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INTRODUCT1ON

During the period of Mav 17th 2005 through Mav 23th 2005 a UTEM/BI IUTI:M-3
survey wws carried out bv I.amontagne Geophysics LiMited personnel for ,A/S
Sulfidmalm n the area of I:spedalen, Norway (Figure 1). This survev continues on
from 2003/2004/2005 UTEM 3 survevs. The-location of the propertv is shown in
Figures I and 2. The survev was carried out to locate/detail conductors in the Stormyra
area (Loop 20a) with the intention of outlining targets for future work and for drilling.

A total of 12 hoDs were surveved with BI1UTEM-3 from one transmitter loop -
Loop 20a - a slight modification of L6op 20. All 12 hoDs were drilled in 2005. 1n
addition a short surface survev was carried out (400m total) to detail a feature in the
vicinitv of line 1220011-3300N using the BL1probe as a coil. For all work - both surface
and B1-IUTEM-3 - the receiver operated in 10-channel mode at a transmitter frequency
of 3.251117.

This report documents the BkILTEM survev in terms of logistics, survev
parameters and field personnel. Appendix A conbins the data presented in Hfile
form. Other appendices contain:

List of Personnel/Production Diarv (Appendix B)
an outline of the UTEM Svstem (Appendix C)
Note on sources of anomalous Ch I (Appendix D)
Note on 411z UTEM Data (Appendix E)
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SURylly 1ÆSIGN:

This UTENI survev is part of a nickel exploration program in the Espedalen area.
I listoricallv mining of Nli-bearing massive sulfide deposits has heen carried out in the
area. -Flut LITEM survev was planned and carried out to outline and allow hetter
definition of known conductors, to detect/outline new conduelors and to deteet/outline
deeper features and depth continuations of known features.

Ukegrid and loop lavout was designed by A/S Sulfidmalm/Falconbridge Ltd.
personnel to allow efficient-coverage of the area. Loop size and locations \vere selected
to provide good ci)upling with the expected targets and to allow effietent coverage of
the grid area. "lhe base freouency was lowered from the international standard —2614z
to 3.25 II lz to elitninate the response of manv "moderate- conductors - these responses
\vill have decaved awav by Chl time. Anv remaining Chl responses are then
considered to be represenfative of conductors of an appreciahly higher conductivitv.

The survev parameters employed:

- variahle transmitter loop size - to fit the area to be covered and the relief
1.18mm —17-gauge copper wire) doubled in places for increased

current - more signal requires shorter stacking times and /or hetter qualitv data
1311UTENI-3coverage of selected boreholes Q115m,4/2/1m in zones of interest
outside-theloop coverage vith 1 receiver and the BlIUTEM probe as 0 coil
station interval of 25m.

- I lz (vertical component measurements)
10-channel data at a frequencv of 3.251Hz

- minimum 256 stacking (512 half-cycles) increased where noise levels dictate

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

the presence of conductive mineralization
the presence of a magnetic anomalv
poor geometric control - either stat'ion location or loop location

These are outlined in more detail in Appendix 1./ From an interpretation standpoint
magnetic anomalies and geometric control should be considered and evaluated as a
mandatorv part of 0ny interpretation. From a field standpoint precise geometric
control should be part of anv UTEM survev where torget is non-decaving. l'oor

geometric control has the pOtential to both mask and invent Chl conductors.

For this survev GPS data was collected by the elient and made availahle for use in
reducing the UTEM data. GPS data was collech;d for all survev points and at intervals
around all transmitter loops. GPS data collection for UTEM reduction should be most
detailed along loop fronts - the most important portion of the loop from a UTILM
reduction perspective. The goal along the loop front - and loop sides/hack - is to
recover the topographic shape of the loop as well as the loop/line intersection points.
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SURVEY LOGISTICS

A Lamontagne Geophysics crew mobilized from Helsinki and arrived in Oslo on
Mav 5th. The crew met clienbrepresentative Hnn Hansen the following nlorning and
picked up a vehicle and the equipment. Uke crew and Enn Hansen then drove to the
base of operations for the Espedalen survev - Strand Fjellstue (Eigure 1 - www.strand-
fjellstue.no). A stop was made enroute to purchase groceries for the survev. 'Ibe
survey began the following morning.

The transmitter loop - Loop 20a, a slight nlodification of Loop 20 - had been laid
out bv Ealconbridge personnel prior to their decamprnent. The loop WdS g ood and
surveving commenced after the equipment \vas shuttled into the field. "Hle equipment
performed well a id Einn I lansen was informed he would not be required for the
remainder of the survev.

Access to the grid was road and then bv snowmobile along a series of pre-
existing trails used bv skiers/hikers etc. to access the area. Worries about snow
conditions led to the crew getting up earlv (04:00) and working longer davs than
normal. As the holes had recently been g.yroed we decided not to dumm.v all the holes
- just the ones where bad ground had been reported by the drillers. Dummving is
stronglv recommended but in this case we felt we could pass on it. We logg.ed all holes
going down-hole and lowered the probe very carefully.

The snow conditions held and the surveving was completed on Mav 10th -
including a short section of surface work carried out using the 131IUTEM probe as a coil
(no UTEM3 coil was available). The loop was collected on Mav th and the equipment
was packed and labeled. The crew demobilized to Oslo the f011owing morning
(departure 03:00) and rendezvoused with Einn Hansen at Gardermoen. The equipment
was delivered and the crew departed Norway.

The survev equipment consisted of the requisite BHUTEM-3 equipment and one
UTEM 3 transmifter as well as all necessary aceessories, support equipment and backup
equipment. Data was reduced on a field computer (Macintosh) and UTEM profiles and
digital data were made available/emailed to the client's personnel on a dally basis. The
weather conditions were generallv good for surveying - cool nights and warm days.
The snow conditions were generallv good - helped by a couple of fresh snowfalls.

- 2005 111-1UTEN13 Survey 0511-2 - Espeddlen - Norway pe, 7



SURVEY RESULTS

The results of the survey are surnmarized and presented as UTEM profiles in
Appendix A. The final grid and Loop Locations are presented in Figures 2. Overall the
data quality is good.

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

Hz continuous norrn Chl reduced (blue separator)
Hz point normalized Clii reduced (pink separator)

131-IUTEM3profiles follow in order of Hole number . The following plots are presented
for a borehole:

3-axis plot
total field plot
plan vectorplot

gridnorth-south section vectorplot

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

Outline of surface rofile es

Hz continuous norm Chl reduced (blue separator)

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

top axis - Ch5-10
rniddle axis - Ch2-5

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

Hz point normalized Chi reduced (pink separator)

normalization point: all data-300m out from the loop-front centre
Point normalized data is useful for interpretation purposes. Anornaly shape is
preserved as is the amplitude if the normalization point is local to th:2 anomaly.
All data has been point normalized to the field at a point out from the

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

A/5 Sulfidmalm - 2005BEILITEM3 Survev 0511-2- Espedalen Norway pg 8



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 continuouslv normalized Chl which, as described above, will
dip to zero.

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

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

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

top axis - Ch4-10
middle axis - Ch2-3

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

Outline of BHUTEM-3 lot es

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

Both continuously normalized secondary and total field plots are presented for
each borehole surveved. Note that for reference the primary field is plotted on
all BHUTEM profile;,t The axes on the 3-axis plot contain:

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

bottom axis Chl + primary field

The axis on the total field plot contains:

axis - Ch1-10 + primary field

plan and gridnorth-south section vectorplots

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

A/S Sulfidmalm - 2005 BHUTEM 3 Survey 0511-2 - Espedalen - Norway pg 9
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Presentation

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

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

	

Hz continuous norm Chl reduced (blue separator)

	

Hz point norrnalized Chl reduced (pink separator)

B1-IUTEM3 profiles follow irt order of Hole number by area The follow ng plots are
presented for a borehole: 3-axis plot

total field plot

plan vectorplot


gridnorth-south section vectorplot

Outline of surface rofile es

Hz continuous norm Chl reduced (blue separator)
Continuous normalization is useful for detection of the presence anomalies at any
position on a profile. The anornalv shape is distorted bv the norrnalization to the' local
field. As the field gets very big nb/ar the wire the continuously normalized Ch1 tends
towards zero.

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

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

Hz point normalized Chl reduced (pink separator)

normalization point: all data —300m out from the loop-front centre
Point normalized data is useful for interpretation of responses. Anomalv shape is
preserved as is the amplitude if the normalization point is local to the anomalv.
All data has been point normalized to the field at a point —300m out from the centre of
the loop front. Note that this field value is intermediate and it was chosen because the
survey was roughly half inside-the-loop and half off-loop. Normalizing to an
intermediate point allows the interpretation of responses along the entire line. The
amplitude of responses close to (further from) the loop front will be blown up (muted).
Note: Typically the normalization point for off-loop profiles is 4-500m out from the
centre of the lc;op 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 accura tely known then point normalized Chl (in the absence of a local

B1-111TENI3 Survey 0511-2 -A/S Sulfidmalm Espedalen, Norway Appendix A pg A1



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

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

top axis - Ch4-10
middle axis - Ch2-.3

bottom axis - Chl
bottom axis - topogmphy - no vertical exaggerafion

Outline of BEIUTEM-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 surveved. Note that for reference the primary field is plotted on all
BHUTILNI proffles. The axes on the 3-axis plot contain:

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

bottom axis - Clii + primarv field

The axis on the total field plot contains:

axis - Ch1-10 + primary field

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

Notes on Surve and Presentation/ lottin details

• An effort has been to keep the scales consistent Uhe horizontal scale is lcm:10Orn For
BHUTEN4 plots it is 1cm:10m.
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List of Data Collected and Plotted

Espedalen 2005Grid
Surface coverage - @3.251 Hertz

Line coverage

Loop 20a Line 12150E 3225N - 3425N 200m
Line 12250E 3225N - 3425N 200m

Espedalen Loop 20a Total 400m

BHUTEM 3 Survey 0511-2 -A/S Sulfidmalm Espedalen, Norway Appendix A pg A3
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List of Borehole Data Collected and Plotted

Area
Borehole


Name
Survey

Depth

Du mmv
Depth

I.00p

Number Frequencv

b hole number:





Stormyra: 132005-19 172m




Imop 20a 3.2511Iz




132005-22 75m 78m 1.00p 20a 3.25111z




132005-23 60m




1x)op 20a 3.2511-1z




132005-24 132m




Inop 20a 3.25111z




[52005-25 135m




.00p 20a 3.2511 Iz




132005-26 128m




I.()op 204 3.2511-Iz




132005-27 130m




Loop 20a 3.25111z




132005-28 104to




Inop 20a 3.2511-iz




132005-29 84m




Loop 20a 3.2511Iz




132005-30




blocked Loop 20a 3.2511-1z




132005-31 130m




Loop 20a 3.2511-1z




132005-32 152m




Loop 20a 3.2511-1z




132005-33 125m




Loop 20a 3.2511-1z
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Espedalen

Loop 20a

Hz

@3.251Hz frequencv

continuous norm


Chl reduced

Loop 20a Line 12150E 3225N - 3425N 200m
Line 12250E 3225N - 3425N 200m

Espedalen Loop 20a Total 400m

Loop 20a - continuous norm
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Espedalen

Loop 20a
Hz

03.251 Hz frequency


pointnorm

(x,y,z) = (11950E,3100N,975 m.a.s.1.)


Chl reduced

Loop 20a Line 12150E 3225N - 3425N 200m
Line 12250E 3225N - 34251'! 200m

Espedalen Loop 20a Total 400m

Loop20a- point norm
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LP20a (Note: all holes are ES2005- series)
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Appendix B
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Production Log (0511-2)

BHUTEM 3 Survey - Espedalen


Norway

A/S Sulfidmalm

Date Rate Production Comments 


up to April 28 Iiiscussions, signing of the contract, assemblv of crew
and equipment. Falconbridge personnel in Espedalen
lav out wire for Loop 20a.

April 29 Mob (equip) kuipment packed up and labelled. l'icked up trom
Kingston. Shipping address is:
Vusen Air & Sea Services (Canada) Inc. 905.458.9622
261 Parkhurst Square, Brampton, ON, 1,6T 5115

and then Wilhelmsen Agencies AS
Gardermoen Postboks 14
Gardermoveien 209
No-2061 Gardermoen Norwav attniisbeth W.Kjoenstad

April 30-Mav 3 Mob (equi p) Equipment in transit to Oslo. Some problems occur.

May 04 Mob The LGL crew -Rob Langridge and Tom de Kok complete
work on a job in Finland. Thev standbv in I lelsinki for
word on vhen the shipment will be av-,6Iable in Oslo.
13vmid-day it is clear that the equipment \vill arrive in
Oslo during the night of Mav4-5 but that because
Noweigian customs will be closed on May 5 (Ascension
Dav) thev will not be able to colled the g-ear till Fridav
mrning'(Mav 6). Thev book travel to Oslo on Mav 5.

Mav 05 Mob The TGL crew -Rob Lingridge and Tom de Kok - travel
from Helsinki (HEL)-->Oslo (OSL). lbev contact Einn

I lansen and discuss the arrangements f"orthe survev.

N1av Ob Nlob Nleet with Finn Hansen and obtain the custorns
paperwork and retrieve the Falconbridge vehicle from
the airport carpark. .1-hecrew and equipment is then
collected and transported to lillehammer (Itinch and
shopping) and then on to Espedalen (arrive —15:30local
time). linpack gear and prepare for survev. Gas UP the
truck and get fuel for the generator. Set-up for
survevMg.

May 07 PBCI)-2 I311135m Out to Loop 20a. Set up and read two boreholes -
Ull 128m E52005-25 and -26.

Back in camp —19:00.
Crew: R.Langridge, T.de Kok

10 ILTHNI 3 Survey 051 - AiS Sulfidmalni Espedalen, Norwa ppendix 13 pg B



te

May 08

Rate Production Comments 


PB(1)-2 1311130m Up at 05:00. Out to Loop 20a. Set up and read three

	

1311104m boreholes - ES2005-27, -28 and -29.

	

1311 84m Back in camp —15:00.
Crew: R.Langridge, T.de Kok

Up at 04:00. Out to Loop 20a. Set up and read four
boreholes - ES2005-31, -24, -32 and -19.

Back in camp —17:00.
Crew: R.Langridge, T.de Kok

Mav 10 1.25P13W-2 400m Up at 04:00. Out to Loop 20a. Set up and read three

	

13EI125m boreholes - E52005-33, -22 and -23. Then read two 200m

	

1311 75m detail Iines using a handheld GPS and the 1311prohe as a

	

1311 oom surface coil at the request of Tonv Watts. Packed up
most of the gear and headed hOme to process the data.
Back in camp —17:00.

Loop 20a
Line 12150E 3225N - 3425N Hz Rxll
Line 12800E 3225N - 3425N Hz Rxll

Crew: R.Langridge, T.de Kok

May 11 L(2)-2 Up at 05:00. Out to pick up the loop and retrieve the
generator. Packed gear for transport to lardemoen in
the morning. Arranged flights and backed up data.

Crew: R.Langridge, T.de Kbk

May 12 demob Up at 03:00. Gear and crew to Gardemoen. Met with
Einn 1-lansen. Arranged for shipping of gear back to
Canada. Gear shipped and crew flys home.

May 13 equipment Equipment in transit.
->May 17

NIav 18 Lquipment picked up and transported to Kingston.

LECEND

	

P(n)-x Surface Production (# of receivers) - # of personnel

	

113(n)-x 131IUTEM3 Production (# of receivers) - # of personnel

	

1,(n)-x Looping (# of receivers) - # of personnel

	

S(n)-x Standby (# of receivers) - # of personnel

	

D(n)-x Down (# of receivers) - # of personnel

	

DI3(n)-x Down BILUTEM3 (# of receivers) - # of personnel

13111.11.1iM3 Survey 0511-2 - A/S SuIfidmalm Espedalen, 1\101-wa Nppendix B pg 132
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The UTEM SYSTEM

U1EN1 uses a large, fixed, horizontal transmitter loop as its source. Loops range
in size trom 300m x 300m up to as large as 4km 4km. Smaller loops are
generally used over conduelive terrain or for shallow sounding ‘vork. The
larger loops are only used over resistive terrain. The LITEM receiver is typicallv
syncronized with the transmitter at the beginning of a survey dav and operate's
rbmotely after that point. The elocks emploved - one in each 'of the receiver
and transmitter - are sufficiently aceurate to maintain synehronisation.

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.
Lines are typically surveyed out Irom the edge of the loop but may also be read
across the loop \vire and through the centre ol the loop, a configuration used
mainly to deteet horizontal eunductors. Ull LIlNI - the borehole version of

-surveys have been carried out to depths up to 30001 metres.

System Waveform

The LiTTNI transmitter passes a low-frequenev I li to 9() I ly) current of a
precisely reguldted tridngular wavelorrn through the trtnimunter loop. The
trequencv can be set to any value tvithin the operating range ot the transmitter,
however, it is usually set at 31 Ili. to minimise power line (60 1Ez in Islorth
America) effects. binee a receiver eoil responds to the time derivative of the
magnetic OcH, the LITEN1 system really "sees“ the step response of the ground.
LITEN1 is the only time domain system vhicIi measures Hie step response ot the
growid. All other systems to date transmit a modified step current
and "see" the timipulse response ot tlie ground at the receiver. In practice, the
transmitted waveform is tailored to optimize signal-to-noise.
Deeonvolution teehniques are emploved within the system to produce an
equivalent to the eoneeptual "step response" at the reeebier.

System Sampling

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

direetion ol the reeeiver coil at delay times (ehannels). LI INI channels are

sNiced in a binary, geometric progression across each half-cycle of the received
waveform. Channel 10 is the earliest channel and it is 1/210 of the half-cycle
vide. Channel 1, the latest channel, is 1/21 of the half-eyele wide (see Figure

belotv). The measurements obtained for each of 10 channels are accumulated
over many half-cveles. Each final ehannel value, as stored, is the average of the
measurements for that time ehannel. number of half-cycles averaged
generallv ranges between 204S t1(12-1full-cveles - IK in LITENI Hrgon) to 327öS
(16K) depending on the level of ambient noise and the signal strength.

Appendi C - 11w LI EN1 System pg Cl



4 3

876 5

2 Channel 1 UTEM Channels

24 3
Half cycle 


Channel 1

•
Full cycle

S stem Confi ,urations

For surface ‘vork the receiver coil is mounted on a portable tripod and
oriented. During a surface UTENI survey the vertical component of the
magnetic field (1-1z)of the transmitter loop is always measured. Horizontal in-
line (Ilx) and cross-line (hly) components are also measured if more detailed
information is required. The UTIINI System is also capable of measuring the
two horizontal components of tIle Hectric 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  vhich the magnetic field
is not verv sensitive.

BkILITEN1surveys employ 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 the nugnetic
field of the transmitter loop. Due to the distance between coil and receiver in
borehole surveys the signal must be transmitted up to the receiver. In
131-1UTEN1the signal is transmitted to surface digitally using a kevlar-reinforced
fibre-optic cable as a data link. Using a fibreloptic link avoids signal
degradation problems and allows surveving of boreholes to 30004-m. Tlw cable
is also very light - the specific gravity is nearly 1.0 - making the cable handling
hardware quite portable.

The ENitInduction Process

Appendix C -1"he UTENI System pg C2



Anv time-varving transmitted ("primaryl field induces current flow in
conductive reions of the ground below add around the transmitter loop (i.e. in
the earth or -halt-space"). I hh-; current flow produces a measurable FAI tield,
the secondarv hel d, 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 onlv dependent on the shape and
size ot a cond uctive path.

It takes a certain amount of time for the transmitted current flow to be
redirected (reversed) and reetablished to hill 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, \ vhereas its Nite of change is bv the
inductance ol the current path. The time-varying current causes an Emt in the
sensor proportional to the time derivative of the current. This Ilmf decays with
time - it vanishes \vhen the reversal is complete - and the characteristic time of
the Emildecay as measured by the sensor is referred to as the decay time of the
conductor.

The large-scale current \\*Iich is induced in the half-space by the primary tield
produces the half-space response a seen in typical LITNI proliles. This
background response is iniluenced by the finite cdnductivity of the surrounding
rock. Other currents may be induced in local Iv mor-e conductive zones
(conductors) that have longer decay times than the half-space response. •Ilhe
responses of these conductors are superimposed upon the background
response. result is that the UTENI receiver detects:

- the primary field kvavelorm„isquare-wave

- the halt-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 tield vaveform is
substantially (and anomalouslv) distorted.

ppenein C- I he Sestern pg C3
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UTEM DATA REDUCTION and PLOTTING CONVENTIONS

The liTLI I 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 reeeive-r
is expressed as d'; of the calculated primarv magnetic field vector magnitude at
the station. These are total field values - the LITENI 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 transtormed to other formats als required. .1.he following is provided as
a description of the various plotting formats used for the display of data.
A plotting format is defined by the choice ot the normali:ati[m and fiehi type
parameters selected tor displav.

NORMALIZATION

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

In continuously normalized form the normalizing factor (the denominator) is
the magnitude of the computed local primary field vector. As the primary
exciting tield magnitude diminishes kvith increasing distance from the
transmitter loop the response is continuously amplified as a funetion of offset
trom the loop. Although this type of normalization considerably distorts the
response shape, it permits anomalios to be easily identified at a ‘vide 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  yhich 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; by "normalizing at some depth" the size ot
the normalizing lield, near the loop ti particular, is reduced and the resulting
profile can be inore eflectivelv interpreted to a very close distance from the
transmitter wire. ifhe usual clUoice tor 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 fbrm, the point of normalization is displayed in the title block
ot the plot. Point normalized profiles show the non-distorted shape of the field
profiles. linfortunately, the very large range in magnitude ot anomalies both
near and far from the loop means that small anornalies, particularly those far
from the loop, may be overlooked on this type of plot in favor ot presenting
larger amplitude anomalies.
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Note: Selecting the correct plot scales is critical to the recognition of conductors
over the entire length of a point normalized profile. Point normalized data is
often used for interpretation where an analysis of the shape of a specific
anomalv is required. Point normalized protiles are therefore plotted selectivelv
as required during interpretation. An exception to this procedure occurs where
surface data has been collected entirely inside a transmitter loop. The primarv
field does not varv greatly inside the loop, theretore, the benefits of continuous
normalization are not required in the display of such results. In these cases data
is often point normalized to a fixed point ne:ar the loop centre.

FlU.1) TYPE

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

UTEM Results as Secondary Fields

13ecause the 12TENI system measures during the transmitter on-time the
determination of the secondary field requires that an estimate of the primary
signal be subtracted from thka observations. Two estimates of the primary
signal are available:

l) liTh.N1 Channel 1


One estimate of the primary signal is the value of the latest time channel
observed by the liTt3k1 System, channel I. When Channel 1 is subtracted
from the UTEM data the resulting data displav is termed Channel 1 Reglun'd.
Hus reduction formula is used in situations \Vhere it can be assumed that all
responses trom anv target bodies have decaved awav bv the latest time
channel sampled. 'The Channel 1 yalue is then a reasonable estimate of the
primary signal present during Channels

In practice the Channel i Reduceti form is most useful when the secondary
response is verv small at the latest delav time. In these cases channel I is
indeed a good castimate of the primary tield and using it avoids problems due
to geometric errors or transmitter loop current/system sensitivity errurs.

Appendix C- The UTENI SYstem (.5



2) Calculated rimary field

An alternate estimate of the primary field is obtained by computing the
primary field trom the known locaflions ot the transmitt'er loop and the
receiver stations. When the computed primary field is subtracted from the
UTENI data the resulting data display is termed Primary Field Reduced

The calculated primary field will be in error if the geometry is in error -
mislocation of the survey stations or the loop vertices - or if the transmitter
loop current/system sensitivitx 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 Reduced is plotted in situations vhere a large Channel 1
response is observed. In this case the assurnption that the Channel 1 value is
a reasonable estimate of the primary field effect is not valid.

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

N'Iathematical Formulations

In the following expressions:

Ruj is the result plotted for the nth UTENI channel,

R11 is the result plotted for the latest-tirne UTEM channel, channel I,

Chni is the raw component sensor value for the nth channel at station
Chlj is the ra \v component sensor value for channel 1 at station j,

is the computed primary field component in the sensor direction

IHP1 is the magnitude of the computed primary field at:
a fixed station for the entire line (point normalized data)
the local station of observation (continuously normalized data)
a fixed depth below the station (continuously normalized at a depth).
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Channel i Reduced Secondary Fields : Here, the latest time channel, Channel 1
is used as an "estimate" of the primary signal and channels 2-10 are expressed
as:

Rnj = (Chnj- Ch1j) / IHI x100%

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

Rlj = (Ch1 j - HPj) / 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:

Rnj = (Chnj- HPj ) / IHP I x100%


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

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

UTEM Results as a Total Field

1n certain cases results are presented as a % of the Total Field. "fhis display is
particularly useful, in borehole surveys where the probe may actually pass
through a very good conductor. In these cases the shielding effect of the
conductor will cause the observed (total) field to become very small below the
intersection point. This nullification due to shielding effects on the total field is
much easier to see on a separate Total Field plot. In cases where the amplitude
of the anomalies relative to the primary field is small, suggesting the presence
of poorly conductive bodies, the Total Field plot is less useful.

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

Rnj = Chnj / IHP I x 1.00%
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DATA PRESENTATION

LITILNIsurvey results are presented as profiles in an Appendix of this
report. l'or 131-1LITEMsurveys the requisite Vectorplots, presented as plan and
section views showing the cfirection and rnagnitude ot the calculated primary
field vectors for each transmitter loop, are presented in a separate Appendix.

The svmbols used to identify the channels on all plots as lvell as the mean delay
time for each channel is shoN'vnin the table below.

UTEM System Mean Delav Times

10 Channel Mode (a 31 hz.(approx.)
( base freq: 30.974 berti j

Channel Delay time (ms)

1 12.11
2 6.053
3 3.027
4 1.513
5 0.757
6 0.378
7 0.189
8 0.095
9 0.047
10 0.024

Plot Symbol

Å.
7
X

Notes on Standard plotting formats:

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

13ottom 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 chh and a repeat of ch5 for
comparison are plotted on the top axis at a reduced scale. The
earliest channels, ch5 to chI0, may not be plotted to avoid clutter.

10 channel data in Priman Field Reduced torm: The data are displaved using a
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single axis plot format. Secondary effects are plotted using a Y axis on each
data plot svith peak to peak values up to 200r.2.

BHUTEM 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 I002. These departures are always relative to the
measured total tield value at the observation station.

BITITITNI data jlotted as secondary field nofiles: Check the title block ot the plot
to determine if the data is in Channel 1 Reduced form or in Primary Field Reduced_
form.

Note that on all BHUTEM plots the ratio between the axial component of the
primary field of the loop and the magnitude of the total primary field strength (dc)
is plotted as a profile without symbols. In LITEM 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 ot anomalous Ch I


This section outlines the possible sources of anomalous channel 1 which is not

correlated to the C112-10 data plotted on the upper axes of a chitunel 1 ttortim/Lri/ plot.

Mislocation of the transmitter loop and/or survey stations
Nlislocating the transmitter loop and /or the survey stations results in an error in the

calculated priinary tield at the station and appears as an anomalous Ch I value ntit

correlated to iiuniri I iwr7ild/1.-:tiii Ch2-10. effect is amplified zwar the loop front.


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

loop. As a rule a 1(1 error in measurement ot the distance from the loop will result in,

tor outside the loop surveys, an error in Chl of:

- 1`71,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 —I/ r2)

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

accumulate along the line.

Ihe in-loop survey configuration generally diminishes geometric error since the field

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

esentially zero so it is difficult introduce geometric anomalies near the loop centre.


Near the loop sides and at the closest approach of the lines to tlw vire mislocation ot

the loop and the station becomes more critical. Typically loop sides are designed to be
>200m from (111V survey stations.

Magnetostatic UTEM responses
Nlagnetostatie L-ITN1 responses arise over rocks \vhich generate magnetic anomalies.

Such magnetic materials will amplify the total (primarv - secondary) field ot the UTENI

transmitter which is sensed bv the receiver coil. The secondary fietd is generated bv

subtracting computed vhich does not include magnetic eltects. This cani


give rise to strong and abropt channel I anomalies vhen the source of the magnetics is

at surtace. This is the case iiia number ot places on these grids. 11ThN1 magnetostatic

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

I) In the case of DC magnetics the field is dipping N and is very uniform over the

scale of the survey area  vhite the LTEN1 fielci inside the loop is vertical and it is

stronger near the loop edges.

Nlost aeromagnetics are collected as total field vhile vith LiTEN1 we measure a

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

DC magnetic instruments observe the total magnetization of the causative body

\vhich is dnc to its susceptibility as \vell as any renulant magnetization. An AC

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


magnelization.

The larger amplitude of the CTENI Chl response is explained by tlw fact that the UTEM

primary field is often more lavourably coupled (magnetostaticallv 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 Clii anomalies in data collected outside the loop
- negative Ch"I 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 hal f-period 30Hz »l6ms). This will give rise to an anomalous Chl which

is not correlated to the Ch2-10 data plotted on the upper axes of a chamwl 1 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 Ch2 and Ch3 on the middle axis - is sometimes


chosen when a powerline cuts through the surveved area. This Appendix is a brief

discussion of why the alternative pi:esentation is chosen.
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Note on 4 Hz UTFM data:The effect of the iresence of a 60-c ,cle -)owerline.

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 Eine 2805.
This line is from a series of loops with a powerline cutting across the survey area. The
Loop 12 Line 2805 UTEM data is affected by the presence of the powerline.

example data:

Figure El(a) is the example data as presented in Appendix A - an alternative
presentation with Ch2 and Ch3 on the middle axis. "lhe standard presentation is shown
in Eigure E1(b) - with Ch2-5 plotted on the middle axis. The alternative presentation
was chosen for a series of loops (including this loop) with a powerline cutting through
the surveved area. Eigure E1(c) shows whv - 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 was felt that this pattern obscured the
information in Ch2 and 3 and the alternative presentation was chosen.

explanation:

Eigure E2a) shows the UTEM waveform at —411zwith a 6011z waveform superimposed
on it. Roughly 16 cycles of the 60-cycle waveform fit into the full UTEM waveform. On
a channel-bv-channel basis:

—4cycles fit into Chl
—2cycles fit into Ch2
—1cvcle fits into Ch3.

The multiple cycles tend to cancel out. Earlier channels are narrower - onlv 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 Eigure 1(c): Ch4 and Ch5 tending to diverge from
one another - more strongly near the powerline.

other presentations:

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

Figure E3(a): In this presentation Ch4 and 5 are combined to give a combined Ch"4"
that is —1.5times as wide as the original 0-14. The Ch"4" is cleaner than
the original. The original Ch5-10 are shown on the upper axis.

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

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

- careful positioning of the transmitter loops relative to the powerl le(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 jach station.

takino- multi e readin each reading starts at a different (randorn) point on the 60-

cycle waveform. The sum of several readings will tend to better average out any
affect.

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

sampling. An alternative - tapered channel sampling - is available (and often used)
with UTEM 4. In this case if tapered sampling bad been available it would likelv have
been used. The result ‘vould have been:

a slightiv noisier Ch3
a consid'erably improved Ch4
an improved Ch5

The choice of which sampling to use on a UTEM 4 survev depends on the frequency
of the survev, the proximitv and the frequencv of anv local powerline and the type of
decay seen.
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Figure El(a)
Original 4Hz data: alternative format

Figure Ela
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Figure El(b)
Original 4Hz data: standard format
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Figure E1(c)
Original 4Hz data: Ch4/5 detail

Figure Elc
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Figure E2
a) --4Hz UTEM Channels with 60Hz signal


b) UTEM Channel sampling options

Figure E2
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Appendix E

2/3(Ch4+I/2Ch3) Figure E3(a)
Modified 4Hz data: Ch4/5 combined

Figure E3a
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Figure E3(b)
Modified 4Hz data: Ch4-10 combined

Figure E3b

Appent


