IR T/ 2/

\ INSTRUMENTS

gﬂ ACN. 000 978 174 Pty. Limited

%, || 348 ROCKY POINT ROAD, RAMSGATE NSW 2219
*@ PHONE 61 2 529 2355, AUSTRALIA
FAX 61 2 529 9726

'LOGISTICS REPORT

HELICOPTER GEOPHYSICAL SURVEY
ARTHUR LINEAMENT
NORTH EAST TASMANIA

DEPARTMENT OF STATE DEVELOPMENT AND RESOURCES
MINERAL RESOURCES TASMANIA DIVISION

30 Gordons Hill Road,
ROSNY PARK TASMANIA 7018

SA!_ES SERVICE AND RENTAL OF GEOPHYSICAL INSTRUMENTS AND SOFTWARE

HELICOPTER GEOPHYSICAL SURVEYS



Logistics Report Page 2

CONTENTS
PAGE

1. LOGISTICS

1.1 OPERATING BASE AND DATES OF SURVEY. 4

1.2 AIRCRAFT DETAILS AND NAMES OF FIELD CREW 4
2, SURVEY DETAILS

21 DESCRIPTION OF AREAS FLOWN 4

2.2 MAPPING 5

2.3 FLIGHT PATH RECOVERY 5

2.4 MAGNETOMETER 5

73S SPECTROMETER 6

2.6 ANALOG RECORDING 6

2.7 ALTIMETER 7

2.8 BASE STATION MAGNETOMETER 7

29 DATA ACQUISITION SYSTEM 7

2.10 GPS NAVIGATION SYSTEM 8

211  WEATHER DETAILS 8
3. CALIBRATIONS

3.1 MAGNETICS 8

3.2 RADIOMETRICS 9
4. DATA PROCESSING

41 RECOVERY INFORMATION 10

4.2 DIGITAL DATA 10

4.3 DELIVERED ITEMS 11

Geo Instruments Pty. Ltd. - Airborne Division



Logistics Report Page 3

APPENDICES
Volume
1. MAP OF AREA FLOWN 1
2. SET OF REDUCED SCALE MAPS 1
3. RAW FLIGHT REPORTS 1

Geo Instruments Pty. Ltd. - Airborne Division



Logistics Report Page 4

1. LOGISTICS
1.1 OPERATING BASE AND DATES OF SURVEY
1.1.1 Operating Base

The crew were based at Savage River situated in North Eastern Tasmania. The
helicopter was operated from the Savage River airstrip.

1.1.2 Dates of Flying
Start of survey production 15th Nov 1993
Completion of production 21st Nov 1993
1.2 AIRCRAFT DETAILS AND NAMES OF FIELD CREW
1.2.1 Aircraft

Bell Helicopter B206 B3 "Jet Ranger" Registration VH-FHB

1.2.2 Field Crew

Pilots ( Heli-Aust ) Peter Franks
Tony Feller

Operator/Engineer Shaun Adams
Operator Thomas Atkinson
Survey Manager Zoltan Beldi

2. SURVEY DETAILS

2.1 DESCRIPTION OF AREAS FLOWN

This survey area is marked on the area map in Appendix 1.

211 Flying Specifications
Flight line direction 090-0270 deg true
Flight line spacing 200 metres
Tie line direction 000-180 deg true
Tie line spacing 400 metres
Magnetic sensor mean terrain clearance 60 metres
Spectrometer sensor mean terrain clearance 80 metres
Sampling interval (Magnetics) 0.10 seconds
=< 7m/ sample

(Radiometrics) 1.00 seconds

Total distance processed 2968 km

Geo Instruments Pty. Ltd. - Airborne Division
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2.2 MAPPING

Flight Planning was conducted by reference to Australian Map Grid Coordinates and
area diagrams both supplied by the Department of Mineral Resources, Tasmania.

A copy of the appropriate map and the co-ordinates of the boundaries are included
in Appendix 1 of this report.

2.3 FLIGHT PATH RECOVERY

Navigation was conducted primarily by reference to the positions provided by the
Global Positioning System, hereafter referred to as (G.P.S.).

Flight path recovery was obtained by differentially correcting the flight data with
static data that were obtained from a fixed base station GPS receiver.

The position of the reference base station antenna was derived from a differential
solution of observations referenced to several bench marks.

The GPS base station was located

South Latitude 410 30' 49" .008
East Longitude 1450 13' 05" .718

The above Co-ordinates are referenced to the AGD84 Spheroid.

Varying degrees of "Selective availability" were observed during the course of the
survey.

In addition to GPS recording, the flight path was recorded visually by a continuous
running VHS PAL Colour video camera/recorder fitted with a wide angle lens viewing
the ground directly beneath the helicopter for verification purposes.

A synchronising fiducial number generated by the Data Acquisition System was
recorded within the video frame and the analogue data monitor charts.

2.4 MAGNETOMETER.
The survey was flown using a Geometrics G-833 Ultra-high sensitivity Meta-Stable
Helium Magnetometer sensor system. This sensor provides a Larmor signal within

the range of 1.1 to 1.9Mhz that is processed by high precision counters embedded
within the Geo Instruments G2000 Acquisition system.

The sensor and pre-amp were mounted in a "bird" and flown approximately 20
metres below the helicopter.

Geo Instruments Pty. Ltd. - Airborne Division



Logistics Report Page 6

Survey Specifications were:

Sensitivity 0.01 nT
Signal/Noise Ratio >100:1
Still Air RMS Noise 0.05nT

Digital Recording Resolution 0.01 nT
Magnetic Gradient Tolerance >20,000 nT / metre

Sample Time 0.10 sec. (Recorded at 0.20sec)
Sample Distance (Mean) 7 metres
2.5 SPECTROMETER

An Exploranium GR820 Differential Gamma Ray Spectrometer was used to measure
the standard energy windows for the gamma radiation from TI-208, Bi-214, K-40,
Total Count and Cosmic.

The gamma ray spectrometer was interfaced to a Nal (Tl) crystal detector with a
volume of 16.4 litres (1024 cubic inches). The detector pack was mounted inside the
helicopter in the baggage compartment clear of the helicopter fuel tanks.

The GR820 measures the pulses generated by the crystal detector and controls the
gain of each individual detector element by reference to the natural radiation
emanating from the ground. The isotope selected for the gain control is determined
during the survey and depends on the concentration observed during flights covering
tie lines.

The Arther Lineament Area had a prevalence of Thorium, therefore it was primarily
used as the stabilising element.

The five differential channel windows were defined as follows:

Total Count 0.30 - 3.01 MeV
K-40 1.37 - 1.57 MeV
Bi-214 1.66 - 1.87 MeV
Ti - 208 2.41 - 2.81 MeV
Cosmic 3.00 - 9.00 MeV

The digital recording contains uncorrected values for the channel windows.
2.6 ANALOG RECORDING.

A printer/plotter RMS Instruments Model GR-33 was used to record the following.

Channel __ Parameter Full Scale
00 Total Magnetic Field 200 nT
01 Total Magnetic Field 2000 nT
02 Total Count 1,500 cps
03 Potassium (K-40) 150 cps
04 Uranium (Bi-214) 150 cps
05 Thorium (TI-208) 150 cps
06 Radar Altitude 500 ft.

07 Barometric Altitude 500 m

Geo Instruments Pty. Ltd. - Airborne Division
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Note that the radiometrics have been normalised to counts per second and Compton
scatter (from Thorium) was removed from the Uranium and Potassium channels.
Additionally, the fiducial mark correlates to those on the digital data.

2.7 ALTIMETER.

A Sperry AA-210 Radar Altimeter system was used. The pilot's analogue indicator
provides an absolute altitude display from 0 to 750 metres ( 0 to 2,500 ft.). Though
the altimeter is self calibrating, a check was carried out at 70ft referenced to the
"bird" cable at the beginning and end of each flight.

The reference height above mean sea level was derived from the height value
provided by the GPS receiver.

2.8 BASE STATION MAGNETOMETER

A Geometrics Model G-856 with digital recording was used as the base station
magnetometer for recording the diurnal variations and was run continuously
throughout the survey flying period The base station was sampled at 5.0 second
period.

Magnetic disturbance activity was classed as moderate throughout much of the
survey. Those periods where the magnetic field excursions exceeded the
specifications were reflown.

2.9 DATA ACQUISITION SYSTEM

The Geo Instruments G2000 is a Digital Acquisition System based on the IBM PC AT
architecture.

The system is fitted with several modules tailored to condition the input data from the
various sensing instruments.

A custom written software package facilitates the following;

(a) Correct synchronisation of the data streams,

(b)  Formatting of all data received,

(c) Extended error checking of all parameters,

(d) Visual data presentation for monitoring purposes,

(e)  Generate and distribute synchronising Fiducial numbers,
() Recording of data to magnetic media,

(g) Calculation of position and provide steering display for pilot

Geo Instruments Pty. Ltd. - Airborne Division
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2.10 GPS NAVIGATION SYSTEM.

This comprised two NovAtel 951R Receivers and associated antennas. The receiver
is a ten channel CA code and carrier phase unit capable of tracking up to ten
satellites simultaneously and deriving positions from all satellites in view.

Positions may be generated at 0.2 second intervals and internal recording capacities
allow ten hours of positional data storage.

Two units were used in conjunction with each other to allow a real time differential
solution to be obtained with the aid of a dedicated telemetry link operating in the
UHF Band. Corrections were transmitted at three second intervals.

The Arthur Lineament telemetry link base transmitter was located with the base GPS
at Savage River. Two repeater transmitters were used to increase the range of the
telemetry link and were located at Mt Clereland and Mt Bertha.

2.11 WEATHER DETAILS.

Weather information where relevant was recorded on the daily flight logs.

3. CALIBRATIONS
3.1 MAGNETICS
3.1.1 Magnetic Noise Envelope.

Post flight analysis indicated that the mean fourth difference noise level achieved
was less than 0.025nTs over the whole of the survey. Only occasional bursts of
noise exceeded these parameters. They were generally attributed to the effect of
severe mechanical turbulence imposed on the bird whilst flying during strong winds
in the proximity of sharp topographical relief.

3.1.2 Heading and Parallax Errors

A test flight prior to the survey confirmed no detectable heading error. This is normal
and due to the 20m separation of the magnetometer sensor and pre-amp from the
helicopter.

A flight was performed before the survey, to test for parallax errors in the system by
flying over a metal shed in two opposing directions. It was determined that the digital
readings lagged the camera recorded positions by 0.2 of a sample. This averages
about two metres and is corrected in the field during merging of the positions with
the acquired data.

Geo Instruments Pty. Ltd. - Airborne Division
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3.2 RADIOMETRICS
3.2.1 Stripping Coefficients.

These coefficients were obtained at the beginning of the survey. They were derived
using point source Thorium and Uranium samples placed to give a uniform
irradiation of the detector pack while the spectrometer subtraction values were
adjusted to give minimum observable contribution into the other channels.

The following stripping co-efficients were used for subsequent correction of the
digital data:

KU 0.81
KT 0.40
uT 0.25
TU 0.06

The following corrections were used:-

TC K U Th
Altitude _ 0.0037 0.0032 0.0042 0.0038
per metre
Aircraft 60 3 2 0.75
background cps
Cosmic 0.520 0.025 0.021 0.026
background cps
3.2.2 Pre and Post Flight Checks

All crystals were aligned prior to each day's flight using Cs137 sources and checked
for drift at the conclusion of the day. Drift values were kept to a minimum by the
correction mechanisms built into the GR820 spectrometer. An alarm is generated
whenever the gain drift exceeds nominal tolerances and the GR820 is unable to
correct the drift. An unresolved alarm will preclude further flying, however none were
generated for this survey.

Pre and post flight checks were undertaken using the following samples:

Thorium sample
Uranium sample

Both pre and post flight sample checks were recorded in analogue and digital forms.
3.2.3 Flight Calibrations
A test line was flown before and following each days survey to assess the

repeatability of the system pre and post data collection. A test line that exhibited
some radiometric expression was selected.

Geo Instruments Pty. Ltd. - Airborne Division
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4, DATA PROCESSING

4.1 RECOVERY INFORMATION

The post processed position information was merged with the geophysical data and
then subjected to a number of checks. These include;

(a) Speed correlation checks.
(b)  Spikes, dropouts and noise bursts in all data streams
(c) Flight path coverage within specified parameters.

4.2 DIGITAL DATA
4.21 Magnetic Processing

All data were checked for abnormalities by an in-field data verification system that
checks conformity of all parameters within a band of acceptable values.

Having verified all data in the field, the final processing sequence is reduced to the
following steps;

(a) Convert all variables to common base levels.

(b)  Normalise Base station Magnetometer levels.

(c)  Subtract normalised Base Station Magnetometer from Magnetometer
values acquired along each line.

(d)  Subtract the IGRF Model from the magnetic datum.

(e) Grid the data using a 50 metre square grid mesh.
Gridding method is as per Briggs 1974 utilising a four times line
spacing search/scan radius.

No filters were applied to the data prior to gridding.
4.2.2 Radiometrics
The spectrometer data was composed of the spectrometer timer, radar and
barometric altimeters and the windowed data (i.e. Total count, Potassium, Uranium,

Thorium ). The windowed data was normalised to counts per second and checked
for steps, spikes and noise.

The dataset was then corrected for the following:
1 Aircraft Background
2 Compton Scatter due to Cosmic
3. Energy Stripping of K-40 and Bi-214

The altitude attenuation correction was performed as an exponential function to the
nominal (80 metres) survey height.

Geo Instruments Pty. Ltd. - Airborne Division
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4.3

(a)

(b)

(c)

(d)

DELIVERED ITEMS
1:50,000 Scale Final Mylar base Maps of the following;

Flight Path Plots.

Total Magnetic Intensity contours.

Total Magnetic Intensity stacked profiles.
Total Radiometric Intensity contours.

Gridded Data Tapes of Magnetic and Radiometric data
Located data tapes of all acquired parameters.
Raw data disks from helicopter system and Base station magnetometer.

Video flight path records

Analog chart records. (Annotated and folded)
Flight logs (original un-edited)

Geo Instruments Pty. Ltd. - Airborne Division



Logistics Report

APPENDIX 1

MAP OF AREA FLOWN

Geo Instruments Pty. Ltd. - Airborne Division
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APPENDIX 2

SET OF REDUCED SCALE MAPS

Final Flight Path map at 1:50,000 scale

Final TMI Profile maps at 1:50,000 scale
Final TMI Contour maps at 1:50,000 scale
Final Total Count Contour maps at 1:50,000 scale

NN oot

Geo Instruments Pty. Ltd. - Airborne Division



1:50,000 AIRBORNE GEOPHYSICAL SERIES

ARTHUR LINEAMENT

FLIGHT PATH
MINERAL RESOURCES TASMANIA

mar - sroone P— moms e
e wore oy o worz
I I
woars
worms L
- -+ + s
pre— - 4+ -+ sumoams
. -+ +
wwors
ewws |-
e =+ + st
e S===—u— =
i <
«_.,} -y S ——— i S———"—
i e 7. A —
| | Z- T LY 5 72 L v o L | | [
PR vy < b < s >
i § wwos H ] § w s s oy
. s - - mtacs Fa—
1:50,000 SHEET LOCATION
T Arthur Lineament Airborne Geophysical Survey
o - e ia D d R
s B B om ey G P
ﬁ O Minerals Resources Tasmania
Cr ey O Surveyad and compiled Geo Instruments Pty. Ltd
EF»".’:..,M T o G e Processed by Kevran Geophysics Pty. Ltd. _— -
AIRBORYX SURVSY SPECIFICATIONS October — November 1983
oo Beeten - g asgees
e R
ke Pk

Crown Copyright Reserved
Project, Supervision by Mineral Resources Tosmenia o

SoAE 150,000
1 i




FLIGHT PATH

1:50,000 AIRBORNE GEOPHYSICAL SERIES ARTHUR LINEAMENT MINERAL RESOURCES TASMANIA
ot - snnt - poee— maant wesoamt
e worz s
U I I T
st =+ —+ - — e
p— + + + [ R —
- wmws
o +
w2ws
Py + + -+ — aszn
- + + + —
osmnn -+ -+ -+ — susoonmn
s - ewowrs
o
i wers
.
1 | 1 1 | [ | 1l
w e s w wore
sunne somones wosonns P s s -
1:50,000 SHEET LOCATION
i s Arthur Lineament Airborne Geophysical Survey
%;“m "“""‘“"“::ul'; Tasmania Development and Resources
Esmss ““ﬁ#‘,‘g Minerals Resources Tasmania
E) aw— 10 Sk e Surveyed and compiled Cea Instruments Pty. Ltd
oo Sy o B Processed by Kevran Geophysics Py. Ltd. . -
AIRBORNE SURYSY SPECIFICATIONS QOctober ~ November 1983
At - e
B R, e
=T Crown Copyright Reserved
Project Supervision by Mineral Resources Tasmenia . o e
FLIGHT PATH PROCESSING P -
PRETRER U RN notere L o ] s .
5 it e ey e e .
S —— 4P GRD T 55

st ot retes o Amsralen ep @4 Tome SR Austoabias Noiosal 2
PROVECTION: Uniyersel Transeerss Nercator.




TOTAL MAGNETIC INTENSITY PROFILES
MINERAL RESOURCES TASMANIA

- o« ews

< W mf“ .m l)\“
b gwmww\h

SENTS

4 V,
/‘V
W\
.m
¥

T e i 5

+

7 (<7

+

+

- TR
e
2
)
Wl "o
. - 5

D

2l

N-"u

,\
Y
\,

d

\(‘.
a
)

LN
il
"&‘y
\

A

INK
|

Yy
y

/

¥ v.»*"‘

{/
4

)

\
0

,‘

\

1:50,000 AIRBORNE GEOPHYSICAL

« wws |-

1:60,000 SHEET LOCATION

s s
L 3

PO et ol
e —

Minerals Resources Tasmania
Surveyed and compiled Geo Insiruments Pty. I4d
Processed by Kevron Geophysios Ply. Lid.
Qctober ~ November 1983
Project Supervision by Minerel Resources Tasmania
L o 3 .

Arthur Lineament Aeromagnetic Survey
Tasmania Development and Resources




TOTAL MAGNETIC INTENSITY PROFILES
MINERAL RESOURCES TASMANIA

1:50,000 AIRBORNE GEOPHYSICAL SERIES ARTHUR LINEAMENT SURVEY
T " I I LI
p— - + WV A + + + | —
\ i /I
\\ 14 o A
o A\ LV \
: \ A
) A
! ) a8 ) Y,
W \%W, ) ‘\R“,;ﬂ'? A
/N e N “\‘ VAN g"’ )
/A D
— L+ R " "}I!A"\ M + + + _ v
\ /)
N + . o
[— + b + = —
po— e + . = ——
= + + + -1 —
. + = wer
| | 1 | | L 1 1
1:50,000 SHEET LOCATION
e s Arthur Lineament Aeromagnetic Survey
B e e Tesmania Development and Resources i g wpm
E-ﬂ "‘";:EEE Minerals WMW Tasmania [—“
e ] R e e L.
;;-nm o Qctober — November 1993
== V'EE Mineral Rasources Tasmania Reserved
. e e s e Project Supervision by Minerol Resources Toxmaaia - R T
o T T e
S e 35

D e o
PROLETION - Dl Tranome Nercaer 2




1:50,000 AIRBORNE GEOPHYSICAL SERIES

ARTHUR LINEAMENT SURVEY

TOTAL MAGNETIC INTENSITY CONTOURS
MINERAL RESOURCES TASMANIA

pe—— o st
us e o wrors
T T I T I I
o wows
wows |
- -+ L = -
pe—  + + ] =
- wwws
wwws |-
| I
w wars wwarr e wars
. - swns o -~
s S S o0 Arthur Line@ent Airborne Geophysical Survey
e e ] Tesmania Development and Resources
Enns R o Minerals Resources Tasmania
B S ey Surveyed and compiled Geo Instruments Pty. Ltd
AT IR Processed by Kevron Geophysics Pty, Ltd. =
ATRBORNE SURVSY SPACIFICATIONS Qctober — November 1893
— 50— gy den
R ot -
A €0 b

TOTAL MAGNETIC INVENSITY CONTGURS
=
oy
R R
s 1020
i

Crown Copyright Reserved

Project Superviston by Mineral Resources Tasmania
;s 12000
¥ %

L o 3 .

lomotres
AP GED 200 55

PRGN : fstoetivn Nabional
FROVECTION: Unlvorsel Transrorpe Mercator




TOTAL MAGNETIC INTENSITY CONTOURS
MINE]

1:50,000 AIRBORNE GEOPHYSICAL SERIES ARTHUR LINEAMENT SURVEY RAL RESOURCES TASMANIA
pr— - onme somoz momas . Fo—
o worr 0 o wars
T I I T
e - + -+ — P
[
+ +
wzws
s -+ -+ -+ — stasmoaz
sttoommt -+ -+ - — PR
+ —  wwws
a
i s
1 1 | | | 1 1l
wwws warars w men
. .- - pe—. o F— -
e ST SRR R Arthur Lineament Airborne Geophysical Survey
& e Gouaohe “‘:u‘r.; Tesmania Development and Resources g -
foreiomnie s ] Minerals Resources Tasmania YN
&"‘ ot " -—,“3 Surveyed and compiled Geo Instruments Pty. 1td
ﬁ.ﬁu‘ﬁﬁ 1—.:“’:."—‘: Processed by Kevron Geophysics Pty. Lid. — -
ARBORYE SURVEY SPECTFICATIONS QOctober — November 1893
g, w-m e
e o0 13 s
p2 g ) Crown Copyright Reserved
Project Supervision by Mineral Resources Tasmenia . o ==
TOTAL MAGNETIO INPRNSITY CONTOURS sz 5000 - -
EETEe et

Gomtons etarad 2 10, 80, B0, 060 2 SPEBID ; Ausireion Nalicial
PHOVECTIOR: Unlvorssl rensverss Mercatar




1:50,000 AIRBORNE GEOPHYSICAL SERIES

ARTHUR LINEAMENT SURVEY

TOTAL COUNT CONTOURS
MINERAL RESOURCES TASMANIA

P

e ware 19 @ s

wwws

- wows
— sy
- suontan
e [ree
~  wwes

—] isnonn

I I ! I I i
wows [
P =+ —+
wwws |-
Yo
M=
N
s
| 1 5 RV
wwors o wrs
swcny pe— womonn ot
e 5 Arthur Lineament Airborne Geophysical Survey
P comaaPATLTE :
m% Tasmania Development and Resources
S “"‘TWOEEE Minerals Resources Tasmania
BT e 10 o e ey Surveyed and compiled Geo Instruments Pty. Ltd
mm -5 Processed by Kevron Geophysics Piy. Ltd
ATRBORNE SURYEY SPECICATIONS October ~ November 1893
e e, w-m
by 0~ 3 g
B S Crown Copyright Reserved
Project Supervision by Mineral Resources Tasmanie
'TOTAL COUNT CONTOURS
ECe e e T ol B
ath @2 e G 30 50

SPHISOT : ustrabon Notiooal

e wors

iz




1:50,000 AIRBORNE GEOPHYSICAL SERIES

TOTAL COUNT CONTOURS
MINERAL RESOURCES TASMANIA

Profect Supervision by Mineral Resources Tasmania

Tmiwa

o p— fre— ooz . F—
s usrors
T I I U
- + + + — -
semann + + + - .
+ —  arwws
ab
wzws
S0 - + + ] stsgomay
oo a -+ - + —— PR
e “+ -+ -+ —] fren.
o + - wwows
wwars
1 I L { L | 1l
uswors s w wors
oo [ pa——. wimaz F—— F—
P Arthur Linegment Airborne Geophysical Survey
m-.“"'"‘m.m G ORI Tasmania Development and Resources o -
m e iy e Minerals Resources Tasmania
L 1ol P Surveyed and compiled Geo Instruments Pty. Ltd
R ko] Processed by Kevron Geophysics Pty. Lid. . -
AIREORYR SURVEY SPECIFICTIONS Qctober — November 1893
BaEs T3=
o= Crown Copyright, Reserved

Far e porpes o contocricg @ 29 avengs
e s e oo 4300 5 G S
Cemtour el 5, 105, 800, 000 @

s ]

SR 150,000
L o i 2
T

lometres
P CED 100 65
SPHEROD : fontration Nobional
FRVECTION: Unlvereel Transveros Nezcator

20




Logistics Report

APPENDIX 3
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