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1 Introduction

On 23rdJanuary, 2006, 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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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 error is
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 availabdity. 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 yield 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)* lmin / km = 15min + 90 min = 105
minutes.

Post-processed single frequency data can yield 10-15cm 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 geornetry 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
"Over-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 Lillehammer.

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
Lillehammer, 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 : UTM Grid
Northing  Eastin X Northin Y Zone Azimuth
0 525500 6808100 32NORTH 050


Fioure4.1.1.ImealGrid Origin

X ORiGHN + XGRILD cos e + YGRIG sin e )

Yu"M,= YUT, DR:O.N1 XGRG sin e - YGRIE; cos e)

Where: XLiTtl YUTt.1= unknown UTM

XORIGINI YORIGIN = origin of local grid in UTM coordinates
XGRID YGRID = known local grid coordinates

= azimuth of local grid relative to north in degrees

Figure4.1.2- Furinulaefor converting"LocalGrid- to "liTN1Grid-



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 2006. the real-time GPS base station was erected at government
geodetic control point known as F3010135 "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. lt
was found that the two systems varied by 11.1cm in X, 15.5cm in Y, 2.9cm in Z;
well within the specifications of this survey.

Figure 4.2.1 —GPS Base station F30111135 "Vassendaas"
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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 UTM N UTM_E Elev.

F3010135 Vassendaas 6803033.119 534131.190 1078.194

F3010118 Leppryggen 6801513.582 532751.301 1302.532

F3110208 i Ognsjoefjellryggen 6799492.139 535691.529 1103.244
Figure 4.2.2 - ( oordirbdes of published gosernment eontri I poink. ETRS89.

ID




Elev, dX dY dZUTM N UTM E
F3010118 680113.700 532751.199 1302.625 0.102 -0.118 -0.093

F3110208 6799492.111 535691.585 1103.245 -0.056 0.028 -0.001
Figure 4.2.3 :Obsersed coordinates and differenee sersus published

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 geold 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 placed 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, te. 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. normaHy less than one rninute.

Where possible. high precision Ll/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 (+1-1m).

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 ASCII
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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Repeat I metres

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%. Ideally 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 snowmobile 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 claimed by the
manufacturer and well within the specifications of the survey. Future surveys
should allow 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 collected. 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
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Figure A.I —Sample Data
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APPENDIX D - GPS EQUIPMENT SPECIFICATIONS



One receiver, many
configurations,for
greater flexibility
and choice

easrfc-bse. ssrses ng t"at rogged adc

sersatte enough for anouob.

Combine your 5700 nith the antenna and rad.o

that best suit your needs, and then add the Trunble

control er and sofana:e of scur cao cc for a tota:

sm.erng solsOca Tre ponert. 5700 GPSsysteur

Advanced GPS receiver technology

The 5700 is a 24-channel dualbrequency RTK

GPSreceiver featuring the advaneedTrimble

"aarneHa techno ogy for superior tracKbg or GPS

Modular design for versatility

For topographic. bourdary. or engmeermgspr,eppp.

chp the receiverto your be.t. carry in a concortaHe

baSKpack,or coragure 1 ;.C.hCocomponents on a

.gatne:gart range pc e.'4,aattne rece:,er

	

ca: For cdaso: acs dat s arrst; "r

receoe• Soa tbsod Oesgraes:to nork Sr-eyom

,co reo—res

Full metal jacket..and lightweight

Tee 57011GPS'ece—e' Pcas:s trre

	

e0n-3- ano naterProcr eg specs e

ds sos CO, case s strcbger tr-an

h$ so 30M „gratar—tae5702 "ne.gas,ast 1.4 x.4

ito Kan bahtedes.Wheteer .soLdrecceectiug confrol

pumts on a tripod. or scrarnbling down a scree slope

coracting readtime leinematicdata,:he receber is lrght

enoygn and touga enouga to capy on performing.

Fast and efficient data storage and

communications

ase sre reoe .ernsGonspaosF, er. :a s'.pre

:creto3,40Qrorsofconuos Lt L2 tata

cdaepacn ayerage of 15-secord Mtersas.


Transterdata to a PCat speeds ot more than

1 megarysper second Inrougn the super-fast USE

peratiour cho:ce of UHF racY) modem is bunt ;n to

fhe receiserto proGde RTKoommurications receimng

sanyt the need Scrcab.es or ecra poner'

Your choice of Trimble antenna

Caocse tae raga-arouracsTrap e GPSantenra that

besf suas scor needs: tae ligadnegat ant persable

Zepasbmaatenna ror RTKroGng,cr tae Zephyr

Gecaet cs" anseara for geodeac surseGng.

Le Sepryr GeoPes anterra o"ers Syam Te;er

ase cemer repeatabi1, aec exceLem e e.af

Pac. -G e me nno.at .e cesin of Is

Lti Industryleacling technology

provates supenor performance

LI Flexible configuraUonsput

you in total coneol

Rugged,hgh-pedormance

hartnare .s bo sto last

ra IneSrmtbe contrc ier and

softnare c' yokmono.ce, eflo,

seamiess blegGsed sor.ebng

Trimble Stealth", grouns plane

ateraUyburns up multubbh energy

using technology 5.01iler to tbal

ased to; steaah a 'Cratt t.obyle from

:acabirre Zepair Gebacf Gantearra

znus pro.mes unsrpasspc accprac,

from a portarCeaatebrc

(.,•-›Trimble



Trimble 5700 GPSSystem

er)111 CEO

OSlf PACIRC

Performance specifications
Measurements

erential GPS positioningt

Static and Faststatic GPS suryeyingi

latnematic surveying1

Hardware
5700 GPS recetver

,

Zephyr antenna
' dt:

tt5 F.

Zephyr Geadetic antenna



KEY FEAttli-rH COMBINE FIELD AND OFFICE IN ONE POWERFUL

HANDHELD COMPUTER

Thmbief 0502' ControlIer is an adsanced

handhedd computer eIOcaiLj des.gnea for

Thehhe optda, ana GPS surye,ing s,sterus

V.ritIret.:rcsoft'V.indo:.sMoh:e50

sortware operating ssstenr, the T502 controler

runs your chode of powerful Trimble fioicl

softwarea Add 4)01ialized applicatIons to

the standard Microsoft Outlook Mobile, Excel

Mohile, Word Motble. Poe.er Point Mob,le

and internet Espierer programs, and the T502

controher becornes a powerhouse ot field

arra offire funct.ors on one rugged business

dek

SMART, EXPANDABLE HARDWARE

Ler, nrc.at .0 'c.lture on the T502

sur tru er s ues gryer: to ••••••.t? yor ;ols eas er

C , . e.s L'eY.Kg•Lunis reaps and check


zdork on the yhahnt (C•iur graphic dispy for

cireater aata contru and ronf.dence Llso the

tiL alpharumeric kezboard, or qu ckly se:ect

yo ftz.are opt.dr-s us ng the lcuch screen

The

FLEXIBLE COMMUNICATION OPTIONS

Choose the rnethod of data transfer tr at suits

your situat,on Using an externa: madern

such as a ccl I phone with Euetcoth, send ard

receue fi es over the nterret from the fie.g:

yot. don't need to driye back to he cacce :n

the office. interna: 802.11 techno:ogy groodes

wireless connection to your netyyork The

TSC2 controller also provides USB and serial

135232 commonication optionG data can be

transferred to a PC or another TSC2 contraller

“Sing a cable, Bluetooth, CompactFlash, or

Secure Dig:tal mernory card media

BUILT FOR THE FIELD FOR ANY CONDITIONS

The 0502 controller is rugged enough for any

jOb in any weather it holds an enwronmental

rat,ng of IP67 and operates in extreme

terroperatures of 30 C to .60 'T r 22 -F to

.140 'Fr :t car a so 0 t'stara a pale crop

of 1 22 re 4 0 ft, onto a hard surface The

cdsplay is. lic.y nated, so gou can frrus-

ang ,ob fast esen in low light.ng The TSC2

contro :er rece res p0v.er from a^ ulthe

ong trus," on batter, that gives op tz

uha
1/4ablawaui.»)

gp,
1V711;211aZ

0502 rontrb. er rhangearye cap

enurh es the use rernsuab 0 rneraory or


trura part, mecha, such as GPRS, GPS, carnera,

and preouct scanner funsf ors Extend your

data .ogo chpay, 05 anc: esper ence

INDUSTRY-LEADING COMMUNICATION

TECHNOLOGIES

Eliminate cable hassles and expedite

setup Aith integrhted Ithretooth.vdreless

lechnology. When the TSC2 controher rs used

Trimble R8 or 5800 GPS system pre

rdeer is 100c• cable free tor unsurpassea

conyeruenre dnd ease of 1.151: The .nterndl

2 4 GHz rad.o option rs ideal for use uvitli

rubotic systern such .10the Trimble 56 total

station

Usi• tre esparda fsnct c" a

Gary GPRS rnoraern can aud fu:i awreiess

corrnhahcat.on to the Internet in the field

Tranyfer cata in ••OLJI off.ce oser a w reiess

802 11 LAN ro cab es are rearyreo

You rana so rhse roasoots to o—ck., and

, J•f• of ate f rsa--


Ger ote brat ers

ONE CONTROLLER, ONE SOFTWARE,

ONE INTERFACE

The TSC2 contreher ,s centra I to :ntegratec

Surse, ncy fronr Or rnb e. V.,th ap aisff Pat en

suck' as the Tr inble Sur.e>. Conudger

softyyare onboard, rodert gr d manage both

GPS and optica. data ln one lota ale s:mply

by switching the TSC2 controller between

sensors Standardize or one flexitge controller

for maximized lnvestment And sour survey

team only neeus to know ene interface. When

fleid work is comptete, simply transfer the Job

file to your office using the communication

inethod that suits your needs.

'Frinible



ENVIRONMENTAL

Temperature

Operating Temperature 	 -30 C to +60 C (-22 rF to .140 "E)

Storaye TetnpCrahile -40 C to 470 'C (-40 'F to .158 'F)

Hunada, 100's condensing, MIL-STD;1310F, Methoo 507.4

Sand & Dust 	 Protection against wind-driven according

to MIL-STD-810F, and IP6X

Water 	 Waterproof IPX7

Drops 26 drops frorn 1 22 ror (4 0 ft) onto hara surface

Vibratron. STD-810F, Method 514.5, Procedure I, Fig 17 & 18

Aititude  MIL-STD;810F, Method 500 4, Procedures I, H &

4572 m (15,000 11) at 423 `C (473 sF)

TECHNICAL SPECIFICATIONS

STANDARD SOFTWARE

Microsoft Wincows Mobile 5 0 software programs including

Internet Explorer

Fue Explorer

Word Mobile

Power Point Mohile

Eycel Mobile

Outlook Mobile

Windows Media Player Mobile

Microsoft ActkeSs ncc technology

microsoft Transcriber (hancsyriting recograt ora

Prctures, Picture&Viceos, Calendar, Contacts, Tasks and Notes

Orbne be p

HARDWARE

Physical

S ze 266 M,` 131 mc r-r- SO5 r 2 ,r 1 9 r-r, Ke,coar,

	

76 mm r3 0 ml at nanrigr  P Aud.o

Vae.ght 0  95 kg (2 1 Ih) .nclmaing battery;

	

1 09 kg (2 4 b) Inc.ao ng batters arsc operai,ng system


ophona( arterrai racro

Memory 128 MB SDRAM, 512 M13 internal

non e storage rnemory

	

Espargable blemor  CompactF,ash (CF) card

Secure Drgital (SD) card

Processor  520 MHz (ntelb; PXA 270 XScale CPU

5Vireless Irtegratec Wireless LAN 802 11b

Power 	 li-lon rechargeable pack, 6600 mAh, battery life

of 30 hours under normal operating conditronsf

Fast charge to 80's in 2 hoors, fuil cnarge in 4 5 hours

Batter, charge status LED ino cator

Sortware 	 The Trimble 1502 controller runs the

Trimb.e Surye, Controher helo softv.are .n acca on, a number of

reg,onal so,ut ons are a.a ab e For r-ore Informatlon on the held

software tnat's best for you. contact your local

Thmo.e autrodzed distribut on hartner .

CERTIFICATION

Cass B Part 15 FCC certlficatlon, CE Mark approsal and C-Ock


B.betooth hype appro.a.s arp regblatlars are countr, strechrl

INTERFACE

D.splay Cci.or. 1.1urs.nated TFT, cashght-readab.e toucr screen

displayed at 320 x 240 plsels

(C2VGA), backrght uranatec disolay.

53 kes a prranurner c ke;pag, 8 pos t on sp cer kes

 Integrated speaker and microphone for audio

system esents, warnings and notifoahons.

bbcrosoft YbincoAs MobSe 5 0

INPUT/ OUTPUT

Ports 	 RS232 9;p n ser a. port

1158 Crent

USB Host

DC PoAer Port

Expans.on  1 x Tspe CompactFlash (CF) slot

1 x Type li CompactFlash (CF) slot

1 x Secure Data (510) rnemory card slot

Rartio rnouern (optionah asternal 2 4 GHz rrequencyhoopp,ng

spreachspectrum radro•noOem

RECYCLING INFORMATION

For product recr,c9rly instructions and more informahon, please go to

easem trimble con9(ent9r onmentisummary html

E

Bluetoothl

NoRTHAMERICA EUROPE ASIA-PACIFIC

»Trimble
www.trimble.com



The flexible data collector
of choice

'

TheTSCe- controber is a rueeedand adaptable

handheld data collector. Runningpo•erfcl

Trimble field softv.areon a •icrosoft Windov.sT

operating system.TSCepro0des exceptional

control of Tr:mbleGPSand optical sensors,

hateueryour suu,euingor construction

applicaton.

Exceptional in the field even in extreme

temperatures

TheTSCecontrober is the ruggeddata-co..ecion

solution tnat fits comfortab:: in gourhand and H

your field processes.And oecadse its designed

to take the knocks and drops of the surveyigg

and construcbon en0ronment. the TSCe

controller's rugdednessmakes it a rellable and

dependable member of your field crevuWhen

yourreout working long days.TSCe ill keep on

working r:ght there

In extremelyco:d temperatures.TSCers more

robust thau e.,erbefore.7.::h :ts nez co:or touch

screen.TSCe eas:b cherate in temperates

as as -25 4.Tnoutthe adc.tisn an


Hterna: heager.

Full keyboard and touch screen

On the TSCecontro.:er ,.,cuTcan choose to drbe

your data collechon softg,areusing the full

alphanumeric keyboard or via the easy-to-use

color touch screen—TSCeenables you to use the

method or method combination that prch,,des

yoa v,ith the most efficient data control.

The mstant resJits of the touch screen otfer

comp:ete controi c.er da:a anc make I.gn: ,korK

af na.,gat.on seiect or pos:cn ng anc


sta'reout

Color graphic display

Thecoky graphic C:splayof tke TSCe

contro:ler is clearly readable in a vTeerange

of field conditions.The d:splay's reflectlueLCD

techno:ogy makes it easy to read H bright

sunlight. and it is front lit for .4henlight levels

are los, such as on dark vinter days.

TheColordsplammakes not on,y simpIe text

easHerto read, but aiso comples maps and

dra.yngs. Ha.;ng these graphuosin

oCiOy right at mourfingerUpsrnakesnagahng

and pos;t on;hg much eas er. and speeds uu

sTaKeoutanCdata selecbon. Data management

and cual.ty assurance are aiso greazI,.impmyed.

Becauseyou can thorough:y check you:Cata

the feld, errorsand ontssions are m:nimized.

Large memory capacity

TheTSCecontroberoomes with 512 MB of

CompactFlashmenlory as standard.This large

storagecapacity means that you can worku,ith

Largerdata files and backgroundmaps, end

tnat :,oucan ,ork for longer in the fielc

nackup storage.

Adaptable

TheTSCeconnber is designed to operate

ab yourTrint,:e sensws, inc:uding the

bmbleT R7 and R8 GPSreceiuerszith R-track

techno:ogy.the 5700 and 5800 GPSreceivers.

and the 3600 and 5600 totai stations. It

also supports many major third-party total

Exceht,ora:in tnef.eldeyen

in eAzreme:ernuerat,res

FL. ke,:-Hhyd touc-
sc'eun

1;1 g-ou-c c.:3c

Acuctace

stations. In addihon, v.hen

the TrimbleBlueCapmodu:e

is used. Bluetoo:h' v,Teless

technology oro,jdes cable-free

comm,ThcaTonatt tre Tbmble

R8 and 5800 GPSsysHems.

»Trimble



TSCe Controller
The flexible data collector of choice

Specifications


=s7.er 	

aitifty

	 nO0 3. rc

Se—iaiPo^, i n 	 9-p.n seee PS232 r :15 •r.E..se

COM1 e.en 5 (250 mA) or 9

ML.t.Ponl.t 	 26-pin Muir.Per,-15232.00M2. Emernet 10BaseT,

OSS ,r10!..; ,HOit
leeeo

15-232 (115 kB/s)

Prooesso 	 Iv.i0 5:re00ARM SA-1110 er 206 Meis

Memory 	 512 M5 nee- e Losn SreeRAM

	 320 22.0 erm retee; .e seiorTFT,

Environmental

s: .ne 529: e

NOUTH AMERICA

EURDRE
- -_-

0510 PACIFIC
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KEY FEATUREg RUGGED AND VERSATILE MULTICHANNEL RADIO

MODEM

The -16.IfdAtARK-7-' 3 radis mocem prohdes a

con.en ent, •.ersable r-eans of estapkrend

a robust wire,ess cata broadrast netvnord

for reai bigh-precsion 0 PS suzbe, and

teiremetr, apokbacons

The rugged, compact TR::711.1ARK 3 ractio

nrocenz is cesigneb for bse tobgn


environments and in a yariety of situabons.

The sing e bnit is usab:e as a base station,

repeater station, or royer rece ver for

maximum versatiiity. Hovvever you use il, youll

appreciate lts simpbcity and famobs Tr:mh!e

rel abblm: and qua:ity

CONFIGURE IT TO YOUR NEEDS

Tne TRIMMARK 3 radio modem can be

corrfigurec comple:etz and eas...: in t) e cifice

ot. ms ng tre su.";;) led V6ir-F,ASH k:Gt. on

your computer. Many functfons ado can be

configured in the field from the front sane: or

from tne hrimpie Sdr.ey Contro err' sofmnare

usea Aith kour GPS skrvey rece.vers Tne serial

port commur cabon settmas are easil, set to

maron Ine gefau :sett.ngs on Ine GPS rece.,en

You can configure earth broadcast nemzork

to opecate on cne of kp to 20 prograohned

channels via a built-in channel selector.

Channel sparing of either 12 5 •kHz or 25 kHz

is programmaole a: the factory cr by a serMze

provider.

SELECTTHE POWER YOU NEED

Yne TRI:TVARK 3 radlo —ozlem prodoes

selectahle posver outputs of 2 kni, 10W, or

25 Or to S-000"; ;;C:' SE-Sr: add longuar-de

operat ons, ranseme batten, Me and nrinirrize

risk of interference Alth other systems.

A

stations :p extend range, mir mize base

station moves, and provide seamless coverage

arckno .zca obstacies skicrt as .arge bk dings

cr hif s 7ra tica ca rarge of a 2 rebuater s


5 km to 8 km (3 mdes to 5 mkeis).

tI T5ItA51ARK 3 racto modenr broadcasts

or repeats data to Trimble survey-grade

GPS recebers, spch as the Trionle RE, 5883,

Trimbie 17, and 5700, that eitner conta.n an

internai radio modem or are being used vzith

an ester-a ro.er rabio. T-e TrifulOARK 3

is fkl y oaddkezard rompatib:e Alth the

TRIMMARK Ile rad.o modern. so it can be med

stno 5,5:ads 


To redure Ine rlsç Crfl:Intemtererre in a

congested RE environment, you can use the

bki aud.o speaser to frtp-mor art.,

on tne seuected snanne Tre uret aiso can

automatically monitor the channe: using its

soeb-.are se:ecab e cars er delest

to detect otner usens or tne charrei cetore

transneurng

The TR:::.C.1ARK 3 red:o mobens is ava: able as

a stand-alone praduct as vvell as in convenient

hase ar-cf reseater eakismc-t sets A.a atke

tfrree freggenty banos, :ner TR r.IMIARK 3

radio modem is designed to meet the I censing

rectbsemerts or marty cabhdies arourna the

252 base kn proadcasts p bc, 15 ym

(8 mkes) lineof-sight, under optimal

coo•t os.Pat- opstzkrt ons ano terra n rran

recoze tr-e tyn, ca effezt ra-ge to 10 Nr-n


to 12 km (6 mfes to 7 m 'es) One or tvzo

»Trimble



TECHNICAL SPECIFICATIONS

Transnat Po.cer'  

VZireless Data Rate

Freodem, ba-us

Cl annsISCLIC rr.)

	 2 \N, 10 161,25 SAr

4800 bps, 9600 ccs, 19200 hps

410 420 Edoz 430 450 Eanz, ca 450-410 1.1Hz

(Orby one band par radio mouem)

12 5 kHz cr 25 kHz

lOra, orte ssacir par mdio r.coem)

Nbmber cd Chanrauy
 Can be uruared tb ap to 20 programmed

freoaeneies, aiterna ; storeg

Range HypicalH

2 21 Rpmmter

Posver Consumption'

	

10 km to 12 kur .0 fo 7e ,

j Kn- ,3 es

Current Nominal Load

0 8

3 6 A


8 0 A

Voltage

—.1 .

12 6

12 6 1,,

stat

STANDARD FEATURES

Selectable 20-channe1capac,ty

Rugged meafherproof consuuction

Conficaurable from front panel, sarsei conlrO, er, o

WinELASH bt111ty on your compbfer

(Jp to 15 km line-obsight range

Same bra: can furnabon as base stabon,

Pmf Une set ot E15-232 s g-a s a.a ap.e.
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I NTRODUCTION

During the period of February 17th 2006 through April 04th 2006 a
171"ENI/BlIUTEN1-3 survev was carried out by Lamontagne Geophysics Idmited
personnel for A/S Sulfidmalm in the area of Espedalen, Norway (Figure 1). This survey
continues on from 2003/2004/2005 LTEM 3 surveys (Loops 01-04, Loops 05-18 and
I.00ps 19-2(/ respectively). The location of the propertv is shown in Figures 1 and 2.
The survev was carried out to locate/detail conductors in the immediate grid areas Nvith
the intenti-on of outlining targets for future tvork and for drilling.

A total ot 61.725km of surface UTEN1 data was collected using 8 transmitter loops
(Loops 30-37). All lines tvere surveved measuring the vertical component, I lz. A
station spacing of 25m (50m bevona 1000m out (rom the loop) and a line spacing of
200m tvas employed tvith detailing lines at closer intervals as required.

In addition to the surface UTEM a total ot 21 holes tvere surveved tvith
131-IU1EN1-3.This included 2 holes drilled in 2004, 14 holes drilled in 2005 and 5 holes
drilled in 2006. Six additional loops tvere required to complete the BHU1EN1-3
surveying:

Loop 1341- to survev
Loop B35 - to survev
Loop B36 - to survey

Loop 1338- to survey
Loop B42 - to survey
Loop 20b - to surve'v

For all loops - both surface UTEM and BHUTEN1-3 - the receiver operated in 10-
channel mode at a transmitter frequency of 3.251Hz.

"I"hkreport documents the UTEM/BHUTEM survey in terms ot logistics, survev
parameters and field personnel. Appendix A contains the data presented in profile
form. Other appendices contain:

- List of Personnel / Production Diary (Appendix B)
an outline of the UTEM System (Appendix C)
Note on sources of anomalous Chl (Appendix D)
Note on 4Hz L 1 EN1 Data (Appendix E)
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SURVEY DESIGN

This UTENl 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 UTENI survev tvas 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 continualions of known features.

The grid and loop lavout tvas designed bv A/S Sulfidmalm/Falconbridge Ltd.
personnel to allow efficient coverage of the area. Loop size and locations tvere selected
to provide good coupling with the expected targets and to allow efficient coverage ot
the grid area. Ihe base frequency was lowered from the international standard —251lz
to 3.251Hz to eliminate the response of many "moderate- conductors - these responses
Nvill have decaved awav bv Chl time. Any rernaining Chl responses are then
considered to be repreH;enfative 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 - DANIID PE GR 2
line spacing of 200m tvith detailing lines at l 00m intervals or as required

- station interval of 25m reduced to 12.5m in anomalous areas. At —1000m from
the loop the station spacing tyas changed to 50m.
Hz (vertical component measurements)

BHUIENl-3 coverage of selected horeholes (q.5m, 4/2/1m in zones of interest

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

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

the presence of conductive mineralization
the presence ot a magnetic anomalv
poor geometric control - either station location or loop location

"fhese 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 Chl conductOrs.

For this survey CPS data was collected by the client and made available for use in
reducing the UTEM data. CPS data was collectd 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 UTENI
reduction perspective. The goal along the loop front - and loop sides/hack - is to
recover the topographic shape of the loop as tvell as the loop/line intersection points.
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SURVEYLOGISTICS

A Lamontagne Geophysics crew mobilized from Canada on February 15thand
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 UTEMsurvey for a total
survey coverage of 61.725km. Loop numbering began at Loop 30 - following along
with the loop numbering in the 2003and 2004UTEMsurveys. Sixadditional loops were
required to complete the BHUTEMsurveying:

Loop B41- to survey
Loop B35- to survey
Loop B36- to survey

Loop B38- to survey
Loop B42- to survey
Loop 20b - to survey

Jorstad

Trona


Storgruva ext.

Graho


Grahoin

Graho saddle


Vesle

Stormyra

holes E52004-14/15and ES2005-41
hole ES2005-35
holes ES2005-36/37
hole E52005-39
hole ES2005-40
hole E52005-38
holes ES2005-42/43/44
holes ES2006-51/52/53/ 54/ 55

Figure 2 shows the loop locations and grid layout. Accessto 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 UTEMequipment. was moved out to the
loop along with the new generator -NORGESAGGREGATET2200B. 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 LGLisolation-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 U1EM 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 UTEMdata was collectedMarch l3Ih• Work continued on other
projects and BHUTEMsurveying until the final 2006borehole was available. During
this period individual crew demobilized to Canada as soon as they were no longer
required. The final BHUTEMsurveying was completed on April 3rd and all remaining
wire was picked up on April zIth.The survey was declared completed and the
equipment was packed for shipping and delivered to Roadfeeders @Oslo Gardemoen
Airport on April 5th•The remaining crew (RobLangridge) demobilized to Canada -
with a delay due to an SASstrike. 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 UTEM3 receivers, the requisite
BHUTEM-3equipment and one UTEM3 transmitter as well as all necessary accessories,
support equipment and backup equipment. Data was reduced on a field computer
(Macintosh) and UTEMprofiles 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 tl-teuTEN4operators 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
rtights and pleasant days. The snow conditions were generally good.

SURVEYRESULTS

The results of the survey are summarized and presented as UTEMprofiles 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 Chl reduced (pink separator)

BHUTEM3profiles 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 UTEMSystem is
presented in Appendix C.

A/S Sulfidmalm - 2006 UTEM Survey 0611 - Espedalen - Norway pg 7



Outline of surface rofile t es

Hz continuous norm Chl 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 Chl tends towards zero.

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

Hz point normalized Chl 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 —300mout 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 interrnediate 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 4-500mout from
the centre of frie 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 Chl (in
the absence of a local conductor) will tend to be continuous approaching the
wire - unlike the continuously normalized Chl 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 - frieaxis are
presented as follows:

top axis - Ch4-10
middle axis - Ch2-3
bottom axis - Chl
bottom axis - topography - no vertical exaggeration
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Outline of BHUTEM-3 lot t es

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 BHUTEMprofiles. 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 plarming 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 GPSdata collected by the client. The overall results are quite good (Appendix
A). Some of the character in Chl 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

	

Figures 4 Interpretation

Features outlined are mainly contacts, shallow conductors and thin conductive zones -
geologicalunits 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 Cht profiles may reflect one or a combination of (see
Appendix D):

local magnetics
conductive features
poor geometric control

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

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

The pattern of responses outlined in Figure 3 generally fits \vith the map pattern of
the geological mapping, contoured airbonle magnetics and confirms the results of
the airborne ENI survey. Features are continuous over sections of the grid.
Note: Some breaks or offsetting of \yeaker features occurs at the boundary
behveen the area covered bv one loop and the adjacent loop. This reflect:-: the
different coupling from the two loops.

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

the UTEM survev coverage vas designed in part to follow up on conductive
features detected-by the airborne EM survev. The responses outlined by the
UTEM survey outline features at a suitable depth - shallow - and sufficient
conductivity - to UTEN1 Ch5-3 - to confirm the results of the airborne FNI survev.
Typicallv the airborne detects the updip edge (shallowest expression) ot a featu-re.

There is generally a good correlation between the airborne nlagnetics and the Chl
profiles. Note that the correlation is not expected to be exact (Appendix D). Note
that Chl responses may represent teatures 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 NlultiLoop \vith a laterally-extensive layer
(-15-305) at depth. Where the local response requires it another laterally eXitensive
laver (-0.2-25) is added at an intermediate depth.

Ihe profiles are in places fairly noisv - in particular the mid-to-late time channels.
Some of this is ivind noise but a good portion of it is geological noise - reflecting
the character of the local mineralization - in places thin sfringers 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 2006survey -
including BHUTEMresponses have been modeled in-house by Falconbridge
geophysicist Tony Watts. Three were selected for modeling using MultiLoop. The
details of these conductors and the NIultiLoopmodeling are presented in this
Interpretation section.

The interpretation presented in this section is an interpretation of the UTEMdata alone -
with a passing reterence to airborne magnetics and airborne EM anomalv maps. As
such it should be evaluated in conjunction with other available infoimat(on on the
Espedalen property.

Note: Conductors are designated by ESPedalen, loop number and conductor number.
For exarnple: ESP-20-24designates ESPedalen-Loop30-Conductor 24.

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

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

The 15conductors outlined in the 2004report are Conductor 03-17.


The 6 conductors outlined in the 2005report 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:

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

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

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

The models presented are not expected to rnatch the drill results exactly. There are
errors in depth estimates and dip angle (-/ -5to 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:

•fewer conductors/ conductive features were detected in 2006than 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.

A/ S Sulfidmalm - 2006UTEM Survey 0611- Espedalen - Norway pg 14



Conductor ESP_30_24 Lines8400E - 5575N

Conductor ESP_30_24was detected during surveying from Loop 30. Flanking Line
8200Eshows a considerably weaker responses and the other flanking line (8600E)
shows an off-line response. Note that Conductor ESP_30_24is located between 2004
Conductor ESP_05_04and 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 30Line 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 30Lines 8400Eare 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 Ch6) of Conductor ESP_30_24is very well modeled as a shallow
short-strike length gently dipping conductor. Details of ESP_30_24as modeled as
listed in Figure 5 are:

centre of conductor 8400E,5590N, 904 m.a.s.i. (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 300m1100m

Conductor ESP_30_24is interpreted to be a small fair (<150S)possibly fair-to-good
(150-4005)conductor. It should be evaluated in comparison with other known
features in the Espedalen area - in particular Conductors ESP_05_04and
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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Ch - inodel data Ch - •lield data

Ch inodel dala Ch lield data

I ine 8400E
Transmilter Loon 30

ESP-30-24

Conductor ESP _30_24 as unodeled on line B400E

centre of conductor 8400E, 5590N, 904 m.a.s.l. (grid coords.)


local elevation —927m.a.s.l. giving —23mdepth-to-centre


strike/dip —050/10° conductance 75S


along strike/downdip 200m/50m

GEOPHYSICS LTD
GEOPHYSIOUE LTEE

NS Sulfidmalm

Espedalen, Norway

ESP-30-24- Model Line 8400E

0 100 500m Figure 5

Line 8400E

model proflie

y

Ch -10 model data Ch -10 lield dala

Line 8400E

field profile
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Concluctor 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 2005UTEMin-loop surveying from
Loop 23. The Conductor ESP_35_25response 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 5500Ethrough 6500Eand into the responses outlined
from 2005 Loop 23 and possibly further grideast tosvards 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 35Line 5300E Figure 6

The modeling results for Loop 35Line 5300Eare shown in Figure 6. The overall
background response was modeled using a laterally extensive conductive layer at
a depth of —1200mand a weakly conductive layer at a depth of —900m.Conductor
ESP_35_25 is modeled as an enhancement (shallowing?) along a —grideast-
gridwest feature. The details of ESP_35_25as modeled as listed in Figure 6 are:

centre of conductor 5300E,4467N, 914 m.a.s.l. (grid coords.)

local elevation —929m.a.s.l. giving —15mdepth-to-centre


strike/dip —230/05° conductance 500S

along strike/downdip 200m130m

Conductor ESP_35_25is interpreted to be a good (400-10005)conductor. It should
be evaluated in comparison with other known features in the Espedalen area.
Primary field coupling is —fairlywell 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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Line 8400E

model profile

Ch -10 model dala


Ch - •modeI dala

Line 8400E

field profile

Gh 10 ield data

Ch - lield dala

Gh inodeI data Gli tield data

Transtnilter loop SI)

ESP-35-25
I ine 5300E

Conductor ESP35_25 as modeled on Line 5300E

centre of conductor 5300E, 4467N, 914 m.a.s.l. (grid coords.)

local elevation —929m.a.s.l. giving —15mdepth-to-centre

strike/dip —23015° conductance 500S

along strike/downdip 200m/30m

GEOPHYSICS LTD
GEOPHYSIOUE LTEE

NS Sulfidmalm

Espedalen, Norway

ESP-35-25 - Model Line 5300E

0 100 500m Figure 6
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Conductor ESP_36_26 Line 6200E- 4250N

Conductor ESP_36_26 was detected as a short strike-length feature on frieairborne
survey profiles. Line 6200Ewas 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-lineresponse.

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

The Conductor ESP_36_26response coincides with a slight flattening in slope (old
work?) and has a coincident magnetic feature. Conductor ESP_36_26is interpreted
to be a short strike-length feature. The Loop 36 Line 6200Eresponse - to Ch3 - •as
selected for MultiLoop modeling.

	

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

The modeling results for Loop 36Line 6200Eare shown in Figure 7. The overall
background response was modeled using a laterally extensive conductive layer at
a depth of —1100mand 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 ES1'_36_26as modeled as listed in Figure
7 are:

centre of conductor 6200E,4285N, 781 m.a.s.l. (grid coords.)

local elevation -818m.a.s.1. giving -37m depth-to-centre


strike/dip -230/100 conductance 1000S

along strike/downdip 150m150m

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 -230/100 conductance 150S

along strike/downdip 150m175m

Conductor ESP_36_26a small good-excellent conductor (>10005). It should be
evaluated in comparison with any information about the old workings as well as
other Icnownfeatures 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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Line 8400E

model profile

Ch -10 model dala

Line 8400E

field profile

Ch -10 keld data

Ch - model dala Ch tield dala

011 model data Ch lield data

Transmitler Loop 36

Line 6200E
ESP-36-26

Conductor ESP 36 26 as modeled on Une 6200E

centre of conductor 6200E, 4285N, 781m.a.s.l. (grid coords.)

local elevation —818m.a.s.l. giving —37mdepth-to-centre

strike/dip —230/10° conductance 1000S

along strike/downdip 150m150m

centre of conductor 6200E, 4298N, 789m.a.s.l. (grid coords.)


local elevation —821m.a.s.l. giving —32mdepth-to-centre


strike/dip —230/10° conductance 150S


along strike/downdip 150m/75m

GEOPHYSICS LTD
GEOPHYSIOLIE ITEE

NS Sulfidmalm

Espedalen, Norway

ESP-36-26 - Model Line 6200E

0 100 500m Figure 7
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CONCLUSIONS AND RECONIMEND•TIONS

The results of the survey are summarized and presented as U't ENI profiles and

111IL1EN1-3 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 lnterpreted Features (Figure

3) and Interprefation (Figure 4). There are a number of responses of considerable

interest - although no dear Chl conductors have been delineated.

Features outlined are mainlv contacts, shallow conductors and thin conductive

zones - geological units and structiiiral 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. ln general the airborne EM detected shallower features or the

shallowest occurrence of deeper features. There is also a reasonable correlation

bebveen the airborne magnetics and LEENI Chl features interpreted as magnetic in

origin. 'this indicates that field location ot the grids was sufficiently accurate to cover

the target geology.

The profiles presenteci in Appendix A have been reduced Nvith a grid corrected as

‘yell as possible using available information. .the location of all survey points and loop

locations were collected using a GPS system. For reference GPS colledion for UTENI

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  yell as the

loop/ line intersection points.

As in the 2003/04/05 UTENI survevs a number of responses of interest were

detected. Overall fewer conductors/ conductive features ‘yere detected in 2006 than in

previous years. -Fhis retlects the lower priority of the targets tested in 2006. The

majoritv Of the responses detected during the 2006 survey - including BHUTENI

respones have been modeled in-house by Falconbridge-geophysicist "Fonv 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 accompanving CD for

specific details. A summary follows:

c,00d-to-excellent - >10005 Conductor 26

good - 400-10005 Con ductor 25

tair <1505/ tair-to-good - 150-4005 Conductor 24?

Note that in some instances an adjustrnent 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 vithin 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:

Rectangular 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 GPSsurveyed?
avoid UTEMsurveying close to (say within 3-400mof) "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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Presentation

The results of the survey are summarized and presented as UTEMprofiles 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 UTEMSystem is presented in Appendix C.

The profiles are listed by Loop number and presented as 3-axisprofiles in the order:
Hz continuous norm Clii reduced (blue separator)
Hz point normalized Clii reduced (pink separator)

BHUTEM3profiles 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

Outline of surface rofile es

Hz continuous norm Clii 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 Chl tends
towards zero.

top axis - Ch5-10
middle axis - Ch2-5
bottom axis - Chl
bottom axis - topography - no vertical exaggerat on

Hz point normalized Chlreduced (pink separator)

normalization point: all data —300mout 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 —300mout 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 4-500mout 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 Chl (in the absence of a local
conductor) will tend to be continuous approaching the wire - unlike friecontinuously
normalized Chl 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 lot es

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
BHUTEMprofiles. 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.

Notes on Surve and Presentation lottin details

• An effort has been to keep the scales consistent. The horizontal scale for the surface profiles
is lcm:100m.
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List of Data Collected and Plotted

Espedalen 2006 Grid
Surface coverage - @3.251Hertz

Line coverage




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

Line 8400E 4925N- 5675N 750m




Line 8600E

Line 8800E

4875N- 5675N

4950N- 5675N 78()D11251111




Line 9000E 4900N- 5850N 950m




Line 9200E 4925N- 5850N 925m




Espedalen Loop 30Total 4975m

Loop 31 Line 9400E 4950N- 5850N 900m




Line 9600E 4975N- 5850N 875m




Line 9800E 505ON- 5850N 800m




Line 10000E 4975N- 5850N 875m




Line 10200E 5100N- 5850N 750m




Line 10300E 5550N - 5850N 300m




Line 10400E 5400N- 5850N 450m




Line 10500E 5450N- 5850N 400m




Line 10600E 5450N - 5850N 400m




Espedalen Loop 31 Total 5750m

Loop 32 Line 9600E 3350N- 4100N 750m




Line 9800E 3350N- 4200N 850m




Line 10000E 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 32Total 7050m

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 - 410ON 975m




Espedalen Loop 33 Total 6425m
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List of Data Collected and Plotted (cont)




Line coverage




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 34Total 10375m

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 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 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 37Total 8625m

Espedalen 2006 Total 61.725km

UTEMSurvey 0611 / S Sulfidmalm Espedalen, Norway Appendix A pg A4



List of Borehole Data Collected and Plotted

Area
Borehole


Name
Survev

Deptfi

Dummy

Dept

I.00p

Numher Frequency

Listed b hole number:




Jorstad ES2004-14 128m 128.5m Loop 1341 3.251Hz

Jorstad ES2004-15 123m 123m Loop B41 3.251Hz

Trona 1$2005-35 78m 79m I,00p B35 3.951H7

Storgruva ext ES2005-36 170m 172m Loop B36 3.251Hz

Storgruva ext ES2005-37 169m 170m Loop B36 3.251Hz

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

Graho 132005-39 114m 115m Loop B36 3.251Hz

Grahoin ES2005-40 70m 70.5m Loop 1336 3.251Hz

Jorstad ES2005-41 178m 179m Loop 1341 3.251Hz

Vesle E52005-42 34m 35m Loop 1342 3.951Hz

Vesle ES2005-43 44m 46m Loop B42 3.951Hz

Vesle E52005-44 39m 40m Loop B42 3.251Hz

Stormyra ext ES2005-45 154m 156m Loop 33 3.251Hz

Stormyra ext 17,52005-46 270m 271m Loop 33 3.251Hz

Stormyra ext ES2005-47 330m 331.5m Loop 39 3.251Hz

Stormyra ext E52005-48 323m 325.5m Loop 39 3.251Hz

Stormyra ES2006-51 246m 247.5m Loop 201) 3.951Hz

Stormyra ES2006-52 266m 268m Loop 201) 3.251Hz

Stormyra ES2006-53 268m 269m Loop 201) 3.251Hz

Stormyra [52006-54 245m 246m Loop 201:, 3.251Hz

Stormyra ES2006-55 214m 214m Loop 201) 3.251Hz
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List of Borehole Data Collected and Plotted

Area
Borehole


Name
Survey

Debth

Dummy
Depth

Loop

Number Frequency

Listed by area:





Jorstad E52004-14 128m 128.5m Loop B41 3.251Hz




[52004-15 123m 123m Loop B41 3.251Hz




F52005-41 178m 179m Loop B41 3.251Hz

Trona E52005-35 78m 79m Loop B35 3.251Hz

Storgruva ext F52005-36 170m 172m Loop B36 3.251Hz




[52005-37 169m 170m Loop B36 3.251Hz

Graho saddle E52005-38 90m 90m Loop B38 3.251Hz

Graho 1:52005-39 114m 115m Loop B36 3.251Hz

Grahoin F52005-40 70m 70.5m Loop B36 3.251H7

Vesle [52005-42 34m 35m Loop B42 3.251Hz




E52005-43 44m 46m Loop B42 3.251Hz




132005-44 39m 40m Loop B42 3.251Hz

Stormyra ext E52005-45 154m 156m Loop 33 3.251Hz




F52005-46 270m 271m Loop 33 3.251Hz




1152005-47 330m 331.5m Loop 32 3.251Hz




132005-48 323m 325.5m Loop 32 3.251Hz

Stormyra E52006-51 246m 247.5m Loop 20b 3.251Hz




E52006-52 266rn 268m Loop 20b 3.251Hz




F52006-53 268m 269m Loop 20b 3.251Hz




E52006-54 245m 246m Loop 20b 3.251Hz




E52006-55 214m 214m Loop 20b 3.251Hz
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0611

Surface UTEM Profiles



Espedalen

Loop 30

Hz
@3.251Hz frequency

continuousnorm


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 - 5850N 925m

Espedalen Loop 30 Total 4975m

Loop30- continuousnorm
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Loop31

Hz
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continuousnorm


Chl reduced

Loop 31 Line 9400E 4950N - 5850N 900m
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Line 10000E 4975N - 5850N 875m
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Loop31- continuousnorm
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Loop 32

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 32 Line 9600E 3350N - 4100N 750m
Line 9800E 3350N - 4200N 850m
Line 10000E 3350N- 4100N 750m
Line 10200E 3350N- 4200N 850m
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Espedalen

Loop 33

Hz

@3.251Hz frequency

continuousnorm


Chl 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 33Total 6425m

Loop33 - continuousnorm
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Espedalen

Loop 34

Hz
@3.251Hz frequency

continuousnorm


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 norrn
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Espedalen

Loop 35

Hz
@3.251Hz frequency

continuous norm


Chl 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 - continuous norm
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Espedalen

Loop 36

Hz
@3.251Hz frequency

continuousnorm


Chl 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

Loop36- continuousnorm
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Espedalen

Loop 37

Hz
@3.251Hz frequency

continuous norm


Chl 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

Especialen Loop 37 Total 8625m

Loop 37 - continuous norm
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Espedalen

Loop 30
Hz


@3.251Hz 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 - 5850N 925m

Espedalen Loop 30 Total 4975m

Loop30- point norm
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Espedalen

Loop 31
Hz


@3.251Hz frequency

point norm

Loop 31

(x,y,z) = (10000E,5550N, 850 m.a.s.1.)


Chl reduced




Line 9400E 4950N - 5850N 900m
1ine 9600E 4975N - 5850N 875m
Eine 9800E 5050N - 5850N 800m
Line 10000E 4975N - 5850N 875m
Line 10200E 5100N - 5850N 750m
1ine 10300E 5550N - 5850N 300m
line 10400E 5400N - 5850N 450m
line 10500E 5450N - 5850N 400m
1ine 10600E 5450N - 5850N 400m

Espedalen Loop 31 Total 5750m

Loop 31- point norm
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Espedalen

Loop 32
Hz


@3.251Hz frequency

point norm

Loop 32

(x,y,z) = (10400E,3650N, 1000 m.a.s.1.)


Chl reduced




Line 9600E 3350N- 4100N 750m
Line 9800E 3350N- 4200N 850m
Line 10000E 3350N- 4100N 750m
Line 10200E 3350N- 4200N 850m
Line W400E 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 32Total 7050m

Loop 32- point norm
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Espedalen

Loop 33
Hz

@3.251Hz frequency


point norm

(x,y,z) = (8600E,3425N,915 rn.a.s.I.)


Chl reduced

Loop 33 Line 7900E
Line 8000E
Line 8200E
Line 8400E
Line 8600E
Line 8800E
Line 9000E

Espedalen

3125N - 4000N 875rn
3125N - 4100N 975rn
3125N - 4000N 875rn
3125N - 4050N 925rn
3125N - 4000N 875rn
3125N - 4050N 925rn
3125N - 4100N 975rn
Loop 33 Total 6425rn

Loop 33- point norm
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Espedalen

Loop 34
1-1z


@3.251Hz frequency

point norm


(x,y,z) = (7250E,2825N, 985 m.a.s.1.)


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 1725rn
Line 7700E 2525N - 3975N 1450m
Line 7900E 2525N - 3275N 750m

Especialen Loop 34 Total 10375m

Loop34 - point norm
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Espedalen

Loop 35
11z


@3.251Hz frequency

point norm


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


Chl reduced

Loop 35 Line 51001:

5300II


Line 5500E

Iine 57001I

Line 5900k

Line 6100E

line 6300E

Line 6500E

Espedalen

2475N - 3900N 1425m
2375N - 3825N 1450m
2375N - 3825N 1450m
2375N - 3825N 1450m
2375N - 3900N 1525m
2375N - 3300N 1425m
2375N - 3325N 1450m
2375N - 3350N 1475m

Loop 35 Total 11425m

Loop 35- point norm
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Espedalen

Loop 36
Hz

@3.251Hz frequency


point norm

(x,y,z) = (6000E,4125N,775 rn.a.s.1.)


Clil reduced

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

Especialen Loop 36 Total 7100m

Loop 36- point norm
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Espedalen

Loop 37
Hz

@3.251Hz frequency


point norm

Loop 37

(x,y,z) = (4550E,3950N,775 m.a.s.1.)


Chl reduced




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 37Total 8625m

Loop 37- point norm
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BHUTEM3 Profiles
with

Vectorplots



BHUTEM 3 Profiles
Listed by area in the order drilled

Area
Borehole


Name
Survev

Depth

Dummv
Deptrl

Loop

Number Frequency

Jorstad 132004-14 128m 128.5m Loop B41 3.251Hz




132004-15 123m 123m Loop 841 3.251Hz




132005-41 178m 179m I.00p 1341 3.251Hz

Trona 132005-35 7tim 79m koop B35 3.251Hz

Storgruva ext 132005-36 170m 172m Loop 1336 3.25IHz




132005-37 1h9m 170m Loop 1336 3.251Hz

Graho saddle 132005-38 90m 90m Loop 1338 3.251Hz

Graho 132005-39 114m 115m Loop 1336 3.251Hz

Grahoin 132005-40 70m 70.5m Loop 1336 3.251Hz

Vesle 132005-42 34m 35m Loop 1342 3.251Hz




132005-43 44m 46m Loop 842 3.251Hz




132005-44 39m 40m Loop 1342 3.251Hz

Stormyra ext [52005-45 154m 156m koop 33 3.251Hz




132005-46 270m 2 71m Loop 33 3.251Hz




132005-47 330m 331.5m koop 32 3.251Hz




132005-48 323m 325.5m koop 32 3.251Hz

Stormyra F32006-51 246m 247.5m I.00p 20b 3.251Hz




132006-52 266m 268m koop 20b 3.251Hz




132006-53 268m 269m I.00p 201) 3.251Hz




132006-54 245m 246m Loop 20b 3.251Hz




132006-55 214m 214m Loop 20b 3.251Hz



Jorstad

Loop B41- BH UTEM-3
@3.251 Hz frequency


Chl reduced

Jorstad 132004-14 128m 128.5m Loop B41 3.25111z

	

132004-15 123m 123m Loop B41 3.2511-Iz

	

132005-41 178m 179rn Loop B41 3.25111z

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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Loop B36- BH UTEM-3
@3.251Hz frequency


Chl reduced

	

Storgruva ext E52005-36 170m 172m Loop B36 3.251Hz

	

E32005-37 169m 170m Loop B36 3.251Hz
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Graho saddle

Loop B38 - BH UTEM-3
@3.251Hz frequency

Chl reduced

Graho saddle ES2005-38 90m 90m Loop 1338 3.251Hz
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Graho

Loop B36 - BH UTEM-3
@3.251Hz frequency


Chl reduced


Graho 132005-39 114m 115m Loop 1336 3.2511-1z


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
@3.251Hz frequency


Chl 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
@3.251Hz frequency


Chl reduced

Vesle 132005-42 34m 35m knop B42 3.251Hz

N52005-43 44m -Ibm 1.0013B42 3.251Hz

1$2005-44 39 m 40m knop B42 3.251Hz

ES2005-42

ES2005-43

ES2005-44

3-axis plot

total field plot

plan vectorplot


gridnorth-south section vectorplot

ES2005-42/43/44
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Stormyra extension

Loops 33/32 - BH UTEM-3
@3.251 Hz frequency


Chl reduced

	

Stormyra ext E52005-45 154rn 156m Loop 33 3.251Hz

	

ES2005-46 270m 271rn Loop 33 3.251Hz

	

ES2005-47 330m 331.5rn Loop 32 3.251Hz

	

E52005-48 323m 325.5m Loop 32 3.25114z

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

ES2005-45146147/48
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Stormyra

Loop20b - BH UTEM-3
C)3.251Hz frequency


Chl reduced
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total field plot
plan vectorplot
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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 Februarv Discussions, signing of the contract, assembl of crew
and equipment.

Februan 10 Nlob (equip) Equipment packed up and labelled Picked up from
Kingston. Shipping address is:
Wilhelmsen Agencies AS
P. Box 14
NO 2061 Cardermoen
Norwav

Februar  15 Ntob The LCL crew -Rob Langridge, Rvan Land and Warren
(Bud) Evans - travel from Canada->Nlunich(NICH)-

>Oslo (OSL).

Februar  1h Nlob (Tontinuation of air travel. 'fhe gear clears customs and

meet \vith Falconbridge geologist Yannick Beaudoin.
The group drives to Espedalen arriving S:15. The

Equipment arrives in Espedalen —21:00and is offloaded.

Februarv 17 L(2)-3 Rob in camp unpacking and setting up.

borehole gear standby Rvan and Warren assist the Sulfidmalm crew \vith field

work/loop laying. Loop 32 is completed.

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

Februarv 1S P(1)-2 675m Assemble gear while Sulfidmalm crew is being taken out.

Drive out to the field and meet with Lars Weiershaeuser.

Spend the morning ferrving out equipment and crew
and testing out the equipment and generator. Set up the

surface crew —12:30. thev read one line without incident.

Eerrv out the borehole g-ear and spares as the skidoo is

required elsewhere.

PB(H-1 Set up on BH-ESP-2005-4S. Dummied -503 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 Rx16

Crew:R.Langridge,R.Land,W.Evans Total to date: 0.625km
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Date Rate Production Comments

February 19 PW - 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 Rx16
Line 11000E 3350N - 4100N Hz Rx16
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 @13:00back 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
331.5mand 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 10600E 3350N - 4100N Hz Rx16

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
vent 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 Ull 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 Rx16

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




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 BH 424m 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 Rx16

Line 9000E 3125N - 4100N Hz Rx16

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




Total to date: 8.950km

EehruarY 24 P(11-2 2675m Drive out to the field and set up the surface crew.

PB(1)-1 Out to E5P2005-42 / 43/ 4-1. Extended skidoo up


closer to the holes. Started moving gear in. With help

from Falconhridge crew located the boreholes,
excavated the snow and dummied all three holes to
E5P2005-42/ 43 / 44 35/46/ 40m respectively. Nloved

'Fransmitter onto I,00p 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.Langridge,R.Land,W.F.vans 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 \vbile borehole

1/2P(2)-3 surveying vas 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 1311117m 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. Nloved Transmitter back to
Loop 33 and read surface.
Crew back in camp -18:00.

Loop 33

	

Line 7900E 3125N - 4000N Ilz 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 dav. 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 otal to date 15.825km

	

Februarv 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 Rx16

	

Line 7900E 2525N - 3275N Hz Rx16

Crew:R.Langridge,R.Land,W.Evans otal to date 20.750km

	

February 28 1P(2)-3 3100m Read on Loop 34 all dav. Nlove transmitter to Loop 35 at

	

borehole gear standby the end of dav.
Crew back in camp -17:30.

Loop 34

	

Line 6700E 2525N - 4075N Hz Rx15

	

Line 6900E 2525N - 4075N Hz Rx16

Crew:R.Langridge,R.Land,W.Evans Iotal to date 23.850km

March 01 1P(2)-3 3925m
borehole gear standby

Read on Loop 35 all day.
Crew back in camp

Loop 35
Line 5100E 2475N
Line 5300E 2375N
Line 5500E 3300N
Line 5700E 3300N

Cre\ R.Langridge,R.Land,W.Evans

- 3900N
- 3825N
- 3825N
- 3825N

otal to date

Hz Rx15
Hz Rx16
Hz Rx16
Hz Rx15
27.775km
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Date Rate Production Comments 


March 02 1P(2)-3 4025m Read on Loop 35 all day.

	

borehole gear standby Crew back in camp
Loop 35

Line 5500E 2375N - 3300N Hz Rx16
Line 5700E 2375N - 3300N Hz Rx15
Line 5900E 2375N - 3325N Hz Rx16
Line 6500E 2375N - 3600N Hz Rx15

Crew:R.Langridge,R.Land,W.Evans Total to date: 31.800km

March 03 1P(2)-3 3475rn Read on Loop 35 all day. Robworks alone - Johan picks

	

borchole gear standby up wire. Backto camp to send data. Told to move on to
Loop 31. Bring gear back to the Strand at the end ot 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. Yannickrequires 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 Rx16
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.
-17:00.





borehole gear standby Crew back in camp
Loop 31

Line 9800E SOSON - 5850N Hz Rx15
Line 10200E 5100N - 5850N Hz Rx16
Line 10300E 5550N - 5850N Hz Rx16
Line 10400E 5400N - 5850N Hz Rx16
Line 10500E 5450N - 5850N Hz Rx15
Line 10600E 5450N - 5850N Hz Rx15

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




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 BH78m 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 30and
read surface.
Crew back in camp —18:45

Loop 30
Line 9000E 5100N - 5850N Hz Rx16
Line 9200E 4925N - 5850N Hz Rx15

Crew: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 Rx16

Crew:R.Langridge,R.Land,W.Evans Total to date: 48.100km
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Date Rate Production

Nlarch 10 1P(2)-3 3225m
borehole gear standby

Comments

Read on Loop 36. Generator was frozen up in the
morning - brought back to the Strand and thawed. Laid
out part of the lake ‘vire for Loop 37.
Crely 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

rew:IZ.Langridge,R.Land,W.Evans Total to date: 51.325km

N1arch 11 1P(2)-3 3750m Set up in the morning ‘vhile the coilers completed Loop

	

borehole gear standby 37. Read the last two lines on Inop 36. Switched to
Inop 37 and read hvo more Iines.
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

Nlarch 12 1P(2)-3 4125m
borehole gear standby

Read on Inop 37.
Crew back in camp -17:45

Loop 37
Line 3800E 4050N - 4975N Hz Rx15
Line 4000E 3975N - 4975N Hz Rx16
Line 4500E 3950N - 4975N Hz Rx16
Line 5100E 3800N - 4975N Hz Rx15

Crew:R.I.angridge,R.Land,W.livans Total to date: 59.200km

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,1V.Evans Total to date: 61.725km

March 13 1P(2)-3 2525m
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Date Rate Production Comments


March 14 PB(1)-3 BH 246m 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 ESP2006-51and dummied the hole to
247.5m. Borrowed the drillers snuscooter and truck and
went back to Especialenfor 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 BH 266m 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 ESP2006-52after 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 po nts and
borehole gear standby chain/ survey 4 lines.

Crew back in camp -17:30
Loop VOS

Line 3365E 5750E - 6275E Hz Rx16
Line 3360E 5750E - 6275E Hz Rx15
Line 3370E 5750E - 6275E Hz Rx16
Line 3375E 5800E - 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 bv 09:00. Drive back to
borehole gear standby Espedalen. Leaving Kvikne the conditions were very


windy with lots of hlowing snow but conditions
irnproved as we drove south of Dombas. Backin
Espedalen -13:30. The 2006hole 53 was expected to be
ready to read on Monday so we left the borehole gear in
place ancipicked up 6 lines of pickets and set up the
transmitter site for the 2004/2005 holes rernaining to be
read.
Crew back in camp -16:10.

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

March 20 1PB(1)-3 The 2006hole 53 would be readv to read on Tuesday so
surface Rx standby 	 wwe left the borehole gear in place and dummied 7 of


the 8 2004/2005 holes - 2004-15and 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-46and 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 BH268m Set up on ESP2006-53after the drillers moved off.
surface Rx standby Dummied the hole to 269m. Read E5P2006-53.

The loopers finish off Loop B-46and then opened up
2004-14and spent the rest of the day removing pickets
and transferring wire.
Crew back in camp -17:30.

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

March 22 1PB(1)-3 BH429rn Got all the gear out to the Jorstad loop. Set up and
surface Rx standby started reading by -11:00. Dummied E5P2004-14and


read ES1'2004-14/15 ESP2005-41to 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

UTEN1 Survey 0611 - A/S Sulfidrnalrn Espedalen, Norway Appendi \ 13 pg B9



Date Rate Production Comments 


March 23 1PB(1)-2BIL274m Got all the gear out to Loop B38/B36. Set up and
surface Rx standby? started reading by -11:00. Read ESP2005-38off Loop

1 man demob B38to 90m. Switched to Loop B36and read holes
ESP2005-39140off Loop B38to 114170m
respectively. Packed gear up and moved it to the next
hole. Lool.;ershelped transport equipment, dig out
holes and then remove pickets.
Ryan Land dernobilized 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 E5P2005-36/37. Read both
surface Rx standby? holes to 1701169mrespectively. Returned to the Strand


with a load of gear and proces.sed/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 Bli 339m Got all the gear over to ESP2005-36/37. Read both
surface Rx standby? holes to 1701169mrespectivelv. Returned to the Strand


with a load of gear and procesjsed/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 1/2L0)-1 Pack up truck and trailer and head to Gardermoen.
borehole gear standby Drop off samples and sort out Bud Evan's plane ficket.

1/2x 1 man demob Continue on to the southern field house and unpack
((( 1/2L(1)-1on 0612))) gear and equipment.

Crew:R.Langridge,W.Evans (half da)' de-mob)

March 28
borehole gear standby Surface equiprnent charged out as a one Rx system.
((( P(1)-1on 0612))) Crew svorking 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)-1on 0612))) Crew ‘vorking 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)-1on 0612))) Crew working on southern job - 0612.

Crew:R.Langridge

Leave some gear at the southern field house as spares
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

Out to Loop 20 - with -30cm of fresh snow. We were
unable to get the skidoo up the ridge so we picked up
the loop on foot in fairly high winds. Transferred wire
and helped cap the 2006holes. 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 UTEMgear


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 UTEMgear - receivers/
transmitters/coils. Drop off borehole (9 pieces) and
surface (10pieces). Drive back to southern field camp.
Arrive -20:15.

Crew: R.Langridge

April 02 1PB(1)- 1
surface Rx standby?

April 04 1LB(1)- 1
surface Rx standby?
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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 aiiport instead of in
Asker as planned. Also that a SASstrike may delay
tlights. Spend till -02:00 trying to arrange flights.

Crew:none

April 07 demob Get up @05:00to callSAS. Spend several hours on hold
borehole/surface before talking to an agent. By early afternoon the agent


has arranged flights - same time buda day later. Travel
to Gardemoen and stav @the Norlandia. Go back to
Gardemoen -21:00 and line up till 23:15to get my ticket
in order. Backto the Norlandia @-23:50.

Cre 7:R.Langridge

April 08 demob Up @04:20and 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 Equ pment (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 BHUTEM3Production (# of receivers) - # of persormel

	

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 BHUTEM3(# of receivers) - # of personnel
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Appendix C

The UTEM SYSTEM

111eUTEMSystem


UTEN1Data Reduction and Plotting Conventions


Data Presentation



The UTEM SYSTEM

UTEMuses 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 lt;ops are only used over resistive terrain. The UTEMreceiver is typically
syncronized with the b-ansmitter 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 sutticiently accurate to m-aintainsynchronisation.

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 surveved out from the edge of the loop but may also be read
across the loop \vire an:1 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.

System Waveform

The UTEM transmitter passes a low-frequency (4 Hz to 90 Hz) current of a
preciselv regulated triangular waveform through the transmitter loop. The
frequency can be set to any value \vithin 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.
liTEM is the only time domain system which measures the step response of the
ground. All other T.D.E.M. 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 is tailored to optimize signal-to-noise.
Deconvolubon techniques are employed within the system to produce an
equivalent to the conceptual "step response" at the receiver.

System Sam lin

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 progressi-onacross each half-cycle of the received
cvaveform. Channel 10 is the earliest charmel and it is 1/ 210of the half-cycle
wide. Channel 1, the latest channel, is 1/ 21 of the half-cycle cvide (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 behveen 2048 (1024full-cycles - 1K in UTEMjargon) to 32768
(16K)depending on the level of ambient noise and the signal strength.
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5 stem Conf aurations

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 alsOmeasured 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 founs part of a down-hole receiver
package 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
BHUTEMthe 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-im. The cable
is also very light - the specific gravity is nearly 1.0 - making the cable handling
hardware quite portable.

The EM Induction Process

4 3 2 Channel1 UTEM Channels

876 5
4 


Half cycle
I 4 3 2 Channel1

	 •
Full cycle
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Anv time-varving transmitted ("primarv") field induces current flow in

conductive regions of the ground 3C.OW and around the transmitter loop in

the earth or -half-space"). This current flow produces a measurable ENI field,

the secondarv field, which has an inherent "inertia" that resists the change in

primarv tidei direction. This "inertial" effect is called self-inductance; it limits

the rate at vhich current can change and is onlv 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 atter 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, \vhereas its rate of change is limited bv the

inductance of the current path. .Fhe time-varving current causes an Emf in the

sensor proportional to the time derivative of the current. This Emf decavs with

time - it vaMshes when the reversal is complete - and the characteristic time of

the Emf decav as measured bv the sensor is referred to as the decay time of the

conductor.

The large-scale current which is induced in the half-space bv the primarv field
produces the half-space response as seen in typical UTENI profiles.. This

background response is intluenced by the finite c(mductivity of the surrotinding

rock. Other currents may be induced in locally mor-e conductive iones

(conductors) that have longer decay times than the half-space response. "lhe

responses of these conductors are superimposed upon the background

response. The result is that the UTEM receiver detects:

the primary field \yaveform, a square-wave
the half-space (background) response of the surmunding rock
a slight-to-large response clue to anv conductors present.

The result is that in the presence of conductors the primarv field waveform is

substantially (and anornalously) distorted.
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UTEM DATA REDUCTION and PLOTTING CONVENTIONS

•I'lw UTEN,1data as it appears in the data files is in total field, contmuously

normalized form. In this form, the magnetic field data collected by the receive-r

expressed as a (riof the calculated primary magnetic field vector magnitude at
the station. These are total field values - thi; UTENIsystem 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 fonnat is defined by the choice of the normalization and field type

parameters selected for display.

NORMALIZATION

UTENI results are always expressed as a of a normalizing tield 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 ‘vith increasing distance from th'e
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 pr'ofiles 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 verv close distance from the
transmitter wire. The usual choice for the depth is the estimated target depth is
used.

ln 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 foim, 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 \vhere an analysis ot the shape of a specific
anomalv is required. Point normalized profiles are therefore plotted selectively
as required during interpretation. An exception to this procedure occurs vhere
surface data has been collected entirely inside a transmitter loop. The primary
field does not vary greatly inside the loop, therefore, the benefits of continuous
normahzation are not required in the display of such results. In these cases data
is often point normalized to a tixed point near the loop centre.

HELD TYPE

The type of field may be either 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 LITEN1 system measures during the transmitter on-time the
determination of the secondary field requires that an esfimate of the primary
signal be subtracted from tl-RIobservations. Iwo estimates of the primary
signal are available:

1) UTENTChannel 1

One estimate of the primary signal is the value of the latest time channel
observed by the LITENI System, channel 1. When Channel 1 is subtracted
from the UTENI data the resulting data displav 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 decaved away by the latest time
channel sampled. the Channel 1 value is then a reasonabk estimate of the
primary signal present during Channels 2....10.

In practice the Channel 1 Reduced form is most useful vhen 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 Drimary field

An alternate estimate of the primarv field is obtained bv computing the
primary field from the known locations of the transmitter loop and the

receive-r stations. When the computed primary field is subtracted from the
LTEN1 data the resulting data display is teimed Primary Field Reduced

The calculated primarv field will be in error if the geometry is in error -

mislocation of the sur  :;ey stations or the loop vertices - or if the transmitter
loop current/system sensitivity is in error. Nlislocation errors from

loop/ station ge.ometry mav give rise to verv large secondarv field errors
depending on the accuracv 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 ‘vhere ;-1large Channel 1

response is observed. In this case the assumption that the Channel 1 value is
reasonable estimate of the primarv field effect is not valid.

Note: When LIENI data is plotted in the Channel 1 Reduced form the

secondary field data tor Channel 1 itself are always presented in Primary lield

Reduced torm and are plotted on a separate axis. This plotting format serves to

show any long time-constant responses, magnetostatic anomalies and /or
geornetri(:: errors present in the data.

Nlathematical Formulations

In the following expressions:

Rnj is the result plotted for the nth UTEM channel,

R1 j is the result plotted for the latest-time UTEN1 channel, channel 1,

Chni is the raw component sensor value for the nth channel at station j,

Chlj is the raw component sensor value for channel 1 at station

1-11.3*is the computed primarv field component in the sensor direction

1HP I 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:

Rn* = (Chn1'- IChl') / IHP 1 x 100%

Channel 1 itself is reduced by subtracting a calculation of the primary field

observed in the direction of the coil, HP as follows:

Rlj = (Chlj - HPj) / IHI x 100%

Primary Field Reduced Secondary Fields : In this form all channels are reduced

according to the equation used for channel 1 above:

Rni = (Chnj - HPi) / 1HP 1 x 100%


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 plot is less useful.

The data contained in the UTEM reduced data files is in Total Field,

continuously normalized form if:
Rnj = Chnj / IHP 1 x100%

Appendix C - The UTEN1 System pg C7



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 yectors 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.

U'l'EM System Mean Dela Times
10Channel Mode @ 31 hz.(approx.)
( base freq: 30.974 hertz 


Channel Delay time (ms)

1 12.11

2 6.053

3 3.027

4 1.513

5 0.757

6 0.378

7 0.189

0.095

9 0.047

10 0.024

Mot Symbol

*1>X

 
W.41:1\/-

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 PrUnary 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 ch6 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 Priman 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 ‘vith peak to peak values up to 200`1 .

131lLllj1 data ilotted as total field >rofiles: Data are expressed directiv as a

percentage ot 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

ITICatillred total field value at the observation station.

	 ITM data )lotted as secondarv field Check the title block of the plot

to determine if the data is in Channel 1 Reduced form or in Primary Tield Reduced_

form.

Note that on all 131ILITM plots the ratio between the axial component of the

primarv field of the loop and the magnitude of the total primarv field strength (dc)

is plotted as a profile Nvithout svrnbols. jargon this is reterred to as the


"primdry field" and it is plotted for use as a polaritv 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 Ch210 data plotted on the upper axes of a channel 1 normanzed plot.

) Mislocation of the transmitter loop and/or survey stations

Nlislocating the transmitter loop and/or the surves stations results in an error in the

calculated primary field at the station and appears as an anomalous Chl value not

correlated to I normanzed Ch2-10. The effect is amplified near the loop tront.


This can be seen in the protiles - the error in Chl generallv increases approaching the

loop. As a rule a 1`; error in measurement of the distance from the loop \vill result in,

for outside the loop survevs, an error in Clii of:

near the loop front (long-wire tield varies as i /r)

3` at a distance from the loop front (dipolar field varies as I /r$)

- 2 at intermediate distances (intermediate field varies as --1/r2)

Errors in elevation result in smaller errors but as they often affect the chainage thev

accumulate along the line.

The in-loop survev contiguration generally diminishes geometric error since the field

gradients are verv low. At the centre ot the loop the gradient in the vertical field is

essentially tero 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 anv survev stations.

2) Magnetostatic UTEM responses
Magnetostatic UTEM responses ahse over rocks vhicR generate magnetic anomalies.

Such rnagnetic materials will amplify the total (primary secondary) field of the UTEN1

transmitter yhich is sensed bv the r-eceiver coil. The secondarv fietd is generated bv

subtracting a computed primarv which does not include magnetic effects. This can-

give rise to strong and abrupt channel 1 anomalies \yhen the source of the magnetics is

at surface. This is the case in a number of places on these grids. UTENI magnetostatic

anomalies differ from DC magnetic anomalies in the following three major vavs:

In the case of DC magnetics the field is dipping N and is verv uniform over the

scale of the survey area while the UTENI field inside the loop is vertical and it is

stronger near the loop edges.
Nlost aeromagnetics are collected as total field while with UTENI ve measure a

given (in this case generally z,x) component.

DC magnetic instruments observe the total magnetization of the causative body

\vhich is due to its susceptibilitv as well as any remnant magnetization. An AC

method such as UTENI will not respond to tke remnant portion of the

magnetization.

The larger amplitude ot the UTEM Chl response is explained by the fact that the UTENI

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 Chl anomalies in data collected outside the loop
negative Chl 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 Chl which

is not correlated to the Ch2-10data plotted on the upper axes of a channel I normalized

plot.

Appendix D pg D2



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 apphes 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 \vhen a powerline cuts


through the surveyed area. This Appendix is a briet diseussion ot vhy the alternative presentation is


chosen.

Appendix E - pg El



1

1
1
1

1

1
1
1
1
1
1
1
1
1
1

Note on 4 I-lz LITENIdata:The effect of the resence of a 60-cycle owerline.

This appendix outlines and discusses the effect of the presence of a 60-cycle

powerhne on —4Hz(3.872Hz) UTEM data. TNs line is from a series of loops With a

powerline cutting across the survey area. The LTEM data is affected bv the presence of

the powerline.

example data:

Figure El(a) is the example data as presented in Appendix A - an alternative

presentation vith Ch2 and Ch3 on the middle axis. The standard presentation is shown

in Figure El (b) - \yith 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 El (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 Ch2 and 3 and the alternative presentation was chosen.

explanation:

Eigure E2a) shows the LITEMwaveform at —4Hzwith a waveform superimposed

on it. Roughly 16 cycles of the 60-cycle wavefoint fit into the full UTEM waveform. On

a channel-by-channel basis:
—4cycles fit into Chl
—2c-yclesfit into Ch2
—1c-yclefits into Ch3.

The multiple cycles tend to cancel out. Earlier channels are narrower - only part of a

cycle wide. In particular Ch4 is —halfa cycle wide and Ch5 falls in the oppOsite

1-1-alfcycle.The result is the pattern shoWn in Figure 1(c): Ch4 and Ch5 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 —1.5times 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 liTEM survev design and procedure \vill have an affect on the

number of useful channds in the final data set. .1-hese would include:

careful positioning of the transmitter loops relative to the powerhne(s)

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

care in the selection ot gains during surveving. Near a source of coherent noise


(eg powerline) the signal gain should be selected to minimize data rejections.

Consideration shouki also be given to increasing the station spacing in the vicinitv of

the powerline. This allows additional stacking to be done (at fewer stations) ‘vithout

much of an increase in surveving time.

offier \vavs to increase the number of channels tree ot the powerline affects are:

lowerin, the frec uencv: each factor of two lower in frequencv \Yould add a channd

relatively free of the affects of the powerline. -Lhe cost \vould be increased stacking

time at jach station.

takin,  multiple readingt-:: each reading starts at a ditferent (random) point on the 50-

cvcle \vaveform. The sum of several readings ‘vill tend to better average out any

affect.

alternative channel sam Figure E2b) shows the standard UTEM 3 Boxcar channel


samphng. An alternative - tapered channel sampling - is available (and otten used)

‘vith UTEM 4. In this case it 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 ‘vhich sampling to use on a UTENI 4 survey depends on the frequencv

of the survev, the proximity and the frequencv of anv local powerline and the type of

decav seen.
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Appendix E

Figure E1(a)

Original 4Hz data: alternative format

Figure Ela
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Ch5-10 Ch2-5 Ch1 (televation)

Eku. (m)
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7._

Loop Secondary, (Chn-Ch Hpl
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Appendix E

Figure E1(b)
Original 4Hz data: standard format

Figure Elb
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Appendix E

Figure E1(c)

Original 4Hz data: Ch4/5 detail

Figure Elc
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a) —4Hz 

UTEM Channels4 3 2 Channel 1

--64msecs

--7/1l6876

4 3 2 Channel 1

Halt cycle
(-128wnsecs)

Full cycle
(- 256msecs)

YTAVYNTITAYYTYTÅTtitilt1
-111fri - 4 - -Sinsecs 60Hz

b) UTEM channel sampling

Boxcar
UTEM 3
standard
UTEM 4
option

7 Ch6 ChS Ch4 Ch3

Tapered ' /
UTEM 4
option

\

Ch3

GEOPHYSICSLID
GEOPHYSIQUE L=

Appendix E

Figure E2
a) -4Hz UTEM Chartnels with 60Hz signal


b) UTEM Channel sampling options

Figne E2
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Ch5-10 Ch1 (+elevation)
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Appendix E

Figure E3(a)

Modified 4Hz data: Ch4/5 combined

Figure E3a

"rnochfied"Ch4

2; .3(Ch4±1 / 2Ch5)

Loop: Secondary, (Chn-Chl / Hpl

Line Contin, S:orrn at a depth ot Orn

CoMpt: Base Freq 3.S72Hz
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Ch2-3
Ch5-10 Ch1 (+elevation)

Elev (m)

/

Loop: Secondary, (Chn-Chl 'Hpl

Line Contin. Norm ito depth of Om
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/

21, fr<.",

"modified" Ch4

1/2Ch4-, /4Ch5-1/8Ch6-1/loCh7)-

1/32Ch8-1/ 64Ch9+1/128Ch10--


1/ 128Ch10

Note: extra 1/ 128Ch10to -complete


"modified" Ch4

GEOPHYSICS LTD
GEOPHYSIQUE LTEE

Appendix E

Figure E3(b)

Modified 4Hz data: Ch4-10 combined

Figure E3b
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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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