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Figure 22. 12-inch-diameter ice coring auger—details of cutting head.




THE BIG JOHN 12-INCH CORER

In 1982 a 12-in.-diameter corer was built for the
CRREL/Shell sea ice study (Cox et al. 1985). The
purpose of this device was to extract large cores,
from which 4'.-in.-diameter cores were later
drilled in various directions so as to provide ori-
ented test specimens.

The 12-inch corer has a fiberglass barrel with an
aluminum cutting head at the lower end and a steel
driving head at the upper end (Fig. 21), The inside
diameter of the cutting head is 12 in. (305 mm),
and its outside diameter is 13/, in. (343 mm). The
height of the aluminum head (Fig. 22 and 23) is
2/ in. (61.9 mm). The fiberglass barrel (Fig. 21
and 25a) has an outside diameter of 12'/; in. (318
mm), a wall thickness of ¥/, in. (4.76 mm), and an
inside diameter of 12/ in. (308 mm). The double
fight is formed by wrapping on successive layers
of '/;-in. nylon webbing soaked in epoxy resin,
giving a radial width of 1/2 in. (12.7 mm) for the
finished flight, and a finished thickness of */. in.
(14.3 mm). The pitch of each flight is 24 in. (610
mm), and the outside helix angle is 30°. The over-
all length of the barrel arid cutting head is 49/, in.
(1.26 m), but the four prongs of the driving head
project into the barrel 4'/; in. (114 mm), leaving a
usable internal length of 45'/, in. (1.15 m).

The driving head (Fig. 24) is a simple four-arm
“spider'" attached permanently to the core barrel.
Its central shaft steps down in two stages to the
standard 1'/-in. connector size.

The 12-inch corer does not have a core-catcher,
although an experimental core-cutter was tested
during development of the prototype. At the end
of a coring run the barrel is retracted, leaving an
unbroken core in the hole. The length/diameter
ratio of the core (Fig. 26) is typically = 3.5, A
separate core retrieval device (Fig. 25b) is a plain
cylinder of 12-in. schedule 40 steel pipe fitted with
spring-loaded dogs at the lower end, The retrieval
cylinder is shorter than the interior of the core bar-
rel (27 in. against 45 in.), so that core extends be-
yond the bottom of the retriever (Fig. 25b). The
outside diameter is 12% in. (324 mm), so that it
fits easily into the 13%2-in. (343-mm) hole. At the
upper end is a small hydraulic actuator that can
push against one side of the hole so as to tip the
barrel and thus break the base of the ice core. The
hydraulic actuator is operated from a small hand
pump through a flexible hose.

For coring to depths up to 2 m, a simpler proce-
dure can be used to recover core. After removal of
the core barrel, the core is broken by wedging a
pry bar between the core and hole wall, The core is
then gripped by a mechanical clamp (Fig. 27), and

Figure 23. Cutting head of 12-inch auger (one cutter and both elevating

plates have been remoted in this photo).
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Figure 24. 12-inch-diameter coring auger—details of driving head.




Figure 25, 12-inch corer (a) and core retrieval cylinder (b).

Figure 26. 12-inch-diameter core of multi-year sea
ice.
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lifted by a cable attached to the drill hoist. A
three-prong mechanical clamp has been proposed
for future work (Fig. 28).

The 12-inch corer cannot be operated effectively
by hand, since a |-m length of core (Fig. 26)
weighs about 150 1b (68 kg). A small commercial
drilling rig* was modified and used to operate the
12-inch corer in 1982. The basic drill unit drives
the drill head by a 7-hp air-cooled gasoline engine
through a spur gear reduction, giving a maximum
rotational speed of 144 rev/min. The drill head,
with its attached engine, travels up and down a
simple mast, using roller drive chain for lift and
downthrust. The drive chain travel and down-
thrust force are controlled by a hand wheel
through a double reduction. The base of the drill
unit is a trailer. For ice-coring, the drill was fitted
with a folding mast extension, with jacks for level-
ing and stabilizing, and with off-road tires (Fig.
29). The trailer was modified so that it could be

* Dig-R-Mobile, Model 550, General Equipment Co., Owaton-
na, Minnesota.
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Figure 27. Two-prong gripper for lifting 12-inch ice cores.
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Figure 28. Three-prong variant of gripper for lifting
large-diameter ice cores.
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a. Three-wheel version of trailer.

b. Two-wheel version of trailer.

Figure 29. Small drill rig used to operate the 12-inch coring auger. The mast extension is folded down

in these photos.

used in a three-wheel configuration (Fig. 29a) or a
two-wheel configuration (Fig. 29b).

POWER DRIVES

A power drive should match the cutting charac-
teristics of the auger and the physical limits of the
operator, It should obviously have enough power
and torque to rotate the auger, but the require-
ments for torque reaction should be within limits
that are comfortable for a hand-held unit,

Speed, power and torque requirements can be
worked out systematically (Mellor and Sellmann
1975, Mellor 1976, 1981), and transport of cut-
tings on the auger flights can also be analyzed
(Mellor 1976, 1981). However, selection of a drive
unit is usually a matter of finding the most suit-
able commercial item that is readily available. As
a rough rule of thumb, a suitable rotation speed
for good cutting is one that gives a tangential cut-
ter speed of about 400 ft/min (120 m/min) but
faster rotation can improve the transport of chips
by the flights. Figure 30 gives workable relations
between rotation speed and bit diameter.

With new cutters, elevating screws fully retract-
ed, and heavy downthrust, the SIPRE/CRREL 3-
inch auger can penetrate at 0.3 in./rev (7.6 mm/
rev), and the Rand auger can penetrate at 0.36 in./
rev (9.1 mm/rev). With typical downthrust for
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hand operation at shallow depth, this amount of
penetration will not be realized and, if it were,
torque might be excessive and core quality might
suffer. To remove effects of varying downthrust,
the penetration per revolution can be reduced by
using the elevating screws. Maximum penetration
rate of about 0.15 in./rev (3.8 mm/rev) is reasona-
ble for the CRREL tools, which gives maximum
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Figure 30. Drill rotation speeds for power-
driven ice coring augers.




drilling rates around 3% ft/min 1.1 m/min) with a
drive unit rated at 300 rev/min (typical ¥%-in. elec-
tric drill).

For a fixed (controlled) penetration rate, the
chip clearing rate of the auger can be increased by
increasing the rotational speed, but the chip size
then decreases, giving greater tendency for adhe-
sion by very small ice fragments. The speeds
shown in Figure 30 are adequate and safe with the
limits on penetration rate suggested above.

For large diameter augers, the specifications for
power drives need to be optimized in accordance
with the equipment available, Hand operation of
the drilling function is perfectly feasible, but cores
cannot be lifted by hand. If a small drilling rig is
used for both drilling and core recovery, it be-
comes practical to apply more torque and power,

A SIMPLE RUSSIAN ICE-CORER

In the Soviet Union a simple ice-fisherman's
tool has been adopted for research sampling.
Known as the PI-8 (Fig. 31), this improbable-
looking device is very effective for coring to depths
up to 2 m. Standard versions from fishing shops
come in diameters of 120, 180, 210 and 310 mm
(4.72, 7.09, 8.27 and 12.1 in.).

The cutting element is a split ring of square or
rectangular cross section. The cutting edge is
formed directly on the ring and the relief angle can
be set and adjusted by straining the ring with a
pull in the axial direction of the free ends (making
the ring slightly helical). A split ring of this kind
should be easy to make from a slice of thick-wall
steel pipe.

The extension rod is welded to the cutting ring.
Its diameter is less than the wall thickness of the
cutter ring so that it can travel freely in the kerf
between the core and the hole wall. The device is
rotated by hand using an offset turning brace, and
cuttings are cleared by lifting the ring to the sur-
face from time to time. .

To make precise holes, the device has been mod-
ified by increasing the number of rods to three, se-
curing the rods to a fixed ring at the top, and fit-
ting the rods with a sliding guide ring that stays
near the top of the kerf (A. Fish, personal commu-
nication). This variant can be rotated from a cen-
tral shaft in the conventional way.

CONCLUSIONS

The design and construction of efficient ice cor-
ing augers for penetration to about 30 m is now
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Figure 31, Ice-fisherman’s auger
(PI-8) used for shallow coring in the
U.S.8.R.

tairly straightforward, Future developments will
probably be refinements for easier operation and
lighter weight.

Fiberglass core barrels with bonded flights of
nylon/epoxy have proved very successful. Devices
for breaking and gripping cores are now satisfac-
tory, but some modifications or alternatives might
appear in the future. Extension rods of fiber-rein-
forced composites seem attractive, especially if
they have couplings that are convenient and ro-
bust. Hand rotation is satisfactory for coring in
dense snow (firn), but power drives are likely to be
preferred for ice coring. Lifting and lowering the
drill string by hand becomes easier as the equip-
ment gets lighter, but simple hoists are useful for
deep penetration and for drilling large diameter
cores. Added downthrust is not necessary as long
as narrow-kerf{ cutters are employed.

Transport and removal of cultings have to be
dealt with in an orderly way, in both design and



operation. With narrow flights, it is possible to
overdrive the penetration and clog the flights with
ice chips. This could jam the drill, especially in wet
or warm conditions. The solution is to set the cut-
ters, or use elevating screws, correctly. Cuttings
that are transported above the core barrel could
become compacted into a solid plug during with-
drawal of the drill, especially when wet or warm,
again jamming the drill. This problem can be
solved with a wide-scroll auger, or a chip-collector
bucket, above the core barrel.

Drilling situations can vary considerably, and
there can be troublesome combinations of cold ice
and intruding water. Lightweight equipment can-
not withstand brute force treatment, or other
abuses. It is therefore desirable to have operators
with common sense and/or experience.
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