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NINERALOGICALEXAMINATION

of a RanaProjectore sample

submittedby

FALCONBRIDGENICKELMINESLIMITED


ProgressReportNo.1

ProjectNo.L.R.2023

NOTE:

Thisreportrefersto thesamplesas received..

Thepracticeof thisCompanyin issuingreportsof thisnature
is to requirethe recipientnot to publishthe reportor anypartthereof
withoutthewrittenconsentof LakefieldResearchof CanadaLimited.

LAKEFIELDRESEARCHOF CANADALIMITED

Lakefield,Ontario

October18, 1977



A samode of Pana Project nickel cre was rece v d in the Mineralogy

Laboratory from Faleonbriii:eHicket Lines Limited. The samp]e consisted of

minus 10 mesh material from Comrosite Hole 283-140, and was submitted for:

identification cf the nnilrhideani zanoue mincrals.

SezermInat_sb of bhe cerneno ciis:ribuzion association of the


suipnide phases.

LAKEFIELD RESEARCH CiSCAHADA LIMITED

Scobie, P. Enc.,

Manaper

Peane, P. Enc.,

voineraLogist



SUMMARY

Forsterite-magnesianolivinewas the major ganguemineralpresent.

Also identifiedas gangue constituentswere pyroxene,amphibole,chlorite,

serpentineand phlogopite. The sulphidemineralswere pyrrhotite,chalco-

pyrite and pentlandite. The sulphidemineralswere presentas liberated

particles,and as fine-grainedinclusionsin gangueminerals.
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PREPARADIOD AND PROCEDURE

sion of tno sample was bricuetted and pollshed for microscooic

examlnation and for niint •ounsing in refDected Dight. A seoond nortion of

the sample w j pulver sed and submltted for x-ray powder diffractometry.

RPSULmS

Dhe host raterial for the sui de rAnerali:ation was a neridotite

of concositon intesmediate between harzburgite and ihersolite. Olivine the

major mineral cons cs acaosiraniedby small amonnts of elino and orthc-

with sinor oelase, ahd alterasion products of

the -afic minera . Dhese alteration products consistod of ehlorite, sernen-

tine and a mica, ejticai nron=ties of which were elsoe to those given in

standard referenceo bnlogorite.

The oulpnide als iZentcfied were cyrrhotite, chalcopyrite and

nentlandite. lhe nulphide minerals were present as liberated particles, and

as finc-Erained inolusions in the gangue minerals. The results of the point

counting are tabulated below:
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Results - Continued

:.'ineralAssociation
r» ao_s.riudulon
by Association

l'yrrnotite - liberated 1.3

Chalcopyrite - liberated Trace
Pentlandite - liberated 2.7
Canrue - liberated 75.2

	

a + SuirUides 14.7

	

_des + Cangue 0.6

te + Rantlandite 1.5
Rentiandite + ?urrhotite 0.5
Chalcopyrite + ?yrrhotite

sr Rentlandite 2.7

dotal 100 . 0

Courosition

i-irrhotite
.:haloopyrite 1
rohtlandite 6

elivine 7 - 8

Pyroxene 2 - 3

AnF hibole _

•hlorite 2- 3

.iarjoclase 3 - 4

:apantine 1 - 2
:.:arpetite 1

100

It hasbe enr enorteithat a pulp of a portion of the head-sanple had

rela oay onssible rhar the nateriad contained sufficient


b=lte Ly„,-(:)2, to recult in a rulu of hirh

LAK.,_:v1?R=SEARC?:CY LI:CITED
Laka ' Cntario



An Investigationof

THERECOVERYOF NICKEL

fromRanadepositsamples


submittedby

FALCONBRIDGENICKELMINESLIMITED


ProgressReportNo.2

ProjectNo. L.R.2023

NOTE:

Thisreportrefersto thesanplesas received.

Thepracticeof thisCompanyin issuingreportsof thisnature
is to requiretherecipientnotto publishthe reportor anypartthereof
withoutthewrittenconsentof LakefieldResearchof CanadaLimited.

LAKEFIELDRESEARCHOF CANADALIMITED

Lakefield,Ontario

October18, 1977



RUCTION

In a meetinr La-:efieldan Judy 27, 1977, Y.r. Piokard of

Falconbridge d, requested that a crcrram of flotation test-




work onould be coni,Ictedon a compooite of drill core samples from the Rana

niokel debosit in Rorway to incestlgate the rrade and recovery of nickel.

A.G. Scobie, P. Eng.,


Manager

v(1/4,„1

K.W. Sarbutt

Project Metallurgist

Investigation ^ey:G.A. Kosick



SUMMARY

Head SAm le Ass s

CompositeHole 280-14o




Total Ni 0.43 %, 0.43 %*




SulphideNi 0.33%,0.35*




Copper 0.086%, 0.096%*

Sulphur 1.59 % -




* Averagehead assay as calculatedfrom test results

Total Ni was determinedby X-Ray fluorescencetechniques

SulphideNi was determinedby chlorineand alcoholextractionand atomic
absorption.

FlotationTestwork

2.1. Rou er Flotation

Variablesinvestigatedin the rougher flotationincluded:

finenessof grind

pH

use of CMC as a ganguedepressant

collectortype

The resultsand conditionsof the rougherflotationare summarized

in Table No. 1.
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Sumnary Continued

2. FlotationTestwork

Table

TestiGrind

-200

mesh

1 51.8
2 77.8
3 77.O.
4 71.8
7 71.5
6 »

631.

51.3

51.3

2.0

- RoujherKotation

3eaoonts,1b/ton

2-11 1=- H280,
601E

0.125 0.05 - -
0.15 0.05 - 1.L
0.15 - 0,50 ._
0.15 - 0.50 -
0.17 - 0.50 0.90
0.20 0.0H..o.25 -
0.20 6.,,-:;0.25 -
0..2C..2).0..0.59 -
_ 0.15 0.25 -
- ., - 1.o.

Time
tII

r
Flotation


min.

	

9.8 6

	

6.5 9

	

9.6 6

	

9.6 6
6

	

7.0 ,

	

9.6 12

	

9.6 12

	

9.6 12

	

9.6 9
6.7

PcucherConcentrate

	

Weight Assa,, Distribution
Tot. Ni TotalNi

	

6.07 4.96 69.9

	

15.46 2.30 80.8
fl

	

11.41 2.82 76.1
fl

	

6.76 4.94 73.7

	

8.96 3.52 75.7

	

15.29 2.31 80.6

	

15.57 2.19 80.7

	

16.21 2.03 79.9

	

7.88 4.29 79.8

	

:0.05 3.39 80.1

2 meroen minus 200 menh resultedin no improvement

in ecnce.1rte orade and recovery.

The use of TV.0at 0.25 re/tonwith 2-6 as collectoras in Test 9 resulted

in the nost oeOectiveconditions.

A lower-graderouher concentratewas recoveredin Test 10, which was

conductedat pH 6.5 without CMC.



Summary - Continued

2. Floiaiisn Testwork

2.2. C1,..-F Flotation

The rougher concentrates from Tests 6 to 10 were cleaned twice. The

results and conditions of the cleaner flotation are sundarized in Table 2.

Tab2c :de. flior Flotation

Test of Cleaner Concentrate
,Cleaner

lb/t
dta;:es eisht zays, 2is8nbution







de(s) t Ni(T)




0.05 8.9- 2 2.30 11.97 13.0 78.3 68.4




8.6







0.05




2 2.74 10.20 10.9 83.0 70.6




5.6







0.15 3.9 2 2.37 11.35 11.6 79.3 66.7




0.0






9 0. D.5 5.9-




3.11 9.85 9.93 85.5 72.9




5.6






fl





it.23 7.32 7.3 86.1 73.1

Curoentrate ‘,:radesof 10 - 13 0± could be achieved after eldaning with

na11additioiz of Cr0. Cleaning at pR 6.5 resulted in a concentrate grade of

7.3 5 Tests 6 and 9 were assayed for Cu. 7ne cleaner oonoentrate from Test 6

a.2.6'.1yed 3. 9 cu with recevery of 82.3 Cu, and the cleaner concentrate from


:999 9 999aY9J 2.552 Ou with a recovery cf 83.7 5 cu.

The zulphide e and total ,oerade-recoverycurves arc shown in Figure 1.



Su=ary - Continued

3. ConcePtrate Analysis

G-hecleaper ocneentrates ,ror.Test 6 and 9 were aisoassayed for Fe, S

and Insol.

OSal e Cu Fe 0 rnsol.

Test 6 Cleaner Conc. 13.0 11.97 3.49 37.4 30.2 11.3

5-est9 Cleaner Conc. 9.93 9.88 2.55 40.7 29.8 13.0

t 9 doncenprate

Weiuht

Penslanutte p.e.eraPed
liberaPed

Pyrrnosise - liberated
GanLpie liberated

-rhotite
+•ipllcoo•rite

ncsite Alandite
eYte + Pent_p_.
.csite + Gnalcspyrite

Pyrrhotite + PenPlandite + Gangue
Chalccpyrite + P'yrrhotite

- ue + 2yrrhctite
+ Pyrrnefite + Pent1and4te

hePi e + Gangse

Total 100.0

She na.or diluens in this conoenPraPe was free yrrhotite. Less

irT,ortaptwere phe ar.duntsof liberased chalc te ard oanrje, followed by


the quantity of pyrrhotite and pentlandite niddiinE particles.

29.6
6.;
45.8
8.0
2.0
0.3
7.2
0.5
1.5
0.3
0.7
2.7
0.9
1.3
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2C72.PARATION

Approximately 100 pounds of crushed drill core was received at Lakefield

on June 7, 1977 and ojaen our :'eference Ho. 7721317.

.3a=les received were from Hsla Ho. 250-14 and 290-135.

=ne :Coota,:ea and vetllts are tabulated below:

Samole Hc. Y.eters

Hcle Hc. 289-140




Sa=le

HcCe Ho. 270-10

:,:eters




720729 40.0-41.0 0 ) 720756




92.0-94.0 0.81

730




757




98.2-96.0 , 0.83

73:




758




3.85

7•2




0.90 759




0.83

733 48.0-50.0 0.58 760




100.0-102.0 1.06

73., 52.7 0.89
Hc CO-145




735





721:6...




736 . 0.53 6.3- 8.:-., 0.58

737 56.o-58.o 8_02 465




8.0-10.0 0.69

738 58.0-60.0 0.97 466




10.0-12.0 0.54

739 6:,,.0-6=.3 0.94 467




:2.3-:4.9 0.73

740




0.77 468




0.57
741 6.2-66.. --i 1.09 469




16.0-18.0 0.68
742 66.0-68.0 1.02 470




18.0-20.0 0.66
743 68.0-70.0 0.96 471




20.0-22.0 0.60
740 -:'0.0-72.7 1.32 472




22.0-24.0 0.69
74.5 72.2-70.0. 0.88 473




29.0-26.0 i 0.62

746 71.0-76.0 1.16 474




26.0-28.0 0.48
747 76.0-78.0 0.96 475




28.0-30.0 0.75
748


7L9

78.0-8:.0

29 .3-8'.5

0.94
Hole Ho. 29o-135




721335




750




2.11 135.3-105.0 0.28

751 82.7-8.0 0.45 336




125.0-137.1 0.72

752 8.0-86.0 1.05 337




107.1-108.8 0.28

753 86.0-85.0 0.97 338




105.8-110.0 0.16
754 88.0-90.0 1.01 339




110.0-112.0 0.79

755 90.0-92.0 0.90 340




112.0-114.0 0.65





341




114.0-116.0 1.23
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Sample Preparation- Continued

A compositeof Ho.e No. 280-140was preparedfor testwork. The weights
used for this compositewere:




SampleNo. Grans SampleNo. Grans

720729 boo 720745 800730 920 746 800731 1080 747 800
732 800 748 800
733 580 749 600734 800 750 440
735 800 751 480736 800 752 800
737 800 753 8o0
738 800 754 800
739 800 755 800740 770 756 800741 800 757 800742 800 758 800743 800 759 800744 800 76o 800

The sampleswere mixed, thorough1ycrushedto minus 10 mesh, and 1 kg.
samplesfor testworkand a sample for head analysiswere riffledout.
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RETAiiSOF TESTS

Test No. 1 

Purpose:

Procedure:

Fced:

Grind:

Conditions:

To investigatethe reccveryof Ni from Rona ore by means of
flotation.

Grind and float a rougherand three scavengerconcentrates.

1000 gram minus 10 mesh composite240-180.

10 minutes at 65 percentsolids in the laboratoryball mill.

ReagentsAdded, poundsDer ton Time, minutes

Stage

	

- 11 DF-250 I - 6F25i Grind Cond. Froth

Grind - - - - - i 10 - - -

Rougher 0.05 0.03 0.02 - - - - 1 2 9.8

	

0.075 - - - - - - 1 2 -

ScavengerNo. 1 - - - 0.05 - - - 1 2 9.5

ScavengerTio.2 - - - - 0.62 - - 2 - 6.5
- - 0.04 0.05 - 0.028 - 1 2 -

ScavengerNo. 3 - - - 3.33 0.40 - - 1 2 8.5-
6.5

Stage Rougherand Scavenger
FlotationCell 500 g 0-1
Speed: r.D.m. 1500 rpm
% Solids 33
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;0. 1 - Centinued

5 Elntributioneight

0c-calSulthide
Ni

Product
Cu

Culnn'.d
Cu

I. PcurrnerConc.
Canc.




1.61

2.15
5.183

1.33

1n1 Scav. Conc. 3-03 0.11 1.35
. 31-3Scav. Conc. 1.2 0.073 5.32




S2aV. =c.c=




(7a1culated) 100.01 0.091 0..1

	

5.30 a5. 66.2 81.1

	

0.25 3.7 4.2

	

1.27 3.5 9.5 11.0

	

0.25 1.2 1.1 1.1

	

0.01C 7.7 15..5 2.5

	

0.35 .0 100.0 100.0

Sacoveries

3.75
3.21 )2•3

85.3

	

_.4 96.3

	

5 97.4

Anal, slo

011 Products

h Size
(1yler)

+ 6.5

Tr.11v1dual

1.9

5etained
Cunulative

Passing

Cu=lative

98.1
100 7.8 9.7 90.3
150 :7.o 26.7 73.3
200 21.5 51.8
270 11.2 59.4 40.6

1400 13.5 72.9 27.1

- 400 27.1 100.0




Total 10 0 .0






Test No. 2


Purpose: To float at a finer grind and lowerpH.

Procedure: Grind and floatthree rougherconcentrates,after conditioning
the pulp to pH 6.5 with 112504.

Feed: 1000 grars minus 10 mesh ore composite240-180.

Grind: 20 minutes at 65 percent solidsin the laboratoryball mill.

Conditions:

Stage
ReagentsAdded, pounds per ton Time, minutes

H2SO4 Z - 11 Z - 6 41-G Grind Cond. Froth

Grind - - - - 20 - - -

Condition 1.4 - - - - 1 _ 9.6-
6.5

RougherNo. 1 - 0.10 - 0.056 - 1 3 -

No. 2 - 0.05 - - - 1 3 7.9
No. 3 - - 0.05 - - 1 3 8.0

Stage Rougher1, 2 and 3
FlotationCell 500 g D-1
Speed: r.p.m. 1500
% Solids 33



Test NO. 2 - Continued

Pesults

	

Weicht Assays, 7 5 Distribution

Product icepa: Sulnnide Total Sulphide

Ni r; Ni

	

c. 7.18 3.91 3.83 63.7 1 77.9

	

2Pnc. 14.05 1.72 2.97 11.2 1 11.1

Ni 3rd Rotcher Cone. 5.23 0.62 0.56 5.9 6.7

Reug:herTailin;3 EL.54 0.10 o.0i5 19.2 4.3

2a1culatedi 102.0 0.35 100.2 100.0

C11cu1ated Graden sdniRecoveries

I'T62,12ts 1 and 2 11.23 2.914 2.82 74.9 89.0
1-reducts1 -60 3 2.30 i 2.19 82.8 95.7

Sereen Anal sis

:2Psiteef All Products

Yesn gize T Petained % Passing
(Tyier) Individual Cumulative Cumulative

i
+ 100 1.0 1.0 99.0
150 5.4 6.4 93.6
200 15.8 22.2 77.8
270 13.4 35.6 64.4

500 20.0 55.6 44.4

- 400 44.1 100.0 -

Total I00.0
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Te3t,'Jo.3

Purnose: TO study the effect of CYC on flotation at natural pH.

Procedure: Grind, float a rougher and two scavenger concentrates according
to the conditions below.

Yeed: nInas 10 cesh cor.coite 200-180.

Grind: 20 r:4nutes solids in the labcratory ball

Conditions:

0r4_nd - - - - -




Rougher 0.50 - - - - 3





- 0.10 0.02




- - 1 3




- 0.05 0.02 - - - 1 3




Scave:Iirer1 0 - - 1.0 - - 3




9.6-






6.5





0.05 1 3




Sc't venrer 2




0.05 1 3 7.8

Stage Ro0Ther and Scavenger





Flotation Cell 500 g 0-1





: r.p.m. 1500





Solids 33







Test No. 3 - Continued

ical F'esults

Product
Weirht Aosays, % 5 Dictribution

Tota1 Suurntde Total Sulphide
Ni Ni Ni

Rou.her Cuncentrate




2.82 2.66 76.1 90.6
2. N Doay. Dcne. 2 0.39 0.32 4.' 4.6

Snd Seav. Conc. 0.19 2.13 1.4 1.2
Ni scav. Tailing 30.73 0.095 0.015 18.1 3.6

Head _Luu..Ju 0.42 0.34 100.0 100.0

pecove-ies




Fotducts 1 and 9 11.93 2.10 1 .97 r 95 .2
Producto 1 to 3 19.27 1.80 1.63 81.9 96.4



- 15 -

Teot No. 14

Purose:

Frocedure:

ResessbTeob 3 conditions at coaroer grind, and clean the

cor±ined roujidr soncentrates.

Grbnd flcab a rsu.:nerconcentr cavencer concentrates.

Coebr.bhe concentra00000e. :efer bo condi tono below.

Fced: 1000 graro:icnus 10 :beshore eso.00site2110-180.

Grind: 10 r:-.inuteoa ent sslido in bhe laboratcry ball mill.

Conditions:

St srL





1S/bon Time, :blnutes






03-250 7oJ. Froth




Grind




-
,
i - - _ _ _

Condition




0.50 - - _




Rouher




_. 0..0 0.03 _ I 3 9.6




- 3.35 0.01




_ _ 3 9.6
--




- - - 0.2.2








3




_nr :•.s.2 - 0.05 0.02





lst Cleaner




0.20 - 0.05




1





- 0.02 -





Stage i ougherand Scav. Cleaners

FlistationCell 500 g 0-1 250 g D-1

0.25: r.p.=. 1500 900

lids 33 33
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7-st :;6.14- Continued

Results

Accays,
Product

Listribution

Total Total
Ni

3.47
3.29
3.72
2.65

70.9
2.8
8.0
0.9

17.4

1.00.0

9.25

0.39
0.97
0.15
0.691

0.45 100.0

T.JiCleaner Conc.
ClearlerTail.
Scav. Conc. 1
Scay. Conc. 2

e. Scav.

Head (Calculated)

On 2'1.1"ItCr" co_overies

FrCaU2:3

ProGucts i to 3
rroaucts L toI

10.O8
l7 17 2.89

73.7

81.7

82.6



Tr2St 5


Purpos: To reueat Test bu a of 7.0.

Procedure: Crind, flont a roumher and two s*avonrer coneentrates. Clean

mhe rm 2oncentrate once. mo conditions below.

Feed: minus 10 nesh ore ot.tositc 240-180.

Grind: 10 minntes at 65 uercent sulids in the laboratory ball mill.

Conditions:

0rind




GY.C. - 11

)
-mas per e, minutes

9F-! GrinU Cond. Froth

ol:

Jondimion





0.90





9.6-








7 .0




0.50






1




mon,:nor




2.10 0.03




3





.0;') 0.01




3




Tordim





0.20 3




r




0.05 0.02





.ncor No. 2




0.05 0.02




3

Cleaner




•.01




1 3 8.5





0.01 - 1 1.
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Test Hc 5 - Continued

Results




Weignt Assays, 5 5 Ttotribution




Product




Total Total




Ht Ni

1. Hi C1eaner Conc.




4.32 6.94 72.0
2. 01eaner Tail.




0.33 3.7
Hi Soav. Conc. Ho 1 3.58 0.59 5.0

4. Hi Sdav. Conc. Ho 2 2.80 0.35 2.4

5. Soav. Tail.




0.033 16.9

Head (Calculated)




100.00 0.42 100.0

Caloulated Grates an1 Sconveries




Products 1 and 2




8.96 3.52 75.7
FrOdU2tSi tO 3




2 .68 30.7

Products 1 tc




2.26 83.1
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Fest No. 6


Purnose: increaze the cojlecter 1evo1 and decrease the amount of CMC.
FloPt at hetoral RH.

Procedure: Grind, float a rougher concentrate and clean twice.

Feed: 1000 gram.sminus 10 Resh comnozite 240-180.

Grind: 13 -inutez at 65 percent zolidz in the laboratory ball

Conditions:

Smame

11:rind

:=6CTE Z - 11

uounjo p ei

DF-250

11mme,mtnumes

Cond. Froth

10 - -

DR

Condition 0.')5





1




9.6

mugher






3 9.6




0.05 9.005





3 9.5




0.1115 0.31





9.5





0.005






lst Cleaner







8.9

2nd Clean8r




0.005




1 2 8.6

Stage Rougher




1st Cleaner 2nd Cleaner





Flotation Cell 500 g 10-1 900 g 10-1 250 g 10-1





Steed: r.n.m. 1500




1200 900
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Test No. 6 - Continued

Metallurical Results

Product

Weight Assays,%

Total:Sulphide
Ni

,
LA1

% Distribution

Total Sulphide Cu
Ni Ni

1, Ni CleanerCone. 2.80 13.0 11.97 3.49 68.4 78.3 82.3
Ni 2nd CleanerTail. 1.86 1.39 1.26 0.26 5.9 6.7 4.9
Ni lst CleanerTail. 11.13 0.25 0.17 0.048 6.3 5.4 5.4

4• Ni RougherTail. 84.71 0.10 0.04 0.0084 19.4 9.6 7.4

Head (Calculated) 100.00 o.44 0.35 0.098 100.0 100.0 100.0

CalculatedGradesand Recoveries






Products1 and 2 4.16 7.81 7.18 2.05 74.3 85.0 87.2
Products1 to 3 15.29 2.31 2.08 0.59 80.6 90.4 92.6
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Test No. 7

To reheatTest 6,but to investigate
grind.

the effectof a 15 minutePurpose:

Procedure: Grind, floata rougherconcentrateand cleantwice.




Feed: 1000 gramsminus 10 mesh composite240-180.




Grind: 15 minutesat 65 percentsolids in the laboratoryball mill.




Conditions:






Stage
ReagentsAdded, poundsper ton

,

Time, minutes

.
pH




C.:::C6CTFZ - 11 DF-250 - c Grond Cond. Froth




Grind - - - - 15 -




9.8
Condition 0.25 - - - - 1




9.8
Rougher - 0.10 0.02 - - 1 3 9.8




_ 0.05 0.005 _ - 1 3




- 0.05 0.01 - - 1 3




- - 0.005 0.04 - 1 3




lst Cleaner 0.05 0.005 0.015 h - i 4 8.9
2nd Cleaner - - 0.005 - - 1 2 8.6

Stage Rougher Cleaner





FlotationCell 500 g D-1 250 g D-1





Sheed: r.p.m. 1500 1200





% Solids 33 33
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Test No. 7 - Continued

-1 Results

Product
Tnaal


Ni

Sistribution

Total Sulphide
Ni Ni

Cloanor Cnno.




10.9 10.2 70.6 63.0




3.9




Ni JL:tCleaner Tail. fl.30 0.23 6.15 6.-c) 5.1

Cono.




0.097 0.03 49.3




Nead ( Calculated 100.00 0.42 0. 34 100.0 100.0




2toVeries





1 and 2





Y4.) 87.4
1 to 3




2.19 2.90 80.7 92.5

Analvsis

A11 Products

t,:eshSize
(Ty1er)

Notained
Individual Cumulative

5 Passing
Cumulative

+ 65 0.2 0.2 99.6

100 2.6 2.8 97.2

150 10.0 13.2 86.8

200 20.14 33.6 66.4

270 13.0 47.0 53.0
405 17.6 64.6 35.4

- 400 35.4 100.0 -

Total 1-n
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Test No. 8

Purpose: T8 rereat test :0. 6, but to investiratethe effectof greater
additionsof 010-6.0fl.

Procedure: Grind, float a ro-,:rherconcentrateand clean twice.

Feed: 1000 g rninus10 rseshcomflocite240-180.

Grind: 10 minutes at 65 pereent solidsin the laboratoryball mill.

Conditions:

Stage

ReagentsAdded,

j CY:C. 2-11
I 6-CTE

noundsror

OF-...58

ton Time, minutes


Crind Cond.Froth pH

Grind - 2 - - 10 ._ - -
Condition 0.50




- _ - 1 2 -
Rougber - 0.10 0.02 - - I 3 9.6




- 2.15 0.01 _ - i 3 -




- 0.05 0.01 - _ 1 3




_. ._ 0.01 6.914 - 1 3 -

lst Cl. 0.10 - - _ - 1 4 8.9
2nd Cl. 0.05 - 0.005 - - 1 2 8.6

Stage Houne.. lst Cleaner 2nd Cleaner
Flotat•n Cell 500 g 0 - 1 500 g 0 - 1 250 g D - 1
Sb.eed:r.p.m. 1800




1800. -
% Solids 33




- -



Test No. d - Continued

r?.8.8n22urginalRnsults

:s, ibution

Product
7...tal Sulrhide
Ni Ni

I. Ni Cl. Conc. 2.37 11.6 11.35 66.7 79.3
Ni 2nd Cl. Tail. 1.74 1.6o 1.54 6.7 7.9
Ni lst 01. Tail. 12.10 0.92 0.18 6.5 6.4
Ni Fougher Tail. 83.79 0.09) 0.026 20.1 6.4

Head (Calculated) 1100.00 0.41




100,.0 100.0

Calculated Grad-T cnd Recoveries

troducts 1 and 2 7.36 7.23 70.4 87.2
Froduets I to 3




75.9 93.6
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Test No. 9

Purpose: Float only with Z-6 as collector.

Procedure: Grind, float a rougherconcentratand a scavengerconcentrate.
Clean the roucherconcentratetwice.

Feed: 1000 g minus 10 mesh Composite240-180.

Grind: 10 minutes at 65 percent solidsin the laboratoryball mill.

Conditions:

Stage

Grind

ReagentsAdded, noundsDer ton Time, minutes

Cmc z - 6 DF-250 Grind Cond. Froth
6-CTE

- - - 10 - -

pH

-
Condition 0.25 - - - 1 - 9.3
Rougher - 0.05 0.02 - 1 3 -




- 0.05 0.005 - 1 3 -




- 0.05 0.02 - 1 3 -

Scavenger - 0.05 0.01 - 1 3




lst Cl. 0.05 - - - 1 3 8.9
lst Cl. Scav. - 0.02 0.01 - 1 1




2nd Cl. - 0.0025 0.005 - 1 2 8.6

Stage Roumher Scavenger lst Cleaner 2nd Cleaner




FlotationCell 500 g D - 1 500 g D - 1 500 g D - 1 250 g D - 1




Speed: r.p.m. 1200 1200 1200 900




% Solids 33 - - -






-

Test No. Continued

Results

Product

Weight

Tota1

Assays, %

9 ''rh0le

I

Cu

5 Distribution

Total iSulphide Cu
Ni

1. Ni Cl. Concentra 3.11 9.93 9.33 1,2.55 72.9 85.5 83.7
9 . Ni 2nd Cl. Tail. 0.74 147 1.01 0.30 2.6 3.0 2.3

ist TT. Sdav. Conc. 0.07




T ',.4 0.5 0.4

let L. Scav. Cail. 3-96 0.4: 0.44 10.092 3.9 4.5 3.8
Scav. Concentrate 1.5• 0.00 (5.36 o.061 1.4 1.5 1.0

6. N 3cav. podling 62 0.HP 0.01 3.900, i3.6 5.0 8.8

d(Odlculated) 0 c




nr nn n

-••-• 100.0 100.0

Calculated Grades and Pecoveries






Products 1 and 2 3.85 8.30 8.25 2.12 75.5 88.5 86.o
Products 3 and 4 4.03




0.45 0.10 4.3 5.0 L.9
Products 1 to 4 ,.„




0.2F- 1.:9 79.8 93.5 90.2
Products 1 zo 5 9.38 5.67




0.92 , 31.2 95.0 91.2
I
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Test No. 10




to investiEatethe effect of flotation
addition.

and a scavengerconcentrate.
twice.

240-180.

Purbose: To rebeattest No. 9, but
at a bH of 6.5. Omit CMC

Procedure: Grind, float a rougherconcentrate
Clean the rougher concentrate

Feed: 500 gramsminus 10 mesh Composite

Grind: 10 flinutesat 65 bercent solidsin the laboratoryball mill.

Conditions:




amentsA1ded,poundster oon Time, minutes




Stage




pH
H2504 z - 6 ,DF250 Grind Cond. Froth




Grind I -
10




Condition 1.0 - - - 1 - 9.3-




6.5
Rougher - 1.05 0.02 1 3 -

- 0.05 0.005 - 1 3 -
- 0.05 0.02 - 1 3 -

Condition 0.4 ._ - - i - 8.0-




6.5
Scavenger - 0.05 0.01 - 1 i -

Condition 0.3 - _. -
-

- 8.0-




6.5
lst Cl. - - _. - 1 3 -2nd Cl. 0.o6 - 0.005 - i 2 7.1-




6.5

Stage Rougher Scavenger lst and 2nd Cleaner




FlotationCell 300 g D - 1 500 g D - 1 250 g D - 1




Speed: r.t.m. 1200 1200 900




% Solids 33 33 -
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mest No. 10 - Continued

MetallurgicalResults

Weight
Product

Assays, %

Total Sulricide
Ni . Ni

9» Distribution

Total Sulthide
Ni Ni

Ni Cl. Conc. 4.23 7.34 I 7.32 73.1 86.1
Ni 2nd Cl. Tail. 1.45 0.92 ' 0.89 3.1 3.6
Ni lst Cl. Tail. 4.37 0.38 0.33 3.9 4.o

4• Ni Scav. conc. 1.87 0.33 0.27 1.5 1.4
5. Ni Scav. Tail. 88.o8 0.089 0.02 18.4 4.9

Head (Calculated) 100.00 0.42 0.36 100.0 100.0

CalculatedGradesand Recoveries





Products1 and 2 5.65 5.70 5.68 76.2 89.7
Products1 to 3 10.05 3.39 3.35 80.1 93.7
Froducts1 to 4 1-1.92 2.91 2.87 81.6 95.1

LPKEFIELDRESEARCHCE CANADALIMITED
Lakefield,Cntario
October18, 1977 / dmm
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FALCONBRIDGE NICKEL MINES LIMITED INTER-1TFICF MEMORANDUM

:ATE.
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COPIES TO.

FROU.

SUBJECT.

October 25, 1977

H. T. Berry

AMC/WOH, GAV, J. Gammon, File

F. G. T. Pickard

LAKEFIELD RESEARCH REPORT ON RAANA SAMPLE

The Lakefield Research Report describing bench flotation tests and mineralogical
examinations on core from Raana diamond drill hole 280-140, has been received and
copies provided to recipients of this memo. Testwork was also conducted on a
sample from this drill hole (as well as a large number of other samples) at the
Norwegian Technical University at Trondheim. The following comparison of results
are of interest:

The Lakefield tests produced a bulk concentrate assaying 3.6% sulphide
nickel at 95.0% sulphide nickel recovery when flotation was carried out
at the basic natural pH of the ore using CMC as gangue depressant. When
flotation was carried out at acid pH, the bulk concentrate assayed 2.9%
sulphide nickel at 95.1% sulphide nickel recovery. At Trondheim, the
bulk concentrate produced under acid pH conditions assayed 3.8% sulphide
nickel at 97% sulphide nickel recovery, which is essentially the same as
the Lakefield tests under basic pH conditions.

The bulk concentrate could be cleaned as follows:

Lakefield - Basic pH Sulphide Ni 85.5; Sulphide Hi kecovery

	

11.3% Sulphide Ni 79.3% Sulphide Ni Recovery

Lakefield - Acid pH 7.3% Sulphide Ni 86.1% Sulphide Ni Recovery

Trondheim - Acid pH 6.9% Sulphide Ni 93.0% Sulphide Ni Recovery

Locked cycle tests would be necessary to accurately predict plant perform-
ance, but I estimate recovery of about 88% sulphide nickel at 10% sulphide
Ni grade should be obtainable using the basic pH approach.

The higher grade concentrate produced using the basic pH approach should
be more readily saleable. More favourable terms for payment of contained
metals and for treatment charge should be obtainable from the higher grade
concentrate.

The testwork at Lakefield was very limited and better results should be
obtainable by a more intensive investigative program into basic pH
treatment using CMC as gangue depressant.

(5)



H. T. Berry - 2 - October25, 1977

None of the precedingstatementsis intendedto reflect,in any way, on the
qualityof the work performedby the NorwegianTechnicalUniversityat
Trondheim. Their work was under the directionof Dr. Knut L.Sandvikwho
was previouslyemployedunderme as mill metallurgistat StrathconaMill.
He is a very competentengineer. The use of CMC for treatmentof "talcy"
nickel ores was not practisedduringhis period of employmentwith us and
it is the use of this reagentwhich makes satisfactorytreatmentat basic
pH possible.

FGTP:sm F. G. T. Pickard
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SLflJECT, P1NA PROJECT ANALYSIS

Swamarv

Two cases were considered, both of which used the Stavaner's
(1975) costs and Outokumpu's (1975) smelter proposal. attempt

was nade to escalate either values.

Metal prices were taken at $2.20/1b. for i and 0.60/1b. for Cu
U.S. (Octo5er 1977).

Case I uses Stavanger metallurgy, 91N recovery for ;;i,and 80:;
recovery for Cu to give a concentrate grade of 5.5 Ni and 1.7Z Cu
and Outulrpu's snelter proposa1.

This case, because of the low grade concentrate and smelter
penalty, does not senerate a sufficient cash flow to pay operating
COSts. The shortfell being $13,315,021 U.S. or 54,133,633 K.

Case II uses Stavanger's cost but Lakefield's i:aprovedmetallurgye
(received October 13, 1977) and Outokumpu's sne1ter proposal.

Lakef4eld netallurjv suggests an 83% recoveryfor Ni to give an
ta-pradedconcentrate of 11% Ni and 2.55;:Cu.

This grade of concentrate idaprovesthe net back considerably as
Outok=pu pays 60f of the contained Ni instead of 43% in the low gradc
concentrate.

In Case II the project generates a cash flow profit of $26,000,000
over the life of the project which just equals the estiated capital and
pre-production expense of 24 million U.S. dollars before the cost of money
or discounting of future cush flows.

This would also have a negative rate of return.

enclosed



Case IIa is the saue as II only the calculations are nade
in netric tonnes and Kroner.

The project cash flow profit is 138 >E:with the capital and
pre-production cost estimated at 130 K before the cost of moncy or
discount of future cash flows.

A Falconbridse smelter proposal, Vic McCallum (October 13, 1977)*
was considered and indeed was fractional higher than the Outohumpu one
but the transportation costs of $20/ton from Quebec City to Sudbury make
the Outokunpu proposal much better for the project. Net back from
Outohumpu FOB smelter is $233/short ton or 1544 K per short ton as
against net back from Falco of $287/short ton FOL smelter at Sudbury,
or 1550 K per short ton.

In metric tonne this would be:

Outokunpu Sudbury

FOi Snelter 1703K/tonne

(Shipping ($315 U.S./tonna)

costs in
operating
costs)

After

FOL Sudbury 1709 K/tonne

($317 u.S./tonne)

shipping 1703 K/tonne FOB Ouebec* 1604 K/tonne
($315 U.S./tonne) ($297 U.S./tonne)

Sensitivitv :knalvsis. There is little point in usins hypothetical
num:nersin that the only variables are operatins costs and value of uctal
and the best we can hope for in the foreseeable futura is that netal
prices again get and stay ahead of produccr costs.

It is doubtful if the 2rada, - ton relationship of the reserve
can be incraased and even if the tonnage was doubled it would not signi-
ficantly alter the nesative rate of return situation.

The operetins costs j,eneratedby Stavanger of $4.32 U.S./short ton
are low compared to a sinilar sized operation in Canada where we would
expect costs to be in the 7.50 to $8.00/ton range.

Sinilarly the capital and pre-production cost of $24 million U.S.
would be low by Canadian standards.

The dudson Bay 3,300 T/day milling complex now under construction
at Snow Lake is expected to cost 26 ni1lion dollars and this does not
include pre-production work for an open pit.

* The cost ot the ocean suipping by the Falcon to be deducted.



A comparable capital and pre-production estimate for similar
project in Canada would be more in the range o2 23 to 30 million
dollars. However, there might very well be favourable cost advantages
in Northern Nort-aythat we do not have in Canada.

Data Used (Stavanger's costs, metallurgy and Outokumpu's smelter proposal).

Exchange rate 5.4 K to $1 U.S.

Mineable reserves (open pit) - 9,400,000 tonnes or 10,363,600 short tons.

Minins Rate - 1,000,000 tonnes/yr. or 1,102,500 short tons/yr.

Recovery 913 Ki and 80% Cu

Concentrate grade - 5.59% Ni and 1.770Cu




Concentrate Production - 55,000

Life of Project - 9.4 yrs.

Ratio of Concentration - 17 to

tonnes/yr.

1.

or 60,638 short tons/yr.




Processinc Costs (1975) K/tonne K.S. Slton




Mining including waste 15.33 2.57




Milling 3.84 1.49




14iscellaneous 4.54_ 0.76




Total 28.68 4.32




Concentrate shipping cost 7.26 1.22




Total Cost 35.94 6.04

Case I





Outokumnu/1976 St'.elterProaosal




Ki - Concentrate grade less 0.8 units and pay 40% of the
contained nickel if under 9% at the quoted market
price and if the grade is over 9Z pay 60% of the
contained nickel.

Cu - Concentrate grade less 0.7 units and pay 75% of the
contained copper at LE quoted price.

Value of metals used in this analysis in all cases is $2.29/1b.
for nickel and $0.60/1b. for copper (Oct. 1977).

No escalation of costs or metal prices were attempted.



-4-

Value of

Ni -

1 ton of Concentrate




5.5 - 0.8 = 4.7

	

4.7 X 20 = 94 lbs.
Pay 40% @ $2.20/1b.




Value/ton = 94 X .40 X 2.20 = 82.72 446.69

Cu - 1.7 - 0.7 = 1




1 X 20 = 20 lbs.




Pay 75% LME price $0.60




Value/ton= 20 X .75 X .60




9.00 48.60




Value/tonof Conc. FOB Smeltar




$91.72 495.29

Value of Production
9.4 X 60,638X 91.72 =$52,280,143 232,312,772

Cost of Production
10,363,600Y.6.04 = 62,596,144 336,506,405


Shortfall

Case II

$(10,316001) (54,193,633)

Same as I but using Lakefield:ietallurgyand Stavanger'scosts
and Outokumpu'ssmeltercontract,

which was Heads - 0.33%Ni, Recovery83% and grade of concentrate
11% Ni and 2.55% Cu.

Total pounds of Ni will be reducedcomparedto Case I but the Outokumpu
smeltercontractpaymentwill be improvedby the increasedgrade of concentrate.

Ni Production

10,363,600X 0.33 X 0.83 X 20 56,771,801lbs.
Concentrationratio is 33.3 to 1
Tons of Concentrate= 10 363,600

	
311,219tons

33.3

Tons of Concentrate/yr= 311,219 = 33,103tons
9.4

Outokumpupayson 60% of the containednickel on a concentrategrade
over 10% Ni after deducting0.8 units.

ContainedNi after deductions 11 - 0.8 = 10.2 X 20 = 204 lbs. Ni/tonC.
Paid pounds 204 X 0.6 = 122.4 lbs. Ni/tonC
Value of 1 ton of Conc. @ $2.20/lb.= 122.4X 2.20 =$269.28/tonC.
Creditfor Cu (2.55- 0.7) X .75 X .60 X 20 =$ 13.95/tonC.

Total value/tonof concentrate =$283.23



Value of Production = 28123 X 311,219 $ 83,146,557
Cost/ton = $6.03 X.10,363,600 fl 62 492 503

Operating profit $ 25 654 048


Since the net revenue generated of $26 rlillionis almost equal to the
capital and pre-production estimate of 130 or 130 = $24 nillion, there

5.4
would be a negative rate of return after the cost of the money.

Case IIa


Same as II but using metric tonnes and Kroner.

Reserve 9,400,203 tonnas 0.33:LRi aad 3.13S Cu

Lakefield Ketallurjy Keads - 0.330 Ri, Recovery 31: and grade of
concentrate 112;Ri and 2.550 Cu.

:liningrate 1,000,300 tonnes/yr.

Xi Production

Concentration ratio = 11 = 33.3 to 1
0.33

.1atrictonnes of concentrate = 9,400 000 232,232 tonnes
33.3

Yearly tonnas of Conc. 232,282 = 33,030 tonnes
9.4

OutoRumpu pays 601;of contained fl aftar deductirr,-;0.8 units
= 11 - 0.8 = 10.2 metric ton units.

- Pay units = 232,282 X 13.2 K 0.60 = 1,727,556 metric toa units
Value of 1 metric tonne unit = 22.05 X $2.20 K 5.4 = 261.95 K
Value of Ri in concentrate = 1,727,566 X 261.95 = 452s535,913

1.55
Cu - Value of Cu in concentrate = (2.25 - 0.7) X 22.05 X 0.60 X 0.75

X 5.4 X 982,932 = 23,443,394


Total Project Revenue 475,979 807 K

On property cost 23.63R/tonne
Shipping cost 7.26K/tonne

Iotal Operating Cost 35.94K/tonne

Project Operating Cost = 9,400,000 :(35.94 = 337,836,000 K



Revenue = 475,979,807K
Cost =337,833,009 K

OperatingProfit = 133,143,307K

Since the net revenuegeneratedof 133m K is alnostequal to the
capitaland pre-productionestimateof 130m K therewould be a negative
rate of returnafter the cost of rdoney.

6:61-(1://7-71-t-Lx.


G. A. Vary

GA :ols


