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2.0 SURVEY SPECIFICATIONS

Airborne survey and noise specifications for the Opinaca North project are as follows:

a) traverse line spacing and direction
« flight line spacing: 100 m
« flight line direction: North-South

b) control line spacing and direction
» control line spacing: 1 000 m

o control line direction: East-West

¢) terrain clearance

+ helicopter mean terrain clearance: 43.5m
o spectrometer mean terrain clearance: 435 m
« magnetometer mean terrain clearance: 43.5m

d) Re-flights and turns
« actual line-spacing could not vary by more than 50 % from the indicated spacing over a
distance of more than 1 km. The minimum length of any survey line was 3 km.
o all reflights of line segments intersected at least two control lines

e) Soil moisture
o no gamma-ray spectrometric survey was flown during or for 3 hours after measurable
precipitation
« in the event of heavy precipitation yielding more than 2 cm of ground soaking rain, flying
should be suspended for at least 12 hours after end of precipitation or until soil returns to
its "normal" moisture level

f) magnetic diurnal variation
» A maximum tolerance of 5.0 nT (peak to peak) deviation from a long chord equivalent to
a period of one minute for the magnetometer base station

g) magnetometer noise envelope

« in-flight noise envelope could not exceed 0.5 nT, for straight and level flight
» base station noise envelope could not exceed 0.2 nT
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3.0 AIRCRAFT, EQUIPMENT AND PERSONNEL

3.1 Aircraft and Geophysical On-Board Equipment

Aircraft:

Gamma-ray Spectrometric System:

Magnetometer:

Magnetometer Base Station:

Fuel Cash:
LG2:

Mirage:

Digital Acquisition System:

Radar Altimeter:

Baro Altimeter:

Bell 206 LR
Mean Survey Speed: 35 m/sec
Mean Ground Clearance: 43.5 metres

Radiation Solutions RSX-5
Downward-looking crystal: 16 litres
Upward-looking crystal: 4 litres
Self-calibrating and automatic gain control which eliminates
the use of radioactive sources in the field
Recording at a rate of 1 Hz, the:
- total, potassium, uranium and thorium counts
- entire 256 channel spectra

Geometrics Cesium split-beam total field magnetic sensor
installed in a stinger (figure 2) with a sensitivity of 0.01 nT, a
sampling rate of 10 Hz and a resolution better than 0.025 nT
per measurement. The sensor tolerates gradients up to 10 000
n'l/m, and operates in a range from 20 000 nT to 100 000 nT.
A 0.5 nT noise envelope was not exceeded over 500 metres
line-length without a reflight.

A GEM GSM-19 Overhauser magnetometer base station
was mounted in a magnetically quict area. The base station
measures the total intensity of the earth's magnetic field in
units of 0.01 nT at intervals of 1 second, within a noise
envelope of 0.10 nT. The base station magnetometer was
located near the base of operation at the following
coordinates:

Longitude: -75.0909364° Mean Value: 57 550.20 nT

Latitude: 52.8529624°

Longitude: -77.7162080° Mean Value: 57 403.87 nT

Latitude: 53.6297020°

Longitude: -76.0067050° Mean Value : 57 428.15 nT

Latitude: 52.7363091°

RMS DAARCS00 Data Acquisition System

TRA-3000, accuracy 2%, sensitivity one foot, range 0 to
2,500 feet, 1 sec. recording interval

Honeywell
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4.0 SURVEY SCHEDULE AND BASE OF OPERATION

The survey area was made of 4 blocks with a flight line bearing (North-South) selected to run
perpendicular to the average trend of the local geological structures. The field base of operation
were set up at the Pourvoirie Mirage, which is located approximately 200 km North-East of the
survey areas, and LG2, which is located approximately 100 km North-West of the survey areas.

Thc: survey was flown in two steps, from October 16™ to 30™ 2007 and from June 14™ to July
18", 2008.

5.0 DATA ACQUISITION

The following tests and calibrations were performed prior to the commencement and during the
survey flying:

- Altimeter calibration
- Figure of Merit
- AGS calibrations for:

¢ Compton stripping coefficients;
aircraft and cosmic backgrounds;
height attenuation coefficient;
radioelement sensitivities;
radon removal parameters.

These calibrations and tests were flown either near the Breckenridge test site or over the survey
site, as part of the start-up and monitoring procedures. Details of each test and their results are
given in Appendix A.

Periodic AGS tests were performed as follows:

e test line (daily pre- and post flight)
e background-over-water

After each day, profiles were examined as a preliminary assessment of the noise level of the
recorded data. Altimeter deviations fromthe prescribed flying altitudes were also closely examined.

All digital data were verified for validity and continuity. Data from the helicopter and base stations
were transferred to the PC's hard disk. Basic statistics were generated for each parameter recorded.
These included the minimum, maximum and mean values, the standard deviation and any null
values located. Editing of all recorded parameters for spikes or datum shifts was done, followed by
final data verification via an interactive graphic screen with on-screen editing and interpolation
routines.

The quality of the GPS navigation was controlled on a daily basis by recovering the flight path of
the helicopter. '
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Checking all data for adherence to specifications was carried out in the field by GDS’s field
geophysicist.

6.0 DATA COMPILATION AND PROCESSING
6.1 Base maps

Base maps of the survey area were plotted from topographic maps of the Department of Natural
Resources Canada at a scale of 1:50 000.

Projection description

Datum: WGS84

Projection: Universal Transverse Mercador (UTM Zone 18N)
Central Meridian: 75° West

False Easting: 500 000

False Northing: 0

Scale Factor: 0.9996

6.2 Processing of the Positioning Data (GPS)

The raw GPS data were recovered and corrected from spikes. The resulting corrected latitudes
and longitudes were then converted from the WGS-84 spheroid. A point-to-point speed
calculation was then done from the final X, Y coordinates and reviewed as part of the quality
control. The flight data were then cut back to the proper survey line limits and a preliminary plot
of the flight path was done and compared to the planned flight path to verify the navigation. The
positioning data were then exported to the other processing files.

6.3 Processing of the Altimeter data

The altimeter data, which includes the radar and baro altimeters and the GPS elevation values were
checked and corrected for spikes using a fourth difference editing routine. A small low pass filter
of 2 seconds was then applied to the data. Following this, a digital terrain trace was computed by
subtracting the radar altimeter values from the corrected GPS elevation values. All resulting
parameters were then checked, in profile form, for integrity and consistency, using a graphic
viewing editor. '

6.4 Processing of the Base Station Data

Recorded magnetic diurnal data from the magnetometer base station were reformatted and loaded
into the OASIS database. After initial verification of the integrity of the data from statistical
analysis, the appropriate portion of the data was selected to correspond to the exact start and end
time of the flight. The data were then checked and corrected for spikes using a fourth difference
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editing routine. Following this, interactive editing of the data was done, via a graphic editing
tool, to remove events caused by man-made disturbances. A small low pass noise filter (30
seconds) was then applied. The final processing step consisted of subtracting result from the
airborne magnetic data as a pre-levelling step. The average of the Total Field Magnetic Intensity
measured at the Base Station was 57 750.2 nT.

6.5 Processing of the Airborne Magnetic Data

The airborne magnetic data were reformatted and loaded into the OASIS database. After initial
verification of the data by statistical analysis, the values were adjusted for system lag. The data
were then checked and corrected for any spikes using a fourth difference editing routine and
inspected on the screen using a graphic profile display. Interactive editing, if necessary, was done
at this stage. Following this, the long wavelength component of the diurnal was subtracted from
the data as a pre-levelling step. A preliminary grid of the values was then created and verified for
obvious problems, such as errors in positioning or bad diurnal. Appropriate corrections were then
applied to the data, as required.

Following this, the final levelling process was undertaken. This consisted of calculating the
positions of the control points (intersections of lines and tie lines), calculating the magnetic
differences at the control points and applying a series of levelling corrections to reduce the
misclosures to zero. A new grid of the values was then created and checked for residual errors.
Any gross errors detected were corrected in the profile database and the levelling process
repeated. Finally, a micro levelling routine was applied to the magnetic data.

6.5.1 Micro-Levelling

Complex airborne datasets acquired on parallel lines often exhibit subtle artefacts in the line
direction.

Micro levelling is used to filter the primary gridded data in order to reduce or remove long-
wavelength noise along survey lines, caused by non-geological effects. For this survey, GDS used a
proprietary micro levelling technique. It uses modified median filters that are designed to match the
statistical nature of magnetic data. Along-line and cross-line directional filters plus clean-up filters
are used to isolate and remove this sort of noise from the gridded images. Naudy-type thresholds
are used to limit the amplitude of change at any data point.

Once the micro levelling process was applied, colour-shaded images were studied to verify that the
residual line noise has been minimized, and that new line noise has not been introduced. The micro
level correction grid was reviewed to confirm that no significant geological signal had been
removed.

The final stage was to sample the correction grid and apply these corrections to the magnetic
profile data.
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6.5.2 Total Magnetic field and First Vertical Derivative Grids

The reprocessed total field magnetic gridiwas calculated from the final reprocessed profiles by a
minimum curvature algorithm. The accuracy standard for gridding was that the grid values fit the
profile data to within 0.01 nT for 99.99% of the profile data points. For all the blocks, the grid
cell size was 25 metres.

Minimum curvature gridding provides the smoothest possible grid surface that also honours the
profile line data. However, sometimes this can cause narrow linear anomalies cutting across
flight lines to appear as a series of isolated spots.

The first vertical derivative of the total magnetic field was computed to enhance small and weak
near-surface anomalies and as an aid to delineate the geologic contacts having contrasting
susceptibilities. The calculation was done in the frequency domain, using Win-Trans FFT
algorithms.

6.6 AGS Data Processing

The Airborne Gamma-ray Spectrometric data was subjected to primary quality control, complete
data reduction, gridding and imaging in the field during the data acquisition phase. The final
processing procedure starts by analysing the raw, 256-channel spectra to reduce statistical noise
using a spectral component analysis technique (NASVD).

Subsequent processing consists of:

refining the various parameters used for ROI (region-of-interest) data reduction;
reducing the whole dataset with increased attention to detail;

statistical and image evaluation of the reduced data;

adjustment to the data reduction as necessary;

applying micro-levelling to the gridded data and transferring adjustments to profile data;
preparing the required products.

6.6.1 Data Processing Overview

GDS utilizes an improved methodology for AGS data reduction based on the standard techniques
outlined in the following references:

e IAFA-Tecdoc-1363, Guidelines for radioelement mapping using gamma ray
spectrometric data,

e AGSO Record 1995/60, A Guide to the Technical Specifications for Airborne Gamma-
Ray Surveys.

e JAEA-TECDOC-1363, “Guidelines for radioelement mapping using gamma ray
spectrometry data” (July 2003).

The parameters used for this processing were based on those determined during the calibration

and testing phase of the survey (see Appendix A) and on subsequent analysis of the whole AGS
data set including background-over-water measurements. The primary AGS data consists of the
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256 channel spectra collected at 1 Hz for both the downward-looking (16 litres) and upward-
looking (4 litres) crystal packs. The major data reduction stages are:

NASVD analysis of the 256 channel AGS spectra

Appropriate filtering of auxiliary data (ground clearance, temperature, pressure and cosmic)
Calculation of effective height (at STP = “Hstp™)

Background removal (aircraft, cosmic and atmospheric radon)

Compton stripping (spectral unfolding)

Adjustment for height attenuation

Conversion to radioelement ground concentrations (TC, K U, TH)

Gridding and evaluation

Calculation of derivative products

Each of the radioelement results: total count (TC); potassium (K); uranium (U); and thorium
(TH) were evaluated using statistical and image analysis techniques.

6.6.2 NASVD Statistical Noise Reduction

GDS’s personnel have extensive experience with the application of Noise Adjusted Singular Value
Decomposition (NASVD), which was initially developed by Hovgaard and Grasty (1997), and
evaluated in depth by Minty (2003). NASVD was applied to both the downward and upward 256-
channel spectra in order to reduce statistical noise. A formulation of the method modelled on that
of Minty was used.

The noise-reduced spectra were used to extract new TC, K, U and TH and UPU (upward-looking
uranium) ROI count rates, which then have less noise than the original raw ROI. For the uranium
measurement, in particular, it is possible to achieve a significant reduction in statistical noise.

NASVD analysis results in a more precise measure of the radioelement ground concentrations,
which improves the discrimination between different geologic units with similar concentration
values. However, no significant improvement occurs for the total count measurement since it
already incorporates a major part of the gamma-ray spectrum. The improved maps or images can
reveal patterns and shapes previously hidden or barely discernible in the noise.

6.6.3 Filtering

All primary data was edited in the field to eliminate rare instances of spikes, noise or corrupted data
points. During data reduction, appropriate filtering was applied to selected AGS fields in order to
match measurement parameters to the primary gamma-ray data and/or improve accuracy.

6.6.4 Ground Clearance

Aircraft ground clearance was well maintained during this survey. AGS data is quite sensitive to
height of the spectrometer above ground. The effective height at STP (Hstp) is used in data
reduction. Note that the mean ground clearance (43.5 m) is quite close to the planned survey height
of 40 m (figure 3). The maximum value (129 m) is well within the accepted limits for statistically
meaningful AGS data (detector volume 16 litres). Accordingly, it was not necessary to reject any
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7.0 FINAL PRODUCTS
7.1  Maps

One paper copy of the following final maps was delivered to DIOS at a scale of 1:20 000 for
each block:

(a) Potassium Percent (colour interval)

(b) equivalent Uranium parts per million (colour interval)

(¢) equivalent Thorium parts per million (colour interval)

(d) Total Count (colour interval)

(e) Ratio et the eqU/eqTh

(f) Ratio of the K/eqTh

(g) Shaded Magnetic Total Field (colour interval)

(h) Shaded Magnetic First Vertical Derivative (colour interval)

GDS provided also the PDF formats of these maps.

7.2 Final digital archive of line data

Three copies of geophysical, positional and environmental data were delivered in Geosoft
compatible format on DVD with gamma-ray spectrometric data reproduced at 1 second intervals.
Appendix B describes the archive content.

7.3 Miscellaneous

Three paper copies of this technical report, with the corresponding digital PDF file, have been
produced and delivered to DIOS.
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8.0 CONCLUSION

The Opinaca North survey was completed outside the estimated time frame. Due to bad weather
and a helicopter incident, the survey was completed in two phases, the 2007 from October 16™ to
30™, phase and the 2008 phase from June 14" to July 18™.

All airborne and ground-based records were of excellent quality. Magnetic data acquisition was
done in good diurnal conditions. It was found that even though diurnal was within specifications,
diurnal subtraction was not good enough to level the data and, in fact, good intersections were
required to produce a reliable final data set.

The noise level for the measured Total Magnetic Field was well within the accepted limits,
determined from the fourth difterence of the lagged, edited airborne magnetic data.

The acquisition of the Gamma-Ray Spectrometric data was done in excellent weather conditions.
The atmospheric radon levels fell within the expected range of concentrations. Final maps and
database show that the noise level is very low on all the spectrometric channels.

GPS results proved to be of high quality. The flight path was surveyed accurately and the speed

checks showed no abnormal jumps in the data. The helicopter was able to remain within the £20
metre elevation differences at the traverse/control line intersections.

It is hoped that the information presented in this report, and on the accompanying products, will be
useful both in planning subsequent exploration efforts and in the interpretation of related exploration
data.

Respectfully Submitted,

Camille St-Hilaire, M.Sc.A.
P.Geo. '

Opinaca North Airborne Geophysical Survey Report Dios Exploration Inc. 14

-774054

b




REFERENCES

Briggs, lan, 1974, Machine contouring using minimum curvature, Geophysics, v.39, pp.39-48.

Duval, J., and Cook, M. 1971. Development of remote methods for obtaining soil information and
location of construction materials using gamma-ray signatures for Project Tathemis. Rice
University: Dept. of Geology.

Grasty, R.L., Holman, P.B. and Blanchard, Y.B., 1990. Transportable Calibration Pads for
Ground and Airborne Gamma-Ray Spectrometers. Geological Survey of Canada paper 90-23.

Hovgaard, J., and Grasty, R.L., 1997, Reducing statistical noise in airborne gamma-ray data through
spectral component analysis. In "Proceeding of Exploration 97: Fourth Decennial International
Conference on Mineral Exploration”, edited by A.G. Gubins, p.753-764.

International Atomic Energy Agency, Vienna, 1991, Airborne Gamma Ray Spectrometer surveying.
Technical Reports Series no. 323.

Lovborg et al. 1981, Pad Facility for the Calibration of Gamma-Ray Measurements on Rocks,
RISO National Laboratory, Denmark. RISO-R-454.

Minty, B.R.S., 1991, Simple micro-levelling for aeromagnetic data, Exploration Geophysics, v.
22, pp. 591-592.

Minty, B.R.S., 1992, Airborne gamma-ray spectrometric background estimation using full spectrum
analysis. Geophysics, vol. 57, no. 2, p. 279-287.

Minty, B.R.S., 2003. Accurate noise reduction for airborne gamma-ray spectrometry. Exploration
Geophysics (2003) 34, pp207-215.

Naudy, H. and Dreyer, H., 1968, Essai de filtrage nonlinéaire appliqué aux profiles
aeromagnétiques, Geophysical Prospecting, v. 16, pp.171-178.

Opinaca North Airborne Geophysical Survey Report Dios Exploration Inc. 15

774054 ==




APPENDIX A

TESTING AND CALIBRATION

{
i
1§

774054-

|







































APPENDIX B

PROFILE DATABASE ARCHIVE
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Magnetic Channel
(Oasis Montaj GDB format)

General line information:

Line Unit Line number

Fit Flight number

Date Flight date (yyyy/mm/dd)
Clocks and system synchronization:

Fiducial Sec Fiducial

TimeGPS Sec Edited GPS time (second after midnight)
Edited GPS channels

X84_718 Metre Easting, WGS-84 UTM Z18N
Y84 718 Metre Northing, WGS-84 UTM Z18N
Zgps Metre MSL GPS altitude

Longitude Deg Original Longitude, WGS-84
Latitude Deg Original Latitude, WGS-84

Radar altimeter

radarm Metre Radar Altimeter
DTM Metre Digital Terrain Model (from Zgps and Radar)
Ground Mag base station data
Base nT Original, (in Block area) unedited primary mag base station
Basef nT Filtered Base
Maqg TMF data
Magc nT Mag despiked
drift nT Diurnal correction removed
Magbc nT Diurnal corrected Mag (magc-drift)
Corlev nT Tie line leveliing correction
Maglev nT Tie line leveled Mag
Cormicro nT Microleveling correction
Magmicro nT Micro leveled Mag
xx_Mag_Final.grd Total Magnetic Field grid
xx_Grad_Final.grd Total Magnetic Field first vertical derivative grid
xx_Dios_final.gdb Magnetics Geosoft database

Where xx is the block name (Gridding cell size is 25 m)
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Radiometrics Channels
(Oasis Montaj GDB format)

| General line information:

 Line Line number
Flt Flight number
Date Flight date (yyyy/mm/dd)
_General line information:
Fiducial Sec Fiducial
TimeGPS Sec UTC time in second after midnight
| GPS channels :
X84 z18 m Easting, WGS-84 UTM Z18N
Y84_z18 m Northing, WGS-84 UTM Z18N
Z84 m MSL GPS altitude
Longitude Deg Longitude, WGS-84 S
Latitude Deg Latitude, WGS-84
| Altimeter
Radarm m Radar Altimeter |
Baro mBar Barometric Altimeter
Temp Celcius | Air temperature
| Radiometric Data:
RadarSTP m Ground distance corrected to STP
LTime msec Live Time
STime msec Sample Time
Cosmic cps Cosmic counts
' upU cps Upward Uranium counts
Down cps Down detectors spectrum (256 channels)
Up cps Up detector spectrum (256 channels)
TC cps Total counts
K cps Potassium counts
TH cps Thorium counts ]
U cps Uranium counts
TCcorr nGy/h | Total radiometric dose rate
Kcorr % Potassium concentraton
THcorr ppm Equivalent Thorium concentration
Ucorr ppm Equivalent Uranium concentraton ]
UTH Uranium/Thorium ratio
KTH Potassium/Thorium ratio

Dios_xx_TCcorr.grd
Dios_xx_Kcorr.grd
Dios_xx_THcorr.grd
Dios_xx_Ucorr.grd
Dios_xx_UTH.grd
Dios_xx_KTH.grd

Dios_xx_Spectro.gdb

Total radiometric dose rate grid
Potassium concentration grid
Equivalent Thorium concentration grid
Equivalent Uranium concentration grid
Uranium/Thorium ratio grid
Potassium/Thorium ratio grid
Radiometrics database

Where “xx” is the block name (Gridding cell size is 25m)
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