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I. INTRODUCTION 

During the months of October and November 2005, Sander Geophysics 
Limited (SGL) conducted a high-definition aero-gravity survey for Husky 
Oil Operations Ltd (Husky) over EL 397,423,416, TDL M36,37,38, and 
39 in the Central Mackenzie area in the NWT. The survey was flown using 
SGL's airborne gravity system designated AIRGrav (Airborne Inertially 
Referenced Gravimeter). Figure 1 shows the geographical position of the 
survey area. The survey was planned to be a total of 9,297 line kilometers. 
Some 28 production flights with a helicopter took place fiom October 28, 
2005 to November 28,2005 to complete the planned survey. The SGL 
survey aircraft Eurocopter AS-350 B3, registration C-GSGH, was used for 
this survey. Survey operations were conducted from Keele River Camp, 
Northwest Territories. 



L 2. LOGISTICS & SUMMARY 

Helicopter operations were conducted fiom the Keele River camp site. The 
helicopter was parked on a clearing in between the camp and the shore of the 
Mackenzie River. The field office was established inside the Well Site #1 
trailer. Antennas for both GPS ground stations (GNDI and GND2) were 
located a few meters apart on a raised berm at the south end of the camp. 
The supporting computer equipment was housed inside bedroom # 9 of the 
adjacent trailer. Positions of the ground stations were determined precisely 
by applying differential corrections with respect to the International 
Geodetic Reference Stations at Yellowknife (YELL), Whitehorse (WITH), 
atld Inuvik (INVK), using full day recorded data fiom Julian Days 298,299, 
and 300. The average coordinates of the ground stations with respect to 
WGS-84 are: 

These ground stations were used to apply post-mission differential 
corrections to the GPS position of the aircraft. Despite fiequent marginal 
weather conditions and rapidly diminishing daylight hours, the survey was 
completed safely and efficiently. 



ETY, HEALTH & ENVIRONMENT 

Mr. Bob Raina & Mrs. Jenica Von Kuster of Northern Envirosearch Ltd., 
monitored the application of all environmental regulations on the program. 

Morning safety meeting were conducted. Any incidents were recorded and 
reported on the weekly activity reports (see section 7) which were sent to the 
NEB. 
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5. RECORDING OPERATIONS 

Smder Geophysical conducted the airborne gravity surveying using their 
propi- gravimeter. The surveying was done using the Eurocopter AS 
350 B3 C-GSGH which is modified to house all the surveying equipment. 
$md6r avaaged 450km/day and encountered 5 weather days. 



6. RECORDING PARAMETERS 

The traverse lines were flown at 600 m spacing and oriented at 450 and 
control lines at 2.4 km spacing and oriented at 135". The survey was flown at 
a height of 1 SO m above the minimum drape swface (a smooth flyable 
surface that has taken into account the adjacent digital terrain model around 
any given point and the desired performance of the aircraft at that altitude). 
The survey flying speed was 70 knots indicated air speed. 

Geographical Coordinates in WGS-84 

1 W26.40 N 126: 10.04 W 
2 6438.10 N 125:45.45 W 
3 64:01.41 N 124:16.07 W 
4 63:51.45 N 124:37.41 W 
63:52.39 N 125327.12 W 

The following parameters were recorded during the course of the survey: 
Aircraft altitude measured by the barometric altimeter at intervals of 0.25 

Terrain clearance provided by the radar altimeter at intervals of 0.25 s; 
Terrain clearance provided by the laser altimeter at intervals of 0.01 s; 
Airborne GPS positional data: (altitude, longitude, height, time, and raw 

range fiom each satellite being tracked) recorded at intervals of 0.1 s; 
Ground based GPS positional data: (latitude, longitude, height, time, and 

raw range h m  each satellite being tracked) recorded at intervals of 0.1 s; 
Gravimeter data recorded with a 128 Hz sampling rate. 

Survey Line Specifications 

Survey lines were flown with the following specifications: E-g-$@%<. 
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Terra Clearance 

The survey was flown using a pre-planned drape surface designed to guide 
the aircraft over the topography in a consistent manner as close to minimum 

.*:< 
(a< clearance as possible. The drape surface was prepared using digital elevation 

model (DEW data fpom Canadian Digital Elevation Data 
hatp:l/~.geobase.~a/geob8%e/en/data/cded 1 .html) sampled at 3 arcseconds 
(approximately 90 m) and supplemented by a 25 m LIDAR grid supplied by 
Husky that partially covered the block. The DEM included an extension 
beyond the survey boundary to allow the aircraft to achieve the drape 

. - .>, , , -. X>.$. ,'.,'.C. ' ' . 
. 

T .' . . clearance before coming on line. The grid was smoothed using a climb and 
descent rate of 150 A/nrn. This rate was chosen to create a gentle drape for 
the gravity system and is below the maximum climbing and descending 
capabilities of the survey aircraft. The minimum terrain clearance of 150 m 
was added to the drape surface. 



7. RECORDING PRODUCTION SUMMARY 
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8. PERSONNEL 



(3 9. EQUIPMENT 

SURVEY AIRCRAFT AND EQUlPMEW 



0. GRAVITY PROCESSING 

d at 128 Hz. Accelerations are filtered and 
GPS measurements using specially designed filters to 

oid biasing the data. Gravity is calculated by subtracting the GPS derived 
~ircraft accelerations from the inertial accelerations. In survey flying, 

elerations in an aircraft can reach 0.1 G, equivalent to 100,000 mGal. 
processing must extract gravity data fiom this very noisy environment. 

modeling the movements of the aircraft in flight by 
S measurement. The calculated gravity is corrected 

r the Eatvos effect and normal gravity and the sample interval is reduced 
2 Hz. These operations are all performed by SGLYs proprietary 

RAVGPS sohare .  

! fij wing standard corrections were applied to the gravity data to 
the Bouguer anomaly data: 

owas = -VX ZCOS@/[(~ + h)cos@] - 2 
- vy 2/(r + h), where 0 is the latitude of the aircraft, 

ocities of the aircraft in the x (north) and y (east) 
direction, r is the Earth's radius at the latitude 0, and h is the altitude of the 
plane above the GRS-80; 
b) Normal gravity, g = 9.7803267714(1 + 0.00193 185 138639sim@)/ d(1 - 
0.0066943799901 3sin2@), where 0 is the latitude of the aircraft; 
c) Free air correction, gfa= -0.3086h, where h is height of the aircraft in 

d) Bouguer, g ~ b  = 21~yph = 0.041925ph, where y is the Universal Gravity 
constant, p is density for this project (2.3, and 2.67 glcm), and h is height of 
the ground below the aircraft in meters; 
e) Curvature of the earth, get = 1.464 h - 0.3533 h2 + 0.000045 h3, where h is 
height of the ground in kilometers; 
f )  Terrain, gt. s e e  below for a description of the terrain correction technique; 
g) Static correction, ~ S C ,  based on static ground recordings and repeat lines; 
h) Level correction, ~ I C  , based on line intersections. 



aly = G - gfa - gsb - get + gt - gsc - glc , where G is the 
sted for E6tvos effect and normal gravity. 

Terrain Corrections 

Terrain corrections were computed using terrain derived by joining the high- 
rasoldan LIDAR grid supplied by Husky, the computed terrain fiom the 
mag& radar and laser altimeter data, and Canadian Digital Elevation Data 
$rids (h~:/lwww.geobase.ca/geobase/en/data/cded 1 .html) for coverage 
outside the survey area up to 160 km from the survey block for accurate 
regional corrections. Terrain corrections were computed using software 
developed for SGL by the University of Calgary Geomatics department. The 
algorithm calculates terrain corrections using 2D FFT methods with a 
w m t  density. The terrain and Bouguer corrections were calculated using 

es of 2.3 g/cm3, and 2.67 glcm. Paper maps were created using the 
same dmsitias. 

The pvimetric data were leveled to compensate for instrument variations in 
two steps. A single constant shift determined fiom ground static recordings 
was applied on a flight-by flight basis. Control line intersection statistics 
wen then used to calculate shifts for individual lines. The AIRGrav system 
is very stable so the control line leveling adjustments are small, typically 
within +I-0.5 mGal. Grids of the free air and Bouguer anomaly were 
generated by filtering the line data to remove high frequency noise, gridding 
using minimum curvature algorithm and filtering using a 2-d FFT based grid 
filter. 
A gravity processing flowchart is presented below 
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11. GRAVITY INTERPRETATION 

Tfie survey w a  designed to better map the structural trends within the 
Sdt-Keele-Redstone area. The gravity data is very g o d  quality and has 
helped define the major structural features of the area. The Bouguer gravity 
(Fig 2) clearly defines a regional low to the north getting progressively 
higher to the south. The sub-basin (A) narrows as it goes south, with a 
significant narmwing at the Keele river. The northern end of this sub-basin 

d to coincide with the Gambil Mountains, which were not covered 
. The high gravity feature on the west side of the program (B) 

;~6m1- well to the Red Dog structural anticline, which places Hume and 
Bar  Rack at outcrop. On the SE side of the program there is a large high 
gravity feature (C). This may be an expression of the paleo-Keele arch. The 

the sou& @) appears to be the north plunging end of the 
ood structural trend. 












