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SUMMARY ANDCONCLUSIONS

This report gives the details and results of a ground geophysical program carried out on the
Vakkerlien project in the fall of 2005. The project is located approximately 300km north of Oslo
and 90km south of Trondheim in central Norway and is an option and joint venture between
Sulfidmalm A/S (Norway), a wholly-owned subsidiary of Falconbridge Limited, and Blackstone
Ventures Inc. (Canada). Exploration programs are carried out by Falconbridge Limited on behalf of
Sulfidmal m.

The Vakkerlien project area is underlain by Gula group supracrustal and intrusive rocks within
the central Norwegian Caledonides. This region host the Vakkerlien nickel deposit (400,000
tonnes grading 1.0% Ni & 0.4% Cu) as well as the Olkar and Kaltberget nickel occurrences.

In order to evaluate nickel sulphide potential in the Vakkerlien area, a 3,750 line km helicopter-
borne magnetic and frequency domain electromagnetic survey was contracted out to the NGU and
flow.n in June of 2004. A ground follow-up and prospecting program was carried out during June and
Jul) of the same year. The airborne survey and ground follow-up identified areas of interest east and
south of the Vakkerlien deposit and a ground geophysical program was subsequently planned.

The 2005 fall ground geophysical program was carried out during the period October 3rd to
November 26h, 2005 and consisted of 50.45 line km of gridding and UTEM surveying. A bamboo
picket grid was established by McKeown Exploration Services (Canada) using a differential global
positioning system (DGPS), base station and repeater. Grids lines were spaced 100-200m apart. The
ITEM surveying was carried out by Lamontagne Geophysics Limited (Canada). Measurements

ere taken at station intervals of either 25m or 50m depending on survey logistics and noise levels.

The UTEM survey identified a two-line UTEM response fianking the west side of the hook-
shaped magnetic feature which is situated immediately east of the Vakkerlien deposit. In-house
modeling by A. Watts outlined a UTEM plate with a conductance of 2000 siemens, a strike extent
of 300m, a dip extent of 400m and a 530 east dip. This anomaly represents a viable drill target
and drill testing is planned for 2006.



TAIWE OF CONTENTS

Page

SUAIMARY AND CONCLUSIONS 


i JJ Location. Topography and General Aecess  I

2.0 Land Aceess Issues 	 ,

3.0 Propert \ and 0\%nership 	 ;

-1.1I Geological Setting  4

5.0 Previous Work 	 4

6.0 Recent Work hv Sulfidmalm A/S 	 6

7.0 2005 Fall Ground Geophysies Program 7

8.0 Results of 2005 liTEM Sursey  8

9.0 Reftrences  I 3

LIST OF EIGURES

ljgare Ii Vakkerhen Project —Location 	

Ligure 2: Location of Knutsho Landskapssemomrade in Relation to
Work Area 


Figure 3: Vakkerlien Projeet —Pre-elaims 	

Eigure 4: \ ikkerlien Projeet —2005 UTEM Grids and Loops 	 9

l'kmre 5: Estahlishment of DGPS-controlled Grid 	 I0

Figure 6: ETENI Surseying 	 I0

Eigure 7: Manual Transport of liTEM Survey Equipment 	 I I

Ei2tire 8: Ma \ \ ell Model for Loop I. L336N UTEM Plate 	 12



LIST OF TABLES

Table 1: Summary of Work Completed over the Vakkerlien Deposit
and Immediate Area 5

Table 2: Summary of Work Completed by SulfidmalmAJS at Selected
Locations in the Kvikne Area Prior to 2002 5

APPENDICES

Appendix A: List of Field Personnel

Appendix B: Report on GPS Survey for Falconbridge Ltd. —Vakkerlien Project, Tynset
Kommune, Norway. Rob McKeown, McKeown Exploration Services.

Appendix C: Logistics Report —2005 UTEM Survey, Vakkerlien Norway for Sulfidmalm
A/S. Robert Langridge, LamontagneGeophysics Ltd.

Appendix D: In-house UTEM Maxwell Modeling, Vakkerlien Project, Norway. Anthony
Watts, Falconbridge Ltd for SulfidmalmA/S.

III



1.0 Location, Topography and General Access

Flic Vakkerlien project area is located 300 km north of Oslo and 90km south of Trondheim in
central Norway. The projeet is situated within Tynset kommune, Hedemark fylke and is easily
;iccessible bv ear via the E6 and #3 highways north from Oslo or south from Trondheim (Figure
I 1.

.I.he Orkla River transects the center of the proiect area and represents a protninent topographie

low 1440-700m) in the region. The ground rises steeply to the east and we%t of the Orkla River

ith local mountain peaks up to 1400m in elevation. Mueh of the project area has either open
deeiduous forest eoser or is ahove the tree line. The Vakkerlien deposit is situated on a broad.
relatkels flat plateau just at the tree line with an average elevation of 900m. Elevation in the

ork area ranges from 750-I,000m.

Aecess to the field area is good sia highway #3 and a well-developed system of secondary gravel
roacis and hiking trails. Tolls must he paid for aceess along many of the Iocal gravel roads. The
follow ing two seeondan roads were used to aeeessthe work area:

- road loeated approx. 6.5 kin south of Kvikne extending west off of highway #3 past the
Vakkerlien deposit (toll required)

- road located approx. I 3.5krn south of Kvikne extending west off of highway #3 and
running along the north side of the Orkla river.

Figure 1
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2.0 Land ACCCSSIssties

Land in the work arca is held by private Iandowners as well as collective groups ("sameie-).

Permission lor the off-road use of snowmohiles was required from hoth the local kommune and

the landowners. In addition. approximately half of the planned geophysical grid was situated

nhin the Knutsho Landskapsvernomrade or "landseape protected area- as shown in Figure 2.
Although permission for the use of snowmohiles \Sas received from Tynset kommune, use was
restricted to pre-authiwi/ed aceess routes external to the Knutsho Landskapsvernomrade. This

ificantb, complicated the logistics of the ground work and added to the time and cost of
 llf\ c ing. In extreme cases. the survey equipment had to he moved manually wheelharrow or

Figure 2
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3.0 l'roperty and Ownership

Ille Vakkerlien propert‘.. at the time the work reported herein was performed. consisted of 173

pre-elaims or "mutinger- in three separate hlocks collectively covering a total area of 50.1 sq km

Figure 3). (The elaim hlock has since heen redueed to 126 pre-elaims totalling 36 sq km). The

pre-elaims are registered to SuIfidmalm A/S (Norway a wholly owned suhsidiary of

falconhridge Nikk1e erk (Norway) which is owned 1w, Faleonbridge Limited (Canada).

ExpIoration on the projeet is carried om under an option and joint venture agreement hetween

Slli fidmalm A/S and Blackstone Ventures Ine. (Canada). Work programs are earried out hy

faleonhridge Limited on hehalf of Suffidmalm.

Pn•-elainz owned by a thinl party over part of the Vakkerlien deposit ivere alh,wed to

/(;p  ,iii 2005 and. therelPre. pre-clainis re,t:istered to Sulfidmalm AIS now take preeedence.

Figure 3


Vakkerhen Project —Pre-claims

NORTH

037500 nu

Pre-claims

Eb Outline of Pre-claims!

69;5000

Kvittne040000 niN

0 42


kllometers

1:11%1WG114 Lime 32N

t

- t

693:500 mu

6930000

3



4.0 Geohigical Setting

The Vakkerlien projeet is underlain by Gula group lithologies of the eentral Norwegian

Caledonides. The Gula group forms the oldest part of the Trondheim nappe and is thought to be

Proterozoie in age. Main lithologies include metasediments in the form of psammitie. pelitie,

ealeareous and graphitie sehists as well as iron formations, meta‘oleanies (amphiholitesi.

tr)ndjelnitie intrusions and oceasional gabbroie to ultramafie intrusions. The metamorphie grade

niddie to upper amphiholite faeies.

A numher of deposits are hosted in the Gula group ineluding the Vakkerlien nickel sulphide

deposit (400.000 tonnes grading 1.0% Ni & 0.47( Cto diseovered hy Sulfidmalm A/S in 1974

The deposit is hosted in the core of a differentiated gahhroie to ultramafic intrusion and forms a

plunging rod-shaped 10in 40m) zone whieh can he traeed laterally for 1,250m.

Other niekel oecurrenees in the area inelude the Kaliberget showing and the Olkar mine.

5.0 Previous Work

Past eopper-zine foeused mining and exploration aetivity in the Kvikne-Tynset area is

oluminous iind a detailed suntnlary is beyond the seope of this report. Abundanee evidenee of

surfaee prospeeting ean be seen in the form of old pits and trenehes.

Se‘eral older intage airhorne geophysieal surveys flown at 200m line spacing covered portions

of the eilrrent exploration area and inelude the following:

- 1974 hellelpier-horne Sander EM-3 and mag surve>

- 1979 helielpter-horlIC Sander EM-3. mag. radiornetrie md VIT survey

- 1%1 helieopter-horne EN1, mag and VLE surve

Sulfidnialin AIS initiated exploration in the area for Besshi-type VMS deposits in the early

1W70.s.This prograin ineluded regional stream sediment sampling as well as prospeeting and

lithogeoeheinicd sampling. the latter of whieh led to the diseovery of the Vakkerlien deposit in

1974. lhiring the eourse of sampling pits at the historical Vakkerlien showing for copper and zine

mineralization. Stilfidmalm ohtained grah samples assaying up to 3.027/ Ni. Subsequent work by

Sulfidnialin eoneentrated on delineation of the Vakkerlien deposit and on exploration in the

inunediale ieinii  as summarized in Table 1.A small amount of nickel-related exploration was

also earried ont conetirrentl at several other sites in the Kvikne area as summarized in Table 2.
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Table 1

Summary of Work Completed over the Vakkerlien Deposit and Immediate Area

1975 Sulfidunalm A/S

Description of Work

109 holes drilled and a resource of 400,000 tonnes
grading 1.0% Ni & 0.4% Cu delineated using a
0.4% Ni cut-off

Metallurgical testing yielding a concentrate
grading 15.5% Ni @ 80% recovery and 7.0% Cu
@ 92% recoverv

Surface geophysical surveys including magnetics,
VLF, Slingrarn, Mise-la-Masse, resistivity sounding
and Turam to try and trace deposit along strike and
down lurwe to SE

Max-Min and Crone PEM test surve s

100 holes drilled on deposit on sections between
Sulfidmalm holes to confirm resource

Resource estimated to be 104,516 tonnes grading
1.73% Ni, &0.55% Cu using a 0.5% Ni cut-off or

52,132 tonnes grading 2.55% Ni & 0.80% Cu
usin a 1.0% Ni cut-off

l'eriod Company

I975-1977 Sulfidmalm A/S

1979 Sulfidmalm ASS
1991-1992 i Fol1dall Verk

AIS &
Outokumpu

(Norsulfid A/S)
Joint Venture

Table 2

Summary of Work Completed by Sulfidmalm A/S at Selected Locations


in the Kvikne Area Prior to 2002

1'eriod Area Description of Work/Results

1975-1976 Olkar Grah samples from dump pile taken; best sample assayed
I .5% Ni, I .6% Cu & 23.6% S
VLF and magnetic survey

Geological mapping and prospecting

6 drillholes totaling 269.9m; best result of 1.78% Ni,
1.18% Cu and 22.5% S over 1.5m in DDH2

Geological mapping, ground matz & VLF survey

Discovered GrOtberget showing with grab samples up to
2. I (); Ni & I .12% Cu

1976: 13 drillholes totaling 609.95m; best result of 1.60%
Ni, 0.30% Cu & 7.5% S over 5.5m in D1)H12

Surface and downhole charge potential surveys

1977:4 drillholes totaling 324.1m; best result of 1.55%
Ni, 0.48% Cu & 11.2% S over 0.5m in 17

1976-1977 Kaltberget

1977 Kletten • chip sampIing (no significant values) and VLF survey

I 979 i Regional • helicopter survey; magnetic and single frequency
(10001-1z)Sander EM data collected on 200m spaced lines

5



6.0 Recent Work In Sulfidmalm A/S

Falconbridge geologists made a reconnaissance visit to the Vakkerlien area in Iate 2002. In early

2003. Sulfidmalm acquired new pre-clainls in the area and initiated niekel sulphide exploration,

signing an option and joint venture arrangement with Blackstone Ventures Inc. in August 2003.

In June 2004. Sulfidmalm commissioned the Geological Survey of Norway (NGli) to fly a 3.750

line km regional helicopter-borne magneties and electromagnetic (ENI) survey. Data was acquired on

east-west oriented flight lines spaced I5Om apart with a nominal flying height of 60m ahove ground

12%el. The EINIssstem used wits the 5-frequenc  Geotech Ltd. Humminghird system. A ground ENI

tiollow-up and prospecting program was carried out during. June and July 2004. The preceding work

is described in Tirschmann 20(15).

The airbome surse identified a numher of strong, laterally continuous EM conductors typically

associated ssith strong magnetic highs and occurring in the central and eastern portions of the survey

block. Field checking of a numher of these anomalies found them to he associated with sulphidic
and/or graphitic metasediments.

ifhe northw estern portion of the airhorne sur hlock was characterized hy subtle EM conductors

.ind more discrete NW-SE and N-S striking magnetic highs superimposed on a rather featureless low
moderatel) magnetie hackground. All of the well-known niekel occurrences (Vakkerlien. Olkar

Kaltherget I were obsened to be situated within this geophysical domain. Ground follow-up and

prospecting on one 30)m long EM anomaly in the immediate area of the old Olkar mine found the

anomak to correlate ssith apparent sulphidic seditnents assaying 0.62% Ni, 0.53% Cu, 0.13% Co,

0.02 g/t Pt, 0.08 I'd & 19.1g7(S. The new airhorne data also showed the presence of weak


LNI conductors correlated with a suhtle I km long magnetic trend in the Kalherget area.

In the \ ot. the Vakkedien deposit, the new airhome survey detected only weak EM anomalies.

I low eser. seseral interesting magnetic anomalies were identified ineluding the following:

a NW trending hoiik-shaped magnetie anomak situated immediately east of the Vakkerlien
representing a folded estension of the host intrusion

a large 45kin 2kno magnetie high located I km south of Vakkerlien
large10.7km s I hint magnetie high ssith a coincident suhtle EM response located 3km
of Vakkerlien

fieId-checking of these magnetie features was hampered by thiek overburden. However. houlders
imd float ot altered ultramafic rocks were found at the anomaiy situated 1km south of Vakkerlien.
The Isso large magnetic features were postulated to represent ultramafic intrusions, potentially

related to the same magmatic s\ stem which tbrmed the Vakkerlien deposit. A ground UTEM

t I 'niversitv of Tonintollectromagnetic System) survey was suhsequentiv planned to test all

three magnetic features.

iround follow-up in the ()Ikar and Kalherget areas, though merited, ssas deferred due to complicated

Iiigistics. challenging topograph  and Iimited in-house resources.

6



7.0 2005 Fall Ground Geophysics Program

I Inring the period Ocwher 3 to November 261'12005. a fall work program consisting of 50.45km
line kni of gridding and UTEM geophysical surveying was carried out (Figure 4). A 1kr of tield
personnel involved in the program can he found in Appendix A.

(1.1d Preparamm

Ihe grid was estahlished h NteKeown Exploration Services, with the help of Falconbridge and
SnIfidinalin personnel. between October 3111and Octoher 16111.The gridding team consisted of one
yerator and two helpers. Gridding \las accomplished using a real-time differential global

p1/4)sitioningnstem (DGPS) and local base station ±- repeater. DGPS control was used on hoth the
grid mii the geoph sieal kmps in order to provide the location and elevation (x. y & 7.) aceuraey
required detailed geoph‘sical modelling.

Hie grid ariabE eonsisted of N-S and E-W oriented lines spaced I(X)-200m apart with stations set at
25in intenals along eileh line and marked hs thin hamboo pickets (Eigure 5). The grid reference
s siem used \\as FTNI WGS84 (zone 32N). For easeof lahelling both in the field and with respect to
dam handling. the first two and three digits, respeetively, were dropped from the eastings and
n,,ithings of grid locations (e.g. 566750E &‘-6931700N would he referred to as "6750E & I 7(X)N").

\II niuddi is carried out on foot due to a laek of snow . Hamhoo pickets were collected in
Nt,  ember upon completion of the UTEM surseying in order to return the survey area to Is original
sLitC.

.\ ppendiv 13consists of a detailed report by McKeown Exploration Services on the fall 2(X)5 DGPS
siineN ing ,ind grid work. Documentation and data are also given in digital form on an
,,,:companving CD.

I I N1( ieopin sical SurN mg

koph \ sies Limited carried out 50.45 line km of UTEM survey between November 30
and No emhei 26(Eigure 6). The t7ENI crew consisted of two Lamontagne operators, one

I ..iinontagne helper uid tv,o Ealconbridge/Sultidmalin helpers. Surveying was carried out on foot hut
snov,mobiles were selecti  eE used to help mme people and equipment as needed. The inabilit  to
usc siims ithin the Knutsho Landskaps  ernomrade resulted in more time-consuming
"manual- forms of haulage Eigure 7

LL \ \ I IVr1 \ Is conducted wdng five large transmitter loops consisting of narrow gauge copper wire.
I )ata was collected in both "off-loop- and in-loop configurations on 100-200m spaced lines at station
intenals of either 25ni or 50m depending on suney logistics and noise levels. Loop 2a was only
iiscd i,) sun e), the m)rthern euension. of 1_670Eiind 671E here additional data w'is required.

.\ ppendix contains detailed logistical report h Lamontagne Geophysics on the fall 2005
I lINI sune\ing. Ineluded are a description of the suney logisties and methodology and a full

of the lINI profiles. Doeumentation and data are also given in digital form on an

,,ccompan ing CD,

7



8.0 Results of 2005 ITENI Survey

LTEN1 responses were obtained at several loeations throughout the grid. one of \lhich merited
inore detailed modeling. Results are summartzed as follows:

Loop I: 


1TEN1 responses on L336N and L337N @ approximately 5950-5975E, flanking the west
side of hook-shaped tnagnetie feature east of Vakkerlien deposit. Data from L336N was
modeled in-house bv A. Watts and outhned a UTEM plate with a conduetanee of 2000
siemens, a strike extent of 300m, a dip extent of 400m and a 53" east dip (see Figure

Appendix 1)). The ahility to extend UTEM coverage to the north is hmited hv the
presence of NE-SW trending power line.

FTENI responses on L334N @ -5730E). L335N t@ -5635E) and L336N @ -5540E)
hich ean he correlated with the Vakkerhen deposit. Couphng was prohablv not

optimum for "seeMg- the deposit as the position of Loop #1 was optimized for surveying
toer the hook-shaped magnetie feature to the east rather than for the well explored
deposit area, li should also he noted that the data was relatively noisy on the west end of
the loop 141hnes due to the power litte which transeets the extreme NW corner of the
grid.

1,00p #2: 


Earlv ehannel. conduetanee response on L669E and L670E approximately 2600N.

Toop_243:

No U1EN1 responses

Loop #4:


11arlx channel, low conductance response on L292N @ approximately 7950E

The l-11111x1anotnal modeled on L336N represents a viable drill target and should he drilldested.
N1/4tfurther work is recommended else\%hereon the grid at this time.

8



Figure 4

Vakkerlien Project —2005 UTEM Grids and Loops
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Figure 5: Establishment of DGPS-controlled Grid

Figure 6: UTEN1 Surveying
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Figure 7
Manual Transport of UTEM Survey Equipment
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Maxwell Model for Loop 1, Line 336N UTEM Plate
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APPENDIX A

LIST OF FIELD PERSONNEL

kalconbridne Linuted: Patti Tirschmann Senior Geologist
(Project Supervisiom

Rohert Jones Senior Field Geologist
Doris Fax Senior Field Geologist

SulFidniahn A/S:

207 QueeMs Quay West, Suite 500
Toronto, ON, Canada
M5.1 1A7

Lars Weierhaeuser Field Geologist
lann Hansen Field Manager. Logisties

Sen ieehoks 604
4606 Kristiansand, Norway

1.31110nuwne Crepip sics: IZobert Langridge Senior Geophysieist/UTEM Operator
John Frost UTEM Operator

Pinkerton UTEM helper

115 Gram Timmins Dr.
Kinnston. ON, Canada

8N3

Ntel:cown TNploration

Sen ices: Rob McKeown DGPS Operator

55-1330 Trowbridge Dr.
Oshawa. ON. Canada
I. G 7L1
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1 Introduction

On 04 October, 2005, a crew was mobilisedfrom Oshawa, Ontario to
Falconbridge'sVakkerlien Project in the Tynset province of Norway, 175km south
of Trondheim, 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.

2 Background

2.1 GPS General Theory

The Global Positioning System (GPS) is a network of twenty four earth orbiting
NAVSTARsatellites (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 positioningand 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 Ll signal is modulatedwith 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 Defensetracks each of the satellites continuously,
constantly monitoring and calculatingthe exact path 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 Ephemerisand Almanac) is rebroadcast by each
SV and used by the GPS receiver on the ground.

The GPS receiver is capable of receivingsignals 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 Errorsinthe GPS Position

The calculatedGPS positionassumesthat lighttravelsat a constantspeed,
unfortunatelythisisonlytrueof lighttravellingina vacuum.Whenthe GPS signal
entersthe Earth'satmosphere,the signalis sloweddownbyboththe ionosphere
andthetroposphere,whichmayresultin incorrectdistancecalculations.Thiseffect
isminimizedbycalculated correctionfactorsthatare broadcastwiththe Broadcast
Ephemeris.

Multipathcan be another significantsourceof errorinthe calculatedGPS position.
If thesatellitesignal is reflected offofobjectsin closeproximityto the GPS
receiver,it can interfere with the straight-linesignalcomingfromthe satellite,
slowingthesignaldown and "confusing"the GPS receiver.Thistypeoferroris
morecommonin areas with man-madeculturalinfluence,suchas largebuildings,
andgenerallyis not a factor in the wildernesssetting.

Untilrecently,the largest single sourceof errorwas knownas "Selective
Availability",or the intentional degradationof the GPS signalbythe US Department
of Defense,it may cause an errorin the horizontalpositionsofthe receiverof more
than100m.In the Spring of 2000 the US governmentremovedSelective
Availability,as a result. a standard off-the-shelfsinglefrequencyGPS maynow
yielda horizontal position with a +/- 5m precision.

	

2.3 RealTime Differential Correctionand WAAS

The techniqueof Real Time DifferentialCorrection(RTC) greatlyincreasesthe
accuracyof the GPS position and helpsminimizethe effectsof atmosphere,
multipath,andselective availability. it employs twoGPS receivers,oneplacedat a
knownlocation(the base) and one at an unknownposition(therover).The data
collectedat the base are used to determine the error in the GPS position,thiserror
is inturnbroadcast, through the useof an FM/UHF bandradio-modem,to the rover
unitandusedto remove the errors inthe positionat the unknownlocationinreal-
time.

Usinga singlefrequency GPS receiver(L1 only),witha base-roverseparation
(base-linelength) of less than 10km canyieldreal-timesub-meteraccuracyin both
horizontalandvertical position, whileuseof a surveygradedualfrequencyL1/L2
GPS receivercan yield real-time 2cm-5cmaccuracyinbothhorizontalandvertical
positions.

WAAS,or Wide Area Augmentation System,is a real-timedifferentialcorrection
systemimplemented and operatedbythe AmericanFAA(FederalAviation
Authority)foruse in GPS aided navigationalapproachesforaircraft.The system
employsa broad network of GPS basestationsoverthe continentalUnitedStates,
the datafromwhich is broadcast bysatellite.Thisdifferentialcorrectionis
broadcaston the same frequency as the Navstarsignal.SpeciallyequippedGPS



receivers are able to apply this correctionin real-time to yield a real time position
with <2 metre accuracy.

EGNOS is the European equivalent to WAAS.

2.4 Postprocessed DifferentialCorrections

Similar to the RTC method describedabove, data can be corrected after-the-fact
by collectingdata at a base station,and simultaneouslycollectingdata at the rover
unit. The data can ther be downloadedfrom the GPS receiver to a computer and
"post-processed- to give a differentiallycorrected position.This is useful in "fixing"
base station positions from knowngeodetic controlpoints 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 kilometer over
ten kilometers base-rover separation, i.e. a base-rover separation of 100km should
be occupied for 15min + (100km- 10km)* 1min / km = 15min + 90 min = 105
minutes.

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

2.5 Dilution of Precision (DOP) and Elevation Mask

The DOP is a measure of the geometry of the satellites relative to each other. The
best possible position fix, or most accurate, will be possiblewhen the geometry of
the satellites is such that the satellitesare within range, but as far apart from each
other as possible. A PDOP (positionDOP) indicates that the geometry of the
satellites, relative to each other, is good for a triangulationfix. If the SVs are close
to each other, or are lired up, then the geometry will be poor for triangulation, and
the PDOP will be higher. A PDOP less than 4 gives the best positionfix, 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 positionfix.
The GPS system used for this particularsurvey uses a proprietary algorithm called
"Over-Determined 3D- which requiresat 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 horizonto 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 Mobilization and Equipment

3.1 Mobilization

On 04 October, 2005, a crew was mobilised from Oshawa, Ontario to
Falconbridge's Vakkerlien Project in the Tynset province of Norway, 175km south
of Trondheim

The crew, which included the author, and two representatives from Falconbridge
Ltd stayed in the Hogstad Campground ten kilometers north of the survey areas
just off of highway 3. Access to the Vakkerlien project was by pick-up truck via two
farm access roads just south of Vikne. The grid was accessed on foot
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3.2 Equipment

All GPS equipment was rented by the author on behalf of Falconbridge. Two
Trimble dual frequency geodetic grade GPS receivers were employed, one
Trimble model 5700 and one model 5800 receiver. along with a Trimble 25 watt
base station radio modem, and a similar 25 watt Trimble radio acting as a modem
repeater (see Appendix D for specifications).
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Figure 3.2.1 —Author with Trimble 5800 GPS s stem

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. Grids followed universal transverse mercator
(UTM) projection gridlines, lines were running either north-south, or east west.
Magnetic declination in the survey area is zero, so magnetic north and grid north
are essentially the same.

The World Geodetic System 1984 (WGS84) UTM reference system was chosen by
Falconbridge as the default coordinate system. The Survey area was located in
UTM zone 32V.

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



4.2 GPS Base Station and Repeater

On 06 October 2005, the real-time GPS base station was erected at government
geodetic control point known as G27T0222 "Storinnsjoen" which was chosen due
to it's central location to the grid and easy walk-in access.

GPS occupations were observed at two other government control points,
"Vakkerlifjell" and "Slobekksetera" for comparison, readings were within +/- 2 cm of
the published coordinates.

Point V999 was established relative to G27T0222 by static occupation of site for 15
minutes. Over the course of the survey, G27T0222, V999, and G27T0223 were
used as GPS base stations.

Figure 4.2.1 —CPS Basestation SLOBEKKSETERA

ID Name UTM N UTM E Elev.
G27T0065 Asf ell 6931463.775 568571.041 970.249
G27T0136 Vakkerlif ell 6935786.254 565601.417 I 989.559 I
G27T0222 Storinns'oen I 6933997.854 564379.512 I 879.776 '
G27T0023 Slobekksetera 6929262.312 I 565619.475 I 809.177 ,
Figure 4.1.1 —Coordinates of published government control points, ETRS89.



ID UTM N UTM E Elev.

V999 6933842.725 566311.650 900.489
Figure 4.1.2 —GPS Base derised from slittie ocetwation <4.G27.40222

The published geodetic control point coordinates are in the ETRF89 (or EUREF89)

coordinate system. or European Terrestrial Reference Frame. The Norweigan

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 test. provided enough support for keeping WGS84

without any detrimental effects.

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

A GPS repeater was used on various days when signal propagation was RTK

signal was obstructed

4 3 The Survey

The Trimble 5800 RTK GPS was used to navigate from one ideal station to the

next. Falconbridge personnel then placed a labeled bamboo pickt at the station.

Periodically it was not possible to place the real station at the ideal station location

due to trees or topographic obstruction. in such instances the station was moved

away from the ideal by up to 5 metres. The station was then staked out. i.e. the

real location and elevation observed and recorded in the GPS data controller.



 •••

Figure 4.3.1 GPS Repeater set up next to road

The GPS antenna was placed on the GPS backpack, which was 2.04m above
ground level (see figure 4.3.1).

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

Initially, the desired precision was set to 5cm. This was later changed to 20cm
metre L1/L2 fine initialisations due to time limitations and the fact that tree cover
was causing lengthy L2 or " Fine initialization". The initialization type is displayed in
the attached data file in column 9, a "F" indicates fine or L1/L2 high precision
observation (+/- 5cm), and a "C" indicates course or L1 only float observation (+/-
1m).

All observations were "F" or fine high-precision initializations on this survey

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 07 October 2005, and completed 17 Oct
2005 (see Appendix C for details on daily progress)



The GPS was also used to fix the positions of all UTEM Loop wires to be used by
Lamontagne Geophysics. Four loops were surveyed (1-4) with position fixes taken
every 100m, or at any line or elevation break (see Map 7.1).

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 takert as time would allow. The
results of the repeats are outlined below (see Chart 5.0.1).

VAKKERLIEN GPS SURVEY
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Chant 5.0.1 —CPS Repeats

Chart 5.0.1 illustrates that the precision is as expected (sub-metre). The average
of the absolute Z repeat value is 3.4cm, with the standard deviation (single
population) of 3cm. This implies that if the number of repeats is statistically
significant, and approximates a normal distribution, 68% of the readings should
have an error in elevation of 3cm or less (one standard deviation), and 95% should
have an error less than 6cm (two standard deviations)

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



Only 30 repeats were considered for approximately 1825 stations. or 1.6%. Ideally
5-10% should be randomly repeated for a survey of this size.

6 Comments

6.1 Comments on Satelhte Geometry

During the course of a survey day, three significant time periods were observea
where satellite geometry was less than ideal: around 8:00-8,45. 10:30 to 11:30.
13:15-14:00. During these times it became apparent early in the survey that
readings taken in the trees would be difficult to obtain as satellites were either very
low on the horizon. or all available satellites were arouped directly overhead and
geometry was not favorable for triangulation. With proper planning. usually a
survey crew can plan to be working in the clear open areas during these times

Appendix E contains plots of sample satellite geometry for 05 October 2005 and
again for 17 October 2005. Bad times can be seen to shift back in time
approxirnately 30 minutes over this period

The charts in Appendix E shows number of satellites and PDOP plotted against
time. Periods of 5 satellites or less. or a PDOP dreater than 4 can be difficult times
to survey. Obstructions such as mountains or trees can sianificantly block satelhtes
from the view of the antenna.



6.2 WAAS/EGNOS versus Dual Frequency RTK

GPS Repeats Elevation


WAAS and Sat Dif vs Base
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Chart 6.2 —WAAS and Sat Dif vs Base

On the final day of surveying, a test was done to compare observations made
using two different types of differential correction.

A section of line was chosen that was previously read using the high-precision
geodetic grade GPS system using a base station, these values for the sake of the
test were assumed to be the "most correct" coordinates for each station. The
stations were re-read using both Falconbridge's Trimble Pathfinder PRO XRS
which uses the Fugro Omnistar satellite differential correction system (paid
subscription service), and the Trimble 5800 system configured in WAAS/EGNOS
mode (free aviation-approach service).

The relative change from one station to the next was compared to the change
observed with the geodefic system and plotted above. The chart above indicates
that both systems are providing typically submeter precision. The Omnistar system
appears to have one repeat in excess of 1m

The WAAS/EGNOS system was significantly slower in the trees owing to the fact
that the differential correction satellite was low on the horizon during the test and
lost easily while walking in the trees.



It is doubtful that enabl.ngthe WAAS/EGNOS option on Falconbridge's GPS would
offer a significant advartage, and could possibly slow down production while
working in the trees.

The most robust rnethci of improving Falconbridge's Pathfinder system would be
to use it in conjunction .vith a local RTK GPS base station

6.3 Elevation

It was noted the'. the F:.,conbridgeGPS was collecting data with elevations
significantly different th -in those indicated on the topo maps and geodetic control
points, this is probably )wing to the difference in ellipsoid vs geoid height. The data
presented in this report s in agreement with the local topo maps and geodetic
control. Over such a sr iall survey area the lateral variation is quite small (-20cm)
and heights could be adjusted by a simple addition/subtractionof 42.320m, this is
the average separation as indicated in the datasheet supplied by the government
of Norway (see Appendix)

Respectfully Submittee

Robert L. McKeown, B Sc.
2005-10-28
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A endix A Data CD Information

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
vakkerlien.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 s a sample of the final data format (Geosoft XYZ) located in the
master spreadsheet :

\GPS\XYZWakkerlien.xls
/GPS Sunreyfor Folut . He Lle
Nakkerlien Protect -
AJTM E 1_19-tv1N ID E 6rtg DateGMT_TmeLineStation
ANG84 Zone32V

Line 11
567599975 69._: 52" 2c 630 759205 62 48232784 10 31147977F 051016 1409 286 567600
567624234




455 2:_tu 625 764034 62 48232731 10 31195043F 051016 1407 286 567625
567650022 Eutt- 5 ' 26 6650 7E4991 62 48231898 10 31245042F 051016 1402 286 567650
567674961 6362_ 119 b75 771257 62 48231416 10 31293409F 051016 1400 286 567675
567699951 69215-9 36" 256537700 772645 62 48230908 10 31341873F 051016 1359 286 567700
567724983 E96::_ 607 zE_659725 775069 62 48230474 10 31390423F 051016 1357 286 567725
567749534 69 666 /6653:750 776886 62 48230027 10 31438038F 051016 1356 286 567750
567774927 6961- 339 261.537775 779730 62 48229581 10 31487287F 051016 1354 286 567775
567799431 67:-: 
 - 36 D E6577800 780979 62 48229155 10 31534813F 051016 1353 286 567800
567824148 69215 -,59 U25
	 775




109 62 48228188 10 31582728F 051016 1349 286 567825
567850019 636_  '47 2:: 25_6850 781 172 62 48228243 10 31632926F 051016 1345 286 567850
567875007 60._ _ 21 6" 6: -9 875 786 176 62 48227763 10 31681388F 051016 1344 286 567875
567899866 E93: 11 2: _ 900 787 469 62 48227298 10 31729601F 051016 1342 286 567900
567924854 63_ :66 _-_6925 785 412 62 48226891 10 31778065F 051016 1341 286 567925
567950134





790578 62 48226379 10 31827093F 051016 1340 286 567950
567975050 63113 r31 277727975 792 451 62 48225851 10 31875413F 051016 1339 286 567975
567999




908 	99 
 391 /:_:::91J0 793272 62 48225539 10 3192363F 051016 1336 286 568000
568024935 696_ 712 291571025 795606 62 48225013 10 31972154F 051016 1334 286 568025
568050014 69::9 	 111 291615050 795772 62 48224638 10 32020807F 051016 1333 286 568050
568075625 63::




127 290213075 797 436 62 48224182 1032670481F 051016 1331 286 568075
568100048 69299 931 291913100 799618 62 48223559 10 3211784F 051016 1327 286 568100
568124963 59635 994 299o:o 2o 801




052 62 48223158 10 32166163F 051016 1327 286 568125
568149974 6:36_: 607 267653990 802079 62 48222674 10 32214669F 051016 1326 286 568150
568175051 692c: 264 235573176 803915 62 48222211 10 32263304F 051016 1325 286 568175
568200113




327 216565200 805575 62 48221806 1032311913F 051016 1324 286 568200
568225024 69196 632 235613225 806 417 62 48221307 10.32360223F 051016 1323 286 568225
568249921




7.70 	2 ET099250 808 130 62 4822084 103240851F 051016 1322 286 568250
Figure A.I —Sample Data
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GPS Survey for Falconbridge Ltd.

Vakkerlien Project - GPS Repeats

Readin 1 Readin 2

X1 Y1 STAT1 21 X2 Y2 STAT2 22
Re eat

dx dY




d2 -tdX trlY

Appendlx B

•cIZ

566300 065 6930899 949 663930900 802 760300.087 6930900 141 309566300 802 813 -2 2 -19 2 2.1 2 2 13 2 1

566300.025 6931099949663931100 803 166299952 69310998913311566300 802972 73 5 1 3.9 7 3 5 9

566300 024 6931300 024 663931300 802 B 0-6300.065 6931299 983 313566300 802 519 A 1 4 1 0.7 4 1




7

566599.862 6931299 549 666931300 820 5: • 356599.822 6931299.558 313566600 829 668 4 -0 9 1.1 4 0 1, 1

566700116 6931300 056 667931300. 828 :' .. --866700 079 6931300.113313566700 828 309 3 7




2.3 3 7 , 71 3

566300 098 6931499 937 663931500 812 53 -• 066300.116 6931499.668 316566300 812.543 .1 8 6.9 2 4 1 8 6 9, 4

566600 033 6931500 091 666931500 820 5 ' , 856600.021 6931500.068 315566600 820 486 1 2 2 3 3.3 1 2 2 2, 3

566700.025 6931499 988 667931500 828 5. 016699.969 6931499.986 315566700 828 556 5 6 0 2 2 6 5 6 0 21 6

566299 976 6931700 022 663931700 817 23 - 568300 102 6931700.060 317566300 817 245 -12 6 -3.8 0 2 12 6 3 e. 2

566399.994 6931700 054 664931700 815 7. - 166399 966 6931699.988 317566400 815 671 2 8 6 6 5.4 2 81 6 b 4

566600 014 6931699 962 666931700 822 71 - Y5599.936 6931699.1330 317566600 820 719 7 8 13 2 3.2 7 B 13 21 2

566599 969 6931902 068 666931900 827 1 .. --886600.066 6931902.059 319566600 827 153 .9 7 0 9 3.9 9 7 0 8! 9

566300 030 6931900 00e 663931900, 812 --. •1, 6300.102 6931900.137 319566300 812 916 .6 4 -13 1 -3 4 6 4




4

566399 973 6930900 002 664930900 832 ' • -: 66399.948 6930900.098 309566400 802 197 2 5 -9 6 -0.4 2 5 0 B1 14

566400 070 6931100 0371 664931100 8112 "- - 1, 6399.858 6931099.8181 311566400 802 0721 21 2 5 7 -6.1 21 2 8 71 i

566399 956 6931300 032 664931300 81,1 - '' - 6399.895 6931300 077 313566400 816 0961 6 1 -4.5 -1 6 1




.

566400 044 6931500 340 664931500, .9--4 -, • - -- 3399 827 6931500 268 315566400 824 8231 21 7i 7 21 -3 8! 21 71




6

566400 040 6931897 578 664931909 8-4 : . - - ----430.057 6931897 522 319566400 3114402




5 6 -121 1 7, 8 t 12

566500 102 6930899 659 6659309001 874 -' . :- -_53.3 367 6930899.616 309566500 804 286 -26 5' 4 3 -6 81 26 5 4 3 6 8

566500 054 6931100 089 665931109 81• , .. -:-.500.243 6931100.048 311566600, 1312004 .18 9 4.1 -1 21 18 9 i 1 2

566500 045 6931299 933 665931300, 824 - -, r- 6:300 039 6931300.072 313566500 824 722 0 6 -13 9 -3.1 0 6




3 1

566500 005 6931499 930 665931500 82-3 " . 1, 8500.220 6931499.972 315566500 823 118 -21 5 -4 2 0 21 5 4 -1 1,

566500 012 6931699.999 665931700 6151. 6, 666499.942 6931699.985 317566500 815.539 7 1 4 -1.5 7 1 4, 1 5

566499.979 6931899 850 665931900 820 I ' '66500.078 6931899.925 319566500 826 165 -9 9




-1.1 9.9 7 5 1 1

566600.078 6930990 017 666930900 820 1: :-18 6600.046 6930899.936 309566600 820.298 3.2 8.1 -12 8 3 2 8 1 12 8

566600 001 6931100 038 666931100 828 ' 4.t• ` 46599.925 6931099.1369 311566600 0213.106 7 6 16.9 -2 2 7 6 16 9 2 2

566699 954 6930899.816 667930900 841 -- -3..1700.107 6930900.079 309566700 840 407 -15 3 -26.3 -4 4 15 3 26 3 4 4

566699 933 6931099 928 667931100 83 - 4 ' -. ' ' 6699 797 6931099.866 311566700 839 512 13 6 6 2 -4 1 13 61 € 2. 4 1

566700 094 6931700 120 667931700 133- '. . 1. 6733 003 6931700 028 317566700 830 144 9 1 9 2 -1 8 9 1




1 8

566699 997 6931899 926 667931900 83 .. - - 6,199.911 6931899 954 319566700' 1330 111 B 6 -2 6 -3 81 8 61 28 3 8





ce3/48; 30




I 1






m -, -26 5,




-12 61 0 6




U 0

Frequenc- Distnbunon




ma. 21 7 18 9 5 8.1 26 5, ..3. ./.1 12 8

InIeryalcm x




mean C l' -0 1 .1 3 8 B;




34

-30 0





stnev 11 4 9 5 4 3 7 1 50 3 0

-28









-26









-24









-22









-20









-18









-16









-14









-12









-10









-6










0










2









4




1









6








8




4








10




2








12









14




1








16




OI








18









20










22










24










26










28










30











APPENDIX C PRODUCTIONSUMMARY



ISM10-1011111-110111111111111111  11=111•111~1=11111111  1=1111111  11111•

Dale Prod S/B M/D Line Station

From

Statean

To

05/10/04




1





05/10/05




1





05/10/06






05/10/07 1




66933700 565450 566550





66933600 565450 566550





66933500 565450 566000





66933400 565450 566000





66933300 565450 565975





66933200 565450 566000





66933100 565450 566000





66933000 565450 566000





66932900 565450 566000
I OTAI






05/10/08 0 5 0 5




6933500 566025 566550





6933400 566025 566550





6933300 566000 566550





6933200 566025 566550





6933100 566025 566550





6933000 566025 566550
101AI






05110109 1




6933000 566025 566550





566300 6930700 6932900





566400 6930700 6932700
TOTAL






05/10/10 1




566400 6932725 6932900





566500 6930700 6932900





566000 6930700 6932900
mInt






05110/11 1




567000 6932900 6932100





6931900 565825 567225





6931700 565825 568525





6931500 565825 568525
IOTAL






05/10/12 1




566900 6932900 6932100





566800 6932900 6932100





566700 6932900 6930700
II )iAi






05/10/13 1




566900 6932900 6932100





566800 6932900 6932100





566700 6932900 6930900

05/10/14 1




6930900 566850 568525





6931100 568375 568525





6930700 567125 568525
MTAL






05110/15 1






05/10/16 1




6929400 568500 567400





6929200 568500 567400





6929000 568500 567400





6928800 568500 567450





6928600 568500 567600
101AI






05/10/17 1






05/10/18






TOTAL lo 5





GPS Survey for Falconbridge Ltd.

Vakkerlien, Norway

October 2005


Production Summary

Length Notes

p m RI.M Departs Toronto for Norway

-p rn RLM Arrives Trondheim
-p m 171M arrives in Vakkerhen

a tn setup base station at geodetic vunt G27T0222
-checked against G27T0136 and G27T0223 aggrees with publised coordwates +/- 7cm x y z
-base V999 established realatwe to 027 70222 at north end of survey area
base 07(T0773 to be used for soullwrn ond

1100 -surveyedln norffier grel

1100 -switched base battery at 3pm
550 bad PDOP/RMS for half hour al 11 00 I 1 30arn
550
525

550
550

550
550

6025

525 -worked a m
525 -p rn Rob Jones to Trondheim not possible to work in field while driving lum to ffirpoit
550
525

525
525

3175

525 rffin and sleet all day

2200 -survey controller locked up in afternoon at 4pm
2000 -radio link lost at south end of lmes on south s de of ndge. will rnove base stalion tomonow
4725 •low day'

1/5 -moved base stabon to point 027T0222 to norlhwest to try to get better radio coverage to south
2200 -problem with raffio coverage at north end of god after moving base
2200 -returned to cabin to get repeater. installed on road near north gnd centre
45 /5 -no more problems vath radio link for enbre length of north south lines

stow going in trees satellites Iow on honzon

800 sunny day no problems
1400
2700
7700
7600

800 -slow day today. all Itnes tri trees
800 -GPSed in soulh west north loop edge of I oop 2005-02

7200

3800

800
800

2000
36,00

1675 -GPSe4 1n part of loop 2005-02

150
1400
2225

GPSed Loop 2005-03 2005-04

1100 all grids and loops complete today

1100
1100
1050

900
5250

-carned out lestkepeats using Pathfinder PRO XRS GPS with satellite differential correction and
Trimble 5800 using WAAS

p m demobed travel Vakkertien lo Espadelen

RM and 1W to Oslo

41975

	

TOTAL 10 DATE 419/E

	

PRODUCTION DAYS TO DATE 10



APPENDIX D GPS EQUIPMENT SPECIFICATIONS



The flexible data collector
of choice

TheTSCe" controller is a rugged fefidadaptable

handheld data collector Romfingnowerfn:

Trimble field software on a Microsoft C;;ndowst

operating system,TSCeproyichesee.ceptional

control of ThrnbleGPSand ophemseosors,

whatever your surveyemor constrdchsn

application.

Exceptional In the fleld even In extreme

ternperatures

TheTSCecontroller is the ruggecitawaHection

solution that fits cornforfabt, mci and :n


your field processes.And becausc ifis des!gned

to take the knocks and drops of the surveyhm

and construction environment,thdTSCe

controllees ruggednessmakes useeand

dependable member of four ereu hea

youhe out working long days.TSCe r.eep on


working right there with you.

In extremely cold temperatures.TSCeis more

robust than ever before.With new color touch

screen,TSCe will easily operate temberatures

as low as -25 °C without the acd: o:


internal heater.

Full keyboard and touch screen

On the TSCecontroller you can cl.00se to drive

your data collection software usIng the ffel

alphanumeric keyboard.or f.Hatxe 035,eto-use

color touch screen—TSCeenaolas ye• to use the

method or nnethodcombinabon tfitft moyEaes

you with the most efficient data nented.

The instant results of the touch samen offer

complete control over data and make fght work

of navigation, data selection. pos.honme.and

stakeout.

Color graphIc dIsplay

Ihe color graphic display ot tne hetde

controller is clearly readable in a wide range

of field conditions. The display's reflecfive LCD

technology makes it easy to read n hhght

sunlight. and it is front fit for when lig levels

are such as on dark winter days.

The color display makes not only simple text

easier to read, but also cornplex maps and

technical drawings.Having these graphics in

colour nght at your fingertips makes navigating

and posEtioningmuch easier,and speeds up

stakeout and data selection. Data management

and quality assurance are also greatly improved.

Because you can thoroughly check your data in

the field, errors and omissions are minimized.

Large memory capaclty

TheTSCecontroller comes with 512 fitB ef

CompactFlashmemory as standard.This large

storage capacity means that you can work with

larger data files and background maps, and

that you can work for longer in the field without

backup storage.

Ada pta ble

TheTSCecontroller is designed to operate

with an yourTrimnleAensnrs,incleding the

Trimblet R7 and RBGPSreceiverswith R-track

technology,the 5700 and 5800 GPSrecee:ers,

and the 3600 and 5600 total stations. It

also supports mane mafor third-party total

•' Exceptionalin thefield even

in extremetemperatures

Fullkeyboardandtouch
screen

° 1 Co:orgraph:cdtsevai

F-11Largerhernorycapacey

I:1 Adaptable

stations. In addition, when

the TrimbleBlueCap module

is used, BluetoottfiTwireless

technology provides cable-free

commurucation with the Trimble

R8 and 5800 GPSsystems.

(.»Trimble



TSCeController
The flexible data collector of choice

Specifications

Power ........ ......... Interna. 3500 rr.Ah rechargeabre battery pack

Battery of 30 hol.rs under no'mal operating condWons

	

Ccmp'er.e rechrge under teree Cours

Sine 	 25.8 cifi (10.2 13 o'r' .5 1 r) 5.2 crn (2.1 in)
em ;2 g :r) at handgnp

Weight 	 •• 2 2 ng bartery

Cenification 	. CSA.ar.d C.z.ck aPproval

Serial Porr 1/0  por.—RS232 (115 kB/s),

Cr7/1 5 V (250 mA) on pin 9

MulePort 110  55232, C0M2. Ethernet 10BaseT,

ar..daud o inlout

0-Shel Lerno

55-232 (115 kEl/s)

Processor  ," SA-1110 @206 MHz

Mernory  ' 64 MB SDRAM

DisWay  GA, re ente 00FOFTFT.

	

, —..na"ed

Touce Screen 	 xitti stylus ar finger

Keyboard 	 eparate navigation,

r•rrrierc ke•ipads

Aud,o 	

Environmental

Temperature:

Operating  -25 to CII"C (-13 °F to 140 'F)

Storage 	 sr •n L ' °C. (-22 °F 140 °F)

Water C:
Drop 	 1 22 rn e.rj.es ard camers

Sand and Dust 	 .0E 502. 0105 !...ethod 510.3

Vibration  ST: Slt E i 3 4 9 s, nc'y 10 F.g 16 and 17

A'brude  'I 510 8105 MeMod 500 3

NORIX AMERICA

r8?. 5.8

EUROPe

• •.8:, 8142

ASIA-PACIFIC

P`c,

kir-p P88888 F.8: • t21 8,F

S'&3:F•8 448:FFF • S 8.;.F>CP.F.

-8888:88::::F•ve • -65 e.8F.F

www.trimble.com CEG
»Trimble



One receiver,many
configurations,for
greater flexibility
and choice
TheTrimble® 5700 GPS receiver is an advanced, but

easy-to-use, surveyIng rnstrument that is rugged and

versable enough for any job.

Combine your 5700 with the antenna and radio

Mat best sint your needs, and Men add the TrimbIe

controller and software of your chorce for a total

surveying solution. The powerful 5700 GPSsystem

will provide all the advanced technological power

and unparalleled flexibility you need to increase

your efficiency ancl productirrity in any surveying

envrronment.

AdvancedGPSreceivertechnology

The 5700 a 24 channel dual-frequercv RTK

GPS receiver featuring the adyanced Trirnble

Maxwellw technology for supenor tracking of GPS

satellites increased rneasuring speed longer battery

life through less power use, and optimal precisron in

tough environments WAASand EGNOScapability lets

you perform real time differentral suryers to GIS grade

without a base station

Modular desIgnfor versatility

For topographic, boundary, or engineering surveying,

clip the receiver to your belt, carry it in a comfortable

backpack, or configure it with all components on a

Iightweight range pole. With the recerverattached to

your site vehrdle.you can survey a sarface as fast as

you can drive! For control applicabons. attach the

receiver to a tripodits designed to work the way your

job requires.

Full metal Jacket...andlightweight

The 5700 GPSrecerverboasts the toughest

mechanical and waterproofing specs :n the bus ness

Its rnagnesrum alloy case is stronger than aLminum

but also 30% Iighter—the5700 weighs just 1.4 kg

(3 In) with battenes. Whether you're cobectmg control,

points on a tnpod, or scrambling down a scree slope

collecting real-time Innematrc data, the recerseris bght

enough and tough enough to carry on perforrning.

Fastand efficlent data storageand

communIcatlons

Use the receiver's CompactFlash memory to store

more Man 3,400 hours of continuous L1/L2 data

collection at an average of 15-second inter.als.

Transferdata to a PCat speeds of more than

1 megabit per second through the super-fast USB

port. Your chorce of radio modem is built in to


the recerverto provide RIK communicatrons recerving

without the need for cables or extra power!

Yourcholce of Trimble antenna

Choose the high-accuracy Trimble GPS antenna that

best surts your needs: the lightweight and podabIe

Zephyrw antenna for RTKroving, or the Zephyr

Geodeticw antenna for geodetic surveying.

The Zephyr Geodetic antenna offers submillimeter

phase center repeatabrlity and excellent low-elevation

trackIng, while the innovabye design of its

Industryleading technology

provides superior performance

Flexible configurations put

you in total control

Rugged,high-performance


hardNare is built to last

With the TrImblecontroller and

software of your shoice, enjoy

searrtess integrafed surreying

Trimble SteafthTMground plane

literally burns up multipath energy

using technology sirnilar to that

used by stealth aircraft to hide from

radar. The Zephyr Geodenc antenna

thus provides unsurpassed accuracy

from a portable antenna.

"Trimble



Trimble5700 GPSSystem

General Pciaero tput 	 11.5 to 22 V DCinmrt 11 5 ta 27 5 `gDCtRud 3)

Front panel for oniroff, one-tunon-push data icgg "g.CompactFnisb carc fcratting, so etternm pe..,.er geee'.

eoheroens and aPPlicatronhie deieboh, and restorg de'ault cootrcis Celificanon  Ctass B Pal 15 fCt; ced foroo. CEMar• appoord.

LEDindicators for satellire tracking, radiortink, data dogrong.ana po*er monitoring C-Inchartmed, Cananan •000

Tripodclip or integrated base case Enyironmental:

Performance specIficatlons
Measurements

Artanced TrimbleMayaell teobnotogy
High preosion mgdpie corretator Ll a-d L2 rrad rmatrge enta

Lndlered, unroccoed psedorom,gremeasurement
m0boatb error,Ica draa oirre adzo. aird tflgfl 0,-a- c fl

Ver, tow no se L1 a').: L2 carner ohase measaremects <bel
1 /1zbandwdth
L1 artd L2 Signal-todYoiseraTos reported in cB-Hs
Prou'enTrimbte Iow-eleyationtraching techhoiogs
24 Channe's 11 C/A Coce,11/12 FuaCycte Carrier,MAAS.L(.1:20s

Code differentlal GPS posItionIng1
hicrontat  Ocr Fh'S
ert oat

	 ccon) tEMS


*laS drersattaI cositor ng adocracy Doszat cc

Static and FaststatIc GPS surveyingl
iimizontal •5 mm • 0 5 CPmFIMS

Ver:roal  1 pcm baseime Iengto) RMS

KInematic surveyingl.
Feaht.me ard oostorressed kinemadd s/sei.s
Hoozontar tirr 3 •r • dass ne iscogri RMS
Iertical  • 23 o2-1 • I Opm) RMS
In gaegation tre  Singe•t -base rn 0 sec • 0 5 tiores baseline

IsofT1 ;-1 km. op to 30 km

Scalable GPSInfrastructure inilralizatiOnbrne  secorids typrcatandishere
ittiLi coveragearea

Inbiatization retiabiiit58  picany>00 taL,

Hardware
5700 GPS recelver
Prds,g31

Ihaterproof 	 ISs0:1 0. IFh7 standards
Stiock and ‘. Mation 	 Testedand meets the fc owng dnairdamentalstandards

55nck 	 MIL STDS1CFto scr..e a 1 m (3 28 fr) drop onto concrete
Vibration " I 570 810 on carh abs

Weigh 	 Yrith intemai oarter es irtemai rigiu datter, corcor ,

sr-dard LHF antem at 1 4 kg (31u)
Is erldre RTIYro.er bannSoeS 'or greater tda- 7 r tess tradi rig, M 8 Mi

Dmensions dr•H•Lr  1350m- 85 cm•2:unt5C a• 34 orgbit

Electmcalt
Poy.e. 	 DC npct 11 r 28 h C.2abri .r.tage ormcgtcir
Po*er Cons.,nmign 	 2.50  rece .er On.: 3 75 6 ,r eg rad o

Badend . Greaterran 13 hcrg. C-g:a g,e.3ter of


Rifd operaton cn cad merni 2 Cao to .8 ge battyr
Ratter, *eicat  irgr35 ca,

Battery charcd ' '''' a: rn sCerra 06 paner adaoter

	

ro reg, for exIerca ToarCor


Operating temperature' 	 -40 °C Io 65 CC(-10 °F to 1LS °F)
S1oragetemperature 	 -40 °C to sa °C (-10 to 176 CLI
Hurnidinc 	 1000<.conds,s7,c

Communtrions and data storage:
2 etternal power ocids,2 internai bac prts. 3 P5232 ser
Integrated 058 for caza tp*O:cai tggese ecesi igg or
EaremaiGPSanterna connectr
CambactFtashadminCedtightwegrt and c"-p".:: g

64 MB or 128 MB from Trimble
Mcre tnan 3.400 hours continuods L1,L2 ng at 15 borrds *.to


tyg.Caiv.gh 128 MB card
Fully integrated.fully sealed internal CHEradif: ur.
GSM,ceripbone. and CDPDmodem support
Ddai eaent marker input Capabrrby
1 Hz. 2 Hz.5 Hz.ard 10 Hz position ng and Cata g
1 phise per second catorcapabl
CtaRii,CMFDGRTCht22 and 32 Gont and 0303-: strirg
14 NMEAoutputs

Zephyr antenna

a5 I

21: CCurarg temomathre 

Hom 102 .•tr nrrn

S'ock and aibratic, 	 Testedand oiedts re Ly.cs..r.ger ;r; si

Shock "IL-STD-S10 F to suinue a 2 rn (6.56 fri rtord n'to Corure:e

Irrafion 	 MILSID 810 F on each acs

4-poGt anterma feed for submillimeter phase cenler reperaGhts
Integral low noise amplifier
50 d3 anderroaga'n

Zephyr Geodetic antenna
C.nrers rs 


 1 31 /i) (2. r
sC 70 Mar-43 r• 1.Er. •OperaTog remseratcre 


H0n0CSy 	 103'N h dr,

Shock and hibration 	 Testedand meadsthe foricwing grivirggrve.ga:standardst
	 MiL-STD-810-F saramea 2 ai i6 56 fri Moc untoCOnCtSteihbo,

SIO I n nat,

amc ni antenra feed for submt..mster pnaop zerter rnocaturr ty
Integrai 10",nose amptiner
50 cB antenna gain
Tr.nr8e Steadri gmoundoiantefor recazed mur

: itze 4445 EPN:5 s.re- Te`T--rve

TceT's.:T-55-Toecrra manze Anzrscrhe

Umens ons 6 2 cr t'C  2 cm 38 m'

NORTH AMERICA
T ^,ce Geonatcs a,g E'geeeng

••gu.0001LTRiyelE.OFFc•-.

www.trirnble.corn CEO

EHROPE

-4P E'.42 T-Je •

ASIA PACIFIC

S"g?...••••••:•::ge•• .5%.:.2,•".,,E
65 0335::12 • ••.E.00T022p3 IN.

(=-')Trimble



KEY FEATURES

Versatile: Use as base, repeater or rover

Flexible: 2 W, 10 W, or 25 W power output

Channel spacing progranunable at

12.5 kHz or 25 kHz

Easy to use and configure

Built-in channel selector and nionitor

Rugged and weatherproof

RUGGED MD VERSATILE MULTICHANNEL RADIO

MODEM

The TRIMMARKne 3 radio modem provides a

convenient, versatile rneans of establishing

a robust wireless data broadcast network

for real-time, high-precision GPS survey and

telemetry applications.

The rugged, cornpact TRIMMARK 3 radio

modem is designed for use in tough

environments and in a variety of situations.

The single unit is usable as a base station,

repeater station, or rover receiver for

maximum versatility. However you use it, you'll

appreciate its simplicity and famous Trimble

reliability and quality.

CONFIGURE IT TO YOUR NEEDS

The TRIMMARK 3 radio modem can be

configured completely and easily in the office

by using the supplied WinFLASH utility on

your computer. Many functions also can be

configured in the field from the front panel or

from the Trimble Survey Controllertm software

used with your GPS survey receivers. The serial

port communication settings are easily set to

match the default settings on the GPS receiver.

You can configure each broadcast network

to operate on one of up to 20 programmed

channels via a built-in channel selector.

Channel spacing of either 12.5 kHz or 25 kHz

is programmable at the factory or by a service

provider.

SELECTTHE POWER YOU NEED

The TRIMMARK 3 radio modem provides

selectable power outputs of 2 W, 10 W, or

25 W to support both short and long-range

operations, conserve battery life and minimize

risk of interference with other systems.

A 25 W base unit broadcasts up to 15 km

(8 miles) line-of-sight, under optimal

conditions. Path obstructions and terrain can

reduce the typical effective range to 10 km

to 12 km (6 miles to 7 miles). One or two

additional units can be networked as repeater

stations to extend range, minimize base

station moves, and provide searnless coverage

around local obstacles such as large buildings

or hills. The typical range of a 2 W repeater is

5 km to 8 km (3 miles to 5 miles).

A TRIMMARK 3 radio modem broadcasts

or repeats data to Trimble survey-grade

GPS receivers, such as the Trimble R8, 5800,

Trirnble R7, and 5700, that either contain an

internal radio modem or are being used with

an external rover radio. The TRIMMARK 3

is fully backward compatible with the

TRIMMARK lie radio modern, so it can be used

in both new and existing systems.

To reduce the risk of interference in a

congested RF environment, you can use the

built-in audio speaker to monitor activity

on the selected channel. The unit also can

automatically monitor the channel using its

software selectable carrier detect function

to detect other users on the channel before

transmitting.

The TRIMMARK 3 radio modem is available as

a stand-alone product as well as in convenient

base and repeater equipment sets. Available

in three frequency bands, the TRIMMARK 3

radio modem is designed to meet the licensing

requirements of many countries around the

world.

,Trimble



STANDARDFEATURES
Selectable 20-channel capacity

Rugged weatherproof construction

Configurable from front panel, survey controller, or from supplied

WinFLASH utility on your computer

Up to 15 km line-of-sight range

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

receiver

Selectable power outputs of 2 W, 10 W, or 25 W

Programmable channel spacing of 12.5 kHz or 25 kHz

Built-in channel selector

Supports up to two repeaters in a network

4800, 9600 and 19200 baud rate over the air

Retrievable/storable radio diagnostic information

TRIMMARK3 BASE/REPEATER
Physical
Size 	 12.5 cm W x 22.9 cm D 7.9 cm H

(4.9' W x 9.0" D x 3V H)

Weight 1  59 kg (3.5 lb)

Electrical
Power:

Input  12 V DC to 16 V DC, nominal

Connectors:

Power  2-pin LEMO (+VDC, GND)

Data 	 7-pin female LEMO (supports RXD, TXD and SGND)

Antenna TNC female

Environmental
Temperature:

Operating 	 -40 °C to +65 °C (-40 °F to +149 •F)

Storage  -55 °C to +75 °C (-67 °F to +167 °F)

Humidity  100%, fully sealed, weatherproof

TECHNICALSPECIFICATIONS
Transmit Powerl  2W, 10 W, 25W

Wireless Data Rate 4800 bps, 9600 bps, 19200 bps

Frequency Bands 	 410-420 MHz, 430-450 MHz, or 450-470 MHz

(Only one band per radio modem)

Channel Spacing 12.5 kHz or 25 kHz

(Only one spacing per radio modem)

Number of Channels2 Can be ordered with up to 20 programmed

frequencies, internally stored

RF Modulation Format Gaussian Minimum Shift Keying (GMSK)

Range(typical)'
25 W Base 10 km to 12 km (6 miles to 7 miles)

2 W Repeater 5 km to 8 km (3 miles to 5 miles)

Power Consumption• Voltage Current NominalLoad
2 W mode 12.6 V 0.8 A -10 W

10 W rnode 12.6 V 3.6 A -45 W

25 W mode 12.6 V 8.0 A -75 W

Serial Port One set of RS-232 signals available.

Data is 8 bits with selectable parity and 1 stop bit.

Supported data rates are 9600 bps, 19200 bps, and 38400 bpss

Standard antenna

0 dB UHF omni whip 47 cm (18.5 in) 0.5 kg (1.1 Ib)

5 dB UHF omni whip 99 cm (39 in) 0.5 kg (1.1 lb)

200r-2004. rnnsbie langaoan Lantred rinn lepywe Te.mble and rhe Orobfl Tneng,e logo ere tragerrwIn

of Tnentait aaarpanon ttrnne dregntered the Urared 51,1?elPltent and Tradernirk Off.ce•nd otNer countnel

rnmbe 5wrvey Conrreux and TemMAR.4 are traaernarte ot ivar.gaton t,rt,rtd AlloMer tradernant are th.


Prooerty of tnetr reigervre omwn 110 t2274A Itet04)

RacIps are configured 43 23 - W urnfl at the factory

2 Use tne earne freguenty for all racho mcelems in the aarne werelep data network.

3 Vallfl wItP1 terrad, and operariOnal atarKations. Up 2 repeaten (an be ueeP to eatend range

4 POwer coneumphon and battery Ele depend on the bloackast .forrnarpn content and worelen clala rare

(e g . CMR versus RYCM SC-104 Ver Z.a pagkets at ?-11a epoch rateel

5 Comentan,abons rate between tne radio anct GPS reCeiner: not mreless fare

Spep fiCattons SUbjett to change wrhout norge.

NORFHAMERICA
TrimbieGeornatics

and EngneeringDisision
5475 KellenburgerRoad
DaHon,Oho 45424-1099• US9
spp 538-7800(TollFreel

+1 937-245.5154 Phone

+1.937.233.9441 Fax

ASIA-PACIFIC
TrirnbleNavigation

SingaporePtyLirnited
80 MarineParadeRoad
922-06,ParkwayParade
Singapore449269 • SINGAPORE
+65-6348-2212 Phone
+65-6348-2232 fax

EUROPE
TrimbieGrobH
Arn PnmeParc11

65479 Raunheim• GERMAN
+496142-2100 Phone
.496142-210E3550 Fax
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KEY FEATURES
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FULLY INTEGRATED, EXTREMELY LIGHTWEIGHT,

CABLE•FREE GPS SYSTEM

The Trimble® 5800 GPS system makes cables a

thing of the past. The receiver itself cornbines

a dual-frequency GPS receiver, Trimb.e GPS

antenna, UHF (receive on:» raiao and

batteries in one compact unit.

INTEGRATED SYSTEM

Because the Trimble 5800 GPS system's

components are completely integrated,

as a rover the system is lightweught and

ergonernic-nand cornpletely cable-free.

2 MB of mter nal memo5 makes co/ect,ng

data for postprocessing extremely easy anca

efficiera, whether for static or kinemabc

(stop-and go) surveying.

The Trimble 5800 can also be used as a base

station, se il is versatile to meet the changing

needs of your business

ADVANCED TECHNOLOGY

Trie Trimble 5800 GPS system offers adkanced

Trimble GPS technology. it ls a 24-channei

dual-frequenry GPSNVAAS/EGNOS receiver,

containing Trimble's proven Maxwell-

technology for robust tracking n difficult

GPS environments.

Its WAAS and EGNOS capability provides

real-time differential positioning without a

base stabon.

The dual-frequency Trimble antenna enhances

the tracking capabilities of the Tramble

5800 the patented founpoint antenna feed

provides submillimeter phase center stab lity

for precise results. The position of the UHF

radio antenna mounting further increases

accuracy by being out of the GPS line-of-sight,

reducing rnultipath and avoiding interference

with the GPS antenna.

For base communications, select a rad,o from

Trimble's range of powerful communication

products. lust the kind of flexibility you needl

For extended coverage and comprehensive

error checking when roving, the Trimble 5800

works witn signals from mult,ple base stahons

transmitting on the same radio channel.

For even larger area coverage, at highest

accuracies, the Trimble 5800 works with

Trimble VRS- networks

Integrated Bluotooth wireless technoiogy

enables cable,free commurucation befween

the receiver arc: your Thmt.,:e control,er

BUI)T FOR THE FIELD

The Trimble 5800 as a rover is not only

lightweight and cable-free; it also consumes

minimal power. Two miniature batteries vu,1

power the'receiver for up to 11 hours - at

least enough for a full working day.

Enkuonmenta' y rated tolPX7, ano

submersible to a deptri of 1 rn, the Trimble

58001s ruggeo enough for any job lt call

withstand a drop of up to 2 m on to a hard

surface

WIDE RANGE OF APPLICATIONS

The 5800 GPS system is ideal for a wide range

of positioning applications, including

Survey

Construction

Asset management

It offers you inc afcuracy ficpubify, and ease

of use you neer1 for all your su.ryey-grade OPS

applications

Biuerocrstype apwo, Ccn  a,


representer:,

For rover communications use the DUilt-in 450

or 900 MHz racio, or use an external radio,

cell phone or waeless cacket cata mocern Inimble



PERFORMANCE SPECIFICATIONS

Measurements

Advanced Trimble Maxwell Custom Survey GPS Chip

High precision multiple correlator for L1 and L2 pseudorange

measurements

Unfiltered, unsmoothed pseudorange measurernents data for low

noise, low multipath error, low time domain correlation and high

dynamic response

Very low noise Ll and 12 carrier phase measurements with <1 mm

precision in a 1 Hz bandwidth

L1 and L2 Signal-to-Noise ratios reported in dB-Hz

Proven Trimble low elevation tracking technology

24 Channels L1 CJA Code, L1112 Full Cycle Carrier, WAAS/EGNOS

support

Code differential GPS positioning1

Horizontal  ±0.25 m +1 ppm RMS

Vertical 	 ±0.50 m +1 ppm RMS

WAAS differential positioning accuracy2  Typically <5 m 3DRMS

Static and FastStatic GPS surveying1

Horizontal  ±5 mm +0.5 ppm RMS

Vertical 	 ±5 mm +1 ppm RMS

Kinematic surveying1

Horizontal  ±10 mm +1 ppm RMS

Vertical 	 ±20 mm +1 ppm RMS

Initialization time Single/Multi-base minimum 10 sec +0.5 times

baseline length in km, up to 30 km

Initialization reliability3 	 Typically >99.9%

Electrical

Power 11 to 28 V DC external power input with over-voltage

protection on Port 1 (7-pin Lemo)

Rechargeable, removable 7.4 V, 2.0 Ah lithium-lon battery in internal

battery compartment. Power consumption is <2.5 W, in RTK mode

with internal radio.

Operating times on internal battery: 450 MHz or 900 MHz receive

only 5.5 hours, varies with temperature

Certification Class B Part 15, 22, 24 FCC certification, Canadian FCC, CE

Mark approval, and C-tick approval

Communications and Data Storage

3-wjre serial (7-pin Lemo) on Port 1. Full RS-232 serial on Port 2

(Dsub 9 pin)

Fully Integrated, fully sealed internal 450 MHz receiver

Fully Integrated, fully sealed internal 900 MHz receiver

Fully integrated, fully sealed 2.4 GHz communications port

(Bluetooth)5

External GSM, Cellphone and CDPD modem support for RTK and VRS

operations

Data storage on 2 MB internal memory: 55 hours of raw observabjes

based on recording data from 6 satenites at 15 second intervals

Data storage on controller svith 128 MB memory: Over 3400 hours

of raw observables based on recording data from 6 satellites at

15 second intervals

1 Hz, 2 Hz, 5 Hz, and 10 Hz positioning

CMRII, CMR+, RTCM 2.1, RTCM 2.3, RTCM 3.0 Input and Output

14 NMEA outputs, GSOF and 8117 outputs

Supports BINEX and smoothed carrier

HARDWARE

Physical

Djmensions (WxH) . 19 cm (7.5 in) 10 cm (3.9 in), including connectors


Weight 1  31 kg (2.89 lb) with internal battery,

internal radio, standard UHF antenna. 3.67 kg (8.09 lb)

entire RTK rover including batteries, range pole,

ACU controller and bracket

Temperature4

Operating 	 -40 'C to +65 °C (-40 °F to +149 °F)

Storage -40 'C to +75 °C (-40 °F to +167 °F)

Hurnidity  100%, condensing

Waterproof  IPX7 for submersion to depth of 1 m (3.28 ft)

Shock and vibration 	 Tested and rneets the following

environmental standards:

Shock 	 Non-operating: Designed to survive a 2 m (6.6 ft) pole drop

onto concrete. Operating: to 40 G, 10 msec, sawtooth

Vibration 	 MIL-STD-810F, FIG.514.5C-1
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APPENDIX E SATELLITE GEOMETRY PLOTS
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APPENDIX F - LINE STATISTICS REPORT

KYZS7AT Bersicin 1.51.62 Copyrighf GEOSZFT Inc 1994

Stafistics report for file: VAKK.XYZ
Z column

fype

number:

be= =pts

2

X-min X-max




Z--'n Z-max

line 286 37 567601 568501 6938600 6928601 759.208 815.422

line 288 43 567452.1 568500.1 6928799 6928801 765.184 827.209

line 290 45 567400.1 568500 6929000 6929000 783.443 835.697

line 292 45 567400 568500 6929200 6929200 796.88 847.407

line 294 45 567399.9 568500.1 6929400 5929400 811.317 857.527

line 307 57 567125.1 568525 6930700 6930700 872.161 934.362

line 309 109 565825 568525 6930900 6930900 801.653 945.498

line 1" 116 565825 568525.1 6931093 6931100 802.072 951.315

line 313 109 565825 568525.5 6931299 6931301 802.519 962.49

line 315 109 565825 568525.1 6931500 6931501 803.055 969.197

line 317 109 565825 568524.9 6921699 6931720 803.08 561.781

line 319 57 565825 567225.1 6931898 6931902 864.794 877.292

line 329 46 565450 566552.3 6932899 6932906 822.568 849.181

line 336 45 565450 566550 6933006 6933001 830.665 355.017

line 331 46 565450.1 566550 6933100 6933100 835.083 858.869

line 332 45 565449.8 566550.1 6933195 6933203 840.146 864.598

line 332 45 565449.9 566550 6933300 6923301 846.675 875.823

line 334 46 565449.9 566549.7 6933420 8.9bb400 853.333 882.359

"ne 335 45 568450 566549.9 6933499 6933506 860.851 887.847

line 236 45 565449.9 566550 6933598 6932601 ,866.741 893.597

line 337 45 565449.9 566550.1 6933700 6933702 875.204 913.316

line 663 88 566299.8 566300.5 6930700 6932875 802.128 838.43

line 664 89 566399.9 566400.3 6930700 6932875 801.433 844.807

line 665 88 566499.9 566500.1 6930700 6932875 802.416 846.91

line 666 89 566599.8 566601.9 6930706 6932900 813.705 850.332

line 665 89 866699.9 566701.2 6930700 6932900 824.446 862.219

line 652 38 566799.8 566812.1 6932110 oLrm, 880.748 067.056

line 669 33 566899.9 566901.4 6922120 91932903 838.835 876.994

line 670 33 566999.9 567060.2 6932100 6932901 844.551 870.568

Sfatisfics reporn
Z oclumin number:

Number of poinfs:
Number cf lines:

for ile:
2

1825
29

ALL.XYZ




Base lines:





Tie lines:





Trend lines:





Tesb lines:





SUMNAKV X-min: 565449.8 X-max: 568525.5
Y-min: 6928600 Y-max: 6933702

Z-min: 759.205 Z-max: 969.197

Z-mean: 851.8904 Z-dev: 44.18187



APPENDIX G STARTKART CONTROL POINT DESCRIPTIONS



FOUR ( 4 ) GEODETIC POINT's at KVIKNE NORWAY

This info / table is made based on info from \sws .starilsardno -> norgesglasset (old versioni.

G27T0136
VAKKERL1FJELL




G27T0222 G27T0223
STORINNSJOEN SLOBEKKSETERA

6935786,254 6933997,854 It
6929262,312 I

565619.475565601,417 564379,512

'7.s. 32 p

989.559 879.776 S09.1Tt

T *)




L **)




BEDROCK 13EDROCK

0.05 0.03 ; 0.03 I
0.050 1 0.030 0.030

1031,880 922.180 851.542

437





417 437

FIXED MARK
NAN1E  
NORTH  

EAST 

ZONE  
HIGHT (orto)  
POINT TYPE  
SURFACE  
QUALITY XYm
QUALITY Horto
HIGHT (ell)  
STATUS  
REF. YEAR  
KOMMUNE  
OTIIER ID  
DESCIPTION

Ileiglit I)iff
(orto-ell)

437

About Iti Km 70 - 80 m. S of the In the 5 end of a About 4 iii. 5 of road
highest point and 4 small hill. 40 ni. diteh. 10 ni. SSE of

ehurelt m in. S of the road to NE of road and the highest point of
Kvikne. From the seter. 20 r.'; ni. ENE of road.
Kvikne along highvoItage mast.
the 111:1111road
towards SE to
STOR SEN.
From here a
foot-path to
the ittp,
42.1t) I 42.321 41404 42.365

C271.0065
ASEJELL

6931463,775 I
568571,041 '

37
0-0,249

T *)

0,03

0,030


1012.440

"Fixed point" , fastmerke :
*) = -Triangel point- , I rig. Pt. / trekant punkt
**)=- -Country grid- tinds-nett

Enelosed are four (4) maps showing location of the points as deseribed under deseription in
the table coneerning the grids in "The North Area" - Vakkerlien and 7The South Area7 -
Orkla.

Ruds. tinn h Rex 132005.10.13



APPENDIX H WAAS/EGNOS/OMINSTAR TEST DATA



-0--11•01010- NNI

GPS Survey for Falconbridge Ltd.
Vakkerlien Project - WAAS/EGNOS and Omnistar Differential Correction versus Geodetic Grade RTK with Basestation

rr,l.rtirar r V.rAA S

33.55E5Ailil0 565899 870 6933501416 ooii 3112 u rruu (1 4 22 5ri5960.308 623351A) 591 997.8s3 1.320 -0.358 565900.019 6933500.036

335565875 565875.022 6933501.269 906.698 0.336 -0.201 565875.179 6933500.267 907.721 -0.162 0.297 565874.997 6933499.988

335565850 565850.269 6933501.143 907.328 0.630 0.021 565850.315 6933500.261 908.561 0.840 -0.189 565850.093 6933500.047

335565825 565825.253 6933501.201 907.108 -0.220 -0.040 565825.256 6933500.122 908.310 -0.251 -0.009 565825.078 6933500.063

335565800 565800.168 6933501.153 907.889 0.781 0.070 565800.307 6933499.901 908.858 0.548 0.303 565800.111 6933499.966

335565775 565774.815 6933500.998 909.210 1.321 -0.353 565775.095 6933500.217 910.038 1.180 -0.212 565774.929 6933499.923

335565750 565749.615 6933500.849 910.708 1.498 -0.114 565750.144 6933500.217 911.207 1.169 0.215 565749.862 6933499.902

335565725 565724.988 6933501.523 909.135 -1.573 -0.715 565725.564 6933500.486 908.519 -2.688 0.400 565725.011 6933500.116

335565700 565700.224 6933500.646 907.273 -1.862 0.989 565700.375 6933500.001 908.023 -0.496 -0.377 565700.017 6933499.679

335565675 565675.374 6933501.508 905.159 -2.114 0.048 565675.441 6933500.777 905.382 -2.641 0.575 565675.054 6933500.212

335565650 565650.295 6933501.098 903.428 -1.731 -0,134 565650.209 6933500.661 903.970 -1.412 -0.453 565649.996 6933500.040

335565625 565625.201 6933500.980 903.495 0.067 -0.214 565625.169 6933500.305 904.265 0.295 -0.442 565624.937 6933500.097

335565600 565600.112 6933500,903 906.657 3.162 0148 565600.097 6933500.127 907.818 3.553 -0.243 565599.959 6933500.082

335565575 565575.332 6933500.619 911.040 4.383 -0.347 565575.259 6933500.078 910.331 2.513 1.523 565575.079 6933499.868

335565550 565550.244 6933500.938 910.170 -0.870 0.428 565550.089 6933500.429 910.756 0.425 -0.867 565549.870 6933499.965

335565525 565525.149 6933500.902 905.954 -4.216 -0.182 565525146 6933500.534 906.706 -4.050 -0.348 565524.896 6933500.014

335565500 565500.288 6933500.905 907.167 1.213 -0.062 565500.337 6933500.334 907.703 0.997 0154 565500.028 6933500.052

335565475 565475.225 6933500.967 909.429 2.262 0.046 565475.215 6933500.397 910.172 2.469 -0.161 565475.095 6933499.985

335565450 565450.313 6933500.686 909.441 0.012 -0.230 565450.307 6933500.444 910.030 -0.142 -0.076 565450.008 6933499.993

SAT D1F BASE

:1111111IL.; 11:1InflIng

r r . ., •u u.32 Surirr:•; 2381693:3499.B35 863.•101 -2.171

864.363 0.962

864.498 0.135

865.149 0.651
864.889 -0.260
865.740 0.851

866.708 0.968

868.092 1.384

865.804 -2.288

864.931 -0.873

862.865 -2.066

861.000 -1.865

860.853




864.163
-30..314710

868.199 4.036

867.757 -0.442

863.359 -4.398

864.510 1.151

866.818 2.308

866.600 -0.218
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INTRODUCTION

During the period of November 3rd 2005 through November 25th 2005 a LITNI
survev \vas carried out bv Lamontagne Geophysics Limited personnel for A/S
Sulfidmalm in the area of Vakkerlien, Norwav (Figure 1). .1.he location of the propertv
is shown in Figures 1 and 2. Areas of interes( xvere identified from the results of an "
airborne survev and the results of previous \vork in the area. The survev was carried
out to locate conductors in the immediate grid areas \vith the intention of outlining
targets for future 1vork.

A total of 50.450km of surface UTEN1 data \vas collected using 5 transmitter loops
(Loops 1, 2, 2a, 3, and 4). All lines vere surveved measuring the vertical component,
11/.. A station spacing of 25m or 50m and a line spacing of 200m or 100m was
emploved. l'or all loops the receiver operated in 10-channel mode at a transmitter
frequencv of 3.25111/.

This report documents the UTEN1 survev in terms of logistics, survey parameters
and field personnel. Appendix A contains the data presented in profile form. Other
appendices contain:

I.ist of Personnel / Production Diary
an outline of the UTEN1 System -
Note on sources of anomalous Ch
Note on 411/ UTENI Data

(Appendix B)

(APPendix
(Appendix D)
(Appendix

A/S Sulfidmalm - 2nos I I ENI Survey 0531 - Vakkerlien - Norwav pg 2
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SliRVEY DESIGN

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

The grid and loop lavout was designed bv A/S Sultidmalm/ Falconbridge I.td.
personnel to allow efficient coverage of the area. Loop size and locations \vere selected
to provide good coupling with the expected targets and to allow efficient coverage of
the grid area. The base frequencv was lowered from the international standard -2h1lz
to 3.251Hz to eliminate the response of manv -moderate" conductoN - these responses
vill have decaved awav bv CHI time. Any remaining Chl responses are then

considered to be repre,-:enfative of conductors of an appreciablv higher conductivi tv.

The survey parameters emploved:

- both in-loop and outside-the-loop coverage ‘vith 2 receivers
- variable transmitter loop size - to fit the area to be covered and the relief

1.18mm (-1 mm2 -17-gauge copper wire) doubled in places for increased
current - more signal requires shorter stacking times and /or better qualitv data

- line spacing of 20(Im or intervals as required
station interval ot 25m or 50m.
Hz (vertical component measurements)
10-channel data at a frequencv of 3.2511 lz

- minimum 256 stacking (512 kalf-cycles) increased vhere noise levels dictate

In nickel exploration non-decaving Channel 1 (Ch1) conductors are indicative of
highlv conductive mineralization. Anv non-decaying anomalous Chl features are
therefore of interest. Non-decaving channel UTENI anomalies can reflect:

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

.1-hese are outlined in more detail in Appendix From an interpretation standpoint
maonetic anomalies and oeometric control should be considered and evaluated as a
mandatory part ot anv interpretation. From a tield standpoint precise geometric
control should be part of any LiTEM survev  vhere the target is non-decaving. Poor
geometric control has the p(;tential to both.mask and invent Chl conductors.

For this survev GPS data \vas collected bv the client and made available for use in
reducing the UTEM data. GI'ti data \vas collected for all survey points and at intervals
around all transmitter loops. ;1'S data collection for UTENI reduction should be most
detailed along loop fronts - the most important portion of the Ioop from a LIE
reduction perspective. The goal along the loop front - and loop sides/back - is to
recover the topographic shape of the loop as well as the loop/line intersection points.

\H Hultidnialm - 200R L 1L\I Survey 0531 - Vakkerlien - :korwav pg



SURVEY LOGISHCS

A Lamontagne Geophysics crew mobilized from Kingston/Calgary to
Oslo/ Trondheim in early No-vember. The cre‘y consisted of Rob Langridge (crew chief)
, John Frost (operator) and Tim Pinkerton (looper). John Frost arrived in Oslo on
October 31st along with Falconbridge personnel. TheY and the LiEM equipment were
met by client representative Einn Hansen and togethi;r they drove to Espedalen. The
folloWing morning they continued on to the base of operaCions for the Vakkerlien
survey - at the I Iogstad Campground roughly ten kilometers north of the survey
areas. Equipment was unpacked and loop laying began. Rob Langridge and Iim
Pinkerton \yere collected from Trondheim on the evening ot November 3rd and
surveying began the following day - November 4th.

Five transmitter loops vere used during the surface LTENI survey for a total
survey coverage of 50.450km. Figure 2 shows the loop locations and gria layout.
Access to the Vakkerlien project \vas by pick-up truck via farm access roads. The
grid /loop positions had been established by GPS and ‘Yere demarcated by bamboo
 vands and flagging. Access to the grid ‘vas on foot and later, ‘yith the snowfall, in part
by snoscooter. Part of the survev area lies in a Landscape Protection Area (outlined on
Figure 2) and the snoscooter perMit did not allow us access to this area. The only access
to the Landscape Protection Area - including all of I.00p 2 - ‘yas on foot.

There ‘yas no snow on the ground tor the tirst part of the survey and as a result
surveying began  vith Loop 4 - the loop most easily accessible by road. The wire for
this loop was laid in adyance by the client. I.00p I - the second:Most accessible by road
- vas surveyed next. The generator (Honda 7500W) was moved out to the loop along
‘vith the UTEN I equipment. The generator is larger than ‘Yould typically be required
(-25001V) and moving it about proved to be difficult under the field conditions. A
 yheel-barrow was used to transport it to the transmitter sites of Loop 1 and Loop 2/ 3.
It was removed from the suryey area by sled - hand towed to the edge of the
Landscape Protection Area and then pulled by snoscooter.

Electrical connection to the generator ‘vas made through an LGL isolation-
transformer/ Variac combination rewired to conform with the sockets (standard 2-
pin / side-clip ground european) on the generator. For all but a tew nights the
transmitter was connected to a battery, switched to remote, packed up against the
weather and left in the field. This \v(--)rkedwell for the duration of the survev. The
small-volume gas tank on the generator was the only drawback - it required filling at
least 2 times a survey day (every 4.5-5 hours).

In general surface surveying for all loops  vent kvell although more slowly than
planned. Noise levels proved to be high and in places, along certain geologic structures,
extremely high. I ligher noise levels in the vertical component are typical of very
resistive areas. Locally noisy areas indicate some channeling of telluric currents along
features in the very-resistiye country rock. For the tinal two loops - Loop 3 and then
Loop 2 - the highest possible pre-whitening leyel was used and all sides of the loop
\yere doubled as much as possible. Doubling the  vire reduces the resistance of the loop
and this allows a higher transmitter current to be used. I ligher current equals more
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signal and an improved signal-to-noise ratio - less stacking is required and surveying
proceeds more quicklv. In practice it requires a considerable additional effort to
lav/ retrieve double strands of Nvire. Because access to these loops Nvaslimited to foot
access the doubled vire proved a useful resource Nvhenrepairing loop breaks. Use of a
heavier gauge Nvire could be considered on future surveys.

The northern section ot the area surveved trom Loop -1is cut by a powerline.
The powerline crosses the northernmost line surveved - Line 337N. The powerline
meets Line 33hN at the Nvesternmost station surveved. In general surveving in the area
of powerlines required additional stacking and th.e profiles from Loop 1(Appendix A)
are noisy in the vicinitv ot the cultural teatures. The noise is particularly evident on the
earlier channels - Ch10-5 - as the channel Nvidth is too narrow to allow the 501 lz.
powerline transmission to be adequatelv stacked out (Appendix E). Note that the
powerline is not the source of all the noise present on the Loop .1profiles in Appendix
A. "Fhe verv resistive geological setting is also a contributor aS discussed above.

For logistical reasons Nm Pinkerton was demobilized as scheduled on
November 24th. The tinal surtace LTEM data was collected November 24th and the
survev Nvas declared completed. All remaining Nvire and pickets were picked up on
November 25th and 2hth and the equipment was packed for shipping. The crew and
equipment, along Nvith the halconbridge crew and equipment, demobilized. The crew
demobilized to Canada on November 2ti1hand the equipment was transported to
Gardemoen Airport the same dav by Falconbridge personnel. . Details of the daily. .
production and personnel are included in the Production Diary (Appendix B) along Nvith

summarv of production.

^I-hesurvev equipment consisted ot two LITA1 3 receivers and one tiTE 13
transmitter as Nvellas all necessary accessories, support equipment and backup
equipment. Data Nvas reduced on a field computer (Nlacintosh) and UTENI profiles and
digital data Nvere made available/emailed to the client's personnel on a daily basis.
Boots and then snowshoes Nvere used during the survev.

Care was taken during the survey not to leave anything on the site. One site
Nvhich should be checked over atter the snow melts is the the Loop 2/3 transmitter site
(Line 319N (u 7225k vhere the loops intersect) which was occupied for over two weeks
- from November llth to the 2hth. The site lies in the Landscape Protection Area and
although care was taken with the amount of snow that fell it is possible something was
left at the site.

In practice the Ulb \ 1operators Nvorked with coileN. Where survey conditions
allowed - towards the ends ot survey lines where long stacking times Nvere required -
the coiler could be treed to tacilitate looping and picket retrieval. The coilers also

trekked back to the generator to till up the gas tank as required. The weather
conditions were generally tair-to-good for surveving. Prior to the arrival of snow the
days Nvere cool but windv. The snow conditions vere generallv good although a
considerable amount of snow disappeared over the course of a few Nvarmer davs.
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SURVEYRESLLTS

The results of the survey are summarized and presented as LIENI protiles in
Appendix A. The final grid and Loop Locations are presented in Figures 2. Overall the
data qualitv is good - though in places it is noisv. Little evidence of conductors and/ or
conductivjfeatures are evident. Although everv effort was taken to shelter the
receiver coil minor ‘vind noise mav be evident i"nsome profiles.

Surface profiles are listed by I.t)op number and presented as 3-axis profiles in the
tollowing order: -

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

A description of the standard plotting formats used and of the LIENI System is
presented in Appendix C.

Outline of surface rofile t es

Hz continuous norm Chl reduced (blue separator)

Continuous normalization is usetul for detection ot the presence of anomalies at
anv position on a profile. the anomalv shape is distorted by the normalization
to the local tield. As the tield gets verv big near the \vire th"econtinuously
normalized Cht tends towards zero. "

top axis - Ch5-
middle axis - Ch2-5
bottom axis - Ch
hottom axis - topography - no vertical exaggeration

Hz point normalized Clii reduced (pink separator)

normalization point: all data-3(R)m out from the loop-front centre

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

All data has been point normalized to a the field at a point -300m out from the
centre of the loop front. Note that this tield value is intermediate and it \vas
chosen because the survev was roughlv half inside-the-loop and half off-loop.
Normalizing to an intermediate point allows the interpretation ot responses
along the entire line. The amplitude of responses close to (further from) the
loop tront vilI be hlown up (muted).
Note: Tvpicallv the normalization point for off-loop profiles is 4-51.10mout from
the centre ot the loop front and for inside-the-loop profiles it is the loop centre.

Ihe 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 accuratelv known then point normalized Chl (in
the absence of a local conductor) will tend to be continuous approaching the

tiffifidnialm 201)5 LFEN1 Survey OT,31- \ akkerlien - orwav pg



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

Discussion of Results

The area surveyed is very resistive - little response is seen at even the earliest
time-channels. The off-loop data - Loop 1 and the lines surveyed to the north of Loop 2
- is noisy-to-very-noisy in places once the distance to the loop front exceeds 500-600m.

Noise levels proved to be high and in places, along certain geologic structures,
extremely high. Higher noise levels in the vertical component are typical of very
resistive areas. Locallynoisy areas can indicate some channeling of telluric currents
along features in the very-resistive country rock.

As a test of whether the powerline that just comes onto the area surveyed from
Loop 1 (NE corner of Figure 2) was responsible for some of the noise seen in the survey
data the spare receiver was set up and recorded data during a survey day (November
10). The site selected was reasonably close to the powerline and well-sheltered to
reduce wind noise. Staking was deliberately set a little low for the site - 512 full-cycles
(1024half-cycles). A 512reading takes —3minutes to complete and record (2:54)and
124 readings were taken in a 6-hour period.

The results are plotted in Figure 3 and show that noise conditions at the site on
the day in question were better after noon than prior to noon. This indicates that the
powerline may be having some variable influence on the noise conditions. We were
actually testing for —theopposite intluence. As we begin surveying at the loop and as
noise levels increased sharply at a given distance - —agiven time in the survey day -
from the loop we were testing whether the afternoons were noisier. Had this been the
case we would have changed procedure and started surveying at the ends of lines.

Using the higher pre-whitening levd and doubling the loop wire made a
difference ‘vhen surveying the final two loops - Loop 3 and then Loop 2. Even then we
needed to "move the loop closer to the area of interest" - extend Loop 2 northward to
form Loop 2a - in order to resolve a noise-or-response issue on Lines 670and 671E.
Surveying from Loop 2a brought the area of interest/dispute within 4-600mof the loop
front. Reasonably clean data could be efficiently collected and no response was
detected. Of note, however, is that stacking times had to be sharply increased (4-8x)
over one section of the lines surveyed. Past that section stacking could be reduced
again despite the greater distance from the loop.

A/S Sulfidmalm - 2005 LFFEN1Survey 0531 - Vakkerhen - Norway pg 9



800


780

•
•

• . . • • ,
• • • • •

760 0., • .• • • • •

e••

•

740


720

700
09:36:00 12:00:00 14:24:00 16:48:00

These are 124 Chl readings were taken at Line 137N 5910E 2005.11.10.
The site selected vas reasonablv elose (within —100m) to the powerline and \vell-
sheltered to reduce vind noise: Staking vas deliberatelv set a little low for the site
- 512 full-cveles (1024 half-evcles). A 512 reading takes —3minutes to complete and
record (2:54) and 124 readir(gs were taken in a 6-hour period.

The results are plotted in Figure 3 and show that noise conditions at the site on the
dav in question xvere better atter noon than prior to noon. This indicates that:

the powerline mav be responsible for some variation in noise levels
surveving trom the loop outwards - ie. surveving at lower signal-to-noise ratios

in the atternoon mav, in this instance, improve data qualitv.

GEOPHYSICS LTD
GEOPHYSIQL I I I FE

A/S Sulfidmalm


Vakkerlien, Norway

Noise test - Stacking figure
0 50 100km

Figure 3
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CONCLIZSIONS Al\D RECOMMENDATIONS

The results of the survev are summarized and presented as LITNI profiles in
Appendix A. Overall the data qualitv is good - though in places it is noisv. The final
Grid and Loop Locations are presented in Figure 2. The area surveved is verv resistive
- IitUe response is seen at even the earliest time-channels.

The profiles presented in Appendix A have been reduced with a grid corrected as
vell as possible using available information. The locahon of all survev points and loop

locations \vere collected using a GPS system. For reference GPS colleJtion for LTIlEl1/41
reduction should be more detailed alo-ng loop fronts. The goal along the loop front -
and loop sides/back - is to recover the topographic shape of the loop as \vell as the
loop/line intersection points.

In terms of logistics the survev ran verv smoothlv and the crew supplied bv
Falconbridge was excellent and is th-anked for their efforts. Several small points should
be noted for future surveys:

It the same generator is to be used on future survevs it should be rigged vith a
larger gas tank. The small-volume gas tank currentiv on the generator required
filling 2-3 times a survev dav.

lise of a heavier gauge \vire (1.70mm diameter (R 2) on tuture

survevs should be considered.
As noted above: during this survev a I.00ps 2 and 3 vere doubled. In practice it
requires an additional effort to lav/retrieve double strands of \vire. The total loop
resistance is lowered, however, allowing a higher transmitter current. Signal-to-
noise is improved, less stacking is required and surveving proceeds more quickly.

\ /S SuItidniahr 200r, LIF\I Sur Os31 - akkerlion - Norwav pg I I
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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 - though in places it is noisy. Few conductive features are evident. 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
Hz point normalized

Chl reduced (blue separator)
Chl reduced (pink separator)

Outline of surface rofile t es

	

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

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

	

Hz point normalized Chl reduced (pink separator)

	

normalization point: all data —300n1out 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. Norrnalizing 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
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
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List of Data Collected and Plotted

Vakkerlien 2005Grid
Surface coverage - ((f3.251 Hertz

Line coverage

Loop 01 I,ine 329N 5500N - 6550N 1050m

	

Line 330N 5450N - 6550N 1100m

	

Line 331N 5450N - 6550N 1100m

	

I.ine 332N 5450N - 6550N 11(111()0)1111-11

	

I.ine 333N 5450N - 6550N
1

	

I.ine 334N 5450N - 6550N 1100m

	

I.ine 335N 5450N -6550\



1100m

	

Line 336N 5450N - 6550 \



1100m

	

I.ine 337N 5450N - 6550N

1 ((

	

Vakkerlien I,00p 01 'Fotal 9815)i

lAxt 02 Line 309N 5825N - 7275N 1400m
(E-W) Line 311N 5815N - 7275N 1400m

	

I,ine 313N 5825N - 8200N 2175m

	

I,ine 315N 5825N - 7225N 1400m

	

Line 317N 5825N - 7225N 1400m

	

line 319N 5875N - 7795N 1400m

(N-Sp line 6h3F, 700N - 2900N 2200m

	

I.ine hh4E 70ON - 2900N 2200m

	

Iine hh5E 700N - 2900N 2700m

	

IAne hohE 700N - 2900N 7200m

	

IAne 667E 700N - 2900N 7700m

	

Line bhtiE 210ON - 2900N 800m

	

I.ine 669E 210ON - 2900N 800m

	

I.ilIC (170E 210ON - 3150N 1050m

	

line 671E 2500N - 3150N 650m

	

Vakkeriien i,00p 02 'total 23675m

I.00p 02a IAne 67012. 2800N - 3400N 600m

	

line 67IE 2800N - 3400N 600m

	

Vakkerlien I,00p 02a Total 1200m

Loop 03 I.ine 307N 7125N - 8525N 1400m

	

Line 309N 7125N - 8525N 1400m

	

I.ine 311N 6125N - 8525N 2400m

	

IAne 313N 7125N - 8525N 1400m

	

Line 315N 71D5N - 8525N 1400m

	

Line 317N 6 lOON - 8525N 2425m

	

Vakkerlien I.00p 03 Total 10425m

	

L II \ -,urvey 0531 -A/S Hultidmalm Vakkerlien, Norwav ppendk pg A2



List of Data Collected and Plotted

Vakkerlien 2005 Grid
Surface coverage - @3.251 Hertz

Line coverage

Loop 04 Line 286N 760ON - 8500N 900m
Line 28SN 7400N - 8500N 1100m
Line 290N 7400N - 8500N 1100m
Line 292N 7400N - 8500N ll 00m
Line 294N 7400N - 8500N 1100m

	

Vakkerlien Loop 04 Total 5300m

Vakkerlien 2005 Total 50.450km

Note: The total of 51.750km listed in Appendix B - the Production Diarv includes
some sections of Loop I reread at increased stacking to improve data qualitv.

LIEN1Survey I -A/SStdhdmalm Vakkerlien, Norway Appendk A pg A3



Vakkerlien

Loop 1

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 01 Line 329N 5500N- 6550N 1050m
Line 330N 5450N- 6550N 1100m
Line 331N 5450N- 6550N 1100m
Line 332N 5450N- 6550N 1100m
Line 333N 5450N- 6550N 1100m
Line 334N 5450N- 6550N 1100m
Line 335N 5450N- 6550N 1100m
Line 336N 5450N- 6550N 1100m
Line 337N 5450N- 6550N 1100m

	

Vakkerlien Loop 01 Total 9850m

Loop1 - continuousnorm
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Vakkerlien

Loop 1
Hz

@3.251 Hz frequency


point norm

(x,y,z)= (6150E,33300N,860m.a.s.L)


Chl reduced

Loop 01 Line329N
Line330N
Line331N
Line332N
Line333N
Line334N
Line335N
Line336N
Line337N

	

5500N-6550N 1050m

	

5450N-6550N noffin
MWN-WWN noom

	

5450N-6550N nochal

	

MWN-WWN noffin

	

MWN-WSON noom

	

MWN-WSON noom
MWN-WWN noom

5450N-6550N noom

	

VakkedienLoop0~ 9850hcn

Loop 1 - point norm
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Vakkerlien

Loop 2

Hz
@3.251Hz frequency

continuous norm


Chl reduced
Loop 02 Line 309N 5825N - 7225N 1400m

(E-W) Line 311N 5875N - 7295N 1400m




Line 313N 5825N - 7225N




off-loop 7225N - 8000N 2175m




Line 315N 5825N - 7275N 1400m




Line 317N 5825N - 7225N 1400m




Line 319N 5825N - 7225N 1400m
(N-S)) Line 663E 700N - 2900N 2200m




Line 664E 700N - 2900N 2200m




Line 665E 700N - 2900N 2200m




Line 666E 700N - 2900N 2200m




Line 667E 700N - 2900N 2200m




Line 668E 2100N - 2900N 800m




Line 669E 2100N - 2900N 800m




Line 670E 2100N - 3150N 1050m




Line 671E 2500N - 3150N 650m




Vakkerlien Loop 02 Total 23475m

Loop2 - continuous norm
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Vakkerlien

Loop 2a

Hz

@3.251Hz frequency


continuous norm


Chl reduced

Loop02a Line 670E 280ON- 3400N 600m
Line 671E 2800N- 3400N 600m

	

VakkerlienLoop 02a "Fotal 1200m

Loop2a- continuous norm
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Vakkerlien

Loop 2a
Hz

@3.251 Hz frequency

point norm

@


(x,y,z)= (6600E,31650N,850m.a.s.1.)

Ch1reduced

Loop 02a Line 670E 2800N- 3400N 600m
Line 671E 2800N- 3400N 600m

	

VakkerlienLoop 02a Total 1200m

Loop 2a - point norm



•
1•

01
M

O
I

M
IN

11
=

O
IN

o C
D

u





01





C
D





G
J





C
D

cr
,

0
r0

C
.J

-1
0

c)
0

01
C

T
I

0




3
3

O
00

,
I

I
I

I
I

I
I

I
I

cn
cn

0.
1

o
en

o
o

o

28
50

N

30
00

N

31
50

N

33
00

N

(1
11

)7
1e

ia

Lo
op

:
02

a
S

ec
on

da
ry

.
(C

hn
-

C
h1

)/
1H

pl
U

T
E

M
S

ur
ve

y
at

:
V

ak
ke

rli
en

P
oi

nt
N

or
m

.a
t

x.
y,

z
Li

ne
:

67
0E

F
or

:
A

/S
S

ul
fid

m
al

m
(6

60
0,

31
65

0,
85

0)
C

om
pt

:
H

z
B

as
e

F
re

q.
3.

25
1

H
z

•
•

.
G

I
O

P
II1

S
R

,..
I

II)

G
I

O
P

IIN
S

IQ
I

I
I

II
I

Ju
b

05
31

24
12



11
11

10
I=

1
11

1=
00

11

o 01 o




3 11
11

1

.

(w
)

A
el

a11
11

1

6-
-

-9

o o
(•

.)

(5
11

11
11

1

O
--

-


e)
-1

I

-6
9


o

2
8
5
0
N

3
0
0
0
N

3
1
5
0
N

3
3
0
0
N

2
8
5
0
N

3
0
0
0
N

3
1
5
0
N

3
3
0
0
N

01 6E
)

Lo
op

:
02

a
S

ec
on

da
ry

.
(C

hn
-C

hl
)/

IH
pl

U
T

E
M

S
ur

ve
y

at
:

V
ak

ke
rli

en
P

oi
nt

N
or

m
.a

t
x,

y,
z

Li
ne

:
67

1E
F

or
:A

/S
S

ul
fid

m
al

m
(6

60
03

16
50

,8
50

)
C

om
pl

:
H

z
B

as
e

F
re

q.
32

51
H

z
.

,
Å

c:
.

or
in

si
cs

11
1)

jo
b

G
l

01
1

IN
S

IQ
U

E
LT

F
I

05
31

P
H

re
d

24
12

s
,
4,

,lu
ce

c
24

11
e.



Vakkerlien

Loop3

Hz

@3.251Hz frequency

continuous norm


Chl reduced

Loop 03 Line 307N




7125N- 8525N 1400m
Line 309N




7125N- 8525N 1400m
Line 31IN




7125N - 8525N




off-loop 6125N - 7125N 2400m
Line 313N




7125N- 8525N 1400m
Line 315N




7125N- 8525N 1400m
Line 317N




7125N- 8525N




off-loop 6100N - 7125N 2425m




Vakkerlien Loop 03 Total 10425m

Loop 03 - continuous norm
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Vakkerlien

Loop 3
Hz


@3.251Hz frequency

point norm

@


(x,y,z)= (7825E,31200N,910m.a.s.1.)

Chl reduced

Loop03 Line307N 7125N- 8525N 1400m
Line309N 7125N- 8525N 1400m
Line311N 6125N- 8525N 2400m
Line313N 7125N- 8525N 1400m
Line315N 7125N- 8525N 1400m
Line317N 6100N- 8525N 2425m

	

VakkerlienLoop03Total 10425m

Loop3 - pointnorm
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Vakkerlien

Loop 4

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 04 Line 286N 7600N- 8500N 900m
Line 288N 7400N- 8500N 1100m
Line 290N 7400N- 8500N 1100m
Line 292N 7400N- 8500N 1100m
Line 294N 7400N- 8500N 1100m

	

Vakkerlien Loop 04 Total 5300m

Loop 4 - continuous norm
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Vakkerlien

Loop 4
Hz


193.251Hz frequency

point norm


(x,y,z)= (8500E,29000N,800m.a.s.1.)


Chl reduced

Loop04 Line286N 7600N- 8500N 900m
Line288N 7400N- 8500N 1100m
Line290N 7400N- 8500N 1100m
Line292N 7400N- 8500N 1100m
Line294N 7400N- 8500N 1100m

	

VakkerlienLoop04Total 5300m

Loop 4 - point norm
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Appendix B

0531Production Diary

UTEM 3 Surface Survey

Vakkerlien Grid
Norway

for

A/S Sulfidmalm



Production Log (0531)

UTEM Survey - Vakkerlien


Norway

A/S Sulfidmalm

Date Rate Production Comments 


up to October 24 Discussions, signing of the contract, assemblv of crew
and equiprnent.

October 24 Nlob (equip) Equiprnent packed up and labelled. P cked up from
Kingston.

October 30 Nlob John Frost of the crew travels from Kingston (YCK)-
>Toronto (YYZ)->Frankfurt(FRA)->Oslo (OSL).

Cresv: J.Frost

October 31 Mob

November 01 Nlob

November 02

November 03 Nlob. ?

John Frost completes journev ->Oslo (OSL). Nleets Up
with Falconbridge personnel and travels Nvith
equipment to Espedalen.

Crew: J.Frost

John Frost and Falconbridge personnel complete journev
to Vakkerlien and unpack.

Crew: J.Frost

. 1he LGL crew -Rob Langridge and Tim Pinkerton start
travel from Canada->Frankfurt(FRA)->Oslo
>Trondheim (TRD).
John unpacks gear \vhile the Falconbridge personnel lay
out \vire.

Crew: R.Langridge, T.Pinkerton, J.Frost

Rob Langridge and 'Fim Pinkerton continue traveling and
arrive ->Trondhelin (1RD). .1.hev are met bv Lars
Weiershaeuser ot Falconbridge and drive out to the
jobsite arriving —22:00. Set up for the morning.
John Frost and Falconbridge personnel (Doris Fox) lav
out wire.

Crew: R.Langridge, T.Pinkerton, J.Frost
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Date

November 04
1/2L(2)-3 1600m
1/ 2P(1)-2

Rate Production Comments

Get equipment ready. Drive out to site picking up fuel
for the generator enroute. Complete loop, setup and
start surveying —12:00.Survey till dark - just past 16:00.
Pack up, dinner in town and then head home. Data
from Rx06will be repeated.

Loop 04
Line 286N 7600E - 8500E Hz Rx05
Line 288N 7400E - 8100E Hz Rx05

Crew: R.Langridge,T.Pinkerton,J.Frost Total to date: 1.600k

November 05 P(2)- 3 3700m Get equipment ready. Setup,
surveying. Survey till 16:00.

Loop 04

connect loop and start
Pack up and head home.

Line 288N 8100E - 8500E Hz Rx06
Line 290N 7400E - 8500E Hz Rx06
Line 292N 7400E - 8500E Hz Rx04
Line 294N 7400E - 8500E Hz Rx04

Crew: R.Langridge,T.Pinkerton,J.Frost




Total to date: 5.300k

November 06
1/ 2L(2)- 3 Get equipment ready. Drive out to Loop 01 site via the
1/ 2P(2)-3 1825m back route. Wheelbarrow in the generator and sorne

gear, carry in some gear and setup while the loop is
completed. Some of the pickets near the access path
have been moved or removed. Loop is completed
—11:00and surveying starts —12:00.Missing pickets slow
surveying and the area seems quite noisy - production
will go slowly. Late in the afternoon (15:00)Rx05
develops a problem. Survey with one Rx till 16:00- pack
up and head horne Overhaul Rx05and 06 in the
evening.

Loop 01
Line 329N 5500E - 6550E Hz Rx06
Line 330N 5775E - 6550E Hz Rx05

Crew: R.Langridge,T.Pinkerton,J.Frost Total to date: 7.125k

November 07 P(2)- 3 2200m Out to Loop 01 - use Tx06to test if the Tx is related to the
noisy data. Survey 61116:15and head home.

Loop 01
Line 332N 5450E - 6550E Hz Rx05
Line 333N 5450E - 6550E Hz Rx04

Cresv:R.Langridge,T.Pinkerton,J.Frost Total to date: 9.325k

UTEM Survey 0531 - A/S Sulfidmalm Vakkerlien, Norway Appendix 13 pg 132



Date Rate Production Comments


November 08 P(2)-3 2200m Out to Loop 01. Survey 61116:15. Pack up/ head home.
Sunrise/sunset: 08:12-15:52

Loop 01
Line 334N 5450E - 6550E Hz Rx05
Line 335N 5450E - 6550E Hz Rx04

Crew: R.Langridge,T.Pinkerton,J.Frost "Fotalto date: 11.525k

November 09 P(2)-3 2200m Out to Loop 01. Survey till 16:10. Pack/ head home.
Sunrise/sunset: 08:15-15:49

Loop 01
Line 336N 5450E - 6550E Hz Rx05
Line 337N 5450E - 6550E Hz Rx06

Crew R.Langridge,T.Pinkerton,J.Frost Total to date: 13.725k

November 10 P(2)-3 1775m Out to Loop 01. Survey till 15:50. Pack/ head home.
Sunrise/sunset: 08:18-15:47

Loop 01
Line 329N 5700E - 5975E Hz Rx06
Line 330N 5450E - 5900E Hz Rx06
Line 331N 5450E - 6550E Hz Rx05

Crew: R.Langridge,T.Pinkerton,J.Frost Total to date: 15.500k

November 11 P(2)-3 950m Out to Loop 01 to re-read in detail a section of Line 331N.
Survey till 13:15. Pack and shift the generator by
\vheelbarrow across the swamp.- this takes —90minutes.
Move the tx, transformer and battery as far as we can
before dark. Walk out and head home very tired.
Sunrise/ sunset: 08:21-15:44

Loop 01
Line 331N 5450E - 6300E Hz Rx5/6

Crew: R.I angridge,trinkerton,I.Frost Lotalto date: 16.450k

November 12 P(2)-3 2800m Out to Loop 03. Finish moving the Tx in the last few
hundred metres and set up. Read till —13:45when a
moose is spotted. Loop is broken soon after and the
search for the break completes the day. WaIk out - back
at the truck (al5:40.
Sunrise/sunset: 08:24-15:41

Loop 03
Line 317N 7125E - 8525E Hz Rx06
Line 315N 7125E - 8525E Hz Rx05

Crew: R.Langridge,T.Pinkerton,J.Frost Total to date: 19.250k
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Date Rate Production Comments


November 13 P(2)-3 5600m Out to Loop 03. Set up and go to ‘vork in light snow.
Evidence of the moose... and the Tx shut down. It
turned out to be an old friend - the Tx had simplv shut
down as it has occasionallv on all the jobs in Norwav.
Turned It back on and surveved all day.
Sunrise/ sunset: 08:27-15:39

Loop 03
Line 307N 7125E - 8525E Hz Rx06
Line 309N 7125E - 8525E Hz Rx05
Line 311N 7125E - 8525E Rx05
Line 313N 7125E - 8525E I-Iz Rx06

	

( rew R.I.angridge,T.Pinkerton,I.hrost Total to date: 24.850k

November 14 P(2)-3 2025m Out to Loop 03. Set up and go to work in light rain.
Stationed Tim at the transmitter and it shut down a
number of times during the dav. Finished reading
—14:30and picked up/pulled wire on the north and \vest
sides. Out to the trucks bv 16:20.
Sunrise/sunset: 08:2Y-15:36

Loop 03
Line 311N 6125E - 7125E Hz Rx05
Line 317N 6100E - 7125E Hz Rx06

	

rew R.Langridge,T.Pinkerton,J.Frost Total to date 26.875k

November 15 L(2)-3 Up to a world covered Nvith snow. Tried the lower access
road but it appeared to be stengt - closed. .fook a look
at the road we have been using and decided to back off
for a few hours to check on the lower road status and
the snow-scooter permit. Shopped - looked for some
hardware to modifv the snow shoes for muskeg but
there was none locally. I leaded out —11:00. Walked out
and laid out wire in l"vindv,snowy conditions - snowier
than expected. lanaged to complete three sides
(double wire) in poor conditions. The walk out
extended into the earlv evening but we were all back at
the trucks bv l6:45. Sunrise/sunset: 08:32-15:33

	

Crew: R.Langridge,T.Pinkerto.Frost Total to date: 26.875k

November Ih P(2)-3 2200Ill Out to Toop 02. Complete loop and work on the
generator. Set up and go to ‘vork in light snow. Out to
the trucks bv .1he gate \vas locked when We

arrived - Finn to the rescue
Sunrise/sunset: 08:35-15:31

Loop 02
Line 319N 5825E - 7225E Hz Rx06
Line 663E 2100N - 2900N Hz Rx05

	

Cre \ R.I.angridge,T.Pinkerton,J.Frost Total to date: 2Y.075k
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Date Rate Produchon Comments


November 17 P(2)-3 4400m Out to Loop 02. Set up and go to work in light snow.
Out to the trucks by 16:40. Find out in the evening that
we can use the sno.scooters outside the environmentally
protected area.
Sunrise/sunset: 08:38-15:28

Loop 02
Line 315N 5825E - 7225E Hz Rx06
Line 317N 5825E - 7225E Hz Rx06
Line 669E 2100N - 2900N Hz Rx05
Line 670E 2100N - 2900N Hz Rx05

Crew: R.Langridge,T.Pinkerton,J.Frost Total to date: 33.475k

November 18 P(2)-3 2200m Out to Loop 02. "Frailered snoscooters out and set up.
Loop was broken - in a number of places but mainly
where it crosses a river - the steady snowfall of the past
few days (a metre or so) backed up the river and took
out a section - roughly as far from the Tx as possible.
With the double loop there is wire available so it was
patched. started reading —12:45and read one line each.
Getting the snoscooter trailer out proved a little difficult.
Sunrise/sunset: 08:41-15:25

Loop 02
Line 667E 700N - 2100N Hz Rx06
Line 668E 2100N - 2900N Hz Rx05

Crew: R.Langridge,T.Pinkerton,J.Frost Total to date: 35.675k

November 19 n/c Day off. Picked up tow rope and supplies in Tynset.
Sunrise/sunset: 08:44-15:23

November 20 P(2)-3 1600m Out to Loop 02. The loop was good but the negatiye lead
had broken off the back up battery and the 'Lxwas off.
Decided to get the other Tx. Back to Hogstad to pick-up
the Tx and gas etc. On the way back the truck went into
the ditch. Pulled it out with the tow rope. Out to the
fransmitter site again. The backup Tx would not put out
as much current «./'pre-whitening level 4 - and blew a
fuse. Used the same Tx again. Read one line each.
Sunrise/sunset: 08:47-15:21

Loop 02
Line 666E 2100N - 2900N Hz Rx05
Line 667E 2100N - 2900N Hz Rx06

Crew: R.Langridge,T.Pinkerton,J.Frost Total to date: 37.275k
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Date Rate Production Comments


November 21 P(2)-3 4400m Out to Loop 02 The loop was good. Read two lines
each.
Sunrise/ sunset 0S:49-15:19

Loop 02
Line 664E 2100N - 2900N Hz Rx05
Line 665E 2100N - 2900N Hz Rx05
Line 665E 700N - 2100N Hz Rx06
Line 666E 700N - 2100N Hz Rx06

Crew R.Langridge,T.Pinkerton,J.Frost Total to date: 41.675k

November 22 P(2)-3 5600m Out to 1,00p 02. The loop tvas good. Read hvo in-loop
lines each. Evervbodv tvas a little tvet after multiple
creek crossings.
Sunrise/ sunset: 0S:52-15:16

Loop 02
Line 311N 5825E - 7225E Hz Rx06
Line 313N 5825E - 7225E Hz Rx06
Line 663E 700N - 2100N Hz Rx05
Line 664E 700N - 2100N Hz Rx05

Crett R.Langridge,.1.Pinkerton,J.Frost Total to date: 47.275k

November 23 P(2)-3 3275m Out to I.00p 02. The loop was good. Read all remaining
lines including extended sections of Lines 670E and 671F.
tim Pinkerton to .trondheim in the evening.
Sunrise/sunset: OS:52-15:16

Loop 02
Line 309N 5825E - 7225E Hz Rx06
Line 313N 7225E - 8200E Hz Rx06
Line 670E 2900N - 3150N Hz Rx05
Line 671E 2500N - 3150N Hz Rx05

Crew: R.Langridge,1 .Pinkerton,J.Frost Total to date: 50.550k

November 24 P(2)-2 I2 10ni Out I.00p 02. The toop was good \ lodified the loop
demob (Tim) to read sections of Lines 670 and 671E. Finished ((!dark.

Back to the trucks 16:50. Tim Pinkerton flies home.

Sunrise/ sunset: 08:55-15:14

Loop 02a
Line 670E 2800N - 3400N Hz Rx05
Line 671E 2800N - 3400N Hz Rx06

Crew: R.Langridge, J.Frost, T.Pinkerton Total to date: 51.750k

Out to pick up Loop 02. and pickets Worked till after
dark. Back to the trucks 16:50.
Sunrke/ sunset: 09:00-15:10

Crett R.I.angridge, J.Frost

November 25 L(2)-2
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Date Rate Production Comments


November 2() L(2)-2 Out to pick up the remainder of Loop 02. and pickets
Worked till —noon. Drove snoscooters down to the
road. One truck \vent in the ditch on the vav down.
Pulled it out ‘vith the snoscooter. Brought trailers back
and loaded the shoscooters. Packed gear for transport
to Espedalen/Gardemoen.
Sunrise/ sunset: 09:02-15:0S

Crew: R.Langridge, J.Frost

November 27 demob Loaded gear for transport to Gardemoen in the morning.
Drove south to Vinstra. Left the gear with Falconbridge
personnel and continued on to Gardemoen. Arrived
—1S:30. Went to sort out our tickets and had some
trouble \vith John Frost's ticket. IJiis vas finallv
resolved to some satisfaction at 23:00.

(re R.Langridge, JTrost

November 28 dernob Gear and crew to Gardemoen. Gear taken to shipper bv
Falconbridge personnel.

Crew to Canada.

November 21)  equipment- Equipment in transit.
->December 10

December I I Equipment arrives in Kingston.

Surface Production (= of receivers) - = of personnel
I ooping (= of receivers) - of personnel
Standbv (= of receivers) - = of personnel
Down (= of receivers) of personnel
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Appenclix C

The UTEM SYSTEM

The UTEM System


UTEM Data Reduction and Plotting Conventions


Data Presentation



The UTEM SYSTEM

LIENI uses a large, fixed, horizontal transmitter loop as its source. Loops range
in size from 300m x 300rn up to as large as 4km x 4km. Smaller loops are
generallv used over conductive terrain or for shallow sounding work. The
larger loops are only used over resistive terrain. The LIENI receiver is typically
syncronized \yith the transmitter at the beginning of a survev dav and Operates
r-emotely after that point. The clocks employed - one in each of the receiver
and transmitter - are sufficiently accurate to maintain synchronisation.

Nleasurements 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.
I.ines are typically surveved out from the edge of the loop but mav also be read
across the loop \vire and through the centre of the loop, a contiguration used
mainly to detect horizontal conductors. 13111:TEN1- the borehole version of
LilINI -surveys have been carried out to depths up to 3000 , metres.

System Waveform

The LLEN1 transmitter passes a low-frequencv (4 I iv to (-)0I lz) current of a
precisely regulated triangular waveform thro.ugh 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 I lz to minimise power line (e)0 I lz in North
America) effects. SMce a receiver coil responds to the time derivative of the
magnetic field, the UTENI system reallv "sees- the step response ot the ground.
UTENI is the only time domain system \yhich measures the step response of the
ground. All other T.D.E.N1. systems to date transmit a modified step current
and "see" the (im)pulse response of the ground at the receiver. In practice, the
transmitted LiTENI wavetorm is tailored to optimize signal-to-noise.
Deconvolution techniques are emploved ‘vithin the system to produce an
equivalent to the conceptual -step response" at the receiver.

'stem Sam

The liTEN1 receiver measures the time variation of the magnetic field in the

direction of the receiver coil at 10 delav times (channels). channels are

spaced in a binary, geornetric progression across each half-cycle of the received
 vaveform. Channel 10 is the earliest channel and it is 1/ 210 ot the half-cycle
wide. Channel 1, the latest channel, is 1/21 of the hall-cycle wide (see Figure
below). The measurements obtained for each of 10 chaiMels are accumulated
over manv half-cycles. Each tinal channel value, as stored, is the average of the
measurements for that time channel. The number ot half-cycles averaged
generally ranges between 2045 (1024 full-cycles - 1K in fargon) to 32765
( InK) de:pending on the level of ambient nk;ise and the signal strength.
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2 Channel 1 UTEMChannels

2 Channel 1

4 3

76 5
•

Half cycle
34

Full cycle

S.'stern 'ontiourations

For surface  vork the receiver coil is mounted on a portable tripod and
oriented. During a surface l survey the vertical component of the
magnetic tield (Hz) ot the transmitter loop is ahvavs measured. Horizontal in-
line (I lx) and cross-line (I Iv) components are also measured it more detailed
information is required. The UTEM System is also capable of measuring the
two horizontal components ot the electric field, Ex and Ny. A dipole sensor
comprised ot two electrodes is used to measure the electric tield components.
This is generallv used for outlining resistive teatures to ‘vhich the rnagnetic field
is not verv sensitive.

BI survevs emplov a receiver coil that is smaller in diameter than the
surface coil. The borehole receiver coil forms part of a down-hole receiver
package used to measure the axial (along-borehole) component of de magnetic
field of the transmitter loop. Due to the distance between coil and receiver in
borehole survevs the signal must be transmitted up to the receiver. In
13HUTEM the signal is transmitted to surface digitallv using a kevlar-reinforced
fibre-optic cable as a data link. Using a fibre-optic link avoids signal
degradation problems and allows surveving of boreholes to 3000-m. -fhe cable
is also verv light - the specific gravitv is nearly 1.0 - making the cable handling
hardware quite portable.
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The ENI Induction Process

Any time-varying transmitted ("primarv") field induces current flow in
conductive regions of the ground below and around the transmitter loop (i.e. in
the earth or "half-space"). This current flow produces a measurable ENI field,
the secondan field, \vhich has an inherent "inertia" that resists the change in
primary field direction. This "inertial" effect is called self-inductance; it limits
the rate at ‘Yhich current cari change and is only dependent on the shape and
size of a conductive path.

It takes a certain amount of time for the transmitted current flow to be
redirected (reversed) and reestablished to full amplitude after the rate-of-
change of the primary field reverses direction. This measurable reversal time is
characteristic for a given conductor. In general, for a good conductor this time
is greater than that of a poor conductor. This is because in a good conductor
the terminal current level is greater, whereas its rate ot change is limited bv the
inductance of the current path. The time-varving current causes an Emt in the
sensor proportional to the time derivative of fhe current. This limt decavs \vith
time - it vanishes ‘vhen the reversal is complete - and the characteristic time ot
the Emt decav as measured bv the sensor is referred to as the decay time of the
conductor.

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

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

The result is that in the presence ot conductors the priman field wayetorm is
substantially (and arilmialously) distorted.
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UTEM DATA REDUCTION and PLOTTING CONVENTIONS

Ilie UTENI data as it appears in the data files is in total field, continuously
normalized form. In this form, the magnetic field data collected by de receivjr
is expressed as a of the calculated primary magnetic field vector magnitude at
the station. These are total field values - the UTENI system measures during the
"on-time" and as such samples both the primarv and- secondarv 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 UTENI data.
A plotting format is defined by the choice of the normalization and .field type

parameters selected for display.

NORMALIZATION

UTEM results are always expressed as a ' of a normalizing field at some point
in space.

In continuously normalized form the normalizing factor (the denominator) is
the magnitude of the computed local primarv field vector. As the primarv
excitino field maunitude diminishes with increasino distance from the
transmitter loop the response is continuously amplitied 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 ‘vide range of
distances Irom the loop.

Note: An optional form of continuous normalization permits the interpreter to
normalize the response to the magnitude ot the primarv field vector at a fixed
depth below each station. .fhis is useful for surface profiles which come verv
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; bv "normalizing at some depth" the size of
the normalizing field, near the loop in particular, is reduced and the resulting
prohle can be more effectivelv interpreted to a verv close distance from the
transmitter \ vire. The usual chbice for the depth is the estimated target depth is
used.

In point normalized form the normalizing factor is the magnitude of the
computed primarv field vector at a single point in space. When data is
presented in this lorm, 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. linfortunatelv, the verv large range in magnitude of anomalies both
near and far from the loop means that small anomalies, particularlv those far
from the loop, mav be overlooked on this type of plot in favor of presenting
Iarger amplitude anomalies.
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ote: 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 of the shape of a specific
anomalv is required. Point normalized protiles are therefore plotted selectivelv
as required during interpretation. An exception to this procedure occurs vhere
surtace data has been collected entirelv inside a transmitter loop. Uke primarv
field does not vary greatly inside the loop, therefore, the benefits of continuous
normalization are not required in the displav of such results. 1n these cases data
is often point normalized to a fixed point near the loop centre.

FIELD TYPE

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

UTEM Results as Secondary Fields

Because the LITINI system measures during the transmitter on-time the
determination of the secondary field requires that an estimate of the primary
signal be subtracted from the observations. T vo estimates of the primary
signal are availaNe:

1) L ENI Channel 1

One estimate of the primarv signal is the value ot the latest time channel
observed bv the LTENI System, channel 1. When Channel 1 is subtracted
from the Lif. \ 1data the resulting data displav is termed Chaniwl 1 Reduced.
This reduction tormula is used in situations Vhere it can be assumed that all
responses trom any target bodies have decaved -1\vav bv the latest time
channel sampled. The Channel value is then a reasonable estimate of the
primary signal present during Channels 2....10.

ln prmtice the Channel 1 Reduced form is most useful when the seomdary
response is verv small at the latest delav time. In these cases channel 1 is
indeed a good estimate ot the primarv field and using it avoids problems due
to geometric errors or transmitter loop current/system sensitivitv errors.
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2) Calculated rimary field

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

The cakulated primary field \yill be in error if the geometry is in error -

mislocation of the survey stations or the loop vertices - or if the transmitter
loop current/ system sensitivitv is in error. Mislocation errors from
loop/station geometry may give rise to verv large secondary field errors
depending on the accuracV of the loop and station location Method used.
Transmitter loop current/ !;ystem sensitiyity error is rarely greater than T.
Primary Field Reduced is plotted in situations yhere a large Channel 1

response is obseryed. In this case the assumption that the Channel 1 value is
a reasonable estimate of the primary field effect is not valid.

Note: When UTEM data is plotted in the Channel I Reduced torm the
secondary field data for Channel 1 itself are always presented in Primary Field
Reduced torm and are plotted on a separate axis. This plotting format serves to

show any long time-constant responses, magnetostatic anomahes and/ or

geometric errors present in the data.

\ lathematical Formulations

In the following expressions:

Rnj is the result plotted for the nth IJTENI channel,

is the result plotted for the latest-time UTFAI channel, channel 1,

Chni is the raw component sensor value tor the nth channel at station

Ch1j is the ra =1/olleat sensor value lor channel 1 at station

11Pj is the computed primary field component in the sensor direction

I HP 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 thc station (continuousfy 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:

Rni = (Chni- Ch1j) / IHP I x 100%

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

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

Rlj = (Chlj - HP1) / IHP I 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- Hi3j) / IHP I x 100%

This type of reduction is most often used in cases where very good geometric


control is available (leading to losv error in the calculated primary field, HP1)

and where verv slowly decaving responses result in significant secondary field
ettects 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 svhere the probe may actually pass
through a very good conductor. In these cases the shielding effect of the
conductor vi1Icause 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 vhere 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 liTEM reduced data files is in Total Field,
continuously normalized form if:

Rn l n• = Ch • / IHP I x 100%l
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DATA PRESENTATION

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

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

UTEM S stem Mean Dela Times
10Channel Mode @ 31 hz.(approx.)
( base freq: 30.974 hertz )

Channel Delay time (ms) Plot Symbol

1

2

3

4

5

6

7

8

9

10

12.11

6.053

3.027

1.513

0.757

0.378

0.189

0.095

0.047

0.024

%).


CI

7

X
å

Notes on Standard plotting formats:

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

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

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

Top axis - The early time channels, ch10 to ch6 and a repeat of ch5 for
comparis-on 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 Primari Field Reduced form: The data are displayed using a

Appendix C - The 111.EMSystem pg CS



single axis plot format. Secondary effects are plotted using a Y axis on each
data plot with peak to peak values up to 200%.

BHUTEM data  plotted as total field profiles: Data are expressed directly as a

percentage of the Total Field value. The Y axis on each single axis data plot
shows peak values of up to 100%. These departures are always relative to the
measured total field value at the observation station.

BHUTEM data lotted as seconda field rofiles: Check the title block of the plot

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

form.

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

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

1) Mislocation of the transmitter loop and/or survey stations
Nlislocabng the transmitter loop and / or the survev stations results in an error in the
calculated primarv field at the station and appears as an anomalous Chl value not
correlated to channel I normali:ed Ch2-10. The effect is amplified near the loop front.
This can be seen in the profiles - the error in Chl generally 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 Chl of:

l< near the loop front (long-wire field varies as 1/r)
3`;. at a distance from the loop front (dipolar field varies as I /r3)
2'; at intermediate distances (intermecliate field varies as —1/r2)

Frrors in elevation result in smaller errors but as they often attect the chainage they
accumulate along the line.

The in-loop survey configuration generally diminishes geometric error since the field
gradients are very low. At the centre of the loop the gradient in the vertical field is
essentially zero so it is difficult to introduce geometbc 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. .1vpically loop sides are designed to be
:-200m trom any survey stations.

2) Magnetostatic UTEM responses
Nlagnetostatic UTENI responses abse over rocks ‘vhich generate magnetic anomalies.
Such magnetic materials ‘vill amplify the total (primarv • secondarv) field of the ITITNI
transmitter ‘vhich is sensed bv the receiver coil. The secondary field is generated bv
subtracting a computed primarv ‘vhich does not include magnetic effects. This can
give rise to strong and abrupt channel 1 anomalies when the source of the magnetics is
at surface. This is the case in a number of places on these grids. UTENI magnetostatic
anomalies ditfer trom magnetic anomalles in the tollowing three major wavs:

I ) In the case of DC magnetics the field is dipping N and is verv uniform over the
scale of the survey area vhile the liTEM field inside the loop is vertical and it is
stronger near the loop edges.

2) Nlost aeromagnetics are collected as total field while with UTENI we measure a
given (in this case generally component.
DC matmetic instruments observe the total maonnetization of the causative bodv
 vhich is due to its susceptibility as \vell as any remnant magnetization. An AC
method such as LiTENI will not respond to the remnant portion of the
maonetization.

The larger amplitude of the UTEN1Chl response is explained bv the fact that the LiTENI
primarv 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 Ch2-10 data plotted on the upper axes of a channel 1 normalized
plot.
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Appendix E

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

powerline.

Note

While this Appendix uses data collected in the presence of


a 60Hz powerline the issue dealt with applies equally to

UTEM data collected in the presence of a 50Hz powerline.

Note: the standard presentation in Appendix A has Ch2-5 plotted on the middle axis.

An zdternative presentation - vith Ch2 and Ch3 on the middle axis - is sometimes


chosen \vhen a powerline cuts through the surveyed area, This Appendix is a brief

discussion of vhy the alternative presentation is chosen.
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Note on 4 Hz UTEN1 data:The eftect of the aresence of a 60-c,•cle aowerline.

This appendix outlines and discusses the effect of the presence of a 60-cycle
powerline on —4Hz (3.872Hz) UTEM data. The example data is from Loop 12 Line 2805.
This line is from a series of loops with a powerline cutting across the survey area. The
Loop 12 Line 2805 UTEN.1data is affected bv the presence of the powerline.

example data:

Figure E1(a) is the example data as presented in Appendix A - an alternative
presentation \vith Ch2 and Ch3 on the middle axis. "Uhestandard presentation is shown
in Figure El (b) - vith Ch2-5 plotted on the middle axis. The alternative presentation
was chosen for a series of loops (including, this loop) with a powerline cutting through
the surveyed area. Figure E1(c) shows why - Ch4 and ('h5 show a pattern \vhere when
one is up the other is down and vice verst I he amplitude of the pattern decreases  vith
distance awav from the powerline. It was felt that this pattern obscured the
information in Ch2 and 3 and the alternative presentation vas chosen.

explanation:

Figure E2a) shows the LI[\l waveform at —411z\vith a 6011z waveform superimposed
on it. Roughly 16 cycles of the 60 - cv cle vaveform fit into the full UTFNI vaveform. On
a channel-bv-channel basis:

—4cycles fit into Ch
—2c-vcles fit Mto Ch2
—1c-vcle tits into Ch3.

The multiple cycles tend to cancel out. Earlier channels are narrower - only part of a
cycle wide. 1n particular Ch4 is —half a cycle vide and Ch5 falls in the opPosite halfcycle.
Ihe result is the pattern shown in Eigure 1(c): Ch4 and Ch5 tending to diverge from
one another - more stronglv near the powerline.

other presentations:

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

Figure E3(a): ln 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 tactor exact. The original Ch5-10 are shown on the upper
axis.
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Discussion:

Several elements of UTEMsurvey design and procedure vi11have an affect on the
number of useful channels in the final data set. These would include:

careful positioning of the transmitter loops relative to the powerline(s)
increasing the transmitter current (and the signal-to-noise ratio)
care in the selection of gains during surveying. Near a source of coherent noise

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

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

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

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

takin multi le readin s: each reading starts at a different (random) point on the 60-
cycle waveform. The sum of several readings will tend to better average out any
affect.

alternative channel sam lin : Figure E2b)shows the standard UTEM3 Boxcar channel
sampling. An alternative - tapered channel sampling - is available (and often used)
with UTEM4. In this case if tapered sampling had been available it would likely have
been used. The result would have been:

a slightly noisier Ch3
a considerably improved Ch4

- an improved Ch5
The choice of which sampling to use on a UTEM4 survey depends on the frequency
of the survey, the proximity and the frequency of any local powerline and the type of
decay seen.
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Figure E1(b)
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UTEM Channel sampling options

Figure E2
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+(Ch4-1 2Ch5) Figure E3(a)
Modified 4Hz data: Ch4/5 combined
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Figure E3(b)
Modified 4Hz data: Ch4-10 combined
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APPENDIX D


In-house UTEM MaxweIl Modeling


Vakkerlien Project, Hedemark Province, Norway


Anthony Watts, Falconbridge Ltd for Sulfidmalm A/S

Model 1: Loop I. L336N - Isometric View

Nlodel 2: Loop I. L336N - Plan View

Model 3: Loop I. L336N - Seetional View Looking North

Model 4: Loop I, L336N - Longitudinal View
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