  rema ining Faro ore re serves a nd form a 

s ig n ific a nt proportion of t he known Grum a nd Vangorda o re reser­

ves . 

To investi g a te further  the problems of t he existing rod milling 

unit s , a detaile d  s u rvey was undertaken to  determine the pr actical 

ope r ational c ap acity of small rod mills in other ope rations . The 
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s u rvey covered min ing ope r ations in v a rious parts  of t he world 

involv ing m a ny different ore types a nd modes  of ope ration . The 

d a ta i s  summarized in T a b le 3 .  

SOURCE 

Lacher 
A l 9 om-Nordi c  
Mi l l i ken 
A l gom-Qui rke 
Pheon i x  
Wood l awn 
N . B . H . C .  
Fri edensv i l l e  
I rado 
Tsumeb 
Go l d  F i e l ds 
Paragasha 
Defau 1 t 
Heath Stee l 
Newfound l and Z i nc 
Go l d  F i e l ds 
New Imper i a l 
Crai gmont 
Mattagami 
Stan l e i g h  
Can . Met .  
Stanrock 
Brunswi ck 
Texas Gu l f  

TABLE 3 

SURVEY OF DATA - ROD M I L L  CAPAC I T Y  

COUNTRY ROD M I L L  S I ZE MOTOR TON /HOUR 
( ft )  ( HP )  

Canada 7 X 1 0  200 
Canada 8 X 1 2  400 
Canada 8 X 1 2  700 
Canada 8 X 1 2  400 
U n i ted States 8 X 1 2  400 
Austr a l i a  8 X 1 3  500 
Austra l i a  8 X 1 2  500 
U n i ted States 8 X 1 2  350 
Uni ted States 8 X 1 2  350 
South West Afr i c a  9 X 1 0  350 
South Afr i c a  9 X 1 2  450 
Peru 9 X 1 2  350 
Canada 9 X 1 2  450 
Canada 9 X 1 2  500 
Canada 9 X 1 2  450 
South Afr i c a  9 X 1 3  500 
Canada 9 X 1 3  450 
Canada 9 . 5  X 1 2  600 
Canada 1 0  X 1 3  600 
Canada 1 0 . 5  X 1 4  800 
Canada 1 0 . 5  X 1 4  700 
Canada 1 0 . 5  X 1 4  700 
Canada 1 0 . 5  X 1 4  700 
Canada 1 0 . 5  X 1 5  850 

Note : a )  Data s ources were from pub l i shed 
f l owsheets and persona l contac t s . 

( ST/HR ) 

50 
80 

1 2 5  
70 
80 
60 

1 1 5 
55  
80 
60 
72 
60 

1 00 
95 
90 

1 00 
85 

1 1 0 
1 70 
1 30 
1 25 
1 40 
1 50 
1 45 

UN I T  POWER 
KWH/S . T .  KWH/TONNE 

2 . 99 3 . 29 
3 .  74 4 . 1 2  
4 . 1 8 4 . 6 1  
4 . 27 4 . 70 
3 . 74 4 . 1 2  
4 . 55 5 . 02 
3 . 24 3 . 57 
4 . 70 5 . 1 8 
3 . 2 7  3 . 60 
3 . 27 3 . 60 
4 . 67 5 .  1 5  
4 . 35 4 . 80 
3 . 36 3 . 7 1  
3 . 93 4 . 34 
3 . 74 4 . 1 2  
3 .  74 4 . 1 2  
3 . 95 4 . 35 
4 . 08 4 . 50 
2 . 64 2 . 90 
4 . 60 5 . 07 
4 . 1 8 4 . 61 
3 . 74 4 .  1 2  
3 . 49 3 . 85 
4 . 38 4 . 82 



- 60 -

I n spection of t he d a ta in t able 3 ,  indicates that most  operations 

a ve r age considerably le s s  t h a n  80 S. T .  /hour , with a 9 . 0 '  d iameter 

m ill . E ven allowing for the high density of the F a ro area o re it  is 

obvious that the present load on the rod mills i s  e xces sive . 

The  s um ma ry table 4 below demonstr ates quite cle arly that the exis-

ting rod mills ( 9  . 0 ' diameter ) have a maximum oper ation al c ap acity 

of a bout 80 tonnes/hou r .  

TABLE 4 

SUMMARY OF ROD MILL  DATA - DIAMETER VS CAPAC ITY 

M I LL DIAMETER OPERAT IONAL CAPAC ITY AVERAGE POWER DRAWN 
( ft )  

8 . 0 '  

9 . 0 '  

1 0 . 0 ' 

(rnm)  S . T . /HOUR TONNES/HOUR KW/S . T .  

2438 65  59 3 . 85 

2743 83 75 3 . 88 

3048 1 37 1 2 4 . 3  3 . 9 1 

Note : a )  Data was obtai ned by averag i ng a l l  i nformat i on 
for a s pec i f i c  mi l l  s i z e .  Note power drawn i s  
v i rtua l l y  constant per tonne mi l l e d .  

KW/TONNE 

4 . 24 

4 . 28 

4 . 3 1 

T he extent to which the present rod mills are  overtaxed c a n  be  

determined by refering to the data in table 5 .  It  i s  a ppa rent that  

t he new config ur ations will  p e rmit the  existing rod mills to function 

in a more rea sonable fa s hion with a n  a cceptable t hroug h p ut rate . 
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TABLE 5 

OPERAT ION OF 9 . 0 '  D IAMETER ROD M I LLS 

CON D I TION THROUGHPUT UNIT POWER DRAWN 
S .  T .  /HOUR TONNES/HOUR KWH/S . T .  KWH/TONNE 

Anvi l Present 1 50 1 35 2 . 24 2 . 47 

Survey Data 83 75 3 . 88 4 . 28 

Anv i l Proposed 74 67 4 . 54 5 . 0 1  

Notes : a )  Survey data from tab l e  4 .  

b )  Proposed data b as ed o n  200 
tonnes/hour throughput on 
exi st i ng c i rcu i t s .  
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3 . 4  DES I GN CALCULAT I ONS 

Base Data: : 

T he s e  design c a lculations were performed in  order to determine 

power requirements for all the grinding c ircuit s operating in t he 

n ew mod e .  P reliminary c alculations h ad indicated that  a n  a d di­

tion al 1 500 HP of rod mill  c ap acity a nd 5000 HP of b al l  m il l  

c ap ac it y  would suffice to produce t he targe t  g ri n d  level s a t  250 

tonnes/hour . Ancilliary c alcula tions showe d that with the new 

c ircuit operating at  250 

e asily  accommodate t he 

flotation fee d  g rin d . 

ton nes/hour , the existing circuit cou l d  

remain ing 200 tonnes/hour at t h e  target 

The powe r calculations were pe rformed in a ccorda nce with Bond ' s  

fo rm ul a , emp loying where applicable , the emp irical  correction 

fa ctors  for m i ll di ameters , reduction r atios a nd fine grind effects . 

T he following were regarded a s  b a s
'
e d a ta for the fin al Bond calcu­

lations to determine product s ize a nd powe r re quirements . 

Calcul ation of  powe r requirements for the regrind mills  were per­

forme d  in a s imilar  fashion to that described above . Some a d j u s t­

ments  were made to  c alculated power requirements to a llow for the 

relati vely softer miner al s .  
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3 . 41 Work I ndex 

Data from p lant  measurements labor a tory test progr am s , comp a r ative 

s tu dies a nd the clas sic impact test method we re g a th e re d  for e ach 

orebody a nd ore t ype . The  data  were a rr ange d  by orebody a nd the 

h ig he st a ve rage v alue of W 1 ob served taken as a design base : 

( e . g .  W 1 = 13 . 224 KWH/tonne from F a ro Zone I I I  ore type s ) 

T here are of course , some inhe rent prob lems in us ing the high  work ------..... 
/� \ inde,x '? alue for a d esig n b ase . Cle arly the mill , when h a nd ling 

i I 
\ softer prum a nd Vangor da o re s , will produce a much finer g rin d . 
\ ; 
\
"'(T h e  /�i ll ope r ations personnel will t h e n  have the opportunity to 

....___ ____ .�� 

increa se ton n age a nd stabilize the  primary grind P 80 at the targe t  

le vels ) .  T h e  t able 6 below indic ates t h e  extent o f  t h e  proble m .  Note 

t hat  V a ngorda ore s h av e  an optimum primary g rind P 80 of about 

30-35 microns ( Re f .  Report KM 008 - Va ngorda type 4G a nd 4E ) .  

ORE SOURCE 

Faro Zone I I I  

Grum Ore 

Vangorda Ore 

TABLE 6 

P R I MARY GR I ND P80 VALUES· AND WORK I NDEX 

WORK I NDEX PR tMARY GR I N D  P80 AT RATED TONNAGE 

W I P80 m i crons 

1 3 . 22 50 

1 2 .03  39  

9 .24 30 

Note s :  a )  For val ues o f  w 1 see Survey Dat a .  

b )  Vangorda Maximum tonnage c a l c u l ated 
at P

80 = 33 � .  Grum P80 at 50 � .  

c )  Work i ndex data from Tab l e  7 .  

d )  Rated tonnage i s  def i ned a s  450 
tonne s /hour . 

MAX IMUM TONNAGE AT TARGET GR I N D  

tonnes/hour 

450 

483 

507 



- 64 -

3 . 42 Tonnage Division 

Calculation s  and powe r draw data indicated that apart from 

overloaded rod mills , the exi sting c ircuit w a s  a l so s uffering from 

an exces sive t hroughp ut in t he primary b a l l  m ills . Thus even if the 

present rod mill  c ap acity we re not to be inc re ased a n  a d ditional 

a nd critical production bottle neck would be encountered in t he 

prim ary ball  mills . 

I n  order to reduce the effects  of  the mil l  modification construction 

work on production , and to solve t he m il l  loading prob lems , the mo st  

logical  route appe ared to be to reduce ton nage to the exi sting 

c irc uit until  the desired grind could be produced a nd to 

s imulta neously install  a n ew grinding circuit comprising both rod 

a nd ball  mills to accomoda te the rema inder of the planned 

t hroug h p ut .  

Approxim ate Bond c a lcul ations indicated that the existing c ircuit 

could handle 200 tonnes/ope rating ho ur w h i le the new c ircuit wou l d  

h ave t o  be desig ned t o  t re at t h e  remaining 250 tonnes/hour . 

Accor dingly detailed Bond c alcul ations were performed applying 

where neces s ary the appropri ate corrections to c alculate product 

s izes a nd proba b le powe r d r aws for e ach unit . 
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TABLE 7 

SOURCES OF WORK I NDEX DATA 

VALUE OF WORK INDEX  DATA SOURCE ORE TYPE 
KWH/SOT KWH/ 

Tonne 

1 0 . 78 1 978 An vi 1 Mi 1 1  An v i  1 Mi 1 1  Feed 
Records 

1 2 . 32 1 9 79 Anv i l Mi 1 1  Anvi l M i l l  Feed 
Survey 

1 1 . 59 Lakef i e l d P i l ot Anvi l Pyr i t i c  Ore 
P l an t  L . R . 2 202/06 

1 2 . 96 Lakefi e l d P i l ot Anvi l Ox i de Ore 
P l ant L . R . 2 202/06 

Average 1 1 . 9 1 1 3 . 1 3  

1 1 . 59 Lakef i e l d  P i l ot Grum B u l k  Samp l e  
P l ant L . R .  1 1 9 1 / 1 1  ( Tests 1 4-24)  

1 0 . 30 Lakef i e l d Pi l ot Grum B u l k  Samp l e  
P l an t  L . R .  1 99 1 / 1 1 ( Tests 26-30 ) 

1 3 . 50 Lak ef i e l d  Pi l ot Grum B u l k  Samp l e  
P l ant L . R .  1 99 1 / 1 1  ( Tests 3 1 -34 

38-44 ) 

9 . 40 Lakef i e l d A 1 1  Grum Ore 
Laboratory Work Types Averaged 
L . R .  1 99 1 / 1 0  Data 

1 0 . 2 5 Lakef i e l d Grum Types C, D ,  
Laboratory Work . G ,  F .  
L . R . l 99 1 /7  

1 0 . 46 Lakef i e l d Grum Types A, B ,  
Laboratory Work C , D , F , K , J .  
L . R . 2027 

Average 1 0 . 92 1 2 . 0 3  

8 . 20 Noranda M i nes H i g h  Grade 
Report #5 . Vangorda 
Aug . 29, 1 975  

7 . 40 Dowa M i n i ng C o .  Vangorda Core 
Feb . 1 96 5 : R l 0 3 1  Samp l e s  

9 . 40 Nor and a M i ne s  Vangorda Pyri te 
Ltd . Report # 1  Ores 

8 . 50 Norand a
.
M i nes Vangorda Bari t i c  

L t d .  Report # 1  Ore 

Average 8 . 38 9 . 24 
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3 . 43 Correction Factors 

T he following correction fa ctors , applied where nec e s s ary to the 

v alue of work index , were utilized in the detailed Bond c alcula-

tion s . These factors h ave b ee n  derived from e mp irical a nd 

t heoretical studies  a nd are t he accepted method of Bond calcul ation 

correction . 

B a s ically Bond 1 s work w a s  c ar ri e d  out a t  a time when 8 . 0 1 d i ameter 

m ills we re t he largest a vailable a nd g ri nding as a prep ar ation for 

flota tion w a s  a poorly understood stage in miner al beneficiation . 

T hus as  mill sizes incre ased a nd finer grinds were demanded by 

more com p lex ores , empiritical c orrection factors were develope d and 

applied to Bond 1 s b asic formulae . 

( i )  D i a m e t e r  Correct ion : ( E F  
3

) 

For m ills  g r e a t e r  t h an 8 . 0 1 d i a m e t e r  a c o r re c t  ion is  

r e q u ired to com pen s a t e  for more e ff i c i e n t  g r i n d i ng . T h i s  

factor i s  d e s c r i b e d  b y  t h e  e qu a t ion : 

8 0 . 2  

� 
W h e re l . D .  = d i a m e t e r  i n s i d e  l in e rs . 

Wh e re I D  > 1 2 . 5 1 :  E F
3 

� 0 . 9 1 4  
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( i i )  Ov e r s ize Feed Cor r ec t ion : ( E F4 ) 

T h i s fa ctor reflec t s  t he r el a ti v e  ineffi c iency of  a t t e m p t i n g  

t o  feed ov e r s i z e  m at e ri a l  to  a grin ding m i l l . The  fa ctor i s  

d e scribed a s  fo llow s :  

Feed s ize ( m i c rons ) F 4000 I 13 Fo ( Effi c ienc y  fe e d  
W I in  m icrons for 

b a l l  m i l l s ) 

F 6000 I 1 3  Fo ( Effic iency fee d  s ize 
w 

( i i i ) F inen e s s  Corr ec t i on Factor : ( E F5 ) 

I 
in m icrons for rod 
m i l l s ) 

Since t he Bond c a l c u l a ti on method becomes  inc re a s i n g l y  

in ac curate b el ow 5 0  m i cron s ,  a correc t i on fa ctor fo r f ine  

g rind ing e x i st s  an d is  d e fined as  fo llow s : 

E FS = ( P  + 1 0 . 3 )  
1 . 1 45P  

W h e re P P roduct P 80 

( i v )  R e d  uct ic:in R a t i o  Correc t i on : ( E F  7 ) 

F a ctor a p p l i e s  in b al l  m i l l  g r i n d i ng s t a ge s w h e re t h e  

v al u e  of R R >_6 .  

R e d uction R a t i o  R R = 2 ( R R - 1 . 35 ) + 0 . 26 

2 ( R R 1 . 35 ) 

Wh e re R R = Fe ed P 80/P rod uct P SO 
A l s o  ch eck fo r rod m i l l i n g  d e s i g n : 

R R ( Rod M i l l s ) = 8 + S L  
D 

Where  L is  m i l l  length  and D 
i s  t h e  d i amete r .  
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( iv )  R e d u ct ion R a tio Correc t ion : ( E F7 ) 

Factor applies  in b all m i ll g rinding s t a g e s  where  the  

v a l ue of  R R ?_6 . 

Reduct ion R a ti o  R R = 2 ( R R - 1 . 35 ) + 0 . 26 

2 ( R R - 1 . 35 ) 

W h e re R R = Feed P 80/P roduct P 80 

A l so c h eck for rod milling desig n : 

R R ( Rod M ills ) = 8 + 5L W h e re L is mi 1 1  le n g t h  and D 

D i s  t h e  d i ameter . 

( v )  Power T ransmiss ion E fficie ncy : 

Electrical power d r awn a t  the m i ll motor decre a s e s  signifi­

c a ntly throug h v a rious los ses  e ncountered in the mill 

motor - clutch - p inion - gear  syste m ; T h e  los ses  a re 

collectively known a s  transmi ssion los ses . 

Usual  design with synch ronou s  motor s ystems throug h a 

p late clutch calls for a t ransmission los s of  a bout 3-4% . 

To ensure function al d e sig n , los ses  were a s sumed for the se 

comp utations to be 5 . 0% of powe r drawn a t  the m i ll motor . 
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( v i )  Power D r a w  C a l c u l a tions : 

Anot h e r  probl e m  w i t h grinding c ir c u i t  c al c u l a ti ons i s  that  

m i lls of  a p a r t i c u l a r  s i ze d r aw fi n it e  powe r quanti t i e s  

dependent  u pon c ri t i c al spe e d  fract i on , c h a rg e  a n d  media  

type . T h u s  b e fo re meanin g ful gr inding c a l c u l a ti ons c a n  

commence i t  i s  n ec e s s a ry t o  d e t e rmi ne t h e  m a x imum pow e r  

d rawn b y  t h e  u n it s i n  q u e st i on . T h e  fol l owin g e q u a tions 

a re r elevant  a nd r e fe r  to p ow e r  d r awn p e r  unit  w e i g h t  of 

medi a . 

Rod Mil ls  

Ball  Mil ls  

3 ,1 _ P ow e r/Ton = 1 . 07 D ( 6 . 3 - 5 . 4  VP ) C . S . 

P o w e r/Ton = 3 . 1 0 . D . 0 · 3 ( 3 . 2 - 3 V P ) C . S . 

( 1 - 0 . 1 )  

29-10C . S . 

C h a rge  We ig h t  T on s  = D2 
-4-

;rVP L .  C d .  
2000 

Where D = D i a me t e r  i n s  ide l i ners ( fe e t ) 

V P  = P e rcent  of. mill volume l oaded 

c . s  = P e rcent  of cri t i c a l  s p e e d  

L = Leng th of g r i n d ing compa rtment 

C d  = M e d i a  de ns ity 260 l b/ft 



- 70 -

3 . 44 Detailed Bond Ca lculations 

Befo re commencing t he detailed calculations it is worth noting the 

objectives of t h e  desig n c alculations : 

a )  To p rovide a functional design which will assure  t h a t  

plan tonnage s of ore can be  t reated t o  p roduce t h e  

grind le vel s dict a t e d  by economics a nd metallurg ical 

constraint s . 

b )  To ensure t ha t  e ac h  s tage of t he grinding circuit 

design is com p atib le with rea sonable demand on 

e quipment a nd conforms to s ta ndard design formula . 

T he t able 8 below compares  the present c ircuit  with  t he proposed 

g rind obj ect ives . 

TABLE 8 

COMPARI SON OF GRINDING CIRCUIT  PRODUCTS 

PART I CL E  P80 - MI CRONS 
AREA E X I ST I NG C IRCU IT  EXPANDED C I RC U I T  

F l otati on Feed 1 20 - 1 30 4S - so 

Lead 

Z i nc 

Concentrate 3S - so 1 4  - 1 6  

Concentrate 3S - 40 1 8  - 20 

Notes : a )  Lead and z i nc concentrate s i z i ng ana l y s i s 
for present c i rcui t taken from recent cy 
c l os i zer reports : Ref .  Met Engi neer i ng Ltd . 
October 1 9 ,  1 979 . Report work performed at 
Uni ver s i ty of A l bert a . 

b )  Concentrate s i z i ng ana l y s i s  for expanded 
c i rcui t s  based on p i l ot p l ant resu l t s :  Ref . 
L akefi e l d  Research 2202 , No . 6 ,  Vo l ume I I .  
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3 .  45 Existing Grinding Circuits 

T h e  b asic criteri a for these calculations we re d i scu s s e d  in the pre-

vious section . Desig n i s  for 200 tonnes/hour with a work index of 

13 . 224 KWH/ton ne a nd wit h a plant feed s ize F 80 = 12 , 500 m icrons . 

B a se d  on the experience of others  a nd a t  Anvil the rod mills are  

expected to draw a bout 400 HP e ac h . Then work fa ctor b ecomes : 

w = 0 3 X 400 X 0 . 747 X 0 . 95 
200 

= 4 . 26 KWH/Tonne 

With F80 = 1 2 . 5oo : 

Then Bonds  Formula 

I F  SO = 1 1 1 . 8  

w 0 

1 0  
I F  SO  = 0 . 0894 

s ince the mills  are a diffe rent diameter from the standard 

used by Bon d , a diameter. correction ( EF  3 ) must  be  applied . 

T h e n  4 .  26 = 1 3 . 224 X 0 . 992 ( 10  - 0 . 894 ) 1Pso 

Rod Mill discharge P80 = 582 m icrons . 
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T he s mall  b a l l  m ills  will  p roba b ly d r aw a bout rated load a n d  thus 

work factor b ecomes 

W = 3 X 450 X 0 . 7  4 7 X 0 .  95 
0 

200 

= 4 .  79 K WH/tonne 

1 0  
With t h e  n ew e ffective F80 = 582 the IF80 = 24 . 1 ,  and IF80 = 0 . 41 4  

A g a in t h e  diameter correction E f3 i s  a pp lic a b le . 

W I = 13 . 224 x 0 .  992 = 13 . 1 1 KWH/tonne 

w 0 
= W I ( 1 0  - l.Q.) 

lp 80 
IF 80 

4 . 79 = 13 . 1 1  (� - 0 . 41 4 )  
P8o 

Then B a l l  Mill disch arge P 80 = 164 . 8 micron s . 

T h e  fin al stage for the existing circuit is to determine t h e  effect of 

the large b al l  mill . Here it b ecome s  n ec e s s ary to employ a di ameter 

correction ( E F3 ) of 0 . 9 1 4  a nd a low r e d uction r atio correction ( EF7 ) 

b ased on a P80 estimate of 50 microns for the unit . ( EF7 = 1 . 067 ) 
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Ancill a ry calcula tion s show t h at the large mill will draw only 2350 

HP under  loa d .  Then the work factor 

w 0 = 1 X 2350 X 0 . 747 X 0 ; 95 
200 

= 8 . 34  KWH/tonne 

Fin ally the Bond calculation c a n  b e  a pp l i e d  u s ing t he two correc­

tion factors to modify W 1 :  

T h u s  w 1  = 13 . 224 x E F3 x E F7 

= 13 . 224 X 0 . 9 1 4  X 0 . 1067 

= 1 2 . 89 KWH/tonne 

10 
T he n  with F80 = 164 . 8 a nd IF80 = 12 . 83 then1F80 = 0. 779 

w = ( lQ_ - l:.Q_) 
o lp IF · 

. 80 80 

8 . 34 = 12 . 89 ( ll:.Q_ - 0 . 77 9 )  
P 8o 

p 80 = 49 . 1  micron s 
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3 . 46 New Grinding Circuit 

Calculations were b a s e d  on t reating 250 ton nes/hour w it h  the s ame 

plant feed s ize  as the existing circuit s .  T h e s e  calculations a re 

somewh at more comp lex because of the n umerous Bond corrections 

which we re applied .  P re l iminary calcul ations b as e d  on an a pproxi-

mation indicated t h a t  the n ew rod mill c ou l d  d r aw 1 250 HP while t h e  

b all mills would e ac h  draw 2350 HP . 

W = 1 X 1 250 X 0 . 747 X 0 . 95 0 
250 

= 3 .  55 KWH/tonne 

A diameter correction ( EF 3 ) is applicable althoug h a feed s ize 

correc tion is not . Thus the modifie d work index 

W I  

Now F80 

Then w 
0 

3 . 55 

= 13 . 224 X 0 .  924 = 1 2 :22 KWH/tonne 

= 

= 

1 2 , 500 a n di F  80 = 

w
1 ( _!Q_ - _!Q_ )  IP 80 1 F 80 

1 1 1 . 8 

= 1 2 . 22 ( 1 0  - 0 . 0892 ) 
,l p 80 

a n d  10  
F80 

Rod M ill D isch a rg e  P 80 
= 693 microns . 

= 0 . 0892 
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T h e  fir s t  b a l l  mill  requires a d i ameter  cor rec tion a nd is marg in al 

for a r e d uction ratio c orrec tion . 

Work I n de x  = 1 3 . 224 x E F3 x E F7 

= 1 3 . 224 X 0 . 9 1 4  X 1 . 04 

= 1 2 . 57 K W H/tonne 

1a 
Now Faa = 693 and Faa = 26 . 3  a n d  Faa • a . 3aa 

Work F a ctor W = 1 x 235a x a . 747 x a . 95 
0 25a 

= 6 .  67 KWH/tonne 
1a 1 a  

Wo = W I ( T'BQ - F'SO 
1a 

6 . 67 = 1 2 . 57' ( Paa - a . 38a >  

B a  1 1  M i l l  d i s c h a rg e  P 8a = 1 2a m ic ro n s . 

T h e  s econd b all  mill exhib its  prec isely the s ame work factor a s  the 

fir st  b ut the effect of E F7 is much · greate r .  

e . g .  Work I ndex W I = - 13 . 224 x E F3 x E F7 
= 13 . 224 X a . 9 1 4  X 1 . aa 

= 1 3 . a5 KWH/tonne 
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Ag a in a pp lying Bonds formula w it h  F 80 = 120 and 
10 

F80 = 10 . 95 

a nd - = 0 . 913  
Fso 

w W I 
10 - lQ_) = 0 P8o F8o 

6 . 67 13 . 05 1 0  - 0 . 913 ) = --

P8o 

B a l l  M i l l  disch arge P 80 = 49 . 5  microns . 

A l l  the critical g rinding c ircuit data deduced in the a bove 
c alculations i s  summarized below in Table 9 for the mod ifie d mill  
c ircuit s .  

M I LL S I ZE 
( FT )  

EX I ST I NG C I RCU I T :  

9 '  X 1 2 '  rod 

9 '  X 1 2 '  bal l 

1 3  0 5 '  X 22 ' bal l 

NEW C I RCUI·T : 

1 2  0 5 '  X 1 6 '  rod 

1 3 . 5 '  X 22 ' bal l 

1 3  0 5 '  X 22 ' bal l 

TABLE 9 

SUMMARY OF DATA - ANV I L  G R I N D I N G  C I RC U I T S  - MOD I F I E D  M I LL 

MOTOR POWER DRAWN STAGE WORK INDEX  STAGE WORK FACTOR 
( H P )  ( HP )  KWH/TONNE KWH/TONNE 

450 400 1 3 . 1 2  4 . 26 

450 450 1 3 . 1 2  4 . 79 

2500 2350 1 2 . 89 8 . 34 

1 500 1 250 1 2 . 2 2  3 . 5 5  

2500 2350 1 2 . 57 6 . 67 

2500 2350 1 3 . 05 6 . 67 

Notes : a )  Power drawn c a l c u l ated for the ex i st i ng c i rcui t 
wi th reduced tonnage i s  based upon several as­
sumpt i on s  - e. g .  l e s s  medi a/mi l l  and di fferent 
operat i n g  cond i t i on s .  

b )  Power draws i n  t he new c i rc u i t  ·are b ased o n  a 
range of theoret i c a l  condi t i on s . 

PRODUCT S I Z E  P80 ( M I CRON S )  

582 

1 6 5  

49 

693 

1 20 

50 
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3 .  47 Regrinding Circuits 

B a se d  on test results from L a kefield Re searc h  p ilot plant stu die s ,  

the optimum P SO sizes for the concentr ates w e re identifie d .  The data 

are  s um ma rized below . 

ORE S OURCE 

Anv i l 

Grum 

Vangorda 

TABLE 1 0  

EST IMATED REGRIND  P80 SIZES  
(P  80 mi cron s ) · 

LEAD CONCENTRATE Z I NC CONCENTRATE 

1 5  20 

1 5  20 

10 - 1 5 . 0  20 

Notes : a )  Anvi l Data : Ref . Lakefi el d Report LR2202 No . 6 .  

b )  Grum Dat a :  Ref . M i l l i ng Commi ttee Report , Noranda 
1 97 7 .  

c )  Vangorda Dat a :  Average of best res u l t s  from test 
work . 

U s ing these  result s  a s  a b as i s  for calculation and a s su ming that  

effic ie nt cyc lones , cutting at  the  desired s ize a re available , it  is  

pos sib le to  e stimate the powe r requirements fo r v a rious le vels of 

regrinding u s ing Bond ' s  formula . 

I t  s hould be  note d howe ver that true s izing opti m a  do not exist  

s ince in all prob a b i l ity all three ore  types  would benefit from 

regrinding to le s s  than 10 microns . However there is  a pr actical 

limit to reg rinding imposed by s l iming consider ations and dew a te-

ring constrain ts . 
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a )  Lead Regrinding Mill : 

T h e  le ad miner al gale n a , i s  extremely fri able due to it s c ubical 

c ry stal structure a nd we ak intercrystalline bonding . T h i s  

phenomenon h a s  an appreciable effect on require d g rinding 

power calculations since the le ad miner al tends to  be prefe ren-

ti ally reduced in g ri nding proces se s . 

Utilizing results generated in t he Lakefield Pilot Plant ( Ref .  

L .  R . 2202 - No . 6 ) , a primary grind P 80 of 50  microns in  tests  

Nos . 9 a nd 10 resulted in an indicated roug her concentrate 

P 80 of 30 micron s o r  60% p a s sing 15  micron s . Reference to  the 

le ad circuit m a s s  flow drawing 10-F -02 Rev . C ,  indic ates that 74 

ton nes of lead concentrate will report to the reg rind sump and 

pre sumably the pas sing 15  microns material will report to the 

cyc lone overflow on t he first pas s .  ( e . g .  Ton nes to Regrind Mill 

74 . 0  x 0 . 40 = 29 . 6  ton nes . )  

T he regrind mill if ch a rge d correctly a nd oper ated at  high  

density s hould draw about 475 HP  from a 450 HP  motor . Thus it 

i s  pos sible to c alculate t he work fa ctor 

W = 475 X 0 . 747 X 0 . 95 0 
29 . 6  

= 1 1 . 39 KWH/tonne 



Now F 80 

P so 

Sub s t it u t ing 

= 

= 

i n  
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30 a n d  1tg0 = 5 . 48 :  T he re fore 

15 a n d  I p
80 3 . 87 :  T h erefore 

Bonds for m u l a  

w w 1 
1 0  __lQ_ ) = I P so 1 Fso 0 

w 1 3 . 22 4  ( 1 . 58 - 1 . 83 )  0 

W 9 . 92 K W H/tonnEE 0 

1 0  1 .  83 I Fso 
= 

IP BO 
2 . 58 

T hi s  i s  t h e  uncorr ec te d  work factor a n d  b e c a u se of  t h e  m i ll 

ope r a tion two fa ctors w i  1 1  h a ve t o  be a p p li e d  E F  3 a nd E F 7 . Note 

t h a t  the r e d uction r a tio  i s  now only 2 . 0 .  

Modified work i n d e x  = W 1 x E F  3 x E F  7 
= 1 3 . 2 24 X 0 . 992 X 1 . 20 

= 1 5 . 7 4 K W H/tonne 

T h u s  work fa ctor  corr e c t e d  i s  now 

w = 1 5 .  7 4 ( 2 . 58 - 1 .  83 ) 0 

= 1 1 . 8  KWH/tonne 

CA L C U L A T E D A P P L I E D HP 467 HP 
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T hus the t h eoretical work require d  to g rind the roug h e r  

concentrate i s  c lose t o  the m aximum which the regrind mill i s  

c ap able o f  d elive rin g  1 1 . 8 KWH/tonne v s  1 1 . 4  KWH/ton ne ) .  

However in  t h e  calculations ,  the work index w a s  a s sumed t h e  

s ame for rou g h e r  conce ntrates  a s  for t h e  orig inal o re : T h i s  i s  

very unlike l y  - t h e  s ulphide rich rou g h e r  concentrate is  a lmo s t  

c ertainly v e r y  s i g n ifica ntly softer t h a n  the  over all o re . F o r  

this  latter rea s o n , the  f i n e  g r i n d i n g  correction E F  5 w a s  n ot 

applied to the  l e a d  regrinding c alculation s . 

b )  Zinc Regrinding 

T he zinc s u lp h i de mineral i s  tetrago n al in structure a nd i s  

quite r e si s t a nt to g rinding .forces . T h u s  i n  the Pilot P lant  w o r k  

there w a s  little evidence to  s ug ge st th a t  there existed a n y  

s elective overgrindin g of the  miner al . Z inc  roug h e r  concen t r a te 

production w a s  e stimated a t  about 64 tonnes/hour ( dr aw i n g  

D F-10-03 ) a nd cyc losizer data  s howe d that  about 40% would 

p a s s  20 micron s .  

Tonnage to R e g rind = 64 . 0  x 0 . 60 = 38 . 4  tonnes/hour 
10  

Now F80 = 50 and I F80 = 7 . 07 a n d  l[&o = 1 . 4 1  

P80 = 2 0  a n d  ,; P80 = 4 . 47 a n d  ,; P80 = 2 . 24 
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Substituting in Bond ' s  Formula 

10  
;Pso 

-

( 2 . 24 

= 10 . 97 KWH/tonne 

_lQ_ )  I F80 
1 . 4 1 ) 

Correcti o ns to  work index will  b e  for EF 3 , E F  5 and E F  7 . Aga in E F  7 

Ls · hig h b ec au s e  t h e  r e d uction r atio is  relatively low a nd E F5 w a s  

a pplied b ec a u s e  t h e  zinc m in e r al w a s  c onsidere d  t o  be a s  h a r d  a s  

t he rem a i n d e r  o f  t h e  mineral a ss em blag e . 

Corrected Work I ndex = W I x E F3 x EF5 x E F7 

= 1 3 . 22 X 0 . 992 X 1 . 1 1 X 1 . 32 

= 1 9 . 22 K WH/tonne 

T h u s  the new work factor will  be 

w = 1 9 . 22 ( 2 . 24 - 1 . 4 1 ) 
0 

= 1 5 . 95 KWH/tonne 

T h er e fore a p pl ie d  powe r 1 5 . 95 x 38 . 4  = 6 1 3  KWH 

C a lculated Applie d HP = 820 HP 

T hus zinc rou g h e r  concentrate regrinding will require t h a t  both 

regrind mills  be u s e d . Very probably the b e s t  metallurgical 

a dv antage will accrue t hrou g h  u s in g  the mills in p ar allel with a 

c lu s te r  of s m a l l  diameter cyclo ne s  o n  e ac h  mill . 
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c )  Comparison of Data 

T he philosophy adopted durin g  the calculations was therefore 

that  the rel ative fri ability of the s ulphides would more or le s s  

compensate for the decreased g rinding efficiency a t  low 

reduction ratios . It is interesting to ob serve that , in their 

deliber ation s the Nor a nda Milling Com mittee electe d to follow 

the s ame route toward a s s e s sment of regrind powe r needs and 

a rrive d a t  sub sta ntially the s ame result s .  

TABLE l l  

REGR I N D I NG POWER REQUI REMENTS 

POWER 
DATA SOURCE ORE LEAD CONC . 

Noranda Mi l l i ng Commi ttee Grum Compos i te 9 . 70 

Lakefie l d Report Grum Composi te 1 1 . 3 
LR2027 No . l l  

Faro Ore C a l c u l ations Anv i l Compos i te 1 1 . 8 

Note s :  a )  Power for regri ndi ng on Grum refers 
to data from tests 22 -37 . 

b )  Unfortunately duri ng the pi l ot p l ant 
work on Zen• I I I  the energy demand 
meters fai l ed to reg i ster due to the 
very sma l l c oncentrate quanti t i es 
i nvo l ved . 

KWH/tonne 
Z I NC CONC . 

1 4 . 6 

7 . 6  

1 5 . 9  
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From table 1 1  it is a ppa rent th at the result of t he Anvil regrind 

power calcul ations are in good accord with t hose deduced by the 

Noranda Milling Committee for Gru m o re s . As noted e arlier Vangorda 

o re s  a re rel atively soft compared to either Faro or Grum ore . Thus 

if sufficient power is available fo r the h ar der  ore s , there will be  

a n  exce s s  for s ofter ore s such a s  Va ngorda typ e s  4G and 4A . 
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3 . 48 M a ximum Powe r Draw Calc ulations 

In t he n ew circuit , the large mills  represent a cons ider able p art of 

the total  power u s e d  in the m ill . However because of v arious 

constraints , the mills will not d r aw r ated powe r .  Hence in the 

previous sections , the Bond calcul a tions we re performed us ing a 

c alculated maximum powe r d raw . The r elevant d a ta i s  shown below 

in summary form in table 12 indicating condition s  for the m ax imum 

t heoretic a l  p ower d r aw s . 

TABLE 1 2  

MAX IMUM POWER DRAW CALCULA T I DNS 

UN I T  C R I T I CAL SPEED U N I T  POWER MAX I MUM COMMENTS 
ft . % KW/TON MEDIA Draw PCiwer 

KW HP 

Rod Mi l l  68 6 . 93 9 73 1 30 4  C u l l e d  4 0 %  vol ume 
1 2 . 5  X 1 6 . 0  

68 6 . 48 1 023 1 37 1  Cu l l ed 45% vo l ume 

74 6 . 48 1 058 1 429 C u l l e d  40% vol ume 

74 7 . 0 5  1 1 1 3 1 492 C u l l ed 45% vol ume 

Ba l l  Mi l l  68 7. 79 1 56 5  2099 Forged Steel B a l l s  
1 3 . 5  X 2 2 . 0  

68 7 . 79 1 406 1 882 Cast I ron Bal l s  

74 8 . 4 1  1 6 90 2266 Forged Steel Bal l s  

73 8 . 41  1 5 1 8  2032 Cast I ron B a l l s  

78 9 . 03 1 8 1 5  2434 Forged Steel Bal l s  

78 9 .03 1 630 2 1 82 Cast I ron B a l l s  

Note s :  a )  C u l l i ng i s  often essent i a l  i n  l arge r od mi l l s  to  ensure draw 
max i m i zed . P l acer Devel opment prac t i ce thi s techni que i n  most 
of thei r operati ons us i n g  rod mi l l s  o f  di ameter greater than 
1 2 . 0 feet . 

b )  Cast b al l s  have a b u l k den s i ty o f  on l y  90% o f  forged s teel 
ba  1 1  s .  
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T h e  d a ta in the t a ble above s how s that g ood e s t imates  fo r powe r 

drawn by the g rinding mills would be 1 250 hp for the rod mill and 

2350 hp for the b all m ills . As  a matter of gene r al intere st , the 

present 13 . 5 '  x 22 . 0 ' mill at Cyprus Anvil usu al ly draws 2350 hp 

at  the motor . 



3 . 5  EST I MATED STEEL CONSUM P T I ON 
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3 . 5  EST I MATED STEEL CONSUM P T I ON 

Liner a nd media we ar are u s u a l ly predicted on the b asis  of p ast  

e xp e ri e nce or from empiritical c alculations utilizing the abrasion 

index concept . Fortunately the very consider able amount of h i sto­

rical  data ava i l a b le f rom Cyprus Anvil records made pre diction of  

l iners  and media consumption , relatively straig h t  forw a r d . T h e  

a dj us tments m a d e  to hi storical d a t a  a r e  s hown a n d  di scus s ed in t h e  

appropri ate s ection below . 

3 .  5 1  Sizing Media 

Rod s : I n  the exp anded mill , two rod s izes  will  b e  u s e d , small  

rods  3 1 /2"  x 1 2 1 for the existing rod mills a nd probably 

3 1 /2 "  x 16 1 for t he new l a rg e  r od mil l . P re s ently the 3 

1 /2"  diameter rods  exhibit a wear  rate of 380g/tonne ; 

lower media c h arge levels  in the m i lls  a nd prob ably lower 

p ulp densities will  result '  in decre a s e d  powe r draw a nd 

prob a b ly le s s  rod b re ak age too . 

At  r ated c apacit y , the  n ew rod mill will  not b e  d r awing 

full power and can mo st prob ably be  oper ated with a 

relatively small  medi a load a nd average p ulp densitie s 

e . g . 80-85% solids a t  s pe c ific g r avity 3 . 7-4 . 1 .  T h e  
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m aximum rod s ize of 3 1 /2" w a s  determined from the 

emp iritical sizing e quation s hown below : 

R 

R 

Fo .  75 

1 60 

D i ameter  o f  rod 

IW .  X s 
1 g 

( %C ) I D  s 

in  i n c h e s  

F Feed s ize. 80% p a s s e s  i n  m ic rons 

W I 
:::; Work I n dex 

s Specific Gra v i t y  g 

c = Crit ical  Speed s 

I n  t h i s  c a se R = 3 . 25 - 3 . 50 "  

W it h  these  s ize  r o d s  i n  t he l a rg e  mill i t  would be rea son-

a b le to expect that rod cons umption would be somewhat 

le s s  than the present rod consumption for the s mall mills 

despite t he greater  tu mbling di stance . 

Rod Consumption : Since t he media consumption i s  princi-

p ally rel ated in a linear fashion to applied powe r ,  the 

normal method of calculation of  cons umption is  to use the  

r atio of applied powe r method : T h e  method outlined below 

in T a b le 13 where a 0 . 80 correction factor is a pplied to 

proj ected u s age . 
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TABLE 1 3  

GRI ND I NG ROD CONSUMPT I ON 

GRINDING ROD POWER DRAWN ( HP )  RATI O  POWER CONSUMP T I ON ( g/tonne ) 
S I ZE Present Projected DRAWN Present Proj ected 

3 . 5 "  ( 89mm) 3 X 450 3 X 400 1 . 8 1  380 550 
1 X 1 250 

Another e stimation method is the s pecific consumpt ion technique . 

T hi s  i s  o utlined  below and g ives similar res u lt s to the r atio of 

power drawn method . 

TABL E  1 4  

GRINDING ROD CONSUMPTION 

COND I TI ON POWER DRAWN SPEC I F I C  CONSUMPT I ON 
HP KW g/KWH g/Tonne 

Present 3 X 475 1 06 5  1 50 375 

Projected 3 X 400 
1 X 1 250 1 830 1 40 570 



- 89 -

3 . 5 1  Sizing Media ( cont ' d )  

Balls : A s  the exte n s ive and detailed work b y  m a ny investig a tors  

( Be rg m a n n  e t . a l . ) have s hown , proper  selection o f  grin-

ding ball  size  is · c ritical to the production of  a n  optimized 

fee d  s ize p rior to flota tion . Too l arge a b all will res u lt 

in wa sted e nergy w h i le b alls which are too s mall  w i ll 

quite fa il to s m a s h  the larger  m i ll feed p ar ticle s .  

Calculation of  t h e  maximum b all s ize for a n y  proc e s s  i s  

e a sily determined by u s i n g  t h e  formula s hown below : 

B = 
3 IS

g 
W i 

( %Cs ) 1 D 

Wh e r e K = 3 5 0  F o r  we t ov e r f l ow b a l l  m i l l s . 

T h e  table b elow compares  present  b all  s ize  s election with  

that  predict e d  by t h e  above eq�ation . 

STAGE FEED S IZ E  
Faa 

mi crons 

Primary B a l l 600 - 700 
Mi l l s  

Secondary Ba  1 1  1 50 - 1 60 
Mi l l s  

Reg r i nd M i  1 1  s 30 - 40 

TABLE  1 5  

MAX IMUM BALL S IZE 

MEDIA S IZ E  ( i nche s )  
C a l c u l ated Used Recommended Presen t l y  

1 "  - 1 1 /2 "  2 "  1 1 /2 "  

1 "  1 .  5 "  1 1 /2 "  

Less than 1 "  1 . 5 "  1 "  
I 
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Now t he s e  calculations a nd t h e  r ecommended media s iz e s  

are  b as e d  o n  t re ating ore a t  r ated throug hp ut . I f  

t hroug h p ut s  a r e  t o  be  increa s e d  a bove desig n or open 

c ircuit tert i ary c ru s hing is  uti l ized , and the unit  proc e s s  

F 80 incre a s e s , then l a rg e r  b al l s  w i l l  b e  r e quired .  I n  the 

case of u lt rafine grinding ,  such a s  regrinding there is  a 

practical  limit to the b al l  s ize which can be  emp loy e d . 

Generally in t he mining indus try the s ma llest  b al l  which 

can be obtained and u t ilized is  a bout 1 "  diameter . 

B al l  Cons u mp tion : Me di a  consumption h a s  b een e stimated 

a s su ming that  the present b al l  sizes are utilized r ather  

t h a n  t h e  recom mended s izes . The data , derive d by the  

r atio of power draw method i s  shown below in T a b le 16 . 

( I t i s  considered unlikely that  b al l  size w i ll h ave a ny 

s ig nificant e ffect on s teel  c onsumption . )  

TYPE OF SUPPLY 

Gri ndi ng B a l l s  
2" ( 5 l mm )  

Gri ndi ng Bal l s  
1 1 /2" ( 38mm ) 

TOTALS 

TABLE 1 6  

GRI N D I NG BALL CONSUMPT I ON 

POWER DRAWN RATI O  POWER CONSUMPT ION 

Present Projected DRAWN Present 
kg/tonne 

3 X 500 3 X 450 
1 X 2350 2 . 47 0 . 35 

1 X 2350 3 X 400 
2 X 400 2 X 2350 1 . 87 0 . 70 

1 . 05 

Notes : a )  F u t u r e  consumpt ion w a s  c J. l c u l a t e d  from the 
ra tio of pow e r  d r awn and a correction factor 
of o. as . 

b )  Power d r a w n  i n  p resent case a s s umes o n l y  
t wo reg rind mi lls in a ction . 

c )  P re s e n t  d a t a  refers to 1978-79 con s u m p t ion . 
w h ich occurred w h i le t rea ting Type E 
m a t e ri a l .  

Future 
kg/tonne 

0 . 735 

1 . 1 1 3 

1 . 848 
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3 .  52 L iner Consump t ion 

T he most accur ate m ethod of predicting liner wear is  to h ave 

a v a ilable oper a ting data over a long period . Fortunately the type 

of data i s  a va ilable for most  of the u n it oper ations under cons i de-

r ation . 

Because liners are often replaced befo re they are comp letely worn 

down it is  not really pr actical to use a s pecific consumption me-

thod , as is used with grinding medi a .  I ndeed with t he a dv ent of 

rubber liner s this method i s  almo s t  impos sib le to employ . L iner 

consumption t he n  i s  usually expr e s sed in terms of  tonnes/set - e . g .  

the  number of tonnes which can be  t re ated before a liner replace-

m ent i s  requir e d . Even t h i s  technique runs into p roble m s  howe ver 

when t he unit concerned does not tre a t  the full  tonnage s .  

I n  T ab le 1 7  are s hown consump t ion i n  terms of the  estimated repl.:i.-

6 ceme n t  interval as suming t re atment of 3 . 4  x 10 tonnes per year a t  

r ated cap acit y .  
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TYPE OF SUPPLY 

Rod Mi l l  L i ners ( 9 .0 1 )  

Rod Mi l l  Li ners 
( 1 2  .5 I ) 

Ba 1 1  Mi 1 1  Li ners 
( 9 . 0  I )  

Ba 1 1  Mi 1 1  L i ners 
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TABLE 1 7  

GRINDING L INERS CONSUMP T I ON 

REPLACEMENT INTER VAL (year s )  
Present Predi cted 

0 . 6  - 0 . 7 1 . 0 - 1 . 2 

N . A .  0 . 6  ;. 0 . 8  

3 . 0  - 3 . 5  4 . 0 - 5 . 0  

5 . 0  - 6 . 0  3 . 0  - 4 . 0  

COMMENTS 

Predi cted on bas i s  of 
tonnage treated . 

Estimated from di ameter 
rat i o .  

( 1 3 . 5 1 ) Two of mi l l s  i n  seri es on 3 . 5  - 4 . 5 3 .0 - 3 . 5  
new c ircu i t .  

Note s :  a )  A l l bal l mi l l s  are expected to 
be equi pped with  rubber l i ners . 

b )  Rod mi l l  l i ners a ssumed to be s teel 
N·oranda wave type . Recent tests 
at Faro wi th N i  hard have yei l ded 
exce l l ent res u l t s  whi ch surpass 
thos� repri nted in tab l e  1 7 .  

c )  Rep l acement i nterva l s  i n  terms of6 years at rated capaci ty of 3 . 4x l 0  
tonnes /year . 
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4 . 0  SUMMARY 

I n  the Cyprus Anvil flotation section major renovations will occur 

with t he removal of all the ob solete W e mco 76 cells and their  

replacement with the n ewly develope d large volume Outok ump u 

38 m3 superc h a rge d flota tion cell . These  n ew cells will be  a r range d 

so a s  to provide r ough e r  s cavenger a nd fir st cle aner capacity for 

both le ad a nd zinc circuit s .  T h e  existing s uperc h a rg e d  Denver 

DR-200 cell s  will remain on s ite and s e rv e  as the s econd and third 

cle aner s ta ge s . 

T h e  inst allation of  a n  on-s tream anal yzer s ystem for up to fourteen 

p ulp stre a m s  a nd cap able of a n alyzing for four elements plus some 

sophi sticated m a s s  flow monitors will ensure function al control 

c ap ab i lity in these  new circuit s . A d ditional systems will provide 

t he n ece s s ary log i stical support for the flota tion proces s  control . 

The  prov i s ion of a n ew reagent mixing a nd s torage b u ilding will 

ensure that  reagents are d i s solve d  a nd di luted in a · s afe a nd 

consistent m anner . A new reagent di stribution s y stem for all 

reagent s  will greatly enh a nce metallurgical control c ap a b i lity in 

t he flotation p lant . 



4 . 1 I N T RODUCT I ON 



- 94 -

4 . 1  I NT RODUCT I ON 

T h e  flotation proc e s s  is  without doubt the most critical and a t  the 

s ame time the le ast  understood ph ase in mine r al separ ation 

o pe rations . B a sic research into flotation phenomen a h a s  continued 

a t  a bout the s ame level for at  le ast two decades a nd innovations in 

t re atment s chemes h ave for the mo st part develope d in laboratorie s 

a s sociated with oper ating mines . 

Similarly the development of new flotation e quipment w a s  until 

recently extremely slow due to  a lack of demand for innovation by 

the oper ators . However during the p a st five years there h a s  

occurred a major technological ren aiss ance . Plants a re now bein g  

designed on a totally different. b a sis , t h a t  o f  large unit oper ations 

e quippe d with sophisticated control appar atus and directed b y  

adv ance d control strategie s . 

T h e  realization that g rinding w a s  not s imp ly a comminution s tage 

b ut a crucial flota tion feed prep ar ation p h as e  was the fir st s tep in 

development of the  new design philosophies . Next the concept that 

a ir was one of the most critical reage nts in the flotation system wa s 

develope d .  Finally s imp le control strateg ie s , b ased on com p ut erize d  

sub-systems , develope d and u s e d  e a s y  t o  achieve mech anical 

ch anges to effect proc e s s  control . 
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In the expansion of t he flota tion section of the concentr ator 

considerable a ttention was directed toward utiliz ation of these  

latest tech nological  adv ance s . L arge volume cells  manufactured by 

the Outok ump u Comp any of  Finl and , were chosen to rep lace the 

obsole te Wemco c el l s , and provisions were m ade for the installation 

of an on-s tream a n alyzer s y stem a nd a soph i sticated array of 

monitoring appar atus . Thi s new e quipment will  ensure that  optimum 

efficie ncy is  a chieved in t he miner als separ ation proc e s s  and will 

p rovide t he b asis  for the future development of a fully autom atic 

centr alized proce s s  control system. 

I n  the following s ections the principal  factors influencing flotation 

a re considered fir st and then the methods used to ensure the 

required f lotation residence times and hence equipment needs 

outlined . Finally the a ncilliary s y stems on which the flot ation 

p roce s s  is  so dependent for s mooth oper ation , are disc u s s e d  briefly . 
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4 . 2  C I RC U I T  DES I GN FACTORS I N FL UENC I NG 

THE FLOTAT I O N  P ROCESS 

T here are a myri ad of factors which may influence t h e  efficiency of 

a flotation proc e s s  on a com p le x  high sulphide ore . Unfortunately 

most of t h e s e  influences are inter-rel ated a nd hence are ext remely 

difficult to accurately quanti fy . Design of a flotation circuit 

h owever requires that  some a ttempt b e  m ade to recog nize  the - major 

influences a nd to desig n the circuit a ccordingly . .  

I n  t he following s ection , the fa ctors r eg arded a s  significant in the  

flotation t re a tment of le ad-zinc ore s , are discus sed . I t  is  not 

intended that  e ac h  factor b e  s ub j ected to a d etailed treatise , but 

s imply to recor d that the se factors were t aken into a ccount in t h e  

design c alculations . T h e  factors affecting flota tion a re discussed 

a nd where  appropriate t he discu s s ion i s  sup ported with  e x ample s  

a nd data from other mines . I t  s hould be  note d t h a t  the effects of 

e ac h  factor on a s pecific operation s hould not be directly applied to 

t he Anvil ope r a tion . 
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4 .  21  P ulp Dens ity 

P ulp density i.s often a m ajor influence on flotation c ircuit 

b eh av iour .  High p ulp dens ities often result in the  occlus ion of non 

a ctivated particles into the froth b ed a nd a l so increa s e  the r ate of 

flota tion of ultra fines . T h e  effects  of high p ulp density a re b est  

seen in comp lex metal c ircuit s with quite hig h specific g r avity 

ore s ,  and s how up a s  incre a singly non sele ctive flotation as p ulp 

densities incre a se . The data b elow is typ ical of the type of 

problems e ncountered in c ircuit s oper ated at h i g h  p ulp density . 

TABLE  1 

EFFECT OF PULP DENS ITY 

ON Z I NC CLEAN I NG 

PULP DENS ITY I NSOLUBLE CONTENT 
IN CONCENTRATE 

% % 

5 1 . 50 

1 0  2 . 05 

1 5  ' 2 . 50 

20 3 . 05 

25 3 . 05 

30 3 . 45 

Notes : a )  Data source - Kami oka 
Mi ne Recyc l e  Water Study 
1 975-77 . 
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To som e ext ent the use of supe rc h arg e d  cells does tend to  offset  

minor increas.e s  in p ulp densit y ,  s ince this  type of cell does 

disperse flot<:ttion a ir in relatively small b ub ble s a nd hence aids  

selective flota tion . However in terms of general pr actice , even t he 

b est  flota tion cells c annot compens ate for v ery high densitie s . As a 

general ru le complex sulphide ore s require densities of about 35-45% 

solids by weigh t ,  or 10-15% by v olume in t he rougher  s tages  while 

cle aner c ircuits b enefit from the lowe st density which can b e  

designed into t he circuit . Typ ically le ad-zinc cle aning t akes  place 

at 10-20% solids by weight or 2-5% by volume . - Th e  table b elow 

summarizes c urrent practice . 

TABLE 2 

DATA SURVEY OF PULP DENSITY RANGE$ 

PERCENT SOL IDS BY WEIGHT 
ORE TYPE M INERALS ROUGHERS 

RANGE 

Massi ve Su l ph i de Ore Copper and i ron 
f l otati on 28-40 

Lead-Z i nc ore Lead f l otation 30-40 
Z i nc fl otat i on 20-30 

D i ssemi nated po lyme- Copper f l otat i on 1 8-33 
tal  ic ore Pyri te and go ld  

f l otat i on 1 8-40 
Lead f l otati on 25-35 

Notes : ai  Uata source - V . A .  G l embotsk i i  
F l otati on 1 96 5 .  

CLEANERS 
MEAN RANGE 

34 1 0-30 

35 1 0-30 
25 1 0-25 

1 5  1 0-23 

30 1 8-30 
30 1 5-20 

MEAN 

20 

20 
1 8  

-

1 6  

24 
1 8  
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4 . 22 R ate of Flotation and Residence T i me 

T h e  k ey fa ctor in determining a flotation c ircuit performance is the 

r ate of  flotati on o f  t he v arious mine r al specie s of  interest . R ate of 

flota tion is best  describ ed as a pproxim ating to a reaction of the  

t ype . 

I n  f; = K T t . . Where f a nd t a re t he a s s ays of the fee d  a nd 

t ails  

Where T mean flotation o r  re sidence time 

Where K i s  a r ate constant .  

Now it is  apparent that the v alue of t will  decre a s e  a s  the v alue of 

T incre a s e s . e . g .  metal recovery is proportional to flotation time or . 

the residence time in t he proce s s . Cle arly too there is a limiting 

v alue of t b elow which increases  of flotation time ( T )  will not 

result in further red uctions of t he t a iling a s s ay . 

T hus the r ate of flota tion g overns mine r al recovery for a p a rticular 

residence t im e . Assu ming that  r ate of flotation i s  fixed then 

residenc e  time must  be increased to improve r ecovery up to the 

limiting v alue of the  t ailing s a s s ay or  to some oth e r  specifie d 

point . 
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Some t yp ical  f lotation r ate data  is s hown below in table 3 for le ad-

zinc .mills o pe r ated by the Boliden g roup of  mines . 

TABLE 3 

FLOTATI ON TIME T (mi n  per cel l )  and 

FLOTATI ON RATE k min
- 1 ; l n  f/t = kT ;  

f and t = assay of  feed and tai l i ng 

LEAD ROUGHER- Z INC ROUGHER-
SCAVENGER FLOTATI ON SCAVENGER FLOTATION 

FEED 
NUMBER GALENA NUMBER SPALERITE 

ORE TONS PER 
OF 

K min
- l OF 

K m i n
- l HOUR T m i n  T m i n  

CELLS per ce l l  CELLS per ce l l  

L a i s va l l  75 28 1 , 7 0 , 066  - - -

Vass bo 30 34 2 , 1  0 , 054 - - -

Saxberget 20 32 3 , 1  0 , 02 7  32 3 , 3  0 , 024 

Svardsj o  30 28 4 , 3  . 0 , 0 1 1 28 4 , 7  0 , 02 1  

Garpenberg N 36 28 3 , 6  0 ,027 - - -

Garpenberg 43 28 3 , 6 0 ,0 1 7  28 2 , 5  0 , 033  

Langdal 80 34 1 , 5 0 ,027 26 1 , 8 0 , 06 1  

Ravl i den 20 1 6  4 , 6  0 , 025 1 4  4 , 7  0 , 03 7  

* Data from 1 970 Lead-Zi nc Sympos i um 

For g a le n a  at L a  is vall  and V a s sbo the flotation rate is two to three 

times fa ster than it  is for the mo re comp le x  ores at  the othe r  

p la nts . 

T h e  r ate in the lead a nd zinc cle aners  v arie s bet we en 0 . 5-1 . 5  

tonnes per m2 /hour in le ad cle aners a nd 0 .  5-2 . 00 tonnes/m2 /hour in 

the zinc cle aner s .  
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4 . 23 Air Dispe rsion and Aeration in P u lps 

Air is  one of the most  critical components of a flotation system . 

Gases  contained in the a ir are  a dsorbed onto miner al surfa ce s , 

cause  oxidation , affect solubility of mine r al s , and a s  bubble s , form 

the t ransport system to the p ulp surfa ce for the s elected miner al s . 

TABLE 4 

EFFECT OF AERATI ON ON LEAD RECOVERY AT CONSTANT GRADE 

LEAD GRADE LEAD RECOVERY LEAD RECOVERY W I THOUT 
% Pb W I TH AERATI ON AERATI ON 

% % 

30 72 56 

25 82 74 

20 85 81  

Data Source - Vangorda Test V1 33- 1 38 
- Noranda Mi nes Report 1 965 

The dispers:l:on of air into t he pulp is an important factor in deter-

mination of flotation e fficie ncy . For m aximum e fficie ncy a flotation 

machine must  evenly disperse b ub ble s into the p ulp to permit 

b ub ble - p a rticle cont act . Av er age b ub ble s �ze s hould be a bout 0 . 50 

m m  di ameter e quivalent a ccording to t heoretical and pr actical 

studie s .  Also dissolution of a ir into a p ulp is adv antageous - a 

di stinct a dv antage of deep cell d e sig n .  
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I ntensity of flota tion i s  g e ne r ally believed to be controlle d by the 

a mount of a ir present in the flotation p ulp . The quantity of a ir 

influence s  the r ate of oxidation of mine r al s , thus altering their 

flotation b ehaviour . Often this phenomeno n  i s  utilized to enha nce 

mine r al sep ar ation and a er ation stage s a re incorporated in many 

comp lex metal circuit s . T able 4 shows some typical results of 

aerations of p ulp . 

4 . 24 T e mperature E ffects 

Over the last  few years , especially since t he adv ent of rubber lined 

g rinding mills , m any oper ations h ave reported s ig nifica nt metal-

lurgical 

really 

improvements at  eleva ted p ulp temper atures . This  is  not 

surpri sing s ince rate of reaction at phase  interfaces 

invari ably incre a s e s  a s  p ulp t�mper a tures rise . 

Ch ar acteri s tically even small incre a s e s  in temperature will c ause 

substantial increases  in r ate of flotation due probably to c h ange s 

in r a te of surfa ce oxidation a t  higher temperature s . I n  the case  of 

le ad-zinc ore s , several oper ations report that heating of zinc 

flota tion p ulps by the introduction of  steam r e sult s  in improved zinc 

metallurg y .  Currently this pr actice is employed at Tintac ( USA ) , 

Tv errfj elle t  ( Norw a y ) ,  Meg gen ( Ge rmany ) ,  B ru nswick a nd N anisivik 

( Ca n ada ) a nd the Z inc Corpora tion ( Australia ) . .  The data in the 

t ab le b elow indicates the extent of the a dv antage of p ulp heating a t  

Brunswick . 
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T he presence of an a pparent o ptimum a t  30°C i s  interesting : T he 

Meg gen a nd Tverrfj ellet oper a tion h ave not reported a n  optimum 

temper a ture  but ope r a te t heir zinc circuit s a t . 28 - 30°C a s  do the 

Aus tralians  a t  Zinc Corpor ation ' s  Rose bury concentrator . Na nis ivik 

with an o pe r ation in the h i g h  Arc tic , heat  the flota tion p ulp to 27° , 

but h ave not reported a n  optim u m . 

At Cyprus Anvil there are no p la n s  for direct h e ating of the  p ulp 

howe ver , the combined e ffects of  recycling 30-50% of the total  mill 

w a ter s upply , the u s e  of a s te a m  heating s y stem in the concentrate 

s tock t ank s a nd the gre atly incre a s e d  grinding circuit powe r ,  could 

ele v ate t he overall p ulp tempe rature from the present 8 - 10°C to 

0 a bout 1 5  C .  

TABLE  5 

TEMPERATURE EFFECT ON N ET SMELTER RETURN 

PULP TEMPERATURE oc 
CHANGE IN NET SMELTER RETURN 

$/tonne/mi l l ed 

1 8  0 . 30 

24 0 . 60 

28 0 . 90 

30 1 . 35 

34 0 . 7 5  

Notes : a )  Data Source - Lead - Z i nc Handbook 1 970 
b) Change in N . S . R .  rec a l c u l ated from 

ori g i na l  data from Brunswi ck Mi nes .  



4 . 3  D E T E R M I NA T I O N  OF F L OTAT I ON CAPAC I T Y  



- 104 -

4 . 3  D E T E R M I NAT I ON OF F L OTAT I ON CAPAC I T Y  

I n  the previous section t he v arious factors a ffecting flota tion were 

b riefly discussed . Thi s next section will draw heav i ly upon these 

discus s ions in thi s ,  the derivati on of  re quired flotation c ap ac it y . 

4 . 31 P u lp Density for V a rious Circuits 

U s ing t he data g e nerated in the previous section a nd the result s  of 

both p ilot plant work and s urvey d a ta , p ulp densities were sele cte d 

for the new circuits which would provide optimum conditions for 

flotation . T he densities selected a re s hown below com p ar e d  with 

surveyed data . 

TABLE 6 

PULP DEN S I TY DATA 

( %  weight ) , 

SURVEY DATA PRESENT PLANT 

Roug her/Scavenger 30-40 60-70 

Fi rst C l e aners 1 5-25 40-50 

Fi na 1 C 1 eaners 1 0-20 40-45 

Notes : a )  Survey data from Tab l e  2 .  

b )  Present pl ant data from p l ant survey data . 

c )  New p l ant data - c a l cu l ated des i g n .  

d )  A l l data assumes a spec i f i c  grav i ty of 
3 . 7 - 4 . 1 .  

N EW PLANT 

35-45 

20-:25 

' 1 5-20 
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4 . 32 R e s i dence T ime s 

T he pilot plant studies on both Grum and Anvil o re s  indicated that  

b ecause  of  the inh e rent r ate of  flotation of t he minerals  a t  the 

target  g rinds  and condition s , c ertain mean residence times were 

r e quired .  By comp uting m a s s  b al a nces utilizing the pulp densitie s 

adopted ,  and the re quired residence times , the v alues of cell 

c ap acity nee ded for e ac h  stage w e re ea sily determined .  The table 

b elow indicates the  c alculated residenc e  times for the present 

c ircuit , the proposed circuit , and for comparison the p ilot plant 

d a ta too . 

FLOTATION STAGE 

Cond i t i on i ng/Aerati on 

Lead Rougher/Scavenger 

Lead 1 st C l e aner 
2nd C l e aner 
3rd C le aner 
4th C l e aner 

Z i nc C ond i t i oners 

Z i nc Rougher/Scavenger 

Z i nc 1 st C l e aner 
2nd C l eaner 
3rd C le aner 
4th C l e aner 

TABLE 7 

A COMPARISON OF RES I DENCE T IMES 
(mlnutes) 

ANV I L  PRESENT GRUM P I LOT PLANT ANV I L  P I LOT PLANT 

0 5 . 0  

1 6 . 9  1 8 . 0 

1 9 . 8  9 . 0  
6 . 8 3 . 5  

20 . 0  2 . 5  
* 2 . 0  

0 1 2 . 0  . .  

2 5 . 9  23 . 5  

24 . 5  2 0 . 0  
1 9 . 5  6 . 5  
1 5 . 0 6 . 0  

* 5 . 5  

Note s :  a )  Sources of data were a s  fo l l ow s :  

Anv i l Present - I n  p l ant measurements 
· 

5 . 0  

28 . 1  

1 4 . 2  
1 2 . 8 

7 . 0  
* 

6 . 0  

1 4 . 5  

27 . 0  
1 5 . 0 
1 0 . 0  

6 . 4  

Grum P i l ot P l ant - Ref . Report L . R . 2 027 N o . l l  - Vol . 1 
Anv i l  P i lot P l ant - Ref. ·Report L . R . 2202 N o . 6  - Vo l .  1 
Anv i l  Proposed - C a l c u l ation Ki l born Drawi ng l OF-02/03 . 

ANV I L  PROPOSED 

5 . 0  

27 . 0  

24 . 0  
20 . 1  
1 9 . 6  

* 

5 . 0  

26 . 7  

37 . 0  
1 7 . 3  
1 1 . 9  

* 
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Of special note when considering residence times are  t h e  aerators 

a nd conditioner stage s for le a d  a nd zinc respectively . Almost 

invariably pre le ad flotation a er ation , e specially with high iron 

o re s ,  enh ances le ad-iron separ ation ( Se e  table 4 for a er a tion data ) .  

Normally aeration for a t  le ast 1 5  minutes i s  recommended a s  a 

pr actical minimu m .  However , two OK 38 cells , loc ated at  the h ead of 

the le ad roug hers  with a five minute r etention o r  residence time and 

their superior air disper s ive c apability s hould b e  s ufficie nt to 

a er a te the p ulp and s timulate flotation . Similarly two more OK 38 

cells , acting a s  zinc conditione r s , will p rovide excellent pre-zinc 

flota tion conditioner s . 

4 . 33 I nstalled Flotation Capacity 

T h e  cap acity of flotation cells installe d in e ac h  stage of the circuit 

a re outlin e d  b elow . For the p urposes  of comp arison the present cell 

c ap ac it y  is  shown a lso . 

TABLE 8 

PRESENT AND PROPOSED CELL CAPAC ITY 

UNIT PROCESS PRESENT 3c IRCU IT PROPOSE� C I RC U I T  
( ft ) ( ft ) 

Lead Roug her/Scavenger 6000 1 3500 

Lead C leaners 6300 1 41 00 

Zi nc Rougher/Scavenger 9000 1 3500 

Zi nc C leaners 7 1 00 1 4 1 00 

TOTAL 25400 55200 
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T h e  doubling of · installe d cell c ap ac it y  appe ars a t  fir st  s ig h t  to be 

somewhat  exces sive , desp ite meeting t he obvious constraints of 

residence t ime a nd p ulp dens it y . However inspection of data from 

other properties indicates that the installe d cell c ap acity per tonne 

mille d is  a ctually within normal  r ange for comple x  sulp h i de ore 

s ep ar ations . 

TABLE  9 

I NSTALLED CELL CAPAC ITY PER TONNE TREATED 

M I N E  

Anv i l Present 

3 INSTALLED CAPAC I TY/TgNNE  
ft /tonne m /tonne 

2 . 80 0 . 0 79 

Anvi l Proposed 6 . 09 o .  1 72 

Brunswi ck 

Orchan 

Lac Dufau l t  

Mattagami 

Mattabi 

Ti ntac 

6 . 45 

6 . 06 

6 . 39 

4 .08 

5 . 07 

6 . 66 

Data Source - Noranda Mi l l i ng Commi ttee 
- Lead Z inc  Symposi um 1 970 , 

4 . 34 Critic al  Flotation Circuit P ara meters 

o .  1 83 

0 . 1 72 

0 . 1 8 1  

0 . 1 1 6  

0 . 1 44 

0 . 1 89 

Fin ally a nd to s ummarize all the relevant flotation c ircuit desig n 

data , are s hown e·stimated solid contents , stage recoveries ,  metal 

contents a nd s pe c ific gr avity of solids . ( Ta ble 10 & 1 1 )  



STAGE 

Rou�hers 
-

Scayengers 

F i r st C l e aners 

Second C l e.aners 

Thi rd C leaners 

OVERALL 

STAGE 

Roughers 

Sc avengers 

Fi rst C l e aners 

Second C leaners 

Thi rd C l eaners 

OVERALL 

FEED 
M . T  . P . H .  

564 

485 

1 76 . 0  

89 

33 

FEED 
M . T . P . H .  

472 

408 

1 1 5  

89 

54 
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TABLE  1 0  

LEAD FLOTATI ON 

% FLOTATION 
SOL IDS  TIME ( mi n )  

45 1 1  

40 1 6  

25  24 

25  20 . 1  

20 1 9 . 6  

TABLE  1 1  

Z INC' FLOTATI ON 

% FLOTATION 
SOL IDS TIME (mi n )  

39 1 0 . 6  

35 1 6 . 1  

25  37 . 0  

25  1 7 . 3  

20 1 1 . 9 

STAGE 
RECOVERY 

80 

45 

85 

75 

70 

87 . 5  

STAGE 
RECOVERY 

80 

60 

85 

80 

75 

88 . 5  

Notes : a )  Data contai ned i n  tab l es 1 0  �nd 1 1  
rel ate to K i l born Mass F l ow Dwg s .  

CON C .  SOL I DS 
GRADE S . G .  

1 9 . 5  4 . 0  

3 . 0  4 . 0  

30 . 0  5 . 0  

5 3 . 0  5 . 5  
' 

67 . 0  6 . 0  

67 . 0  

CONC . .  SOL I DS 
GRADE S . G .  

34 . 1  4 .0 

7 . 0  4 . 0  

39 . 0  4 . 2  

50 . 5  4 . 2  

53 . 5  4 . 2  

53 . 5  
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4 . 4  ANC I L LA R Y  EQU I P MENT I N  F L OTAT I ON 

I n  addition to t he more obvious e quipment requirements in the 

modified flota tion area , there a re a ' number of ancillary s ystems 

which will be  neces sitated to ensure functional operation of the 

flotation section . 

4 .  4 1  Reagent Handling Syst e m  

Optimum control of a flotation circuit depends heavily upon t he 

c ap ab ility of delivering precisely controlle d reagent dos ag e s  to the 

a ppropri ate place in t he circuit . The r eagent delivery s y stem mus t 

b e  of high reliability and be  s up porte d  by sufficient storage and 

mixing ves sels to ensure continuous operation under the exigencie s 

of normal concentrator oper a tion . 

The existing reagent storage , mix�ng a nd delivery syste ms are  

inadequate , and in some respects uns afe ; Certainly the  present 

cyanide mixing and storage s y stems do not conform to industry 

norms for hand ling this dangerous sub stance . The features o f  the 

proposed new system are discussed b ri efly below in a general 

description of  the n ew reagent a re a . Thi s a r e a  will be  located j ust  

to the north of the present concentrator sep a rated from it and 

house d in a n ew 60 1 x 120 1 light frame s tructu r e .  
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a )  Storage Capacit y :  

T he n ew area will provide for increased storage s pace for 

all  solid and liquid reagents  in concentrated form . I n  

a d dition , t h e  entire cy anide system from t h e  dis solution 

p h a s e  to  the s torage t ank s will be completely e nclose d  a nd 

remotely oper ate d by a di screte control module . P rovi s ion 

will also be m ade for flammable liquid s torage , under 

conditions and in a zone acceptable to the insurance 

b rok ers . In all  areas , ventilation will conform to 

regulation requirements . 

Storage cap acity for dry soda ash will be  incre a s e d  from 

the present 100 tonnes in two s mall bins loc ated inside the 

concentrator b u ilding , to about 300 tonnes in  a free 

standing , pneumatically loaded t a nk situ a ted close to  the 

n ew reagent b u ildin g . 

b )  M ixing B a y : 

All reagents will be  mixed or diluted in one area . Soda 

ash will be  s lurried a nd parti ally dissolved a nd then 

del ivered to the appropr i ate grinding or flotation c ircuit 

v ia a pres surized loop syste m . Thi s system will p e rmit 

good soda a s h  distribution in t he grinding mills , ensuring 

that  thi s  c ritical ph ase of flotation feed prep a r ation i s  
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performe d  at  near const ant p H .  Other reagent s  will b e  

mixe d , diluted a nd fed via  pres surized loop and solenoids 

to t he desired a d dition points . In all c as e s  sufficient 

s torage for ready to use  reagents will be  provided to 

e nsure s mooth oper ation on weekends and over s tatutory 

holidays . 

c )  Delivery S ystem : 

T he desig n  of a reage nt d elivery s y stem for a com p le x  

metallurg ical c ircuit must  b e  s uch t hat some flexib i lity b e  

b u ilt into the syste m ; I n  a d dition of  cour se t he s y stem 

mus t  be reliable a nd precise enoug h  to  ex actly dispense 

t he desired reagent quantity .  The t able below indicates  

the general distribution o f  reagents to the v ariou s  unit 

operations . 



STAGE Na2
co3 

Rod Mi l l s  X 

B a l l Mi l l s  

Aerators 

Lead Rougher/Scavenger 

Lead Regr i n d  X 

Lead C leaners X 

Cond i t i oners 

Z i nc Rougher/Scavenger 

Z i nc Reg r i nd 

Z i nc C leaners 

Stock T anks 

Thi ckeners 

NaCN 

X 

X 
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TABLE 1 2  

REAGENT ADD I T I ON POI NTS 

REAGENT 
Z - 1 1  M I BC Cuso

4 

X 

X X 

X 

X X 

X 

X X 

C a ( O H ) 2 

X 

X 

X 

Notes : a )  Soda ash wou l d  be added to a l l  g r i nd i ng mi l l s .  

1 0 1 2  

X 

b )  Cyani d e  wou l d  be added i n  proport i on to app l i ed power.  
c )  L i me add i t i on to the  z i nc cond i t i oners wou l d  precede 

copper s u l ph ate addi t i on . 

TABLE 1 3  

SUMMARY OF DATA - REAGENT CONSUMP T I ON 

( a l l  data i n  grams /tonne mi l l  fee d )  

PER COL 

X 

REAGENT 1 979 M I LL GRUM P I LOT ANV I L  P I LOT PROJECTED 

L i me 

Soda Ash 

Copper S u l p h at e  

X ant hate 

Cyan i d e  

M . I . B . C .  

Dow 1 0 1 2  

Sod i um S u l p h i de 

F l oc c u l  ant 

A l copo l 

ACTUAL -rLANT PLANT EXPANDED M I LL 

1 1 00 2500 

1 600 1 800 

325 1 050 

230 1 90 

1 00 1 50 

20 40 

4 35 

0 0 

3 N/A 

30 N/A 

Notes : a )  N/A i nd i cates not a pp l i c ab l e  

4500 

9000 

750 

1 85 

290 

55 

40 

0 

N/A 

N/A 

b) 1 979 mi l l  taken from the December l 97 9�Report 

c )  P i l ot P l ant data i s  deri ved from a rough average 
reag ent used i n  a l l tests in seri es . 

d )  S od i um su l ph i te i s sti l l  undergo i n g eva l u at i on 
at the time of wri t i ng .  

900 

1 400 

400 

1 80 

1 35 

1 5  

2 

0 

5 

1 0  

AERODR I 

X 



REAGENT 

Na2Cfl3 

NaCN 

X anthate -

c
4

so4 

C a ( O H ) 2 

M . I . B . C .  

DOW 1 0 1 2  

Aerodri 

Percol  
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TABLE 1 4  

REAGENT STORAGE CAPAC I T Y  

CONSUMPT I ON PROJECTED SYSTEM CAPAC I T Y  ( DA Y S )  
g/tonne 

TOTAL M I XE D :  READY TO VSE 

1 400 1 5- 20 N . A .  

1 35 4-5 3-4 

l BO 5-6 3-4  

400 1 0 - 1 5  7 - 1 0  

900 1 0 - 1 5  2-3  

1 5  3-4 3 -4 

2 1 5-20 1 5- 20 

1 0  7 - 1 0  7- 1 0  

5 5-6 3-4 

Note s :  a )  Capac i ty based o n  9 , 300 tonnes/day a t  
projected comsumpt i on .  

b )  Concentrati on data i s  a best e s t i mate . 

c )  Tot a l  system capac i ty does not i nc l ude 
reserve capac i ty of unm i xed reagents 
on s i te .  

REAGENT CONCENTRATI ON 
AT ADDI T ION POINT  

% 

1 0  

1 0  

1 0  

1 4  

25  

1 00 

1 00 

1 00 

1 
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4 . 42 Compressed Air  System 

T h e  removal  of the induced a ir Wemco 76 cells  a n d  their replacement 

with t he large  s upercharged OK 38 cells , created a need for a large 

volume of low pre s sure air . The Outok ump u cells re quire a ir a t  a 

somewhat  higher  pres sure than that  supplied by the existing 

Spencer b lowe rs supplying the Denver DR-200 cells . For thi s reason , 

a new set  of Spencer blowe rs w a s  included in the exp an sion 

p ack age . 

TABLE 1 5  

A I R  REQU I REMENTS B Y  CELL 

CELL FUNT ION REQUI REMENTS I NSTALLED 
PRESSURE VOL U�E/CELL PRESSURE V03UME 

( ps i ) ( ft /mi n )  ( p s i ) ( ft /mi n )  

Ou1. ok umpu OK 38 
Lead Rougher/Scavenger 4 . 4  600-850 
Z i nc Rougher/Sc avenger 

4 . 4  3x l 4 1 00 
Lead Fi rst C l eaner 4 . 4  800 - 1 000 
Z i nc Fi rst  C l eaner 

Denver DR -200 
Lead Second-Thi rd C l eaners 3 . 0  1 40 - 1 60 3 . 0  3x9800 
Z i nc Second-Thi rd C l eaners 

T he t hree new b lowe r s , with two oper ating at a ny g iven t ime , will 

b e  house d  in the a re a  c urrently used for reagent storage and 

mixing . The existing Spencer b lowers will b e  r elocated to serve the 

D R-200 c le aner cells . 
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4 - 43 On-Stream Fluorescence Analysis 

An Outokumpu Courier 3000 on-s tream system will be installe d to 

monitor the flotation c ircuit b eh aviou r .  The sy stem which is 

supplied comp lete with the neces s ary ancilliary e quipment , is 

c apable of h andling 14 p ulp stre ams simulta neously , alt houg h 

design concepts  for the initial  installation will require that six 

streams will be  emp loye d .  T h e  concept for the deployment of the 

a d ditional anal yzer capacit y  is shown below in T able 16 together 

with t he approxim ate time f rom envis age d for e ac h  stage of the 

work . 

TABLE · ] 6  

REPORTED METALLURGICAL I MPROVEMENTS - ON-STREAM CONTROL 

PLANT METAL IMPROVEMENTS % COMMENTS 
GRADE RECOVERY 

CANADA --

F l i n-F l on ,  Mani toba Cu 1 .  70 0 S i x  year s ampl e  period . 
Zn  1 . 35 0 

Strathcon a ,  Ontari o Cu 1 . 5 - 2 . 0  0 On-stream control reduced vari ances of rougher 
concentrate grade s i g n i f i cant l y .  

! nco , Ontar i o  N i  0 . 46 2 . 0  Grade improvement was achi eved a t  8-9% 
concentrate grade ( pent l andi de ) . Recovery 
improvement i s  an est i mate on l y .  

Froode-Stobi e ,  Ontari o N i  0 2-3 Data quoted in response to quest i on as  an i nformed 
est i mate . 

Ecstal l ,  Ontar i o  N i  0 . 6 3  Data recorded over two years of p l an t  operat i on .  
0 . 80 Reagent reduc t i on of 1 0% was a l so recorded . 

L ac Dufau l t ,  Quebec Cu 0 1 -2 Data quoted on bas i s  of severa l  years p l an t  operation 
Reagent savings  i n  excess of 25% . 

AUSTRAL I A  

New Brok en H i  1 1  Zn 0 1 -2 E s t i mated after two years opera t i o n .  

F I NLAND ---

V i h anti  Cu 0 2 . 5 Data quoted i n  genera l  rev i ew o f  automated mi l l s  
Pyhasa l mi Zn  0 2 . 0  i n  Fi n l and after severa l  years exper i enc e .  

JAPAN --

Kami ok a Pb 0 . 2  3 . 7  Automat i c  control  systems are app l i ed to the b u l k  
Z n  1 . 78 0 . 66 f l otat i on c i rcui t .  Frother cons umpt i on showed a 

s i gn i f i c an t  decrease,  as did  cyani de u sage . 
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TABLE  1 7  

ON-STREAM ANALYZER - APPL I CAT I ON BY PHASE 

PHASE PURPOSE STREAMS ESTI MATE T IME 
TO COMPLETE 

I To fami l i ari ze operators with  Lead Scavenger Tai l 
uni t and to perform the Z i nc Retreat Tai l  
neces sary cal i brati on tasks . Lead C i rcui t Feed S i x  Month s  Lead Concentrate 

Z i nc C oncentrate 
Tai l s .  - Fi nal  

I I  To improve meta l l urg i ca l  Z i nc Scavenger Tai l s  S i x  Months understandi n g  of c ircu i t  Lead l st C l eaner Tai l s  
roughers and c l e aners . 

I I I  Improve c l e aner c ircu i t  Lead 2nd C leaner Tai l s  
contro l and ass i st i n  Z i nc 2 n d  C l eaner Tai l s  S i x  Months setti ng parameters . Lead Rougher Concentrate 

Z i nc Rougher Concentrate 

I V  To provide  data for sett i ng Lead Rougher Tai l s  S i x  Months up mec h an i ca l  contro l s  and Z i nc Rougher Tai l s  
and a i r  for Outok umpu cel l s .  

Ap art from the analyzer h ar dw a re , the s y stem i s  comp limente d b y  a 

P . D . P . 1 1 dig it al  data proces sor with a 16 bit  word le ngth a n d  a 16K 

core memory . T h e  function of t h i s  unit is  to  convert the  output 

s ig n al s  from the analyzer a mp lifier s caler unit to a form suita b le 

for u s e  by a high spee d t ypewriter .  Courier software to achieve 

these obj ective s , including a t heoretical  fluorescence model are 

inc luded as part of  t he P .  D.  P . 1 1 p ackage . Some comp anies h ave , to 

their great  cost , attempted in the past  to gener ate their own 

improved "model" ; T h i s  ide a w a s  considered but w a s  then rej ecte d  

because of the lack o f  availab le s pecialist  personnel at Anvil . 
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I n  conj unction with t he a nalyzer will  be  t he instru ment ation a s s o­

c ia ted with e ac h  s amp ling s tation . T h i s  instrumentation which will 

b e  principally of a n  indicating function will b e  as follow s : 

a )  Sample pump on/off indication a t  control c entre . 

b )  Low flow indicator/al arm in X-ray cel l .  

c )  Low level indic ator/al arm in  the  cell h e ad t a nk s . 

d )  Mylar film ru pture al arm . 

A sub stantial inventory of s pare p arts incl uding spectrometer , 

x-r a y  ge ner ator source a nd s pare proce s sor mod ule s  a re included in 

t he package , as well  as a 5 tonne c ap acit y  air conditioner and 

h umidity controller .  These  s pare module s will permit the oper ating 

s taff to send out the sophi sticated electronics of the s ystem for 

check and s che dule d maintenance . 



4 . 5  REAGENT CONSUMP T I ON 



/ I 

- 1 1 8 -

4 . 5  REAGENT CONSUMP T I ON 

4 . 51 Comp arative Reagent Cons u mption 

Re agents utilized in flotation proces se s  are almost exclusively 

s urface active chem icals  - e . g .  their reaction depends upon the 

a mount miner al surface a vailab le . Thus with incre a s e d  s u rface area 

it  would be  logical to expect reagent consumption to increa s e  

linearly . I n  fact reagent us age i s  g overne d by other factors , inclu-

ding temperature of the pulp ; p ulp constituent s , reagent inter-

action , reagent decay rates a nd metering s y stem efficiencie s .  

I n  this  section i s  outlined t .Ae r ation ale for the r e ag e nt consump-

tions predicted for the modifie d plant ope r ating at  rated tonnage at  

the t arget  grind . The predicte d consumption s  were  b a s e d  on a ctual  

o pe ration a nd the two sets  of  p ilot plant  data . Shown below are  the 

s um marized result s . 



REAGENT 

L ime 

Sod a Ash 

Copper Su l phate 

Xanthate 

Cyani de 

M .  I . B . C .  

Dow 1 0 1 2 

Sodi um Su l phi te 

F l occu l ant 

A l copol 
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TABLE  1 8  

SUMMARY OF DATA - REAGENT CONSUMPT ION 
( al l  data in grams/tonne mi l l  feed ) 

1 979 M ILL  GRUM P I L OT ANV I L  P I LOT 
ACTUAL PLANT PLANT 

1 1 00 2500 4500 

1 600 1 800 9000 

325 1 050 750 

230 1 90 1 85 

1 00 1 50 290 

20 40 55 

4 35 40 
' 

0 0 0 

3 N/A N/A 

30 N/A N/A 

Notes : a )  N/A i ndi cates not app l i c ab l e .  

b )  1 979 mi l l  taken from December 
1 979 Report . 

c )  P i l ot P l ant data i s  deri ved from 
a rough average reagent used 
in a l l tests in seri es . 

PROJECTED 
EXPANDED MILL  

900 

1 400 

400 

1 80 

1 35 

1 5  

2 

0 

5 

1 0  

I t  i s  pos sible t h a t  the control o f . t he r eagent dispensing s y stem i s  

perhap s the mos t  critical o f  all when a s s e s s ing re agent consump-

tion . I n  t he modifie d plant  the  r eage nt systems have b een designed 

to p rovide  t he most  preci se control of  reagent s  a nd thus  affect the 

m aximum saving s .  
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Soda A s h : 

P re s ent : 1 , 600 g/tonne P roj ecte d :  1 , 400 g/tonne 

Soda As h consumption i s  e xpected to be  r educed despite t h e  finer 

grindin g . The following were considere d :  

a )  P rob ably the present le ad flotation p H  of 9 . 8�10 . 1 i s  too 

high : Gener ally Noranda operate t heir concentr ators a t  pH 

9 . 2-9 . 4 .  Operation at thi s  level would result in a very 

s ig nifica nt decre a se in soda ash consumption . 

b )  U s e  of soda ash in the le ad c le aner s ,  e specially the 

regrind mill will  increa s e  consumption . The extent · of the 

increa s e  is  not  known but pilot plant work indic ates that 

a bout 25%-3Q% of t he tot al soda ash could be  use·d . .  in the  

cle aner circuit . 

c )  T h e  planned conversion of the  current d ry soda ash 

s ystem , to a mo re pr actical , solution o r  slurry syste m , will 

re duce overall consumption by pe rmitting mo re efficie nt 

reagent utiliz ation , and the elimination of reagent los s due 

to s pillag e . 

On a ve r age t he n  it is  e xpected t h a t  the se  factors influencing soda 

ash consumption will  tend to  b al a nce each other and that soda ash 

consumption will  be  red uced s lig h tly to the 1 400 g/tonne le vel . 
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L ime : 

P re sent : 1 , 100 g/tonne P roj ecte d : 900 g/tonne 

B a s e d  on data from Grum and Anvil p ilot plant work it is  pos sible 

t hat  total  lime consumption will  decre ase  despite t he incre a s e d  area 

availab le for s u rface oxidation of iron miner al s .  The following 

fa ctors were conside red : 

a )  In  both Grum a nd Anvil p ilot p lants the le a d  cle a ner  

circuit s we re mod ul ated with soda ash rather  than l im e . 

b )  P i lot plant work ( Re f .  L . R . 2202 ) indicated t h at l ime w a s  

required only in the zinc roughers a nd t h e  zinc first 

c le aner s . The pH w a s  then a l lowe d to decre a s e  from the pH 

1 1 . 0-1 1 . 5  set  point in the s u b se quent stag e s  of cle aning . 

c )  Recyc ling t h ickener overflow s to the zinc cle aner l aunder 

s p r ays  will  result .in s ig n ifica nt recyc ling of w a ter  a t  pH 

10-10 . 5 .  

d )  T he use of conditioners to provide retention time w h i le 

Ca 2+ ion depres s ion of p yrite proceeds , will  prob ably result 

in a reduction of l im e  consumption . 
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Copper Sulph ate : 

P re sent : 325 g /tonne P roj ecte d :  400 g/tonne 

A significant incre ase in coppe r  consumption is expected due to 

several m aj or factors . 

a )  I t  is  generally considered that  a s  surfa ce area inc re a se s , 

so will coppe r sulp hate demand . Since new s ur:fa'ce area 

c reated is  related to incre ases  in a pp lied g r inding powe r ,  

the modified circuits  will  c ause a n  incre ase of new surface 

a re a  and hence coppe r sulp h ate r e quirements ,  roug hly in 

proportion to the n ew grinding power a pp lie d .  Allowing for 

fine grind e ffect area incre a s e s  by a factor of 0 .  85 for 

e ach doubl ing of powe r a pplie d .  

b )  Relati vely minor ch anges i n  copper sulphate demand may 

a ccrue due to  improve d r e agent control system s , use of  the 

on-stream a n alysis to rel ate coppe r a d dition to the zinc 

head a s s ay ,  and t he utilization of the z inc conditioners . 

I n  gene r al as control strategies  improve copper s ulph ate 

consumption is reduce d .  

c )  I t  i s  worth noting that  the p ilot plant mode of operation , 

that  of controlling froth by u s in g  copper . sulp h ate , i s  

a typ ic al and results i n  exces sive a ctivator consumption . 
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Xanthate : 

P re sent : 230 g/tonne P roj ecte d :  1 80 g/tonne 

The s l ig h t  reduction s hown in x a nth ate consumption may be  pes si­

m i stic . As indica ted b elow , there a re good reasons to expect greater 

reductions : 

a )  Xanthate consumption a t  Anvil i s  v ery high comp ared to 

almo s t  any other le a d-zinc oper ation in the worl d . T h e  

re asons for t h i s  a nomaly are camp le x but c h i e f  among s t  

t h e m  i s  t he control strategy in the l e a d  cle aners where 

a tt ache d xanthates are d e sorbed with l ime . I n  a soda ash 

mod ulated circuit this will  not occur a n d  ove r all xanth ate  

consumption s hould fall  sig nificantly . 

ln  t he zinc circuit , the u s e  of xanthates to "pull" cle aner 

circuits where the c urrent cells are mech anic ally inept 

result s  in wastage . T h i s  situation will be correcte d in the 

circuit with the incre a s e d  cell c ap acity a nd better cell 

mechanic s . 

b )  T he use  of le a d  cond itioners-aer ators will improve the 

di stribution of xanth ate in t he p ulp and hence reduce 

consumption . 
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c )  On-s tream monitoring of the le ad circuit feed a nd the in­

c r e a s e d  residence times in t he lead roughers will permit 

the adoption of a " st a rv ation collection" scheme which will 

g reatly enhance metallurg y while r educing collector con­

sumption . 

d )  After the imp lementation o f  t he on-s tre am a n al yzer s yste m , 

it s hould be  pos sible to r atio C uS04,/x a nthate  in fixed 

proportions - ag a in a s ig nificant reduction in  collector 

us age may be expected .  Some Finnish a nd Swe dish mines 

c urrentiy employ this pr actice with marked s ucces s .  

e )  Recycling water  throu g h  an ionic flotation system will 

re sult in a s mall incre a s e  in xanthate consumption . At thi s  

time however i t  i s  not known i f  the t re a ted water  will 

contain a ppreciable quantities of  d i s solved x a nthates  which 

woul d , when returned to the z inc circuit , effect a r e d uction 

i n  collector u s e  in that  a re a . 
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Cyanide : 

P resent : 100 g/tonne P roj ected : 135 g/tonne 

The effects of cya nide on le ad flotation a re very comp le x , however 

as a generaliz ation , it  can be  s aid t h at cy a nide depre s se s  pyrite 

a nd sphalerite due to ionic adsorp tion , and effects chemical 

c h ange s on t he s urface of le ad s u lphides  which e n h a nce xanthate 

a dhesion . 

a )  Cya nide consumption i s  very dependent on surface a re a ,  

therefore it can b e  expected that  the n ew circuit s with t he 

finer  grind will require more cy anide than p resent 

oper ation s . 

b )  I mp rovements in t he · cy a nide distribution s y stem will make 

t he best  u s e  of  t he cy anide added to the circuit s , and it 

m a y  be  pos sible to effectively r atio cy a nide to soda ash 

demand at  a fixe d pH with t he mo re s ophisticated soda ash 

a nd cy anide feeding a r r angement s . 

c )  Finer concentrate regrinding will involve more cy anide 

consumption to ensure adequate depres sion of t he newly 

lib er ated iron and zinc miner al s from the lead concen­

trate s . Currently consumption in t he reg rind mill is  a bout 

10 g/tonne mill fee d ; this figure could ri se to 25 g/tonne 

with the ultra-fine le ad concentrate reg rind . 
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F rothers : 

M . I . B . C .  P resent : 20 g/tonne 

DOW 1 0 1 2  P resent : 4 g/tonne 

P roj ected : 15 g/tonne 

P roj ecte d : 2 g/tonne 

With improved reagent control systems a nd better mechanical c ap a­

bilities with t he cle aner cells , m inor reductions in frother consump-

tion may b e  pos sible . Currently a bout 15% of the total frother  

consu med is  to correct w aywa r d  froth conditions which s hould be  

a d j usted b y  mech anical means . 

I t  is e ntirely pos sible t h a t  recycling t hickener overflows to the zinc 

circuit will almost el imin ate t he nee d for the frothe r 1012 ; the 

frothing char acteristics of the filter a ids a re well know . Conversely 

recyc ling may re sult in a b u ild-up of Ca2+ which will · c ause t he 

c ircuit w a ter to h arden slightl y ,  pos sibly requiring some extr a  

frother t o  maintain a s table foam . 
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Sodi u m  Sulp h ite : 

P re sent : None P rojecte d :  None 

This  subtle reagent is prob ably the mo st  misunderstood in the entire 

reage nt a r r ay .  Sodium sulphite is  a powerful depr e s s ant for b ot h  

iron and zinc miner al s r a nking somewhat b elow g a seous so2 t re at­

ment in e ffect .  Numerous labor ato ry test s  h ave s hown that  zinc 

metallurgy is  a lmost a lw a y s  e nh a nced by s m a ll additions of  sulphite 

in t he 1 , 000 g/tonne r ange . There is  little doubt  too that as the 

finenes s of grind i s  incre a s e d , the need for sulphite could 

decre a s e .  L a bo ratory tests could determine the effectivenes s of 

sodium sulp hite at fine g rinds . 

Thus , no  provision h a s  a t  this time b een made for sodium sulphite 

us age . In  the event of · oxide ore t re atment where s ulphite is v ery 

effective , some tempora ry fee ding a r r angements will h ave to be 

made.  Should the l abor a tory progr am of t�sting indicate a n  a d­

v antage for s ulphite modulated circuits ,  a n ew storage a nd fee ding 

s ystem will h ave to  be separ ately j us tifie d .  
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Floccul ant : 

P resent : 3 g/tonne P roj ecte d :  5 g /tonne 

I mproved mixing a nd a b etter control of flocculant a d dition could 

effectively reduce consu mption . Howe ver , the ultr a-fine concentrates 

e nvisaged in t he expanded mill desig n , will require that · more 

flocc ul ant b e  used to  ensure t hickener overflow clarit y .  

Because of t h e  need t o  recyc le water from the t hickener overflows to 

the zinc cle aner circuit it would a ppe ar that  a d dition of lime as a 

floc c ulant is  precluded hence more floccul a nt of the com p le x  

polymeric type will be re quired . D a t a  from L akefield testing in­

dicates too that  pos sibly two different flocculants mig h t  be more 

efficacious than the present ubi quitous P e rcol 35 1 .  
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Filter Aid : 

P resent : 30 g /tonne P roj ec;te d : 10 g/tonne 

Filter a ids a re essenti ally s urface tension reducers and depend for 

their effect on homogeneous dispension t hroug hout the filter feed 

pulp s . C ur rently a poorly designed di stribution system wa stes 

20-30% of the total  filter a id consume d ,  a nd the effect of the 

reagent a ctually added to t he p ulps i s  dimini s he d ,  due to 

incomp lete mixing . 

The installation of  stock-ta nks  a n d  flow regula tors on the t hickener 

underflows a nd an improved reagent distributor s y stem will 

elimin ate w a ste and greatly enh a nce the effect of the reagent . Very 

pos sibly the estimated consumption of 20 g/tonne is  pes simistic . 



ADDI TION PO I NT 
N a2c D:J 

Rod Mi 1 1  s A Yes 
8 

Ba 1 1  Mi 1 1  s 
Cyc l opa l Overf l ows 
Lead Aerati on 
Lead Roughers 
Lead Scaveneers 
Lead Reg r i nd Yes 
Lead C 1 e aner 1 Yes 
Lead C le aner 2 
Lead C l e aner 3 Yes 

Z i nc C ondi t i oner 
Z i nc Roughers 
Z i nc Scaveneers 
Z i nc Regri nd 
Z i nc C l eaner 1 
Z i nc C l eaner 2 
Z i n c  C le aner 3 

Lead / Z i nc Stack T anks 

Lead / Z i nc Thi ckeners 

NaCN 

4 , 500 
4 , 000 

1 , 000 

- 130 -

TABLE 1 9  

REAGENT ADD I T I ON B Y  AREA 

MAX IMUM REAGENT FLOWS 
Xanthate C uS 04 M . I . B . C .  

2x3 , 000 
1 40 

. 5 , 000 70 

5 , 000 50 

1 0 , 000 2 , 500 

5 , 000 

5 , 000 5 , 000 

( CC/MIN )  
1 0 1 2  

40 

1 0  

Nates : a )  These max imum f l aw estimates were made by 
meta l l urg i ca l  staff on s i te ( 1 979- 1 980 ) . 

b )  Yes i n d i c ates that f l ow wi l l  be di rec ted t o  
that pai nt  and contro l l ed by a p H  prob e .  

c )  So l u t i on s trengths are 1 0% except f o r  l i me 
wh i ch i s  20% and the remai nder are fu l l  
s treng t h .  F l oc c u l ant i s  d � l i vered as a 1 %  
s o l uti on . 

C a ( OH) z Aerodri F l occu l an t  

Yes 

Yes 
Yes 

2x250 

2x5 , 000 
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5 . 0  SUMMA RY 

Calculations b ased on laboratory test  data  and plant experience 

detailed in t h i s  section , s how that the propos e d  modifications to the 

Cyprus Anvil mill will neces sitate some increa s e s  in dew a tering 

p lant  c ap acit y . A re-org a nization of the  existing t hickener t anks 

will provide adequ a te settling area for the very fine concent r ates 

under normal  conditions , however the u s e  of  a dequate dos ag e s  of  

suitable flocculants i s  recom mended . The thickener oper ations will 

be  facilitated by the installa tio of underflow density controlle d 

s ystems and duplex diap h r a g m  p ump s supplying concentrate s tock 

t a nk s .  

Con siderable incre a s e s  in filter c ap acity are planned to accom-

mod a te t he finer grind of t he co centra tes . Comp lete renovations of 

the  dryer feed belt configu r ation a nd a r ea s signment of dryer duty 

will  permit the concentrates  to be  adequately dried in the fin al 

dew a tering p h a s e . In ad dition , the probability of cros s cont ami-

n ation of  concentrates  in t he dew atering s y stem will b e  greatly 

reduce d by dividing the dryer .ta sement into dedic ated le ad a nd 

zinc a re a s  and recyc ling liq i d  s p illage to the appropriate 

t hickener . 
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5 . 1 I N T RODUCT I ON 

A s  the extens ive l aboratory a nd p ilot plant testwork h a s  demon­

strated enhancements  in metallurg ical result s  require that  the 

concentrates b e  g round very fine indeed to ensure m aximum 

lib er ation of intergrown mine r al crystal s .  Finer grinding of 

concentrate s  does however create s ig n ificant a d dition al problems for 

the dew a tering section . A reduction o f  average part icle s ize from 30 

micron s to 15 microns for e x ample re duces medi an terminal settling 

v eloc ities  by a factor of  eight  - e . g .  the  effective thickener area 

s hould b e  eigh t  times  as  great . Similar a pproximations c an be m ade 

for filtering efficie ncy fall  off , with decreasing particle s ize  - h e re 

t houg h , the perceived e ffect is usually a t hinner  filter cake  a nd a n  

incre a s e d  c a k e  moi s ture . The. d ryers a re le ast affected by p article 

s ize , althoug h mo isture entrainm ent in the dryer discharge pellets  

a nd exces s ive dust  recirculation t hroug h t he s crubbers are factors 

to be considere d .  

With t he incre a s e d  grinding a nd regrinding effects  then sub stantial  

additional loads  will b e  placed on t he dewatering s ection . Further 

b ec ause dew a tering i s  the ultimate function in  a metallurgical  p lant 

it is  mand a tory t h at no bottlenecks develop in  thi s a re a . 

A ccordingly d esign p ar ameters were s electe d to a ccomodate the majo­

rity of worst a nticipated conditions . Reorg aniz ation of the exi sting 
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thick ener tanks ' a large inc re a se in filtering c ap acit y ' a nd a re­

assig nment of dryer functions will p e rmit smooth operation a t  design 

tonnag e s , fee d  g r ade a nd fin al c oncentr ate grind leve l s . 
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5 . 2  DEWAT E R I NG D E S I GN CALCULAT I ONS - BAS I C  P A RAMETERS 

The  function of dew a teri'ng of  the concent r ates i s  a ccom p li s h e d  by 

means  of  t hr e e  u nit proce s se s , thick ening , filt ering a nd drying . In  
I 

pe rforming design c alculations for a dewa tering section it i s  

important t o  recog nize that  s ig nificant exc.e s s  c ap acity mus t b e  

b u ilt into e ac h  u nit proce s s :  T he function of t h i s  e x ce s s  c ap acity i s  

to a b sorb s ho rt term l o a d  fluctua tions on e ac h  o f  t h e  unit proc e s s e s  

a nd a l so t o  prec lu de t he formation of  a production bottle neck in the 

s erie s  of dew a tering oper ations . I n  t he t ab le below a r e  s hown the  

design tonnage c ap acity data com p ared with  the plan production 

tonnage s .  

TABLE 1 

DEWATERING C I RCU I T  DES I GN CAPAC ITY 

CONCENTRATE PLAN PRODUC T I ON DES I GN PRODUCT I ON DES I G N  

Lead 

Z i nc 

tonne/hour tonne/day tonne/hour tonne/day FACTOR % 

2 1 . 2  5 1 0  25 . 2  605 l .  1 9  

36 . 7  881 5 3 . 2  1 27 7  1 . 45 

Notes : a)  P l an producti on based on 1 984 output and corrected 
for 0 . 85 operat i ng t i me factor . 1 984 was se l ected 
as a base po i nt because in that year concentrate 
o ut put wi l l  reach a maximum , based upon case 4BV 
deve l opment sched u l e .  

Because zinc content of the  mill feed is almost  invariably greater 

than t he le a d  content , even quite a s m all p e rcentage v ari ations in 

zinc mill feed g r ade exerc ise a s ig nificant e ffect on concentr ate 

output and hence dewatering c ircuit loa d :  Accordingly a larg e r  

design factor w a s  b u ilt into the z inc b a s e  calculations . 
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Design criteri a then we re ge ner ated on the a s su mption that the t on­

n ag e s  shown in t able 1 could b e  dew a tered a t  the t a rg e t  concentr ate 

grinds to eventu ally produce concentrates  containing a n  a ve r age of 

4 . 5% w a ter  a nd cle a r  thickener overflow s . B a sic sources of unit 

c ap acity data w e re of cour se t h e  t heoretic al design calcula tions b ut 

t h e s e  were extensively s u p ported by laboratory testwork and also  

by data  d e rived from surveys o f  oth e r  oper ations .  
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5 . 3  T H I CK EN I NG 

5 . 41 L a boratory Test  Data 

E xt en s iv e  laboratory tests w e re c arried out on  v arious  occasions 

with concentrates  from both Anvil a nd Grum deposit  ore s . The tests , 

which we re of the s ta ndarO. terminal v elocity type a nd a l so compres-

s ion tests  were almo s t  e xclu s ively per formed a t  L ak efie l d  R esearch 

L a boratory . As i s  normal with settling tests , v ari ation in  p ulp pH , 

floccul a n t  type a nd g r avity were s tu die d .  

T he data  s hown below h a s  b ee n  a b st r acted from the more v oluminous 

test  reports r eferenced below . Note t he effect of floccul ant a d dition 

o n  unit .lo a d  in  tests T 4 ,  T5 a nd T9 . 

TABLE 2 

LEAD & Z I NC CONCENTRATE TH I CKEN I NG TESTS 

ORE SOURCE TEST NO . pH FLOCCULANT F I NAL DEN S I TY SETTL ING RATE m/h U N I T  LOAD 
2 tonnes/ft2 /day . tonnes/m /day g/tonne 

Faro -Lead Tl 1 0 . 0  -

T2 1 1 . 5 -

T3 1 1 . 0 -

T4 1 0 . 0  20 
TS 1 0 . 0  1 0  

Grum -Lead Ll 8 . 0  -

L2 9 .0 -

L3 1 0 . 0  -

Faro - Z i nc T6 9 . 0  -

T7 1 1 . 3 -

T8 1 1 . 9 -

T9 1 1 . 9 20 

Grum - Z i nc Z l  8 . 1  -

Z2  1 0 . 0  -

Z3 1 1 . 0 -

Z4 1 2 . 0 -

Notes :  

% FEED ZONE COMPRESS I ON ZONE 

75 1 . 5 0 . 7  1 . 4 3  
74 1 . 7 0 . 6  1 . 4 3  
74 1 . 8 0 . 6  1 . 30 
73 0 . 6  0 . 5  2 . 2 6  
7 3  5 . 6  0 . 6  2 .  2 6  

77 1 . 0 0 . 07 0 . 62 
76 0 . 8  0 . 2  0 . 94 
76 0 . 9  0 . 2  0 . 94 

73 0 . 4  0 . 1 3  0 . 42 
73 0 . 3  0 . 1 0  0 . 39 
73 0 . 3  0 . 08 0 . 36 
68 0 . 9  0 . 1 4  0 . 52 

60 0 . 20 0 . 1 4  0 . 32 
57 0 . 2 2  0 . 1 1  0 . 2 7  
59  0 . 26 0 . 1 1  0 . 2 7  
58 0 . 2 7  0 . 1 4  0 . 32 

a )  Data from Lak ef i e l d  pi l ot pl ant test concentr ates 
for both Grum & Cyprus Anv i l .  Ref . L . R . 2027 & L . R . 22D2 . 

b) Concentrates tested i n  ant i c i pated concentrate 
grind range . Pb  P80 = 1 5  mi crons : Zn P80 = 2 0 .  

c )  Thi ckener area base  d a t a  deri ved from compres si on zone 
sett l i ng rates o n l y .  

1 5 . 4  
1 5 . 4  
1 4 . 0 
24 . 4  
2 4 . 4  

6 . 7  
1 0 . 2  
1 0 . 2  

4 . 5  
4 . 2  
3 .  9• 
5 . 6  

3 . 5  
2 . 9  
2 . 9  
3 . 5  
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Now laboratory test  data  usually indicates . that  the  required 

thickener s ettling a re a  is  c onsiderably le s s  than normal ope r atin g  

pr actice deman d s . This  phenomenon a ri se s  b ec au s e  of t he presence 

of s ever al efficiency reducing factors com monly found in normal 

operations : 

i )  T hickeners oper ate with considerable circulating loads 

g e ne r ated by recyc ling of scrubber a nd filtrate fluid s .  

i i )  Upcurrents i n  t he t hickeners due t o  exces sive volumes of  

fee d  a n d  the  u s e  of  w a ter a nd a ir to relieve cone cong e s­

tion , contrib ute to imp air e d  settling of fin e  particle s .  

iii ) L aminar flow conditions ,  while often e ncountered under 

laboratory s ettling test  cond itions , seldom prevail  in a 

p la n t ,  thus r educing e ffective s ettling rate s . 

While l a boratory tests  provide s om e  order of mag nit u de data for 

thickener s izing it is apparent , from the divergence of calculated 

thickener areas indica ted by t he testwor � ,  t h at some oth e r  means  

must b e  found to support the  l aboratory c alculation s . T h e  most 

obvious source of supporting d a ta is  oper atin g  pr actice in other 

mines . 
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5 .  32 Survey Data 

T he data  g athered in t he s urvey of  othe r  ope r ations is  shown below 

in table 3 .  T h e  unit settling area p e r  tonne of solids w a s  

c alculated from the reported concentrate output data b ased o n  a 

p lant oper ating continuously . 

PLANT 

Brunswi ck 

Sherri t -Fox 

Sherri t-Ruttan 

Texas Gu l f  

S u  1 1  i van 

Dufau l t  

Sant ander 

Masua 

T i ntac 

Bunker H i l l  

Ozark lead 

F l i n  F l on 

Mattabi 

Nan i s i v i k  

TABLE 3 

UN I T  SETT L I N G  AREAS I N  PLANT PRAC T I CE 

CONCENTRATE CONCENTRATE S IZ I NG 
tonnes/ft2 /day 

U N I T  LOAD 
tonnes/m2/day 

Copper 
lead 
Z i nc 

Copper 
Z i nc 

Copper 
Z i nc 

Copper 
Lead 
Z i nc 

Lead 
Z i nc 

Copper 
Z i nc 

Lead 
Z i nc 

Lead 
Z i nc 

Lead 
Z i nc 

Lead 
Z i nc 

lead 
Z i nc 

Copper 
Z i nc 

Copper 
Z i nc 

- Lead 
Z i nc 

P80 m i crons 

20 0 . 06 
1 5  0 . 30 
20 0 . 30 

so 0 . 20 
so 0 . 3 1 

70 0 . 1 9 
70 0 . 06 

20 0 . 1 4  
20 0 . 02 
20 0 . 05 

30 0 . 40 
30 0 . 40 

40 0 . 06 
40 0 . 02 

60 0 . 0 4  
60 0 . 1 2  

35 0 . 03 
30 0 . 20 

30 0 . 03 
30 0 . 06 

40 D. 1 2  
30 0 . 1 2  

40 0 . 2 1  
50 0 . 04 

60 0 . 1 6  
40 0 . 1 4 

50 0 . 03 
55 0 . 1 3 

70 0 . 1 3  
50 0 . 2 3 

Notes : a )  Concentrate s i z i ng P80 are esti mates on l y .  

0 . 65 
3 . 24 
3 . 24 

2 . 1 8  
3 . 35 

2 . 05 
0 . 65 

l .  51  
0 . 2 2  
0 . 54 

4 . 3 2  
4 . 32 

0 . 65 
0 . 2 5  

0 . 45 
1 . 30 

0 . 30 
2 . 1 8 

0 . 30 
0 . 65 

1 . 32  
1 . 35  

2 . 2 2  
0 . 40 

l .  70 
1 . 47 

0 . 32 
1 . 42 

1 . 42 
2 . 49 
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A s  a n  adj unct to the reported s u rvey data , the cur rent design 

methods of  several major engineering comp anie s  was note d ;  The 

result s  are quite interesting a nd reflect the  very cons e rv a ti ve 

trends in t he t hickener desig n p r actice . There i s  no doubt that  thi s  

conservati sm sprin g s  from the well merited lack of confidence in 

laboratory test  data . 

TABLE 4 

CURRENT THI CKENER DES IGN PRACTICE  

COMPANY DES IGN CRFER IA Data Source 
tonnes/m /day 

I n ca ( new mi l l s )  1 . 8 I nca Report to C . M . P . /76 

H i g hmont 1 . 5 Teck Corp . 

Mattabi 1 . 3 Nor and a 

I s  1 and Copper 1 . 6 P l acer Deve l opment 

P l acer ( a l l mi 1 1  s )  1 . 1 - 2 . 2 P l acer Devel opment 

Ki l born 1 . 8 Ki l born Vancou ver 

Notes : · a ) These data represent mi n imum design  
cri teri a wh i ch wou l d  be adjusted for .  
gri nd , water temperature and average 
spec i f i c  gravi ty .  
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5 .  33 Sizing Calculations 

I n  considering all  so.urces of information on thickener desig n ,  it 

b ecomes  a pparent that there is  a wide  diverg e nc e  of opinion reg a r d-

ing b asic  data h andling . Fir st , the laboratory test  result s  may be 

a naly s e d  by one or more of several m et hods a nd the  result s  inter-

preted in v arious ways . Since , with t he s ame data set , each of the  

m ethods produces a comp letely different a ns we r ,  it i s  prob a b ly 

reasonable to  use  an a ve r age of t h e  laboratory results  and also , 

t he somewh at more conserv ative data  from the s u rvey of oth e r  

ope r ations . 

CONCENTRATE 

Lead 

Z i nc 

TABLE 5 

SUMMARY OF THICKENER DESI GN DATA 

DES IGN C R I TERIA ( tonneslm'lday ) 
Laboratory Resu l t s  Survey o f  Mi l l s  Des i g n  

6 . 7  - 1 5 . 4  0 . 3  - 4 .3 

2 . 9  - 4 . 5  0 . 3  - 3 . 2  

Note s : a )  Des i gn cri ter i a  for the l aboratory tests 
are res u l ts for p u l ps wi thout fl occ u l ant 
add i ti on s  and at ' f l ot a t i on pH l eve l s .  

b )  Sett l i ng rates were determ i ned a t  room 
temperature : 1 8 -Z0° C .  

Practice-General 

1 . 5 

1 . 5 

Current p la n s  c all for t he existing 90 a nd 65 ft . diameter 

thickeners to  be  used concurrently for treatment of the  zinc 

concentrates whi le t he 75 a nd 40 ft . diameter u nit s will be  u s e d  for 

le ad concent rates . Assuming all  of t he t hickener a rea is useful , the 

loading per unit a re a  can be calcul ate d .  
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TABLE 6 

UNIT  LOAD ING ON NEW THI CKENER CON F IGURATI ON 

CONCENTRATE Tota l 2Area for Sett! i n g  
ft m 

DAI LY TONNAGE �N IT LOAD 
DMT tonne/ft /day tonne/m2/day 

Lead 

Z i nc 

5672 525 605 

9675 896 1 277  

Note : a )  Sett l i ng area for l ead and z i nc 
compares ore t h i ckener and ore 
overfl ow c l ar i fi er uni t .  

0 . 1 07 1 . 1 5  

0 . 2 1 3  2 . 3  

Com p aring t h e  data  i n  t a b le 5 a nd t able 6 ,  i t  i s  a pparent that the 

unit loading on t he n ew t hickener conf ig u ration will be within t he 

r ange of survey a nd desig n p r atice data . 
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5 . 4  F I L T E R I NG 

T h e  proc e s s  o f  filtration i n  w h i c h  the t hickened concen t r a t e  s lu rrie s  

a re dewatered t o  a s em i-dry c a k e  a p pe a r s  d eceptive-ly s im p le . T h e  

filt ration s t a g e  is  h owe ver  v er y  com p le x  a n d  incorp o r a t e s  two 

di stinct p h a s es : An appreciation of  the factors affecti n g  e a c h  of 

these  ph a s e s  is of  some v alue in filte r  d e sign work . T h e  p h a s e s  a r e  

a s  follow s : 

a )  C a k e  Formation : 

I n  t h i s  ph a s e  t he filter i s  o p e r ated in a mod e  to  p roduce a 

c ak e  a d he ri n g  to t he filter  m e dium . The k e y  fa ctors  here 

a re pres sure d rop a c ro s s the  c ak e , solids  conte n t  of the 

p ulp , a n d  the  v iscosity of  t h e  flui d .  Cle arly r a te of cake 

forma tion will  be s trong l y  influenced by the v ac u u.m pump 

efficienc y , c ak e  formation t i m e , mean p a rticle s iz e  a nd to 

a le s s e r  exten t ,  s ol i d s  content  and tempe r at u r e  of t h e  

p ulp . 

Format i on i s  governed by the  fo l l owi ng equat i on : 

Format i on Rate = I K . W . � P 
J..l a ef 

Where : K and a are constants for a 
part i c u l ar data  ref . 

W - P u l p  s o l i ds content  

� p  = Pres s ure drop  acro s s  the  cake  

J..l = F l u i d  v i scos i ty (J..l � l 
roc ) 

S f = Format i on t i me .  
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b )  C a k e  Dewa tering R a te : 

C a k e  d e w a tering rate  is r eg u l at e d  b y  c a k e  p oros ity which 

in t u r n  i s  g ov e rn e d  by p a rticle  s iz e  distribution . No othe r  

fa ctor influences  d ew a te rin g r at e  to  t h e  s am e  deg r e e  a s  

p artic le s ize  g iven t h a t  v ac u u m  a nd p ul p  tempe r ature  

r e m a in r e l a tively const a nt . 

T h e  e q u a tion b e l ow indicates  the  r e l ative dependenc e  of dewatering 

r a te on v arious  factor s : 

Dewate r i ng  � ( d .  Mr . FA ) 

Where : d = Part i c l e  s i ze d i s tr i but ion  
parameters . 

Mr = M i n i m um res i d ua l cake  mo i sture 
for d and  other parameters for 
testwork . 

FA = li P  . Q 
� 

Where t� = Cake output per cyc l e .  

Q = Gas f l ow throug h  cake . 

ed = Dewateri ng t i me .  

liP = Pres s ure drop acro s s  th e 
cake . 

Note h ow t h e  d e w a tering r ate a nd to a n  even g re a t e r  extent t h e  

c ak e  for m ation r at e  a re g overn e d  by factors r e l ating to  m e a n  

p article s iz e  o r  t em p e r a tu r e . Cle arly t h e n  s ince p a rticle s iz e  

di stribution i s  g overned by met allurg i c al con s i d e rations filter  

ope r a tion a l  e fficiency will  be  d etermin e d  b y  pulp tem p e r a tu r e  a nd 

the  dewa tering tim e .  
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5 . 41 L aboratory Test  Data 

L a boratory disc  filter tests  h ave b een performed on s am p le s  of le a d  

a nd zinc concentrates from Anvil a nd Grum ore bodies over the 

r ange of e xpecte d conditions .  During the tests concentr ate grind 

levels were in the P 80 1 5-20 m icron r ange . The t est r�sults a re 

s hown below in table s  7 and 8 .  

TABLE 7 

RESULTS OF LABORATORY F I LTERING TESTS - ANV I L  ORE 

SLURRY F ILTER F I LTER F I LTER T I ME ( se c )  CAKE TEST NO . oc 
pH % SOL I D S  CLOTH AID* FORM DRY LYCLE 

F I LTRATE 
L�IIR I T Y  

g/tonne 
RA2E -p;ifri STURE 

t/m /h % 
RAT� 
1 /m /h g / 1  

LEAD 

F - 1  R . T .  1 0 . 8  so 
F-2 R .  T .  1 0 . 8  50 
F-4 R.  T .  I O . B  50 
F-5 R.  T .  I O . B  7 1  

F - 1 0  R . T .  I O . B  62 
F- 1 1  R .  T .  1 0 . 9  62 
F- 1 2  so 1 0 . 9  62 
F - 1 3  s o  1 0 . 9  62 
F - 1 4  70 1 0 . 9  62 
F - 1 5  70 1 0 . 9  62 

Z I NC --

F - 1 6  R .  T .  1 1 . 0 50 
F- 1 7  R .  T .  1 1 . 0 50 
F - I B  R .  T .  1 1 . 0 50 
F - 1 9  R .  T .  1 1 .0 66  
F-20 R .  T .  1 1 . 0 66 
F - 2 1  R .  T .  1 1 . 0 66  
F-22  R .  T .  1 1 . 0 62 
F-23 R .  T .  1 1 . 0 62 
F-24 R.  T .  1 1 . 0 .62 
F-25 R.  T .  1 1 . 0 62 
F-26  so 1 1 . 0 62 
F - 2 7  50 1 1 . 0 62 
F-28 70 1 1 . 0 62 
F-29 70 1 1 . 0 62 

POPR901 F  - 30 90 
POPR901 F - 30 1 80 
POPR901 F  - 60 360 
POPR90 1 F  - 1 5  90 
POPR825F 1 0  30 1 80 
POPR825F 1 0  30 360 
POPR825F 1 0  30 1 80 
POPR825F 1 0  30 360 
POPR825F 1 0  30 1 80 
POPR825F 1 0  30 360 

POPR90 1 F  - 30 90 
POPR901 F  - 30 1 80 
POPR901 F - 30 90 
POPR925F - 1 5  90 
POPR925F - 1 5  1 80 
POPR925F - 1 5  360 
POPR925F - 1 5  1 80 
POPR925F - 1 5  360 
POPR925F 1 0  1 5  1 80 
POPR925F 1 0  1 5  360 
POPR925F 1 0  1 5  1 80 
POPR925F 1 0  1 5  360 
POPR925F 1 0  1 5  1 80 
POPR925F 1 0  1 5  360 

Note : Temperature data as  reported 
from tes t sheets R . T .  appro­
ximates 20oc .  

1 80 . 467  1 2 . 1  473 2 . S 
3 1 S  . 2S9 1 2 . 8  2 58 2 . 5  
630 . 1 8 1  1 1 . 6 1 8 7  2 . 5  
1 58 . 530 1 3 . 2  1 59 1 . 2 
3 1 5  .. 2 95 1 1 . 4 1 60 0 . 32 
SB5 . 1 6 1  1 2 . 9  90 0 . 32 
3 1 S  . 528 1 1 . 1  307 0 . 2 7  
585 . 280 1 1 .  1 1 52 o .  2 7  
3 1 5 . 7·1 3 7 . 5  356 0 . 2 7  
S85 . 376 9 . 8  1 85 0 . 2 7  

1 80 . 3 3 1  1 4 . 9  333 3 . 2  
3 1 5 . 24 7  1 4 . 8 1 97 3 . 2  
1 80 . 4 2 1  1 4 . 8 3 1 2  3 . 2  
1 58 . 522  1 5 .  1 1 7 2 1 . 7 
293 . 304 ].3 . 9 1 1 0 1 . 7 
563 . 1 46 1 4 . 1  62 1 . 7 
293 . 269 1 4 . 6  1 28 0 . 97 
563 . 1 26 1 4 . 6  59 0 . 97 
293 . 243 1 2 . 4  I l l  0 . 97 
563 . 1 09 1 1 . 2 50 0 . 55 
293 . 2 95 1 1 . 5 1 62 0 . 55 
563 . 1 67  1 1 . 2 87 0 . 55 
293 . 387 1 1 . 7  1 76 0 . 55 
563 . 1 9B 1 2 . 1  88 0 . 55 
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TABLE 8 

RESULTS OF LABORATORY F I LTER I N G  TESTS - GRUM ORE 

TEST NO . SLURRY F ILTER F I LTER F I LTER T IME ( sec ) F I LTER CAKE F ILTRATE CLARI T Y  

LEAD -

L-4 - 1  
L-4 -2 
L-4-3  
L-5-3  
L-5 - 4  
L-5 - 5  

Z I N C  --

Z - 5- 1 
Z-5-2 
Z -5 -3  
Z - 5 - 4  
Z - 5 - 5  

% SOL I DS pH CLOTH A I D* FORM UKY ¥�¥�� R�h MUD I �KE 
1 /m2/h g/tonne tim /h g / 1  

55  8 . 3  POPR853F No 60 300 540 0 . 30 1 4 . 4  1 58 N . D .  
55  8 . 3  POPR853F No 30 300 495 0 . 1 9  1 2 . 5  102  N . D .  
5 5  8 . 3  POPR853F No 60 300 540 0 . 36 1 3 . 6  1 72 N . D .  
55  8 . 2  POPR85 1 No  60 600 990 0 . 1 8  1 1 . 6 90 N . D .  
65 8 . 2  POPR85 1 No 30 300 495 0 . 42 1 3 . 5  1 1 8 N . D .  
65 8 . 2  POPR85 1 No  30  500 945 0 . 22 1 2 . 4  53 N . D .  

55  1 1 . 1  POPR851 - 60 1 80 360 0 . 3 1' 1 8 . 6  97  N . D .  
55  1 1. 1  POPR85 1 - 60 300 540 0 . 1 8  1 8 . 6  65 N . D .  
55  1 1 . 1  POPR851 - 60 480 8 1 0  0 . 1 2  1 7 . 6  43 N . D. 
55 1 1 . 1  POPR85 1 - 30 300 495 0 . 1 5  1 8 . 4  47 N . D .  
55  1 1 . 1  POPR851 - 30 480 365 0 . 1 8  1 8 . 7  66 N . D .  

N . D . : Not Determ i ned . D ata re porte d at R. T .  of a bo ut 1 8-20° C .  

O f  s pe\=ial note i n  t he a bove t ab le s  a re t he r eported c a k e  moisture 

le vels , temper ature effects  a nd e ffect of fi lter a id on filter perfo r-

m a nce . Table 9 below summarizes the pertinent data . 

CONCENTRATE 

Faro - Lead 

Faro - Z i nc 

TABL E  9 

EFFECTS OF PULP TEMPERATURE ON F I LTER ING RATE 

TEMPERATURE CYCLE TIME F ILTERING RATE 
De SEC tonnes/m2/ hour 

1 8  3 1 S 0 . 29S 

so 3 1 S O . S28 

70 3 1 S  0 . 7 1 3  

1 8  293 0 . 243 

so 293 0 . 29S 

70 293 0 . 387 

Notes : a )  Data i s  a s  reporsed - room temperature i s  
assumed to be 1 8  C .  See L . R . 2202 Vol . IV .  

b )  T�sts  c arri ed out with  target gri nd leve l s ,  
f1 xed pH val ues i n  the ant i c i pated range 
and l Og/tonne fi l ter a i d .  

CAKE MOI STURE 
% 

1 1 . 4 

1 1 . 1  

7 . S  

1 2 . 4  

l l . S 

1 1 . 7 
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A s suming t h a t  the normal r a nge of filter ope rating conditions will 

b e  s tr a d dled by the data s ets  shown in  table 7 and 8 ,  then it is 

r e asonable to  a ve r age all the data  from the l aboratory test s . 

CONCENTRATE 

Lead - Anv i l  

- Grum 

Z i nc - Anv i l 

- Grum 

TABLE 1 0  

SUMMARY O F  LABORATORY D I SC F I LTER TEST DATA 

PULP CHARACTERISTICS F I LTER AID CAKE MOI STURE MEAN F I LTERING RATE 
SOL I DS pH TEMP°C g/tonne % H2o tonne/ft2/hr tonne/m2/hr 

% 

60-65 

55-60 

55-60 

55-60 

Notes : 

1 0 . 8  1 8-70 · 1 0  1 1 . 3 

8 . 2  0 1 3 . 0 

1 1 . 0 1 8-70 1 0  1 3 . 0 

1 1 . 1 0 1 8 . 4  

a )  Concentra�es reground t o  P80 = 1 5 -20 mi crons . 

b )  Vacuum not recorded duri ng tests but bel i eved 
to be 22 - 24 i nches mercury . 

c )  Data from p i l ot p l ant test progress  L akefi e l d  
Research Reports ,  L . R . 2027 & L . R . 2202 . 

d )  Fi l ter a i d  used . - Dri max 1 234 . 

0 . 036 0 . 389 

0 . 0 1 3  0 . 1 39 

0 . 025 0 . 269 

0 . 009 0 . 094 
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5 . 42 Survey Data  

A survey of the  relevent liter atu re indicated the  r ange of  

ope rational c ap acity per  u n it a re a  for b as e  metal  oper ations . As 

expected filtering r ate on average tended to be  inversely propor-

tion al to grind P 80 of t h e  concentrate s . Few of t he ope rations 

r eported a s urfeit of filter cap acity although several mills  pr actice 

o ne or two shift filtr a ti on by providing a s u itable s torage t a nk 

c ap acity for thickened concentrates . A summa ry of t h e  s urvey data 

i s  shown below in table 1 1 .  

PLANT 

Heath Stee l - Copper 
- Lead 
- Z i nc 

Brun�w i c k  - Copper 
- Lead 
- Z i nc 
- B u l k 

Sherri tt-Fox - Copper 
- Z i nc 

Sherri tt-Ruttan - Copper 
- Z i nc 

Texas Gu l f  - Copper 
- Lead 
- Z i nc 

Su l l i van - Lead 
- Z i nc 

Dufau 1 t - Copper 
- Z i nc 

South Bay - Copper 
- Z i nc 

Wi l l roy - Copper 
- Z i nc 

Brenda - Copper 

Or chan - Copper 
- Z i nc 

TABLE l l  

SURVEY OF OPERAT I N G  PRACTI C E  

F I LTER T Y P E  

D . O . L .  
D . O . L .  
D . O . L .  

D . o . L
·
. 

D . D . L .  
D . D . L .  
D . D . L .  

D . O . L .  
o : o . L .  

Eimco 
Eimco 

E i mco 
E imco 
E i mco 

Drum 
E i mc o  

E i mc o  
Ei mc o 

E i mco 
E i mco 

Ameri can 
Ameri can 
E i mco 

D . O . L .  
D . D . L .  

PLTER I N G  RATE 
tonne s / ft /day tonnes/m2/day 

0 . 235 2 . 30 
0 .332 3 . 2 5  
0 . 405 3 . 97 

0 . 1 62 1 . 59  
0 . 273 2 . 67 
0 . 386 3 . 78 
0 . 1 06 1 . 04 

0 . 22 1  2 . 1 7  
0 . 265 2 . 60 

0 . 664 6 . 5 1  
0 . 202 1 . 98 

0 . 273 2 . 67 
0 . 041 0 . 40 
0 . 1 82 l .  78 

1 . 333* 1 3 . 03 
0 . 347 3 . 40 

0 . 1 1 4 l .  1 2  
0 . 032 0 . 31 

0 . 1 44 1 . 56 
0 . 1 84 1 . 98 

0 . 1 0 1  1 . 09 
0 . 1 79 1 . 93 

0 . 208 2 . 25 
0 . 073 0. 79 
0 . 542 5 . 85 

Notes : a )  U n l e s s  o therw i se noted a l l � i l ters are di sc type . 

b )  Fi l teri ng rate c a l c u l at i on s  based on conti n uous 
operati on and on reported concentrate output . 

c )  N/A.  Data nat.  reported i n  reference text . 

MEAN CONCENTRATE S I ZE 
P80 mi crons 

40 - 45 mi crons 

30 - 35 mi crons 

25 - 30 microns 

70 - 75  mi crons 

1 5  - 20 mi crons 

25 - 30 mi crons 
30 - 35 mi crons 

N/A 
N/A 

40 - 45 mi crons 

35 - · 40 mi crons 

30 - 35 mi crons 

N/A 
N/A 
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Besides  providing useful informa ti on about filtering r ates , there 

c ame to light several pert inent ope r ation al points  which are of 

interest . 

i )  T h e  use of filter  a ids i s  incre a s ing . Almo st all operati ons 

report . that  dos age  rate a nd dilution are critical to 

e ffectivenes s ,  although there doe s  not seem to b e  a 

preference for one particul a r  m anufactur e r .  

i i )  T here does  not a ppear t o  be a preferred filt er  m a nufac­

ture r , for miner al c oncentrate dewatering , although t he 

m ajority of plant s  h ave installe d di sc type unit s from 

Dorr Oliver or Eimco . 

i i i ) Filter b ag t ype v aries widel y ,  although syn thetic mate­

rials  ( polypropylene ) a re sometimes reported to be 

preferred due to  cost a dv antage . 

iv ) Vacuum w a s  reported to be in exces s  of 20 inche s  of 

mercury in most  installations . Fine grind a pplications 

frequently reporte d 22-23 inches of  mercury at  the filt e r  

h ea d .  
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5 . 43 Sizing C alculations 

U s ing t he aver age r ange of laboratory data and comp aring t h i s  

d a ta w i t h  t he r elevant information from t h e  lurvey , indicated that  

the l aboratory data yielded optimistic result s . 

Concentrate 

Lead 

Z i nc 

TABLE 1 2  

F ILTER CAPAC ITY DATA 

F ILTERING RATE tonnes/m2/day 
Laboratory Survey 

6 . 3  3 . 0  

4 . 4  2 . 7  

Notes : a )  Laboratory data from tab l e  1 0 .  
b )  Survey data from rel evant data i n  

tab l e  l l .  · 

Assuming that  the s urvey d a ta is  more likely to be correct than t he 

laboratory results a nd recognizing the  extremely fine grind 

P80 v alue s  for the F a ro area concent r ates , it  was deemed pru dent to 

install sufficie nt filter c ap acit y  to meet the  unit filter area 

predicted by the s urvey data . 
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To a chieve t h i s  objective five n ew filters  will b e  installe d replacing 

the exi sting unit s for a total of 582 m2 of theoretical filt e r  cloth 

a rea . The c alculated concentrate loa d  per unit a rea of filter would 

then be  as follows :  

TABLE  1 3  

DESI GN F I LTERI NG RATE 

CONCENTRATE 2 I LTER AREA 
m2 TONNAGE/DAY DES I G� F I LTERING RA�E 

ft tonnes tonnes/ft /day tonnes/m /day 

Lead 

Z i nc 

3456 320 605 

5530 5 1 2  1 277 

Notes :  a )  Fi l ter area i s  the di sc surface area with  
no al l owance for head shaft or  depth of 
immer s i on i n  fi l ter boot . 

0 . 1 75 

0 . 2 3 1  

b.) Ca lcu l ati ons based o n  us i ng 1 0 . 5 '  d i ameter di sc , 
1 0  per fi l ter uni t ,  except the uni t feeding  the 
o i l  fi red dryer �h i ch wi l l  have 1 2  di sc s .  

1 . 8.9 

2 . 49 
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5 . 5  D RY I NG 

A s  p art of the  dew atering section , upgr ading , the dryer section will 

be exten s ively modified .  The r emoval of the bulk production system 

will permit one of the loadout b elt s to be  r emove d and incidentally 

s hould s ignificantly reduce dust  production from the s wing conve-

yor .  The d ryers will h ave to be r epositioned in o rder to reach the 

r e quired belt s ,  b ut the t rouble involve d  in repositioning will  be  
I 

rep a id by developing separ ate le ad and zinc filter  dryer a re a s . The 

decre a se in intern al concentrate contamin ation s hould be most  

e vident a s  a re sult of this  c h a nge . 

5 . 51 T hermal Capacity Calculations 

T h e  dryer design c ap acity c alculations we re performed using a 

s tandard formula and employing corrections for combus tion chamber 

los se s , radi ation los ses  a nd oth e r  m i scellaneous thermal effects . The 

data indicates that the existing dryers will , if correctly operate d ,  

produce a n  acceptable moist)..lre lev el in t he concentrates delivered 

to the loadout desig n  conditions . 

I t  is worth emph as izing t h a t  the dryer cap acit y  calculations h ave 

b een based on coal of  low t hermal  v alue s imilar to that e xp e rienced 

during the 1 978-1979 oper a tion . If  by improved selective mining and 
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by c le aning of the coal p ri or to c ombustion , the thermal v alue could 

b e  improved some increa s e  in dryer  t re atment c apacit y  coul d  b e  

expecte d .  

TABLE 1 4  

DRYER CAPAC ITY CALCULATI ONS 

PRODUCT QUANTITY DRYER USED AVAI LABLE 
tonnes/day CAPAC I TY 6 BTHU x 1 0  

Lead Cone . 605 2x5 ' di a . x40 ' 20 . 0  

Z i nc C one . 1 277 l x6 ' di a . x44 ' 35 . 0  2x5 ' di a . x40 ' 

Notes : a )  Des i gn requi rements are for mo i sture 
reduct i on to 4 . 5% at the dryer di sch arge . 

b )  Thermal va l ue of coa l used i n  s i z i ng /  
c apaci ty c a l c u l a t i ons 8400 BTHU/ l b .  

DES IGN 
REQU I REMEN6S 

BTHU x 1 0  

1 6 . 3  

34 . 7  
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5 . 52 L EAD D RYERS 

I n  these  dryer c alculations b asic criteria are tested fir s t , heat  

r equirements c alculated , los s e s  determined and fin ally the fuel 

quantity c a lculate d .  

L e a d  Rot a ry Dryer Capacity Calculations 

Dryer #3 and 4 ,  5 '  D i a . x 40 ' long , Coal-Fired 

TABLE 1 5  

CALCULA T I ON BASE DATA 

( pe r  dryer) 

Materi a l  to be dri ed Lead Concentrate 

Maximum dryer feed 

Moi sture in feed 

Moi sture in product (max . a l l ow ab l e )  

Moi sture removed 

A i r  temperature enteri ng dryer from 
combus t i on ch amber T1 

Gas temperature l eavi ng dryer T2 

Materi a l  enteri ng dryer T 3 

t4ateri a l  l e av i ng dryer T4 

Amb i ent a i r  temperature r5 

Speci f i c  heat of concentrate ( s h )  

Speci fi c  heat o f  a i r  

Speci fi c  heat o f  water 

Enth a l py of water at T3 

Enth a l py of water at 204°F ( T4 l 

Latent h eat of fus i on of ice 

Enthal BY requi red to evaporate water 
at 2 1 2  F 

Enth a l py of super heated steam at T2 

Dryer radi ati on l os s  

Combus t i on ch amber radi at i on l oss  

Hours per day of operati on 

Gross heat i ng v a l ue of coal used 

Enth a l py of water at r5
°F 

E l evat i on above s e a  l evel  

1 3 . 9  

1 2  

4 . 5  

1 . 2 4  

1 200 

300 

60 

2 04 

70 

0 . 05 1  

0 . 24 

1 . 00 

2 8 . 06 

1 80 . 7  

1 44 . 0  

970 . 3  

1 1 92 . 8  

400 

2000 

2 4 . 0  

8400 

28 . 1  

3860 

STPH 

% 

% 

STPH 

OF 

oF 

OF 

OF 

°F ( ave ) 

BTU! l b  °F 

BTU/ l b  °F 

BTU/ l b  °F 

BTU! l b  

BTU/ l b  

BTU/l b 

BTU/ l b  

BTU/ l b  

BTU/hr/ft2 

BTU/hr/ft2 

Hrs/day 

BTU! l b  

BTU/ l b  

Ft 

Note : a) Al l c a l c u l at i on s  shown bel ow are i n  i mper i a l  
u n i t s  o n l y .  Where u n i t s  are not shown , i mpe 
r i a l  units  shou l d  be assume d .  
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379 TPD = Wet Feed ( TPH ) 

24 hrs/day 

Dry Feed = 1 5 . 80 TPH x ( 1 00 - 1 2 )  
1 00 

Product ( 4 . 5% Moi sture ) = 1 3 . 9  TPH x ( 1 00 x 4 . 5 )  

1 00 

Moi sture Dri ven Off ( A- C )  1 5 .  80 - 1 4 .  56  

Moi sture in  Product ( C - D )  1 4 . 56 - l 3 .  9 

= 1 5 . 80 TPH  = A 

= 1 3 . 9 TPH = B 

= 1 4 . 56 TPH = C 

= 1 . 24  TPH = D 

= 0 . 66 TPH = E 
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2 .  Heat Req u i rements 

2 .  1 Heat l os s  i n  product di sch arg i ng at 204°F = T
4 

1 3 . 9  TPH x 2000 l b  x 0 . 5 1  BTU ( 204-60 ) °F 

T l b/°F 

2 . 2  Heat l os s  i n  water di sch arg i ng at 204°F 

0 . 66 TPH x 2000 l b  x ( 204-60 ) °F 

T 

= 204 , 1 63 B TU/hr  

= 1 90 , 080 BTU/hr  

2 . 3  Heat l os s  i n  e l evat i ng exces s water to boi l i ng poi nt - T
4 

1 . 24 TPH x 2000 l b  ( 2 1 0 -60 ) BTU/hr  

T 

2 . 4  Heat l os s  i n  evaporati ng  water 

1 . 24  TPH x 2000 l b  x · 970 . 3  B TU/ l b  

T 

2 . 5  Heat l os s  i n  super heati ng  water to 300°F = r2 

l . 24 TPH x 2000 l b  ( 1 1 02 . 8 - 1 1 50 . 4 )  BTU/ l b  

T 
( H300 + H2 1 2  from steam tab l e s )  

= 372 , 000 BTU/hr 

= 2 , 406 , 344 BTU/ hr  

= 1 05 , 1 52 BTU/hr  

2 . 6  Heat l os s  by radi ati on from dryer p l us combust i on ch anger 

2 . 7  

Dryer l os ses 

400 ( 1T X 5 I X 40 I ) + 2 1T s2 

2 

Comb ust i on Chamber l os ses  

= 267 , 03 5  BTU/hr 

2000 ( 7 . 2  X 1 5 . 2  X 2 ) + ( 1 5. 2  X 1 7 . 8  X 2 ) + ( 7 . 2 x l 7 . 8x2 ) =2 , 03 2 , 640 BTU/hr 

TOTAL HEAT REQU I RED FROM GASES  = 5 , 577 , 4 1 4  BTU/hr  = F 
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3 .  ·A i r  Requ i rements t o  Transmi t Heat 

3 . 1 Amo unt of a i r requ i red 

5 , 577 , 4 1 4  BTU/hr  

1 200-300°F x 0 . 24 BTU 

l b/°F 

3 . 2  Heat l os s  i n  exh aust gases  

. 25 , 82 1  l b  x ( 300-70 ) °F x 0 . 24 BTU 

h r  

= 2 5 , 82 1  l b/hr  = G 

= 1 , 425 , 3 1 9 BTU/hr=H 

3 . 3  Heat l os s  i n  mo i sture i n  exh aust  gase s  

Assume 70% rel ati ve h umi di ty 

Moi sture content 0 . 0 1 1 l b  Moi sture 
( from ) = x 25 , 82 1  l b/hr  = 284 l b/hr  = I 

Psych omet i c  ch art l b  dry a i r  

284 l b  x 1 1 92 . 8 - 28 . 1  BTU = 220 , 7 75 BTU/ hr= I 

h r  l b  

TOTAL = 7 , 333 , 508 BTU/hr = K 
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4 . 1  Coal  - gr os s heat i ng  va l ue = 8400 BTU/ l b  

Assay As Rece i ved 

% mo i sture 3 . 56 

% ash  34 . 39 

% vo l ati l e  24 . 28 

% fi xed car bon  37 . 77 

1 00 . 00 

% s 0 . 47 

Dry Bas i s 

35 . 66 

2 5 . 1 8  

39 . 1 6  

1 00 . 00 

0 . 49 

For des i g n  purposes - Coa l  q ua l i ty i s  as fo l l ows : 

Use % mo i sture 

% ash 
BTU/ l b  

4% 

35% 
8 , 400• 

Heat l os s  from mo i sture i n  exh aust  g ases : 

. 04 l b  H20 X ( 300-70 ) 

. 04 l b  H20 x 970 . 3  BTU/ l b  

. 04 l b  H20 X ( 1 1 92 . 8 - 28 . 1 )  

= 

= 

= 

Heat l os s  for equ i v a l ent amount of a i r 

. 04 X . 24 X ( 300-70 )  = 

Fuel  requi rement to ge ner ate 

h eat requ i red from gases = F = 5 , 577 , 4 1 4  = 

M 8 , 400 

Net heat l os s  for water from combus ti on = 
Gros s  heat i ng  v a l ue of coal = 
Net h eati ng  va l ue ( M- L )  = 

9 . 2 BTU/ l b  fue l  

38 . 8 1  BTU/ l b  fuel  

46 . 59 BTU/ l b  fuel  

2 . 2 1 BTU/ l b  fuel  

664 . 0  l b  fuel  

96 . 8 1 BTU/ l b  fuel  = L 
8 , 400 BTU/ l b  fuel  = M 
8 , 303 . 2  BTU/ l b  fue l = N 



4 . 2  Combust i on Los ses 

1 lb  fue l  

A i r  requ i rements : 
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Mo l e s  a i r  

Mo l es fue l 

= 
mo l e  o2 x 1 mo l e s  a i r  

mo l e  fue l mo l es o2 · 

= 8 , 303 . 2  BTU/ l b= N  

4 . 7 6 rn a  l e s a i r 

mo l es fue l 

As s ume 20% excess  a i r  = 4 . 7 6 x l . 2  = 5 . 7 1 mo l es a i r  

mo l es fue l 

l b  a i r  5 . 7  x 28 . 95 = = 1 3 . 77 
l b  fue l 1 2  

Heat l os s  i n  fue l  

1 . 0 ( 300 - 60 ) . 24 

Heat l os s  i n  a i r  

1 3 . 77 ( 300 - 60 ) X . 24 

TOTAL 

Net heat i ng v a l ue of fue l = N-0  

lb  a i r  

l b  fue l 

Fue l Avai l ab i l i ty = 7452 . 4  x 1 00% 
8 , 400 

4 . 3  Combust i on Losses  

Gross  heat  req u i rements 

1 00 x 7 , 333 , 508 BTU/hr  

88 . 7  

4 . 4  Heat l os s  i n  b urn i ng fue l 

( Q- K )  BTU/hr 

= 

= 

= 

= 

= 

= 

= 

57 . 6  BTU/ l b  fue l 

793 . 2  BTU/ l b  fuel  

850 . 8  BTU/ l b  fuel =O 

7452 . 4  BTU/ l b  

8 , 267 , 766 BTU/hr = Q 

934 , 2 58 BTU/hr 
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5 .  Heat D i str i but i on 

2 .  1 Heat l os s  i n  product d i scharg i ng at 204°F 

2 . 2 Heat l oss  i n  e l evat i ng water to 204°F 

2 . 3  Heat l os s  i n  e l evat i ng excess water to  
bo i l i ng po i nt 

2 . 4 Heat l os s  i n  

2 . 5  Heat l os s  i n  

2 . 6  Heat l os s  by 

3 . 2  Heat l os s  i n  

3 . 3  Heat l os s  i n  
o f  a i r  

4 . 4  Heat l os s  i n  

6 .  F ue l  Req u i rements 

BTU 

BTU/ l b  fue l 

evaporat i ng water 

s uperheat i ng water to T
2

°F 

r ad i at i on from dryer 

exh aust gases  

water due to re l at i ve h um i d i ty 

burn i ng fue l 

= 

Tot a l  Heat Req u i rements 

8 , 267 , 766 

8 , 400 

BTU/hr 

204 , 1 63 

1 90 , 080 

372 , 000 

2 , 406 , 344 

1 05 , 1 52 

2 , 299 , 67 5  

1 , 425 , 3 1 9  

330 ' 7 7 5  

934 , 2 58 

8 , 267 , 766 BTU/hr 

984 l b  fue l /hr  =R 
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5 . 53 Z I NC DRYERS 

Zinc Rotary Dryer Capacity Calculations 

D ryer #5 , 6 1 D i a . x 44 1 long , Oil-Fired 

TABLE 1 6  

CALCULATI ON BASE DATA 

Materi al  to be dri ed Z i nc C oncentrate 

Maximum dryer feed 

Moi sture in feed 

Moi sture in product (max . a l l owab l e )  

Moi sture removed 

Air  temperature enteri ng dryer from 
combusti on chamber T1 
Gas temperature l eavi ng dryer T2 
Materi a 1 enteri ng dryer T 3 
Materi al  leavi ng dryer T4 
Ambi ent a i r  temperature T5 
Speci f i c  heat of concentrate ( sh )  

Speci f i c  heat of a i r  

Spe c i f i c  heat o f  water 

Entha l py of water at T3 
Entha l py of water at 204°F ( T4 l 

Latent h eat of fus i on of i ce 

Enthal BY requi red to evaporate water 
at 2 1 2 F 

Entha l py of super heated steam at T2 
Dryer radi ati on l os s  

Combusti on chamber radi ati on l os s  

Hours per day o f  operati on 

Gros s heat i ng val ue of N o . 2  fu l e  oi l 

Gros s heat i ng val ue of coal used 

Entha l py of water at T5
°F 

E l evat i on above sea l evel 

22 .05  STPH 

1 3  % 

4 . 5  % 

2 . 2 5  STPH 

1 200 OF 

300 oF 

60 OF 

2 04 OF 

70 oF ( ave ) 

0 . 1 2 8  BTU/ l b  °F 

0 . 24 BTU/ l b  °F 

1 . 00 BTU/ l b  °F 

28.06 8TU/ l b  

1 80 . 7  BTU/ l b  

1 44 .0 BTU/ l b  

970 . 3  BTU/ l b  

1 1 92 . 8  BTU/ l b  

400 BTU/hr/ft2 

2000 BTU/hr/ft2 

2 4 . 0  Hrs/day 

1 7000 BTU/ l b  
( 1 40 , 000BTU/gal 

8400 8TU/ l b  

28 . 1  BTU/ l b  

3860 Ft 
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l .  Moi sture Dr i ven Off 

TP D = TPH Feed = 25 . 34 TPH A 

H rs . / Day 

Dry Feed = 25 . 34 TPH X { 100  - 1 3 )  22 . 05 TPH B = 

100 

P roduct ( 4 . 5  % Mo i s ture)  

= 22 . 05 TPH X ( 100  ,... 4 . 5 ) 23 . 09 _TPH c = = 

100 

Moi s tu re Dr i ven Off ( A-C ) = 2 . 25 TPH = D 

Mo i s tu re i n  P roduct  ( C -B )  = 1 . 04 TPH = E 



- 1 62 -

2 .  Heat Requi rements 

2 . 1 Heat l os s  i n  product d i scharg i n a t  2 12 ° F = T4 

22 . 05 TPH x 2000 l b  x 0 . 128  B TU ( 204-6 0 ) °F = 812 , 85 1  BTU/ h r  

T 

2 . 2  Heat  l o ss  i n  el e vat i n g  wa te r  i n  p roduct  

1 . 04 TPH  x 2000 l b  x ( 204 - 60 ) 

T 

= 299 , 520 B T U· .' hr  

2 . 3  Heat  l oss  i n  e l e vat i ng  e xcess wa ter to bo i l i ng po i n t - T4 

2 . 25 TPH x 2000 l b  ( 204 - 60 )  BTU/ l b  

T 

2 . 4  Hea t l os s  i n  eva pora ti n g  wa ter 

2 . 2 5 TPH x 2000 l b  x 970 . 3  BTU/ l b 

T 

2 . 5 Heat l oss  i n  s uper hea t i ng  wa ter to 300° F = T2 

2 . 2 5 TPH x 2000 l b  ( 1 192 . 8  - 1 1 50 . 4 ) BTU/ l b 

T 
H300 + H 204 from s te am tabl es  

= 648 , 000 B T U / h r  

= 4 , 366 , 350 B T U/ h r  

= 190 , 800 B T U /hr  

2 . 6  Heat l os s  by ra di ati on from dryer + combust i on chamber 

Dryer l os s es 

400 BTU/ ft2 ( �  X 6 X 44 ) = 2 X � 3 6 )  

4 

Combust i on  Chamber l os ses  

2000 B TU/ft2 
� X 5 . 5  X 13 . 8  + � X 4 . 25 X 10  

2 . 7 To ta l  Heat  requi red  from qasses  

= 354 , 37 2  B T U / h r  

743 , 929  B T Uj hr  

= 7 , 4 1 5 , 822 B T U  / h r  = F 
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� A i r Requi reme nts to transmi t Heat  J 

3 . 1 Amount  o f  a i r req u i red 

7 , 4 15 , 822  BTU/ h r  

1200-300° F X 0 . 24 BTU  

l b/°F 

3 . 2  Heat  l as s  i n  exh a u s t  ga ses  

34 , 333 l b  
X ( 300 - 7 0 ) °F X 0 . 24 BTU 

H r  1 b °F 

3 . 3  Heat  l os s  i n  mo i s ture i n  exhaus t gases 

Ass ume 70% re l a ti ve h umi dty 

Mos i ture con tent  
( from) 

Psych romet i c  chart 
_ 0 . 0 1 1  l b  Moi s t1 1re 
-------

l b  dry a i r 

378 1 b  

h r  

x 1 192 . 8  - 28 . 1  B T U  

l b  

X 34 , 33::  

TOTAL 

1 b/h r  

= 34 , 333 l b/ h r  G 

= 1 , 895 , 182 B TU/ h r  = H 

= 378 l b/ h r  I 

= 440� 257  BTU/h r  = J 

= 9 ,7 5 1 , 2 6 1  BTU/hr  = K 
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4 . 1 Net Heati ng Va l ue o f  No . 2 Fuel  O i l 

From Publ i shed s tack  emi s s i on d a ta 
15% excess  a i r  ( by vo l ume ) 

C02 - 12 . 9  % - 1390 SC F - 1 60 l b/mi l l i on BTU 

CO 0 . 002% - . 2 2 SCF  - 0 . 0 16 l b/mi l l i on BTU 
02 - 2 . 9 % - 310  S C F  - 2 5  l b/mi l l i on BTU 

N2 - 84 . 2  % - 9080 S C F  - . 670  l b/mi l l i on BTU 

H 20 - - 1420 SCF  - 6 5  l b/mi l l i on BTU 

4 . 2  H ea t  l os s  from mo i s ture i n  e xh u a s t  ga ses  

7 , 4 15 • 82 2  x 65  l b  wa te r x ( 204 - 7 0 ) °F 
1 , 000 , 000 

7 • 4 15 • 82 2  x 65  l b  wa ter x 970 . 3  B T U  

1 , 000 , 000 

7 , 4 15 , 82 2  x : 65 l b  wa ter x ( 1 102 . 8 - 2 8 . 1 ) BTU/ l b 
1 , 000 , 000 

Hea t l os s  for an  eq u i va l ent  amo u n t  of a i r  

7 • 4 15 • 82 2  x 65  l b  x 0 . 24 B T U  ( 300 - 7 0 ) °F 

1 , 000 , 000 

Fuel Req u i rement  to Genera te Hea t Requ i red 
from ga s s e s  = 7 , 4 15 , 822  

17 , 000 

Net heat l os s  for wa ter from 
combust i on = 1 , 120 , 331  BTU/ l b  Fuel  

436 

Gross  Heati ng va l ue o f  No . 2 fuel  

Net Heati ng va l ue ( M- L )  

= 64 , 592 BTU/ l b  Fuel  

= 467 , 7 12 BTU/ l b Fuel  

= 561 , 419  BTU/ l b Fuel  

= 26 , 608 B TU/ l b  Fuel  

= 436 l b  Fuel 

= 2 , 570  = L 

1 7 , 000 B TU/ l b  Fuel  = M 

= 14 , 430 B TU/ l b Fuel = N 
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4 .  Net Heati ng  Va l ue of Fuel : ( con ' t ) 

4 . 2 Combust  o n  Losses  ( can ' t ) 

Ai r Requ i remen ts : 

Mo l es a i r = 1 mo l e  02 X 1 mol e s  a i r = 4 . 76 moles of a ir 

Mo l es fue l  mol e fuel 0 . 2 1 mol e s  02 
moles of fue l  

Ass ume 20% excess  a i r  = 4 . 76  x 1 . 2  = 5 . 7 1  mol es  a i r 

mol es  fuel 

l b  a i r  = 5 . 7  x 28 . 95 = 13 . 77 l b  a i r 

l b fu el  12  

Heat  l os s  i n  fuel 

1 . 0  ( 300 - 60) . 24 = 

Heat l os s ·  i n  a i r 

1 3 . 7 7  ( 300 - 60 ) X . 24 = 

TO. TAL = 

Net heati n g  val ue  o f  fuel = N-0 = 

Fuel Ava i l a bi l i ty = 7452 · 4 x 1 00% = 

8 , 400 

4 . 3  Combusti on  Los s es ( can ' t ) 

Gross heat  req u i remen ts 

100 x 9 , 745 , 1 2 9  BTU/ h r  
88. 7 

4 . 4  Heat Loss  i n  B urni n g  Fuel 

( Q -K )  BTU/ h r  

= 

= 

1 b fuel  

57 . 6  BTU/ l b fuel  

793 . 2 BTU/ l b  fuel 

850 . 8  BTU/ l b fuel 

7452 . 4  BTU/ l b 

88 . 7 % @  T2
°F 

1 0 , 986 , 6 17  BTU/ hr 

1 , 24 1 , 488 BTU/ hr 

= 

= 

= 

0 

p 

Q 
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5 .  Heat Di s tri buti on : 

2 . 1 Hea t l oss  i n  p roduct  di sch argi ng at  204° F 

2 . 2  Heat l os s  i n  e l evati ng wa te r to 204°f 

2 . 3  Heat l os s  i n  e l eva ti ng excess wa ter to boi l i ng po i nt . 

2 . 4  Hea t l os s  i n  e vapo rati ng wa ter  

2 . 5  Hea t l os s  i n  s u perhea ti n g  wa te r to 0 T.... F 
c... 

2 . 6  Heat  l os s  by radi a ti on from dryer 

3 . 2  Heat l os s  i n  exhaust  gases  

3 . 3  Heat l os s  i n  wa te r  due  to rel a ti ve hL:..�mi d i  ty o f  a i r 

4 . 4  Heat l os s  i n  burni ng fuel 

Tota l Heat Req ui remnen t = 

6 .  Fuel Requi rements : 

BTU/ hr 

BTU/ l b  fuel 

= 1 1 , 145 , 493 

8 , 400 

= 

BTU/ h r  

674 , 6 1 1  

247 , 680 

561 , 000 

3 , 628 , 92 2  

1 58 , 576 

2 , 299 , 6 75  

1 , 894 , 149 

439 , 092  

1 , 24 1 , 488 

1 1 , 145 , 493  BTU/ hr  

1 , 327  l b  fuel / hr - R 
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Z inc Rotary Dryer Capacity Calculations 

Dryers #1 a nd 2 ,  5 '  D i a .  x 40 ' long , Coal-Fired 

TABLE 1 7  

CALCULATION BASE DATA 

( per dryer)  

Materi al  to be dri ed Z i nc Concentrate 

Maximum dryer feed 

Moi sture in feed 

Moi sture in product ( max . a l l owab l e )  

Moi sture removed 

A i r  temperature enteri ng dryer from 
combusti on chamber T1 
Gas temperature l eavi ng dryer T2 
Materi al  enteri ng dryer T3 
Materi al  leav i ng dryer T4 
Ambi ent a i r  temperature T5 
Speci f i c  heat of concentrate ( sh )  

Speci f i c  heat of a i r  

Spe c i fi c heat o f  water 

Entha l py of water at T3 
Enth a l py of water at 204°F ( T4 l 

Latent h eat of fus i on of ice 

Entha l gy requi red to evaporate water 
at 2 1 2  F 

Entha l py of super heated steam at r2 
Dryer radi ati on l os s  

Combusti on chamber radi ati on l os s  

Hours per day o f  operati on 

Gros s heat i ng val ue of coal used 

Entha l py of water at r5
°F 

E l e vati on above sea level 

1 8 . 3  

1 3  

4 . 5  

1 . 87 

1 200 

300 

60 

2 04 

70 

0 . 1 28 

0 . 24 

1 . 00 

28 .06 

1 80 . 7  

1 44 .0 

970 . 3  

1 1 92 . 8  

400 

2000 

24 . 0  

8400 

28 . 1  

3860 

STPH 

% 

% 

STPH 

oF 
oF 
oF 

OF 

°F ( ave ) 

BTU/ l b  °F 

BTU/ l b  °F 

BTU/ l b  °F 

BTU/ l b  

BTU/ l b  

BTU/ l b  

BTU/ l b  

BTU/ l b  

BTU/hr/ft2 

BTU/hr/ft2 

Hrs/day 

BTU/ l b  

BTU/ l b  

Ft 
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1 .  Mo i s ture Dri ven Off 

439 . 2  TPD Product a t  4 . 5% Moi s tu re Req u i red 

Feed i n  at 1 3 %  Mo i s ture 4 39 . 2  = 504 . 8  TPD (wet ) 0 . 87 

504 . 8  TPD = 2 1 . 03 TPH Feed = 2 1 . 03 TPH A 

24 hrs PO  

Dry Feed = 2 1 . 03 TPH x ( 100 - 1 3 )  = 18 . 3  TPH B 

100 

Produce ( 4 . 5% Mo i sture = 1 8 . 3 TPH ( 100 - 4 .  5 )  = i9 . 16 TPH = c .. 

1 00 

Moi s ture Dri ven off ( A -C )  2 1 . 03 1 9 . 16 = 1 . 87 TPH = D 

Moi s ture i n  Produc t ( C -B )  1 9 . 1 6  - 18 . 3  = 0 . 86 TPH = E 
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2 .  Heat  Requi rements 

2 . 1 Heat  l oss i n  product  d i s c h a rgi ng  a t  2 04°F = T4 

18 . 3  TPH x 2000 l b  x 0 . 12 8  BTU ( 204 - 60 ) ° F 

2 . 2  

T , 1 b/°F 

Heat l oss i n  water d i s c h a rg i ng a t  2 04°F 

0 . 86 TPH x 2000 l b  x { 20 4  - 60 ) ° F 

T 

= 6 74 , 6 1 1  BTU/ h r  

= 2 47 , 6 80 BTU/ h r  

2 . 3  Heat l oss  i n  el eva ti n g  e xc es s  wa ter  to bo i l i ng  po i n t  - T4 

1 . 87 TPH x 2000 l b  ( 2 1 0  - 60 ) BTU/ l b 

T 

2 . 4  Hea t l oss  i n  eva po ra ti ng  wa te,r 

1 . 87 TPH x 2000 l b  x 9 70 . 3  B TU/ l b 

T 

2 . 5  Heat  l oss  i n  s uper  heat i n g  wa ter to  300°F = T2 

1 . 87 TPH x 2000 l b  ( 1 1 9 2 . 8  - 1 150 . 4 ) BTU/ l b  
T 

( H 300 + H 2 1 2  from s team ta bl es ) 

2 . 6  Heat  l oss  by ra di a t i on  f rom d ryer  + comust i on chamber  

Dryer l osses 

400 ( TI X 5 '  X 40 1 )  + 2n52 

-2-

Combus ti on Chambe r  l o s s e s  

= 561 , 000 B TU/ h r  

= 3 , 628 , 9 2 2  B TU/ h r  

= 1 58 , 5 7 6  B TU/ hr  

= 267 , 03 5  BTU/ h r  

2000 ( 7 . 2  X 15 . 2 ) + ( 1 5 . 2  X 1 7 . 8  X 2 ) +( 7 . 2  X 1 7 . 8  X 2 )  = 2 , 032 , 640 BTU/hr  

2 . 7  Total Heat requi red from g a s es = 7 , 4 1 1 , 888 B TU/ h r  = F 
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3 .  Ai r Requi remen ts to transmi t Heat :  

3 . 1 Amount of a i r requ i red 

7 , 4 1 1 , 888 BTU/ hr  

1200-300°F x 0 . 24 BTU 

l b/° F 

3 . 2  Heat l oss  i n  exhaus t  gases 

34 , 315 l b  x ( 300-70) oF x 0 . 24 BTU 

Hr 

= 34 , 314 l b/ h r  ==- G 

= 1 , 894 , 149 BTU/hr  = H 

3 . �  Heat  l oss  i n  moi s tu re i n  exhau s t  gases 

Ass ume 70% rel a ti ve humi d i ty 

Moi s ture con tent 
( from)  

Psychrometi c chart 

0 . 0 1 1  l b  Mo i st u re x 34 , 314 l b/hr = = ------- 377 l b/ h r  = I 
1 b dry a i r 

377 l b  x 1 192 . 8 - 28 . 1 BTU 

hr l b  

= 439 , 092 BTU/hr = J 

TOTAL = 9 , 745 , 129 BTU/hr = K 



4 .  Net Heati ng Val ue of Fuel 
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4 . 1 Coal - gross heati ng va l ue = 8 , 400 BTU/l b 

As Recei ved Dry Bas i s  

Fuel 

% mo i sture 

% ash 

. %  vol a ti l e  

% fi xed carbon 

% s 
BTU/kg 

For des i gn p�rposes -

use % moi sture 

% ash 

BTU/ l b  

4% 

35% 

8 , 400 

Heat l oss  from mo i s ture i n  

. 04 l b  H20 X ( 300 - 70 )  

exha ust  

. 04 l b  H20 x 970 . 3  BTU/ l b 

. 04 l b  H20 X ( 1 1 92 . 8  - 28 . 1 )  

3 . 56 

34 . 39 

24 . 28 

37 . 77 

100 . 00 

0 . 47 

17 , 826 

gases : 

= 

= 

= 

Heat l oss  for equi val ent  amoun t of a i r 

. 04 X . 24 X ( 300 - 70 ) = 

Requ i rement to Genera te Hea t Requ i red from 
gases = F = 7 , 41 1 , 888 = 

M 8 , 400 

Net hea t l oss for wa ter from combusti on  = 

Gross Heati ng va l ue of coal  = 

Net Hea ti ng val ue ( M-L ) = 

4 . 2  Combus t ion  Losses 

1 l b  fuel = 

35 . 66 

2 5 . 18 

3 9 . 16  

100 . 00 

0 . 49 

18 , 484 

9 . 2  BTU/ l b  fuel 

38 . 81 BTU/ l b  fuel 

46 . 59  BTU/1 b fuel 

2 . 2 1 BTU/ l b  fuel 

882 . 4  l b  fuel 

96 . 81 BTU/ 1 b fuel = 

8 , 400 BTU/ l b fuel = 

8 , 303 . 2  BTU/ l b fuel = 

8 , 303 . 2  BTU/ l b = 

L 

M 

N 

t\ 
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4 .  �et Heati ng Val ue of  Fuel ( con • t) 

4 . 3  Combus ti on Losses 

1 l b  Fuel = 1 4 , 430 BTU/l b = N 

Ai r Requ i rements 

Wt . 0 2 req u i red per l b  o f  fuel burned : 

C ;  0 . 873 X 32 = 2 . 328 l b  
IT 

H2 ; 0 . 1 165 X 16 = . 932 l b 
2 

02 ; 0 . 0027 = - . 0027 

N2 ; i nert = - - - - - - -

Ash ; i nert = - - - - - - -

S ; 0 . 0022 X 32 = . 0022 
32 3 . 260 l b  

Therefore Wt .  a i r  requ i red 

= 10 . 79 l b  N2 

Wt .  Ai r = 10 . 79 + 3 . 26 = 14 . 05 l b  a i r/ l b  fuel 

Ass ume 20% excess a i r 

14 . 05 X 1 . 2  = 16 .86 l b  a i r/ l b  fuel 

Heat l oss  i n  fuel 

1 .  0 ( 300 - 60 ) . 5  = 120 BTU/l b F u e l  

Hea t l oss  i n  a i r 

1 6 . 86 ( 300 - 60 ) X . 24 = 97 1 BTU/ l b Fu  e 1 

TOTAL = 1 , 091  BTU/ l b Fv e l  0 
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4 . 3  Combus ti on Losses ( con • t ) 

Net heati ng va l ue of  fuel = N-0 = 1 3 , 339 BTU/ l b 

Fuel Ava i l abi l i ty = 13 , 339 X 100% = 78 . 5% @ T 2 ° F  ( P ) 

17 , 000 

Gross heat requ i remen ts 

100 x 9 , 751 , 261  BTU/hr = 12 , 42 1 , 989 BTU/h r  ( Q )  

78 . 5% 

4 . 4 Heat Loss i n  Burn i ng Fuel  

{ Q -K) BTU/hr = 2 , 670 , 728  BTU/h r  
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5 .  Heat D i s tri buti on  

2 . 1 Heat l os s  i n  produc t d i scharg i ng at 2 1 2°F 

2 . 2  Heat l oss  i n  el eva ti n g  water i n  product 

2 . 3  Heat l oss  i n  el eva ti ng  excess water to 
boi l i ng  poi n t  

2 . 4  Heat l oss  i n  evapora ti n g  wa ter 

2 . 5  Heat l oss  i n  s uperhea ti ng wa ter to T2
° F 

2 . 6  Heat l oss  by radi a ti on from dryer and 
combus ti on chamber 

3 . 2  Heat l oss  i n  exhaus t gases  

3 . 3  Heat l oss  i n  wa ter due  to rel a ti ve humi d i ty 
of  a i r 

4 . 4  Heat l oss  i n  burni ng  fuel 

Total  Hea t Requi rement 

.6 . Fuel Requi remen ts : 

12 , 42 1 , 989 BTU/hr 

17 , 000 BTU/ l b  fuel 

= 

= 

BTU/hr 

812 , 851  

299 , 520 

648 , 000 

4 , 366 , 350 

190 , 800 

1 , 098 , 30 1  

1 , 895 , 182 

440 , 257 

2 , 670 , 728 

12 , 42 1 , 989 BTU/ /hr  

731  l b  fuel /hr  = R 
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6 . 0  SUMMARY 

Calcul ations b as e d  on mos t  recent e stim ates of  C yprus Anvil  power 

requirements show that  the mod ifie d mine-mi ll comp lex will  re quire 

a p e ak demand of about 25MW a nd a proj ecte d a n nu a l  total 

consumption of 1 50-160 GWH . Comp ared with present peak dema nd of 

1 6 MW a nd ener g y  consumption of 100 GWH per  a nnum . 

Studies of  the N . C .  P .  C .  s y stem c ap a c it y  s nowed that  the exi sting 

s y stem could s up p ly the proj ected dem a nd a lt houg h some a d�ition al 

g e nerating c ap acity would be n ee de d  to maintain the s ys tem re serve 

considered nec e s s ary for a p ub l ic ·utilit y .  The most e co nomic method 

of supplying the re quired reserve w a s  to install  two 3MW g a s  

tu rbine gener ators a t  the Faro p la nt o f  N . C . P . C .  a n d  t o  provide  

2 . 5MW of diesel c ap ac it y  a t  the mines ite . T h i s  latter u nit  would 

a l so provide  rel i a b le emerge nc y  powe r at the minesite during powe r 

outage s .  

Addi t ional work considere d  a lt ern a ti v e  s ources o f  power , includi n g  

t he rm a l  c oal fired g e ner ators a nd n e �  hydro electr i c al scheme s , to 

s up ply future development of the V a ngorda P l ateau . 
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6 . 1  I N T R OD UCT I ON 

B y  us in g  t h e  equip ment register  of t h e  modifie d mill and e s timating 

t h e  prob ab le addi tion al m ine equipm ent  s ize  it  b ec am e  pos sible to  

forec a s t  the  prob a b le connected electrical load . Further b y  

e mp loyi n g  a load factor o f  a bout 0 .  60 t[:te p e a k  demand and t h e  

a nnual energ y consumption were c alculated for t h e  oper ation . T h e  

c alculations showe d t h a t  a p e ak demand o f  25MW a n d  a n  annual  

load of about 1 55 GWH could b e  a nticipate d .  

A study b y  Monenco L t d .  o f  Calg a ry o f  the  N . C . P . C .  g e n e r ating 

s y stem c ap acity indicated that , b y  u s in g  a combin ation of  the rmally 

g e ne r ated a nd e xisting hydro-electric capacit y , the proj ected powe r 

demands on the s y st e m  could b e  s atisfie d .  Howe ver , the s am e  

s tu di e s  showe d that  t h e  e s sential  s y s t e m  r e s e rv e  cap acit y ,  would b e  

dep le te d .  Thus  a s y st e m  g e n e r atin g  c ap acity would h a v e  to  b e  

incre a s e d  b y  a total of  about 9MW o f  " re s e rv e  only " capacit y .  

Following a lengthy a nalysis  o f  data it w a s  decided t o  install  two 

3MW g a s  turbine unit s  at the N . C . P . C .  F a ro p lant  a nd one .2 . 5MW 

dies e l  unit at the minesit e  to p rovide the r e quired r e s e rv e  until the  

WH #4 g e n e r ator i s  comm i s s ioned in mid 1 983 .  The diesel  unit w ill 

act b oth as a contrib utor to  res e rv e  c ap acity and a s  an e me rg e nc y  

powe r gener ator . One o f  the  t w o  g a s  turbine unit s i s  t h e  proper t y  of  

N . C .  P .  C .  a nd will  b e  moved to  Faro during the s pring of 1 981 .  
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6 . 2  THE N . C . P . C .  GENE RAT I NG SYST EM 

6 . 2 1 Gener ating Cap acity 

The N . C . P . C .  electrical di strib ution grid provides power to Faro 

a nd the mines ite , and a l so services Whitehorse , Carmacks , Ross 

River , and several of  smaller com munitie s .  ( Figure 6-1 ) .  The total 

installed c ap acity of the exi sting s ystem i s  77 . 7  MW . Following the 

installation of the fourth hydroelectric tu rbine at the Whitehorse 

Rapids p lant in 1 983 , the s ystem c apabi lities will b e  incre a s e d  to 

97 . 7  M W .  The table 1 below s um marizes the N . C . P . C .  generating 

c ap abi lities and includes the small diesel unit located at Faro , 

in stalled primarily to provide emerge ncy domestic powe r to the 

com munities of Faro a nd Ros s River in the event of a power out age . 

TABLE 1 

N . C .P . C .  GENERATING CAPAC ITY 

SOURCE PRESENT POST MID 1 983 
CAPACITY (MW) CAPACITY (MW) 

Hydro : Ai shi h i k  31 . 0  31 . 0  
Whi tehorse Rapids 20.0 40 . G  

Sub-Total 51 . 0  71 . 0  

Diesel : Faro P l ant 5 . 1  5 . 1  
Whi tehorse Rapi ds 2 1 . 6  21 . 6  

Sub-Total 26 . 7  26 . 7  

TOTAL 7 7 . 1  97 . 7  

Notes : a )  Before mid 1 980 , the Faro p l ant output was l imi ted 
to about 4 . 2  MW due to coo l i ng prob lems . As expected 
fhi s  l imi tat i on was corrected and the uni t  achi eves 
its ful l  namepl ate rati ng of 5 . 1  MW in 1 981 . 

b) The optimum operat i ng l evel of Aishi hi k i s  1 2 . 5 MW 
per generator. During the summer the energy output 
of th i s  pl ant i s  l imi ted in order to s tore water for 
the wi nter . 

c )  The new hydro u n i t  a t  Whi tehorse cou l d  suffer l im i ­
tati ons during the wi nter months. 
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6 . 22 Reserve C apacity 

Appropri ate utility system reserve cap acities a re normally comp uted 

by ad ding five percent of t he a nticip ated peak demand to the  

c ap acity of the largest  s in g le g e ne r ator t h at could b e  taken 

"off-l in e " ; i n  this  c a s e  of  the two hydroelectric turbines ( 15 . 5  M W )  

located a t  Aishihik . The forecast system p e ak demand 1 980-81 i s  

55 . 5  M W .  

T hus : 

Reserve capacity ( M W )  = capacity largest unit + ( 0 . 5xpeak demand ) 

= 15 . 5  + ( 0 .05 X 55 . 5 )  

= 1 8 . 3  MW 

As shown in t able 2 below the s ystem h as adequate cap acity to 

s atisfy the current requirement s .  The a d ditional 9 . 0 MW load 

imposed by the development prog r am s  however ,  will re sult in a 10 . 0  

M W  s ho rtfall in t he s ystem reserve capacity , which will b e  largely 

offset b y  the installation of approxim ately 9 M W  of thermal 

g e ne r ating cap acity . The s mall ( 1 . 0 M W )  and tempor a ry reduction i n  

rese rve cap acity is not sufficient to j usti fy t h e  in stallation of 

additional ge ner ating e quip ment , p articularly when considering the 

exces s reserve system c ap acity that will  exist once the new 

hydroelectric turbine is in stalled and oper ating by mid 1 983 . 
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TABLE 2 

N . C . P . C .  SYSTEM CAPAC ITY vs . REQU I R EMENTS 

PEAK CALCULATED REQU IRED ACTUAL SURPLUS 
CASE PER I OD DEMAND RESERVE GENERATING  CAPAB I L ITY ( S HORTAGE ) 

MW MW MW �1W MW 

l Forecast l 9BO/B l 55 . 5  1 B . 3  73 .8  77 . 7  3 . 9  

2 Forecast p l us Vangorda 
Devel opment Load 68 .8 1 8 . 9 87 . 7  77 . 7  ( 1 0 . 0 )  

3 As for case 2 p l us 9 MW 
addi t i on a l  i n sta l l ed 68 .8 1 8 . 9 87 . 7  86 . 7  ( 1 . 0 )  

4 As for case 2 p l us addi t i on a l  
1 20 MW Hydro U n i t  a t  Whi tehorse 68 . 8  1 8 . 9  87 . 7  1 06 . 7  1 9 . 0  

Note : a )  Data i nc l udes prov i s i on for normal l oad growth . 

b )  Case 2 i s  hypothet i c a l  base cas e .  
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6 . 3  SUP P L EMENTARY POWER GENE RA T I NG 

6 . 3 1 Altern ative Syste ms Studied 

Network a n alyses o f  the s ystem we re integ r ated with predicte d tot al 

grid loadin g s  to e stab lish the need for a n  addition al 9 M W  

gener ating facility , th at would be r e quired to maintain t h e  s y stem 

res erve . A number of powe r ge ner ating altern atives were considered 

including , hydroele ctric g e ne r ating s ystem s , gas turbine s ,  and 

die sel engine gener ators . 

Hydroelectric generating potenti al in the immediate area w a s  found 

to be l im ite d .  Neverthele s s , studies a re s che dule d to develop an 

inventory of possib le s ites  a nd identify their respective gener ating 

pote nti als . 

Gas tu rbines were found to be l e s s  expensive than stationary die sel 

ge nerating unit s in terms o f  c apital cost , althoug h t heir inferior 

fuel efficiency char acteri stic s ,  render t he s e  machine s mo re s uit able 

fo r s ta nd-by and peaking s e rvice . D ie sel engine power gene r ating 

unit s  are normally favoured to supp ly long term energ y needs . 

These unit s require a higher initial c apital investment , howe ver 

this disadv antage is offset by the improved reliability and a 

s omewhat lowe r unit cost of energ y produce d .  
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6 .  32 System Selection 

T he selected s y stem to m a in tain t he es sential  reserve cap acity at 

the 1 8-20 M W  level was som ething of a comprom i se . The system 

compri se d of two gas turbine g e ne r ators of about 3 . 0  M W  r ated 

capac{ty each . T h e  remainder of the  re serve c ap acity would b e · 

sup plie d by a diesel gener ator wit h a nominal 2 . 5  M W  c ap acit y .  

TABLE 3 

NEW THERMAL GENERATORS I N  SYSTEM 

ESTIMATED OUTPUT 
TYPE NUMBER LOCATION AT MAX I MUM LOAD 

MW 

Cul l en Gas Turbi ne 2 N . C . P . C .  P l ant-Faro 2 X 3 . 0  

Mi dwest ( EM D )  D i ese l  l Mi nes i te ·  l X 2 . 5  

T he location o f  the unit s w a s  dict ated by a n umber of conside-

r ations . I n stallation a t  W hiteho rse would have been a cceptable but 

the line los ses in transmission would have incre ased to 15-16% of 

t he pow e r  generated making the addition al p owe r very expensive . 

I n stallation a t  the mine s ite of all the c ap acit y  w a s  studied in 

detail but w a s  rej ected because of both ope r ating a nd capital costs . 
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Fin ally it w a s  decided to install two g a s  tu rbine gener ators a t  the 

N . C . P . C .  plant at Faro and one diesel unit at the minesite . The 

c apital cost w a s  rel atively low a nd the concept provided for a s mall 

but rel iable unit to be installe d a t  the minesite  to act as  .an 

e merg e ncy generato r .  Also this arr angement placed most  of the 

c ap ac ity directly in the h ands of t he N . C . P . C .  ope r ators a t  the 

Faro p lant . 

6 .  33 Ancill ary Equipment 

The m a in t ra nsfo rmer a t  the minesite ( 138-4 . 16 K V )  is  fully loaded 

a t  16 MVA and at times to c lose to  overload - a condition which 

m arkedly incre a s e s  the prob abi lity of fa ilure . With the incre a s e d  

l o a d  on t h e  system ad dition al transfo rmer cap acity i s  cle arly 

re quire d . 

As an integral p art  of t he mill  modifications a n  i dentical 16 MVA 

transformer will be produce d and installe d in p ar al lel with the 

existing unit . T h i s  will perm it the addition al load to be t rans­

formed to 4160 V a nd s ig nifica ntly reduce the risk of t r ansformer 

failure . 

I n  addition to the a bove a mine i solation transformer will  be 

included in t he c ircuit to  improve t he power characteristics o f  the 

mine electrical sup ply . 
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6 . 4  P OWER SUP P L Y  TO THE VANGORDA P LATEAU 

Powe r to the Vangorda P l ateau minesites will  be supplied by a 

b r a nch l ine from the existing 138 KV transmis sion line between the 

m inesite and F a ro . A transformer and s ub station will b e  loc ate d 

adj acent to the n ew instal lations . ( Figure 6-2 ) 

.!!lli. 
I. AN AOOITIONAL 7 TO II PER CENT OF THE POWER NOTED FROM WHITEHORSE 

WILL BE REQUIRED TO ACCOUNT FOR SYSTEM LOSSES 

FIG. 6 .- 2 

r ·  

POWER DISTRIBUTION REQUIREMENTS FARO AREA 

At th i s  time ( April 8 1 ) it is not possib le to  accur ately acce s s  the 

powe r re quirements of  the n ew mine complexe s , at the Vangorda and 

Grum mines ite s .  

" .. .. a: (I 
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6 . 5  LONG T E RM P OW E R  SUP P LY 

6 .  5 1  Hydro Electrical Sites 

T he N . C .  P .  C .  is  presently considering a numbe r of pote nti al 

hy droele ctric sites within t he Yukon with a view to commencing 

stage d development prog r am s  to provide s u fficient e nerg y for long 

term ter ritori al growth . Areas currently under s tu dy are listed 

below wit h  their re spective potential c ap acitie s . 

TABLE 4 

POTENT IAL HYDROELECTR I C  DEVELOPMENTS 

POTENT IAL S ITE POTENTIAL CAPACITY MW 

Eag l e  Rock 75 

Franci s  Ri ver 70 

Tes l i n  Ri ver 45 

Li tt l e  Sa lmon Ri ver 1 5  

I n  view of the transmi ssion los ses refe rred to earl ie r ,  and the 

incre a sing cost of thermal gene r ated e nerg y ,  the re will be con si­

derable adv antage to Cyprus Anvil if  any one of these s ites could 

be develope d .  
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6 . 52 T hermal Gene ration 

In a d dition to these studi e s  conducted by the N . C . P . C . , Cypru s  

Anvil w i l l  continue to evaluate t he fe asibility of t h e r m a l  powe � 

gener ating s ystems including loc al and remote coal fired g e ner ators 

a nd other fos sil  fuel systems . To da te s tu dies h ave s ug g e sted that a 

b as e  load coal fired plant could b e  a pos sible source of future 

electrical powe r .  More work i s  r e quire d  to determine mineable coal 

reserves  in the locations stu died , environm ental imp act a nd cost pe r 

unit of power generate d . 
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7 . 0  SUMMARY 

T he proposed modific ations to the exi sting concentr ator oper ation 

h ave b ee n  designed to improve environmental condition s .  Four 

spe cific a reas  were identified in the environmental a s s e s sment a s  

re quiring a ttention : 

a )  Respirable Dust Levels 

These leve l s  h ave been i n  exce s s  of s afe levels in some 

areas o f  the ope r ation , neces sitating protective appar atus 

fo r e mp loyees in these areas a nd reg ular phy siological 

te sts at specified interv al s . 

B y  coverin g  the n ew flotation cells with steel p late a nd 

by s ig nificantly reducing the num ber of conveyor transfer 

points in t he filtering a nd drying area , the over all dust 

le vel in the concentrator will decline s ig n ific a ntly . 

b )  Noise Levels 

T ypic ally concentr ators h ave elevated noise level s . Hearing 

protection i s  required in most are as where prolonge d 

e mp loyee exposure is n eces sitated durin g  a normal working 

s h i ft .  



- 1 88 -

T he incre a s e d  use of rubber m ill liners o f  sound absorbing 

m aterials in some motor housings a nd ge arbox shields and 

a s ig n ific a nt over all reduction in the numbers of small 

high speed motors will reduce noise in most a re a s  to 

rel atively s afe level s .  

c )  W ater Con s u mp tion 

Tot al water cons umption in t he oper ation is very hig h , 

although to date , the consumption has  been within t he 

w a ter l icense re quirements .  To perform at b est  e fficiency 

t he metallurgical techniques needed for ore t re atment in 

t he new circuit s ,  addition al quantities o f  water , b eyond 

present license limit s are  r e quired . 

To a void further demand on the local wa ter sup ply a nd 

storage sy stem , the concentr ator modific ations include a 

s imp le w a ter reclamation s cheme within the concentr ator . 

I ncluded in t he over all concentr ator modifications are 

plans for reclamati on of w a te r  from the tailings pond s , 

sub se quent if neces s ary , to a s ig nificant ag ing period . The 

execution o f  these plans is  c ontinge nt upon the comp letion 

of a consider able a mount of l aboratory testwork designed to 

evaluate the effects of r ecycling water on the flot ati on 

s y stem . 
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7 . 1  I N T ROD UCT I ON 

T he field of environmental stu die s is a relatively n ew factor in 

mine or mill development studie s , but is o ne of growing s ignifi­

c ance . I n  this very brief section devoted to the environmental 

aspects o f  the development of the Vangorda P l ateau ore bodies , are 

outlined the b as ic environmental concepts used in t he desig n 

s tu dies . I t  may b e  argued that some of the detail  s hould more 

correctly be labelle d as employee health , s afety measures or w a ter 

conservation concep ts , however all  have b een groupe d together here 

a s  a matter of expe diency . 

The primary concern of t he en vironmental desig n concepts was 

toward ens uring that working conditions wit hin the  concentrator b e  

imp roved by re ducing d u s t  levels a nd noise i n  t h e  exp anded work 

zones . Next in importa nce were t h at the constraints of water 

conse rvation be met and fin ally that the mo re aesthetic conside­

r ations of s ite appe ar ance and ecological damage be cons idere d .  

I mprovements in a ny o f  t he s e  areas will enhance emp loyee s afety 

and strengthen mo rale by furnis hing an imp roved e nvironment fo r 

t hose working a nd living in the Faro a rea . 



7 . 2  RESP I RA B L E  D UST L EVELS 



- 1 90 -

7 . 2  RESP I RA B L E  D UST L EVELS 

Because  of t he n ature of the  met allurg ical oper ations at An vil , 

considerable qu antities ·of dust a re generated a nd rele ased into the 

s ur roundin g s . Of some concern a re t he levels of dus t ,  especially the 

ult ra-fine p articulates , to which some emp loyees are routinely 

exposed . I nhal ation o f  even chemically neutral p articulates may be 

h az ardous and on averag e , the dusts to which Anvil workers are 

exposed are , in general , chemic ally active . 

Careful stu dies conducted over the last five ye ars  a t  the mine site 

h ave been used as a design b ase for pl <;i nning and achieving 

improved air quality in t he concentr ator a re a . I n  the present mill 

expan s ion desig n , s ig nificant e ffo rts we re directed toward conti­

nuing the establishe d t rend of enh anced air quality in all  working 

area.s . 

A s  shown in T a ble 1 below , sig nific ant reductions in a irborne dust  

level s h ave been achieved in most  areas of the plant in recent 

year s . However in some area s , the conc entrations o f  le a d  in the air 

( about one third of which i s  in the r eactive form of lead oxides ) ,  

approaches and occ a sionally exceeds d esir able level s .  
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TABLE 1 

AIR  QUALITY I N  THE CONCENTRATOR 

A R E A 
GRI ND I NG FLOTATION F ILTERS LOADOUT 

DUST3 mg/m 
LEA03 ug/m 

DUST 3 mg/m 
LEAD3 ug/m 

DUST3 mg/m 
LEAD3 ug/m 

DUST3 mg/m 

2 250 4 400 1 4  2200 60 

1 80 1 1 00 1 . 5 400 2 

1 0  1 50 1 0  1 50 1 0  1 50 1 0  

Note s :  a )  Dust refers to any part i cu l ate.  

b)  Lead refers to the t ot a l  l e ad .  As a poi nt of i nterest 
dust col l ected duri ng these surveys s�ggests that 
at l east 30% of the total l e ad present i n  the a i r  
i s  i n  the form o f  no.n - s u  l p h i  de compounds of rel ati ve l y  
h i gh .  

c )  Reg u l at i on i s  the adopted standard level  for 
Cyprus Anvi l l�i ne . The Ameri can Conference of 
Industr i a l  Hyge n i sts has suggested that th i s  
s t andard i s  appropri ate . 

LEAD3 ug/m 

8500 

250 

1 50 

Furthe r  s ig nific a nt red uctions in · respir able dust level s  throughout 

the concentr ator are a nticip ated due to a number of fu ndamental 

design criteria in the exp anded mill which are detailed below : 

i )  T h e  principle source of dus t e mi s s ions in the flotation 

a rea are the flota tion cells . As the rising a ir bubble s  

coalesce and b u r s t  a t  the foam-air interface , ult ra-fine 

p articulates are ej ecte d at cons iderable veloc ities into 

the atmosp here . Natu r al ly , the se p articulates are rich in 

miner als  and surface a ctive agents . 
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To re duce dust from this  source , the n ew roug her/ 

scavenge r cel ls will  b e  covered with steel p late . At thi s  

time , there are no p lans t o  cover the cle aner cells , but 

thi s  is a n  obvious next s tep for the operations g roup to 

a dopt once t he nee d fo r ob serving the flota tion froth s  is 

re duced by the in stallation a nd s ucce s sful operation o f  

t h e  on-stream analysis unit . 

ii ) T h e  most prolific dus t source in the filter  dryer area is 

t he t ransfer conveyo r s ystem fee ding the dryers and the 

loa dout belt s .  P resent p lans indicate that the new 

s y stem , with a much s imp le r conveyor- transfer arr ange­

m ent , and the el imin ation of the swing conveyo r ,  will 

re s u lt in a s ig nificant decrease  in su spended dus t 

load s . 

iii ) Better filter-dryer control systems should , while reducing 

overall product moisture , almost eliminate periods of 

over-drying and hence dus ting conditions from the 

d ryers . This  will result in much improved work conditions 

in the load-bu ilding and loadout conveyor gallerie s . 
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7 . 3  N O I S E  L EVELS 

Average noise levels in the concentrator , h ave always b een near or 

a bove t he thre s hold level at which hearing protection is re quire d .  

Since t he r ecognition o f  the problem in 1976 , and the implementation 

of au dio-testing of new emp loye e s , there h ave b een several c a ses of 

s ig n ific ant receptor damage amon gst exposed employee s .  The t a ble 

b elow indicates the extent of t he problem . 

TABLE 2 

CONCENTRATOR NOISE  LEVELS BY AREA . ( DbA ) 

" SAFE" LEVEL CRUSHI NG GRINDING FLOTAT ION F I LTERI NG 

85 95 - 1 05 93 - 95 85 - 90 85 - 87 

Notes : a )  Data from 1 979 averaged survey by area 
in the concentrator . 

b )  " Safe" l evel i s  recommended maxi mum 
exposure l evel ( B . C . -W . C . B .  1 979-80 ) , 
for conti nuous 8 hour emp l oyee 
exposure . 

Since milling oper ations a re often e xtremely noisy , the most obvious 

solution to the noi se problem i s  to provide protective gear to 

exposed e mp loyee s  and to l imit emp loye e exposure to hig h sound 

pre s su re a reas . This approach , couple d  with a well pla nned 

employee testing prog r am , h as b een quite s ucces sful to date . 
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I n  t he modified mill howe ver , there are s om e  design features which 

s hould gre atly re duce average noi se level s . These features a re 

detaile d below : 

( i )  I n  t he new milling s ection , the large b all mills will be 

e quipped with rubber l iners thus e ffecting a re duction 

in noi se a nd incidentally resulting in a marked incre a s e  

i n  p ulp temperature . 

I t  is possib le then t h at in t he grinding circuit a lone , 

more than 90% of t he installe d powe r coul d  be t rans­

mitted to rub ber lined mill s . Sig n ifica nt reduction in 

ave r ag e  sound pre s sure levels s hould accrue . 

( ii ) Noise emi s s ion from p ump s and mill motors is also a 

source of exces sive sound pre s sures . P lans now call  for 

the rep lacement o f  m any of the s mall high speed motors 

with much fewer large r ,  and in some case s ,  lowe r speed 

motors . 

( iii ) I n  the flotati on area much of the sound pre s sures o rigi­

nate from drive b elt s on t he p ump s and flot ation 

machines ; this occurs b ecause the m achinery is loaded to 

maximum tole r a nces . The design o f  t he modified circuit , 

at r ated tonnage will dictate that the larger drives will 

not be s tre s se d  to m aximum loadings and hence noi se 

levels will be re duce d . 
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7 . 4  WAT E R  CONSUMP T I ON 

Use  of w a ter in the oper ations a t  Faro , h a s  receive d very little 

a ttention during the last  dec ade . Howe yer , with the present trends 

toward conservation , the attitu de of  t he w a ter l icensing authorities 

h as b ecome somewhat firmer a nd it would be reasonable to expect 

that no increase  in license quantities could be anticip ated above 

t he annual 2 . 0  x 109 imperial ga llons , now alloc ated to the Faro 

ope r a tion under the current license . 

U sing thi s c riteri a as a d esign b ase , a s cheme for water recircula­

tion was devise d to s ati sfy the increased water demand from the 

modified proces s .  The s cheme consists of two distinct phases which 

are outlin e d  in the following s ection s .  

7 . 41 I nternal Recirculation 

Reduction o f  flotation densitie s throug hout the circuit re sults in 

s ig nific ant addition al water demand . I n  order to s ati sfy this 

demand , w a ter will be recirculated from two main sources within the 

concentrator ; the t hickener ove rflow s a nd t he cooling and scrubbing 

s y stem e ffluents .  In a d dition t he r ecycling of the lead retreat tails 

to the head of the le ad roug hers will conse rv e  considerable 

quantities o f  water . The t able below s how s the present consumpt ion 

of water a nd the proj ec te-d u s age . 
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TABLE 3 

ESTIMATED WATER DEMAND BY AREA - f .H L L  ONLY 

AREA 

Gri ndi ng 

F l otati on - Lead 
- Z i nc 

Dewateri ng 
& 

Mi scel l aneous 

TOTAL 

lRESENT M I L L  
m / h o u r  IGPM 

290 1 060 

220 810 
1 65 600 

400 1 470 

1 07 5  3940 

3MOD I F I ED M I L L  
m /hour IGPM 

330 1 2 1 0  

370 1 360 
365 1 340 

4 1 5 1 520 

1 480 5430 

Note s :  a) Demand data at rated tonnage . Apr i l 1 979 survey . 

b )  See drawi ng no . 1 0 -F-07 Rev . 0 .  

c )  L i cense3quanti t i es are equ i va l ent t o  4 1 5 0  I GPM 
( 1 1 30 m / h r . ) at 92% operati n g .  

Recirculated water in t he mill may be divided into two types , cle an 

water which may be reu s e d  wit hout treatment and water which 

requires som e pre-tre atment befo re reuse . As shown in the table 

b elow almo st  25% of the total water demand can be recirculated 

wit hout tre atment ; another 20% will require t re atment b efore reuse . 

WATER 
QUAL ITY 

D i r ty 
Water 

C l e an 
Water 

I I I 

TABLE 4 

EST I MATED REC IRCULATI ON WATER QUAN T I T I ES & SOURCES 

AREA 

Thi ckener Overfl ows 

Dust Co l l ectors 
Air Cond i t i oners 
Vacuum Sea l s  
Coo l i n g  Water 

Mi sce l l aneous Other 

Tot a l  Reci rcu l at i on 

3QUANTI T Y  
m /hr  I GPM 

250 920 

60 220 
60 220 
90 330 
90 330 

30 1 1 0 

580 2 1 30 

COMMENTS 

Probab ly th i s  f l ui d  wi l l  requ i r e  
treatment before reuse . P l anned 
treatment scheme is to use i ani c 
f l ot at i o n .  

Thi s water i s  qui te c l ean and can 
be used a l most anywhere i n  the 
proces s .  

Ref . Drawi ng 1 0 -F-07 Rev . 0 
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7 . 42 I onic and P a rticulate Flotation 

T h e  intern al recirculation of some fluids , notably the t hickener/ 

scrubber overflows re quire s ome pre-cle aning stage prior to reus e  

i n  t he proce s s . Currently under s tu dy i s  a J ap anese proc e s s  which , 

on s imilar fluids , · yields remarkable result s  in terms o f  removal of 

d eleterious met al ion s from the proce s s  fluids . 

T h e  proc e s s  which i s  e s senti ally one of flotation depends for it s 

e ffectivene s s  upon t he production of insoluble metal  x a nthates 

wit hin the flotation proc e s s  and t heir· sub se quent remova l as a 

concentrate - hence effectively deionizing the fluid . Som e reported 

data o n  this type of proces s  a re s hown in the table below . 

QUANT ITY m3/day 
TREATED 

Feed 2200 

Concentrate 1 

Tai l i ng 2 1 99 

TABLE 5 

I ON FLOTAT ION DATA - Z I NC THICKENER OVERFLOW 

ASSAYS ( g/tonne) 
C u  Z n  Cd CN 

22 B l  0 . 4  29 

1 2 7000 470000 2000 7000 

0 . 5  1 . 5 0 . 0 1  2 1 . 5  

Notes : a )  Data from Kami oka M i nes . 

Cu 

1 00 . 0  

98 . 0  

2 . 0  

D I STRI BUTION 
Zn 

1 00 . 0  

98 . 2  

1 . 8 

b )  Concentrate tonnage about 1 . 5 tonnes/day .  

Cd 

1 00 . 0  

98 . 2  

1 . 8 

CN 

1 0 0 . 0  

26 . 0  

74 . 0  
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Thus it is pos sib le to estimate that  total fresh water dema nd will 

continue at the current level of 1050-1 100 m
3 

/hour , of which about 

900 m
3 

/hour will be uti lized in t he proce s s .  Approxim ately 550-600 

m
3 

will be recirculated to provide t he neces s ary dilution in the 

flot ation circuit s .  
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I f  w a ter u s age is furth e r  limited in t he futu re by c h anging leg i s-

lation , recirculation outside of the concentrator will h ave to be 

pr actice d .  At thi.s tim e  only two s tage s of additional recyc ling h ave 

b een given cons ider ation . 

( i )  T hickening & recyc ling 

T h i s  concept e nvis age s t hickening of the zinc retre at­

fir st cle aner tailing s ,  flot ation c le aning a nd the r ecycling 

for a yield of a bo ut 5000 m
3 

/day of proce s s  w a te r .  This  

sy stem h as the  di sadv antage of  not allowing the flui ds to 

" age" - a c ritical aspect if reuse in flotation c ircuits i s  

to  be seriously considered .  Conver sely this  type o f  

arr ange ment would provide a warm water recycle - demon­

strably adv antageous in le ad/zinc flot a tion . 

( ii )  Recycling from the t ailing s pond 

This  concept c alls for a p ump station to be loc ated in the 

t ailin g s  _ tre atment sy stem and s hould pe rmit mo st of the 

proce s s  w a ter to be r ecycle d after " ag i ng " .  Allowing for 

s eep age a nd e ntrainment , it would be reasonable to 

a nticip ate a bout 85% of t he total water uti lized in t he 

proce s s  could b e  r ecycle d  e . g .  about 22-24 , 000 m3
/day . 
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T h e s e  two schemes are by no means mutually exclusive a nd could 

proceed in p ar allel . L a bor atory te stwork conducted ove r  a r e a son-

able period using both " aged" and filtered w a te r  would provide a 

solid de sign b ase for futu re wa ter conse rv ation . 

I n  summary then future use of w a ter a t  Cyprus Anvil m a y  be 

s ig n ific a ntly reduce d by a s erie s of conserv ation measure s . The 

s pee d a t  which these measures proceed will  depend upon the results  

of tests  aimed a t  determining e ffect of recyc ling w a ter on p lant 

m etallurgy and also the efficie ncy of t he ionic flot ation scheme 

describ e d  earlier . The table b elow demonstrates estimated water 

consu mption by conservation ph ase . 

TABLE 6 

WATER CONSUMP T I ON AND REC I RCULAT I ON 

PHASE 
m3/hour 

TOTAL USE 
3 

FRESH WATER 
IGPM m /hour I GPM 

Present Operation 1 050 - 1 1 50 3850 - 4220 1 050 - 1 1 50 

! - C l e an Water Recyc l e  1 400 - 1 500 5 1 30 - 5500 900 - 950 ! ! - D i rty Water Recyc l e  

I l l -C l e aner Tai l s  Thi ckeni ng 1 400 - 1 500 5 1 30 - 5500 700 - 750 

I V -Recyc l i ng from Pond 1 400 - 1 500 5 1 30 - 5500 200 - 400 

Notes : a )  For tech n i c a l  reasons ph ases I & I I  sho u l d  proceed 
s imu l taneous l y .  

3850 - 4220 

3300 - 3500 

2570 - 2 750 

730 - 1 460 

b) A l l data b ased on current b es t  est i mates and operat i on 
a t  rated tonnage . 

3
RECYCLED WATER 

m /hour I GPM 

0 0 

580 2 1 30 

200 730 

400 1 460 
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7 . 44 Water Recirculation in Other Mines 

A recent survey of Cana dian oper ations indicates that almost  all 

mines started up during the l a st five ye ars pr actice recirculati on to 

s ome extent . Table 7 below s hows the maj ority of all  operating 

mines pr actice recirculati on . 

TABLE 7 

RECYCLE WATER PRACTICE  

SURVEY OF ALL  CANADIAN M I LLS  

M I LL PRACTICE  

Recyc l e  

No Recyc l e  

TOTAL RECYCLED 
% 

70 

30 

Note : a )  Data from C . I . M .  1 976 M i l l i ng Revi ew 1 976 , 
coveri ng approximately s i xty opera 
t i on s .  

I t  i s  of interest to comp are r ecirculation practiced by mine type . 

Simp le s in g le mine oper ation s a re more likely to recirculate than 

complex b a s e  met a l  mas sive s u lphide mines , althoug h it  would 

appe ar that most mines a re able to reach 50% recircul ation without 

major prob lems . T ab le 8 s um marizes the data . 
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TABLE 8 

RECYCLE WATER PRACT I C E  BY M I L L  

PLANT NAME PRODUCT RECYCLE 
( %  o f  Tota l ) 

Stekenjokk Cu/Zn 30 

As arco Pb/Zn 60 
Mattagami Pb/Zn 75 

Geco Pb/Zn 1 00 
Wi 1 1  r oy Pb/Zn 80 
C omi nco - S u l l i v an Pb/Zn so 
Kami ok a Pb/Zn 90- 1 00 

Texas Gu l f  C u / P b /Zn 60 
Kopparberg C u /Pb/Zn 25 
Brun swi c k  C u/Pb/Zn 50 
Kri st i neberg C u /Pb /Zn 5 5  

Mattabi  C u/Pb/Zn 70 

Opem i s k a  C u  70 
G i b r a l tar C u  80 
Granduc C u  85  
Madel a i n e C u  65 
W h i tehorse Cop per Cu 80 
Thi erry Cu 75 

Afton C u  s o  

Endako Mo 85 
Con s o l i dated Durham Mo 90 

Brenda Cu/Mo 88-90 

S i m i l k ameen Cu/Mo 75 

Utah Cu/Mo 40 

! nco - Cop perc 1 i ff N i  95  

! n c o  - C l arabe l l  N i  90 

Umex N i  6 5  

Ref . Data from p u b l i shed l i terature, 
C i rc a  7 6 - 79 may not now be accur ate 
due t o  greater demands and env i ro n ­
ment a l  c on s t r a i nts i n  recent year s .  
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7 . 5  DOWN VAL L EY TA I L I NGS POND 

7 . 5 1  Down Va lley T ailing s Pond E xpan sion 

Changes in the m i ll desig n , the decision to proc e s s  Vangorda 

P lateau ore in the Faro c oncentr ator , a nd the continuing deteri o­

r ation i n  e ffluent quality from the existing t ailing pond all combine 

to make a n ew ta ilin g s  dispo s al scheme a matter of some urgency . 

The proposed "Down Valley" design has  the following b asic features : 

a )  T h e  c ap a city is large enoug h to accommodate all known 

economic reserves in the Anvil Ra nge . 

b )  Seep age into Rose Creek i s  controlle d by keeping Rose 

Creek above t he level o f  the t a iling s ,  a nd by building an 

e s senti ally w a ter tig ht d a m . 

c )  Stabi lity of the tailin g s  'dyke is e nh a nced by not u s in g  

tailings i n  its  constru ction . 

d )  W ater qua lity i s  improved by us ing a two s tage design in 

which tailin g s  a re impounded in a fir st pond and 

rel atively cle ar e fflue nt is contained in a second pond . 

T he effluent will spend most of it s retention time in t he 
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second pond , sep ar ated from the t ailin g s . The decant will 

not j o in the m ain Rose Creek flow for 700 m downstream from 

the dam , providing s p ace fo r additional water qu alit y  

treatments i f  needed . These features should all  h e l p  t o  

alleviate t he m a ny problems which have plagued the 

present tailin g s  pond . 

The Rose Creek diversion c an al will h ave a total le ngth of about 

4 , OOOm , and will be designed to accomoda te a one hundred year 

flood with no damage . A five h undred year flood would be re quired 

to overtop the diver sion b ank s . 

The tailings pond dam will be constructed with a s pillway large 

enoug h to hand le t he full f low of Rose Cree k ,  so that in the un­

likely event of a failure of t he diversion , the tailings pond da m 

would not b e  bre ach ed . 

The prob lem of long term stabi liz a tion o f  the t a ilings is exacerbated 

by the large incre ase in tailin g s  surface a rea t hat will  result when 

t he n ew t a ilings scheme is p ut into ope ration . At the s a me time , the 

opportunity to s tu dy this prob le m will be avail able for the fir st  

time , since some t ailin g s  areas will soon become inactive a nd 

a vailable fo r reclamation re search . 
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