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1 Introduction

On 23" January, 20086, a crew was mobilised from Oshawa, Ontario to
Falconbridge’'s Espedalen Project in the Oppland province of Norway,
approximately 70km north of Lillehammer, to fix the position of an exploration grid
in three dimensions using Global Positioning System (GPS) satellite receivers. The
work was carried out by McKeown Exploration Services of Oshawa, Ontario.
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Figure 1.1 Location Map




2 Background
2.1 GPS General Theory

The Global Positioning System (GPS) is a network of twenty four earth orbiting
NAVSTAR satellites (SVs) operated by the United States Department of Defense.
The satellites orbit the earth every twelve hours at an altitude of approximately
20,200km. Four SVs orbit in each of six different planes inclined at 55deg to the
equator, they provide constant positioning and time information by means of radio
signals broadcast from each satellite.

Each GPS satellite broadcasts two radio signals known as L1 and L2 (1575.42
MHz, 1227.6 MHz). The L1 signal is modulated with two pseudorandom noise
(PRN) ranging codes; P-code, and C/A code. The precision or P-code can be
encrypted for military use, while the C/A code is not encrypted. The L2 signal is
modulated with the P-code only. Most GPS receivers make use of the L1 signal
only, while some survey grade GPS receivers take advantage of both

The US Department of Defense tracks each of the satellites continuously,
constantly monitoring and calculating the exact orbit of the satellite. The exact path
of the satellite, as well as atomic clock correction coefficients (each satellite
contains several very precise atomic clocks) are broadcast to the satellite daily, this
information (called the Broadcast Ephemeris and Almanac) is rebroadcast by each
SV and used by the GPS receiver on the ground.

The GPS receiver is capable of receiving signals from several different satellites at
once. The incoming code from the satellite contains information regarding the
identity of each SV. The receiver calculates the distance that it is from the satellite
by looking at the incoming code from the satellite, and then looks at how long ago it
(the receiver) generated the same code. The difference in time is multiplied by the
speed of light to give the distance, and through the use of triangulation, an exact
position of the receiver antenna can be calculated.

2.2 Errors in the GPS Position

The calculated GPS position assumes that light travels at a constant speed,
unfortunately this is only true of light travelling in a vacuum. When the GPS signal
enters the Earth's atmosphere, the signal is slowed down by both the ionosphere
and the troposphere, which may result in incorrect distance calculations. This effect
is minimized by calculated correction factors that are broadcast with the Broadcast
Ephemeris.

Multipath can be another significant source of error in the calculated GPS position.
If the satellite signal is reflected off of objects in close proximity to the GPS
receiver, it can interfere with the straight-line signal coming from the satellite,



slowing the signal down and “confusing” the GPS receiver. This type of erroris
more common in areas with man-made cultural influence, such as large buildings,
and generally is not a factor in the wilderness setting.

Until recently, the largest single source of error was known as Selective
Availability, or the intentional degradation of the GPS signal by the US Department
of Defense, it may cause an error in the horizontal positions of the receiver of more
than 100m. In the Spring of 2000 the US government removed Selective
Availability, as a result, a standard off-the-shelf single frequency GPS may now
yield a horizontal position with a +/- 5m precision.

2.3 Real Time Differential Correction

The technique of Real Time Differential Correction (RTC) greatly increases the
accuracy of the GPS position and helps minimize the effects of atmosphere,
multipath, and selective availability. It employs two GPS receivers, one placed at a
known location (the base) and one at an unknown position (the rover). The data
collected at the base are used to determine the error in the GPS position, this error
is in turn broadcast, through the use of an FM/UHF band radio-modem, to the rover
unit and used to remove the errors in the position at the unknown location in real-
time.

Using a single frequency GPS receiver (L1 only), with a base-rover separation
(base-line length) of less than 10km can vield real-time sub-meter accuracy in both
horizontal and vertical position, while use of a survey grade dual frequency L1/L2
GPS receiver can yield real-time 2cm-5cm accuracy in both horizontal and vertical
positions.

2.4  Post-processed Differential Corrections

Similar to the RTC method described above, data can be corrected after-the-fact
by collecting data at a base station, and simultaneously collecting data at the rover
unit. The data can then be downloaded from the GPS receiver to a computer and
“post-processed” to give a differentially corrected position. This is useful in “fixing”
base station positions from known geodetic control points where base-rover
separation is in excess of 10km (the range of the FM radio modem}. The amount of
data collected (i.e. the time spent “occupying” a station) to produce a precise
position is proportional to the base-rover separation. A general rule of thumb for
rover occupation time is fifteen minutes plus one minute for every kilometre over
ten kilometres base-rover separation, i.e. a base-rover separation of 100km should
be occupied for 15min + {(100km- 10km) * 1min / km = 15min + 80 min = 105
minutes.

Post-processed single frequency data can yield 10-15¢cm precision, while survey
grade dual frequency receivers can yield up to part-per-million precision.



2.5  Dilution of Precision (DOP) and Elevation Mask

The DOP is a measure of the geometry of the satellites relative to each other. The
best possible position fix, or most accurate, will be possible when the geometry of
the satellites is such that the satellites are within range, but as far apart from each
other as possible. A low PDOP (position DOP) indicates that the geometry of the
satellites, relative to each other, is good for a triangulation fix. If the SVs are close
to each other, or are lined up, then the geometry will be poor for triangulation, and
the PDOP will be higher. A PDOP less than 4 gives the best position fix, 5-8 is
marginally acceptable, and 9 or over is poor. Generally a PDOP mask (or filter) is
applied so that if the PDOP is over a certain level (6 is the maximum for this
particular survey), then a reading is not possible.

A minimum of four satellites are generally required to give an accurate position fix.
The GPS system used for this particular survey uses a proprietary algorithm called
"Qver-Determined 3D" , which requires at least five common base/rover SVs to
compute a position fix.

The elevation mask is a user entered angle filter which will tell the GPS to ignore
all SVs within the zero degree above horizon to elevation mask range. When
satellites are low on the horizon, the signal is forced to travel farther through the
atmosphere, and the low angle of incidence means signals reflect off of objects
more readily and the multipath error is increased. The elevation mask for this
survey is 13°.

3 Mobilisation and Equipment
3.1 Mobilisation

On 23" January 2006, a crew was mobilised from Toronto to Falconbridge's
Espedalen Project in the Oppland province of Norway, approximately 70km north
of Lilehammer.

The crew, which included the author, representatives from Falconbridge Ltd and
Lamontagne Geophysics stayed in the Strand Fjellstue Hotel on the east shore of
Lake Espedal. Access to Espedal was via the E6 highway north from Oslo to
Lillechammer, then highway 255 to Espedalen. The grid was accessed primarily by
snowmobile from the Strand hotel, while some grid access was also possible by
truck on plowed cottage access roads.



3.2  Equipment

All GPS equipment was rented or purchased by the author on behalf of

Falconbridge. Three Trimble 5700 dual frequency geodetic grade GPS receivers
were employed (one base two mobile units), along with a Trimble 25 watt Trimark
3 base station radio modem, and a similar Trimark 3 radio acting as a modem
repeater (see Appendix D for specifications).

4 Survey Procedure

4.1 The Local Grid

The local grid was originally designed and oriented to produce lines perpendicular
to the geological trend or strike. An arbitrary point was chosen by Falconbridge
personnel as the origin of the grid. The grid lines were chosen to run at 050° east
of grid north. Magnetic declination in the survey area is zero, so magnetic north

and grid north are essentially the same.

“Grid Easting | Grid UTM UTM
| Northing | Easting X Northing Y
0 0 525500 6808100

utmM

Zone

Grid
Azimuth

32NORTH | 050

" Figure 4.1.1. Local Grid Origin

Xutm = Xutmorigin + { Xerio €OS 6 + Yerip sin 6 )

Yurm = Yummorigin - { Xario SIN © - Yario COS © )

Where: XUTM, YUTM = unknown UTM
XorigiN, YORIGIN = origin of local grid in UTM coordinates
Xerip. Yerip = known local grid coordinates
8 = azimuth of local grid relative to north in degrees

Figure 4.1.2 — Formulae for converting “Local Grid” to “UTM Grid”



The World Geodetic System 1984 (WGS84) UTM reference system was chosen by
Falconbridge as the default coordinate system.

Lines were placed at either 50, 100, or 200 metre intervals, with a station spacing
of 25 metres.

4.2 GPS Base Station and Repeater

On 25 January 20086, the real-time GPS base station was erected at government
geodetic control point known as F30T0135 “Vassendass” which was chosen due to
it's central location to the grid and easy snowmobile access. This was the only
base occupied during the duration of the survey.

In 2005, during the previous field campaign, a reading was done adjacent to the
base in order to compare coordinates obtained by Falconbridge’s single frequency
Trimble Pathfinder Pro XRS GPS; a real-time system that receives it's differential
correction from a Omnistar satellite (see www.omnistar.com or www.esa.int ). In
the past, the Falconbridge system was used to place grids in a similar fashion. it
was found that the two systems varied by 11.1cm in X, 15.5cmin Y, 2.9cm in Z,
well within the specifications of this survey.
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Figure 4.2.1 — GPS Base station F30T0135 “Vassendaas”



Also during the 2005 campaign, to ensure like coordinate systems, it was decided
to occupy two other government geodetic control points, the results were as
follows:

ID Name TUTM_N UTM_E Elev.
_F30T0135 Vassendaas 6803033.119 | 534131.190 | 1078.194
F30T0118 Leppryggen 6801513.582  532751.301 | 1302.532

| F31T0208 Ognsjoefjeliryggen | 6799492.139 | 535691.529 | 1103.244

ﬁgﬁrc 4.2.2 - Coordinates of published government control points, ETRS89,

ID UTM N UTM E Elev. - dX L dy ' dz

F30T0118 6801513.700 | 532751.199 | 1302.625 | 0.102  -0.118 | -0.093

' F31T0208 6799492.111  535691.585 | 1103.245 | -0.056 | 0.028 | -0.001

Figure 4.2.3 — Observed coordinates and difference versus puhlished

The observed elevation coordinates were within 10cm of the published
coordinates, well within the specifications of the survey.

The published geodetic control point coordinates are in the ETRF89 (or EUREF89)
coordinate system, or European Terrestrial Reference Frame. At the start-up of the
survey, the author nor any of the Falconbridge personnel could locate any detailed
information on the definition of the coordinate system. The Norwegian government
agency “Statenskart” which is responsible for geodetic control points in Norway
responded to an inquiry on the definition with the following: “...EUREF89 is
apparently very close to WGS84, the difference is in the order of 20-30cm”.

This statement, combined with the evidence from the comparison of the
coordinates obtained from the Falconbridge stand-alone system, provided enough
support for keeping WGS84 without any detrimental effects.

WGS84 elevations and coordinates were used for the duration of the survey.

The Falconbridge GPS system (Pathfinder) was pre-loaded with a coordinate
system definition that included a choice of the Global DMA 10x10 geoid. The
Trimble 5700 high precision GPS was therefore also loaded with the same geoid
model for consistency, but when the geoid was applied, the 5700 elevations varied
from the Pathfinder elevations by approximately 41.5m. This indicates that the
Pathfinder is not producing nor displaying elevations with the geoid model applied.
For consistency, the geoid heights were not used and everything was kept in
WGS84 heights as this is what appears to be generated by the Pathfinder GPS.

A GPS repeater was brought to the survey site and was used as needed.



4.3 The Survey

The Trimble RTK GPS system was used to navigate from one ideal station to the
next, Falconbridge personnel then piaced a labelled bamboo picket at the station.
Periodically it was not possible to place the real station at the ideal station location
due to trees or topographic obstruction, in such instances the station was moved
away from the ideal by up to 5 metres. The station was then staked out, i.e. the
real location and elevation observed and recorded in the GPS data controller.

Figure 4.3.1 The author wearing Trimble GPS backpack

The GPS antenna was placed on the GPS backpack, which was 1.88m above
“snowshoe” level (see figure 4.3.1). During the course of the survey, the snow
depth was approximately 0-100cm, readings were taken on top of the snow and
not at ground level where the UTEM geophysical observations would be taken.



The GPS fix, depending on the Dilution of Precision (DOP) value was usually
obtained with 3 readings (one per second) taken over the course of at least 5
seconds. If DOPs were low, (<6.0) then a shorter reading was possible, if high
(>6.0), then generally a longer observation was necessary to obtain the desired
precision, normally less than one minute.

Where possible, high precision L1/L2 “fixed ambiguity” observations were
recorded, with a precision of approximately 5-10cm. Where thick tree cover
prevented a fixed solution, a low precision “float” solution was recorded. Internal
quality control within the GPS was set to observe data until errors were within
70cm horizontal and 50 cm vertical, a typical reading recording once a second for
2-3 minutes. The initialization type is displayed in the attached data file in column
9, a “F" indicates fine or L1/L2 high precision observation (+/- 5cm), and a “C”
indicates course or L1 only float observation (+/-1m).

2515 stations were observed, of that 1396, or 56% were “fine” or fixed, and 1119,
or 44% were low precision “course” or float readings.

Approximately 0.4% of the observations were repeated, and the change from fine
to course initializations appears to have had little affect on the data quality; the
highest Z repeat value was 87cm.

Readings were stored in the hand-held GPS computer and downloaded nightly to
a laptop computer. Trimble Geomatics Office Version 1.6 (TGO) software was
used to transfer and decode binary data. Data were exported from TGO into ASCI|
format, which was then imported in Excel. An master Excel spreadsheet was
created and contained all merged data (see Appendix A).

The production GPS survey was started 26 January 2006, and completed 20
February 2006 (see Appendix C for details on daily progress).

The GPS was also used to fix the positions of all UTEM Loop wires placed by
Lamontagne Geophysics. Twelve loops were surveyed (30, 31,32, 33, 34, 5, 36,
37, B38, B36, B41 ,B42), with position fixes taken every 100m, or at any line or
elevation break (see Map).



5.0 Quality Control

To maintain a quality data set, and to test the manufacturer's claim of
error/precision, as many random repeats were taken as time would allow. The
results of the repeats are outlined below (see Chart 6.1).

GPS Survey for Falconbridge Ltd, Feb 2006
Espedalen GPS Repeats
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Chart 5.0.1 - GPS Repeats

The above chart illustrates that the precision is as expected (sub-metre). The
average of the absolute repeat value is 24 .5cm, with the standard deviation (single
population) of 28.2cm.

As the error is random as far as being positive or negative in value, the absolute
value is considered when calculating averages.

Repeat value is higher where a “course” or L1 float solution only is observed.
Only 10 repeats were taken for approximately 2515 stations, or 0.4%. |deally 5-

10% should be randomly repeated for a survey of this size. More repeats could
have been taken comparing float versus fixed solutions.



6 Comments and Suggestions
6.1 Comments on Satellite Geometry

Satellite geometry over the course of the survey was quite favourable with no
significant down-time due to poor geometry.

The satellite geometry changes with time, and it is generally the "luck of the draw”
that at a particular location in time that the satellites will have a favourable
geometry. One could return to the same survey area in a month or two and the
geometry could be unfavourable all day everyday.

6.2 General Comments

Overall, the GPS survey was completed without any significant problems. ,
incredible considering the thick foliage and steep terrain.

Heavy recreational “trail touring” type snowmobiles weighing in excess of 300 kg
were utilised for access to work areas, this type of snowmaobile was certainly not
ideal as a “working” snowmobile in this type of terrain with deep powder snow
conditions; a lot of time was spent digging out stuck snowmobiles, a problem that
could have been almost entirely avoided by a using smaller, lighter work
snowmobile such as the Skidoo Tundra Il, or Yamaha Bravo.

Chart 5.0.1 indicates that the precision of less than one metre is as ¢laimed by the
manufacturer and well within the specifications of the survey. Future surveys
should aflow for more time to collect a “statistically significant” number of repeats to
ensure proper quality control, especially comparing fixed versus float solutions

Dense foliage and steep terrain are not conducive to GPS surveys, regardless of
GPS type.

Respectfully Submitted,

Robert L. McKeown, B.Sc.
2006-04-28
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Appendix A - Data CD Information and Sample Data

The attached data CD contains all raw and processed data coliected. Raw Trimble
binary files are located in the directory :

\GPS\RAWDATA

and are only readable with Trimble Geomatics Office. All binary files were decoded
and exported as ASCII text files, then imported into the excel spreadsheet all.xls
Geosoft space delimited xyz data was exported from excel and saved in the folder:
\GPS\XYZ

UTEM loops’ GPS data are located in the directories:

\GPS\LOOPS

The figure below is a sample of the final data format (Geosoft XYZ) located in the
master spreadsheet :

\GPS'\XYZ\2006EspedalenGPS . xls

i
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Figure A.1 — Sample Data
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Espedalen GPS Repeats 2006

Station X1 A\ Z_1 Precision_1 |Date_1 X 2 Y_2 Z2 Precision_2 [Date_2 dX dY dZ Abs_dX |Abs dY [Abs_dZ

69003600] 6900.033| 360C 131] 744.951|F 060129] 6900.033] 3600.131] 744.951|F 060128 0,000 0.000 '0.000 0.000 0.000 0.000

65003450] 6500.662] 3450.752| 744.632|F 060129] 6500.678| 3450.461| 744 720|F 060128 0,004 0.291 -0.088 0.004 0.291 0.088

88003775| 8799.870| 3774.936| B69.706{F 060202| 8799.816| 3774.986| B869.631|F 060202 0.054]  -0.050 0.075 0.054 0.050 0.075

58003925| 5900.011| 3925633| 724.516|F 060211 5900.037| 3925.866| 723 642|C 060131 -0,026] -0233 0.874 0.026 0.233 0.874

51003900| 5100.023| 3800 158| 721.628(F 060212 5100.093| 3900.018] 721.652|F 060131 -0.070 0.140]  -0.024 0.070 0.140 0.024

T 57004375| 5700.253| 4375.153| B842.605|F 060212| 5700.065| 4375.058| 842.665|F 060211 0.188 0.095|  0.030 0.188 0.095 0.030
57004350 5700.325| 4350.316 634.306|F 060212| 5700.062| 4350.147| 834.122|F 060211 0263] 0.168]  0.184 0.263] 0.169]  0.184|
47003975| 4699.697| 3975 508 765.623|F 060213| 4699.515] 3975.582| 765.919[C 060213 0182  0.073]  -0.310 0.182 0.073 0.310

96003525| 9600.152| 3525 057| 1609.815]F 060215] 9600.342{ 3525.002| 1009.913|F 060202 -0.190 0.055 -0.296 0.190 0.055 0.296

59003100] 5900.325| 3161.066| 802.252{C 060131| 5899.447] 3101.651| 801.686|C 060130 0.878 -0.585 0.566 0.878 0.585 0.566

Mean 0.185 0.169 0.245

[nterval 7 m Freq X |Freq Y [Freq 7 araaban “F" fixed ambiguity, precision <t10cm S1d Dev 0.260 0.171 0.282

1.0 0.000 G ocC 0.000 pranar "C" Course or "Fleat” precisicn <1m
09 1.000 0.0600 1.000
0.8 0.000 0.600 C.000
07| 0060 C.000| €000
a6 0.000 0.00C 1.000
05 0.000 0.000 0.000
04 0.000 0.00C 0.000
03 1.600 1.000 0.000
0.2 2.00C 2.00C 1.000
0.1 2.000 2.000 2.000
0.0 3.000 3.000 3.000
0.1 1.000 0000 0.060
0.2 0.000 1.000 1.000
©3 0.000 0.000 1.000
0.4 0.000 0.000 0.000
0.5 0.00C 1.000 0.000
0.6 0.000 0.000 0.000
0.7 0.000 0.000 0.000
0.8 0.000 0.000 0.000
0.9 0.000 0.000 0.000
1.0/ 0.000] 0000 0.000|
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GPS Survey for Falconbridge Ltd.
Espedalen, Norway
Winter 2006

Production Summary

Group A Group B TOr Notes
Date Prod | Line St St Length | Prod | Line St St Length m
From To From To
0001720 RLM pechs up and mspects rental and for purchase GPS equipment
trom Cansel n Toronto
06M/23 RLM travels Foronto to Oslo on aflemoon fught
0601 /24 Rl M savels Oslo 1o L spedalen, arrive 20,00
selup, nspechon. and charging of GPS gear
06201725 Aam selp of soitware and GPs equipment
pm selup base stabon at F30T0135 alop Jentyelied, same locabon as 2005 work
060126 0 5] 1500 2525 4000 1475 & m. reakng trall Ino survey area and sirategrcally placing picketls
TOTAL 1475 0] 1475)-p.m. read first ne, 79E, from south o north
06/01/27 Q.75 7700 2525 3950 1425 am. pioblem with base staton power cable, two pins broke off mskde connecior yeslerday at end of day
7500 3700 4125 425 mmposssbie 1a get one broken pin oul, switched base ru with raver rx 1o get one arew operaling
TOTAL 1850] 1850} end of day swalched Dase and rover connecion module a8 exiemmal power ConNeciol Nol Negded on rover
0o produchon group A, group B 34 day
mmt,rmk 1] 7100 2525 4200 1675, 1] 7500 4150 4250 100 a msmatl pwobles weth base me power connecior, relumed o Strand 1o get different batiery, group Adost 1 h
/900 3600 4075 475 7500 2525 3678 1150
£500 3450 3850 400 7300 3750 4200 450/
6100 3400 3600 400 G700 3500 4074 575
6300 3400 3825 425
TOTAL 2950 2700] 5850
0601729 1] 6900 2525 3600 1075 1] 7300 2525 3128 1200 no problems today, sats good all day
6500 23715 3450 1075 6700 2525 3475 950
6300 2375 025 850 8700 2378 2550 175
TOTAL 2800 2325 5125
60130 1§ 6100 2375 3375 1000 1] 5700 2575 3825 1250 Group A lost ane hour in moming while looking for lost snowshoes
5900 2376 3100 725 85500 2375 J82S 1450
TOTAL 1725 2700] 4425
RO 123 1] 5900 3125 3325 200 1| 5100 247-5 3900 1425
5900 3550, 3925 375 €300 3050 3375 325
5300 237% 3825 1450 8000 3125 3650 525
8200 3125, 4000 875
29800 2275] 5175
06/02/01 1] B40O 325 075 950 1] 8000 3675 4100 425
$000 3126 4100 G678 8600 325 4000 ars
1925 1300 d22%
06/02/02 1] 9600 3525 4200 675] 05| 8600 3125 3778 650 Groug B problem with survey conlrolier, did not charge property, battery dead by 11:00. no further production possible:
8800 3775 4050 275
850 660] 1600
(6/02/03 110800 3625 3975 a50) sharthanded today, group B placing pickets and breaking trasl for noh eastemn most lines
11000 525/ 4100 575
11200 3525] 4100 575
1500 0] 1600
0602104 111200 3350' 3500 150 Group B breakung trail into north-west lines (oday
11000 3350 3500 150 rough ground, low produchon for Group A
10800 3350 500 150
10600 33501 4100 T50
10400 3350 4100 750
1950 of 1950
[ 06/02005]  1|10200] 3350 4200 850 Group B breaking fl
10000 3350 4100 THO
9800 3350 4200 8504 J
2450 2450
0602106 1] 9800 5050 5850 B8OD 1] 9600 4975 5850 a7s moved 10 hres North of road on norify facing stope
10260 5100 5850 750 10000 4975 5850 a7s
10300 5550 5850 300
1850 1750] 3600
0602107 1] sa00] 4950 5850 900 1| 9000 4900 5850 950
8800 4900 5675 75 9200 4925 5850 925
10400 5400 S850 450 16500 5450 S50 400
2125 2275 4400
060208 1] 8400 ABSD 5675 825 Q5] 8200 4925/ 5875 750 maGiﬁednmmplelesmmedgeH?mmofloopm,mdweslemﬁoﬂmetsoumﬁmco!loopal
B6OO 4875 SE6TS 800 oup At 8400 ST 5375 15 messung due 1O operalor enor
10600 5450 5850 400 aoup A L 10600 5T 5625 is missing due to cifl
2025 750] 2775
060209 Group A GPSed in Loop 31, west odge 1000m, north edge 1200m, east edge 650m, loop nal comgplele 350m remains
Groop 8 broke n tralls lo north hnes after heawy snowfall and placed pckets
0602110 0.5] 65004 4225 5075 850 Group A GPSed Loop 31, 350m of south end of east edge, Leop 31 GPS complete
Group A GHSed L cop 30, west edge (1000m) and north edge (1200m). | oop 30 GPS complate
problem n morming wilh stuck snowmotvke, los! 3h
Group B sarveyed LES nonh of the Strand. One station missing due te chif (A675N), 4650N 15 12m east of hoe
8450 H50
0602411 1] 6300 4025 5025 1000 1| 6100 4025 5000 975 passible pickat numbenng emor, | ine 5700 between 4350 and 4600, should ba checked in the field
590K} 3925 4975 1050 5700 4350 4975 625
2050 1600| 3650
06/02112 T 5500 4100 4875 875 1] 4900 4000 4975 a75,
5100 3925 4675 1050 5300 4075 4975 900!
5700 4050 4325 275
2200 1875 4075




06252713 1] 4700 7S 4575 1050 1] 4500 3550 4975 1025
4300 3950 4975 1025 4200 4025 4975 450
2025 1975] 4000
06/02414 1] 3800 4050 4075 925 1] 4000 3975 4975 1000 gnddmg complete 1oday
6200 4000 4450 450 4100 4000 4550 $50
1A75 1550) 2928
06/0215 Group B GPSing ! oop 32 {complete)
Group A gone to Lilletiammer 1o hx broken stabiiser bai on snowmobide
06/02/16 Group A laying ware on | gop 32
Group B GPSing L oop 33 (compiete)
0602117 Group A GPSing new south edge 1o Loop 33 {moved 200m south ), and half of sast edge, soulh edge, west cdpe of Loop 34
Group B GPSing north cdge of L oop 35 and pasnt of south cdpe of Loop 37
060218 Group A GPSing scuth and wesl edge af lkeop 37 and north edge ef locp B42
Group B GPSing south and wes! edge of loop 15
0602418 -Group A GPSing leop B41 and north edge ol B38
Group 8 GPSing south edge of B42 and spotlitig Stormyra dnlt holes i alteenoon
Group B GPSing finished at Fspedalen, 3 F ox and T Blar to Erlehen Projeet in the the south of Norway
06/02/20 Group A GPSing loop B36 and northern edges of loop 36 and 37
GPSinGndding complele at Espedalen
0602721 -gear packed up RLM and | R demobe for Entelien Project
TOTAL 60800
o tiony Davs - Group A 16 50
Production Days - Group B 1325
Tatal Production Days 2975

Total Matres - Group A 34375
lotal Metres - Graup H 26425
Total Metres 60800

Average ly Production - Group & 2083
AvorageDaly Production - Group H 1994

Awverage Daly Production per Group (miday) 2039
Averape Production two groups 4078

Total Metres 61450

Melres Remaming 650

Pescent Compiele ]

Estimaled Jays remaining 02
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Trimble 5700 GPS System

One receiver, many
configurations, for
greater flexibility
and choice

Tne Tnimbie® 5700 GRS recerer is an advanced, but
easy-10-usé, surveying insirument that is rugged ang
versatile enough for any job.

Combine your 5700 with the antenna and radio
that best suit your needs. and then add the Tnmble
contrglier and software of your choice for a total
surveying solution. The powerful 5700 GPS sysiem
will provide all \ne adanced technological pawer
and unparalieled fiexinility you need o increase
7our eficlency and productiity n any surveying

gmirgnment.

Advanced GPS receiver technology

The 5700 is a 24-channel dual-frequency RTK

GPS recelver featuring the advanced Trimble

Maxweli™ techriology for superior tracking of GPS
saiellites; increased measuring speed, longer batlery
life through less power use, and optimal precision in
lough enironmenis. \YAAS and EGHOS capablity lels
you perform reai-ime differential surveys 1o GIS grade
without 3 base station,

Modular design for versatility

For topographic, boundary, or engineenng surveying.
clip the receiver to your belt, carry itin a comfontable
backpack, or configure it with all components on a
lighiweight range pole. With the receiver attached to
your sie vehicle, you ¢an survey a surface as fast as
you can drve! For conirol applicasions, attach the
receiver 10 a tripod...1t's designed to work the way your
job raquires.

Full metal jacket...and lightweight

Tne 5700 GPS recelver boasts the toughest
mechanical and waterprooting specs in the business
Its magnesium alioy case Is stronger than aluminum,

but also 30% lighter—the 5700 weighs just 1.4 kg
{3 1b) with batteries. Whether you're collecting control
points on a tripad, or scrambiing down & scree slope
collecting real-me kinematic data, the receiver is light
engugh and tough enough ta carry on performing

Fast and efficient data storage and
communications

Use tne recever's CompaciFiash memary 1o siore
more than 3,400 hours of continuous L1/12 data
collection at an average of 15-second intervals.
Transfer data to a PC at speeds of more than

1 megabit per second through the super-fast USB
port. Your choice of UHF radio modem Is built in to
the receiver o provide RTK communications receiving
without the need for cables or extra power!

Your choice of Trimble antenna

Choose the high-accuracy Timble GPS antenna that
bes! suits your needs: the ligntweight and portable
Zephyr™ antenna for RTK roving. or the Zephyr
Geodetic™ antenna for geodetic surveying.

The Zephyr Geodetic antenna offers submillimezer
phase cenier repeatability and excellent low-elgvation
tracking, while the innavathe design of its

] Industry-leading technology
praovides superior performance

[*] Flexsible configurations put
l you in total control

[*] Rugged, high-performance
hardware is buill 1o 'ast

(=] With the Timble controller and
software of your choice, enjoy
seamiess integrated surveying

Tnmbie Stealth™ ground plane
literally burns up multipath energy
using tachnology similar 1g that
used by stealth aiccraft 10 hide from
radar, The Zephyr Geodetic antenna
thus prevides unsurpassed accuracy
from a portable antenna.

»
(IR

- Trimble



Trimble 5700 GPS System
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General

* Front panel for on/off, one-button-push data logging, ComipactFlash card formatting,
ephemerls and application fe deletion, and restonng defauil cantrols

* LED indicators for satellite tracking, radio-fins, data logging, and power menionng

» Tripad chp or integratad base case

Performance specifications
Measurements
» Advanced Trimble Maxwell technology
*+ High-precision multiple correlalar L1 and L2 pseudorangs measuremants
» Unfiitered, unsmoothed pseudorange measurement data for low noise, low
multipath emor, low time domain coreiatian, and figh Synamic response
= Very low noise L1 and L2 camer phase measuremants wih <1 mm grecision in 3
1 Hz bandwidih
* L1 and L2 Signal-to-Noise ratios reported in dB-H2
* Proven Trimble low-ele-ation Uacking lechnology
+ 24 Channels L1 C/A Cede, L1/L2 Full Cycle Carrier, WAAS/EGNOS.
Code differential GPS pusltlonln.gl
Honzontal . .. s Sy e et {025 m + 1 ppm)} RMS
R L e e e e e A S L B D e +(0.5m + 1 ppm) RMS
WAAS differential positioning accuracy typically <5 m 3DRMS?
Static and FastStatic GPS surveylng‘
Horzontal . . . . O H e R 25 mm + 0.5 ppm RMS
Vertical . ... ’ - ,5 mm + 1 ppm (» basgling length) RMS
Kinematic surveying!
Real-ume and posiprocessed kinematic sutveys
Homeontal ... . weronoe.- {10 mm + 1 ppm) (= baseiine length) RMS
verical . . creese-2(20 mm+ 1 ppm) RMS
Initialization tme . . Smge .1ulu base minimum 10 sec + 0.5 times baseina
fengdh in am, up 10 30 wm
<30 seconds Lypical anyahere
within coverage area

Scalable GPS infrastruciure inibazabion time

Iniglalization reiability” e Typicaly »93 9%

Hardware

5700 GPS receiver

Physical

Casing . . e Tough, lightweight, fully sealed magnesium alioy

| R e R R R P Tesied to IPXT standards

Shock and vibeation . Tested and meeL'. 'me foilgwing environmental standards:
Shock, .. .. ... MIL-STD-810F 10 survive a 1 m {3.28 f1) drop onto concrete
Vibeation , . ... PR MIL-STD-B10-F gn each a:is

11771 | R \\hth mtnm.al bam:lles Internal radio, internal battery charger,

standard UHF antenna: 1.4 hg (3 1b)
As entire RTK rover with batteries for greater than 7 houss, less thaa 4 kg (8.8 1b)
Dimensions (WeH=1} 135em*85cm=24em (53 in> 3.9 in* 35in)

Elecincal:

Power . . vevieees oo DCingedt 11 10 28V DC withl ovet voltage protectan

POARI CONSUMPUON 2.5 W receder only, 3.73 W including msemal radio

Batery . . Greater than 10 hours daia logging. or greaier than 7 hours of
RTK goeration gn teg internal 2.0 Ah ktham-ion batteries

T R N S Ay sy g 0.1 kg (3502

Battery charger . Intesnal with externai AC power adapter;

na requirement for esternal charges

www.trimble.com

WIUR LOCAL TROMBLE QITICE 0F RLPRESENTATHT

CGO

L 04 ot et rdel MO merel TeDe gl Te cute § Perge o 3R DRTens F Tree eegten meted
agemnl r Pe mbet e SPEet paf Usdeead Bie sal rPee ot Mumes ook Sate e et lept ssetc a9
Eadmerate of meter Nren b b o et e B4 prpety o P dngectie Tetars lagmer My SMATS TR (1,0

Pawer output . . L1510 20V0C (Port 1), 11510 27.5Y DC (Pont 3)
on exlernal power input
Certfication. . Class B Fant 15 FCC certification, CE Mark aparoved,

C-Tick approved, Canadian FCC

Emisonmental

Operaling temperature’ . -40 *C10 65 °C {-30 °F w0 138 °R)
Storaga temperature ] ..~40 *C 10 80 *C(-40 “Fto 176 °F)
Humidity . ..o v ovee e e cenenes oo 100%, conZensing

Communications and data slormge

= 2 external power ponts, 2 iniémal batlery pars, 3 RS232 senal ports

+ Integrated USB for data download speeds in excess ¢f 1 Mb per second

+ External GPS anlenna connectar

* Compacifiash advanced lightweight and compact removable dala siotage. Optans of
4 MB or 128 MB irom Timble

* More than 3,400 hours continuous L1+L2 logging at 15 seconds with & satedtes
typical with 128 MB card

* Fully integrated, fully sealed internal UHF radio modem oplion

* GSM, celiphane, and COPD modem suppod

¢ Duai evant marker input capability

* 1 Hz, 2 Kz, 5 Hz. and 10 Hz positicaing and data legsing

* | pulse per second output capability

« CMRI, CMR«, RTCM 2. and 3.x input and output standard

= 14 NMEA outpuis

Zephyr antenna

Dimensions ., . . 16.2 ¢m (6.38 ) dlameter « 6.2 cm (2.44 inj henght

Weight. . AR = . 0.55 kg {120 1b)

Operating temperatute, . : ~40 'C ta 10 'C( 40 °F ta 158 °R
Humidity . .o onns v eien e .- 100% humidity proaf, fully sealed
Shock and .mrat an Temn ana meets the foligwing environméntal standards:
Shock . v wen o MILSTO-810-F to suniee a 2 m (6.56 1) drop onto concrele
Viratam . . . PO T e g R el . MIL-STD-B10-F on each axs

= &.point antenna feed for submalimater phase cenier repeatabiiiy
+ Integral iow noise amplifier
+ 50 dB antenna gain

Zephyr Goodetic antenna

Dimensions 34.3 cm {13.5in) diamater ~ 7.6 em (3 in) height
AL sl wanas T Jhd b e e wenean-1.31 kg (288 ID)
Operating le-mnﬁralm -40 °Ct¢ 70 °C (-40 "F 10 158 °F)
Humudity : e .100% humidity proal, fully sealed
Shock and unra(-qn ..... hslec and meets lhe following environmental standasds.

Shock. . .....o.. .. MILSTD-810-F 1o sunive a 2 m (6.56 fiy diop onto concrete

Viration : . e e . .MIL-STD-810-F an gach axig

o 4-point antenna 'eed Iur sybmilimeter phase center vepealahlhty
* Integral low noise amplifier

* 50 dB antgnna gain

« Tnmble Stealth ground plane for reduced multipath

1 decuracy mow Be tuleesd 10 CONGIBGOS Buth &8 Muouth, sbstrachiors. salelils gecratty and
Fmogptens paranatary Awded fouw M e aled Lufeer DFLTC8S

I Jepends o RAAS (5NG5 smdem petirmane,

3 Mov be atecied by SIS oAess CORGIECAY, S0a MDDt A LAleElR jrommirg Pl ZatGe
redbiialy & CHPYTLOL Ty MONored 1) ensare BQPest Quaity

4 Receier gpargtes roemaly 33 40 °0 (- 40 "F) Mg 0 508 Gatad LACEOST Suct 51 USH doenagd
o rlerng battery chargrg are fol recommended af lemperalures below freging

Specfcatiors subect 1) changs witou! natce

NORTH AMERICA

Tristod Geormatszy ped rgponens g Diwi

237E Rehertusge Boad o Daetpn Thes 35304 105 o L33
OO 587800 [lpit Frea)

- 18372453108 Mone o 1 G3T-235.8441 Fas

EUROPE

Trimble GobH

A Prime Parc 11 o 83479 Raunbaim o GERHANY
~436142-2100.0 Prane o ~ 436142 2100-9490 F

ASIAPACIFIC

Tt Mawigator Segagae Py Limited

30U Masee Parade Road o #7706 Fareas Fasade
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KEY FEATURES

Advanced handhetl fel

4

and freedom

ticrosoft Winoows Mobile operat ing

system 5 0 softwire

or wxceptional versatil

Highest flemitiility far aplical

and GPS surveying

Wireless operations it

dand office

hoth the flel

COMBINE FIELD AND OFFICE IN ONE POWERFUL
HANDHELD COMPUTER
The Trimble® T5C2® Controller is an advanced

handheld computer especiaily designed for
Trimble optical and GPS surveying systems’
Wwith the Migrosoft® Windows Moblle™ 50
software operating system, the TSC2 contraller
runs your choice of powerful Trimble field
software’. Add specialized applications to

the standard Microsoft Qutiook Mobile, Excel
Mabile, Word Mobile, Power Point Maobile
and Internet Explores programs, and the T5C2
controller hecomes a powerhouse of field
and office functions on one rugged business
device

SMART, EXPANDABLE HARDWARE

Every innovative feature on the TSC2
cantraller is designed to make your job easier
Clearly view background maps and check
wotk on the vibrant calor graphic display for
greater data control and ¢confidence. Use the
full aiphanumeric keyboard, or quickly select
software options using the touch screen

The unique T3(2 controller changeable cap
enables the use of removable memory or
third-party media, such as GFRS, GPS, camera,
and product scanner functions Extend your
data logging capabilities and experience a
majar leap in productivity

INDUSTRY-LEADING COMMUNICATION
TECHNOLOGIES

Eliminate cable hassles and expedite

setup with integrated Bluetooth® wireless
technology. When the TSC2 controller is used
with a Trimble R8 or 5800 GPS system, the
rover 15 100% cable free for unsurpassed
convenience and ease of use The internal
2 4 GHz radio option is ideal for use with a
robotic systenm such as the Trimble $6 total
station

Using the expandable media function, a
GSMIGPRS modem can add full wireless
communication to the Internet in the field

Transfer data in your office aver a wireless
802 11 LAN—again, no cables are required
You can also use hotspots to quickly and
securely share data with your office from
remote locations

FLEXIBLE COMMUNICATION OPTIONS

Choase the method of data transfer that suits
your situation. Using an external modem

such as a tell phone with Bluetoath, send and
receive files over the Internet from the field:
you don't need to drive back to the office In
the otfice, internal 802 11 technology provides
wireless connection to your network. The
T5C2 controller also provides USB and serial
R$232 communication options; data an be
transferred to a PC or another TSC2 controller
using a cable, Bluetooth, CompactFlash, or
Secure Digital memory card media

BUILT FOR THE FIELD FOR ANY CONDITIONS

The TSC2 controller is rugged enough for any
job in any weather. It holds an environmental
rating of P67 and operates in extreme
temperatures of -30 °C to +60 *C (-22°F to
+140 °F). It can also withstand a pole drop

of 1.22 m (4.0 ft) onto & hard surface’ The
display Is illuminated, so you can finish

any job fast even in low lighting. The T5C2
controller receives poveer from an ultra-
long-life lithium-ion battery that gives up to
30 hours® of power

ONE CONTROLLER, ONE 50FTWARE,

ONE INTERFACE

The TSC2 controliee is central to Integrated
Surveying™ feom Trimbie. With an application
such as the Trimble Survey Controller™
software onboard, collect and manage both
GPS and optical data in one Job file simply

by switching the TSC2 controlier between
sensors. Standardize on one flexible controller
for maximized investment. And your survey
team only needs to know one interface. When
field waork is complete, simply transfer the Job
file to your office using the communication
rmethod that suits your needs.

7 The 130T controiiar i desgned to supaar! Trimile's feces sunaey g
Bruieesy ey the Tromlile 56 Tota) 400 and Trmbe 8 GFS

5yiteem
2 The TSLD carmrpiion rurs the Trmple Survey Contrpden ot vare
0 AT L, B e of fegors UTL S At dedeatie For

frre Shurmation please (Hn0a0t pout Stdl Tomlog dutharzed
AT it DA Sartren

J 26 groms af 1 07 @ (4 3 onla & hard satface

A Lndier mormal Goesding (0AgTans A0 bedk gt moastare
temperdture, na high power casumpt o OF cares

;'E..}v
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TECHNICAL SPECIFICATIONS

STANDARD SOFTWARE

Microsoft Windows Mobile 5.0 seftware programs including:
* Internet Explorer

* File Explorer

* Word Mobile

* Power Point Mobile

+ Excel Mobile

« Qutlgok Mobile

* Windows Media® Player Mobile

» Microsoft ActiveSync® technology

« Microsoft Transcriber {handwriting recagnition}

+ Pictures, Picture&Videcs, Calendar, Contacts, Tasks and Notes
* Online hep

HARDWARE
Physical

Size ..... 266mmx 131 mmx43mm(105in=x52 inx 19in);

76 mm (3.0 in) at handgrip

W i idvie e s e 0.95 kg (2.1 |b) including battery;

1,09 kg (2.4 Ib) including battery and

optional internal radio

.128 M8 SDRAM, 512 MB internal

nen-volatile storage memary

Expandable Memory .. ... ... ..o iiinn. . . CompactFlash (CF) card

Secure Digital {SD) card

Processor. .. PP ] A e 520 MHz Inte!® PXA 270 XScale CPU

VWM. oo s iae i s Integrated Wireless LAN 802 11b

Power ....... ....... Li-lon rechargeable pack, 6600 mAh, battery life

of 30 hours under normal operating conditions®,

Fast charge to 80% in 2 hours; full charge in 4.5 haurs.

Battery charge status LED indicator.

Software. . . .....coviiniancan, The Trimble TSC2 controller runs the

Trimble Survey Controller field software. In addition, a number of

regional solutions are available. For more information on the field

software that's best far you, contact your local

Trimble autharized distribution partner,

CERTIFICATION
Class 8 Part 15 FCC certification, CE Mark approval and C-tick approval.
Bluetooth type approvals and regulations are country specific.

© 2005 2006 Trimbie Maregabon Lmted A Gghts resenved. Tompee, the Giobe & Todnge iega. ad T2 are
Srademary of Timbee Nawgalon Limited regaiersd in the Uniied Stater Pater?! amg Fracermary O4ice and in gthee
fauniser nlegrated bumveping and Temble Suney (ontpier ate rademans of Trrmfae havigaten Limted The
Suetooth word mars angd loges are awned by e Suetoott $G, it and any uke 0 suth ek By Tumbee Lavgenon
dimiled iy woded Gipnie Adtne§me MurgiofT YWindouwd Media and Vv ing0ws *olae are pither fegalered rdoemaliy
OF tragermadky 0f MEeoI00 E0parablon @ the Lnited $tates andior o ther ounities Al other trademais ) sy the
@rapaity oF P reiuilig ounery Bh 0225470314 [2306)

TRIVIELE AUTHOAIZED DISTRIBUTICN PARTNER

NORTH AMERICA

ENVIRONMENTAL

Temperature
QOperating Temperature.. . ..
Storage Temperature

=30 *C 10 +60 °C (-22 °F to +140 *F)
...—40*C 10 +70 °C (-40 *F to +158 *F)

Hurmidity . ..100% condensing, MIL-57D-810F, Method 507.4
Sand & Dust . .............. Protection against wind-driven according
to MIL-STD-810F. and (P6X
BN ain i min s & 8 s ww s T S S Waterproof IPX7
DD o0 wsisnsswesssn 26 drops from 1,22 m (4.0 ft) onta hard surface
Vibration. ... .. MIL-STD-810F, Method 514 5, Procedure |, Fig 17 & 18
Altitude. . .. ooienen MIL-5TD-810F, Method 500.4, Procedures |, Il & lI],
4572 m (15,000 f0) at +23 °C (+73 *F}

INTERFACE
Display... . ..... Color, illuminated TFT, daylight-readable touch screen
displayed at 320 x 240 pixels
(QVGA), backlight illuminated disp!ay
Keyboard 53 key alphanumeric keypad, 8-position spider key

Ao s uiansnngrrss . .Integrated speaker and microphone for audio
system events, warnings and notifications.
Operating system . . ........ .. .Micrasoft Windows Mahile 5.0

INPUT/ QUTPUT
Paorts . ... R$232 9-pin serial port
VS8 Client
USE Host
DC Power Port
Expansion ... .. e 1 x Type | CoampactFlash {CF) slat

1 x Type Il CompactFlash {CF) slot

1 x Secure Data (S0) memory card slot

Radio-modem (optional). ... ....Internal 2.4 GHz frequency-hopping
spread-spectrum radio-madem

RECYCLING INFORMATION
Far product recycling Instructions and more information, please go to
www.trimble.com/enviranment/summary.html.
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§ fo backight moderate temperaiure, no high power-<onumphan
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TSCe Controller

The flexible data collector
of choice

The TSCe™ controller is a rugged and adaptable
handheld data collector. Running pawerful
Trimble field software on a Microsoft® Windows®
operating system, TSCe provides exceptional
control of Timble GPS and optical sensors,
whatever your surveying or construction
application.

Exceptional in the field even in extreme
temperatures

The TSCe cantroller is the rugged data-collection
solution that fits comfortably in your hand and in
your figld processes. And because it's designed
to take the knocks and drops of the surveying
and canstruction enviranment, the TSCe
controller's ruggedness makes it a reliable and
dependable member of your field crew. When
you're out working long days, TSCe will keep on
working right there with you.

In extremely cold temperatures, TSCe js more
robust than ever before. With its new color touch
screen, TSCe will easily operate in temperatures
as low as -25 °C without the addition of an
internal heater.

Full keyboard and touch screen

On the TSCe controller you can chogse to drive
your data collection software using the full
alphanumeric keyboard, or via the easy-to-use
color touch screen—TSCe enables you to use the
method ar method combination that provides
you with the most efficient data control.

The instant results of the touch screen offer
complete contral over data and make light work
of navigation, data selectien, positioning, and
stakeout.

Color graphic display

The calor graphic display of the TSCe
controller is clearly readable in a wide range
of field conditions. The display's reflective LCD
technology makes it easy to read in bright

e

sunlight, and it is front lit for when light levels
are low, such as on dark winter days.

plications

+1 Exceptional in the field even

The color display makes nat anly simple text | in extreme temperatures
easier to read, but also complex maps and !

) ) o [*] Full keyboard and touch
technical drawings. Having these graphics in Es e
colour right at your fingertips makes navigating
and positioning much easier, and speeds up
stakeout and data selection. Data management
and quality assurance are also greatly improved.
Because you can thoroughly check your datz in
the field, errors and omissions are minimized.

[3_] Coior graphic display

i

[+] Large memory capacity
|

[ Adaptable

Large memory capacity

The TSCe controller comes with 512 MB of
CompactFlash memory as standard. This large
storage capacity means that you can work with
larger data files and background maps, and
that you can work for langer in the field without
backup storage.

stations. In addition, when

the Trimble BlueCap module

is used, Bluetooth® wireless
technclogy provides cable-free
communication with the Timble
R8 and 5800 GPS systems.

Adaptable

The TSCe controlier is designed to operate
with all your Timble sensors, including the
Timble® R7 and R8 GPS receivers with R-track
technology, the 5700 and 5800 GFS receivers,
and the 3600 and 5600 total staticns. It

also supports many major third-party total

& Trimble



TSCe Controller

The flexible data collector of choice

Specifications
PR, . Jasiedianenssns internal 3800 mAh NiMH rechargeable battery pack
Battery iife of 30 hours under nermal operating conditions
Complete rechasge in under three hours
1+ - [T 258 em (10.2 ) = 13em (5.1 in) » 5.2 ¢cm (2.1 in)
7.4 em (2.9 in) at handgrip
Welght o e e e ... 990 gm (2.2 1b} including battery
Certification. . .. .....connun.. FCC class B, CE Mark, CSA, and C-tick approval
Serdl PA L0 .« caive coermann b s 9-pin serial port=RS232 (115 kB/s).
COM! with 5V (250 mA) on pin 9
MuitiPart Q. ... ... 26-pin MultiPai—RS232, COM2, Ethernet 10BaseT,
USB client, power in/out and audio infout
0-Shell Lemao
RS-232 (115 kB/s)
PrOCESSOI ...t e ciine e Intel StrongARM SA-1110 @ 206 MHz
MEMIOMY «ovneiiniinnsans 512 MB non-volatite flash disk; 64 MB SDRAM
DISplay o c e e 320 = 240 pixels (% VGA) reflective colar TFT,
frontiight lluminated display
Touch SCreem .. vueennuny .. Passive touch scraen, warks with stylus or finger
ReWDOBr ., voiwenssvodisniy 57-key tactile action with sepasate navigation,
alpha and numeric keypads
AU, R T s e e A b s e Integrated speaxer and microphone
Environmental
Temperature:
Opefating. . ..o ciien e e -25°C w60 *C{-13 °F 10 140 °F)
SR . L sy e e ma b AN e g e -30 °C 10 80 *C {-22 °F t0 140 °F)
Miiter Loy el ICE 529, IP 67, sealed against temparary immersion
1 (I PP TR R O 1.22 m {4 ft} 10 congrete on ali faces, edges and corners
Sand and DUSt .. oevvnvnnss ICE 529, IP 6% aad MIL-STD-810E, Method 510.3
VIDIBUON . v oe v MIL-STD-810E. 1-3.4.9 category 10,Fig 16 and 17
AMde . T e db i sa e Tiwibd Lh s raly MIL-STD-810E. Method 500.3
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KEY FEATURES

Versatile: Use as hase, repeater or rover
Flextble: 2 W 10 W, ar 35 W powr output

Channel spacing programmahle at
12.5 kHz or 25 kHz

Easy to use and configure

Built-in channel selector and momtaor

Rugged and weatherproof

RUGGED AND VERSATILE MULTICHANNEL RADIO
MODEM

The TRIMMARK™ 3 radio modem provides a
convenient, versatile means of establishing

a robust wireless data broadgast network
for real-time, high-precision GPS survey and
telemetry applications.

The rugged, compact TRIMMARK 3 radio
modem is designed for use in tough
environments and in a variety of situations.
The single unit is usable as a base station,
repeater station, or rover receiver for
maximum versatility. However you use it, you'll
appreciate its simplicity and famous Trimble
reliability and guality.

SELECT THE POWER YOU NEED

The TRIMMARK 3 radic modem provides
selectable power cutputs of 2 W, 10 W, or

25 W to support both short and long-range
operations, conserve battery life and minimize
risk of interference with other systems.

A 25 W base unit broadcasts up to 15 km

{8 miles) line-of-sight, under optimal
cenditiens. Path ebstructiens and terrain can
reduce the typical effective range to 10 km
to 12 km (6 miles to 7 miles}. One or two
additional units can be networked as repeater
stations to extend range, minimize base
station moves, and provide seamless coverage
arcund local cbstacles such as large buildings
or hills. The typical range of a 2 W repeater is
5 km 1o 8 km (3 miles to § miles).

A TRIMMARK 3 radie modem broadcasts

ar repeats data to Trimble survey-grade

GPS receivers, such as the Trimble RS, 5800,
Trimble R7, and 5700, that either contain an
internal radio medem or are being used with
an external rover radio. The TRIMMARK 3

is fully backward compatible with the
TRIMMARK lie radio modem, so it can be used
in both new and existing systems.

CONFIGURE [T TO YOUR NEEDS

The TRIMMARK 3 radio medem can be
configured completely and easily in the office
by using the supplied WinFLASH utility on
your computer. Many functions also can be
configured in the field from the front panel or
from the Trimble Survey Controller™ software
used with your GP$ survey receivers. The serial
port communication settings are easily st to
match the default settings an the GPS receiver.

You can configure each broadcast netwark

to operate on ane of up to 20 programmed
channels via & built-in ¢channel selectar.
Channel spacing of either 12.5 kHz or 25 kHz
is programmabie at the factary or by a service
provider.

To reduce the risk of interference in a
congested RF environment, you can use the
built-in audio speaker to monitor activity
on the selected channel. The unit also can
automaticaily monitor the channel using its
software selectable carrier detect function
to detect other users on the channel before
transmitting.

The TRIMMARK 3 radic modem s available as
a stand-alone product as well as in convenient
base and repeater equipment sets. Avallable
in three frequency bands, the TRIMMARK 3
radio modem is designed to meet the licensing
requirements of many ceuntries around the
world.
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TRIMMARK 3 RADIO MODEM

STANDARD FEATURES

+ Selectable 20-channel capacity

* Rugged weatherproof construction

« Configurable from front panel, survey controller, or from supplied
WinFLASH utility on your computer

* Up to 15 km line-of-sight range

* Same unit can function as base station, repeater station, or rover
receiver

+ Sglectable power outputs of 2 W, 10W, or 25 W

* Programmable channei spacing of 12.5 kMz or 25 kHz

* Built-in channel selectar

+ Supports up to twe repeaters in a network

= 4800, 9600 and 19200 baud rate over the air

+ Retrievable/storable radio diagnostic information

TRIMMARK 3 BASE/REPEATER

Physical
SIZ& i iieane . 12.5CMW X229 emDx79emH
49°Wx9.0'Dx3.1"H)
Weight ..., .. ..o vt viiiiniiiinni i nan. .. 1,59 kg (3.5 10)
Electrical
Power:
IR i £ 2 i S i 12V 0OC to 16 V BC, nominal
Connectors:
Bowrel, i d v Frai s dan e nif iy se Yol i 2-pin LEMO (+VDC, GND)
Data ............. 7-pin female LEMO (supports RXD, TXD and $GND)
AMTBIMA . . oottt it e e e et it TNC female

Environmental

Temperature:
Cperating -40 °C to +65 *C {-40 °F to +149 °F)
B L i 1 e =55 *C to +75 *C {-67 *F to +167 °F)
Humidity. . ..o ce i 100%, fully sealed, weatherproof

© 2007-7004, Trendle Mavigatian Limted ANl aghty reserved Trombie and e Glube & Toargie inge are Tradarmart §
of Trenbiie Naw G auon Lomted fegitened i (e United States Patent ang Trademars O%ice ang ptfer countne
Tumie Survey Contrader and TRISIMARE J¢e ragemarag of Nawgatan Lmied AL oier Sademany are he
Srmpey of e epiiee paogd Til 120104 (1108)

TRIMBLE DISTRIBUTION PARTNER

LTS Calanburger Roae

Daytot, Oihin 45424-10%3 « 34
BOG-538- 7800 (Tol Freel

=1 B33 145 5151 Phosw
«1HIT-FE ST Tas

TECHNICAL SPECIFICATIONS
Transmit Power' .. ... ..y 2W, 10W,25W
Wireless DataRate. . . ............... 4800 bps, 9600 bps, 19200 bps
Frequency Bands . - 410-420 MHz, 430-450 MHz, or 450-470 MHz
(Only one band per radio medem)
Channel SPacing.. . ... . cverreeeianeiiiniinnnns 12.5 kHz or 25 kHz
(Only one spacing per radio modern)
.€an be ordered with up to 20 programmed
frequencies, internally stered

Number of Channels?. . ..

RF Modulation Format. .Gaussian Minimum $hift Keying {GMSK)
Range (typical)?

25WBase. ... ............ o R 10 km to 12 km {6 miles to 7 miles)
2ZWRepeater . ..............cceonnn 5 km to 8 km (3 miles to § miles)
Power Consumption* Voltage Current Nominal Load

2 W mode 126V 0B A ~10W

10 W mode 126V 36A ~45 W

25 W mode 126V 80A -75 W

Serial Poft. .. caiianiissanas ..Qne set of RS-232 signals available,
Data is 8 bits wnh seleclabie parity and 1 stop bit.
Supported data rates are 9600 bps, 19200 bps, and 38400 bps®

ANTENNA PHYSICAL LENGTH (TYPICAL)  WEIGHT
Standard antenna

0 dB UHF amni whip 47 ¢m (18,5 in) 05kg (1.1 1b)
§ dB UHF omni whip 99 em (39 in) 05kg {(1.! IB)

1, Racios are canfiguned a3 25 W urils af the facrory

3 Uhe e 3ame frequiniy f0r &0 FACG MOCemy ) ING RITE wiIeess Il ne tiart

3 Vasies with torrain and op '] Up 1o 2 rep <40 be vied [0 entend range

4 Powes conumplion “Hmlﬁmn the braadrast infarmation cantent and wereleis dala rate
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§ Cammumcatrans rale belween the rache and GPS receives, AL acreiey rale
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INTRODUCTION

During the period of February 17th 2006 through April 04th 2006 a
UTEM/BHUTEM-3 survey was carried out by Lamontagne Geophysics Limited
personnel for A/S Sulfidmalm in the area of Espedalen, Norway (Figure 1). This survey
continues on from 2003/2004 /2005 UTEM 3 surveys (Loops 01-04, Loops 05-18 and
Loops 19-29 respectively). The location of the property is shown in Figures 1 and 2.
The survey was carried out to locate/detail conductors in the immediate grid areas with
the intention of outlining targets for future work and for drilling.

A total of 61.725km of surface UTEM data was collected using 8 transmitter loops
(Loops 30-37). All lines were surveyed measuring the vertical component, Hz. A
station spacing of 25m (50m beyond 1000m out from the loop) and a line spacing of
200m was employed with detailing lines at closer intervals as required.

In addition to the surface UTEM a total of 21 holes were surveyed with
BHUTEM-3. This included 2 holes drilled in 2004, 14 holes drilled in 2005 and 5 holes
drilled in 2006. Six additional loops were required to complete the BHUTEM-3
surveying:

- Loop B41 - to survey Jorstad holes ES2004-14/15 and ES2005-41
- Loop B35 - to survey Trona hote ES2005-35
- Loop B36 - to survey  Storgruva ext. holes ES2005-36 /37

Graho hole ES2005-39

Grahoin hole ES2005-40
- Loop B38 - tosurvey Grahosaddle hole ES2005-38
- Loop B42 - to survey Vesle holes ES2005-42/43/44
- Loop 20b - to survey ~ Stormyra holes ES2006-51/52/53/54/55

For all loops - both surface UTEM and BHUTEM-3 - the receiver operated in 10-
channel mode at a transmitter frequency of 3.251Hz.

This report documents the UTEM/BHUTEM survey in terms of logistics, survey
parameters and field personnel. Appendix A contains the data presented in profile
form. Other appendices contain:

- List of Personnel/Production Diary (Appendix B)

- anoutline of the UTEM System (Appendix C)
- Note on sources of anomalous Chl (Appendix D)
- Note on 4Hz UTEM Data (Appendix E)
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SURVEY DESIGN

This UTEM survey is part of a nickel exploration program in the Espedalen area.
Historically mining of Ni-bearing massive sulfide deposits has been carried out in the
area. The UTEM survey was planned and carried out to outline and allow better
definition of known conductors, to detect/outline new conductors and to detect/ outline
deeper features and depth continuations of known features.

The grid and loop layout was designed by A/S Sulfidmalm /Falconbridge Ltd.
personnel to allow efficient coverage of the area. Loop size and locations were selected
to provide good coupling with the expected targets and to allow efficient coverage of
the grid area. The base frequency was lowered from the international standard ~26Hz
to 3.251Hz to eliminate the response of many “moderate” conductors - these responses
will have decayed away by Chl time. Any remaining Ch1 responses are then
considered to be representative of conductors of an appreciably higher conductivity.

The survey parameters employed:

- outside-the-loop coverage with 2 receivers

- variable transmitter loop size - to fit the area to be covered and the relief

- 1.70mm diameter (~2mm? ~14-gauge) copper wire - DAMID PE GR 2

- line spacing of 200m with detailing lines at 100m intervals or as required

- station interval of 25m reduced to 12.5m in anomalous areas. At ~1000m from
the loop the station spacing was changed to 50m.

- Hz (vertical component measurements)

- BHUTEM-3 coverage of selected boreholes @5m, 4/2/1m in zones of interest

- 10-channel data at a frequency of 3.251Hz
- minimum 256 stacking (512 half-cycles) increased where noise levels dictate

In nickel exploration non-decaying Channel 1 (Ch1) conductors are indicative of
highly conductive mineralization. Any non-decaying anomalous Ch1 features are
therefore of interest. Non-decaying channel UTEM anomalies can reflect:

i} the presence of conductive mineralization
ii) the presence of a magnetic anomaly
iii) poor geometric control - either station location or loop location

These are outlined in more detail in Appendix D. From an interpretation standpoint
magnetic anomalies and geometric control should be considered and evaluated as a
mandatory part of any interpretation. From a field standpoint precise geometric
control should be part of any UTEM survey where the target is non-decaying. Poor
geometric control has the potential to both mask and invent Ch1 conductors.

For this survey GPS data was collected by the client and made available for use in
reducing the UTEM data. GPS data was collected for all survey points and at intervals
around all transmitter loops. GPS data collection for UTEM reduction should be most
detailed along loop fronts - the most important portion of the loop from a UTEM
reduction perspective. The goal along the loop front - and loop sides/back - is to
recover the topographic shape of the loop as well as the loop/line intersection points.

A/S Sulfidmalm - 2006 UTEM Survey 0611 - Espedalen - Norway pg 5



SURVEY LOGISTICS

A Lamontagne Geophysics crew mobilized from Canada on February 15th and
arrived in Oslo on February 16th. The crew consisted of Rob Langridge
(geophysicist/ crew chief), Ryan Land (operator) and Bud Evans (looper). The crew met
up with client representative Yannick Beaudoin and drove to the base of operations for
the Espedalen survey - Strand Fjellstue (Figure 1 - www.strand-fjellstue.no). The
equipment arrived by truck in the late evening of the same day. Unpacking/loop
laying was carried out the following day and surveying began on February 18th.

Eight transmitter loops were used during the surface UTEM survey for a total
survey coverage of 61.725km. Loop numbering began at Loop 30 - following along
with the loop numbering in the 2003 and 2004 UTEM surveys. Six additional loops were
required to complete the BHUTEM surveying:

- Loop B41 - to survey Jorstad holes ES2004-14/15 and ES2005-41
- Loop B35 - to survey Trona hole ES2005-35
- Loop B36 - to survey  Storgruva ext.  holes ES2005-36/37

Graho hole ES2005-39

Grahoin hole ES2005-40
- Loop B38 - tosurvey Grahosaddle hole ES2005-38
- Loop B42 - to survey Vesle holes ES2005-42/ 43/ 44
-Loop 20b - to survey  Stormyra holes ES2006-51/52/53/54/55

Figure 2 shows the loop locations and grid layout. Access to the grid was by
snowmobile along a series of pre-existing trails used for accessing the area by
skiers/hikers etc. Some ares were accessed by road. The grid/loop positions had been
established by GPS and were demarcated by bamboo wands and flagging.

Surveying began with Loop 32. The UTEM equipment. was moved out to the
loop along with the new generator -NORGESAGGREGATET 2200B. The generator was
tested and adjusted - a higher throttle setting was required to prevent an oscillation.
The generator required only minor adjustments over the next few weeks - and liberal
use of “rod spirit” (gas-line antifreeze). Electrical connection to the generator was made
through an LGL isolation-transformer/ Variac combination wired to conform with the
generator sockets (standard 2-pin/side-clip ground european). For all but a few nights
the transmitter was connected to a battery, switched to remote, packed up against
drifting snow and left in the field. This worked well for the duration of the survey.

In general surface and borehole surveying for all loops went well. Noise levels
proved to be high and in places, along certain geologic structures, extremely high. This
likely indicates channeling telluric currents along conductive features in the relatively-
resistive host rock. The newly-purchased heavier-gauge copper wire worked well - no
doubling of loop sides was required as in past surveys.

The UTEM surveying this year encountered the powerline and phoneline that
parallel Road 255. In general crossing the powerlines required additional stacking and
the profiles from Loops 30/31/36/37 (Appendix A) show responses and become noisier
in the vicinity of the cultural features. The noise is particularly evident on the earlier
channels - Ch10-5 - as the channel width is too narrow to allow the 50Hz powerline
transmission to be adequately stacked out (Appendix E).
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The final surface UTEM data was collected March 13th, Work continued on other
projects and BHUTEM surveying until the final 2006 borehole was available. During
this period individual crew demobilized to Canada as soon as they were no longer
required. The final BHUTEM surveying was completed on April 3rd and all remaining
wire was picked up on April 4th, The survey was declared completed and the
equipment was packed for shipping and delivered to Roadfeeders @ Oslo Gardemoen
Airport on April 5h. The remaining crew (Rob Langridge) demobilized to Canada -
with a delay due to an SAS strike. Details of the daily production and personnel are
included in the Production Diary (Appendix B) along with a summary of production.

The survey equipment consisted of two UTEM 3 receivers, the requisite
BHUTEM-3 equipment and one UTEM 3 transmitter as well as all necessary accessories,
support equipment and backup equipment. Data was reduced on a field computer
(Macintosh) and UTEM profiles and digital data were made available/emailed to the
client’s personnel on a daily basis. Snowshoes equipped with crampons were obtained
for the survey. In some area stiff boots - insulated if possible - are recommended.

Particular care was taken during the survey not to leave anything on the site. In
practice the UTEM operators worked with coilers when personnel were available. As
most of the work in this field season was done uphill-to-downhill coilers were used
more extensively than in previous years. Where survey conditions allowed - where
the topography was more gentle - the coiler could be freed up to facilitate looping and
picket retrieval. The weather conditions were generally good for surveying - cold
nights and pleasant days. The snow conditions were generally good.

SURVEY RESULTS

The results of the survey are summarized and presented as UTEM profiles in
Appendix A. The final grid and Loop Locations are presented in Figures 2. Overall the
data quality is good - though in places it is noisy. A number of conductors and/or
conductive features are evident. Although every effort was taken to shelter the
receiver coil minor wind noise may be evident in some profiles.

Surface profiles are listed by Loop number and presented as 3-axis profiles in the
following order:

Hz continuous norm Chl reduced (blue separator)
Hz point normalized Ch1 reduced (pink separator)

BHUTEMS profiles follow in order of Hole number by area. The following plots are
presented for a borehole:

3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

A description of the standard plotting formats used and of the UTEM System is
presented in Appendix C.
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QOutline of surface profile types

Hz continuous norm Ch1 reduced (blue separator)

Continuous normalization is useful for detection of the presence of anomalies at
any position on a profile. The anomaly shape is distorted by the normalization
to the local field. As the field gets very big near the wire the continuously
normalized Ch1 tends towards zero.

top axis - Ch5-10
middle axis - Ch2-5
bottom axis - Ch1
bottom axis - topography - no vertical exaggeration

Hz point normalized Ch1 reduced {pink separator)

normalization point: all data~300m out from the loop-front centre

Point normalized data is useful for interpretation purposes. Anomaly shape is
preserved as is the amplitude if the normalization point is local to the anomaly.

All data has been point normalized to a the field at a point ~300m out from the
centre of the loop front. Note that this field value is intermediate and it was
chosen because the Espedalen surveys have been roughly half inside-the-loop
and half off-loop. Normalizing to an intermediate point allows the
interpretation of responses along the entire line. Tﬁe amplitude of responses
close to (further from) the loop front will be blown up (muted).

Note: Typically the normalization point for off-loop profiles is 4-500m out from
the centre of the loop front and for inside-the-loop profiles it is the loop centre.

The disadvantage of point normalization is that small errors in location near the
wire and in current tend to appear as large errors in Chl. If the loop/station
locations and the current are accurately known then point normalized Ch1 (in
the absence of a local conductor) will tend to be continuous approaching the
wire - unlike the continuously normalized Ch1 which, as described above, will
dip to zero.
top axis - Ch5-10

middle axis - Ch2-5

bottom axis - Chl

bottom axis - topography - no vertical exaggeration

Note: In areas near powerlines channels 4 and higher (earlier times) are quite
noisy. In this instance - Loop 29 for instance on this survey - the axis are
presented as follows:

top axis - Ch4-10
middle axis - Ch2-3
bottom axis - Ch1
bottom axis - topography - no vertical exaggeration
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Outline of BHUTEM-3 plot types

3-axis plot - secondary field
total field plot- total field

Both continuously normalized secondary and total field plots are presented for
each borehole surveyed. Note that for reference the primary field is plotted on
all BHUTEM profiles. The axes on the 3-axis plot contain:
top axis - Ch5-10
middle axis - Ch2-5
bottom axis - Chl + primary field

The axis on the total field plot contains:
axis - Ch1-10 + primary field

plan and gridnorth-south section vectorplots

Plan and gridnorth-south section vectorplots are included for each borehole
surveyed. Vectorplots are useful in both planning loop locations and in
evaluating profiles - particularly in areas of high relief. Vectorplots show the
primary field local to the borehole - allowing the coupling to be evaluated.

Discussion of the Grid

The profiles presented in Appendix A have been reduced with a grid produced
from the GPS data collected by the client. The overall results are quite good (Appendix
A). Some of the character in Ch1 profiles is due to remaining errors in loop/line
location - this is particularly true near the loop wire where errors in station/loop
location/elevation have a larger effect (Appendix D). Aside from survey accuracy and
day-to-day variation sources of error in location include “adjustments” of the loop to
topography and wind.

Discussion of Results

A number of responses of interest can be seen on the profiles. An interpretation
is presented in two figures:

Figures 3  Interpreted Features
Figures4  Interpretation

Features outlined are mainly contacts, shallow conductors and thin conductive zones -
geological units and structural features. A series of small but interesting conductors
have been outlined - for the most part these have been modeled in-house by
Falconbridge, however, a number were selected for modeling using MultiLoop. The
details of these conductors and the MultiLoop modeling are presented in the
Interpretation section.
Note: Conductors are designated by ESPedalen, loop number and conductor number.
For example: ESP-30-24 designates ESPedalen-Loop 30-Conductor 24. The 2003/ 04/05
surveys outlined Conductor 01-24. Note that the two conductors outlined in the 2003
report as Conductor A and B become:

- Conductor A = ESP-04-01 and Conductor B == ESP-02-02
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Note that character on the Ch1 profiles may reflect one or a combination of (see
Appendix D).

- local magnetics
- conductive features
- poor geometric control

Ch1 responses - spikes and broader features - should be checked against magnetics and
rechecked against geometry. The character of the Ch1 profiles suggests that geometric
control is quite good. Stations affected by poor geometry are close to the loop.

A number of points can be said about the results in general:

*The pattern of responses outlined in Figure 3 generally fits with the map pattern of
the geological mapping, contoured airborne magnetics and confirms the results of
the airborne EM survey. Features are continuous over sections of the grid.

Note: Some breaks or offsetting of weaker features occurs at the boundary
between the area covered by one loop and the adjacent loop. This reflects the
different coupling from the two loops.

*Response of interest are typically in the Ch7-3 range, in places to Ch2. No clear
Ch1 responses were detected. Responses reflect shallow features or features that
have a shallow expression - possibly minor mineralization. Many features outlined
in Figures 3/4 represent contacts, shallow conductors and thin conductive zones -
geological units and structural features.

*The UTEM survey coverage was designed in part to follow up on conductive
features detected by the airborne EM survey. The responses outlined by the
UTEM survey outline features at a suitable depth - shallow - and sufficient
conductivity - to UTEM ChS-3 - to confirm the results of the airborne EM survey.
Typically the airborne detects the updip edge (shallowest expression) of a feature.

eThere is generally a good correlation between the airborne magnetics and the Ch1
profiles. Note that the correlation is not expected to be exact (Appendix D). Note
that Ch1 responses may represent features small enough or poorly-located
(steep/sharp terrain) that they may not be reflected in the airborne survey data.

*Overall the background response seen in the profiles indicates a resistive area. The
background response is modeled in MultiLoop with a laterally-extensive layer
(~15-30S) at depth. Where the local response requires it another laterally extensive
layer (~0.2-2S) is added at an intermediate depth.

*The profiles are in places fairly noisy - in particular the mid-to-late time channels.
Some of this is wind noise but a good portion of it is geological noise - reflecting
the character of the local mineralization - in places thin stringers of sulphides - and
the lithology.
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INTERPRETATION

An interpretation is presented in two figures:

Figures 3  Interpreted Features

Figures 4 Interpretation
Features outlined are mainly contacts, shallow conductors and thin conductive zones -
geological units and structural features. A series of interesting small conductors have
been outlined. The majority of the responses detected during the 2006 survey -
including BHUTEM responses have been modeled in-house by Falconbridge
geophysicist Tony Watts. Three were selected for modeling using MultiLoop. The
details of these conductors and the MultiLoop modeling are presented in this
Interpretation section.

The interpretation presented in this section is an interpretation of the UTEM data alone -
with a passing reference to airborne magnetics and airborne EM anomaly maps. As
such it should be evaluated in conjunction with other available information on the
Espedalen property.

Note: Conductors are designated by ESPedalen, loop number and conductor number.
For example: ESP-20-24 designates ESPedalen-Loop 30-Conductor 24.

The 2003 and 2004 surveys outlined Conductor 01-17 as follows:

The two conductors outlined in the 2003 report as Conductor A and B become:
- Conductor A = ESP-04-01
- Conductor B = ESP-02-02

The 15 conductors outlined in the 2004 report are Conductor 03-17.
The 6 conductors outlined in the 2005 report are Conductor 18-23.

In general in the model figures significant conductors will be shown in black and
other weaker conductors - modeling details of the local response - are shown in

pale blue.
Several points about the interpretation in general:

e There is considerable similarity among the set of Conductors outlined by the
combined 2003/2004/2006 UTEM surveys. As noted in the 2003 Report:

- the main conductive zone(s) are modeled to be an enhancement along a
conductive horizon..

- noisy later channels noisy coincident with a Conductor suggests that sharp
features - stringers of mineralization? - may be present.

o The models presented are not expected to match the drill results exactly. There are

errors in depth estimates and dip angle (*/-5 to 10°). In particular note that the
modeling of smaller zones at shallow depths will have relatively large errors.
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A specific point about the interpretation:

o fewer conductors/ conductive features were detected in 2006 than in previous
years. This reflects the lower priority of the targets tested in 2006.

The responses chosen for discussion/modeling are as follows:

Conductor Figure # Loop _ Line # ~station
ESP_30_24 Figure 5 Loop 30 Line 8400E 5575N
ESP_35_25 Figure 6 Loop 35 Line 5300E 2475N
ESP_36_26 Figure 7 Loop 36 Line 6200E 4250N

An interpretation of these features follows. Note: a general Legend for Figures 3 and 4
is enlarged and presented as Figure 8.
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Conductor ESP_30_24 Lines 8400E ~5575N

Conductor ESP_30_24 was detected during surveying from Loop 30. Flanking Line
8200E shows a considerably weaker responses and the other flanking line (8600E)
shows an off-line response. Note that Conductor ESP_30_24 s located between 2004
Conductor ESP_05_04 and Conductors ESP_13_13/14_14. The group may be related
- along strike gaps may be due to the severe topography between Conductor

ESP 30_24 and Conductor ESP_14_14 The Loop 30 Line 8400E - to ~Ch4 - and this
response was selected for MultiLoop modeling.

Modeling Conductor ESP_30_24: Loop 30 Line 8400E  Figure 5

The modeling results for Loop 30 Lines 8400E are shown in Figure 5. The overall
background response was modeled using a laterally extensive conductive layer at
a depth of ~1200m and a weakly conductive layer at a depth of ~900m. The early
time response (to Ché) of Conductor ESP_30_241is very well modeled as a shallow
short-strike length gently dipping conductor. Details of ESP_30_24 as madeled as
listed in Figure 5 are:

centre of conductor 8400E, 5590N, 904 m.a.s.l. (grid coords.)
local elevation ~927 m.a.s.l. giving ~23m depth-to-centre
strike/dip ~050/10° conductance 75S
along strike/downdip 200m/50m

There is also some character in this section of the profile on Ch5/4 that is difficult

to model. With a single line of data and short-strike length conductors the source
of the character may well be off to either side of the line. As a result the modeling
results are shown on Figure 5 in grey. Details of grey conductor are as follows:

centre of conductor 8400E, 5663N, 867 m.a.s.l. (grid coords.)
local elevation ~946 m.a.s.l. giving ~79m depth-to-centre
strike/dip ~050/15° conductance 250S
along strike/downdip 300m/100m

Conductor ESP_30_24is interpreted to be a small fair (<150S) possibly fair-to-good
(150-400S) conductor. It should be evaluated in comparison with other known
features in the Espedalen area - in particular Conductors ESP_05_04 and
ESP_13_13/14_14. Primary field coupling is ~not well coupled as modeled but the
conductance is considered to be a reasonable estimate. Increasing the strike length
of the modeled body would act to lower the conductance somewhat. If this
conductor is to be drilled it is suggested that the initial target be the shallower of
the two modeled plates
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Conductor ESP_35_25 Lines 5300E ~2475N

Conductor ESP_35_25 was detected during surveying from Loop 35 - the
gridwestward extension of a feature outlined by 2005 UTEM in-loop surveying from
Loop 23. The Conductor ESP_35_25 response continues both:

- to the gridwest one line (no further coverage) - Line 5100E. Note that this line
is slightly off to the side of the loop front. Off to the side of the loop the
coupling is different..

- to the grideast Lines 5500E through 6500F and into the responses outlined
from 2005 Loop 23 and possibly further grideast towards Stormyra.

The overall best response detected was that on Loop 35 Line 5300E - to Ch4 - and
this response was selected for MultiLoop modeling.

Modeling Conductor ESP_35_25: Loop 35 Line 5300E ~ Figure 6

The modeling results for Loop 35 Line 5300E are shown in Figure 6. The overall
background response was modeled using a laterally extensive conductive layer at
a depth of ~1200m and a weakly conductive layer at a depth of ~900m. Conductor
ESP_35 25is modeled as an enhancement (shallowing?) along a ~grideast-
gridwest feature. The details of ESP_35_25 as modeled as listed in Figure 6 are:

centre of conductor 5300E, 4467N, 914 m.a.s.L. (grid coords.)
local elevation ~929 m.a.s.l. giving ~15m depth-to-centre
strike/dip ~230/05° conductance 5005
along strike/downdip 200m/30m

Conductor ESP_35_25is interpreted to be a good (400-1000S) conductor. It should
be evaluated in comparison with other known features in the Espedalen area.
Primary field coupling is ~fairly well coupled as modeled suggesting that the
conductance is a reasonable estimate. Increasing the strike length of the modeled
body would act to lower the conductance somewhat.
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Conductor ESP_36_26 Line 6200E ~4250N

Conductor ESP_36_26 was detected as a short strike-length feature on the airborne
survey profiles. Line 6200E was added to the survey lines to detail the feature. The
Conductor ESP_36_26 response continues both:

- to the gridwest one line - Line 6100E - which shows an off-line response.

- to the grideast one line - Lines 5500E - which shows a sharp early time (Ch9)
response.

The Conductor ESP_36_26 response coincides with a slight flattening in slope (old
work?) and has a coincident magnetic feature. Conductor ESP_36_261s interpreted
to be a short strike-length feature. The Loop 36 Line 6200E response - to Ch3 - was
selected for MultiLoop modeling.

Modeling Conductor Conductor ESP_36_26: Loop 36 Line 6200E ~ Figure 7

The modeling results for Loop 36 Line 6200E are shown in Figure 7. The overall
background response was modeled using a laterally extensive conductive layer at
a depth of ~1100m and a weakly conductive layer at a depth of ~800m. Conductor
ESP 36 _26is modeled as a small, shallow very gently dipping feature - the model
includes two plates. Details of Conductor ESP_36_26 as modeled as listed in Figure
7 are:

centre of conductor 6200E, 4285N, 781 m.a.s.l. (grid coords.)
local elevation ~818m.a.s.l. giving ~37m depth-to-centre
strike/dip ~230/10° conductance 10005
along strike/downdip 150m/50m

centre of conductor 6200E, 4298N, 789 m.a.s.l. (grid coords.)
local elevation ~821m.a.s.l. giving ~32m depth-to-centre
strike/dip ~230/10° conductance 1508
along strike/downdip 150m/75m

Conductor ESP_36_26 a small good-excellent conductor (>1000S). It should be
evaluated in comparison with any information about the old workings as well as
other known features in the Espedalen area. Primary field coupling is ~maximum
coupled as modeled suggesting that the conductance is a reasonable estimate.
Increasing the strike length of the modeled body would act to lower the
conductance somewhat, however, the local survey line spacing of 100m serves to
give a good definition of the strike length.
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CONCLUSIONS AND RECOMMENDATIONS

The results of the survey are summarized and presented as UTEM profiles and
BHUTEM-3 profiles/ vectorplots in Appendix A. Overall the data quality is good and a
number of conductive features are evident. The final Grid and Loop Locations are
presented in Figure 2 and an interpretation is presented as Interpreted Features (Figure
3) and Interpretation (Figure 4). There are a number of responses of considerable
interest - although no clear Ch1 conductors have been delineated.

Features outlined are mainly contacts, shallow conductors and thin conductive
zones - geological units and structural features. The pattern of responses outlined in
Figures 3 and 4 fits the map pattern of the geological mapping and pattern of airborne
EM conductors. In general the airborne EM detected shallower features or the
shallowest occurrence of deeper features. There is also a reasonable correlation
between the airborne magnetics and UTEM Ch1 features interpreted as magnetic in
origin. This indicates that field location of the grids was sufficiently accurate to cover
the target geology.

The profiles presented in Appendix A have been reduced with a grid corrected as
well as possible using available information. The location of all survey points and loop
locations were collected using a GPS system. For reference GPS collection for UTEM
reduction should be more detailed along loop fronts. The goal along the loop front -
and loop sides/back - is to recover the topographic shape of the loop as well as the
loop/line intersection points.

As in the 2003/04/05 UTEM surveys a number of responses of interest were
detected. Overall fewer conductors/ conductive features were detected in 2006 than in
previous years. This reflects the lower priority of the targets tested in 2006. The
majority of the responses detected during the 2006 survey - including BHUTEM
responses have been modeled in-house by Falconbridge geophysicist Tony Watts. The
profiles were examined by Falconbridge personnel and a number - 3 - were selected
for MultiLoop modeling. The results of the modeling are presented in the
Interpretation section and the reader is directed there and to the accompanying CD for
specific details. A summary follows:

good-to-excellent - >10005 Conductor 26
good -400-10005 Conductor 25
fair <1505/ fair-to-good - 150-4005 Conductor 24?

Note that in some instances an adjustment is made to allow for size - a large feature
moving up a category, a small feature down. The features are listed on the following
page in numerical order - no ranking of Conductors within a group has been done.

In conclusion - the UTEM survey and subsequent MultiLoop modeling have
resulted in a number of Conductors of interest. Several of the Conductors of interest
come near to surface, in one instance mining has been done in the past, allowing for
possible field examination. Following a surface examination of the shallower
Conductors drill testing several of the Conductors should be considered.
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In terms of logistics the survey ran very smoothly and the crew supplied by
Falconbridge was excellent and is thanked for their efforts. Several small points should
be noted for future surveys:

sRectangular transmitter loops work very well and are recommended. Transmitter
loops, however, can take any shape and take advantage of/ be fit to trails and
topography. Factors to consider in setting out a uniquely-shaped transmitter loop:

- will the primary field be well-coupled to potential targets?

- can the loop be safely laid out and picked up?

- can the loop be accurately GPS surveyed?

- avoid UTEM surveying close to (say within 3-400m of) “uniquely” shaped
sidewires. Errors in location can superimpose the shape on Chl.

«Both the new generator and the heavier gauge wire worked out well.
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Appendix A

0611 UTEM Profiles
0611 BHUTEM Profiles
UTEM 3 Survey

Espedalen
Norway

for

A/S Sulfidmalm



Presentation

The results of the survey are summarized and presented as UTEM profiles in Appendix
A. The final grid and Loop Locations are presented in Figures 2. Overall the data quality is
good and a number of conductors and/ or conductive features are evident. Moderate-to-
severe noise levels to the gridnorth of lines surveyed from Loops 05 through 12 reflect the
presence of a regional powerline beyond the end of the lines. A description of the standard
plotting formats used and of the UTEM System is presented in Appendix C.

The profiles are listed by Loop number and presented as 3-axis profiles in the order:

Hz continuous norm Ch1l reduced (blue separator)
Hz point normalized Ch1 reduced (pink separator)

BHUTEMS3 profiles follow in order of Hole number by area. The following plots are
presented for a borehole: 3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

Qutline of surface profile types

Hz continuous norm Ch1 reduced (blue separator)

Continuous normalization is useful for detection of the presence anomalies at any
position on a profile. The anomaly shape is distorted by the normalization to the local
field. As the field gets very big near the wire the continuously normalized Ch1 tends
towards zero.
top axis - Ch5-10

middle axis - Ch2-5

bottom axis - Chl

bottom axis - topography - no vertical exaggeration

Hz point normalized Ch1 reduced (pink separator)

normalization point: all data ~ ~300m out from the loop-front centre

Point normalized data is useful for interpretation of responses. Anomaly shape is
preserved as is the amplitude if the normalization point is local to the anomaly.

All data has been point normalized to a the field at a point ~300m out from the centre
of the loop front. Note that this field value is intermediate and it was chosen because
the survey was roughly half inside-the-loop and half off-loop. Normalizing to an
intermediate point allows the interpretation of responses along the entire line. The
amplitude of responses close to (further from) the loop front will be blown up (muted).
Note: Typically the normalization point for off-loop profiles is 4-500m out from the
centre of the loop front and for inside-the-loop profiles it is the loop centre.

The disadvantage of point normalization is that small errors in location near the wire
and in current tend to appear as large errors in Chl. If the loop/station locations and
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the current are accurately known then point normalized Ch1 (in the absence of a local
conductor) will tend to be continuous approaching the wire - unlike the continuously
normalized Ch1 which, as described above, will dip to zero.
top axis - Ch5-10
middle axis - Ch2-5
bottom axis - Chl
bottom axis - topography - no vertical exaggeration

Outline of BHUTEM-3 plot types

3-axis plot - secondary field
total field plot -  total field
Both continuously normalized secondary and total field plots are presented for each
borehole surveyed. Note that for reference the primary field is plotted on all
BHUTEM profiles. The axes on the 3-axis plot contain:
top axis - Ch5-10

middle axis - Ch2-5

bottom axis - Ch1 + primary field
The axis on the total field plot contains:

axis - Ch1-10 + primary field

plan and gridnorth-south section vectorplots

Plan and gridnorth-south section vectorplots are included for each borehole surveyed.
Vectorplots are useful in both planning loop locations and in evaluating profiles -
particularly in areas of high relief. Vectorplots show the primary field local to the
borehole - allowing the coupling to be evaluated.

Notes on Survey and Presentation/plotting details

* An effort has been to keep the scales consistent. The horizontal scale for the surface profiles
is 1cm:100m.
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Loop 30

Loop 31

Loop 32

Loop 33

List of Data Collected and Plotted

Espedalen 2006 Grid

Surface coverage - @ 3.251 Hertz

Line

Line 8200E
Line 8400E
Line 8600E
Line 8800E
Line 9000E
Line 9200E

Espedalen

Line 9400E
Line 9600E
Line 9800E
Line 10000E
Line 10200E
Line 10300E
Line 10400E
Line 10500E
Line 10600E

Espedalen

Line 9600E
Line 9800E
Line 10000E
Line 10200E
Line 10400E
Line 10600E
Line 10800E
Line 11000E
Line 11200E

Espedalen

Line 7900E
Line 8000E
Line 8200E
Line 8400E
Line 8600E
Line 8800E
Line 9000E

Espedalen

UTEM Survey 0611 -A/S Sulfidmalm Espedalen, Norway Appendix A pg A3

coverage

4925N - 5675N
4925N - 5675N
4875N - 5675N
4950N - 5675N
4900N - 5850N
4925N - 5850N

Loop 30 Total

4950N - 5850N
4975N - 5850N
S050N - 5850N
4975N - 5850N
5100N - 5850N
5550N - 5850N
5400N - 5850N
5450N - 5850N
5450N - 5850N

Loop 31 Total

3350N - 4100N
3350N - 4200N
3350N - 4100N
3350N - 4200N
3350N - 4100N
3350N - 4100N
3350N - 3975N
3350N - 4100N
3350N - 4100N

Loop 32 Total

3125N - 4000N
3125N - 4100N
3125N - 4000N
3125N - 4050N
3125N - 4000N
3125N - 4050N
3125N - 4100N

Loop 33 Total

750m
750m
800m
725m
950m
925m

4975m

900m
875m
800m
875m
750m
300m
450m
400m
400m

5750m

750m
850m
750m
850m
750m
750m
625m
750m
750m

7050m

875m
975m
875m
925m
875m
925m
975m

6425m



Loop 34

Loop 35

Loop 36

Loop 37

Line

Line 6700E
Line 6900E
Line 7100E
Line 7300E
Line 7500E
Line 7700E
Line 7900E

Espedalen

Line 5100E
Line 5300E
Line 5500E
Line 5700E
Line 5900E
Line 6100E
Line 6300E
Line 6500E

Espedalen

Line 5300E
Line 5500E
Line 5700E
Line 5900E
Line 6100E
Line 6200E
Line 6300E
Line 6500E

Espedalen

Line 3800E
Line 4000E
Line 4100E
Line 4200E
Line 4300E
Line 4500E
Line 4700E
Line 4900E
Line 5100E

Espedalen

Espedalen 2006
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coverage

2525N - 4075N
2525N - 4075N
2525N - 4200N
2525N - 4200N
2525N - 4250N
2525N - 3975N
2525N - 3275N

Loop 34 Total

2475N - 3900N
2375N - 3825N
2375N - 3825N
2375N - 3825N
2375N - 3900N
2375N - 3800N
2375N - 3825N
2375N - 3850N

Loop 35 Total

4075N - 4975N
4100N - 4975N
4050N - 4975N
4025N - 5000N
3850N - 4975N
4000N - 4450N
4025N - 5025N
4225N - 5075N

Loop 36 Total

4050N - 4975N
3975N - 4975N
4000N - 4550N
4025N - 4975N
3950N - 4975N
3950N - 4975N
3975N - 4975N
4000N - 4975N
3800N - 4975N

Loop 37 Total

Total

List of Data Collected and Plotted (cont)

1550m
1550m
1675m
1675m
1725m
1450m

750m

10375m

1425m
1450m
1450m
1450m
1525m
1425m
1450m
1475m

11425m

900m
875m
925m
975m
1125m
450m
1000m
850m

7100m

925m
1000m
550m
950m
1025m
1025m
1000m
975m
1175m

8625m

61.725km



Area

List of Borehole Data Collected and Plotted

Borehole
Name

Listed by hole number:

Jorstad
Jorstad
Trona
Storgruva ext
Storgruva ext
Graho saddle
Graho
Grahoin
Jorstad
Vesle
Vesle
Vesle
Stormyra ext
Stormyra ext
Stormyra ext
Stormyra ext
Stormyra
Stormyra
Stormyra
Stormyra

Stormyra

ES2004-14
ES2004-15
ES2005-35
ES2005-36
ES2005-37
ES2005-38
ES2005-39
£S52005-40
ES2005-41
ES2005-42
ES2005-43
ES2005-44
ES2005-45
ES2005-46
ES2005-47
ES2005-48
ES2006-51
ES2006-52
ES2006-53
ES2006-54
ES2006-55

Survey
Depth

128m
123m
78m
170m
169m
90m
114m
70m

178m

39m
154m
270m
330m
323m
246m
266m
268m
245m

214m
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Dummy

Depth

128.5m
123m
79m
172m
170m
90m
115m
70.5m
179m
35m
46m
40m
156m
271m
331.5m
325.5m
247 5m
268m
269m
246m

214m

Loop
Number Frequency
Loop B41 3.251Hz
Loop B41 3.251Hz
Loop B35 3.251Hz
Loop B36  3.251Hz
Loop B36 3.251Hz
Loop B38 3.251Hz
Loop B36 3.251Hz
Loop B36 3.251Hz
Loop B41 3.251Hz
Loop B42 3.251Hz
Loop B42  3.251Hz
Loop B42 3.251Hz
Loop 33 3.251Hz
Loop 33 3.251Hz
Loop 32 3.251Hz
Loop 32 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz



Area

Listed by area:

Jorstad

Trona

Storgruva ext
Graho saddle
Graho

Grahoin

Vesle

Stormyra ext

Stormyra

List of Borehole Data Collected and Plotted

Borehole
Name

ES2004-14
ES2004-15
ES2005-41
ES2005-35
ES2005-36
ES2005-37
ES2005-38
ES2005-39
ES2005-40
ES2005-42
ES2005-43
ES2005-44
ES2005-45
ES2005-46
ES2005-47
ES2005-48
ES2006-51
ES2006-52
ES2006-53
ES2006-54

ES2006-55

Survey
Depth

128m
123m
178m

78m
170m
169m

90m

114m

39m
154m
270m
330m
323m
246m
266m
268m
245m

214m

Dummy
Depth

128.5m
123m
179m
79m
172m
170m
90m
115m
70.5m
35m
46m
40m
156m
271m
331.5m
325.5m
247.5m
268m
269m
246m

214m

Loop
Number Frequency
Loop B41 3.251Hz
Loop B41 3.251Hz
Loop B41 3.251Hz
Loop B35 3.251Hz
LoopB36  3.251Hz
Loop B36 3.251Hz
Loop B38 3.251Hz
Loop B36 3.251Hz
Loop B36 3.251Hz
Loop B42 3.251Hz
LoopB42  3.251Hz
Loop B42 3.251Hz
Loop 33 3.251Hz
Loop 33 3.251Hz
Loop 32 3.251Hz
Loop 32 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz
Loop 20b 3.251Hz
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0611

Surface UTEM Profiles



Espedalen

Loop 30

Hz
@3.251 Hz frequency

continuous norm

Chl reduced

Loop 30 Line 8200 4925N - 5675N 750m
Line 8400E 4925N - 5675N 750m

Line 8600 4875N - 5675N 800m

Line 8800! 4950N - 5675N 725m

Line 9000E 4900N - 5850N 950m

Line 9200E 4925N - 5850N 925m

Espedalen Loop 30 Total 4975m

Loop 30 - continuous norm
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Loop 31

Espedalen

Loop 31

Hz

@3.251 Hz frequency

continuous norm

Ch1 reduced

Line 9400E 4950N - 5850N
Line 9600E 4975N - 5850N
Line 9800E S050N - 5850N
Line 10000E 4975N - 5850N
Line 10200E 5100N - 5850N
Line 10300E 5550N - 5850N
Line 10400E 5400N - 5850N
Line 10500E 5450N - 5850N
Line 10600E 5450N - 5850N

Espedalen Loop 31 Total

Loop 31 - continuous norm

900m
875m
800m
875m
750m
300m
450m
400m
400m

5750m
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Espedalen

Loop 34

Hz
@3.251 Hz frequency

continuous norm

Chl reduced

Loop 34 Line 6700E 2525N - 4075N 1550m
Line 6900E 2525N - 4075N 1550m

Line 7100E 2525N - 4200N 1675m

Line 7300E 2525N - 4200N 1675m

Line 7500E 2525N - 4250N 1725m

Line 7700E 2525N - 3975N 1450m

Line 7900E 2525N - 3275N 750m

Espedalen Loop 34 Total 10375m

Loop 34 - continuous norm
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Espedalen

Loop 35

Hz
@3.251 Hz frequency

continuous norm

Ch1 reduced

Loop 35 Line 5100E 2475N - 3900N
Line 5300E 2375N - 3825N

Line 5500E 2375N - 3825N

Line 5700E 2375N - 3825N

Line 5900E 2375N - 3900N

Line 6100E 2375N - 3800N

Line 6300E 2375N - 3825N

Line 6500E 2375N - 3850N

Espedalen Loop 35 Total

Loop 35 - continuous norm

1425m
1450m
1450m
1450m
1525m
1425m
1450m
1475m

11425m
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Espedalen

Loop 36

Hz
@3.251 Hz frequency

continuous norm

Chl reduced

Loop 36 Line 5300E 4075N - 4975N
Line 5500E 4100N - 4975N

Line 5700E 4050N - 4975N

Line 5900E 4025N - 5000N

Line 6100E 3850N - 4975N

Line 6200E 4000N - 4450N

Line 6300F 4025N - 5025N

Line 6500E 4225N - 5075N

Espedalen Loop 36 Total

Loop 36 - continuous norm
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Espedalen

Loop 37
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251 Hz frequency

continuous norm

Ch1l reduced

3800E 4050N - 4975N
4000E 3975N - 4975N
4100E 4000N - 4550N
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4300E 3950N - 4975N
4500E 3950N - 4975N
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4900E 4000N - 4975N
5100E 3800N - 4975N
Espedalen Loop 37 Total

Loop 37 - continuous norm
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Espedalen

Loop 30

@3.251 Hz frequency

point norm
@
(x.y.z) = (8800E,5550N, 920 m.a.s.1.)

Chl reduced

Loop 30 Line 8200E 4925N - 5675N 750m
Line 8400E 4925N - 5675N 750m

Line 8600E 4875N - 5675N 800m

Line 8800E 4950N - 5675N 725m

Line 9000E 4900N - 5850N 950m

Line 9200E 4925N - 5850 925m

Espedalen Loop 30 Total 4975m

Loop 30 - point norm
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Espedalen

Loop 31
Hz
@3.251 Hz frequency

point norm
@
(x,y,z) = (10000E,5550N, 850 m.a.s.l.)

Ch1 reduced

Loop 31 Line 9400E 4950N - 5850N 900m
Line 9600E 4975N - 5850N 875m

Line 9800E 5050N - 5850N 800m

Line 10000E 4975N - 5850N 875m

Line 10200E 5100N - 5850N 750m

Line 10300E 5550N - 5850N 00m

Line 10400E 5400N - 5850N 450m

Line 10500E 5450N - 5850N 00m

Line 10600E 5450N - 5850N 400m

Espedalen Loop 31 Total 5750m

Loop 31 - point norm
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'Secondary, (Chn - Ch1)IHpl | UTEM Su rvey at: Espedalen

Point Norm.at x,y,z

Loop: 31

For: A/S Sulfidmalm

Line: 10200E

|Cmnm:Hz

(10000,5550,850)
Base Freq.3.251 Hz

Reduced : 5/3/6
Platled . 16/3/32

Surveyed : 5/3/6
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GEOPHYSICS LTD
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Espedalen

Loop 32
@3.251 H:I ?requency

point norm
@
(x,y,z) = (10400E,3650N, 1000 m.a.s.l.)

Ch1l reduced

Loop 32 Line 96001 3350N - 4100N 750m
Line 9800E 3350N - 4200N 850m

Line 100001 3350N - 4100N 750m

Line 10200E 3350N - 4200N 850m

Line 10400E 3350N - 4100N 750m

Line 10600E 3350N - 4100N 750m

Line 10800E 3350N - 3975N 625m

Line 11000E 3350N - 4100N 750m

Line 11200E 3350N - 4100N 750m

Espedalen Loop 32 Total 7050m

Loop 32 - point norm
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'Secondary, (Chn-Ch1yHpl UTEM Survey at: Espedalen

'PointNorm.at x,y,z

Surveyed : 22/2/6
Reduced . 22/2/6
Plotled : 18/3/32

Job

GEOPHYSIQUE LTEE g1

For: A/S Sulfidmalm

| (10400,3650,1000)
Base Freq. 3.251 Hz

oop: 32
Line: 9800E
Compt: Hz
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For: A/S Sulfidmalm

(10400,3650,1000)

Line: 10000E
Compt: Hz

Survayed : 22/2/8 |
Reduced - 22/2/6 |

Ploned . 18/3/32

Base Freq. 3.251 Hz
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Espedalen

Loop 33
Hz
@3.251 Hz frequency

point norm
@
(x,y,2) = (8600E,3425N, 915 m.a.s.1.)

Ch1 reduced

Loop 33 Line 7900E 3125N - 4000N 875m
Line 8000E 3125N - 4100N 975m

Line 8200E 3125N - 4000N 875m

Line 8400E 3125N - 4050N 925m

Line 8600E 3125N - 4000N 875m

Line 8800E 3125N - 4050N 925m

Line 9000E 3125N - 4100N 975m

Espedalen Loop 33 Total 6425m

Loop 33 - point norm
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Survayed 25/2/6
Reduced . 25/2/6
Plotted . 18/3/32

Job

GEOPHYSICS LTD
GEOPHYSIQUE LTEE 0611

For: A/S Sulfidmalm

| secondary, (Chn-Ch1YiHp! |UTEM Survey at: Espedalen

| PointNorm.at x,y,z

Line: 8000E

Loop: 33

(8600,3425,915)

Compt: Hz | Base Freq.3.251 Hz
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Espedalen

Loop 34
Hz
@3.251 Hz frequency
point norm
@
(x,y,2z) = (7250E,2825N, 985 m.a.s.l.)
Ch1 reduced

Loop 34 Line 6700E 2525N - 4075N 1550m
Line 6900E 2525N - 4075N 1550m

Line 7100E 2525N - 4200N 1675m

Line 7300E 2525N - 4200N 1675m

Line 7500E 2525N - 4250N 1725m

Line 7700E 2525N - 3975N 1450m

Line 7900E 2525N - 3275N 750m

Espedalen Loop 34 Total 10375m

Loop 34 - point norm
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Espedalen

Loop 35

@3.251 Hz frequency

point norm
@
(x,y.z) = (6000E,2675N, 910 m.a.s.1.)

Ch1 reduced

Loop 35 Line 5100E 2475N - 3900N 1425m
Line 5300E 2375N - 3825N 1450m

Line 5500E 2375N - 3825N 1450m

Line 5700E 2375N - 3825N 1450m

Line 5900E 2375N - 3900N 1525m

Line 6100E 2375N - 3800N 1425m

Line 6300E 2375N - 3825N 1450m

Line 6500E 2375N - 3850N 1475m

Espedalen Loop 35 Total 11425m

Loop 35 - point norm
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Point Norm.at x,y.z
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Espedalen

Loop 36
Hz
@3.251 Hz frequency

point norm
@
(x,y,z) = (6000E,4125N, 775 m.a.s.l.)

Ch1 reduced

Loop 36 Line 5300E 4075N - 4975N 900m

Line 5500E 4100N - 4975N 875m

Line 5700E 4050N - 4975N 925m

| Line 5900E 4025N - 5000N 975m
Line 6100E 3850N - 4975N 1125m

Line 6200E 4000N - 4450N 450m

Line 6300E 4025N - 5025N 1000m

Line 6500E 4225N - 5075N 850m

Espedalen Loop 36 Total 7100m

Loop 36 - point norm
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Loop 37
Hz
@3.251 Hz frequency

point norm
@
(x,y,z) = (4550E,3950N, 775 m.a.s.l.)

Ch1l reduced

Loop 37 Line 3800E 4050N - 4975N 925m
Line 4000E 3975N - 4975N 1000m

Line 4100E 4000N - 4550N 550m

Line 4200E 4025N - 4975N 950m

Line 4300E 3950N - 4975N 1025m

Line 4500E 3950N - 4975N 1025m

Line 4700E 3975N - 4975N 1000m

Line 4900E 4000N - 4975N 975m

Line 5100E 3800N - 4975N 1175m

Espedalen Loop 37 Total 8625m

Loop 37 - point norm
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BHUTEM 3 Profiles
with
Vectorplots



BHUTEM 3 Profiles
Listed by area in the order drilled
Borehole Survey Dummy Loop
Area Name Depth Depth Number  Frequency
Jorstad ES2004-14 128m 128.5m Loop B41 3.251Hz
ES2004-15 123m 123m Loop B41 3.251Hz
ES2005-41 178m 179m Loop B41 3.251Hz
Trona ES2005-35 78m 79m Loop B35  3.251Hz
Storgruva ext E52005-36 170m 172m Loop B36 3.251Hz
ES2005-37 169m 170m Loop B36 3.251Hz
Graho saddle ES2005-38 90m 90m Loop B33 3.251Hz
Graho ES2005-39 114m 115m Loop B36 3.251Hz
Grahoin ES2005-40 70m 70.5m Loop B36 3.251Hz
Vesle ES2005-42 34m 35m Loop B42 3.251Hz
ES2005-43 44m 46m Loop B42 3.251Hz
ES2005-44 39m 40m Loop B42 3.251Hz
Stormyra ext ES2005-45 154m 156m Loop 33 3.251Hz
ES2005-46 270m 271m Loop 33 3.251Hz
ES2005-47 330m 331.5m Loop 32 3.251Hz
ES2005-48 323m 325.5m Loop 32 3.251Hz
Stormyra  ES2006-51 246m 247.5m Loop 20b 3.251Hz
ES2006-52 266m 268m Loop 20b 3.251Hz
ES2006-53 268m 269m Loop 20b 3.251Hz
ES2006-54 245m 246m Loop 20b 3.251Hz
ES2006-55 214m 214m Loop 20b 3.251Hz



Jorstad

Loop B41 - BH UTEM-3

Jorstad

@3.251 Hz frequency

Ch1 reduced

ES2004-14 128m 128.5m Loop B41 3.251Hz
ES2004-15 123m 123m Loop B41 3.251Hz
ES2005-41 178m 179m Loop B41 3.251Hz

ES2004-14
ES2004-15
ES2005-41

3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2004-14/15 + ES2005-41
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Trona
Loop 35 - BH UTEM-3

@3.251 Hz frequency

Chl reduced
Trona ES2005-35 78m 79m Loop B35  3.251Hz

ES2005-35
3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2005-35
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Storgruva extension

Loop B36 - BH UTEM-3

@3.251 Hz frequency

Chl reduced

Storgruva ext ES2005-36 170m 172m Loop B36 3.251Hz
ES2005-37 169m 170m Loop B36  3.251Hz
ES2005-36
ES2005-37
3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2005-36/37
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Graho saddle

Loop B38 - BH UTEM-3

@3.251 Hz frequency

Ch1 reduced
Graho saddle ES2005-38 90m 90m Loop B38 3.251Hz

ES2005-38

3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2005-38
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Graho

Loop B36 - BH UTEM-3

@3.251 Hz frequency

Ch1 reduced

Graho ES2005-39 114m 115m Loop B36 3.251Hz

ES2005-39
3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2005-39
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Grahoin

Loop B36 - BH UTEM-3

@3.251 Hz frequency

Ch1 reduced

Grahoin ES2005-40 70m 70.5m Loop B36  3.251Hz

ES2005-40

3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2005-40
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Vesle

Loop B42 - BH UTEM-3

@3.251 Hz frequency

Ch1 reduced

Vesle ES200542 34m 35m Loop B42 3.251Hz=
ES2005-43 44m 46m Loop B42 3.251Hz=

ES2005-44 39m 40m Loop B42  3251Hz

ES2005-42
ES2005-43
ES2005-44

3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2005-42/43/44



268711 PRSI
JoeL Dowad 1190 3301 INDISAHIOID

g2/ pakaning QO (L1 SDISAHIOAD ZH LGZ'E .Um._n_ mmmm_ _m_x< ”wQEOO
WBWPYINS /Y 404 | w0jo thdepiewion upuod gy-600¢-54 -9I0H
uarepads3 e AeAINg INJLNHG 9HI(HUD - uuD) “Aiepucdes Zvg :doo
LR T _ T | N N I T B B B
o B 22 2 I R o 7
- @ 3 L2 o _ o ™
o o N @ o
- o b — { ~—
— & . . . i N
S W% 2 2 lo 1 o N4
- o 3 o o o -
m mnlv m 1. MM ﬁﬂ.ﬁln mm /mtmm m 40| u




ZE/iL PO | 190 g _ . m .
KR IN D VINOIA V'] ZH 152°€ ‘a1 oseq feixy .ﬁeoo
WIBWPYINS S/Y 04| W 0o ideple wioN .c._eoo Nv-moom-wm..o_oz
uajepads3 :te Aoaung NI1NHG| IdH/UYD oL gvg :dooT

-200% -200% ~
10 20 30

IlllllJlHllll

10 20 30

TTTITTITIT T 7T
T




2e/elL) T PRlold
ol e H190 3317 4nDISAHIOED

gigse : pekenang QO aL1 SOISAHJdO3D

ANDVINOWNYV'] zH 1 5Z'¢ "beu eseq lexy 1dwo)
W|BWpyINg §/y 104 | wojo wdeplewion uguod |€4-500¢-S3 810H
usepads3 :je AsaIng NI NHE | 19HI(HUO - uud) Aiepucdss g :doon

= i T T T T 1 F—F 1 r 1T 1 [F 1 | A N
l R L
C o R i i 2 32 2 R . R o ]
<t O LIl QW mn Qo (= B
: ok N 0 N oD P ]
.. rﬁ_w_. 1 S = e B
7 1
L oy -
-8 __ i
B o _ ) ]
= d i I .:..Auu. -
B : e o 32 il ) 1
= © |
B % 3 & % o i S o -
-~ T ® g 0 o i I T T g
| | | | 1 | | I ] B WO | I 11




_Nm\m\tﬁmzm_m_._.wom
mh_m_:o_m;?_omu
| SEse PSRRRE qor T ALl SOISAHIOAD

ANOVINONV'] _ ZH 1G2'¢ "bei4 aseg [eixy 1dwo?
wjewping S/v 104 | wojo yrdep 12 WOy "unuon £+-5002-S3 2I0H

. . [

ua|epads3 e AsAing NI L NHG ! [dHI/UYD IEIOL gtg :dooT m

|

i i 1 T i T | o 1 I I ! I I I T ! 1

- g 2 L o
SO g ¥
8 i ' S—
-] o 87
S 8 o
B { B L L s B = - SN 15 I | 1] | L. o I I -




ZEMILL PRUOIY | QO s .
F 1 Rt IN OV INOIN V'] zH 1szE borjeseg|  [eIXY 1dwo)
| WIBWPYINS S/ 04| W 040 widsp ie wioN ‘unuod | 4+-6002-53 :91oH
usjepads] ;e AeAINg NI L NHG | 9HIK1UD - uyD) ‘Arepucdes cvg :doo

50%
-50% -
25%
-25% ~
100%
-100% -

IIWIIITIT{I_’_I

10 20 30
3

- 150%
o et T g gty —
~ -25%
~ 100%
= -100%

10 20 30

l L

P 25%




cefeiLl peold 190 9317 INDISAHAOTD T .

$55 B qor i soisandozo EINSAM MO AN ZH 15z "baiy oseg lexy 1dwo)

WBWPYINS S/Y 104 W 040 wdapie wioN "ujuod ¥¥-500¢-53 -2I10H

uaepads3y 1e Asaung W31 NHA [dHI/UYD ‘[B0L 2¥g :dooT
— 87 4 S o
N 7 B n S g
2 : . &
U - 2 &
—2 3 =3 S o
T A — . —= I|¢..A._.| = — - - =

r b » = : v [ W I )




= R A
05-43-44-47 LF B4Z
o000 oo o000 Lo R o ooQ
[am N R Fp] oW oW wmowm oowm
o — {500 = (70 [delrpRve] (2R p v
o0 = o =r = o =r o =

850
o 4300
gg900

/

v

ﬁ v
e
.

J.‘ﬂ_h..:i"" - e <X

2 85
3800 W L Fie 3800
8900 9900
850 8s0
3550 e lj M e 3550
8900 9300
e Eé i ]! ; T
850 850
3300 ﬁé ‘}, ,1, % \ 3300
8800 / \ \ 9800
Lo N o Run) oo oO oo Q0o [or Rwe )
oOo0oWwm oW oow [EpR e QU p] oow
[spN1gNes) — o - glapisn) [daNigNun) o MmO
o m oo [a3 N1} m

L

¥ i I A #l ’P
S A

-2

1

— T

LOG10(AMPLITUDE




05-47

!
o

P BA4C

0aT1
0O0EY
0SY6

00T1
0S0v
0S¥6

adil
008t
0S¥b

agtr
05S€
UStb

00711
0O0EE
0S¥6

oo
oow
— (<t
— <@

s1018
3300
9450

009
O0EY
0SPE

008
0S0v
0S¥F6E

009
008¢E
OS¥E

009
0SGE
0Stvoh

008
00€E
0S¥6

L AR
TN N rl

L5

iy
7 T6

e
i

LOGLO(AMPLITUDE)




1 05-43 LP B47

00T1
00y
0S¥6

00TT
0S0%
0Sv6

oo
IpYanjan]
0
ooon —

gartl
0GSE
0S¥6

0OTT
00EE
0S¥6

009
O0€Yy
0S¥6

009
050+%
0Sv6

= 0w

oaa
no o
aplay]

009
0SSE
0Svb

008
D0EE
05¥6

LOGLOCAMPLITUDE)




P B4Z

L 05-44

0O0T1
00ty
0S¥6

00Tl
0S0¥%
0Sv6

OO
nod
< 00—
;o —

00T1
05S€
0S¥6

0011
00EE
0SvE

oowm
— =¥
— <}

$

é

oo Oo
nmo o

009
00€Ey
0S¥6

009
0S0¥%
0G¥6

= 0w
aym

0089
0SS€E
0S¥6

009
DOEE
0S¥6

LOGLIO(AMPLITUDE)




Stormyra extension

Loops 33/32 - BH UTEM-3

@3.251 Hz frequency

Ch1 reduced

Stormyra ext ES2005-45 154m 156m Loop 33 3.251Hz
ES2005-46 270m 271m Loop 33 3251Hz
ES2005-47 330m 331.5m Loop 32 3.251Hz
ES2005-48 323m 325.5m Loop 32 3.251Hz

ES2005-45
ES2005-46
then
ES2005-47
ES2005-48

3-axis plot
total field plot

plan vectorplot

gridnorth-south section vectorplot
ES2005-47
ES2005-48

ES2005-45/46/47/48
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Stormyra

D

Loop 20b - BH UTEM-3

@3.251 Hz frequency

Ch1 reduced

Stormyra  ES2006-51 246m 247.5m Loop 20b  3.251Hz
ES2006-52 266m 268m Loop 20b  3.251Hz
ES2006-53 268m 269m Loop 20b  3.251Hz
ES2006-54 245m 246m Loop 20b  3.251H=z

ES2006-55 214m 214m Loop 20b 3.251Hz

ES2006-51
ES2006-52
ES2006-53
ES2006-54
ES2006-55

3-axis plot
total field plot

plan vectorplot
gridnorth-south section vectorplot

ES2006-51/52/53/54/55
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Appendix B

0611 Production Diary
UTEM 3 Surface Survey

Espedalen Grid
Norway

for

A/S Sulfidmalm



Production Log (0611)
UTEM Survey - Espedalen

Norway
A/S Sulfidmalm
Date Rate Production Comments
up to February 09 - Discussions, signing of the contract, assembly of crew

and equipment.

February 10 Mob  (equip) Equipment packed up and labelled. Picked up from
Kingston. Shipping address is:
Wilhelmsen Agencies AS

P. Box 14
NO 2061 Gardermoen
Norway

February 15  Mob - The LGL. crew -Rob Langridge, Ryan Land and Warren
(Bud) Evans - travel from Canada->Munich(MCH)-
>slo (OSL).

February 16 ~ Mob - Continuation of air travel. The gear clears customs and

meet with Falconbridge geologist Yannick Beaudoin.
The group drives to Espedalen arriving ~18:15. The
Equipment arrives in Espedalen ~21:00 and is off-loaded.

February 17  L(2)-3 Rob in camp unpacking and setting up.
borehole gear standby Ryan and Warren assist the Sulfidmalm crew with field
work/loop laying. Loop 32 is completed.
Crew:R.Langridge R.Land,W.Evans

February 18 P(1)-2  625m Assemble gear while Sulfidmalm crew is being taken out.
Drive out to the field and meet with Lars Weiershaeuser.
Spend the morning ferrying out equipment and crew
and testing out the equipment and generator. Set up the
surface crew ~12:30. they read one line without incident.
Ferry out the borehole gear and spares as the skidoo is
required elsewhere.

PB(1)-1 Set up on BH-ESP-2005-48. Dummied -50° hole to
325.5m and set up gear for testing. All equipment
appeared to be working and as the hole could not be
read in the remains of the day (16:15) we packed the site,
collected the Transmitter and headed back to camp.

Crew back in camp ~17:10.
Loop 32
Line 10800E 3350N - 3975N Hz Rxl16
Crew:R.Langridge,R.Land,W.Evans Total to date: 0.625km
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Date Rate Production Comments

February 19 P(1}-2 1625m Assemble gear while Sulfidmalm crew is being taken out.
Drive out to the field and meet with Lars Weiershaeuser
and ferry out equipment and crew. Set up the surface
crew and they read without incident.

PB(1)-1 BH 323m Set up on BH-ESP-2005-48. All equipment appeared to
be working but the data seemed a little noisy and Chl
seemed low - although coupling was not ideal. the hole
was finished and gear packed and headed back to camp.

Crew back in camp ~17:30.
Loop 32
Line 10600E 3350N - 3575N Hz  Rxleé
Line 11000E 3350N - 4100N Hz  Rxlé6
Line 11200E 3350N - 4100N Hz Rx16
Crew:R.Langridge R.Land, W .Evans Total to date: 2.225km

February 20 P(1)-2 1500m Drive out to the field and set up the surface crew. Moved
surface crew @13:00 back up to start a second line. They
phoned for a pickup at the end of the day.

PB(1)-1 BH 330m Set up on BH-ESP-2005-47. Dummied -60° hole to
331.5m and set up. The winch belt had to be replaced.
Read after moving the surface crew.

Crew back in camp ~18:10.
Loop 32
Line 10400E 3350N - 4100N Hz Rx16
Line 1060CE 3350N - 4100N Hz  Rxle
Crew:R.Langridge,R.Land, W Evans Total to date: 3.750km
February 21 P(1)-2  850m Drive out to the field and set up the surface crew. Set up

the borehole and started to read. There was no signal.
The surface team called in and the borehole operator
went to check the transmitter. The Transmitter had shut
down - this has happened from time-to-time previously
in Norway. Restarted - the transmitter seemed to have
more trouble starting - clipping and even going into
protect. It was decided to let it sit, get the surface crew
back and to get the second transmitter. Set up the
second transmitter and the loop was broken. The nordic
ski track-setter had run along the loop edge and “taken”
some wire. Repaired the loop and tested the second
transmitter. It also went into protect - it was decided to
switch back to Level 3 pre-whitening. Set up the original
transmitter and read.

PB(1)-1 BH 323m Set up on BH-ESP-2005-48. Re-read ESP2005-48.

Crew back in camp ~18:00.
Loop 32
Line 9600E 3350N - 4100N Hz  Rx16
Crew:R.Langridge R.Land,W.Evans Total to date: 4.600km
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Date Rate Production Comments

February 22 1/2P(2)-3 2450m Drive out to the field and set up as a surface crew. Read
1/2P(1)-2 on Loop 32. After one line the borehole crew split off to
1/2 borehole gear standby  deal with BH-ESP-2005-45 and 46. The remaining crew
completed the final Loop 32 survey line
1/2PB(1)-1 Set up on BH-ESP-2005-45 - dummied to 156m. Shifted
to BH-ESP-2005-46 and had the tiger torch on the frozen
hole ti1l 17:15..
Crew back in camp ~18:05

Loop 32
Line 9800E 3350N - 4200N Hz Rx15
Line 10000E 3350N - 4100N Hz Rx16
Line 10200E 3350N - 4200N Hz Rx1eé
Crew:R.Langridge,R.Land,W Evans Total to date: 7.050km

February 23 P(1)-2  1900m Drive out to the field and set up the surface crew.
PB(1)-1 BH424m  Set up on BH-ESP-2005-45 and read to 154m. Moved to
BH-ESP-2005-46 and dummied to 271m/read to 270m.
Crew back in camp ~16:15.

Loop 33
Line 8800E 3125N - 4050N Hz Rxlé
Line 9000E 3125N - 4100N Hz  Rxl16
Crew:R.Langridge,R.Land,W.Evans Total to date: 8.950km

February 24 P(1}-2  2675m Drive out to the field and set up the surface crew.
PB(1)-1 Out to ESP2005-42/43/44. Extended skidoo trail u

closer to the holes. Started moving gear in. With }I‘n)elp
from Falconbridge crew located the boreholes,
excavated the snow and dummied all three holes to
ESP2005-42/43/44 35/46/40m respectively. Moved
Transmitter onto Loop B42 for the following morning.
Crew back in camp ~18:00.

Loop 33
Line 8200E 3125N - 4000N Hz Rx16
Line 8400E 3125N - 4050N Hz Rx16
Line 8600E 3125N - 4000N Hz Rx16
Crew:R.Langrid ge,R.Land, W Evans Total to date: 11.625km
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Date Rate Production Comments

February 25 1/2L(1)-2 1850m Ryan and Bud loop in the morning while borehole
1/2P(2)-3 surveying was going on. Set up to read surface @ 12:30.
1/2 borehole gear standby  Finish surface work and move transmitter to loop 34
and help lay a portion of Loop 34.
1/2PB(1)-1 BH117m  Set up and read ESP2005-42/43/44 to 34/44/39m
respectively. Packed gear up and left it at the site
pending data processing. Moved Transmitter back to
Loop 33 and read surface.
Crew back in camp ~18:00.

Loop 33
Line 7900E 3125N - 4000N Hz Rx15
Line 8000E 3125N - 4100N Hz  Rx16
Crew:R.Langridge,R.Land,W.Evans Total to date: 13.475km
February 26 1P(2)-3 3350m Complete Loop 34 first thing in the morning. Read on
borehole gear standby Loop 34 all day. Collect borehole gear from Vesla.
Crew back in camp ~18:00.
Loop 34
Line 7100E 2525N - 4200N Hz Rx16
Line 7300E 2525N - 4200N Hz Rx15
Crew:R.Langridge,R.Land,W .Evans Total to date: 16.825km
February 27 1P(2)-3 3925m Read on Loop 34 all day.
borehole gear standby Crew back in camp ~16:15,
Loop 34
Line 7500E 2525N - 4250N Hz Rx15
Line 7700E 2525N - 3975N Hz  Rxl16
Line 7900E 2525N - 3275N Hz  Rxlé
Crew:R.Langridge,R.Land,W.Evans Total to date: 20.750km
February 28 1P(2)-3 3100m Read on Loop 34 all day. Move transmitter to Loop 35 at
borehole gear standby the end of day.
Crew back in camp ~17:30.
Loop 34
Line 6700E 2525N - 4075N Hz Rx15
Line 6900E 2525N - 4075N Hz Rxl16
Crew:R.Langridge,R.Land,W.Evans Total to date: 23.850km
March 01 1P(2)-3 3925m Read on Loop 35 all day.
borehole gear standby Crew back in camp ~18:00.
Loop 35
Line 5100E 2475N - 3900N Hz Rx15
Line 5300E 2375N - 3825N Hz Rx16
Line 5500E 3300N - 3825N Hz Rxlé
Line 5700E 3300N - 3825N Hz  Rx15
Crew:R.Langridge,R.Land,W.Evans Total to date: 27.775km
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Date Production Comments
March 02 1P(2)-3 4025m Read on Loop 35 all day.
borehole gear standby Crew back in camp ~18:00.
Loop 35
Line 5500E 2375N - 3300N Hz Rx16
Line 5700E 2375N - 3300N Hz Rx15
Line 5900E 2375N - 3325N Hz  Rxlé
Line 6500E 2375N - 3600N Hz Rx15
Crew:R.Langridge,R.Land, W.Evans Total to date: 31.800km
March 03 1P(2)-3  3475m Read on Loop 35 all day. Rob works alone - Johan picks
borehole gear standby up wire. Back to camp to send data. Told to move on to
Loop 31. Bring gear back to the Strand at the end of the
day.
Crew back in camp ~18:00.
Loop 35
Line 5900E 3550N - 3900N Hz Rx16
Line 6100E 2375N - 3800N Hz Rx16
Line 6300E 2375N - 3825N Hz Rx15
Line 6500E 3600N - 3850N Hz Rx15
Crew:R.Langridge, R.Land, W.Evans Total to date: 35.275km
March 04 1P(2)-3  2650m Over to Loop 31 by skidoo trail. Set up transmitter so
borehole gear standby that wire crosses road in the air. Read on Loop 31 and
drive back up the hill. Yannick requires some help so
one receiver crew goes looping while the other crew
reads. Return Johan to the Strand and go back for the
transmitter.
Crew back in camp ~18:00.
Loop 31
Line 9400E 4950N - 5850N Hz Rx15
Line 9600E 4975N - 5850N Hz Rxleé
Line 10000E 4975N - 5850N Hz Rx15
Crew:R.Langridge,R.Land,W.Evans Total to date: 37.925km
March 05 1P(2)-3 3100m Read on Loop 31 all day.

borehole gear standby

Crew:R.Langridge,R.Land,W.Evans

Crew back in camp ~17:00.
Loop 31
Line 9800E 5050N - 5850N Hz  Rx15
Line 10200E 5100N - 5850N Hz Rx16
Line 10300E 5550N - 5850N Hz Rxlé
Line 10400E 5400N - 5850N Hz  Rxlé
Line 10500E 5450N - 5850N Hz  Rx15
Line 10600E 5450N - 5850N Hz  Rx15

Total to date: 41.025km
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Date Rate Production Comments
March 06  1/2L(1)-2 1675m Ryan and Bud loop in the morning while borehole
1/2P(2)-3 surveying was going on. Set up to read surface @ 15:30.

1/2 borehole gear standby ~ Read most of two lines before a coil acts up..
1/2PB(1)-1 BH 78m Set up on ESP2005-35. Thawed hole while Loop 31 was

being modified to Loop B35. Dummied to 79m. Waited
for the loop to be completed and finally aided in the
looping. Read the hole - extra stacking was required
because the loop edge had been set back further from
the hole. Packed gear up and left it at the site pending
data processing. Moved Transmitter to Loop 30 and
read surface.
Crew back in camp ~18:45

Loop 30
Line 9000E 5100N - 5850N Hz  Rx16
Line 9200E 4925N - 5850N Hz  Rx15
Crcw:R.Langridge,R.Land,W.Evans Total to date: 42.700km
March 07 1P(2)-3 3300m Read on Loop 35 all day.
borehole gear standby Crew back in camp ~18:05
Loop 30
Line 8200E 4925N - 5675N Hz  Rx15
Line 8400E 4850N - 5675N Hz  Rx15
Line 8600E 4875N - 5675N Hz  Rx15
Line 8800E 4950N - 5675N Hz Rx15
Line 9000E 4900N - 5100N Hz Rx16
Crew:R.Langridge,R.Land,W.Evans Total to date: 46.000km
March 08 1P(2)-3 Looped all day. Picked up pieces from Loops 30/31 and
borehole gear standby flagging. Moved equipment back to the Strand. laid out
most of Loops 36 and 37.
Crew back in camp ~17:55
Crew:R.Langridge,R.Land,W.Evans Total to date: 46.000km
March 09 1P(2)-3 2100m Finished laying Loop 36. Got stuck in slush on the lake
borehole gear standby moving the transmitter into place. Had to break trail
into the lines - everything had blown in. Read on Loop
36.
Crew back in camp ~17:05
Loop 36
Line 5900E 4025N - 5000N Hz  Rx15
Line 6100E 3850N - 4975N Hz Rxleé
Crew:R.Langridge,R.Land,W.Evans Total to date: 48.100km
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Date Rate Production Comments
March 10 1P(2)-3 3225m Read on Loop 36. Generator was frozen up in the
borehole gear standby morning - brought back to the Strand and thawed. Laid

out part of the lake wire for Loop 37.
Crew back in camp ~18:05

Loop 36
Line 5700E 4050N - 4975N Hz Rx16
Line 6200E 4000N - 4450N Hz Rx15
Line 6300E 4025N - 5025N Hz Rx16
Line 6500E 4225N - 5075N Hz Rx15
Crew:R.Langridge,R.Land,W.Evans Total to date: 51.325km

March 11 1P(2)-3 3750m Set up in the morning while the coilers completed Loop
borehole gear standby 37. Read the last two lines on Loop 36. Switched to
Loop 37 and read two more lines.
Crew back in camp ~17:45

Loop 36
Line 5300E 4075N - 4975N Hz  Rx16
Line 5500E 4100N - 4975N Hz Rx15
Loop 37
Line 4700E 3975N - 4975N Hz  Rx15
Line 4900E 4000N - 4975N Hz  Rx16
Crew:R.Langridge,R.Land,W.Evans Total to date: 55.075km
March 12 1P(2)-3 4125m Read on Loop 37.
borehole gear standby Crew back in camp ~17:45
Loop 37
Line 3800E 4050N - 4975N Hz Rx15
Line 4000E 3975N - 4975N Hz Rxl6
Line 4500E 3950N - 4975N Hz Rx16
Line S5100E 3800N - 4975N Hz  Rx15
Crew:R.Langridge,R.Land, W .Evans Total to date: 59.200km

March 13 1P(2)-3 2525m Completed Loop 37. Broke trail into Loop 20 for the 2006
borehole gear standby boreholes. Picked up all wire on Espedalvasnet.
Transported equipment up to the parking lot.
Crew back in camp ~17:30

Loop 37
Line 4100E 4000N - 4550N Hz Rx15
Line 4200E 4025N - 4975N Hz Rx15
Line 4300E 3950N - 4975N Hz Rx16
Crew:R.Langridge,R.Land, W .Evans Total to date: 61.725km
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Date Rate Production Comments
March 14 PB(1)-3 BH246m  Ryan,Bud and Johan loop in the morning - laying out
surface Rx standby Loop 20 again. After that they helped set up the

transmitter and then picked up sections of Loop
36/37.Set up on ESP2006-51 and dummied the hole to
247.5m. Borrowed the drillers snuscooter and truck and
went back to Espedalen for gear. Read ESP2006-51.
Crew back in camp ~16:45
Crew:R.Langridge,R.Land,W.Evans Total to date: 61.725km

March 15 PB(1)-3 BH266m  Ryan ,Bud and Johan loop in the morning - picking up
surface Rx standby the remainder of Loops 36/37 and the Vesla Loop. They
then put out Loop B36. Set up on ESP2006-52 after the
drillers have moved off. Dummied the hole to 268m.
Read ESP2006-52.
Crew back in camp ~18:30.

Crew:R.Langridge R.Land,W.Evans Total to date: 61.725km
March 16 L(2)-3 Pack gear and get on road by 10:00. Drive to Kvikne for
borehole gear standby work on the Vakkerlien project. Arrive ~15:30. Unpack

and meet up with Knute - the local snuscooter owner

who is providing transport. Head out to the grid with

Yannick and move gear in/ establish corners and points.

Crew back in camp ~18:30.
Crew:R.Langridge,R.Land,W.Evans

March 17 1P(2)-3  2050m Put in Loop 05. Establish chaining points and

borehole gear standby chain/survey 4 lines.
Crew back in camp ~17:30
Loop V05
Line 3365E 5750E - 6275E Hz Rxl1é6
Line 3360E 5750E - 6275E Hz Rx15
Line 3370E 5750E - 6275E Hz Rx16
Line 3375E S800E - 6275E Hz  Rx16
Crew:R.Langridge,R.Land,W.Evans  Vakkerlien Total to date: 2.050km
March 18 1P(2)-3 525m Out Loop 05 with Knute - windy and warm.
borehole gear standby Chain/survey the remaining line. Pick up all pickets and

the loop. Transport all equipment back to the truck and
back to the hotel. Drive Knute’s car home. Plot data

and pack.
Crew back in camp ~14:00
Loop V05
Line 3355E 5750E - 6275E Hz Rx16

Crew:R Langridge,R.Land,W.Evans  Vakkerlien Total to date: 2.575km
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Date Rate Production Comments
March 19 L(2)-3 Gear packed and on the road by 09:00. Drive back to
borehole gear standby Espedalen. Leaving Kvikne the conditions were very

windy with lots of blowing snow but conditions
improved as we drove south of Dombas. Back in
Espedalen ~13:30. The 2006 hole 53 was expected to be
ready to read on Monday so we left the borehole gear in
place and picked up 6 lines of pickets and set up the
transmitter site for the 2004 /2005 holes remaining to be
read.
Crew back in camp ~16:10.
Crew:R.Langridge,R.Land,W.Evans

March 20 1PB(1)-3 The 2006 hole 53 would be ready to read on Tuesday so
surface Rx standby wwe left the borehole gear in place and dummied 7 of
the 8 2004 /2005 holes - 2004-15 and 2005-
36,37,38,39,40,41. All holes dummied to ~a metre of the
total depth recorded. We could not remove the cap
from 2004-14. The loopers put in Loop B-46 and then
dug out boreholes. They then picked up 6 lines of
pickets.
Crew back in camp ~17:30.
Crew:R.Langridge,R.Land, W.Evans

March 21 1PB(1)-3 BH 268m  Set up on ESP2006-53 after the drillers moved off.
surface Rx standby Dummied the hole to 269m. Read ESP2006-53.
The loopers finish off Loop B-46 and then opened up
2004-14 and spent the rest of the day removing pickets
and transferring wire.
Crew back in camp ~17:30.
Crew:R.Langridge,R.Land,W.Evans

March22  1PB(1)-3 BH429m  Got all the gear out to the Jorstad loop. Set up and
surface Rx standby started reading by ~11:00. Dummied ESP2004-14 and
read ESP2004-14/15 ESP2005-41 to 128/178/123m
respectively. Packed gear up and moved it to the next
hole. Loopers helped transport equipment, dig out
holes and then remove pickets.
Crew back in camp ~18:10.
Crew:R.Langridge,R.Land,W.Evans
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Date Rate Production Comments
March 23 1PB(1)-2 BH 274m Got all the gear out to Loop B38/B36. Set up and
surface Rx standby? started reading by ~11:00. Read ESP2005-38 off Loop
1 man demob B38 to 90m. Switched to Loop B36 and read holes

ESP2005-39/40 off Loop B38 to 114/70m

respectively. Packed gear up and moved it to the next

hole. Loopers helped transport equipment, dig out

holes and then remove pickets.

Ryan Land demobilized back to Canada.

Crew back in camp ~18:10.
Crew:R.Langridge,W.Evans,R.Land

March 24  1PB(1)-2 BH 339m Got all the gear over to ESP2005-36/37. Read both
surface Rx standby? holes to 170/169m respectively. Returned to the Strand
with a load of gear and processed/sent the data. Went
back up and picked up the rest of the gear and the
transmitter.
Crew back in camp ~16:00.
Crew:R.Langridge,W.Evans

March 25 1PB(1)-2 BH 339m Got all the gear over to ESP2005-36/37. Read both
surface Rx standby? holes to 170/169m respectively. Returned to the Strand
with a load of gear and processed /sent the data. Went
back up and picked up the rest of the gear and the
transmitter.
Crew back in camp ~16:00.
Crew:R.Langridge,W.Evans

March 26 1PB(1)-2 Picked up all wire and prepared to take it south.
surface Rx standby? Packed gear and checked out borehole gear.
Crew back in camp ~16:00.
Crew:R.Langridge,W.Evans
March 27  1/2L(1)-1 Pack up truck and trailer and head to Gardermoen.
borehole gear standby Drop off samples and sort out Bud Evan’s plane ticket.
1/2 x 1 man demob Continue on to the southern field house and unpack
((( 1/2L(1}-1 on 0612 ))) gear and equipment.
Crew:R.Langridge,W.Evans (half day de-mob)
March 28
borehole gear standby Surface equipment charged out as a one Rx system.
((( P(1)-1 on 0612))) Crew working on southern job - 0612.

Crew:R.Langridge
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Date Rate Production Comments
March 29 demob - 1 man Bud Evans demobilized back to Canada.
borehole gear standby Surface equipment charged out as a one Rx system.
(({ P(1)-1 on 0612))) Crew working on southern job - 0612.
Crew:R.Langridge
March 30 - April 01
borehole gear standby Surface equipment charged out as a one Rx system.
(({ P(1)-1 on 0612 ))) Crew working on southern job - 0612.
Crew:R.Langridge
April 02 1PB(1)-1 Leave some gear at the southern field house as spares
surface Rx standby? and to allow room to bring all the borehole/surface

gear south. Drive from southern field house to
Espedalen. Unpack and charge gear. Take gear out to
the field. Dummy ESP2006-54/55 to 214/246m
respectively..
Crew back in camp ~17:20.

Crew:R.Langridge

April 03 1PB(1)-1 BH 459m Got all the gear over to ESP2006-54/55. Read both
surface Rx standby? holes to 245/214m respectively. Returned to the Strand
with a load of gear and processed/sent the data. Went
back up and picked up the rest of the gear and the
transmitter.
Crew back in camp ~18:30.

Crew:R.Langridge
April 04 1LB(1)-1 Out to Loop 20 - with ~30cm of fresh snow. We were
surface Rx standby? unable to get the skidoo up the ridge so we picked up

the loop on foot in fairly high winds. Transterred wire
and helped cap the 2006 holes. Started packing. Met
with the Falconbridge/Blackstone visitors.
Crew back in camp ~17:30.

Crew:R.Langridge

April 05 demob Continue packing. Get all gear and snoscooter/sleigh
borehole/surface Pack empty boxes on the trailer and load the UTEM gear
as “passengers” in the cab. Leave Espedalen ~11:30.
Drive to south field camp. Drop off snoscooter/sleigh
and retrieve gear. Drive to Roadfeeders (Gardemoen).
Do a final pack on all UTEM gear - receivers/
transmitters/ coils. Drop off borehole (9 pieces) and
surface (10 pieces). Drive back to southern field camp.
Arrive ~20:15.
Crew: R.Langridge
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Date Rate Production Comments
April 06 demob Drive Falconbridge rental car to Asker (Finn’s house)
borehole/surface and drop off personal baggage. Drop rental car @

Toyota dealer and continue into Oslo to shop. Return to
Asker ~20:00. Find out that the Falconbridge crew have
gone to stay at a hotel near the airport instead of in
Asker as planned. Also that a SAS strike may delay
flights. Spend till ~02:00 trying to arrange flights.

Crew:none
April 07 demob Get up @ 05:00 to call SAS. Spend several hours on hold
borehole/surface before talking to an agent. By early afternoon the agent
has arranged flights - same time but a day later. Travel
to Gardemoen and stay @ the Norlandia. Go back to
Gardemoen ~21:00 and line up till 23:15 to get my ticket
in order. Back to the Norlandia @~23:50.
Crew:R.Langridge
April 08 demob Up @ 04:20 and bus to Gardemoen. Line up again for
borehole/surface boarding passes. Pass through the system and fly Oslo-
London-StJohn’s without incident.
Crew:R.Langridge
April 09 equipment - Equipment (borehole and surface) in transit.
->April 10
April 11 Equipment (borehole and surface) arrives in Kingston.
LEGEND
P(n)-x Surface Production (# of receivers) - # of personnel
PB(n)-x BHUTEMBS3 Production (# of receivers) - # of personnel
L(n)-x Looping (# of receivers) - # of personnel
S(n)-x Standby (# of receivers) - # of personnel
D(n)-x Down (# of receivers) - # of personnel
DB(n)-x Down BHUTEMS3 (# of receivers) - # of personnel

UTEM Survey 0611 - A/S Sulfidmalm Espedalen, Norway Appendix B pg B12



Appendix C

The UTEM SYSTEM

The UTEM System
UTEM Data Reduction and Plotting Conventions

Data Presentation



The UTEM SYSTEM

UTEM uses a large, fixed, horizontal transmitter loop as its source. Loops range
in size from 300m x 300m up to as large as 4km x 4km. Smaller loops are
generally used over conductive terrain or for shallow sounding work. The
larger loops are only used over resistive terrain. The UTEM receiver is typically
syncronized with the transmitter at the beginning of a survey day and operates
remotely after that point. The clocks employed - one in each of the receiver
and transmitter - are sufficiently accurate to maintain synchronisation.

Measurements are routinely taken to a distance of 1.5 to twice the loop
dimensions, depending on the local noise levels, and can be continued further.
Lines are typically surveyed out from the edge of the loop but may also be read
across the loop wire and through the centre of the loop, a configuration used
mainly to detect horizontal conductors. BHUTEM - the borehole version of
UTEM -surveys have been carried out to depths up to 3000+ metres.

Systern Waveform

The UTEM transmitter passes a low-frequency (4 Hz to 90 Hz) current of a
precisely regulated triangular waveform through the transmitter loop. The
frequency can be set to any value within the operating range of the transmitter,
however, it is usually set at 31 Hz to minimise power line (60 Hz in North
America) effects. Since a receiver coil responds to the time derivative of the
magnetic field, the UTEM system really "sees” the step response of the ground.
UTEM is the only time domain system which measures the step response of the
ground. All other T.D.EM. systems to date transmit a modified step current
and "see" the (im)pulse response of the ground at the receiver. In practice, the
transmitted UTEM waveform 1is tailored to optimize signal-to-noise.
Deconvolution techniques are employed within the system to produce an
equivalent to the conceptual “step response” at the receiver.

System Sampling

The UTEM receiver measures the time variation of the magnetic field in the
direction of the receiver coil at 10 delay times (channels). UTEM channels are
spaced in a binary, geometric progression across each half-cycle of the received
waveform. Channel 10 is the earliest channel and it is 1/210 of the half-cycle
wide. Channel 1, the latest channel, is 1/21 of the half-cycle wide (see Figure
below). The measurements obtained for each of 10 channels are accumulated
over many half-cycles. Each final channel value, as stored, is the average of the
measurements for that time channel. The number of half-cycles averaged
generally ranges between 2048 (1024 full-cycles - 1K in UTEM jargon) to 32768
(16K) depending on the level of ambient noise and the signal strength.

Appendix C - The UTEM System pg Cl1



4 3| 2 lChanneH UTEM Channels

4 3| 2 Channel 1

Half cycle

Full cycle

System Configurations

For surface work the receiver coil is mounted on a portable tripod and
oriented. During a surface UTEM survey the vertical component of the
magnetic field (Hz) of the transmitter loop is always measured. Horizontal in-
line (Hx) and cross-line (Hy) components are also measured if more detailed
information is required. The UTEM System is also capable of measuring the
two horizontal components of the electric field, Ex and Ey. A dipole sensor
comprised of two electrodes is used to measure the electric field components.
This is generally used for outlining resistive features to which the magnetic field
is not very sensitive.

BHUTEM surveys employ a receiver coil that is smaller in diameter than the
surface coil. The borehole receiver coil forms part of a down-hole receiver

ackage used to measure the axial (along-borehole) component of the magnetic
field of the transmitter loop. Due to the distance between coil and receiver in
borehole surveys the signal must be transmitted up to the receiver. In
BHUTEM the signal is transmitted to surface digitally using a kevlar-reinforced
fibre-optic cable as a data link. Using a fibre-optic link avoids signal
degradation problems and allows surveying of boreholes to 3000+m. The cable
is also very light - the specific gravity is nearly 1.0 - making the cable handling
hardware quite portable.

The EM Induction Process
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Any time-varying transmitted ("primary") field induces current flow in
conductive regions of the ground below and around the transmitter loop (i.e. in
the earth or "half-space”). This current flow produces a measurable EM field,
the secondary field, which has an inherent “inertia” that resists the change in
primary field direction. This “inertial” effect is called self-inductance; it limits
the rate at which current can change and is only dependent on the shape and
size of a conductive path.

It takes a certain amount of time for the transmitted current flow to be
redirected (reversed) and reestablished to full amplitude after the rate-of-
change of the primary field reverses direction. This measurable reversal time is
characteristic for a given conductor. In general, for a good conductor this time
is greater than that of a poor conductor. This is because in a good conductor
the terminal current level is greater, whereas its rate of change is limited by the
inductance of the current path. The time-varying current causes an Emf in the
sensor proportional to the time derivative of the current. This Emf decays with
time - it vanishes when the reversal is complete - and the characteristic time of
the Emf decay as measured by the sensor is referred to as the decaytime of the
conductor.

The large-scale current which is induced in the half-space by the primary field
produces the half-space response as seen in typical UTEM profiles. This
background response is influenced by the finite conductivity of the surrounding
rock. Other currents may be induced in locally more conductive zones
(conductors) that have longer decay times than the half-space response. The
responses of these conductors are superimposed upon the background
response. The result is that the UTEM receiver detects:

- the primary field waveform, a square-wave
- the half-space (background) response of the surrounding rock
- a slight-to-large response due to any conductors present.

The result is that in the presence of conductors the primary field waveform is
substantially (and anomalously) distorted.
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UTEM DATA REDUCTION and PLOTTING CONVENTIONS

The UTEM data as it appears in the data files is in total field, continuously
normalized form. In this form, the magnetic field data collected by the receiver
is expressed as a % of the calculated primary magnetic field vector magnitude at
the station. These are total field values - the UTEM system measures during the
“on-time” and as such samples both the primary and secondary fields.

For plotting purposes, the reduced magnetic field data (as it appears in the data
file) are transformed to other formats as required. The following is provided as
a description of the various plotting formats used for the display of UTEM data.
A plotting format is defined by the choice of the normalization and field type
parameters selected for display.

NORMALIZATION

UTEM results are always expressed as a % of a normalizing field at some point
In space.

In continuously normalized form the normalizing factor (the denominator) is
the magnitude of the computed local primary field vector. As the primary
exciting field magnitude diminishes with increasing distance from the
transmitter loop the response is continuously amplified as a function of offset
from the loop. Although this type of normalization considerably distorts the
response shape, it permits anomalies to be easily identified at a wide range of
distances from the loop.

Note: An optional form of continuous normalization permits the interpreter to
normalize the response to the magnitude of the primary field vector at a fixed
depth below each station. This is useful for surface profiles which come very
close to the loop. Without this adjustment option, the normalizing field is so
strong near the loop that the secondary effects become too small in the
presence of such a large primary component. In such circumstances
interpretation is difficult, however; by “normalizing at some depth” the size of
the normalizing field, near the loop in particular, is reduced and the resulting
profile can be more effectively interpreted to a very close distance from the
transmitter wire. The usual choice for the depth is the estimated target depth is
used.

In point normalized form the normalizing factor is the magnitude of the
computed primary field vector at a single point in space. When data is
presented in this form, the point of normalization is displayed in the title block
of the plot. Point normalized profiles show the non-distorted shape of the field
profiles. Unfortunately, the very large range in magnitude of anomalies both
near and far from the loop means that small anomalies, particularly those far
from the loop, may be overlooked on this type of plot in favor of presenting
larger amplitude anomalies.
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Note: Selecting the correct plot scales is critical to the recognition of conductors
over the entire length of a point normalized profile. Point normalized data is
often used for interpretation where an analysis of the shape of a specific
anomaly is required. Point normalized profiles are therefore plotted sclectively
as required during interpretation. An exception to this procedure occurs where
surface data has been collected entirely inside a transmitter loop. The primary
field does not vary greatly inside the loop, therefore, the benetits of continuous
normalization are not required in the display of such results. In these cases data
is often point normalized to a fixed point near the loop centre.

FIELD TYPE

The type of field may be cither the Total field or the Secondary field. In
general, it is the secondary field that is most useful for the recognition and
interpretation of discrete conductors.

UTEM Results as Secondary Fields

Because the UTEM system measures during the transmitter on-time the
determination of the secondary field requires that an estimate of the primary
signal be subtracted from the observations. Two estimates of the primary
signal are available:

1) UTEM Channel 1

One estimate of the primary signal is the value of the latest time channel
observed by the UTEM System, channel 1. When Channel 1 is subtracted
from the UTEM data the resulting data display is termed Channel 1 Reduced.
This reduction formula is used in situations where it can be assumed that all
responses from any target bodies have decayed away by the latest time
channel sampled. The Channel 1 value is then a reasonable estimate of the
primary signal present during Channels 2....10.

In practice the Channel 1 Reduced form is most useful when the secondary
response is very small at the latest delay time. In these cases channel 1 is
indeed a good estimate of the primary field and using it avoids problems due
to geometric errors or transmitter loop current/system sensitivity errors.
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2) Calculated primary field

An alternate estimate of the primary field is obtained by computing the
primary field from the known locations of the transmitter loop and the
receiver stations. When the computed primary field is subtracted from the
UTEM data the resulting data display is termed Primary Field Reduced .

The calculated primary field will be in error if the geometry is in error -
mislocation of the survey stations or the loop vertices - or if the transmitter
loop current/system sensitivity is in error.  Mislocation errors from
loop/station geometry may give rise to very large secondary field errors
depending on the accuracy of the loop and station location method used.
Transmitter loop current/system sensitivity error is rarely greater than 2%.
Primary Field Reduced is plotted in situations where a large Channel 1
response is observed. In this case the assumption that the Channel 1 value is
a reasonable estimate of the primary field effect is not valid.

Note: When UTEM data is plotted in the Channel 1 Reduced form the
secondary field data for Channel 1 itself are always presented in Primary Field
Reduced form and are plotted on a separate axis. This plotting format serves to
show any long time-constant responses, magnetostatic anomalies and/or
geometric errors present in the data.

Mathematical Formulations

In the following expressions:

Rn;j is the result plotted for the nth UTEM channel,
R1; s the result plotted for the latest-time UTEM channel, channel 1,

Chnj is the raw component sensor value for the nth channel at station s
Ch1j is the raw component sensor value for channel 1 at station j,

HP: is the computed primary field component in the sensor direction
] P P Y P

| HP| is the magnitude of the computed primary field at:
- a fixed station for the entire line (point normalized data)
- the local station of observation (continuously normalized data)
- a fixed depth below the station (continuously normalized at a depth).
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Channel 1 Reduced Secondary Fields : Here, the latest time channel, Channel 1
is used as an “estimate” of the primary signal and channels 2-10 are expressed
as:

Rnj = (Chnj- Ch1j)/ IHF I x100%

Channel 1 itself is reduced by subtracting a calculation of the primary field
observed in the direction of the coil, HF as follows:

Ri1j = (Ch1j - HFj) / ITHPI x100%

Primary Field Reduced Secondary Fields : In this form all channels are reduced
according to the equation used for channel 1 above:

Rnj = (Chnj- HFj) / THP1 - x100%

This type of reduction is most often used in cases where very good geometric
control is available (leading to low error in the calculated primary field, HPj)

and where very slowly decaying responses result in significant secondary field
effects remaining in channel 1 observations.

UTEM Results as a Total Field

In certain cases results are presented as a % of the Total Field. This display is
particularly useful, in borehole surveys where the probe may actually pass
through a very good conductor. In these cases the shielding effect of the
conductor will cause the observed (total) field to become very small below the
intersection point. This nullification due to shielding effects on the total field is
much easier to see on a separate Total Field plot. In cases where the amplitude
of the anomalies relative to the primary field is small, suggesting the presence
of poorly conductive bodies, the Total Field plotis less useful.

The data contained in the UTEM reduced data files is in Total Field,
continuously normalized form if:

Rnj = Chnj / | HP | x100%
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DATA PRESENTATION

All UTEM survey results are presented as profiles in an Appendix of this
report. For BHUTEM surveys the requisite Vectorplots, presented as plan and
section views showing the direction and magnitude of the calculated primary
field vectors for each transmitter loop, are presented in a separate Appendix.

The symbols used to identify the channels on all plots as well as the mean delay
time for each channel is shown in the table below.

UTEM Svystem Mean Delay Times
10 Channel Mode @ 31 hz.(approx.)
(_base freq: 30.974 hertz)

Channel # Delay time (ms} Plot Symbol
1211
6.053
3.027
1.513
0.757
0.378
0.t89
0.095
0.047
0.024
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Notes on Standard plotting formats:

10 channel data in Channel 1 Reduced form - The data are usually displayed on
three separate axes. This permits scale expansion, allowing for accurate
determination of signal decay rates. The standard configuration is:

Bottom axis - Channel 1 (latest time) is plotted alone in Primary Field Reduced
form using the same scale as the center axis.

Center axis - The intermediate to late time channels, ch5 to ch2 are plotted on
the center axis using a suitable scale.

Top axis - The early time channels, ch10 to ché and a repeat of ch5 for
comparison are plotted on the top axis at a reduced scale. The
earliest channels, ch8 to ch10, may not be plotted to avoid clutter.

10 channel data in Primary Field Reduced form: The data are displayed using a
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single axis plot format. Secondary effects are plotted using a Y axis on each
data plot with peak to peak values up to 200%.

BHUTEM data plotted as_total field profiles: Data are expressed directly as a
percentage of the Total Field value. The Y axis on each single axis data plot
shows peak values of up to 100%. These departures are always relative to the
measured total field value at the observation station.

BHUTEM data plotted as secondary field profiles: Check the title block of the plot
to determine if the data is in Channel 1 Reduced form or in Primary Field Reduced_
form.

Note that on all BHUTEM plots the ratio between the axial component of the
primary field of the loop and the magnitude of the total primary field strength (dc)
is plotted as a profile without symbols. In UTEM jargon this is referred to as the
“primary field” and it is plotted for use as a polarity reference tool.
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Note on sources of anomalous Chl

This section outlines the possible sources of anomalous channel 1 which is not
correlated to the Ch2-10 data plotted on the upper axes of a channel 1 normalized plot.

1) Mislocation of the transmitter loop and/or survey stations
Mislocating the transmitter loop and/or the survey stations results in an error in the
calculated primary field at the station and aEpears as an anomalous Ch1 value not
correlated to channel 1 normalized Ch2-10. The effect is amplified near the loop front.
This can be seen in the profiles - the error in Ch1 generally increases approaching the
loop. As arule a 1% error in measurement of the distance from the Joop will result in,
for outside the loop surveys, an error in Ch1 of:

- 1% near the loop front (long-wire field varies as 1/1)
_ 39, at a distance from the loop front (dipolar field varies as 1/13)
- 29, at intermediate distances (intermediate field varies as ~1 [12)

Errors in elevation result in smaller errors but as they often affect the chainage they
accumulate along the line.

The in-loop survey configuration generally diminishes geometric error since the field
gradients are very low. At the centre of the loop the gradient in the vertical field is
essentially zero so it is difficult to introduce geometric anomalies near the loop centre.
Near the loop sides and at the closest approach of the lines to the wire mislocation of
the loop and the station becomes more critical. Typically loop sides are designed to be
>200m from any survey stations.

2) Magnetostatic UTEM responses
Magnetostatic UTEM responses arise over rocks which generate magnetic anomalies.
Such magnetic materials will amplify the total (primary + secondary) field of the UTEM
transmitter which is sensed by the receiver coil. The secondary field is generated by
subtracting a computed primary which does not include magnetic effects. This can
give rise to strong and abrupt channel 1 anomalies when the source of the magnetics is
at surface. This is the case in a number of places on these grids. UTEM magnetostatic
anomalies differ from DC magnetic anomalies in the following three major ways:

1) In the case of DC magnetics the field is dipping N and is very uniform over the
scale of the survey area while the UTEM field inside the loop is vertical and it is

stronger near the loop edges.

2) Most aeromagnetics are collected as total field while with UTEM we measure a
given (in this case generally z,x) component.

3) DC magnetic instruments observe the total magnetization of the causative body
which is due to its susceptibility as well as any remnant magnetization. An AC
method such as UTEM will not respond to the remnant portion of the
magnetization.

The larger amplitude of the UTEM Ch1 response is explained by the fact that the UTEM
primary field is often more favourably coupled (magnetostatically speaking) to
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magnetic mineralization as compared to the earths field. Another factor could be the
presence of a reverse remnant component to the magnetization.
Note that positive magnetic anomalies will cause:

- positive Ch1 anomalies in data collected outside the loop
- negative Ch1 anomalies in data collected inside the loop

3) Extremely good conductors
An extremely good conductor will be characterized by a time constant much longer

than the half-period (@ 30Hz >>16ms). This will give rise to an anomalous Ch1 which
is not correlated to the Ch2-10 data plotted on the upper axes of a channel 1 normal ized

plot.
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Appendix E

Note on 4 Hz UTEM data:
The effect of the presence of a 60-cycle
powerline.

Note
While this Appendix uses data collected in the presence of a 60Hz
powerline the issue dealt with applies equally to UTEM data
collected in the presence of a 50Hz powerline.

Note: The standard presentation in Appendix A has Ch2-5 plotted on the middle axis. An alternative
presentation - with Ch2 and Ch3 on the middle axis - is sometimes chosen when a powerline cuts
through the surveyed area. This Appendix is a brief discussion of why the alternative presentation is
chosen.
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Note on 4 Hz UTEM data: The effect of the presence of a 60-cycle powerline.

This appendix outlines and discusses the effect of the presence of a 60-cycle
powerline on ~4Hz (3.872Hz) UTEM data. This line is from a series of loops with a
powerline cutting across the survey area. The UTEM data is affected by the presence of
the powerline.

example data:

Figure E1(a) is the example data as presented in Appendix A -an alternative
presentation with Ch2 and Ch3 on the middle axis. The standard presentation is shown
in Figure E1(b) - with Ch2-5 plotted on the middle axis. The alternative presentation
was chosen for a series of loops (including this loop) with a powerline cutting through
the surveyed area. Figure E1(c) shows why - Ch4 and Ch5 show a pattern where when
one is up the other is down and vice versa. The amplitude of the pattern decreases with
distance away from the powerline. It was felt that this pattern obscured the
information in Ch?2 and 3 and the alternative presentation was chosen.

explanation:

Figure E2a) shows the UTEM waveform at ~4Hz with a 60Hz waveform superimposed
on it. Roughly 16 cycles of the 60-cycle waveform fit into the full UTEM waveform. On

a channel-by-channel basis:
~4 cycles fit into Ch1
~2 cycles fit into Ch2
~1 cycle fits into Ch3.

The multiple cycles tend to cancel out. Earlier channels are narrower - only part of a
cycle wide. In particular Ch4 is ~half a cycle wide and ChsS falls in the opposite
halfcycle. The result is the pattern shown in Figure 1(c): Ch4 and Chb tending to
diverge from one another - more strongly near the powerline.

other presentations:

Figures E3(a) and (b) show the example data in two other presentations where several
channels are combined to give fewer, cleaner channels:

Figure E3(a): In this presentation Ch4 and 5 are combined to give a combined Ch”4”
that is ~1.5 times as wide as the original Ch4. The Ch”4” is cleaner than
the original. The original Ch5-10 are shown on the upper axis.

Figure E3(b): In this presentation Ch4-10 are combined to give a combined Ch”4” that
is 2x as wide as the original Ch4 (equal in width to the original Ch3). The
Ch”4” is as clean as the original Ch3. Note that Ch10 is added in twice to
make the 2x factor exact. The original Ch5-10 are shown on the upper

axis.
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Discussion:

Several elements of UTEM survey design and procedure will have an affect on the
number of useful channels in the final data set. These would include:

- careful positioning of the transmitter loops relative to the powerline(s)

- increasing the transmitter current (and the signal-to-noise ratio)

- care in the selection of gains during surveying. Near a source of coherent noise
(eg powerline) the signal gain should be selected to minimize data rejections.

Consideration should also be given to increasing the station spacing in the vicinity of
the powerline. This allows additional stacking to be done (at fewer stations) without

much of an increase in surveying time.

Several other ways to increase the number of channels tree of the powerline affects are:

o lowering the frequency: each factor of two lower in trequency would add a channel
relatively free of the affects of the powerline. The cost would be increased stacking
time at each station.

e taking multiple readings: each reading starts at a different (random) point on the 60-
cycle waveform. The sum of several readings will tend to better average out any

affect.

e alternative channel sampling: Figure E2b) shows the standard UTEM 3 Boxcar channel
sampling. An alternative - tapered channel sampling - is available (and often used)
with UTEM 4. In this case if tapered sampling had been available it would likely have
been used. The result would have been:

- a slightly noisier Ch3
- a considerably improved Ch4
- an improved Ch5
The choice of which sampling to use on a UTEM 4 survey depends on the frequency
of the survey, the proximity and the frequency of any local powerline and the type of
decay seen.
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Maxwell Model for Drillhole ES2006-55 — Stormyra
Preliminary version 2 with polarity reversed
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Maxwell Model for Loop 36, Line 6200E
2006 Strand Area UTEM Anomaly
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Maxwell Model for Loop 31, Line 10300E
2006 Trona Area UTEM Anomaly
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