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FINERALOGICAL EXAMINATION

of a Rana Project ore sample
submitted by

FALCONBRIDGE NICKEL, MINES LIMITED

Progress Report No. 1

Project No. L.R. 2023

NOTE:

This report refers to the samples as received.

The practice of this Compeny in issuing reports of this nature
is to require the recipient not to publish the report or any vart thereof
without the written consent of Lakefield Research of Canada Limited.

LAKEFIELD RESEARCH OF CANADA LIMITED
Lakefield, Ontaric
October 18, 1977



INTRODUCTIION
A sample of Rana Project nickel ore was received in the Mineralogy
Laboratory from Falconbridge Nickel Mines Limited. The sample consisted of
minus 10 mesh material from Composite Hole 280-1L0, and was submitted for:
1) Identification of the sulphide and gangue minerals.
2) Determination of the percent distribution by association of the
sulphide phases.

LAKEFIELD RESEARCH QF CANADA LIMITED

A.G. Scobie, P. Eng.,
Manager

s e

R.W. Deane, P. Eng.,

Mineralogist



SUMMARY
Forsterite-magnesian olivine was the major gangue mineral present.
Also identified as gangue constituents were pyroxene, amphibole, chlorite,
serpentine and phlogopite. The sulphide minerals were pyrrhotite, chalco-
pyrite and pentlandite. The sulphide minerals were present as liberated

particles, and as fine-grained inclusions in gangue minerals.



PREPARATION AND PRQCEDURE

A portion of the sample was briquetted and polished for microscopic
examination and for point counting in reflected light. A second portion of

the sample was pulverized and submitted for x-ray powder diffractometry.

RESULTS

The host material for the sulphide mineralization was a peridotite
of composition intermediate betweeg‘haréburgiée éﬁd lherzolite. OQlivine the
major mineral constituent was accompanied by small amounts of elino and ortho-
pyroxene, together with minor calcic plagioclase, and alteration products of
the mafic minerals. These alteration products consisted of chlorite, serpen-
tine and a mica, the optical properties of which were close to those giveﬂ in
standard references for phlogopite.

The sulphide minerals identified were pyrrhotite, chalcopyrite and
pentlandite. The sulphide minerals were present as liberated particles, and
as fine-grained inclusions in the gangue nminerals. The results of the point

counting are tabulated below:



Results - Continued

Mineral Asscciation | » Dlstrl?ut}on
by Assceciation

Pyrrhotite - liberated 1.3
Chaleopyrite - liberated Trace
Pentlandite - liberated 2.7
Gangue - liberated 76.2
Gangue + Sulphides 4.7
Sulphides + Gangue 0.6
Pyrrhotite + Pentlandite 1.3
Pentlandite + Pyrrhotite 0.5
Chelecopyrite + Pyrrhotite

or Pentlandite 2.7
Total 100.0
Mineral Composition Weight %
Pyrrhotite 3
Chalcopyrite 1
Pentlandite 6
Olivine 7-28
Pyroxene 2 -3
Amphibole 1-2
Chlorite 2 -3
Plagioclase 3-4
Supentine 1-2
Magnetite 1
Total 100

It has been reported that a pulp of a portion of the head-sample had
a relatively high pH. It may be possible that the material contained sufficient
brucite [ﬂg(OH)g] to result in a pulp of high pH.

LAKEFIELD RESEARCH OF CANADA LIMITED
Lakefield, Ontario
October 18, 1977 / dmm



An Investigation of

THE RECQOVERY OF NICKEL

from Rana deposit samples
submitted by

FALCUNBRIDGE NICKEL MINES LIMITED

Progress Report No. 2

Projecet No. L.R. 2023

NOTE:

This report refers to the samples as received.

The practice of this Compeny in issuing repecrts of this nature
is to require the recipient not to publish the report c» any part thereof
without the written consent of Lakefield Research of Canada Limited.

LAKEFIELD RESEARCH OF CANADA LIMITED
Lakefield, Ontario
Qctoter 18, 1977




INTRODUCTIION
In a meeting at Lakefield on July 27, 1977, Mr. F.G.T. Pickard of
Falconbridge Nickel Mines Limited, requested that a program of flotation test-
work should be conducted on a composite of drill ccre samples from the Rana
nickel deposit in Norway to investigate the grade and recovery of nickel.

LAKEFIELD RESEARCH OF CANADA LIMITED

A.G. Scobie, P. Eng.,

Manager

\/( WS J»vﬁ—-

K.¥W. Sarbutt
Project Metallurgist

Investigation by: G.A. Kosick



SUMMARY

1. Head SAmple Assays

Composite Hole 280-1k0

Total Ni 0.43 %, 0.43 7%

Sulphide Ni 0.33 %, 0.35% '
Copper 0.086 %, 0.096 7%*

Sulphur 1.59 % -

*¥ Average head assay as calculated from test results

Total Ni was determined by X-Ray fluorescence techniques

Sulphide Ni was determined by c¢hlorine and alcohol extraction and atomic
absorption.

-

2. Flotation Testwork

2.1. Rougher Flotation

Variables investigated in the rougher flotation included:
(a) fineness of grind
(b) pH
(e) use of CMC as a gangue depressant
{(d) collector type
The results and conditions of the rougher flotation are summarized

in Table No. 1.
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Summary - Continued
2. Flotation Testwork
Table No. 1 - Rougher Flotation
I
Test||Grind Reagents, lb/ton Flotation Rougher Concentrate
No % - - Time -
" |l-200 || z-11 |2-6 |cMe-|Has0L || P nmin Weight | Assay % |% Distribution
resh |6cTE | % |Tot. Mi | Total Ni
1 {|51.8 || 0.125 0.05- - - 9.8 6 6.07 L.96 69.9
2 177.8 || 0.15 |0.05] - 1.k 6.5 9 15.46 2.30 80.8
377.8 |]0.15 | - |o.50| - 9.6 6 11.41 2.82 76.1
4 |f51.8 || 0.15 | - |0.50] - 9.6 6 6.76 L. oL 73.7
51/51.8 || 0.15 | - |o0.50]0.90 ||7.0 6 8.96 3.52 75.7
& {151.8 || 0.20 |0.0k|0.25] - 9.6 12 15.29 2.31 80.6
T1166.4 || 0.20 |0.04]0.25] - 9.6 12 15.57 2.19 80.7
81/51.8 || 0.20 lo.oklo.50| - 9.6 12 16.21 2.03 79.9
9 /51.8 - 0.15|0.25| - 9.6 g 7.88 .29 79.8
10 ||51.8 - 0.15| - |1.0 6.5 9 10.05 3.39 80.1

in concentrate grade and recovery.

Grinding finer than 52 percent minus 200 mesh resulted in no improvement

The use of CMC at 0.25 1b/ton with Z-6 as collector as in Test § resulted

in the most selective conditions.

A lower-grade rougher concentrate was recovered in Test 10, which was

conducted at pH 6.5 without CMC.




Summary - Continued

2. Flotation Testwork

2.2. Cleaner Flotation

The rougher concentrates from Tests 6 to 10 were cleaned twice. The
results and conditions of the cleaner flotation are summarized in Table 2.

Table No. 2 - Cleaner Flotation

Test || CMC6CTE No. of Cleaner Concentrate '
oH Cleaner
Ho. 10/t Stages Weight Assays, % % Distribution
5 NMi(s) | NMi(r) | Ni(s) | Fi(r)
6 0.05 8.9- 2 2.30 11.97 | 13.0 78.3 68.4
7 0.05 g:g- 2 2.7h 10.20 | 10.9 83.0 70.6
8 0.15 g:g- 2 2.37 11.35 | 11.6 79.3 66.7
9 0.05 g:g- 2 3.11 9.88 | 9.93 | 85.5 72.9
10 - 2:? 2 k.23 7T.32 | 7.38 | 86.1 73.1

Concentrate grades of 10 - 13 % Ni could be achieved after cleaning with
small additions of CMC. C(leaning at pH 6.5 resulted in a concentrate grade of
7.3 % Ni. Tests 6 and 9 were assayed for Cu. The cleaner concentrate from Test 6
agsayed 3.49 % Cu with a recovery of 82.3 % Cu, and the cleaner concentrate from
Test 9 assayed 2.55 % Cu with a recovery of 83.7 % Cu.

The sulphide Ni and total Ni grade-recovery curves are shown in Figure 1.



Summary - Continued

3. Concentrate Analysis

The cleaner concentrates from Test 6 and 9 were also assayed for Fe, S

and Insol.

Assays, %
Total Ni  Sulphide Ni Cu Fe
Test 6 Cleaner Cone. 13.0 11.97 3.k 37.k
Test 9 Cleaner Cone. 9.93 9.88 2.55 Lo.7

4. Mineralogical Examination of Test 9 Concentrate

| Weight %

Pentlandite
Chalcopyrite
Pyrrhotite liberated

Gangue liberated

Pentlandite + Pyrrhotite

Pentlandite + Chalcooyrite

Pyrrhotite + Pentlandite

Pyrrhotite + Pentlandite + Chalcopyrite
Pyrrhotite + Chalcopyrite

Pyrrhotite + Pentlandite + Gangue
Chalecopyrite + Pyrrhotite

GAngue + Pyrrhotite

Gangue + Pyrrhotite + Pentlandite
Pyrrhaotite + Gangue

liberated
liberated

22,

"
O

HOMNMOOM O-=10MN
WW =W\ ow o O i B

Total

100,

(@]

The major diluent in this concentrate

was free pyrrhotite.

30.2
29.8

Less

Ingol.

11.3
13.0

important were the amounts of liberated chalcopyrite and gangue, followed by

the quantity of pyrrhotite and pentlandite middling particles.
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SAMPLE PREPARATION

Approximately 100 pounds of crushed drill core was received at Lakefield
on June T, 1977 and given our Reference No. T72131T.
The samples received were from Hole No. 280-140, 280-1L45 and 290-135.

The footages and weights are tabulated below:

Sample No. Meters kg. Sample No. Meters kg.

Hole No. 280-1k40 Hole Neo. 280-140
720729 40.0-41.0 0.45 | 720756 92.0-94.0 0.81
730 41.0-43.3 3% ' 757 9L.0-96.0 0.88
731 43.3-46.0 1.29 | 758 96.0-98.0 0.85
732 46.0-48.0 0.92 | 759 98.9-100.0 0.83
733 48.0-50.0 0.58 i 760 100.0-102.0 1.06

;g; Zg:gzgf:g g:gi’ T Hole No. 280-145
736 54.0-56.0 0.83 || 72146k 6.3- 8.0 0.58
737 56.0-58.0 1.02 L6s 8.0-10.0 0.69
738 58.0-60.0 0.97 466 10.0-12.0 0.54
739 60.0-62.0 0.94 L6T 12.0-1k.0 0.73
740 62.0-64.0 0.77 468 14.0-16.0 0.57
741 64.0-66.0 1.09 k69 16.0-18.0 0.68
Th2 66.0-68.0 1.02 k70 18.0-20.0 0.66
T43 68.0-70.0 0.96 L71 20.0-22.0 0.60
Thl 70.0-72.0 1.32 k72 22.0-2k.0 0.69
Th5 72.0-74.0 0.88 k73 2L.0-26.0 0.62
Thé T4%.0-76.0 1.16 Lk 26.0-28.0 0.48
47 76.0-78.0 0.96 475 28.0-30.0 0.75

o ossd 6% | moremo. 2013
750 81.5-82.7 0. bk 721335 104.0-105.0 0.28
751 82.7-84.0 0.48 336 105.0-107.1 0.72
752 84.0-86.0 1.05 337 107.1-108.8 0.28
753 86.0-88.0 0.97 338 108.8-110.0 0.16
T5L 88.0-90.0 1.01 339 110.0-112.0 0.79
755 90.0-92.0 0.90 3ko 112.0-114.0 0.65
341 114.0-116.0 1.23




Sample Preparation - Continued

A composite of Ho.e No. 280-140 was prepared for testwork.

used for this composite were:

Sample No.

720729
730
731
732
733
T34
T35
736
T37
738
739
40
Th1
Th2
Th3
T8y

Grams

koo
920
1080
800
580
800
800
800
800
800
800
770
800
800
8oo
800

Samgle No.

720745
Th6
TLT
748
Th9
750
751
752
753
754
755
756
757
758
759
760

800
800
800
800
600
Lho
L8o
800
800
800
800
800
800
800
800
800

The weights

Grams

The samples were mixed, thoroughly crushed to minus 10 mesh, and 1 kg.

samples for testwork and a sample for head analysis were riffled out.



DETAILS OF TESTS

Test No. 1
Purpose: To investigate the recovery of Ki from Rona ore by means of
flotation.
Procedure: Grind and fleat a rougher and three scavenger concentrates.
Feed: 1000 gram minus 10 mesh composite 240-180.
Grind: 10 minutes at 65 percent solids in the laboratory ball mill.
Conditions:
Reagents Added, pounds per ton Time, minutes
Stage I pH
7 - 11{MIBC |[DF-250|Z - 6|H2504|41-G |/Grind|Cond.|Froth
Grind - - - - - - 10 - - ' -
Rougher 0.05 (0.03]0.02 - - - - 1 2 9.8
0.07% | - - - - - - 1 2 -
Scavenger No. 1 - - - 0.05 - - - 1 2 9.5
Seavenger No. 2 - - - - 0.62 | - - 2 - 6.5
- - 0.0k |0.05 | - 0.028 - 1 2 | .-
Scavenger No. 3 - - - 0.03 [0.b0 | - - 1 2 8.5-
6.5

Stage
Flotation Cell
Speed: r.p.m.
% Solids

Rougher and Scavenger

500 g D-1
1500 rpm
33
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Test No. 1 - Continued
Metallurgical Results
Weight Asssays, % % Distribution
Preduck 7 Total |Sulphide Total |Sulphide
Cu : : Cu . .
Ni Ni Ni Ni

1. Ni Rougher Conc. L.89 1.64 |5.83 5.80 85.7 66.2| 81l.1
2. Ni 1lst Seav. Conc. 1.18 0.15 1.33 1.25 1.9 3.7 h,2
3. Ni 2nd Scav. Cone. 3.03 0.11 1.35 1.27 3.5 9.5 11.0
4, Ni 3rd Scav. Conc. 1.52 0.073 | 0.32 0.25 1.2 1.1 1.1
5. Ni 3rd Scav. Tail. 89.38 0.008 | 0.094 0.010 T 19.5 2.6
Head (Calculated) 160.00 0.09k | 0.43 0.35 100.0Q 100.0] 100.0
Caleulated Grades and Recoveries
Products 1 and 2 6.07 1.35 | h.96 4. o2 87.6 £6.91 85.3
Products 1 to 3 9.10 0.94 13.75 3.70 91.1 79.4] 96.3
Products 1 to 4 10.62 0.81 |[3.26 3.21 92.3 80.5] 97.4
Sereen Analysis
Composite of All Products
Mesh Size % Retained % Passing

{Tyler) Individual I Cumulative Cunulative
+ 65 1.6 1.9 98.1

100 7.8 9.7 90.3

150 17.0 26.7 T3.3

200 21.5 k8,2 51.8

270 11.2 59.4 4o0.6

k00 13.5 T2.9 27.1
- Loo 27.1 100.0 -
Total 100.0 - -




l -1 -
| Test No. 2
Purpose: To float at a finer grind and lower pH.
I ' Procedure: Grind and float three rougher cencentrates, after conditioning
the pulp to pH 6.5 with HzS04.
| l Feed: 1000 grams minus 10 mesh ore composite 2h40-180.
Grind: 20 minutes at 65 percent solids in the laboratory ball mill.
Conditions:
Reagents Added, pounds per ton Time, minutes
Stage | ] oH
HaSO04 | 2 - 11 | 2 - 6 | b1-G Grind |Cond. |Froth
Grind - - - - 20 - - -
Condition 1.4 - - - - 1 - 9.6-
6.5
Rougher No. 1 - 0.10 - 0.056 - 1 3 -
No. 2 - 0.05 - - - 1 3 T.9
No. 3 - - 0.05 - - 1 3 8.0
Stage Rougher 1, 2 and 3
Flotation Cell 500 g D-1
Speed: r.p.m. 1500
% Solids 33

_—----i-‘
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Test No. 2 - Continued
Metallurgical Results
Weight Assays, % % Distribution
Product % Potal | Sulphide Total | Sulphide
Ni Ni Ni | Ni

1. Ni ist Rougher Conec. T7.18 3.G1 3.83 63.7 7.9
2. Ki 2nd Rougher Conc. k.05 1.22 0.97 11.2 11.1
3, Ni 3rd Rougher Conc. L.23 0.62 0.56 5.9 6.7
4, Ni Rougher Tailing 8L.54 0.10 0.018 19.2 4.3
Head (Calculated) 100.0 0.kk 0.35 100.0 100.0
Caleulated Grades and Recoveries
Products 1 and 2 11.23 2.94 2.80 T4.9 89.0
Products 1 to 3 15.46 2.30 2.19 80.8 95.7
Sereen Analysis
Composite of All Products
Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative
+ 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 6L4. L

Loo 20.0 55.6 by b
- koo LL. 4 100.0 -
Total 100.0 - -




Conditions:
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Test No. 3
Purpose: To study the effect of CMC on Ni flotation at natural pH.
Procedure: Grind, float & rougher and two scavenger concentrates according
to the conditions below.
Feed: 1000 g minus 10 mesh composite 240-180.
Grind: 20 minutes at 65 percent solids in the laboratory ball mill.

Reagents Added, pounds per ton Time, minutes
Stage l pH
CMC6CTE |Z - 11 |DF-250 [Hz504 {2 - 6 | Grind |Cond. |Froth
Grind - - - - - 20 - - -
Rougher 0.50 - - - - - 3 - 9.6
- 0.10 |0.02 - - - 1 3 -
- 0.05 |0.02 - - - 1 3 -
Scavenger 1 - - - 1.0 - |' - 3 - 9.6~
6.5
- - 0.02 - 0.05 - 1 3 -
Scavenger 2 - - - - 0.05 - 1 3 7.8
Stage Rougher and Seavenger

Flotation Cell 500 g D-1
Speed: r.p.m. 1500
% Solids 33
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Test No. 3 - Continued
Metallurgical Resultis

Weight Assays, % % Distribution

Product
% Total | Sulphide Total | Sulphide
Ni Ni Ni Ni

1. Ni Rougher Concentrate 11.41 2.82 2.66 76.1 90.6
2. Ni 1st Scav. Conc. .82 0.39 0.32 L.L L.6
L. Ni 2nd Scav. Conec. 3.0k 0.19 0.13 1.4 1.2
Lk, Ni Scav. Tailing 80.73 0.095 0.015 18.1 3.6
Head (Caleulated) 100.00 0.42 0.3k 100.0 100.0
Calculated Grades and Recoveries
Products 1 and 2 16.23 2.10 1.97 80.5 95.2
Products 1 to 3 19.27 1.80 1.68 81.9 96 .4
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Test No. U
Purpose: Repeat Test 3 conditions at coarser grind, and clean the
combined rougher concentrates.
Procedure: Orind float a rougher concentrate and two scavenger concentrates.
Clean the rougher concentrate once. Refer to conditions below.
Feed: 1000 grams minus 10 mesh ore composite 240-180.
Grind: 10 minutes at 65 percent solids in the laboratory ball mill.
Conditions:
Reagents Added, lb/ton Time, minutes
Stage : ) . oH i
CMC6CTE|Z - 11|DF-250 CuSO4 | Grind [Cond. |Froth ]

Grind - - - - 10 - - -
Condition 0.50 | - - [ - - 1 - -
Rougher - 0.10 |0.03 | - - 1 3 9.6

- 0.05 [0.01 | - - 1 3 9.6
Scavenger No. 1 - - - 0.20 - 3 - -

- 0.05 0.02 - - 1 3 -
Scavenger No. 2 - 0.05 |0.02 - - 3 4 3 -
1st Cleaner g.20 | - 0.05 - - 1 1 -

- 0.02 - - - 1 2 -
Stage Rougher and Scav. Cleaners
Flotation Cell 500 g D-1 250 g D-1
Speed: r.p.m. 1500 900
% Solids 33 33
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Test No. 4 - Continued
Metallurgical Results
Weight Assays, % % Distribution
Product
% Total Total
Ni Ni

1. Ni Cleaner Cone. 3.4T 9.25 T0.9
2. Ki Cleaner Tail. 3.29 0.39 2.8
3. Ni Scav. Conc. 1 3.72 0.97 8.0
4, Ni Scav. Conc. 2 2.65 0.15 0.9
5. Ni Scav. Tailing 86.87 0.091 17.4
Head (Calculated) 100.0 0.45 100.0
Calculated Grades and Recoveries
Products 1 ang 2 6.76 .ok 73.7
Products 1 to 32 10.48 3.53 81.7
Products 1 to L 13.13 2.89 82.6




Test No. 5
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Purpose: To repeat Test 4, but at a pH of T.0.
Procedure: Grind, float a rougher and two scavenger concentrates., Clean
the rougher concentrate once. Refer to conditions below.
Feed: 1000 grams minus 10 mesh ore composite 240-180.
Grind: 10 minutes at 65 percent solids in the laboratory ball mill.
Conditions:
Reagents Added, pounds per ton Time, minutes y
Stage P
CMC6CTE|Z - 11 |DF-250 [H2504 | CuSO4 | Grind Cond. |Froth
Grind - - - - - 10 - - -
Condition - - - 0.90 | - - 1 - 9.6~
T.0
0.50 - - - - - 1 - -
Rougher - 0.10 0.03 - - - 1 3 -
- 0,05 0.01 | - - - 1 3 -
Condition - - - - 0.20 - 3 - 8.5
Scavenger No. 1 - 0.05 0.02 - - - 1 3 -
Scavenger No. 2 - 0.05 0.02 | - - - 1 3 -
lst Cleaner - 0.01 - - - - 1 3 8.5
- 0.01 | - - - 1 1 -




Test No. 5 - Centinued

Metallurgical Results
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Weight Assays, % % Distribution

Product % Total Total

Ni Ni

1. Ni Cleaner Conc. k.32 6.9k 72.0

2. Ni Cleaner Tail. 4.64 0.33 3.7

3. Ni Seav. Cone. No. 1 3.58 0.59 5.0

L. Ni Scav. Conc. No. 2 2.80 0.35 2.k

5. Ni Scav. Tail. 84.66 0.083 16.9

Head (Calculated) 100.00 0.42 100.0
Calculated Grades and Repoveries

Products 1 and 2 8.96 3.52 5.7

Produets 1 to 3 12.54 2.68 80.7

Products 1 to & 15.34 2.26 83.1
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Test No. 6

Purpose: Inerease the collector level and decrease the amount of CMC.

Float at natural pH.

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

Feed: 1000 grams minus 10 mesh composite 240-180.

Grind: 10 minutes at 65 percent solids in the laboratory ball mill.

Conditions:
Reagents Added, pounds per ton Time, minutes

Stage pH
CMC6CTE z-1 DF-250 Z - 6 || Grind |Cond. |Froth

Grind - - - - 10 - - -

Condition 0.25 - - - - 1 - 9.6

Rougher - 0.10 0.02 - - 1 3 9.6
- 0.05 0.005% - - 1 3 8.5
- 0.05 0.01 - - 1 3 9.5
- - 0.005 C.0b - 1 3 -

1st Cleaner 0.05 - - - - n | L 8.9

2nd Cleaner - - 0.005 - - 1 2 8.6

Stage Rougher 1st Cleaner 2nd Cleaner

Flotation Cell 500 g D-1 500 g D=1 250 g D-1

Speed: r.p.m. 1500 1200 900
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Test Ko. & - Continued
Metallurgical Results

\Weight | Assays, % % Distribution

[ [
Produck , Total|Sulphide| Total Sulphide |

' | Ni “ Ni Ni
1. Ni Cleaner Conc. 2.30 || 13.0 | 11.97 |3.49 68.4| 78.3 | 82.3
2, Ni 2nd Cleaner Tail. 1.86 1.39] 1.26 lo0.26 5.9 6.7 4.9
3. Ni 1lst Cleaner Tail. 11.13 0.25| 0.17 |o0.048 6.3 5.4 5.4
. Ni Rougher Tail. 8k.T1 0.10{ 0.04 |0.008k4 19.4 9.6 T.4
Head (Calculated) ! 100.00 0.44) 0.35 ]0.098 100.0! 100.0 |100.0
Calculated Grades and Recoveries
Products 1 and 2 4.16 7.81] 17.18 |2.05 7L.3| 85.0 87.2
Products 1 to 3 15.29 2.3 2.08 |[0.59 80.6| 90.4 92.6
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Test No. T
Purpose: To repeat Test 6, but to investigate the effect of a 15 minute
grind.

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

Feed: 1000 grams minus 10 mesh composite 240-180.

Grind: 15 minutes at 65 percent solids in the laboratory ball mill.

Conditions:

Keagents Added, pounds per ton ” Time, minutes
Stage u pH
CMCECTE | Z-11 | DF-250 | Z - & |Grind|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 0.0k - 1 3 -

1st Cleaner 0.05 0.005 0.015 - - 1 L 8.9

2nd Cleaner - - 0.005 - - 1 2 8.6

Stage Rougher Cleaner

Flotation Cell 500 g D=1 250 g D-1

Speed: r.p.m. 1500 1200

% Solids 33 33
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Test No. T - Continued
Metallurgical Results
Weight Assays, % % Distribution
Product
yA Total | Sulphide Total Sulphide
Ni Ni ] Ni Ni

1. Ni Cleaner Conc. 2.74 10.9 10.2 70.6 83.0
2. Ni 2nd Cleaner Tail. 1.49 1.12 0.99 3.9 b.L
3, Ni 1st Cleaner Tail. 11.3L 0.23 0.15 6.2 5.1
4. KNi Rougher Conec. 8L4.43 0.007 0.03 19.3 7.5
Head ( Caleculated ) 100.00 0.42 0.34 100.0 100.0
Calculated Grades and Recoveries
Products 1 and 2 4.23 T.46 6.96 T4.5 8T.L
Products 1 to 3 15.57 2.19 2.00 80.7 g2.5
Sereen Analysis
Composite of All Products
Mesh Size % Retained % Passing

(Tyler) i Individual Cumulative Cumulative
+ 65 0.2 0.2 99.8

100 2.6 2.8 971.2

150 10.4 13.2 86.8

200 20.4 33.6 66.4

270 13.4 47.0 53.0

Loo 17.6 6h.6 35.k
- hoo 35.h 100.0 -
Total 100.0 - -
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Test No. 8
Purpose: To repeat test No. 6, but to investigate the effeet of greater
additions of CMC-6CTE.
Procedure: Grind, float a rougher concentrate and clean twice.
Feed: 1000 g minus 10 mesh composite 240-180.
Grind: 10 minutes at 65 percent solids in the laboratory ball mill,
Conditions:
‘Reagents Added, pounds per ton Time, minutes
{ |
Stage eMC | z-11 | DF-250 | 2-6 || Grind|Cond. |Frotn || PH
6-CTE
Grind - - - - I 10 - - -
Condition 0.50 - - - - 1 - -
Rougher - 0.10 0.02 - - 1 3 9.6
- 0.05 0.01 - - 1 3 -
- 0.05 0.01 - - 1 3 -
- - 0.01 0.0 - 1 3 -
1st Cl. 0.10 - - - - 1 L | 8.9
2nd C1. 0.05 - 0.005 - - 1 2 8.6
Stage Rougher lst Cleaner 2nd Cleaner
Flotation Cell 500 g D - 1 500 g D -1 250 g D -1
Speed: r.p.m. 1800 1800 -
% Solids 33 - -



- 24 -

Test No. 8 - Continued
Metallurgical Results

Weight Assays, % % Distribution

Product % Total |Sulphide Total | Sulphide
Ni | Ni Ni Ni

1. Ni Cl. Cone. 2.37 11.6 11.35 66.7 79.3
2. Ni 2nd Cl. Tail. 1.7L 1.60 1.54 6.7 7.9
3. Ni 1lst Cl. Tail. 12.10 0.22 0.18 6.5 6.4
L. Ni Rougher Tail. 83.79 0.099 0.026 20.1 6.4
Head (Calculated) |100.00 0.41 0.34 100.0 100.0
Calculated Grades and Recoveries
Products 1 and 2 k.11 7.36 7.20 T0.4 87.2
Products 1 to 3 16.21 2.03 1.96 79.9 93.6
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Test No. 9
Purpose: Float only with Z-6 as collector.
Procedure: Grind, float a rougher concentrat and a scavenger concentrate.
Clean the rougher concentrate twice.
Feed: 1000 g minus 10 mesh Composite 240-180.
Grind: 10 minutes at 65 percent solids in the laboratory ball mill.
Conditions:
Reagents Added, pounds per ton | Time, minutes
Stage cMC |2 - 6 | DF-250 | Grind |Cond.|Frotn f| P
6-CTE
Grind - - - 10 - - | -
Conditieon 0.25 - - - 1 - 9.3
Rougher - 0.05 0.02 - 1 3 -
- 0.05% 0.005 - 1 3 {f -
- 0.05 0.02 - 1 3 -
Scavenger - .05 0.01 - 1 3 -
1st Cl. 0.05 - - - 1 3 8.9
1st Cl. Scav. - 0.02 0.01 - 1 1 -
2nd Cl. - 0.0025| 0.005 - 1 2 8.6

Stage

Flotation Cell

Speed: r.p.m.
% Solids

Rougher Scavenger 1lst Cleaner 2nd Cleaner
500 g D-1500gD-1 500 g D-1 250 g D=~ 1
1200 1200 1200 900

33 - - -
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Tegt No. 9 - Continued
Metallurgical Results
Weight Assays, % % Distribution
Produck % Total |Sulphide, Cu [ Total |Sulphidel Cu
Ni | Ni | Ni Ni

1. Ni Cl. Concentrate 3.11 9.93 | 9.88 |2.55 | 72.9 | 85.5 |8&3.7
2. Ni 2nd Cl. Tail. 0.7k 1.47 1.6 |0.30 2.6 3.0 2.3
3. Ni lst Cl. Scav. Conc. 0.07 2.56 2.54 |0.61 0.k 0.5 0.4
4, Ni lst Cl. Scav. Tail. 3.96 0.42 0.41 lo.0092ll 3.9 L.5 3.8
5. Ni Scav. Concentrate 1.50 0.40 0.36 |o.061) 1.4 1.5 1.0
6. Ki Scav. Tailing 90.62 0.088| o0.02 0.009} 18.8 5.0 8.8
Head (Caleulated) 100.00 0.k2 | 0.36 0.095f100.o 100.0 f100.0
Caleulated Grades and Recoveries
Products 1 and 2 3.85 8.30 8.25 |2.12 § 75.5 88.5 86.0
Products 3 and & L.0o3 0.46 0.45 |0.10 4.3 5.0 4,2
Products 1 to & T.88 4.29 4.26 |1.09 | 79.8 93.5 80.2
Products 1 to 5 9.38 3.67 3.64 |0.92 § 81.2 95.0 Gl.2




Test No. 10
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Purpose: To repeat test No. 9, but to investigate the effect of flotation
at a pH of 6.5. Onmit CMC addition.
Procedure: Grind, float a rougher concentrate and a scavenger concentrate.
Clean the rougher concentrate twice.
Feed: 500 grams minus 10 mesh Composite 240-180.
Grind: 10 minutes at 65 percent solids in the laboratory ball mill.
Conditions:
Reagents Added, pounds per ton Time, minutes
Stage ’ pH
H5380, 7z -6 | DF250 Grind [Cond. |Froth
Grind - - - 10 - - -
Condition 1.0 - - - i 2 - 9.3
6.5
Rougher - 0.05 0.02 - 1 3 -
- 0.05 0.005 - 1 3 -
- 0.05 0.02 - 1 3 -
Condition 0.4 - - - 1 - 8.0-
6.5
Scavenger - 0.05 0.01 - 1 3 -
Condition 0.3 - - - - - i 8.0-
6.5
1st C1. - - - - 1 3 -
2nd Cl. 0.06 - 0.005 - 1 2 T.1~
6.5
Stage Rougher Scavenger 1st and 2nd Cleaner
Flotation Cell 500 g D - 1 500gD-~-1 250 g D - 1
Speed: r.p.m. 1200 1200 200
% Solids 33 33 -
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Test No. 10 - Continued
Metallurgical Results

Weight Assays, % % Distribution

Product
% Total Sulphide Total Sulphide
Ni Ni Ni Ni

1. Ni Cl. Conc. L,23 7.34 7.32 73.1 86.1
2. Ni 2pnd C1. Tail. 1.hks 0.92 0.89 3.1 3.6
3. Ni 1st Cl. Tail. 4.37 0.38 | 0.33 3.9 4.0
4. Ni Scav. Conc. 1.87 0.33 | o0.27 1.5 1.k
5. Ni Scav. Tail. 88.08 0.089 0.02 18.k Lk.,9
Head (Calculated) ! 100.00 0.k2 0.36 100.0 100.0
Calculated Grades and Recoveries
Products 1 and 2 5.68 5.70 5.68 76.2 89.7
Products 1 to 3 10.05 3.39 3.35 0.1 93.7
Products 1 to k& 11.92 2.91 2.87 81.6 95.1

LAKEFIELD RESEARCH OF CANADA LIMITED
Lakefield, Ontario
Qctober 18, 1977 / dmm
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FALCONBRIDGE NICKEL MINES LIMITED INTER-'FFJCE MEMORANDUM

OATES October 25, 1977

o H. T. Berry
COPIES TO. AMC/MDH, GAY, J. Gammon, File

FROM, F. G. 7. Pickard

susJecTi | AKEFIELD RESEARCH REPORT OW 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:

| (1) The Lakefield tests produced a bulk concentrate assaying 3.6% sulphide
nickel at 95.0% sulphide nickel recovery when flotation was carried out

I at the basic natural pH of the ore using CMC as gangue depressant. Uhen
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

II nickel at 97% sulphide nickel recovery, which is essentially the same as
the Lakefield tests under basic pH conditions.

(2) The bulk concentrate could be cleaned as follows:

Lakefield - Basic pH 9.9% Sulphide Hi 85.5% Sulphide Ni Recovery
11.3% Sulphide Ni 79.3% Sulphide Ni Recovery

Lakefield - Acid pH 7.3% Sulphide ! 86.1% Sulphide Hi Recovery
Trondheim - Acid pH 6.9% Sulphide Ni 93.0% Sulphide Hi Recovery

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

(4) 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.

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

S ol



H. T. Berry -2 - October 25, 1977

None of the preceding statements is intended to reflect, in any way, on the
quality of the work performed by the Norwegian Technical University at
Trondheim, Their work was under the direction of Dr. Knut L. Sandvik who
was previously employed under me as mill metallurgist at Strathcona Mill.
He is a very competent engineer. The use of CMC for treatment of "talcy"
nickel ores was not practised during his period of employment with us and

it is the use of this reagent which makes satisfactory treatment at basic
pH possible,

iold

FGTP:sm F. G. T. Pickard
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FALCONBRIDGE NICKEL MINES LIMITED INTER-OFFICE MEMORANDUM

°4T€r  October 19, 1977

Yar  AMC/YDH/WBGW/LAW/SNC

COPIES‘:A

J. B. Gammon

FROM. G, A, Vary

-]
SUBJECT:  RANA PROJECT ANALYSIS

Sunma

Two cases were considered, both of which used the Stavanger's
(1975) costs and Outokumpu's (1975) smelter proposal. MNo attempt
was made to escalate either values.

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

Case I uses Stavanger metallurgy, 917 recovery for Ni and 80%
recovery for Cu to give a concentrate grade of 5.5% Ni and 1.7% Cu
and Outukumpu's smelter proposal.

This case, because of the low grade concentrate and smelter
penalty, does not genarate a sufficient cash flow to pay operating
costs. The shortfall being $10,316,001 U.S. or 54,193,633 K.

Case II uses Stavanger's cost but Lakefield's improved metallurgy#
(received October 13, 1977) and Outokumpu's smelter proposal.,

Lakefield metallurgy suggests an 83Z recovery for Ni to give an
upgraded concentrate of 11% Ni and 2.55% Cu.

This grade of concentrate improves the net back considerably as

Outokumpu pays 60% of the contained Ni instead of 40% in the low grade
concentrate.

In Case II the project generates a cash flow profit of $26,)00,000
over the life of the project which just equals the estimated capital and
pre-production expense of 24 million U.S. dollars before the cost of nmoney
or discounting of future cash flows.

This would also have a negative rate of return.

%  enclosed




Case Ila is the same as II only the calculations are made
in metric tonnes and Kroner.

The project cash flow profit is 138 MK with the capital and
pre-production cost estimated at 130 MK before the cost of money or
discount of future cash flows,

A Falconbridge smelter proposal, Vic McCallum (October 13, 1977)%
was considered and indeed was fractional higher than the Outokumpu one
but the transportation costs of $20/ton from Quebec City to Sudbury make
the Outokumpu proposal much better for the project. Net back from
Outokumpu FOB smelter is $233/short ton or 1544 K per short ton as
against net back from Falco of $287/short ton FO3 smelter at Sudbury,
or 1550 K per short ton.

In metric tonne this would be:

Qutokunpu Sudbury
FOB Smelter 1703K/toune FOB Sudbury 1709 ¥/tonne
(Shipping  ($315 U.S./tonne) ($317 U.S./tonne)
costs in
operating
costs)
After
shipping 1703 K/tonne FOB Quebec* 1604 X/tonne
($315 U.S./tonne) (5297 U.S./tonne)

Sensitivity Analysis. There is little point in using hypothetical
numbers in that the only variables are operating costs and value of metal
and the best we can hope for in the foreseeable future is that metal
prices again get and stay ahead of producer costs.

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

The operating costs generated by Stavanger of $4.82 U.S./short ton
are low compared to a similar sized operation in Canada where we would
expect costs to be in the 7.50 to $8.00/ton range.

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

The Hudson Bay 3,500 T/day milling complex now under construction

at Snow Lake is expected to cost 26 million dellars and this does not
include pre-production work for an open pit.

* The cost of the ocean shipping by the Falcon to be deducted.
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A comparable capital and pre-production estimate for similar

project in Canada would be more in the range of 28 to 30 million

dollars. However, there might very well be favourable cost advantages

in Northern Norway that 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.

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

Recovery - 91% MNi and 80% Cu

Concentrate grade - 5.59% Ni and 1.7% Cu

Concentrate Production - 55,000 tonnes/yr. or 60,638 short tons/yr.
Life of Project - 9.4 yrs.

Ratio of Concentration -~ 17 to 1.

Processing Costs (1975) K/tonne U.S. §/ton
Mining including waste 15.30 2.57

Milling 8.84 1.49
Miscellaneous _4.54 0.76

Total 28.68 4,82

Concentrate shipping cost

~J
]
(o1
—
o
b2

Total Cost 35.94 6.04
Case T

Outokumpu/1976 Smelter Proposal

Ni =~ 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 9% pay 60% of the
contained nickel.

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

Value of metals used in this analysis in all cases is §2.20/1b.
for nickel and $0.60/1b. for copper (Oct. 1977).

No escalation of costs or metal prices were attempted.



Value of 1 ton of Concentrate

$ U.S. K

Ni - 5.5 -0.8 = 4.7

4.7 X 20 = 94 Ibs.

Pay 407 @ $2.20/1b.

Value/ton = 94 X .40 X 2.20 = 82,72 446.69
Cu - 1.7-0.7 = 1

1 X20 = 20 ibs.

Pay 75% LME price $0.60

Value/ton = 20 X .75 X .60 = 9.00 48,60

Value/ton of Conc. FOB Smelter $91.72 495,29
Value of Production

9.4 ¥ 60,638 X 91.72 =$52,280,143 282,312,772
Cost of Production

10,363,600 X 6.04 = 62,596,144 336,506,405
Shortfall $(10,316,001) (54,193,633)

Case II

Same as I but using Lakefield Metallurgy and Stavanger's costs

and Outokumpu's smelter contract,

which was Heads - 0.33% Ni, Recovery 83% and grade of concentrate

11% Ni and 2.55% Cu.

Total pounds of i will be reduced compared to Case I but the Outokumpu

smelter contract payment will be improved by the increased

Wi Production

10,363,600 X 0.33 X 0.83 X 20

Concentration ratio is 33.3 to 1

Tons of Concentrate = 10,363,600
33.3

]

Tons of Concentrate/yr = 311,219

9.4

56,

grade of concentrate.

771,801 1bs.

311,219 tons

33,108 tons

Outokunpypays on 60% of the contained nickel on a concentrate grade

over 10% Ni after deducting 0.8 units.

Contained Ni after deductions 11 - 0.8 = 10.2 X 20
Paid pounds 204 X 0.6

Value of 1 ton of Conc. @ $2.20/1h., = 122.4 X 2.20
Credit for Cu (2.55 - 0.7) X .75 X .60 X 20

Total value/ton of concentrate

204 1bs. Ni/ton C,
122.4 1bs. Ni/ton C
=$269.28/ton C.

=5 13.95/ton C.

=$283.23

o



Value of Production = 283,23 X 311,219

Cost/ton = $6.03 X 10,363,600
Operating profit

Since the net revenue generated of

$ 88,146,557

62,492,508

$ 25,654,048

$26 million is almost equal te the

capital and pre-production estimate of 130 MK or 130 = $24 million, there

would be a negative rate of return after
Case Ila
Sarme as II but using metric tonnes
Mineable Reserve 9,400,000 tomnnes

Lakefield Hetallurgy Heads - 0.33%
concentrate 11%Z i and 2.55Z Cu.

Mining rate 1,000,000 tonnes/yr.
Ni Production

Concentration ratio =11 =
0.33

Matric tonnes of concentrate =

Yearly tonnes of Conc. = 282,282

5.4
the cost of the money.

and Kroner,

@ 0.33% Ui and 0.13% Cu

Ni, Recovery 83% and grade of

33.3 to 1

9,400,000 282,282 tonnes

33.3

30,030 tonnes

9.4

Outokumpu pays 60Z of the containe
= 11 - 0.8 = 10.2 metric ton units

d Ni after deducting 0.8 units

Ni - Pay units = 282,282 X 10.2 X 0.60 = 1,727,566 metric ton units

Value of 1 metric tonne unit
Value of i in concentrate =

Cu - Value of Cu in concentrate

Total Project Revenue

On property cost =
Shipping cost =

Total Operatingz Cost

= 22,05 X $2.20 X 5.4 = 261.95 K
1,727,566 X 261.95 = 452,535,913 K,

1.55
= (2.25 - 0.7) X 22,05 X 0.60 X 0.75
X 5.4 X 282,282 = 23,443,894

475,979,807 K

28.68K/tonne
7.26K/tonne

35.94%/ tonne

Project Operating Cost = 9,400,000 X 35.94 = 337,836,000 K
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Revenue = 475,979,807 K
Cost = 337,836,000 K

Operating Profit 138,143,807 K

Since the net revenue generated of 138m X is almost equal to the
capital and pre-production estimate of 130m K there would be a negative
rate of return after the cost of money.

Gl

G. A. Vary

GAV:ols



