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1
INTRODUCTION

This mineral resource estimate of the remaining parts of
the Rana Ni-deposit was prepared for Norsulfid A/S by
Markus Ekberg, Outokumpu Mining Services at Ballangen and
Qutokumpu 6-7/1992.

The aim of this study was to check and calculate in-situ,
undiluted mineral resources of the Rana deposit.

This estimate is based on the database which is created
using diamond drill hole logs and maps collected during
site visit 6/1992.

There were no possibilities to make check assays 1in an
independent laboratory, so the estimation is based on the
assays received from Nikkel og Olivin A/S.

The total number of drill holes used in this estimation
is 141. The total number of assays made is 2947. Elements
assayed are Ni and sometimes Cu and Co.

Cut-off grade in the base case of this estimation is 100
NOK/tonne, which equals present mining, milling and
administration costs, which are approximately 96
NOK/tonne. This 100 NOK/tonne equals Ni-grade 0.35 %
(with Ccu and Co in the concentrate), which 1is
exceptionally low for cut-off-grade. The reason for this
is forecast Ni-price, which is 63.69 NOK/kg (FIM 44.46
average 1993-1997). Price for period 6/1992 was 44.22
NOK/kg.




SUMMARY

An ore reserve (mineral resource) estimation of the R&na
Ni-(Cu-Co)-deposit, Norway, was prepared in Outokumpu
Mining Services by Markus Ekberg. The work was done
7/1992 using Minenet-program and diamond drill holelogs
collected during a site visit 67/1992.

The estimation was done by conventional section method.
The estimation area includes remaining parts (situation
as 1.1.1993) of the Eastern Orebody and unmined and un-
developed Western Orebody.

The estimation was prepared using Net Smelter Return-
principle. NSR 1is the revenue from the sale of
concentrates. Thus all assays in all drill holes were con
verted to Norwegian crown-values using forecast prices,
present recoveries and grades for concentrates and
present smelter terms.

Cut-off grade used in the base case of this estimation
was 100 NOK/tonne. Also 130 NOK/tonne and 160 NOK/tonne
estimates were prepared. These values equal 0.35 %, 0.45
% and 0.55 % Ni. The reason for using 100 NOK/tonne cut
off grade was the present producing costs 96 NOK/tonne.

Specifif gravity in this estimation was presently used
3.3 t/m’.

The results are as follows:

Cut-off grade 100 NOK/tonne

Area Tonnes Ni % NOK/tonne
West 6 965 000 0.53 153
East 1 146 000 0.62 179 f
Total 8 111 0G0 0.54 157
Cut-off grade 130 NOK/tonne

Area Tonnes Ni % NOK/tonne
West 3 505 000 0.62 181
East 910 000 0.67 194
Total _ 4 §}5 000 0.63 184
Cut~off grade 160 NOK/tonne

Area Tonnes Ni % NOK/tonne
West 1 443 000 0.73 213
East 398 000 0.85 246

Total 1 841 000 0.76 220
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DATA INPUT AND DATABASE

Database for this estimation was created using diamond
drill hole logs and maps collected and received from
Nikkel og 0Olivin A/S 6/1992. All information which was
asked was freely available and drill hole logs were in
daily use at the mine site. However, accuracy of the
assays is not checked in an independent laboratory.

Diamond drill hole logs used in this estimation are
mainly from three periods: 1940-40, 1970-1979 and 1988-
present. Assays from the first drilling period are
obviously total Ni-assays (silicate nickel assayed
together with sulphide nickel, whole rock solution).
Assays from the other periods are sulphide nickel assays
(bromium-methanol-solution).

Assays from the first drilling period were used after
lowering them by 0.1 %. The reason for this reducing is
that according to the reports olivin in the Rdna-deposit
contains 0.1 % Ni. This lowering is also used commonly
for total nickel assays when converted to sulphide
nickel. Assays from the other periods are reported to be
sulphide nickel assays and they have been used directly.

The coordinate system used in this estimation was
original except z-coordinate, which was transformed to be
negative. The reason for this is computing. Coordinate
system is presented in appendix 1, where also drill hole
location and inclined ramp and planned exploration tunnel
are presented.

Data input was done in Mining Services by ownh personnel
and the database was later checked by M Ekberg. The
database used for calculations 1is according to the
original drill hole logs.

The database was also checked using basic statistics

(appendix 2). There are no obvious mistakes 1in the
database.
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CALCULATION METHODS

The conventional mineral resource estimation is based on
10 sections at 50 or 100 meter intervals. Location of the
sections is presented in appendix 1.

This estimation covers the Western orebody totally and
the remaining parts of the Eastern Orebody (situation
1.1.1993). The Eastern orebody is estimated below +340-
level from profile ¥=2550 to ¥Y=2800. Area from Y=2800 is
not included.

Some minor areas which will be mined during 1993 are not
included: Eastern end of open pit and underground area
over +367, between profiles Y=2900-Y¥3100. The reason for
excluding these areas is that there was almost no
drilling data for these areas.

The cut-off grade (boundary cut-off) used in this
estimation was Net Smelter Return value 100 NOK/tonne.
All assays in the database were converted to ore values
(NSR) using following prices, concentrate recoveries and
grades and smelter terms.

Ni: Price aver. 1993-1997 44.46 FIM/kg 63.69 NOK/kg

Recovery 72 %

Conc. grade 12,7 %

Payable metals 92 %

Treatment charge 619.13 FIM/t 887.24 NOK/t

Freight 180 NOK/dmt

H20-penalty 9.62 NOK/t

Escalated ref.charge 9.76 FIM/kg 13.986 NOK/kg
Cu: 10.30 FIM/kg 14.71 NOK/kg

Conc. grade 3.5 %

Unit deduction 0.5 %

Payment perc. of price 95.0 %

Ref. charge 3.48 FIM/kg 4.986 NOK/kg
Co: 15 USD/1b 222.86 NOK/kg

Conc. grade 0.55 %

Payable metals 25.0 %

Payment perc. of price 90.0 %

Ref. charge 74.2 FIM/kg 106.304 NOK/kg
Exchange rates NOK/FIM 0.698
{aver. 1993-1997) UsD/FIM 4.704

Concentrate grade and recovery for Ni,
according to the present mill performance.

Cu and Co are
Cu and Co

grades in the ore can not be estimated reliably because




of sparse analytical data. Cu and Co in the concentrate
both make approximately 14 % (Cu 8 % and Co 6 %) of the
revenues and thus also from the NSR-value.

Ni and Cu prices and all exchange rates are according to
Outokumpu's long term price forecasts, but Co price is
according to Kokkola Chemical Work's (J Hakkarainen)
because Co-price 1is not forecasted by Outokumpu. The
prices in this estimation are in constant 1992 money.

Boundary cut-off grade in this estimation means that if
the intersection had values lower than 100 NOK/tonne,
they were not included in the ore intersection. The ore
was divided into two categories: width 4-6 meters and
width over 6 meters. In some minor cases the ore inter-
section was "diluted" by surrounding material to create
a minimum width of 4 meters. The same principles were
also used for 130 NOK/t and 160 NOK/t calculations.

However, this estimation is undiluted mineral resource
estimation so mining technical dilution is not included
in the estimated grade. This must be kept on mind when
evaluating the profitability of the future project.

Geological interpretation is according to the original

profiles. Only changes are caused by varying cut-off
grade.

The ore in each section was divided in subpolygons and
the grade for each subpolygon is weighted average of all

samples inside a subpolygon. The weighing method used was
sample length.

The grade of each section is weighed average of each

subpolygon and tonnage is a sum of the tonnage of each
subpolygon.

The projection distance is mainly 100 m (50 m + 50 m) for
the Western orebody and 50 meters for the Eastern
orebody. Near the profile Y=2500 different projection
distances were used because of changing section interval.

Lists of each subpolygon and sections are in appendices
4-6 with different cut-off-grade. Mineral resource
sections are presented in appendices 7-9.
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RESULTS

Estimated in-situ undiluted mineral resource for R&na
deposit was prepared using three different cut-off-
grades. The ore was divided into 2 classes according to
the thickness of the ore.

The amount of high-sulphide ore (pyrrhotite) can not be
estimated in this report because there was no time to go
through drill hele logs in detail. This ore type can cau-
se problems in the future, because there are strict 1li-

mits for metal grades in the tailing.

The tonnages and grades for the Rdna deposit are as fol-

lows:

Cut-off grade 100 NOK/tonne

Western Orebody Tonnes Ni % NSR-value
Thickness 4-6 m 1 236 848 0.55 159.5
over 6 m 5 728 244 0.52 152.0
Total 6 965 092 0.53 153.3
——— — ———
FEastern Orebody
Thickness 4-6 nm 114 886 0.77 223.5
{ over 6 m 1 030 955 | 0.60 173.7
Total 1l 145 841 0.62 178.7
—
Western and Eastern
Orebody
Thickness 4-6 m 1l 351 734 0.57 164.9
over € m 6 759 199 0.53 155.3
Total 8 110 933 0.54 156.9

D e ey
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cut-off grade 130 NOK/tonne

Western Orebody Tonnes Ni % NSR-value
Thickness 4-6 m 379 766 0.85 246.5
over 6 m 3 525 804 0.60 174.3
Total 3 905 570 0.62 181.3
Eastern Orebody
Thickness 4-6 m 220 880 0.74 214.9
over 6 m 688 775 0.65 187.2
Total 909 6565 0.67 193.9
Western and Eastern
Orebody
Thickness 4-6 m 600 646 0.81 234.9
| over 6 m 4 213 579 0.61 176.4
Total 4 815 226 0.63 183.7
cut-off grade 160 NOK/tonne
Western Orebody Tonnes Ni % NSR-value
Thickness 4-6 m 143 309 1.03 298.7
over 6 m 1 300 438 0.70 203.0
Total 1 443 747 0.73 212.6
Eastern Orebody
Thickness 4-6 m 97 520 1.05 306.7
over 6 m 300 196 0.78 226.3
Total 397 716 0.85 246.0
Western and Eastern
Orebody
Thickness 4-6 m 240 829 1.04 301.9
over 6 m 1 600 634 |_0.71 207.4
Total 1 841 4613 0.76 219.8
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Appendices 4-6 include details of each subpolygon in the
sections. Subpolygon numbers refer to the numbers
presented in the sections (appendices 7-9).

Mineral resources of the Rdna deposit can be classified
as indicated mineral resources according to the
"Australasian code for reporting of identified mineral
resources and ore reserves". In the estimated area there
are no measured ore reserves as 1ih normal cases in
operating mines.
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FUTURE EXPLORATION AND MINE DEVELOPMENT

Future exploration and mine development seem to be
problematic at the Rdna deposit. There are no measured
ore reserves and thus mine planning is very problematic.

Exploration tunnel for the Western orebody has started
during spring 1992. However, it is difficult to get this
tunnel ready in time for exploration and mine development
until the Eastern orebody is mined. Also the location of
the now planned exploration tunnel is difficult, because
it will be situated to the hanging wall of the Western
orebody. Also ore transport distance will be long if this
tunnel will be used as transport tunnel.

This exploration tunnel and ramp are planned to be ready
at the end of 1993. Although diamond drilling can partly
be done during drifting, it is very difficult to get the
Western orebody to production in time.

The amount of diamond drilling holes from this
exploration tunnel will be about 50 and average length
100-200 m, totally 7500 m. Then the drilling pattern will
be about 50 m and it is enough for mine planning. The
problem with this plan is that the exploration tunnel can
not be safely used for ore transportation and the
development of the Western orebody needs a new tunnel to
the footwall or a shaft for transportation.

Other alternatives for exploration tunnel location and
ore transportation should be carefully studied. One
possibility could be a (horizontal) exploration tunnel to
the footwall of the Western orebody to the level +50 -
+100. This tunnel should be started as a separate project
from the hillside. This tunnel could then be used for the
development of the Western orebody. Ore transportation
could be done using a shaft (inclined or vertical), thus
it is not necessary to transport ore along the hillside.
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6
CONCLUSIONS AND RECOMMENDATIONS

Comparison of this estimation to the other previously
done estimations must be done using cut-off grade 130
NOK/tonne in this estimation and 0.4 % Ni in the others.

Original resources in the Eastern orebody have been
reported to be some 4 - 4.4 Mt. Total mining (situation
1.1.1993) will be about 1.8 Mt. Mining recovery has been
about 60 % (pillars 10 m, stopes 15 m wide). Thus it
means that there has been some 3 Mt in the already mined
area. The remaining part of the Eastern orebody should
then have some 1 - 1.4 Mt ore.

The remaining resources according to this estimation in
the Eastern orebody are about 0.9 Mt. This correlates
very well with previous calculation because some minor
areas were excluded from this estimation.

The last estimation for the Western orebody has been
prepared by A/S Prospektering 4.7.1991. The estimation
has been done very roughly and the cut-off grade is
unknown. This ASPRO-estimation has been done between
profiles ¥Y=2250 - ¥Y=2500 with influence area 250 m. Thus
the ore is not assumed to continue from the last known
profiles as is done in normal resource estimations.

This ASPRO-estimation shows 2.75 Mt ore with average
grade of 0.55 % Ni. The now prepared new estimate shows
3.9 Mt with average grade of 0.62 % Ni. The reason for
thie difference is a difference in the influence distance
(325 m in this estimate compared to 250 m in the ASPRO
. estimate). The difference in the grade can be explained
by one high-grade block in the profile Y=2450 (Ni 4.18
%); if this is left out from the estimate the average
grade will be 0.58 % Ni. It is unknown whether this area
is included in the ASPRO-estimation.

Project economics should be carefully evaluated using
different metal prices and cut-off grades. Evaluation of
the mill feed grade can be easily done using base work of
this estimation and after selection of mining method.

Timing of the development of the Western orebody seems to
be problematic. Other alternatives for exploration tunnel
should be carefully studied so that the tunnel could also
be used in mining.
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10.

Drill hole locations, projections of ramp and planned

exploration tunnel and ore reserve estimation polygon
locations.

3D-picture of ramp and planned exploration tunnel.

Basic statistics of the Ni (sulphide nickel) and NSR-
value.

Mineral resource estimate results with cut-off grade 100
NOK/tonne.

Mineral resource estimate results with cut-off grade 130
NOK/tonne.

Mineral resource estimate results with cut-off grade 160
NOK/tonne.

Mineral resource estimation profiles with cut-off grade
100 NOK/tonne.

Mineral resource estimation profiles with cut-off grade
130 NOK/tonne.

Mineral resource estimation profiles with cut-off grade
160 NOK/tonne.

E~W-profiles of the Rana deposit

Legend for appendices 4-6:

Polygons:

s_m_nok_cut off grade NOK/t ore (I = West, 2 = East, * = both)

Code(s): 4

I

ore thickness between 4 and 6 m

6 = ore thickness over é m
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300 0 | Analyses: value (%)
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200.00 % = 1.00"cm
Content classes (value) below  70.0000 |
70.0000 - 10Q 0Q00Q |
10G.0000 -130 0000

300000 =150 0000

LD 0% gr oaver
Projection distance: front, m 2500

back, m 30 00
Projection level: direction, gr 200,00
slope, degree SO 00
diarectaan, gr 300 00
slope, degres Q.00

Projection

All the holes 1ntersecting the
projection level are drawn
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B-13 196.83 +25.00 -25 00
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200.00 % = 1.00cm
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Bar scale:

00 - 100 2000

frojection distance: front, m 25,00

Projectian level' direction, gr 200 00

100.0000 -130.0000
+30.0000 ~152 2000
Q00 4r

back, m 25 00

slope, degree G0 00
Projection direction. gr 300 00

slope. degree 0 .00
All the holes intepsecting the
projection level are grawn
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70 0000 - 100 QOGO
100.0000 -130.0000
“D 009 -'a }“‘0

Projection distance: frnnt m 5. 00
back, m 25 .00
Projection level d]PECtJOh gr 234000
slope, degree 90 g0
Projection directian, gr 300.00
siope, degree 0 00
All the ngles intersecting the
prgjection level are crawn
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deviations, m
length start and
GH-265-125 204.80 0.00 ¢ 00
8H-81-92 36.50 09.00 G 00
8H-265-1350 133.8Q Q.40 0 .00
8H-265-1400 71.30 Q.00 ¢ 00
BH-265-1420 46.80 0.00 0 .00
8-10 199.82 +5.00 +28 00
B-11 116 60 +5.00 =2¢ 00

DRILL HOLE PARAMETERS:
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Bar scale: 200.00 % = 1.00~cm
Content classes [valuelbelow  70.0600 !
70 0000 - {00 Q000
100.0090 -130.0000
JJE U000 -180 QeQQ
600000 or over
Projgctign dastance: front, m 25.00
back. m 25 00
Projection level directiaon, gr 200 00
slope, degree S0 00
Projecticn directian, gr 300.00
slope, degree O 00
All the holes intersecting the
projectign level are drawn
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B-10 199.82 -25.00 -22.70
BH-270-148 140.00 Q.00 300
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i EEJ Q000 -1EQ CADQ
Proiection distance: frant, m 2% 00
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| Projection level direction, gr 200.00
slope, degree S0.00
' Prajection directian, gr 300.00
slope. degree  0.00
All the noles intersecting the
progjectign level are grawn
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-y BH-2B0-135 230.00 Q.00 Q.00
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# BH-280~- 145 88760 800 ¢ 00
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; / 0-4 83.00 Q&0 000
o 0-5 17.77 Q.00 .00
= 9 0-6 93.29 .00 Q.00
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i 0-a 108.62 0.00 [P
- 0-9 127.38 0.00 000
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Rock types: all T
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SELECTION OF DRILL CORE SAMPLES BY all.stl
Rock typas: all

Drill hole from ta
Number of samples 18 2074

Number of samples in plot is R988
AH-228-180 0.00 440.00
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Orthogonal views:
Upper left. Eye = 0, -1, 0
Upper right. Eye = -1,0,0
| Lower left: Eye = 0, 0. —1
User view:
Lower right: Eye = -1, =1, -
Project: ballan
Parts:
— 3 _ — _— z=ut/perat
‘ ] z=vt/perat
Box coordinates:
| x = 1169 ~ 1839
i ___-__.._.-’ y = 2288 -~ 2986
[ - z = -379 - -170
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