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IROI) LCHON

I )nring HO period of lune 2Pno throughluly 20(to a LIENI :-,urvey \vas
carried ont hv 1.ainontagne Geophysics imited personnel tor Sulfidmalm in the
RamhleleiLhisen Project areas Norwav (Figure I). The location of the various grids
t)n JII)u )))ho':).n in Ingures 2 through 4. Areasol nterest ere identified
troin t LrLuN ot in airborne sarvey and previous work. rhe survey was earried out

ffic II nLLlIJtLgriO1r005 with the iutention ot outlining targets
(dn- tutwe ork.

.1 toLl tit n2a:)2kn). of surtaee leTIII\ I data \\-as colIected using transmitter Icops
1.() u and "Pi. Aii linos vere snrveved measuring the \trticai component, I li. •

or a line spacing of F4Im, IOdm or 20m was emploved.
f or tile reie]ver cpera;H in ILtIiinntI mode at i trwl,,mitter trequencv

3,2II 4,

I . report documents the L I II\I siarvey in terms ot iogistics, survev parameters
and M.:Li Anu,2cndr. \ t•Cri.dHIS the data presented in protIle forM. Other

arpenea.", con.ain:

ast of Personnelj I roduetion 1.0g
an outhne of Ule le I r \ I System
Note on swarces anemaIons h I
Note on 41-1: L I )ata
)iscnssion ot

(Appendix 13)

ppendlx

o\ppendix I))
(Appendix

(Appendix

I \ 1 - [3.):r;b1t. -
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UTEM Survey Location Map
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SLBVFX IDESIGN

This LTE:\ I survev is part ut a nickel exploration program in the Bamble/
Heljaasen Protect areaH. IIistoricillv, mining ot maHHive sulfide deposits has
been carried out in the area. I he survev was planned and carried out to outline
and allow better detinition ol kneten conductalrs, deteet/outline new conductorH and
to tiete4t. outline deeper Haturet, and depth continuations ol knot\ n features.

The grid and lotm lavout teas designed bv A/S Sulfidmalm/Falconbridge Ltd.
personnel to allow enicient coverage of the profect area. Loop Hi/e and locations were
seleetedti provide good coupling with the expected targetH, to enhance the signal to
noise, and to allow etlicient coverage ol the grid area. The base irequencv was lowered
tront the International standard - del li to 3.2511 li to eliminate the response ot manv
Hiliderate" conductors - theHe resportses will have deeaved ateav bv Chlt time. .1nv
rentaining Cht nises dre then considered to be representative of conductors onan

appreciablv higher conductivitv.

he snrvev parameters emploved:

bdth :n-loop and outsitte-theaoop coverage with 2 receivers
l.SCnm diameter 2inin 14-gauge; copper wire - PE Cl< 2
variable tralismitter loep si/e - tit the area to be covered and the relief

Hpacing th)in iii 3Cm intervals as required
station interval ot 25m or trinin with detailing at l2.Sni as required.
11/ Rertical eompoltent ineasurementst
10-channel tiata at a frequenev of 3.25111/

2:30 stat kine (R12 halt-cvdesi increased where noise levels dictate

In Jackel exploration non-Jecaving Channel I R h I) conductors are indicative ol
highlv conductive mineralitation. Anv non-decaving anomalous Chl features are
theretore itotorest. Non-docaving channel UTItNI anomalies can reflect:

the presenci ut conductive nUneralmation
tra..1)rei`not  1 1a magnetic anemalv

in; poor geometri4 control either station location or loop location

	

licse are outtined in ion detail ppendix Itrom an interpretation standpoint
tattnet:c anamalies and twontetric control should be considered and evaluated as a

idatory part ot anv interpretation. From a neld standpoint precise geometric

t,,ittrol should be part ut anv 1 I I NI survev where the target is non-decaving. Poor

	

metr:c contro: has the pOterl  a, both mask and invent conduciors.

bor this starvee ailL,data is nade available by the client tor use in reducing the
1 I I:\I data. Note: elevations at a small number of stations were erroneous bv —30m
and haee been corret ted UPS ditia teas collected for all survev points and at intervals

alltransmitter Mops. Note Hat due tp time ,rnd constraints iHe
I apamtagne crete collet ted the alts data iCun-Mlil elrex Landhelds; for Loops 3: 4. GI'ls
data cohection ior L I [NI redut tion should be most detailed along loop tronts - the most
important portion ot Hop trom i L:TENI reduction perspective. rhe goal along the
toop front - and tor Hurveving the loop HideH/ back - is to recover the
topottrain Hitape the loop aH teeli as the looplline intersection points.

t. , , ::tla sai-tet btailbic astsen itre-cca, - art,..tt



Lamontagne Geophysics crew mobilized trom Canada on Iune 11th and
arrived in Osto an June l2th. Thc cretv consisted of It<obl.angridge (cretv John

lirest totparator), Kavin Arsenautt tiatipertiaperatort ,md Patriik Folev (looper). tIthe
cretv ecilected the suriace ecipanj)inent at the tield house near Tvristrand onJune 12ht and
haaded rented field house atstavnes to the east of Kragerti. The following
morning - lune - the crew taured the survev area tvith Falconbridge Geologist

Trever hlair and then laid out Looji) U2 at Meikreaer in the atternoon. Surveving began
the tallatving morning - lune

Seven transmitter loops were used during the surface LITENI survev for a total
suriat:e survey coverage of o2 Tkin. kigures 2 through 1 show the loop locations and
griti layouts. Access to the l3amble/Seljaasen Project areas tvas bv pick-up truck and
then to ttot. tithe grid loop positions had been established bv and were

demarcated bv fiaggiiig. I he ilagging tvas reilloved H" the UTFNI crew as the stations
v, are surveved un1ess ,itherwist: indicated.

I .tiap n mbering began at Laap I and the loops were numbered as follows:

Nleikjeaer Toops I cind 2

:\,tistein-Vissestad Toops 3 Jnd 4


seijaasen hoops IS, 2.5 and 35

sarveving in Pne Pambie area (Nleikjeaer and t\t,vstein-Vissestad Grids) was
completed on June 2Ptit and patiking began for the move to rental accommodation on

raniwv southeast of Arendal. Over the next ttvo davs tve packed/cleaned/moved and
uripackix: aitti taid aut Loop tIH an taie Selkiasen Grid. Surveving at Seljaasen began

tetiott ing dav tIett. eacipleted tvark at Seljaasenton and packed tor

the 1:10VC t o Vr.L.:Irdr:  :: :0 tvark an another project. i he move to Itiristrand tvas
ttimpletcd in two vehicies on Iuiv stit. netaik of the dailti production and personnel are
iitt in the Produt tian Appendix 13)along tvith a summarv ot production.

lectrical connection ta the generator tvas made through an 1.GL isolation-
transloriner acid a Ntariac which was rewired to conform with the sockets (standard 2-
pm siatolip ground eurapean an ithe generaiort Thitt worked tvell for the duration ol

I t.te genttrator tvas len n the tield during most nights.

1n general, tiliddc•C surveving tor all loops went tvell, although at times - due to
levets Tottilv aise levels praved to be high and in places, along certain

ta pawerlines, exttremelv high. I ligher noise levels in
the camponent are typicd1 ci very resktive dreas. Lccdlly, noi,v areas indicate
same t hinneling ot tellune currenk teatures in the verv-reststive country rock.

tlIn noise levels encountered in the project area are diseussed turther in Appendix I.

1he ee,uipment cairisted of two 1/TENI 3 receivers and one LLENI 3
transmitter weil as all neces-iarv accessories. support eguipment and backup

eluipment. 1)ala was reduced on a Lalti computer (Macintosh) and laTENI profiles and

data tt ere made avdilable. emaiied to the client's personnel on a daily basis.

-.L;id \I S:irve,:16-1 ftlmble 'jw.bon ProRcts - Nor



The weather during tbe survev was good. In terms of surveving we found that
conskintIv seanning far tlaggang on uneut Iines -iii tlw middle distance resulted in a
number el stiek-in-the-et e ineldents. Smetv glasses were obtained and the problem
Wds essened considerablv. lt k highlv recommended that in this type ol surveving -
wdrkingin brush sumMer on uncut hnes glasses be tvorn. Note tlmt this Mav

reouire the use of prescription sabity glasses by some crew members.

Licks also proved to be coneern and a considerable effort was imide to
- groom- after/during a days tvork and to use inseet repellent. R should be noted that
ene crew member tested posin ve for Lvme disease atter the tvork and reeeived
treatment. If turther teork is planned in this area the possibilitv of a vaecine being
avaiIabIe should be investigated.

SL i<ESLIal

The results of the survev are summarized and presented as UTENI profiles in
.\ prendix The sLevev (;,»Js and Loop I.ocations are presented in Eigures 2 through
4. ertna the data tiiiahtv is ga,ad - thangh in places it is noisv. lividenee et conduetors
and / or conductive teatures tnhlnv eultural) are evident in the proMes, particularlv the
protiles near the old iiiiis wockilws. Althou,h everv effort was taken to shelter the
reeeiver coll, nmor wind noise 111,Wbe evident in some profiles. Note the elevations at

madi number el stations tt ere erroneous bv -30m. I bese have been correeted.

burtace prohles are listed bt Grid and I.00p number and presented 4.1ti3-axis
prMiles in the tollowing order:

continuous norm Ch I reduced (blue separator)
Ilz point normalized Chl reduced (pink separator)

deisTiption ot the stanttarti plotting tormats used and of the UTE I Svstem is
presented in AppenWx .

putline of surface profile types

li, continuous norm Ch reduced (blue separator)

Umtinuous nornmhzation is useful for deteetion of the presenee ot anomalies at
anv )tisition on a pronle. The anomalv skipt is distorted bv the normalization
to the kwal the Leki ret,5 vere bnt near the wire the continuouslv
normilwed tends tot\ ards /t2M. "

top axis - h5-10
middle axis - 112-5

bottom axis - Gh;
bottom axis - ttipographi. nu verheal exaggeration

5
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Hz point normalized chl reduced (pink separator)

normatiaatIon point: all loop; all lines —centre of tbe loop
Point normanaed data is usetul for interpretation purposes. Anumalv shapu is
preserved as is the amplitude if the normaliaation point is local to the anomalv.
All thu data collected have been normaliaed to a -(oint at the centru ot the loop.
This field valuu is the smalDst lield value inside the loop and is a standard field
vaiue used for plotting, tvhun surveving from inside the loop.
Note: Tvpicallv the normaliaation point tor ott-loop protiles out trom
the uenfru ot the loop tront and tor inside-the-loop profiles it is the loop centre,

he disadvantage of noint normaliaation is that small errors in location near the
\viru and in current tend to appear as large errors in CH the loop/station

locations and the current are aucuratelv known then point normaliaed Chl (in
the absence of a local conductort will tend to be continuous approaching the
wire - unliku thu ecittiuucRisly nortnaliaed Ch which, as desuribed above, will
d ip ro zero,

top axis -
middlu axis - Gh2-5

bottom ams - Uhl
bottom axis - topograplw no Tertical exaggeration

Discussion of the Grids

Thu profiles presented in Appendix A have been reduced tt ith a grid produced
trom the GI)5 data collected bv the chent (Note: thu exception being locations tor I.00ps
3 and 4 at Nvstem-Vlssestad were colleuted bv the I,amontagne
Dverd.: RHuit, aru quite good Appendix Isome ot the character in Chl probles is
due to rcmannug errcrs in loopt line location - tlns is particularlv true near the loop
tt lre u.here crrors in station:loop location elevation have a larger effect (Appendix D.
Astdc trom survet- accuracy and day-to-dat- variation sourcus of error in location
include "adjustinUntsh loop to topographv and wind. Note the elevations at a
smah number of stations tvere CITCN.V1.1>bv These have been corrected.

dlte GRt-, data tor I cops ul, (12and some lines ut doops 03 and 04 was provided
bv the usual source - Rob NIcKeown. Additional Cirt-; data for Loops 03 and 04as tvell
as the benaasen Grid data was provided bva new source (Scandittraft). tscandicratt tvas
unt,intillar with thi5 stylu ot survi‘yiny, and there were some teething problems - mainlv
to do tvith grld labuling. In addition the data tvas onl v provided in tull LI NI
coordinates - Rob Nlikeown provides both tull UTNI.coordinates and local grid
coordinates. Note that this means that the Lill 1:1N1 coordinates provided with this
LIENI data set should be used in preterence to the local grid coordinates which havu
heen calculated bv the author ot this report. kor reterence the transtormation tom
L.TN1 to grid coordinates used bv the author follow.
Note titat due to time and logistical constraints the Lamontagne crutv collected the GPS
data (Garmin u I rux handheldsi tor Loons 3 and 4 at Nystein-Vissustad.

I i-NI .11 b u tic \ u



For the Nleikitaer .00 is I and 2 and Nvstein-Vissestad Loo -.)s3 and 4) Grids 


translatimi:
lakNI WGSsa /one 32V (LINIeasting, LTNInorthing) (527200m k, e533200 mN)

becomes
ocal Nleikjeaer and Nvstein-Vissestad Grids (gridLast, gridNorth) (0,0)

rotation: I.ocal Nleikjeaer and Nvstein-Vissestad gridNorth is ayimuth 33e.

11,-)rthe Seliaasen dnd 351

al translation:
UTN WG554 /one 32V (laTNIeasting, LITN1northing) (470000mh, (i-IS(1000mN)

beconms
Lucal Seljaasen Grid igridLast, gridNortlb (0,11)

	

rotation: I.ocal Seljaasen Grid gridNorth is @ azimuth 3e0.

Discussion of tlw Results

he Hamble/Seljaasen Project areas are verv resistive, and the noise levels
proved to be high and in places, along certain geologic structures, extremelv high.
1ligker noise levelsin the vertical component are tvpical of verv resistive al:eas. Local
nolsv areas can indicate some channeling ot telluriC currents albng Matures in the verv-
resistive countrv rock. Mirther a1scussIon ot the nolse levels encountered In the project
area presented in Appendix

The contiguration (Imop ((LIB)provides better qualitv dato at considerahlv
reduced stacki:ig levels. The in-loup contrguration has been the choice for mest ot the
gr,ds surveved 1/4)nthis prolecl. Note that surveving less sensitive to small,a
steeply-dipping cl,iidUCUTS

ti int :000 LII:\ I SL;r\-ty Uolo - iiects - Norwdy pr, II



CONL 1,1 HONS AND PECONININNI)ATIONH

1he resu 1k ot the survev dre summarized and presented as L lEN1 protiles in

Appendis A. The final Grid and Loop Locations are presented in Figures 2 through 4.
Overall the data quality is good - though in places it is noisv. The area surveved is verv
resistive and cultural noise was present on manv of the grids. This contributed to the
elevated noise levels seen in the profiles„ind is (1-11;cussed turther in Appendis E.

he profiles presented in Appendis A have been reduced (vith the grids
corrected as welI as possible using available information. The location of all survey
points and loop locations \vere collected using a GPS system. The accuracv of the GPS
system was quite high, however small errors inav reMain in loop location's and
statloY, coillecahons. :sorhe Gfts ddta tor this survey Was provided by a new source
(Scandieraw and was onlv provided in tall L I NI coSrdinates. In addiiion, due to time
and logistical constraints, the Lamontagne crew collected the (TS data (Garmin eTres
handhelds) for I,00ps 11and 4 at vstein-Vissestad. Note that this means that the full
LTNI Loordinates provided (vith this LI I,N1data set should be used in preference to the
local grld coordinates \vhich have heer, calculated bv the author of this report. For
reference the transtormation from L I N1to grid coordinates used by the author are
listed above.

considerations when planning tuture summer tield (york in the area:
t recommended that in this type ot surveving - working in brush in

smniner oil uncut Imes glasses be orn. Note that this may require the use ot
prescription salety glasses by some crew members.
Tieks dlso proved to be a concern and crews should be intormed to be (vatchful
and to use insect repellent. It should be noted that one erew member tested
positye :or I me disease aiter the work and received treatment. If further

ork is planned in this area the possibility of a vaceine being available should
be investigated. Post-tield testing tor l'sHsure to Lyme disease is
rectaninended

01her vi>e,in terins ot logisties, the survey ran quite smoothiv. Ilie
FalconbridAe Ltd. employees were tremely belpful and their hard vork is greativ

appreciated.

1m - F`l Survty Hnlo - I 1(lects - Norwdy pg 12
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Prc-;untiition

The results of the survev are summarized and presented as profiles in Appendix
A. The survev Grids and LooP Locations are presented in Figures 2 and 3. Overall the data
qualitv is ;ood - though in places it is ut Ii v. Evidence ot conductors and/or conductive
features are eviden: in the protiles, particjarly the protiles near the old mine workings.
Although everv ef tort \vas taken lo shelter the receiver coil, minur vind noise mav be evident

in some profiles. ote the elevations at a small number of stations \vere erroneods bv -30m.

These have been corrected. A descripti(in of the standard plotting tormats used and ot the
LI ..,vstend H prescnted in Appendi .

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

	

continuous norm Chl reduced (blue separator)

	

Ilz point normalized Chl reduced (pink separator)

Outline of surface nofile iv ,es

continuous norm Chl reduced (blue separator)
Continutins normalization is u selu It r detection ot the prescnce anomahes at any
position on a pFohlc. fli anornalv -,hape is distorted by the normalization to the local

As the lutItI e'ets verv the wirc the continuously normalizcd Chl tends
towdrds ter„.

top axis -
middle axis - Ch2-5

bottom axis - NI

	

buttom axis - topograph no vertical exaggeration

point normalized Ch1 reduced (pink separator)

n,  rmalizatiLm point: all data -300m out from the loop-front centre
Point normalized data is useful for interrretation ot responses. Anomalv shape is
preserved as is the amplitude if the normalization point is local to the anomaly.

	

the data c()Ilected have been normalized a point at the centre of the loop. This
ticld vdlue is tlue the Ioop and isa standard field value used

tor plotting, \vhen surveving from insidc the loop.
Note: tVpiedlly the normali/ahon point for offloop protiles is 4-5()Om out from the
cen tre (;1 the loop front and tur inside-thuToop profiles it is the loop centre.

Ila disadvantage of point normalizabon is that small errors in Iocation near the wire
and in current tend to appear as large errors in ChI. It the loop/ station locations and
the current are accurately known then point normalized (ThI (in the absence of a local
itmducfaim will tend to be Continuous dpproaching the wire - unlike the continuously

	

w hich, as tIcscribud Libove, dip to /ero.

top axis - Ch5-I
middle axis - (112-5

bottom axis - I
bott.,,m axis - topography - no vertical exaggerabon

\IHu rvev Hn \ HHuludnuilm Bamble/Seljddsen Proweb, Norwdy .\ppendix \ I



List of Data Collected and Plotted

Bamble/Seljaasen - summer - 2006
Surface coverage - @3.251 Hertz

Line coverage
IAmp 01 Line 31WE 875N - 1725N 850m




Line 3200E 875N - 1725N 850m




Line 3300E 825N - 1725N 900m




Line 3400E 450N - 1725N 1275m




Line 3500k 450N - 1725N 1275m




Line 3b00L 475N - I725N 1250m




line 3700E 400N - 550\ 150m




700 \ - 1725N 1025m




Line 380011 475N - I725N 1250m




Line 390011 tiOON- I725N 1125m




Iine 4000E 375 \ - 1725\ 1150m




Nleikleo.er I.eop 01 Total 11100m

Loop 02 Line 4100E 050N - 800N 150m
in-leep I.ine 420011 575N - 1750N 1175m




Line 4300k. 525N - 1750N 1225m




1.ine 440011 525N - 1750N 17115m




Line 450011 b25N - 1750N 1125m




line 4b00k 700N - 1750N 1050m




Line 470011 -;75N - 1750:\ 875m




Line 4.80011 1100N - 1750N 850m




line 490011 925N - I750N 825m




I.ine 5000E 900N - 1750N 850m




I.ine 5050E , !OON- 1750N 850m
I.00p 02N Line 4100E b50N - SOON 500m

ett-loky 1.ine 4200k 1750N - 2250N 500m




Line 4300E 1750N - 2250N 500m




line 440011 1750N - 2250N 500m




Nleikjeaer 1,00p 02 Total 12200m

Loop 03 Line b500E 1725N - 2525N 800m




Line b700k 1725N - 2675N 950m




Line 6900E 1225N - 2725N 1000m




Line 7100E 1725N - 2975N 1250m




I.ine 730011 1725N - 3075N 1350m




Line 7500E I725N - 3075N 1350m




N \•:;tein- \ •Issetdd 1.0op ‘13 I otal 6700m

I \I -.,Lirvt. •Unio Sulfidmdlin Runble: Projeds, Norwa PPendl



Loop 04

Line coverage

Line 7700E 1725N - 3075N 1350m
I.ine 7900E 145ON - 3075N I715m
line SOWE 1S75N - 2950N 1075m
Line S100E 1S25N - 2950N 1125m
I.ine 8200E 1725N - 3075N 1350m
I.ine 5300E 1715N - 2475N 750m

	

2h51)N - 3075N 415m
Line S400E 1715N - 7075N 300m

	

2175N - 3075N WOm
Line1450E 1075N - 2525N 550m
Line S50011 1725N - 2250N 515m

2350 - 3075N
I.ine S55017. 1975N - 2350N 375m

	

1400 - 2825N 475m
I.ine Sh0011 17-25N- 2300N 575m

	

2425N - 3075N b5ihn
Iine sp5}E - 2275N 300m

	

2450N - 2525N 375m
I.ine 87001: I715N - 7150N 525m

	

2500N - 3075N 575m
I.ine S750E 1975N -1775N 250m

	

7475N - 2S25N 350m
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Appendix B

0616Production Diary

UTEM 3 Surface Survey

Bamble/Seljaasen
Norway

for

A/S Sulfidmalm



Production Log (0616)

UTEM Survey - Bamble/Seljaasen


Norway

A/S Sulfidmalm

Rate Production Comments

Discussions, signing of the contract, assembly of crew
and equipment.

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

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

Continuation of air travel. The gear clears customs and
meet with Ealconbridge geologist Trevor Blair and crew.
The group drives to the southern field house and then
on to the project site arriving -22:15.

Unpack gear and get ready for looping. Do a tour of the
site with Trevor Blair, have lunch and loop. Problems
locating the northern edge of the loop and the
northwest corner stretch out the day.
Crew back in camp -20:30.

Crew:R.Langridge,J.FrostK.Arsenault,P.Foley

Mob


L(4)

Junc 14 P(2)-4 4900m Get gear ready and head out to
each without incident. Retum
Kragero to grocery shop.
Crew back in camp -19:30.

Loop 02
Line 4100E 650N
Line 4200E 575N
Line 4300E 525N
Line 4400E 525N
Line 4500E 625N

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

4.900km

Date


up to June 04

June 05

June 11

June 12

June 13

the grid. Read two lines
to camp and head into

	

800N Hz Rx05

	

1750N Hz Rx05

	

1750N Hz Rx04

	

1750N Hz Rx05

	

1750N Hz Rx04
Total to date:

UTEM Survey 0616 - A/S Sulfidmalm Bamble/Seljaasen Projects, Norway Appendix B pg 111



Date

June 15

Rate Production Comments 


P(2)- 4 3700m Get gear ready and head out to the grid. Read until 11:00
when the loop vas broken by a moose or two. Repair
the loop and read \vithout further incident.
Crew back in camp —18:30.

Loop 02
Line 4100E 1750N - 2250N Hz Rx05
Line 4200E 1750N - 2250N Hz Rx05
Line 4300E 1750N - 2250N Hz Rx05
Line 4400E 1750N - 2250N Hz Rx05
Line 5000E 900N - 1750N Hz Rx04
Line 5050E 900N - 1750N Hz Rx04

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




8.600km




June 16 P(2)- 4 3600m Get gear ready and head out to the grid. The loop was

broken by a moose. Repair the loop and read without
further incident.
Crew back in camp —17:00.

Loop 02
Line 4600E 700N - 1750N Hz Rx05
Line 4700E 875N - 1750N Hz Rx05
Line 4800E 900N - 1750N Hz Rx04
Line 4900E 925N - 1750N Hz Rx04

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley
12.200km

Total to date:

June 17 P(2)- 4 I lead out to the grid. Pick up Loop 2 and lay out Loop 1.
Crew back in camp —15:45.

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

12.200km

June 18 P(2)- 4 4700m Get gear ready and head out to the grid. Read without
further incident - a portion of Line 3700 was read @)50m
stations..
Crew back in camp —17:40

Loop 01
Line 3700E 400N - 550N Hz Rx05




700N - 1725N Hz Rx06
Line 3800E 475N - 1725N Hz Rx06
Line 3900E 600N - 1725N Hz Rx05
Line 4000E 575N - 1725N Hz Rx05

Cre \\ R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
ln.900km
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Date Rate Production Comments

June 19 P(2)-4 4350m Get gear ready and head out to the grid. Read through

rain in the morning. Transmitter shut down - walked
the loop and found it was either overheating or in svet
ground. Re-set up Tx and read till 17:15when heavy
rain started again and the Transrnitter shut down again.
Called it a day. Patti Tirschrnann stopped through
during the evening and discussed further work.
Crew back in camp —17:40

Loop 01
Line 3300E 825N - 1725N Hz Rx05
Line 3400E 550N - 1725N Hz Rx06
Line 3500E 700N - 1725N Hz Rx05
Line 3600E 475N - 1725N Hz Rx05

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
21.250km

June 20 P(2)-4 2050m Get gear ready and head out to the grid. Read through
rain in the morning. Transmitter shut down - walked
the loop and found it was either overheating or in svet
ground. Re-set up Tx and read till 17:15when heavy
rain started again and the Transmitter shut down again.
Called it a day. Patti Tirschmann stopped through
during the evening and discussed further work.
Crew back in camp —17:40

Loop 01
Line 3100E 875N - 1725N Hz Rx06
Line 3200E 875N - 1725N Hz Rx05
Line 3400E 450N - 550N Hz Rx05
Line 3500E 450N - 700N Hz Rx06

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
23.300km

June 21 P(2)-4 Get gear ready and head out to the Nystein-Vissestad
Grid. The day started as cloudy but rain came
morning. Lay out wire and flag the loop in on Loop 4 in
progressively wetter conditions. By 14:00 we have most
of the loop out but the section rensaining crosses a large
cliff in the SE corner and a christmas tree farm. We start
laying out these sections and the rain increases - the
decision is made to stop work for today.
Crew back in camp —15:20

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

23.300km

UTEN1 Survey 0616 - AIS Sulfidmalm Bamble/Seljaasen Projects, Norway Appendix 13 pg 133



Date


June 22

Rate Production Comments
P(2)-4 Get gear ready and head out to the Nystein-Vissestad

Grid. Worked on the SE section of Loop 4 in rain - this
was complete and we were back at the truck for lunch
—12:00.'Ilhe rain picked up by 13:00 it was still raining
very hard so we decided to scout out and flag in the
remaining section of Loop 3. When this was completed
we packed up and headed home.
Crew back in camp —16:40

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

23.300km

June 23 P(2)-4 4825m Get gear ready and head out to tlw grid. Read all
midsummer day with little incident..
Crew back in camp —17:00

Loop 04
Line 7700E 1725N - 3075N Hz Rx05
Line 7900E 1850N - 3075N Hz Rx05
Line 8550E 2400N - 2825N Hz Rx06
Line 8650E 2450N - 2825N Hz Rx06
Line 8700E 2500N - 3075N Hz Rx06
Line 8750E 2475N - 2825N Hz Rx06
Line 8800E 2550N - 3075N Hz Rx06

Crew:R.Langridge,J.Frost,K.Arsenault,l'.Foley Total to date:
28.125km

June 24 P(2)-4 2825m Read on Loop 4. Loop was broken overnight. Loop
repaired and is broken again (-1500m from first break)
while we are setting up. Read one line each.
Cre• back in camp —19:00

Loop 04





Line 8200E 1725N - 3075N Hz Rx05
Line 8300E 1725N - 2475N Hz Rx06
Line 8300E 2650N - 3075N Hz Rx06
Line 8400E 1725N - 2025N Hz Rx06

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
30.950km

June 25 P(2)-4 5700m Read on Loop 4 without incident.
Crew back in camp —17:30

Loop 04
Line 8000E 1875N - 2950N Hz Rx05
Line 8100E 1825N - 2950N Hz Rx06
Line 8400E 2175N - 3075N Hz Rx06
Line 8450E 1975N - 2825N Hz Rx06
Line 8500E 2350N - 3075N Hz Rx05
Line 8550E 1975N - 2350N Hz Rx05
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Date Rate Production Comrnents 


Line 8600E 2425N - 3075N Hz Rx06
Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:


36.650km
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Date


June 26

Rate Production Comments

P(1)-3 2500m One receiver reads on Loop 4 without incident. Kevin

Arsenault has an irritation and infection in his eye from
a stick impact in the bush. Rob Langridge takes him into
town to have it looked at and treated. He also
purchases safety glasses and a SIM card for a second cell
phone to improve communication in the field. Kevin is
treated and returned to the crew cottage. Construction
on the access road means that returning to the field is
longer than usual -26km. Rob returns and lays out wire
on Loop 3 until surveying is completed
Crew back in camp -17:30

Loop 04
Line 8500E 1725N - 2250N Hz Rx05
Line 8600E 1725N - 2300N Hz Rx05
Line 8650E 1975N - 2275N Hz Rx05
Line 8700E 1725N - 2250N Hz Rx05
Line 8750E 1975N - 2225N Hz Rx05
Line 8800E 1850N - 2175N Hz Rx05

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
39.150km

June 27 P(2)-4 We find out that our GPSing will be definitive for these
loops. Head out to the Nystein-Vissestad Grid and pick
up Loop 4 and lay out Loop 3 in the rain. Added details
to GPS data. When this was completed we packed up
and headed home.
Crew back in camp -45:40

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

39.150km

June 28 P(2)-4 6700m Out early to avoid construction and read on Loop 3 to try
to complete the loop in a day.
Crew back in camp -18:40

Loop 03
Line 6500E 1725N - 2525N Hz Rx05
Line 6700E 1725N - 2675N Hz Rx05
Line 6900E 1725N - 2725N Hz Rx05
Line 7100E 1725N - 2975N Hz Rx5/6
Line 7300E 1725N - 3075N Hz Rx06
Line 7500E 1725N - 3075N Hz Rx06

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




45.850km

June 29 P(2)-4 Head out to the Nystein-Vissestad Grid and pick up Loop
3. Start to pack for the move to the Arendal area..
Crew back in camp -15:30
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Date Rate Production Comments 


Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley
45.850km

Total to date:
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Date

June 30

Rate Production Comments

P(2)-4 Pack and head to the Arendal area..Drop a load off at the
new house and go out to the Seljaasen Grid. Find the
grid numbering to be confusing but lay out Loop 015.
Head back to Stavnes.
Crew back in camp —18:00

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

45.850km

July 01 S(2)-4 Pack, scrub the house to the satisfaction of the owner and
head to the Arendal area..Arrive —15:00to take
possession. Unpack and shop.

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

45.850km

luly02 P(2)-4 2975m Out to the Seljaasen Grid to try to complete the loop in a
day. We do despite one loop break.
Crew back in camp —15:40

Loop 015
Line 1200N 225E - 375E Hz Rx06
Line 1300N 150E - 600E Hz Rx06
Line 1400N 125E - 600E Hz Rx06
Line 1500N 125E - 600E Hz Rx06
Line 1600N 125E - 600E Hz Rx05
Line 1700N 125E - 600E Hz Rx05
Line 1800N 125E - 600E Hz Rx05

Crew R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
48.825km

July 03 P(2)-4 Out to the Seljaasen Grid to put out Loop 25. Wire is
swum across a lake in the NE corner. Loop is completed
and a small portion of Loop 1S is collected.
Crew back in camp —16:30

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

48.825km

July 04 P(2)-4 6075m Out to the Seljaasen Grid to survey on Loop
Crew back in camp —17:45

Loop 025
Line 2000N 9200E - 10500E
Line 2100N 9200E - 10500E
Line 2200N 9200E - 10500E
Line 2300N 9200E - 10500E
Line 2400N 9950E - 10500E
Line 2500N 10175E - 10500E

Mob Borehole equipment packed up and labeled
(BI I equip) from Kingston.

25.

Hz Rx06
Hz Rx06
Hz Rx05
Hz Rx05
Hz Rx06
Hz Rx05
Picked up
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Date Rate Production Comments 


Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley
54.900km

Total to date:
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Date Rate Production Comments

July 05 P(2)-4 5525m Out to the Seljaasen Grid to survey on Loop 25.
Mob Crew back in camp -17:15
(BH equip)

Loop 02S




Line 2400N 9200E - 9950E Hz Rx06
Line 2500N 9200E - 9975E Hz Rx06
Line 2600N 9200E - 9900E Hz Rx05
Line 2700N 9200E - 10000E Hz Rx05
Line 2800N 9200E - 9850E Hz Rx06
Line 2900N 9200E - 9850E Hz Rx05
Line 3000N 9575E - 9900E Hz Rx05
Line 3100N 9475E - 9950E Hz Rx06
Line 3200N 9550E - 9950E Hz Rx05

Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:
60.425km

July 06 P(2)-4 2100m
Mob
(BII equip)

Out to the Seljaasen Grid. Modify Loop 025 to Loop 035
to allow surveying of NS lines. Survey on Loop 3S. Pick
up the remainder of Loop 035.
Crew back in camp -16:15

Loop 03S
Line 9350E 1600E - 2100N Hz Rx05
Line 9400E 1600E - 2100N Hz Rx05
Line 9450E 1600E - 2100N Hz Rx06
Line 9500E 1500E - 2100N Hz Rx06

Crew:R.Langridge,J.Frost,K.Arsenault,RFoley Total to date:
62.525km

July 07 P(2)-4 Out to the Seljaasen Grid to pick up Loop 35. Pack up
Mob gear on return. Josh arrives to help move.

(BI-1equip)

Crew back in camp -15:30
Crew:R.Langridge,J.Frost,K.Arsenault,P.Foley Total to date:


62.525km

July 08 P(2)-4 Move to Tyristrand. Stop at airport to clarify Pat and
Kevin's tickets.

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

62.525km

Tuly09 - July 21 Crew working on other grids in Nonvay.

July 22 Transport surface equipment to Gardemoen. Help in the
shuffle of field trucks for maintenance. Rob Langridge
to Gardemoen.

Crew:R.Langridge,J.Frost

UTEM Survey 0616 - A /S Sulfidmalrn Bamble/Seljaasen Projects, Norway Appendix 13 pg 1310



Date Rate Production COM ments

lu y 23 Demob Crew makes tbe journey back to Canada.
(all equipment) Equipment (borebole and surface) in transit.


Crew:R.Langridgeitrost
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Date 


July 24
>July 27

July 28

July 29
>August 07

August 08

Rate Production

Dernob
(all equipment)

Demob
(surface equipment)

Demob
(surface equipment)

Com m en ts


Equipment (borehole and surface) in transit.

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

Equipment (surface) in transit.

Demob Equipment (surface) arrives in Kingston.

LEGEND

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

DB(n)-x
SES
BES

Surface Production (# of receivers) - # of personnel
B1-111TEM3Production (# of receivers) - # of personnel
Looping of receivers) - # of personnel
Standby (# of receivers) - # of personnel
Down (# of receivers) - # of personnel
Down 131IUTEN13(# of receivers) - # of personnel
Surface Equipment Standby
Borehole Equipment Standby
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Appendix C

The UTEM SYSTEM

The UTEM System


liTEM Data Reduction and Plotting Conventions


Data Presentation



The UTEM SYSTEM

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

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

S stem Waveform

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

System Sampling

The UTEM receiver measures the time variation of the magnetic field in the
direction of the receiver coil at 10 delay times (channels). UTEM channels are
spaced in a binary, geometric progression across each half-cycle of the received
waveform. Channel 10 is the earliest channel and it is 1/ 21° of the half-cycle
wide. Channel 1, the latest channel, is 1/ 21 of the half-cycle wide (see Figure
below). The measurements obtained for each of 10 channels are accumulated
over many half-cycles. Each final channel value, as stored, is the average of the
measurements for that time channel. The number of half-cycles averaged
generally ranges between 2048 (1024 full-cycles - 1K in UTEM jargon) to 32768
(16K) depending on the level of ambient noise and the signal strength.
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3 2 Channel1 UTEM Channels

1 /I
8(6 5

3 2 Channel1
Half cycle

it I

Full cycle
44-

S stem Confi wrations

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 (1-1i)of the transmitter loop is always measured. Horizontal in-
line (1-lx)and cross-line (Hy) components are also measured if more detailed
information is required. The UTEM System is also capable of measuring the
two horizontal components of the electric field, Ex and Ey. A dipole sensor
comprised of two electrodes is used to measure the electric field components.
'this is generally used for outlining resistive features to which the magnetic field
is not very sensitive.

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

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

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

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

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

result is that in the presence of conductors the primary field wayeform 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 UTENI 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 lype
parameters selected for display.

NORMALIZATION

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

In continuously normalized form the normalizing factor (the denominator) is
the magnitude of the computed local primary field vector. As the primary
exciting field magnitude diminishes with increasing distance from the
transmitter loop the response is continuously amplified as a function of offset
from the loop. Although this type of normalization considerably distorts the
response shape, it permits anomalies to be easily identified at a wide range of
distances trom 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. Ihis 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 ot such a large primary component. In such circumstances
interpretation is difficult, however; by "normalizing at sorne depth" the size of
the normalizing field, near the loop in particular, is reduced and the resulting
protile can be more effectively interpreted to a very close distance from the
transmitter wire. The usual choice for the depth is the estimated target depth is
used.

In point normalized form the normalizing factor is the magnitude of the
computed primary field vector at a single point in space. When data is
presented in this form, the point of normalization is displayed in the title block
of the plot. Point normalized profiles show the non-distorted shape of the field
profiles. Unfortunately, the very large range in magnitude of anomalies both
near and far from the loop means that small anomalies, particularly those far
from the loop, may be overlooked on this type of plot in favor of presenting
larger amplitude anomalies.
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Note: Selecting the correct plot scales is critical to the recognition of conductors
over the entire length of a point normalized profile. Point normalized data is
often used for interpretation where an analysis of the shape of a specific
anomaly is required. Point normalized profiles are therefore plotted 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 often point normalized to a fixed point near the loop centre.

FIELD TYPE

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

UTEM Results as Secondary Fields

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

1) UTEM Channel 1

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

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

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

Tlw calculated primary field will be in error if the geometry is in error -
mislocation of the survey stations or the loop vertices - or if the transmitter
loop current/system sensitivity is in error. Mislocation errors from

loop/ station geometry may give rise to very large secondary field errors
depending on the accuracy of the loop and station location method used.
Transmitter loop current/system sensitivity error is rarely greater than
Primary Field Reduced is plotted in situations where a large Channel 1
response is observed. In this case the assumption that the Channel 1 value is
a reasonable estimate of the primary tield ettect is not valid.

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

Mathematical Formulations

In the following expressions:

Itnj is the result plotted for the nth UTEM channel,

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

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

I IPj is the computed primary field component in the sensor direction

II IP I is the magnitude of the computed primary field at:
a tixed 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- Chlp / IHP I 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:

R1' = (Chr - HP') / 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- HP1) / IHI x 100%


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

control is available (leading to low error in the calculated primary field, HPj)
and where very slowly decaying responses result in significant secondary field
effects remaining in channel 1 observations.

UTEM Results as a Total Field

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

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

Rnj = Chnj / IHP I x 100%
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DATA PRESENTATION

All ISFEM survey results are presented as proffies 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 stern Mean Dela Times

10 Channel Mode Qi),31 hz.(approx.)


base freq: 30.974 hertz )


Channel $ Delay time (ms) Plot Symbol

1
2
3

4
5
6
7
8
9
10

12.11
6.053
3.027

1.513
0.757
0.378
0.189
0.095
0.047
0.024

fl

L
7
X

4C)

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
detcrmination of signal decay rates. The standard configuration is:

Bottom axis - Channel 1 (latest time) is plotted alone in Prirnary 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 Primari 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%.

131IUTEM data lotted as total field irofiles: Data are expressed directly as a
percentage of the Total Field value. "IlheY axis on each single axis data plot
shows peak values of up to iOO.. These departures are always relative to the
measured total field value at the observation station.

131-IUTEMdata lotted as seconda field proffies: 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
pri mary field of the loop and the magnitude of the total primary field strength (dc)
is plotted as a profile without symbols. In UTEM jargon this is referred to as the
"pri mary field" and it is plotted for use as a polarity reference tool.
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Note on sources of anomalous Ch

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

I) 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 primary field at the station and appear;as an anomalous Oil value not
correlated to dunmel 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 error in measurement of the distance from the loop will result in,

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

- I% near the loop front (long-wire field varies as II r)
- 3% at a distance from the loop front (dipolar field varies as / r3)
- 2111,at intermediate distances (intermediate field varies as —1/ r2)

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

"liw in-loop survey configuration generally diminishes geometric error since the field
gradients are very low. At the centre of the loop the gradient in the vertical field is
essentially tero so it is difficult to introduce geometric anomalies near the loop centre.
Near the loop sides and at the closest approach of the lines to the \vire mislocation of
the loop and the station becomes more critical. Typically loop sides are designed to be
.3200m (rom any survey stations.

2) Magnetostatic UTEM responses
Magnetostatic liTEM responses arise over rocks which generate magnetic anomalies.
Such magnetic materials vill amplify the total (primary i secondary) field of the UTEM
transmitter which is sensed by the receiver coil. The s'econdary field is generated by
subtracting a computed prim;Iry vhich does not include magnetic effects. This can
give rise to strong and abropt c'hannel I anomalies when the source of the magnetics is
at surface. This is the case in a number of places on these grids. UlEM magnetostatic
anomalies differ (rom DC magnetic anomalies in the following three major ways:

I) In the case of DC magnetics the field is dipping N and is very uniform over tlw
scale of the survey area \vhile the UTEM field inside the loop is vertical and it is
stronger near the loop edges.
Most aeromagnetics are collected as total field while with UTENI WC measure a
given (in this case generally z,x) component.
DC magnetic instruments observe the total magnetization of the causative body
vhich is due to its susceptibility as well as any remnant magnetization. An AC

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

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

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

3) Extremely good conductors
An extremely good conductor will be characterized by a time constant much longer
than the half-period (@30Hz »16ms). This will give rise to an anomalous Chl which
is not correlated to the Ch2-10 data plotted on the upper axes of a channel 1 normalized
plot.
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Appendix E

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

powerline.

Note

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


powerline the issue dealt with applies equally to UTEM data

collected in the presence of a 50Hz powerline.

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

presentation - with Ch2 and Ch3 on the middle axis - is sometimes chosen when a powerline cuts


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

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

This appendix outlines and discusses the effect of the presence of a 60-cycle
powerline on -4Hz (3.8721Ii) 1.2TENIdata. This line is from a series of loops with a
powerline cutting across the survey area. The LITENIdata 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. The standard presentation is shown
in Figure El(b) - with Ch2-5 plotted on the middle axis. The alternative presentation
was chosen for a series of loops (Mduding this loop) svith a powerline cutting through
the surveyed area. Eigure I 1(c) shows why - Ch4 and Ch5 show a pattern where when
one is up the other is down and vice versa. The amplitude of the pattern decreases with
distance away from tlw powerline. It was felt that this pattern obscured the
information in Ch2 and 3 and the alternative presentation svas chosen.

explanation:

Figure E2a) shows the UTEM waveform at -411z with a 60Hz waveform superimposed
on it. Roughly 16 cycles of the 60-cycle waveform fit into the full UTEN1svaveform. On
a channel-by-channel basis:

-4 cycles ht into Chl
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 svide. 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 tlw powerline.

other presentations:

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

Eigure 1:3(a)


Eigure E3(b)

In this presentation C1i4and 5 are combined to give a combined Ch"4"
that is -1.5 times as wide as the original Ch4. The Ch"4" is cleaner than
the original. The original Ch5-10 are shown on the upper axis.

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

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

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


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

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

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

takin nlulti ale readin each reading starts at a different (random) point on the 60-

cyde waveform. The sum of several readings vill tend to better average out any
affect.

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

- a slightly noisier Ch3
- a considerably improved Ch4


an improved Ch5
The choice of vhich sampling to use on a UTEM 4 survey depends on the frequency
of the survey, the proximity and the frequency of any local powerline and the type of
decay seen.
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Figure E1(a)
Original 4Hz data: alternative format

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

Figure Elb
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Figure El(c)
Original 4Hz data: Ch415detail
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Figu re E2

a) -4Hz UTEMChannels with 60Hz signal

b) UTEM Channel sampling options

Figure E2
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Figure E3(a)

Modified 4Hz data: Ch4/5 combined

Figure F3a
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Modified 4Hz data: Ch4-10combined

Figure E3b

AFTentin. 1:



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Appendix F

Discussion of Noise Issue
in

Very Resistive Terrains



Discussion of noise issue in very resistive terrains

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

"true" noise - results in poor repeatability and is due to:
- a noise field composed of: pmver line fields, sferic fields due to thunderstorm activity

worldwide, other natural ENIsources (micropulsations, etc), or
- coil motion due to the effect of wind either: moving the the coil directly, causing

movement 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 profiles show scatter but teatures 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 tlw scatter represents
geological noise.
Note that if the features are of interest a finer 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 at the Ertelien Project area in early 2006 and on projects in
northern Norway in late 2005 were carried out over very resistive terrain and ran into very
noisy conditions. The following 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 UTEM surveys carried out over very resistive
terrain - including the 2006 Ertelien Project U'ITNI survey and the 2005 northern Norway
surveys - can be resolved into three factors:

- surveying in/over very resistive terrain
the nature of the target(?) conductor(s) in very resistive terrain
the combination of the response of a powerline and the noise associated with a
powerline

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

Surve ,in 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. The noise field at the
earth's surface is —horizontally-polarized. In terms of how this atfects a typical UTEM survey
it means that:

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

when measuring Hx/Hy - 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 sornewhat 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 fauIts and overburden channels. The vertical noise field
in particular is amplified by current channeling anomalies.

Result: stacking times for klz 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 tvill 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 will make UTEN1data 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 coinIiination of "true" noise and geological noise. In this instance plotting scales
are often blown up in an attempt to reveal tyhether subtle responses are present - and noise is
visually "amplified".

Weakly-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 tveakly-conductive features tvill channel current. The overall result can be
line-to-line variable, "scattered" responses that give the protiles the appearance of an increase
in noise in general. These tveakly-conductive variable features also affect the noise field. Tlw
vertical noise field in particular is amplified 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-over tilt angle anomalies - more noise in the vertical component.
Since tbe natural helds 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 tvould
lead us to believe.
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The net affect on an off-loop UTEM 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 noisy section is passed. If there is an indication
that the noise is geological then repeat readings should be taken.

high noise levels that start abruptly at the "geologically noisy" feature and persist
beyond it.
Result: stacking times for I lz measurements must be increased abruptly at the

"geologically noisy" feature and increased stacking must be continued at all
stations bevond (further from the loop). If there is an indication that the
noise is geOlogical then repeat readings should be taken.

Note that in the field it may take a svhile for an operator to determine the correct procedure
to follow. Abruptly increasing the stacking time and doing repeat readings cm add
significantiv to the survey time. For reference at 3.251Hz approximate reading times are as
follows for single readings and to cover 100m (4 stations):




single 100m @.:25m




512 stack -2min 50secs -11min 20secs
\ 2 IK stack -5min 40secs -22min 30secs
C 2K stack -1 lmin lOsecs -44min 50secs
Cl 4K stack -22min 20secs -89min 25secs




SK stack -44min 40secs -178min 40secs
As an example increasing from a 512 stack to a 1Kstack and doing a repeat reading svill take
the stacking time from -2min 50secs (-11min 20secs/ 100m) to —11min 20secs (-44min
50secs/ 10(Im). Note also that to the operator in the field abruptly noisy data looks very inuch
like an instrument problem. ln checking for instrumental problems some additional delay
svill occur.

The combination of the res onse of a powerline and the aowerline noise

A tvpical UTENIsurvey is affected by the presence of a powerline in tsvo ways:
There svill be a response due to the powerline. The response svill be coincident with
the powerline and can serve to mask other conductive features. The nature of a
powerline response varies depending on the powerline's: characteristics, location
with-respect-to the transmitter loop and geological setting. Note that in resistive
terrain all power line return currents are concentrated in long geological conductors
nither 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 "sthpping" the response is typically
colleåed on a more detailed traverse across the powerline.
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Result: surveying time svill 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 vilI be surveyed.

There will be EM noise present due to any operating powerline. Noise levels increase
as the powerline is approached. Power line 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 away from the power line in resistive terrain than in a conductive area. In
very resistive terrain powerline noise in the vertical component will persist to a
considerably distance.
For some powerlines the noise levels will be high enough to force the data to be
collected at a lowered signal gain. For many larger powerlines noise levels very
close to the powerline are high enough that data cannot be collected at all.
Result: surveying time will be increased because of the increased stacking required

to overcome the higher noise levels. Some coverage in the immediate
vicinity of the powerline may be missed due to very high noise levels.

Stratenies chan es that have been em )Io ,ed made to combat the noise issue

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

stacIdng increased
improves data qualitv when dealing with "true" noise but K3.2511It readings can
become quite long

readings repeated vhere 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 svhen readings
@3.251I-17,become quite Iong - see above.

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

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

where 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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