Development of light-weight permafrost
coring equipment at GSC; a review

J. Velllette
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Presenter
Presentation Notes
I would like to thank Gregg for asking me to give this talk

I hesitated at first because it is not really up to date material.  It is work that goes back a few years.

But on the other hand it seems that not much has changed in all these years.

Most of this development work took place in the 70s and was associated with two pipeline projects

The Division was then involved in large surficial mapping programs along the proposed pipeline routes 

And we needed subsurface information at shallow depth on ground ice content and on basic geotechnical parameters 
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Presenter
Presentation Notes
Very basic but adequate for certain situations.  Consists of tripod with a small engine attached to one leg that rotates a cathead.  A rope that goes through a pulley is used to hoist a drop-hammer confined between two jar collars. 

Split tubes of different sizes are used.  Good in warmer permafrost and in clayey permafrost, not in the Arctic islands.

Draw back the cumbersome tripod, can be carried on helicopter racks
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RREL AUGER

Corrections needed:
»Adequate power source

»Core barrel design

» Core catcher



Presenter
Presentation Notes
Hollow stem, designed for hand operation, basically designed for glacier ice, were used with power augers that did not do the job at the time, lots of field testing in 1972 and 1973


fie Winkie drill W— Corrections needed:
" »Barrel and bit design

»Low-temperature fluid
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Presenter
Presentation Notes
A light diamond drill primarily used to core bedrock.  A high rpm drill, requires a circulating fluid, was used in summer

In 1972 and 1973 by GSC personnel in the Mackenzie Valley
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gary, winter 73

Experimentation in
"permafrost" i
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Presentation Notes
I was based in the Calgary office at the time and we (Owen Hughes and I) decided that something had to be done about the inadequacy of the equipment we were using.  Owen Hughes allowed me work full time on this question of light wt equip. In the yard behind ISPG we made a test site to test augering and high-speed drilling in frozen ground to dephts of 8 ft with the Winkie drill.  The test site was then covered with a tent.
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Four sections 8 ft deep

~» Clean ice

- » Frozen sand
> Gravelly sand
>Stony till-like material
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Presentation Notes
In a plywood box 8 ft long, 4 ft wide and 8 ft deep four different sections were built

Sections were flooded every cold night in early winter and when ready augering and drilling was carried out using different bits, modified core barrels, small slush tanks , and Arctic grade fuel oil was experimented with as a drilling fluid




winter 73

| " _O_Id Crow, Yukon
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Presentation Notes
One of the main reason Owen Hughes was interested in this development work was to obtain subsurface data on the rocky pediment slopes in the unglaciated area of northern Yukon, where deep weathering  was suspected.

So after our testing period in Calgary I planned a 6-week drilling program in the Old Crow area first and then south of Inuvick in the Bathing lake area with 2 assistants from the office and 2 locals

Drilling sites were chosen on airphotos first and on the basis of field work done the previous summer, usually, one a the bottom of the slope, one in mid-slope and one in the upper slope.

The sites were cleared on the ground first, landing pads were cleared for the helicopter

A Hughes 500 was chosen, because of the shorter main rotor to minimize tree cutting.


Hughes 500 (main roter 26 ft)
was used to minimize the

B8 clearing of landing sites

The whole operation
was by helicoper only



Presenter
Presentation Notes
One of the main reason Owen Hughes was interested in this development work was to obtain subsurface data on the rocky pediment slopes in the unglaciated area of northern Yukon, where deep weathering  was suspected.

So after our testing period in Calgary I planned a 6-week drilling program in the Old Crow area first and then south of Inuvick in the Bathing lake area with 2 assistants from the office and 2 locals

Drilling sites were chosen on airphotos first and on the basis of field work done the previous summer, usually, one a the bottom of the slope, one in mid-slope and one in the upper slope.

The sites were cleared on the ground first, landing pads were cleared for the helicopter

A Hughes 500 was chosen, because of the shorter main rotor to minimize tree cutting.
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Presenter
Presentation Notes
A total of 35 shallow holes were cored to a maximum depth of 10 m in the Old Crow and Inuvick areas.

It can be seen that in spite of the small diameter of cores (1 5/8 in, 4 cm) core quality is high and core breakage is surprisingly low, ground ice is clearly visible.  Weathered granite was found to a depth of 21 ft
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Presenter
Presentation Notes
Cores obtained in glacial deposits, fine-grained till
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Presenter
Presentation Notes
Closer look at till core, ice shows up as dark bands, corre basically undisturbed even if stony


Temperature (°C)
-15 -10

November 18, 1973

December 21, 1973

January 25, 1974
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Figure 21. Ground temperature profile, Old Crow, Yukon.
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Presentation Notes
So two important field conditions, low temperature permafrost and low ambiant temperature, exactly the opposite of summer conditions.

Temperature profiles to 5 m near Old Crow in hole drilled and instrumentedd during the Old Crow project.  When drilling was carried out in March, ground temperature was lower than the Jan 25 profile


.Ellesmere |. summer 73

But we kept using the Winkie in summer .....
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Presenter
Presentation Notes
But we kept using the Winkie in summer even if conditions are not very good in summer.  
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Presentation Notes
In 1974 it was decided to experiment with a more powerful drill, but still easily transported with medium-size helicopters.  The JKS 300, a small diamond drill that the manufacturer classified as a jungle drill for use in remote areas.  We tested the prototype in summer 1974 and bought it later on.  

Was tested at various locations in the Arctic Island from Banks Island to Ellesmere Island 

  


Assembled



Presenter
Presentation Notes
Consists of two loads, a retractable mast mounted on an adjustable platform

And a power pack that consists of a 44 hp Industrial Volkswagen engine

All functions hydraulically driven

Could be lifted in two loads, the 300 kg can be managed by a Jet Ranger on a warm summer day with 1 hour of fuel


Table 5

Torque at the boring spindle obtained from cering and augering in various
types of permafrost, using a 8.9 cm O.D. modified CRREL core barrel
or continuous flight augers with a 7.6 cm bit. Data obtained at boring-spindle
speed in the 30 to 60 rpm range, with a bit load of 200 kg

Permafrost

Torque, using
CRREL core barrel

Torque, using
continuous flight augers

(ftelb) (ft1b)
Friable sand 22 -
g 22 -
Silty ice 22-56 —
Clay and ice 22-75 =
Soft shale and ice 22-75 —
Sand and tiny ice lenses 22-66 =
Sand and ice inclusions 4-132 4
Soft shale 38-57 =
Soft sandstone 94 283
Gravel - 26-132

Veillette and Nixon, 1980



Presenter
Presentation Notes
The main contribution of the JKS 300 at that time was the performance data we obtained by taking records for a whole field season.

This was possible because we could record the working pressure (psi) as read from gauges on the drill while coring in different materials with CRREL core barrels of given dimensions.  The working pressures could be converted to torque values later on

The tables shows that relatively low torque values even with a bit load of 200 kg at low rpm are sufficient to core in different types of frozen ground.

This type of data proved useful to evaluate design parameters for lighter drilling equipement.


Table 1

Observed depth of penetration of a modified CRREL
core barrel (5.1 ¢m core) for one run
in a varlety of frozen materials

Material Penetration Natural water Ground
(% of core (ice) content temperature
barrel length) | (% by dry weight) (°C)
Clean ice 60 — <-10°
%0 = 4t LA
Sand, well bonded 40-50 20-25 Any
pore ice only
Soils with 75% or 50 — <-]10°
more ice by volume
30 — >-10°
Silt 40 25-30 <-10°
30 25-30 >-10°
Clay 25 30-40 <-10°
20 or less 30-40 >-10°

Note: Penetration values apply only to a core barrel held in
vertical position; horizontal
positions usually permit longer runs.

and inclined core Dbarrel

Veillette and Nixon, 1980



Presenter
Presentation Notes
Another relevant set of data obtained with the JKS was the % of core length that could be obtained in one trip down the hole

As a rule the lower the temperature the higher the penetration.

Except for clay which is probably the most touchy material to core in permafrost area.  We see from the table that penetration of 25% or less are normal in frozen clays.  




40— Data from Hvorslev and Goode, 1963, p. 364

Surface clay

Unfrozen water as a percentage of total water content

Clayeysoil\

Sandy soil
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Figure 4. Plot of unfrozen water content of frozen soils
vs. temperature.
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Presentation Notes
Because of the unfrozen moisture content of clay.  The higher the % of clay size material the higher the unfrozen content

The uppermost curve on the graph shows that at -10C there is still as much as 15% of total water content that is not frozen.

Near OC this % goes up substantially

Disturbing the frozen soils with a rotating auger causes the clay to flow, forming a mud ring that clings to the cold core barrel and prevents the upward mvt of cuttings along the flights of the auger.

A brief interruption in rotation will result in freezing the core barrel to the walls of the borehole


%sing the CRREL auger
with light-weight

hand-held power augers


Presenter
Presentation Notes
Freezing core barrels powered by light wt drills in permafrost was a common past-time in the early 70s.

We left a few of these in the north.  This problem led us to take a hard look at the reasons this was happening
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o
The infamous Haynes drill

Hughes and Terasmae (1963)

Horsepower
. .
|

Data from manufacturer

—45.8
—44.6
-
2- —42.2
—40.8
Recommended operating B
o speed range —38.4
— 36.0
T T T
1800 2200 2600 3000 3400
Engine rpm
300 333 366 400 433 466 500 533 566 600
Boring spindle rpm
Figure 11. Performance chart, Haynes drill, model 500.
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Presentation Notes
What we learned using a CRREL auger with a more powerful drill like the JKS 300 compared with the light-weight hand-held models was that rotational speed is the most critical factor

The Haynes drill was first used with a CRREL auger by Hughes and Terasmae to core frozen bogs .

It is this drill that we had in the Mackenzie Valley in 1972-73 responsible for most of the core barrels we left up there

A small gas engine connected to a flexible drive with a reduction unit of only 6 to 1

Because of this the operating range gives high rotational speed incompatible with coring in frozen ground and extremely dangerous in frozen clay.
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General Equipmant

200 300 400
Boring spindle speed (RPM)

Boring spindle speed vs. peripheral speed of outer cutting edge for
modified CRREL barrels of 11.4, 8.9 and 7.6 cm 0.D. used on three
different power augers. ;

Testing of 3 different hand-
held power augers led to the
choice of the Stihl 4308 for
use with the CRREL auger

® reduced speed at cutting edge

= high (350 ft-Ib) torque at low
(50) rpm

= available across the country

= superior quality
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Presentation Notes
Hard work, feed limited
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Presentation Notes
Experimented with different tpyes of core barrels, lengths, core catchers etc..

With the proper power augers such as the Sthil excellent cores can be retrieved 

This led to the frozen ground coring kit we now have at TFSS


Hand-held power augers using
CRREL barrels require

* Low rotational speed
 High torque
e Perform best in low-temperature permafrost

Main limitations

e Labor intensive

* Poor feed (bit load)

* Prone to seizure in clay soils
e Gravelly deposits




ATV drill
o high mobility

0 Increase borehole production

o0 adapted to CRREL augers

o can diamond drill and auger

0 adapted to transport with fixed
- wing aircraft used in remote
~ - areas (Twin Otter) and helicopter

~ . moves



Presenter
Presentation Notes
To offset some of the limitations just described we came up with the first version of the ATV drill in 1975

High mobility on the ground to reduce the dependence of drill crews on aircraft support between drill sites

Consists of a 8-wheel Argo carrier, a long triangular mast and a Winkie drill head

Assuming average drill runs of 15 cm and a 30 cm active layer 16 trips down the hole are necessary to core a 3 m hole with a CRREL barrel.  If done manually it is a lot of work

Field testing on Somerset Island in 1975 showed that borehole production was significantly increased for 3 m holes (15 m of core per day) in frozen marine silts.

This because of the extended mast and increased bit load


Somerset Island

« .. % All components including the
o mast fits into the loading doors

e —— T

Positioning with fixed wing aircratft
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> Several holes In same area

»Helicopter moves across
major topographical obstacles
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Presentation Notes
Field testing in Somerset Island 1975

Mast and carrier moved seperately


#& W 1977 ATV drill upgraded to all-

i\'l

Lol hydraulic operation

Used mainly for geotechnical
work in non permafrost areas

L.Dyke, M.Nixon


Presenter
Presentation Notes
Chain-driven mechanism retained hydraulic motor on top of mast and on drill head.

Unfortunatly we greatly reduce our involvment in Arctic work at the time

Used by different people at GSC, Same for the JKS 300 was adapted by Larry Dyke who used them on the Oak Ridge Moraine project.




Main results

Development work led to design parameters for light-weight
power drills using CRREL barrels:

Successful coring of frozen soils require power drills producing
maximum torque at low (< 50 ) rpm.

Moderate torque (< 200 ft-lb) sufficient for most solls
Bit load is the main limitation for hand-held drills

Stony low-temperature permafrost can be cored with high rpm
light-weight drills using chilled drilling fluid



Suggestions for future work

Permarfrost coring kit; reduce weight, for gravelly
solls experiment with cutters other than carbide

Improve bit load, reduce labor (Stinkie)

For stony permafrost: experiment with chilled
drilling fluid compatible with environmental
regulations, and

experiment with sedimentation equipment to
clarify drilling fluids, hydrocyclones

Field work in late winter-early spring when
possible, colder permafrost, no mosquitoes
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