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INTRODUCTION

During the period of July 91112006through July 22nd2006 a UTEN1/131-111TEN1-3
survey was carried out bv l.aMontagne Ceophysics Limited personnel for A/S
Sulticfmalm in the Erteli:n Project area, Norway (Figure 1). This survey continues on
trom a UTEM 3 survey done in the winter of 2006 (Loops 1, 1B,2„ 3, 5,(, 7, and 8)). The
location of the varioui.-;grids on the property are shown in Figures 2 and 3. Areas of
interest vere identified from the results of an airborne survey and preVi011ti vork. The
survey was carried out to locate/detail conductors in the imMediate grid areas \vith the
intention of outlining targets for Iutore ‘vork.

A total of I6.375km of surface LITEMdata was collected using 3 transmitter loops
(Loops 4, 9 and 9B). All lines \vere surveyed measuring the vertical component, Hz. A
station spacing of 25m or 50m and a inc spacing of 50m, 100m or 200m was employed.

In addition to the surface UTEM a total of 6 holes were surveyed with 131-1UTEM-
3. All holes were drilled in 2006 and each hole was surveyed from both 1.00p 9 and
I,00p 9B for a total of 12 prohles.

For all loops - both surface UTENI and BHUTEM-3 - the receiver operated in 10-
channel mode at a transmitter frequency of 3.2511-Iz.

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

List of Personnel/ Production Log
an oudine of the UTEM System
Note on sources of anomalous Chl
Note on 41Iz UTENI Data
Discussion of noise issue

(Appendix B)
(Appendix C)
(Appendix D)
(Appendix E)
(Appendix F)
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SURVEY DESIGN

This UTEN1 survey is part of a nickel exploration program in the Ertelien Project
area. Historically, mining of Ni-bearing massive sulfide deposits has been carried out in
the area. .1"1e UTEM survey was planned and carried out to outline and allow better
detinition of knosvn conduCtom, to detect/outline new conductors and to detect/outline
deeper features and depth continuations of known features.

The grid and loop layout was designed by A/S Sulfidmalm/Falconbridge Ltd.
personnel to allow etlicient coverage of the project area. Loop size and locations were
selected to provide good coupling with the expected targets, to enhance the signal to
noise, and to allow eflicient coverage of the grid area. The base frequency was lowered
from the international standard —26I Iz to 3.25111z to eliminate the response of many
"moderate" conductors - these responses will have decayed away by Chl time. Any
remaining Chl responses are then considered to be representatiYe ot conductors of an
appreciably higher conductivity.

The survey parameters employed:

both in-loop and outside-the-loop coverage with 2 receivers
1.70mm diameter (--2mm1 —14-gauge) copper wire - DAMID PE GR 2
variable transmitter loop size - to lit the area to be covered and the relief
line spacing of 200m, 100m or 50m intervals as required
station interval of 25m or 50m with detailing at 12.5m as required
1-17(vertical component measurements)
131-1UTEN1-3coverage ot boreholes /10/5m - 4/2/ lin in zones of interest
10-channel data at a frequency of 3.25111z
minimum 25o stacking (512 halt-cycles) increased where noise levels dictate

In nickel exploration non-decaying Channel 1 (Chl) conductors are indicative of
highly conductive mineralization. Al'sy non-decaying anomalous Ch I features are
therefore of interest. Non-decaying channel UTEM anomalies can retlect:

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

These are outlined in more detail in Appendix D. From an interpretation standpoint
magnetic anomalies and geometric control shouId be considered and evaluated as a
mandatory part of any interpretation. From a field standpoint precise geometric
control sh'ould be par) of any UTliN1 survey syhere the target is non-decaying. Poor
geometric control has the potential to both mask and invent Chl conductors.

For this survey GPS data was collected by the client and made available for use in
reducing the UTEN1 data. GPS data was collected for all survey points and at intervals
around all transmitter loops. GPS data collection for UTEN1 reduction should be most
detailed along loop fronts - the most important portion of the loop from a UTEM
reduction perspective. The goal along the loop front - and for in-loop surveying the
loop sides/back - is to recover the topographic shape of the loop as well as the
loop/line intersection points. Note the elevations at a small number of stations were
erroneous by —30m. These have been corrected.
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SURVEY LOGISTICS

A Lamontagne Geophysics crew mobilized from Canada on June 11111and
arrived in Oslo on June 12(h. The crew consisted of Rob Langridge (crew chief), John
Frost (operator), Kevin Arsenault (looper/operator) and Patrick Foley (looper). The
crew vorked on other projects in Norway and arrived at the field house near
Tyristrand on July 13111and began work on the Ertelien I'roject on the following morning
- Iuly 90h. The first day loops 09 and 0913 vere Iaid out and the transmitter site was
prePared on a common side to facilitate switching between loops during 1311UTENI
surveving. The BI-IUTEMgear arrived and surveying began the following morning -
july ibth.

"Ehree transmitter loops were used during the surface UTEM survey for a total
surface survey coverage of I6.375km. Figures 2 and 3 show tlw loop locafions and grid
layouts. Act-x-ssto the Ertelien Project area waS by pick-up truck and then on toot. The
grid / loop positions had been established bv GPS-and were demarcated by flagging.
"1"heflagging vas removed by the UTENI crew as the stations \vere surve‘;ed unless
otherwise indicated.

Loop numbering began at Loop 09 - following along with the loop numbering in
the 2006 UTEM survevs. Note that Loop 04 at Langdalen retains the number assigned
to it during planning ior the previous survey. Loop 0913was planned be used solely

for I31IUTEM work hence the 09136u-eklej. In the course of the survey surface work
was carried out using Loop 9B. Tlw III 1UTEM surveying consisted of coverage from
both I.00p 09 and 09B of the following holes:

Ertelia ER2006 -0IB
ER2006-02
ER2006-03
ER2006-04
ER2006-05
ER2006-065

Electrical connection to the generator was made through an LGI, isolation-
transformer and a Variac which was rewired to conform \vith the sockets (standard 2-
pin /side-clip ground european) on the generator. The generahur \vas lett in the field
during the nights. For a number of nights the transmitter was connected to a battery,
switched to remote, packed up and left in the field. Other nights it was brought back to
tlw field house. This worked \vell for the duration of the survey.

In general, surface surveying for all loops \vent well although at times - due to
noise levels - slowly . Noise levels proved to be high and in places, along certain
geologic structures'and proximal to powerlines, extremely high. Iligher 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-resistivt1 country rock.
"Fhenoise levels encountered in the project area are discussed further in Appendix F.
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The progress of the drilling at Ertelia required that the remaining work be
completed more slowly - to avoid a crew standby awaiting completion ot drilling. As a
result the third (spare) receiver Wds shipped home on July I Ølli And after a few busy
days of loop laying and surveving Evo crew members - kevin Arsenault and Patrick
Foley - \vere dJmobilized back to Canada on July 12[11.

BLIUTEM surveving ‘vas completed on July 19th and packing commenced. "Fhe
131-1UTENI equipment Was shipped out on July 2Ist. Surface surveying completed

the same day and packing/‘vire transfer confinued. The following dav - July 22n1 - the
LGI, crew picked-up the remaining wire from Loops 09/09B at Ertelia, completed
packing the UTEM gear and transterring the wire back onto the factory spools in
preparation tor deinobilization. The equipment ‘vas transported to G"ardemoen
Airport the same day - July 22nd. The reinaining crew demobilized from Oslo the
following day. Details of tlw daily production and personnel are included in the
Production I,og (Appendix along vith a summary of production.

'fhe survey equipment consisted ot two UTEM 3 receivers and one UTEM 3
transmitter as vell as all necessary accessories, support equipment and backup
equipment. Data \vas reduced on'a field computer (Macintosh) and UTEM profiles and
digital data  vere made available; emailed to the client's personnel on a daily basis. The
weather during the survey was good - quite hot and dry for Norway.

In terms of surveying we tound that constantly scanning for flagging on uncut
lines - in the middle distance - resulted in a number of stick-in-the-eye incidents Safety
glasses were obtained and the problem was lessened considerably. It is highly
recommended that in this type of surveying - ‘vorking in brush in summer on uncut
lines - glasses be \vorn. Note that this may require the use of prescription safety glasses
bv some crew members.

Ticks also proved to be a concern and a considerable effort was made to
"groom" after/during a days ‘vork and to use insect repellent. It should be noted that
one crew member tested positive tor I.vme disease after the work and received
treatment. If further vork is planned iii this drea the possibility of a vaccine being
available should be investigated. Post-field testing for exposure to Lyme disease is also
recommended.
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SURVEY RESUI.TS

The results of the survey are summarized and presented as UTENI profiles in
Appendix A. The survey Grids and Loop Locations are presented in Figures 2 and 3.
Overall the data quality is good - though in places it is noisv. Evidence of conductors
and / or conductive features are evident in the profiles, particularly the profiles near the
old mine tvorkings. Although everv effort tvas taken to shelter the receiver coil, nUnor
wind noise mav be evident in some profiles. Note the elevations at a small number ot
stations Nvere erroneous by —30m. These have been corrected.

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

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

13I-ILTEM3profiles follow in order of I lole number. Tlw following plots are presented
for a borehole:

3-axis plot

total field plot

plan vectorplot

grideast-west section vectorplot

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

Outline of surface rofile es

Hz continuous norrn Chl reduced (blue separator)

Continuous normalization is useful for detection of the presence ot anomalies at
any position on a profile. The anomaly shape is distorted by the normalization
to the local As the field gets verV big near the tvire the continuously

normalized Chl tends totyards zero.

top axis - Ch5-10
middle axis - Ch2-5

bottom axis - Chl
bottom axis - topography - no vertical exaggeration

I lz point normalized Chl reduced (pink separator)

normalization point: Loop 04 all lines —centreof the loop
Loop 09 all lines —250mout from loop-front centre
Loop 09B all lines —centreof the loop
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Point normalized data is useful for interpretation purposes. Anomaly shape is
preserved as is the amplitude if the normalization point is local to the anomalv.

The data collected entirely outside of the loop (Loop 09) have been point
normalized to the field at'a point -250m out from the centre of the loop front.
Note that this field valiae is intermediate and it was chosen because the survey
was performed both inside-the-loop and outside-the-loop. Normalizing to an
intermediate point allows the interpretation of responses along the entire line.
The amplitude of responses close to (further from) the loop front viIl be blown
up (muted).

All the data collected in-loop (Loops 04 and 0913),have been normalized to a
point at the centre of the loop. This field value is the smallest field value inside
the loop and is a standard field value used for plotting, when surveying from
inside the loop.

The disadvantage ot 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
‘yire - unlike the continuously normalized Chl which, as described above, will
dip to zero.

top axis - Ch5-10
middle axis - Ch2-5

bottom axis - Ch 1
bottom axis - topography - no vertical exaggeration

Outline of BHUTEM-3 lot t 


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

13othcontinuously normalized secondary and total field plots are presented for
each borehole surveved. Note that for reference the primary field is plotted on
all 1311UTEMprofileS. The axes on the 3- axis plot contain:

top axis - Ch5- 10
middle axis - Ch2-5

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

axis - Ch1-10 • primary field

plan and grideast - west section vectorplots

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

The profiles presented in Appendix A have been reduced with a grid produced
from the GPS data colleeted by the client. The overall results are quite good (Appendix
A). Some of the character in Chl profiles is due to remaining errors in loop/line
location - this is particularly true near the loop wire where errors in station/ loop
location/elevation have a larger effect (Appendix D). Aside from survey accuracy and
day-to-day variation sources of error in location include "adjustments" of the loop to
topography and wind. Note the elevations at a small number of stations were
erroneous bv —30m. These have been corrected.

The GPS data for this survey 3vas provided by a new source (Scandicraft) and
was only provided in full UTN1coordinates. For previous surveys both full L1TN1
coordinates and local grid coordinates were provided. Note that this means that the full
LUN1coordinates provided with this 11TEN1data set should be used in preference to the
local grid coordinates 3vhich have been calculated by the author of this report. For
reference the transformation from L1TNIto local grid coordinates used by the author
tollow.

For the Ertelia Grid Loo s 9 and 913

translation:
UTN1 WGS84 Zone 32V (UTNleasting, UTN1northing) (558401.49m1i, nO57794.75 mN)

becomes
Local Ertelia Grid (gridEast, gridNorth) (0,0)

rotation: Local Ertelia Grid gridNorth is (in azinuith 323.


For the Lant,dalen Grid Loo -)4

translation:
UTM WG584 Zone 32V (liTlYleasting, UTNInorthing) (55S129mE, 6665 02mN)

becomes
Local Langdalen Grid (gridEast, gridNorth) (0,0)

rotation: Local Langdalen Grid gridNorth is 0 azimuth 325.


Discussion of the Results

The Ertelien Project area is verv resistive, and the noise levels proved to be high
and in places, along certain geologic t;tructures, extremely high. I ligher noise levels in
the vertical component are typical ot very resistive areas. I ocal noisy areas can indicate
some channeling of telluric currents along features in the very -resisnve country rock.
Further discussion ot the noise levels encountered in the project area is presented in
APPendix 111-

The off-loop data frorn Loop 09 at the Ertelia Grid is noisy-to-very-noisy once
the distance to the loop front exceeds 100-300m. The in-loop configuration (Loop 09B)
provides better quality data at considerably reduced stacking levels. The in-loop
configuration has been the choice tor most ut the grids surveyed on this project. Note
that in-loop surveying is less sensitive to small, steeply-dipping conductors

A/S Sulfidmalm - 200e LTENI Survev Oolo - Fstelien Projed - summer - Norway pg 11



CONCLUSIONS AND RECOMMENDATIONS

The results of the survey are summarized and presented as UTEM profiles in
Appendix A. final Grid and Loop Locations are presented in Figures 2 and 3.

Overall the data quality is good - though in places it is noisy. The area surveyed is very
resistive and cultural noise was present on many of the grids. This contributed to the
elevated noise levels seen in the profiles, and is discussed further in Appendix F.

The profiles presented in Appendix A have been reduced with the grids
corrected as well as possible using available information. The location of all survey
points and loop locations were collected using a GPS system. The accuracy of the GPS
system was quite high, however small errors may rernain in loop locations and
station/coil locations. The GPS data for this survey was provided by a new source
(Scandicraft) and was only provided in full UTM coordinates. Note that this means that
the full UTM coordinates provided with this UTEM data set should be used in
preference to the local grid coordinates which have been calculated by the author of this
report. For reference the transformation from UTM to grid coordinates used by the
author are listed above.

Two considerations when planning future summer field work in the area:
It is highly recommended that in this type of surveying - working in brush in
summer on uncut lines - glasses be worn. Note that this may require the use of
prescription safety glasses by some crew members.
Ticks also proved to be a concern and crews should be informed to be watchful
and to use insect repellent. It should be noted that one crew member tested
positive for Lyme disease after the work and received treatment. If further
‘vork is plann.ed in this area the possibility of a vaccine being available should
be investigated. Post-field testing for exposure to Lyme disease is
recommended.

Otherwise, in terms of logistics, the survey ran quite smoothly. The
Falconbridge Ltd. employees were extremely helpful and their hard work is greatly
appreciated.
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Presentation

The results of the survey are summarized and presented as UTEM profiles in Appendix
A. The survey Grids and Loop Locations are presented in Pigures 2 and 3. Overall the data
quality is good - though in places it is noisy. Evidence of conductors and/or conductive
features are evident in the profiles, particularly the profiles near the old mine ‘vorkings.
Although everv effort was taken to shelter the receiver coil, minor wind noise may be evident
in sorne profiles. Note the elevations at a small number of stations were erroneous by -30m.
These have been corrected. A description of the standard plotting formats used and of the
UTEM System is presented in Appendix C.

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

	

continuous norm Chl reduced (blue separator)

	

Hz point normalized Chl reduced (pink separator)

B1-ILITEM3 profiles follow in order of I-lole number. The following plots are presented for a
borehole: 3-axis plot

total field plot

plan vectorplot

grideast-west section vectorplot

Outline of surface nofile types

Hz continuous norm Chl reduced (blue separator)

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

top axis - Ch5-10
middle axis - Ch2-5

bottom axis - Chl
bottom axis - topography - no vertical exaggeration

Hz point normalized Chl reduced (pink separator)

normalization point: Loops 4 and 09B the centre of the loop
normalization point: Loop 09 -250m out from the loop-front centre

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

The data collected entirely outside ot the loop (Loop 09) have been point point
normalized to a the field at a point -250m out from the centre of the loop front. Note
that this field value is intermediate and it  vas chosen because the survey was reformed
both inside-the-loop and off-loop. Normalizing to an intermediate point allows the
interpretation of responses along the entire line. The amplitude of responses close to
(further from) the loop front will be blown up (muted).

UTEM Survey 0616 -A/S Sulfidrnalrn Ertelien, Norway Appendix A pg A 1



All the data collected in-loop (Loops 04 and 09B), have heen norrnalized to a point at
the centre of the loop. This field value is the smallest field value inside the loop and is a
standard field value used for plotting, when surveying from inside the loop.

The disadvantage of point normalization is that small errors in location near the wire
and in current tend to appear as large errors in Clii. If the loop/station locations and
the current are acellrately known then point normalized Clii (in the absence of a ocal
conductor) ‘vill tend to be continuous approaching the ‘yire - unlike the continuously
normalized ChI which, as described above, will dip to zero.

top axis - Ch5-10
middle axis - Ch2-5

bottom axis - Chl
bottom axis - topography - no vertical exaggeration

Outline of Bl IUTEM-3 plot types

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

Both continuously normalized secondary and total field plots are presented for each
borehole surveyed. Note that for reference the primary field is plotted on all
BHUTEM profi'les. 'Itte axes on the 3-axis plot contain:

top axis - Ch5-10
middle axis - Ch2-5

hollom axis - Chl primary field

The axis on the total field plot contains:

axis - Ch1-10 ± primary field

plan and grideast-west section vectorplots

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

Notes on Surve and Presentation lottin details

• An effort has been to keep the scales consistent. The horizontal scale is lcm:100m. l'or
BI-IU1'F.N1 plots it is I cm:20m.

LIENI Survev 0616 -A/S Sulfidmalm Ertelien, Norwav Appendix A pg A2



List of Data Collected and Plotted

Ertelien - summer - 2006
Surface coverage - 3.251 Hertz

Line coverage

Loop 04 line 5600N 1400E - 2000E 600m
ine 5700N 1150E - 2000E 850m
ine 5800N 1150E - 2000E 850m
,ine 5900N 1150E - 1575E 425m

1650E - 2475E 825m
.ine 6000N 1150E - 2475E 1325m
Line 6100N 1150E - 2475E 1325m
Line 6200N 1150E - 2475E 1325m
Line 6300N 1150E - 2475E 1325m
Line 6400N 1150E - 200011 850m
Line 6500N 1150E - 2000E 850m

Langdalen Loop 04 Total 10550m

Langdalen - summer 2006 Total 10.550km

Loop 09 Line 1450N 700E - 1200E 500m
line 150ON 775E - 1200E 425m
line 1650N 700E - 1200E 500m
Line 1700N 700E - 1200E 500m
Line 1750N 725E - 1200E 475m
line 1800N 800E - 1200E 400m
1.ine 1850N 875E - 1200E 325m
I.ine 1900N 950E - 1200E 250m

Ertelia Loop 09 'Fotal 3375m

Loop 0913 lime 165ON 700E - 1175E 475m
Line 1700N 700E - 1175E 475m
Line 1750N 725E - 1175E 450m
line 1800N 850E - 1200E 350m
Line 1850N 900E - 1200E 300m
Line 1900N 800E -1200E 400m

Ertelia Loop 0913Total 2450m

Ertelia - summer 2006 Total 5.825km

Total all Grids 16.375km
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List of Borehole Data Collected and Plotted

Area
Borehole


Name
Survey

Deptg

Dummy
Depth

Loop

Number Frequency

Listed b hole number:




Ertelia FIC006-0113 124m 125m Loop 09 3.251I-lz




124m




Loop 0913 3.2511-1z

Ertelia ER2006-02 206m 208m Loop 09 3.2511-Ii




206m




Loop 0913 3.2511 li

Ertelia E1:2006-03 220m 221m Loop 09 3.2511-Iz




220m




Loop 0913 3.2511 lz

Ertel ia H1:2006-04 220m 221m Loop 09 3.25111z




220m




Loop 0913 3.2511-Iz

Ertelia ER2006-05 236m 239m Loop 09 3.2511-Iz




236m




Loop 0913 3.25111z

Ertelia ER2006-0613 336m 342m Loop 09 3.2511-Iz




336m




I.00p 0913 3.25111z
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0616

SurfaceUTEMProfiles

Langdalen Loop 04

ErteliaLoops 09109B



1
1

1
1

Langdalen

Loop 04

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 04 Line 5600N 1400E- 2000E 600m




Line 5700N 1150E- 2000E 850m




Line 5800N 1150E- 2000E 850m




Line 5900N 1150E- 1575E 425m




1650E- 2475E 825m




Line 6000N 1150E- 2475E 1325m




Line 6100N 1150E- 2475E 1325m




Line 6200N 1150E- 2475E 1325m




Line 6300N 1150E- 2475E 1325m




Line 6400N 1150E- 2000E 850m




Line 6500N 1150E- 2000E 850m




Langdalen Loop 04 Total 10550m

Loop 04 - continuous norm
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Loop 09B
Hz


@3.251Hz frequency

point norm


(x,y,z) = (558300, 6659750, 200 m.a.s.1.)


Chl reduced

Loop 09B Line 1650N 700E - 1175E 475m
Line 1700N 700E - 1175E 475m
Line 1750N 725E - 1175E 450m
Line 1800N 850E - 1200E 350m
Line 1850N 900E - 1200E 300m
Line 1900N 800E - 1200E 400m

Ertelia Loop 09B Total 2450m

Loop 09B- point norm
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Ertelia ER2006-01B 124m 125m Loop 09 3.251Hz
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Loop 09B 3.251Hz

Ertelia ER2006-02 206m 208m Loop 09 3.251Hz




206m




Loop 09B 3.251Hz

Ertelia ER2006-03 220m 221m Loop 09 3.251Hz
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Loop 09B 3.251Hz
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Ertelia ER2006-05 236m 239m Loop 09 3.251Hz
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3-axis plot

total field plot

plan vectorplot - all holes
grideast-west section vectorplot - holes 01B/02
grideast-west section vectorplot - holes 03/04
grideast-west section vectorplot - holes 05/0613
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©3.251 Hz frequency
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ER2006-01B 124m 208m Loop 09B 3.25114z
ER2006-02 206rn 208m Loop 09 B 3.2511-Iz
ER2006-03 220m 221m Loop 09B 3.2511-1z
ER2006-04 220rn 221m Loop 09B 3.251Hz
ER2006-05 236m 239m Loop 09B 3.25114z
ER2006-06B 336m 342m Loop 09B 3.251Hz

ER2006-01B
ER2006-02
ER2006-03
ER2006-04
ER2006-05

ER2006-06B

3-axis plot

total field plot

plan vectorplot - all holes
grideast-west section vectorplot - holes 01B/02
grideast-west section vectorplot - holes 03/04
grideast-west section vectorplot - holes 05/06B
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Appendix B

0616Production Diary

UTEM 3 Surface Survey

Ertelien Grid
Norway

for

A/S Sulfidmalm



Production Log (0616)

UTEM Survey - Ertelien


Norway

A/S Sulfidmalm

Date Rate Production Comments 


up to June 04 Discussions, signing of the contract, assembly of crew
and equipment.

June 05 Mob (equip) Equipment packed up and labelled. Picked up from
Kingston. Shipping address is:
Wilhelmsen Agencies AS
P. Box 14
NO 2061 Gardermoen
Norway

June 11. Mob The LGL crew -Rob Langridge, John Frost, Kevin
Arsenault and Pat Foley - travel from Canada-
>Frankfurt(FRA)->Oslo (OSL).

June 12 - July 07 Crew working on other grids in Norway.

July 04 MoS Borehole equipment packed up and labeled. Picked up
(BI-1equip) from Kingston.

Crew working on other grids in Norway.
Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley

July 05 Mob Borehole equipment in transit.
(131-1equip) Crew working on other grids in Norway.

July 06 Mob Borehole equipment in transit.
(BLIequip) Crew working on other grids in Norway.

July 07 Mob Borehole equipment in transit.
(BI-Iequip) Crew working on other grids in Norway.

July 08 Mob Borehole equipment in transit.
(BLIequip) Crew moves to Tyristrand. Stop at airport to clarify

tickets.

July 09 P(2)-4 Out to the Ertelia Grid to lay out Loops 09 and 09B. Pack
Mob gear into transmitter site.
(BII equip) Crew back in camp —14:30

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:

0.000km

UTEMSurvey 0616 - A/S Sulfidmalm Ertelien, Norway Appendix 13 pg 131



Date

July 10

Rate Production

P(2)-4 1425m
Mob
(BI-1equip)

Comments

Out to the Ertelia Grid. Read three lines in noisy
condi tions with some minor transmitter problems.
Crew back in camp —18:00.
Note: Rx 04 shipped back to Canada at the request of
Falconbridge. BI-1gear collected from airport and
unpacked.

Loop 09
Line 1450N 700E - 1200E Hz Rx05
Line 1500E 775E - 1200E Hz 11x05
Line 1700E 700E - 1200E Hz Rx5/6

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
1.425km

Out to the Ertelia Grid. Repair a loop break and set up
the surface crew - they read without incident.
Set up and dummy BH-ER-2006-04 (221m) and BH-ER-
2006-03 (221m). Read both holes to 220m from Loop 9.
Crew back in camp —17:30.
Note: after supper Kevin Arsenault and Pat Foley travel
to the Norlandia Hotel and stay overnight prior to
flying home. Rx 04 (spare) in transit.

Loop 09
Line 1650E 700E - 1200E Hz Rx05
Line 1750E 725E - 775E Hz Rx05

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:

1.975km

July 11 P(1)-2 550m

PB(1)-2 BH 440m

July 12 PB(1)-2 131-1440m Set up to read BH-ER-2006-04 and BH-ER-2006-03. Loop
9B was repaired and we read both holes to 220m from
Loop 913with the assistance of Nadia Asgeirsdottir.
Crew back in camp —17:00.
Note: Kevin Arsenault and Pat Foley travel to the
Canada and arrive safely. Rx 04 in transit.

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:

1.975km

July 13 PB(1)-2 BH 625m Set up and read BH-ER-2006-02 (206m) from Loop 9B
with the assistance of Nadia Asgeirsdottir while Loop 9
is repaired. Switch to Loop 9 and read ER-2006-02up.
Dummy ER-2006-01B to 125m - it broke through into
old workings just below this. Read ER-2006-01Bto 95m
from Loop 9. At this point we encountered a problem
that turned out to be a low battery in the probe.
Crew back in camp —17:15.
Note: Rx 04 in transit.

Crew:R.Langridge,J.Frost Total to date:

UTEM Survey 0616 - A/S Sulfidmalm Ertelien, Norway Ap[xmclix 13 pg 132



Rate Production Com men ts

I .975km

Date
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Date

July 14

Rate Production Comments

PB(1)-2 BH 491m Set up on BH ER-2006-01Band complete the hole 95-
124m from Loop 9, switch to Loop 95 and read the hole
up. Josh Ulla arrives to help us for the rest of the day.
Move to ER-2006-05. The hole is blocked @)-4mdepth.
We hit it with the dummy and the drillers lend us a hand
with a pair of rods. The debris is dislodged and we start
to dummy - stopping a number of times hit the debris.
We dummy to 239m and then re-dummy to the same
depth. Read ER-2006-05 to 236m from Loop 95 and then
start to read up from Loop 9. At 236m the probe is
stopped. we haul on the cable and it pulls free. We
continue to read and finish the hole
Crew back in camp
Note: Rx 04 arrives in Kingston.

Crew:R.Langridge,J.Frost Total to date:

1.975km

I July 15 P(1)-2 Out to Ertelia to collect the transmitter and coils. Out

	

BES again to Langdalen to lay in Loop 10.
Crew back in camp —15:00.

Crew:R.Langridge,J.Frost Total to date:
1.975km

Out to the Langclalen Grid with with the assistance of
Nadia Asgeirsdottir and Maria Loe Halvorsen. Repair
the loop and start surveying @)11:00.Survey without
incident.
Crew back in camp —17:30.

Loop 04
Line 5600N
Line 5700N
Line 5800N
Line 5900N

Crew:R.Langridge,J.Frost
5.100km

July 17 P(2)-2 3925m Out to the Langdalen Grid with with the assistance of
Finn Hansen and Josh Ulla. Repair the loop and start
surveying @)10:30.Survey \vithout inciden
Crew back in camp —17:30.

Loop 04
Line 6000N 1525E - 2475E Hz Rx06
Line 6100N 1500E - 2475E Hz Rx06
Line 6200N 1500E - 2475E Hz Rx05
Line 6300N 1450E - 2475E Hz Rx05

Crew:R.Langridge,J.Frost




Total to date:




July 16 P(2)-2 3125m
BES

1400E
1150E
1150E
1650E

	

- 2000E Hz Rx05

	

- 2000E Hz Rx05

	

- 2000E Hz Rx06

	

- 2475E Hz Rx06
Total to date:

BES
t.
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Date Rate Production Comments

9.025km
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Date Rate Production Cornrnents

July 18 P(2)-2 3500m Out to the Langdalen Grid with with the assistance of
BES

	
Finn Hansen and Josh Ulla. Survey without incident.

Crew back in camp —15:30.

Loop 04
Line 5900N 1150E - 1575E Hz Rx06
Line 6000N 1150E - 1525E Hz Rx06
Line 6100N 1150E - 1500E Hz Rx06
Line 6200N 1150E - 1500E Hz Rx06
Line 6300N 1150E - 1450E Hz Rx06
Line 6400N 1150E - 2000E Hz Rx05
Line 6500N 1150E - 2000E Hz Rx05

Crew:R.Langridge,J.Frost




Total to date:




12.525km

July 19 PB(1) - 2 BH 672m Set up and dummy BH-ER-2006-06 (342rn) before the
drill is pulled off site. Out to the Langdalen Grid with
with the assistance of Josh Ulla and pick up Loop 04.
Return to Ertelia Grid and set up and read BH-ER-2006-
06 (336m) from loop 09B while Loop 09 is repaired (3
breaks). Then read BH-ER-2006-06 (336m) up with Loop
9.
Crew back in camp —19:15.

Crew:R.Langridge,J.Frost Total to date:
12.525km

July 20 P(2)-2 1400m Out to the Ertelia Grid with with the assistance of Josh
BES Ulla. Survey without incident.

Crew back in camp —17:30.
Loop 09

Line 1750N 775E - 1200E Hz Rx05
Line 1800N 800E - 1200E Hz Rx05
Line 1850N 875E - 1200E Hz Rx06
Line 1900N 950E - 1200E Hz Rx06

Crew:R.Langridge,J.Frost Total to date:

13.925km

July 21 P(2)-2 2450m Packed borehole gear and it was transported to
BES Gardemoen by the client. Out to the Ertelia Grid with


with the assistance of Josh Ulla. Survey without
incident. Pick up some wire.
Crew back in camp —17:30.

Loop 09B
Line 1650N 700E - 1175E Hz Rx05
Line 1700N 700E - 1175E Hz Rx05
Line 1750N 725E - 1175E Hz Rx05
Line 1800N 850E - 1200E Hz Rx06
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Date Rate Production Comments

Line 1850N 900E - 1200E Hz Rx06
Line 1900N 800E - 1200E Hz Rx06

re‘\ R.Langridge,J.Frost Total to date:

16.375km
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Iuly 23

Rate Production Comments 


L(2)-2 Out to the Ertelia Grid with with the assistance of Josh

	

Demob Ulla to pick up the remaining wire. Transfer wire and
(BLIequipment) pack surface gear. Transport to Gardemoen. Help in


the shuffle of field trucks for maintenance. Rob
Langridge to Gardemoen.

Crew:R.Langridge,J.Frost Total to date:
16.375km

	

Demob Crew makes the journey back to Canada.
(all equipment) Equipment (borehole and surface) in transit.


Crew:R.Langridge,J.Frost

Date

July 22

July 24
>July 27

July 28

July 29
>August 07

August 08

Demob
(all equipment)

Demob
(surface equiprnent)

Dernob
(surface equipment)

Equipment (borehole and surface) in transit.

Equipment (borehole) arrives in Kingston.
Equiprnent (surface) in transit.

Equipment (surface) in trans t.

Demob Equipment (surface) arr ves in Kingston.

LEGEND

P(n)-x
PB(n)-x
L(n)-x
S(n)-x
D(n)-x

DB(n)-x
SES
I3ES

Surface Production (# of receivers) - # of personnel
BHUTEM3 Production (# of receivers) - # of personnel
Looping (# of receivers) - # of personnel
Standby (# of receivers) - # of personnel
Down (# of receivers) - # of personnel
Down BHUTEM3 (# of receivers) - # of personnel
Surface Equipment Standby
Borehole Equipment Standby
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The UTEM SYSTEM

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

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

System Wavetorm

The UTENI transmitter passes a low-frequency (4 I-Iz to 90 Hz) current of a
precisely regulated triangular svaveform through the transmitter loop. The
trequency can be set to any value within the operating range of the transmitter,
however, it is usually se( at 31 I lz to minimise power line (60 Hz in North
America) effects. Since a receiver coil responds to the time derivative of the
magnetic field, the UTENI system really "sees- the step response of the ground.
UTEM is the only time domain system which measures the step response of the
ground All other T.D.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 UTEM waveform is tailored to optimize signal-to-noise.
Deconvolution techniques are employed svithin the system to produce an
equivalent to the conceptual "step response” at the receiver.

System Sampling

The LIT111V1receiver measures the time variation of the magnetic field in the

direction of the receiver coil at 10 delay times (channels). UTEN1channels are

spaced in a bMary, geometric progression across each half-cycle of the received
waveform. asannel ID is the earliest channel and it is 21° of the half-cycle
svide. Channel 1, the latest channel, is 1/21 of the half-cycle wide (see Figure
below). The measurements obtained for each of 10 channels are accumulated
over many half-cycles. Each final channel value, as stored, is the average of the
measurements tor that time channel. The number of half-cycles averaged
generally ranges between 2048 (1024 full-cycles - 1K in UTEM jargon) to 32768
(I6K) depending on the level ot ambient noise and the signal strength.
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Channel 1 UTEM Channelsi:

•
Half cycle

4 3 2 Channel 1

•
Full cycle

S stem Confi ,urations

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

BHUTEM surveys employ a receiver coil that is smaller in diameter than the
surface coil. The boreh6le receiver coil forms part of a down-hole receiver
package used to measure the axial (along-borehole) component of the magnetic
field of the transmitter loop. Due to the distance between coil and receiver in
horehole surveys the signal must be transmitted up to the receiver. In
BEILTEM the signal is transmitted to surface digitally using a kevlar-reinforced
fibre-optic cable as a data link. Using a fibre-optic link avoids signal
degradation problems and allows surveying of boreholes to 3000+m. The cable
is also very light - the specitic gravity is nearly 1.0 - making the cable handling
hardware quite portable.

The EM Induction Process
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Any time-varying transmitted (primary") field induces current flow in
conductive regions of the ground below and around the transmiRer loop (i.e. in
tlw earth or "half-space"). This current flow produces a measurable ENI field,
the secondary 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 vhich current can change and is only dependent on the shape and
si/e of a condudive 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 levd is greater, whereas its rate of change is limited by the
inductance of the current path. The time-varying current causes an Emf in the
sensor proportional to the time derivative of the current. This Einf decays with
time - it vanishes when the reversal is con)plete - and the characteristic time of
the Emf decay as measured by the sensor is referred to as the decaytime of the
conductor.

The large-scale current ‘vhich is induced in the half-space by the primary field
produces the half-space response as seen in tvpical UTEN1 profiles. This
backgniund response is influenced by the finite c(;nductivity of the surroundnig
rock. Other currents may be induced in iocMly more conductive tones
(conductors) that have lont;er decay times than thd half-space response. The
responses of these conductors are superimposed upon the background
response. The result is that the CifENI 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 any conductors present.

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

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

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

NORMALIZATION

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

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

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

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

FIELD TYPE

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

UTEM Results as Secondary Fields

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

UTEM Channel 1


One estimate of the primary signal is the value of the latest time chaimel
observed by the UTEN1 System, channel I. When Channel I is subtracted
from the UTEM data the resulting data display is termed Channel 1 Reduced.
This reduction tormula is used in situations s ihere it can be assumed that all
responses from any target bodies have decayed away by the latest time
channel sampled. The Channel I value is then a reasonable estimate of the
primary signal present during Channels

In practice the Channel 1 Reduced form is most useful svhen the secondary
response is very small at the latest delay time. In these cases channel I is
indeed a good ti:stimate of the primary field and using it avoids problems due
to geometric errors or transmitter loop ell rrent/ system sensitivity errors.
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2) Calculated ,rimar field

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

The calculated primary field xviiI be in error if the geometry is in error -
mislocation of the surv-ey stations or the loop vertices - or if the transmitter
loop current /system sensitivity is in error. Mislocation errors from

loop/ station geometry may give rise to very large secondary field errors
depending on the accuracy of the loop and station location method used.
Transmitter loop current/system sensitivity error is rarely greater than
Primary Field Redueed is plotted in situations where a large Channel I
response is observed. In tIns case the assumption that the Channel I value is
a reasonable estimate of the primary field effect is not valid.

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

Mathematical Formulations

In the following expressions:

Rnj is the result plotted for the nth UTENI channel,

is the result plotted for the latest-time channel, channel I,

Chni is the raw component sensor value for the nth channel at station j,
Chi is the raw coinponent sensor value tor channel I at station

HPi is the computed primary field component in the sensor direction

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

Rnj = (Chnj- / HP1 x 100%

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

= (Chlj - HPj) / II IP I x 101r;,

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

Rnj = (Chnj- HPj) / IHP I x 100%

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

control is available (leading to low error in the calculated primary field, HPj)
and ‘vhere very slowly decaying responses result in significant secondary field
eftects remaining in channel I observations.

UTEM Results as a Total Field

In certain cases results are presented as a of the Total Field. This display is
particularly useful, in borehole surveys where the probe may actually pass
through a very good conductor. 1n these cases the shieldiri/g effect of the
conductor will cause the observed (total) field to become very small below the
intersection point. This nullification due to shielding effects i.tn the total field is
much easier to see on a separate Total Tield plot. 1ncases wlwre the amplitude
of the anomalies relative to the priman: tield is sma Il, suggesting the presence
ot poorly conductive bodies, the Total hell plot is less useful.

The data contained in the liTENI reduced data files is in Total
continuously normalized form if:

Rnj = Chnj / IHP I x 100%
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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 tnne (ms)

1 12.11
2 6.053

3 3.027
4 1.513
5 0.757
6 0.378

7 0.189
8 0.095
9 0.047

10 0.024

Plot Symbol

01>X`4N4D\I-

Notes on Standard plotting formats:

10 channel data in Channel I 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
comparison are plotted on the top axis at a reduced scale. The
earliest channels, ch8 to ch10, may not be plotted to avoid clutter.

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

BITUTEM data lotted as total field rofiles: 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 secondary 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 primary field strength (dc)
is plotted as a profile ‘vithout symbols. ln 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

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 chaniwi 1 nonualized plot.

1) Mislocation of the transrnitter loop and/or survey stations
Mislocating the transnlitter loop and /or the survey stations results in an error in the
calculated primary field at the station and appears as an anomalous (Ni value not
correlated to cluni;iel I normalized 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 i error in measurement of the distance froin the limp will result in,
for outside the loop survevs, an error in Ch I of:

near the loop front (long-wire field varies as 1/ r)
at a distance from the loop front (dipolar field varies as 1/ r3)
at intermediate distances (intermediate field varies as -1 /r2)

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

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

2) Magnetostatic UTEM responses
Nlagnetostatic UTEN1 responses arise over rocks which generate magnetic anomalies.
Such magnetic materials will amplify the total (primary secondary) held of the UTEM
transmitter vhich is sensed bv the receiver coil. The secondary fiefd is generated by
subtracting a computed primary which does not include magnetic effects. This can#
give rise to strong and abrupt channel I anomalies ‘vhen the source ot the magnetics is
at surface. Ihis is the case in a number of places on these grids. UTIIN1 magnetostatic
anomalies difter from DC magnetic anomalies in the following three major ways:

In the case of DC magnetics the field is dipping N and is very uniform over the
scale of the survey area while the UTEM field inside the loop is vertical and it is
stronger near the: loop edges.
Most aeromagnetics are collected as total field \vhile with UTENI ‘ye measure a
given (in this case generally z,x) component.
DC magnetic instruments observe the total magnetization of the causative body
which is due to its susceptibility as well as any remnant magnetization. An AC
method such as UTEM will not respond to the remnant portion of the
magnetization.

The larger amplitude of the UTEN1 Chl response is explained by the fact that the UTEM
primary field is often more favourably coupled (magnetostatically speaking) to
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rnagnetic mineralization as compared to the earths field. Another factor could be the
presence of a reverse remnant cornponent 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 I nonnalized
plot.
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Appendix E

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

powerline.

Note

While this Appendix uses data collected in the presence of a 60Hz


powerline the issue dealt with applies equally to UTEM data

collected in the presence of a 50Hz powerline.

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

presentation - with C1i2and Ch3 on the middle axis - is sometimes chosen when a powerline cuts


through the surveyed area. This Appendix is a brief discussion of why the alternative presentation is

chosen.
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Note on 4 I It UTEM data:The effect of the  presence of a 60-cyclepowerline.

This appendix outlines and discusses the effect of the presence of a 60-cycle
powerline on -41-1z(3.872Hz) UTEN1data. This Iine is trom a series of loops ‘vith a
powerline cutting across the survey area. The UTEM data is affected by the presence of
the powerline.

example data:

Figure EI(a) is the example data as presented in Appendix A - an alternative
presentation with Ch2 and Ch3 on the middle axis. The standard presentation is shown
in Figure (b) - vith Ch2-5 plotted on the middle axis. The alternative presentation

was chosen for a series of loops (including this loop)  vith a powerline cutting through
the surveyed area. Figure El(c) shows why - Ch4 and Ch5 show a pattern where when
one is up the other is down and vice versa. The amplitude of the pattern decreases with
distance awav (rom the powerline. It ‘vas felt that this pattern obscured the
information in Ch2 and 3 and the alternative presentation was chosen.

explanation:

Figure II2a) shows the UTEN1waveform at -411z with a 6011z wavetorm superimposed
on it. Roughly 1 cycles of the 60-cycle Nvaveforin fit into the full UTEM svaveform. On

channel-by-channel basis:
-4 cycles tit into Ch
-2 cycles fit into Ch2
-1 cycle fits into Ch3.

The multiple cycles tend to cancel out. Earlier channels are narrower - only part of a
cycle wide. In particular Ch4 is -half a cycle wide and Ch5 falls in the opposite
halfcycle. The result is the pattern shoWn in Figure 1(c): Ch4 and C115tending to
diverge from one another - more stronglv near the powerline.

other presentations:

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

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

Eigure 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 ‘vidth to the original Ch3). The
Ch"4" is as clean as the original C1i3. Note that Ch10 is added in twice to
make the 2x factor exact. The original Ch5-10 are shown on the upper
axis.
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Discussion:

Several elements of UTENI survey design and procedure tyill have an affect on the
number of useful channels in the final data set. Diese Nvould 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 potverline. This allows additional stacking to be done (at fewer stations) tvithout
much of an increase in surveying time.

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

lowertno the fre uencv: each tactor of Bvo 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 readi nos each reading starts at a different (random) point on the 60-
cycle waveform. "Ilhesum of several readings tvill tend to better average out any
affect.

alternative channel sarn lin t: Figure E2b) shows the standard UTEM 3 Boxcar channel
sampling. An alternative - tapered channel sampling - is available (and often used)
with UTEN44. In this case if tapered sampling had been available it would likely have
been used. The result would have been:

- a slightly noisier C1i3

- a considerably improved Ch4


- an inproved Ch5
The choice ot which sampling to use on a 15FEItt4 survey depends on tbe trequency
of the survey, the proximity and the frequency of local potverline and the type of

decav seen.-
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Figure E1(a)
Original 4Hz data: alternative format

Figure Ela
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Figure E1(b)
Original 4Hz data: standard format
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Figure E1(c)
Original 4Hz data: Ch415detail
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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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Discussion of noise issue in very resistive terrains

From the standpoint of data collection during a UTENI survey tlwre are a number of
different sources of "noisen - natural, cultural, coil nlotion, instrumental and geological. For
the purpose of this discussion the following distinction is made:

- -truen noise - results in poor repeatability and is due to:
a noise field composed of: power line fields, sferic fields due to thunderstorm activity
world \vide, other natural ENI sources (micropulsations, etc), or
coil motion due to the effect of ‘vind either: moving the the coil directly, causing
nlovenlent in the ground near trees or undulating the ice surface of a large frozen lake.

In the case of poor repeatability increased stacking time will improve things.

geological noise - in resistive areas protiles show scatter but features are repeatable. The
scatter in the data is due to short-wavelength geological responses which are spatially
undersampled. In this case increased stacking time will not improve things. Repeat
readings that are in agreement, however, serve to confirm that the scatter represents
geological noise.
Note that if the features are of interest a tiner station spacing may resolve them.

So repeated readings should tell whether noisy-looking data is due to poor repeatability or
short-wavelength geological responses.

UTEM surveys carried out al the Ertelien l'roject area iii early 2006 and on projects in
northern Norway in late 2005 ‘vere carried out over very resistive terrai 11 and ran into very
noisy conditions. The tollowing is a discussion of the noise issue as it affects these surveys and
the strategies/changes that have been employed/ made to combat it.

Overall the high noise issue as it affects UTENI surveys carried out over very resistive
terrain - including the 2006 Ertelien Project UTEM survey and the 2005 northern Norway
survevs - can be resolved into three factors:

surveying in/over verv resistive terrain

the nature of the target(?) conductor(s) in very resistive terrain

the combination of the response of a powerhne and the noise associated with a
powerline

A look at each of these factors tollows. Note that there is some overlap between the three
factors.

Survevin in over ver resistive terrain

When conductive overburden or a typically conductive country rock is present very
little of the natural sferic field penetrates to the geological conductors. Ilie noise held at the
earth's surface is —horizontally-polarized. In terms of how this affects a typical UTENAsurvey

means that:

‘vhen measuring Hz - the vertical component and the component most often
nleasured - noise levels are typically lower and stacking times are chosen to allow
accurate measurement of the smalWr secondary held in the presence of the (typically)
stronger primary field.

\vhen measuring Hx/Ely - horizontal components - noise levels are typically higher
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and stacking times are chosen to allow accurate measurement of the small secondary
field in the presence of higher noise levels. In relatively flat terrain the horizontal
component of the primary field is typically weak.

Over very resistive terrain the noise field becomes somewhat less horizontally-
polarized. A significant component of the noise field penetrates to the geological conductors.
The result is a tilted noise field - more noise is in the vertical component.

In addition over very resistive terrain there is an increase in geological noise due to
induced current channeling in discrete faults and overburden channels. The vertical noise field
in particular is amplified by current channeling anomalies.

Result: stacking times for Hz measurements must be increased to allow accurate
measurement of the secondary field in the presence of higher noise levels. Increased
stacking time will not affect sCatter in the data that represents geological noise.
Repeat readings will serve to confirm if the scatter represents geological noise.

The nature of the target ? conductor s in ver resistive terrain

The presence of a good, consistent conductive feature \ vi1lmake UTEM data look very
clean - secondary currents flow in a "well organized" fashion and give a good response. A
larger response forces the use of a coarser plotting scale - visually "suppressing" noise even
further.

In very resistive areas there is little or no background response present. If there are no
local features of appreciable size present to give rise to a response then virtually all you see on
a profile is a combination of "true" noise and geological noise. In this instance plotting scales
are often blown up in an attempt to reveal whether subtle responses are present - and noise is
visually "amplified".

Wealdy-conductive features - especially those that are broken up and vary in
character/orientation along strike - produce geological noise on a profile. In very resistive
terrain even very weakly-conductive features will channel current. The overall result can be
line-to-line variable, "scattered" responses that give the profiles the appearance of an increase
in noise nt general. These weakly-conductive variable features also affect the noise field. The
vertical noise field in particular isdamplified by current channeling anomalies in very resistive
terrain.

Very long geological conductors tilt the natural (for our purposes noise) field in their
vicinity giving rise to cross-oyer tilt angle anomalies - more noise in the vertical component.
Since the natural fields are very large scale and the conductors very long the response of very
long geological conductors is much greater in proportion than what the UTEM data would
lead us to believe.
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The net affect on an off-loop UTENI survey appears in one of two fashions:

- locally high noise levels at one or more stations near the "geologically-noisy" feature.

Result: stacking times for Hz measurements must be increased at the noisy stations
to allow accurate measurement of the secondary field but stacking times can
be reduced again once the noisv section is passed. It there is an indication
that the noise is geological then repeat readings should be taken.

- Ingh noise levels that start abruptly at the "geologicallv noisy" feature and persist
bevond it.

Result: stacking times for Hz measurements must be increased abruptly at the
"geologically noisy" feature and increased stacking must be continued at all
stations hevond (further from the loop). 1f there is an indication that the
noise is geological then repeat readings should be taken.

Note that in the field it may take a while for an operator to determine the correct procedure
to follosv. Abruptly increasing the stacking time and doing repeat readings can add
significantly to the survey time. For reference at 3.25111z approximate reading times are as
follows for-single readings and to cover 100m (4 stations):

single

512 stack -2min 50secs
1K stack -5min 40secs
2K stack -11min lOsecs
4K stack -22min 20secs
SK stack -44min 40secs

100m (t125m

-11min 20secs
-22min 30secs
-44min 50sees
-89mi n 25sees

-178min 40secs

As an example increasing from a 512 stack to a 1K stack and doing a repeat reading will take
the stacking time from -2min 50secs (-11min 20secs/ 100m) to —11min 20secs (-44min
50sees/ 100m). Note also that to the operator in the field abruptly noisy data looks very much
like an instrument problem. 1n checking for Mstrumental problems some additional delay
svill oceur.

"Lhe combination of the res ionse of a owerline and the lowerline noise

A typical LIINI survey is affected by the presence ot a powerline in two ways:

- There svill be a response due to the powerline. Uke response svill be coincident with
the powerline and can serve to mask other conductive teatures. "Fhe nature ot a
powerline response varies depending on the powerline's: characteristics, location
syith-respect-to the transmitter loop and geological setting. Note that in resistive
terrain power line return currents are concentrated in long geological conductors

rather than being dispersed throughout the conductive earth.
The option of "stripping" the powerline response exists - this can reveal the presence
of any masked conductive features. Data used in "stripping" the response is typically
colleted on a more detailed traverse across the powerline.
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Result: surveying time will be increased somewhat because of the increased stacking
required to collect data accurate enough to allow "stripping" to reveal any
masked features. In some cases a few additional stations will be surveved.

There will be ENI noise present due to any operating powerline. Noise levels increase
as the powerline is approached. Iknver iine noise normally is strongest on the
vertical component near a power line and becomes more horizontal at a distance
because of induction in the earth. This rotation towards the horizontal occurs much
farther awav from the power line in resistive terrain than in a conductive area. In
verv resisti \.7leterrain powerline noise in the vertical component will persist to
coMsiderably distance.
l'or some powerlines the noise levels will be high enough to force the data to be
collected at a lowered signal gain. For inany larger powerlines noise levels very
close to the powerline are high enough thaEdata cannot be collected at all.

Result: surveving time will be increased because of the increased stacking required
to ovH-come the Ingher noise levels. Some coverage in the immediate
vicinity of the powerline may be missed due to very high noise levels.

Strategies/ chan ,es that have been emplo •ed made to combat the noise issue

In order to overcome the noise a number of strategies/changes have been
employed/made:

- stacking increased
improves data quality ‘vhen dealing with "true" noise but @)3.251Hz readings can
become quite long

- readings repeated where there are indications that the noise is geological
repeat readings that are in agreement serve to confirm that scatter in the data
represents geological noise.

- increased station spacing at some chosen distance from the loop front
a trade off between improved data quality and station sampling when readings

3.2511-1z become quite Iong - see above:

higher pre-whitening levels used \vhere possible
improves noise rejection but the UTEM 3 transmitter is required to run dose to the
rise-time limit - transmitter operation can be finicky at this levH, especially if there
are powerlines in the vicinity.

the use of heavier gauge wire
larger wire = allows higher current improves signal-to-noise ratio
Improved signal-to-noise ratio means that less stacking is required for the same
level of data qualitx.

- ‘Yhere possible a switch to in-loop surveying
in-loop considerably stronger applied field = improved signal-to-noise ratio Note:
in-loop surveying is less sensitive to small, steeply-dipping conductors.
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