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Field Acquisition Report: Victor Kimberlite

Summary:

After several months of planning and preparation, the field acquisition phase of the Victor Kimberlite project came to a successful conclusion on March 21st.  A total of six offset Vertical Seismic Profiles (VSP) were recorded in borehole VCP-02 over a period of 5 days.  Data quality ranges from fair to very good, depending primarily on shot hole conditions and the level of background noise being created by other activities at the site.  The air gun source provided rapid, powerful and repeatable source signatures in the pre-prepared shot holes.  The components only once suffered a minor mechanical problem and it was repaired in a couple of hours.  The recording system on the other hand, suffered from equipment failures related primarily to the cold conditions encountered.  Several workarounds allowed data acquisition to continue over the 5 day recording window and sometimes reached a pace which would have allowed four complete surveys per day.  Ultimately however, it was the failure of a key component of the downhole tool that halted recording after six surveys were acquired.

The field data was backed up every night to disk for security and is in the process of being copied again for distribution to the stakeholders.  The processing will begin almost immediately and timely reports concerning progress or significant results will be distributed.

Logistics:

The remoteness of the Victor site demanded thorough planning and coordination of the acquisition phase of the project in order to maximize the quantity and quality of recorded data during the short recording window available.

The air gun sources and recording system were trucked to Ottawa from Calgary where the Geological Survey of Canada’s (GSC) downhole tool and vehicles are located.  From there, it was a full three day journey by highway, rail and ice road to the Camp.  As a consequence of the sites isolation 80% of the acquisition window was devoted to the mob/demob of materials and people, while only 20% was data acquisition.  While this ratio is atypical of most surveys it does serve to emphasize the necessity of gathering the maximum amount of good quality data possible during typically short recording time frames.

The DeBeers site support was always timely and a much needed factor leading to the acquisition of six successful VSP’s from March 14th – 18th.  Providing a warm work area, close to the recording location, was the single most significant factor in our success.  The freezing conditions necessitated warming of compressors, air guns and the recharging of batteries each night.  Additionally, it allowed a place to organize, repair and work with our equipment while not interfering with other ongoing projects at the site.  

The thorough program planning paid dividends with the survey maintaining the original timetable and allowing us to leave the site only a few days before the ice road was lost to travel for this season.

Source Holes:

The design for the air gun source holes (SP) was provided to DeBeers a number of weeks before the surveys were to be acquired.  This allowed time to organize for equipment and personnel to construct them in advance of the recording crew.  Eight 24” cased holes were constructed in an E - W line, passing through recording hole V-03-303C.  An additional 3 holes, aligned NW – SE, passed through V-03-315C.

The holes were drilled with a 36” auger to the prescribed depth and then a 24” steel casing inserted.  The casings purpose was to maintain hole stability by keeping out the overburden as the gun fired as well as to provide a consistent source medium. 

The two SP holes #1 and 2 to the east of V-03-303C were drilled in relatively dry overburden conditions.  Very little surface material appeared to migrate into the bottom of the casings and could be water filled to the prescribed depth.  Some water was also required at these locations to fill the annulus volume around the outside of the casing for better shot coupling.  These holes required topping-up with water before recording could begin because the water level had fallen significantly below the ground surface.  This was necessary in order to provide sufficient load on top of the gun for adequate power and source wavelet consistency.  All of the other SP’s were mostly filled with a combination of water and mud which had migrated from the swampy overburden into the casing from below.  It also filled the annulus area outside the casing right up to ground level.  The top of each hole was frozen to approximately 2 feet in thickness and required the use of an ice auger and chisels in order to cut a passage for the gun to pass through. 

Field circumstances didn’t allow for water to be available at all times and so it was imperative that as much fluid as possible be kept in the holes from shot to shot.  This was accomplished by three different means.  Firstly, we augured and chiseled a hole in the ice just large enough to accommodate the gun while still retaining a large ice plug.  Secondly, we used a board over the casing weighted down with what we could find in order to keep most of the flying material in the hole.  Thirdly, in those holes containing mostly mud, we used low gun pressures to repeatedly fire and sink the gun to the maximum depth we could before increasing the pressure for recording.  These procedures served us well as we and achieved very desirable and consistent source signatures. 

Recording Holes:
Two HQ diamond drill holes were pre-selected for use as recording holes.

V-03-303C was chosen as the primary recording location and had a number of characteristics which are listed below.

1. the hole was available and provided easy surface access

2. the drill length was entirely within kimberlite and penetrated the underlying granites at TD

3. the hole was in close proximity to the inferred contact between the kimberlite and host lithologies which was believed to provide optimal source/receiver geometry

4. it had a vertical trajectory

5. there were no apparent problems with drilling

The second hole chosen was V-03-315C.  This was considered a secondary location but did provide another geometrical opportunity.  Its characteristics follow.

1. the hole was in close proximity to the primary recording location

2. while slanted, its inclination was well within the capabilities of the downhole system

3. the hole penetrated the kimberlite at a known location

4. the upper part of the hole was within the hosting sedimentary package

5. the hole did present drilling challenges, particularly around the contact zone

Each of the holes had surface casing exposed; however, each had to have frozen muskeg piles removed from the vicinity by an excavator in order for the tripod and pulley assembly to be constructed and accurately located over the hole.  The piles were left in order to offer protection to the casings; however’ it did require some time to have them removed.

V-03-303C was dummy probed with a hand winch/wireline and 2 meter steel rod before any attempt was made to lower the downhole receiver tool.  The hole appeared to be clean and clear to TD with no apparent snags along the length of the borehole.

Survey Parameters:

The survey design called for two separate source locations to be fired a total of 5 times each for every recording level.  SP’s 1, 2, 3, 4, 5, 6, 7 and 8 were to be recorded at V-03-303C while SP’s 8, 9, 10 and 11 were to be used while recording in V-03-315C.  No acquisition was attempted in V-03-315C because of time constraints and the concern about getting the tool stuck in the borehole.  The multiple source firings at each depth level were primarily to ensure that sufficient data would be acquired in order to stack and enhance the signal to noise (S/N) ratio during processing.  Gun pressures ranged from 1000 to 2000 psi depending on gun depth and the type of material in the particular hole.  The recording spacing was 2.5 meters with 1 second records being acquired at a sample interval of 0.25 milliseconds (ms).  A total of 16 separate, clamped setup levels were required to finish one complete trip in V-03-303C.   Recording was conducted both when the tool was traveling down and while traveling up the hole.

The shooting parameters are listed in the following table.

Air Guns:
Bolt Model 1900C

60 in3 chamber
SP#1, 2



Bolt Model 1900B TB
40 in3 chamber
SP#8, 7, 6, 5

	Source Point
	Northing
	Easting
	Gun Depth (meters)
	Gun Pressure (psi)
	Filling Material

	1
	5856078.6
	305828.7
	3
	1000
	water

	2
	5856084.4
	305767.5
	2
	1000
	water

	3
	5856090.9
	305721.5
	
	
	

	4
	5856087.9
	305675.3
	
	
	

	5
	5856097.7
	305624.3
	4
	2000
	water/mud

	6
	5856104.5
	305575.7
	4
	2000
	thick mud

	7
	5856112.9
	305529.0
	4
	2000
	water/mud

	8
	5856119.2
	305488.9
	3
	1000 - 2000
	thick mud

	9
	5856080.8
	305507.6
	
	
	

	10
	5856155.7
	305452.1
	
	
	

	11
	5856197.4
	305425.8
	
	
	


Average surface elevation:
83.1 meters

Vibrometric Recording System:

The Vibrometric downhole, multi-level recording system was designed and built in Finland.  It is a commercial product capable of entering holes as small as BQ and was purchased during a 5 year research consortium involving the GSC, Noranda, Falconbridge and INCO.  The design however has many prototype characteristics, which can make recording challenging in difficult weather conditions.

The downhole tool has eight – 3 component recording levels housing one vertical and two orthogonal geophones separated by 10 meters each.  The recording levels are controlled at the surface by a control box whose purpose is to clamp (recording) and unclamp (moving) the separate levels as well as to control the charging of the downhole clamping batteries.  Small clamping arms are extended by electrical motors in order to force the recording housing against the borehole wall for data acquisition.  The cable used is multi-conductor and approximately 1400 meters in length.  The downhole system was designed to go to greater than 2 kilometers in depth.

The winch and cable are powered by a 220 volt generator which must be turned off each time a recording is made.  The depth of the cable within the hole is recorded on a digital depth encoder attached to the pulley and is typically situated in close proximity to the recording system.

Recording Schedule:

A brief description of the significant events that happened during the time spent at the Victor site follows.

March 13th-

· arrived Victor Camp at 5:30 pm after an 8 ½ hour drive from Moosonee

March 14th-

· scouted location of surveys with M. Waldegger

· unpacked and setup our work area in a warm tent at the old camp where the equipment could thaw and be assembled

· setup the cable, tent and generator at V-03-303C

· had water truck fill the SP #1, 2, 3, and 4 to ground level again with water as well as the annulus outside the casing for SP #1 and 2 

· broke some of the surface ice in the holes with an ice chisel

· assembled the dummy probe system

March 15th-

· had excavator remove the sample bags from SP #1, 2, 3 and 4

· had excavator remove the piles of frozen muskeg from around casing on the two recording holes

· dummy probed V-03-303C and found it to be open and clear to TD

· setup tripod and pulley assembly over hole

· assembled downhole tool, attached to cable and lowered into the recording hole

· setup the compressors, air bottles and air guns at SP #1 and 2

· reopened the top of the holes with the ice chisel

· had the water truck top-up SP #1, 2, 3 and 4 to ground level

· started recording at SP # 1 and 2 with a 60 in3 chamber and 1000 psi

· the compressor at SP #2 became frozen but was repaired in 3 hours

· continued recording in SP #1 until the generator broke at 7 pm

· about half of the survey levels were complete for SP #1

March 16th-

· found a replacement diesel generator from the drillers and wired it to the winch

· removed sample bags from SP #8, 7, 6 and 5 with the lift gate on the 1 ton truck

· these holes were filled to the ground surface with mud and a little water on top

· used ice auger and chisel to get through ice at the top of these holes

· finished recording at SP #1 and recorded SP #2

· the downhole clamping batteries were loosing charge and slowing the recording process

· left the control box outside all night so the generator code recharge the batteries for the morning

March 17th-

· recorded SP holes # 8, 7 and 6 using the mud gun with a 40 in3 chamber and pressures ranging from 1000-2000 psi

· used multiple low pressure shots to try and sink the gun as far as possible into the mud

· each hole contained thick mud with SP #7 becoming more liquefied as a result of slightly more water

· this hole produced the best data quality

· the Vibrometric black box began failing in the afternoon as a consequence of being outside all night in the cold it was believed

· after a period of warming it began working again

· the downhole batteries also started to loose charge again in the afternoon slowing the production rate.

· we were able to move the source and all of its components from one hole to the next in approximately 20 minutes

· decided with one day recording left not to move and attempt the slanted borehole but to rather try and finish SP #5, 4 and 3 tomorrow

March 18th-

· spent some time getting through the ice plugs in SP # 5 and 4

· started recording at SP #5 with 2000 psi

· finished recording 13 levels when the control box failed again to clamp and unclamp levels

· this time the failure was permanent

· the recording was on a pace to record all levels in 90 minutes

· without this key component recording could not continue and the decision to begin packing the equipment was taken at 1:30 pm

· everything was repacked by shortly after 6:00 pm

March 19th-

· attached trailer and left camp at 8:00 for Moosonee

· arrived at Moosonee at 4:30 and delivered the trucks to load on the flatcars for the train south in the morning

Processing Work Plan:

The raw field data has been extracted from the backup disks and copied to CD for distribution to stakeholders.

Basic processing will begin in mid-April and is expected to take approximately 4 weeks to complete if no serious processing issues arise.  This will produce a total of six offset VSP Common Depth Point (CDP) images from the separated upgoing wavefields.  These may be added together in order to produce a better S/N image.  It is hoped that these data will produce images that will define the kimberlite – host contact indirectly by the loss of sub-horizontal reflectivity within the sedimentary package.

More exotic processing including hodogram analysis, aplanatic surfaces and alternative imaging techniques may be used as well to help define this surface.

 Reports on processing status will be distributed on a timely basis.

Conclusions:

Six VSP’s were recorded in V-03-303C during a five day period from March 14th to 18th.  Even though this represents just over 50% of what was originally planned, it is believed that the data will prove to be of sufficient quantity and quality to meet the survey objectives.

This was the first mineral survey recorded with air guns in pre-prepared source holes and proved to be an effective, fast and dependable source.

The recording system encountered problems which we believe to be mostly due to the cold field conditions.  Consensus will be developed over the coming months as to where the system can perhaps be modified to become more robust or where back-up systems should be added to the field inventory of equipment.

Larry Matthews, P.Geoph.

Mira Geoscience Ltd.

Suite 1200, 800 – 6th Ave. SW

Calgary, AB, T2P 3G3
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