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4 ROTARY DRILLING AND CORING IN PERMAFROST

The relatively new specification NW rods were used, as their 2%.-in. OD used in the 37%-in. hole
would provide an annulus sufficiently small to furnish more than adequate up-hole velocity. A
larger hole size was considered in order to accommodate oilfield-type drill pipe with outside upset
tool joints. Outside upset pipe joints are preferred because they allow much faster handling with
elevators than the outside flush drill rod, which must be hanaled with a threaded hoisting plug.
However, oilfield -ill pipe with sufficiently small tool joints for adequate annular clearance was
not available. A supply of 1400 ft of NW rod, in 20-ft lengths, allowed approximately 200 ft of re-
placement rods for wear, thread failure and possible losses.

The Failing Model 1500 SS drill rig is rated for 6-in. hole to 1500-ft depths and is mounted on
a trailer with its own prime mover. An 80-hp gasoline engine drives the drill head with a 2%-in. x
28-ft splined kelly, and the double drum draw works is capable of a 15,000-1b pull including a sand
reel with a capacity of 1600 ft of ¥ -in. wire line. The folding mast has a gross capacity of 40,000
Ib, is 38 ft high, and has racking capacity for about 2000 ft of NW drill rod. It is also equipped with
a power breakout table. A hydraulic crane scale served as a line scale for measuring the weight
on the bit. A constant rate of feed, especially important for coring in homogeneous materials, is
made available in the following way: the normally dead end of the main hoist line is stored on a
truck winch which is driven by a small electric motor through a hydraulic transmission. Continuous
speed ratios, from 1:1 to 100:1, can be obtained from the transmission. The line scale and constant
rate feed device are shown in Figure 3. The entire rig was mounted on a semitrailer 8 ft wide by
24 ft long, equipped with triple axles and dual tires. Removable tracks that could be fitted over
the tires and wrapped around all three axles and a dolly with tandem axles, similarly equipped with
tracks, allowed mobility for tundra and beach. The rig is illustrated in Figure 4.

The skid-mounted pumping unit consisted of a 4% x 5-in. duplex piston pump, with a capacity
of 100 gal/min at 400 psi, driven by an 80-hp engine similar to the rig prime mover. A four-speed
transmission provided pump speed control.

Figure 3. Constant rate feed device (lower left) and line scale (upper right).
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Figure 4. Rig enclosed by shelter on hole C. Jamesway hut used for tool storage
and shop on the left.

The drilling fluid (diesel fuel) returning from the hole
i annulus passed through two steel settlement (i.e. “mud”’
pits. The pits. each 3.5 ft wide and 9 ft long, contained
steel baffles. A small pump drove the recirculated diesel
fuel from the pits through the tubes of a ‘‘shell and tube”’
heat exchanger. A flow of brine (ethvlene glycol) eircu-
iating in the insulated shell chilled the diesel fuel. The
brine was cooled by a gasoline engine-driven Freon 12
compressor. At ambient temperatures up to +70°F this
system could impose a temperature drop of 3 F on diesel
fuel at a temperature of - 18 F entering at a flow rate of
100 gpm. That is, it could remove 1060 BTU/min at this
flow rate and temperature. After leaving the liguid chiller
described above, the diesel fuel entered the main mud

= pump suciion (at + 15 F under design conditions) and was
again pumped down the hole through the drill string. Fig-
we 5 shows the refrigerator in the rig shelter.

Figure 5. Portable drilling fluid refrigerator in : ) y
IV d ie shel N fistes fnd d Mechanical tools and equipment for main-
HH0e GRAEKEE S0 “”,' B tenance and some repairs were provided, inclu-
outlet covered with frost at left. : 1 ) )
ding gas welding and cutting equipment and a
lightweight combination electric welder and gen-
erator.






ROTARY DRILLING AND CORING IN PERMAFROST

‘uaye] a1om sydeidojoyd asayl
210J2q 20BJNS 3Y] WOIJ PIAOUIdI SEM [91) [9S91P dYi JO [B3P 18018 v *Supup Sulnp 2102 2yl ojul payeos Yorym [anj [asaip Aq pasn
-BY: PUBR SYBAIIS 1ayiep 8YJ ‘2uoz paysnido A1y8ry ay) wou) paureiqo aiod Ajenb pood Aqpeardd] *1 £'g02-L'961 ‘O 10y wolj 810y

-

Ml T e
- -~ 3 ? -y
- t:#‘.r\ . \\r ’ :

g0 aie Juip
*pg aand1y

.~:=~ joo1 ay} jo sued 2AISSeW 210W 3Y) WO1j paurelIqo 8iod £njenb pood A[jeordAy *1 $°2001-6'966 ‘d 210y wWolj 1oy °99 a1ns1 g

..

S P ReReb ol a0y ke 8, Y B R L6 ! S ® € R B Ol B B 2. B YK R TP E R MBS WP PR R
2z \ ) 2

‘S21N1081) ¥001 3Y] Jo FUIOBAS ISO[O PUE UOIIEIUALIO [BIIISA Jedu 3y} 01 3np Jaueq 2100 2y1 Ul Furyo0]q 2102 4q
pasned A[jensn sem uUonIpuod suyy, °8100 A1penb 3salood Suimoys ‘1) 9 3I8-GI8 ‘O 20y Wolj 3109 *q9 2Ind1

“1] § MOQe 18 SPOUAWWOD SWAWTel] 4001 3yl JO UOITBIUSTIO [BIIUSA Suong "y1aap aut

-SBaIOU] YIIM Sasea.oul suawdely yool jo Aouanbaly ay) pue 3or pue IS Auo sureuod 2109 jo 100j 1addn a3y ‘pood A[snon
-urjuoo ST 2100 ay) jo Afenb ayy pue 1j ¢*] e SulFaq uni YL 331 pur WIS U9Z0i) YNm PI[[1 dle Slwawdel) §O01 usIMIq
saordsiaul ayJ, ‘(1 2I0Y 18 ¥201paq Y1 jo dIeINS 3Y] Jo 13)08IRYD 3] Furmoys 17 p01-2'¢ ‘@ 210y woij 2io) ‘eg 21y







ROTARY DRILLING AND CORING IN PERMAFROST 9

Figure 7. Inserting the three 1000-ft thermistor cables in hole C. The cables were laid out on the
ground and ‘“‘walled”” in by six men.

Discussion of results

The core was recovered in the frozen staie and the hole walls remained competent throughout
the drilling of both holes, whereas drilling with warm water failed to accomplish this, This demon-
strated the value of the refrigerated drilling fluid system for subsurface exploration in permafrost
areas. Even for mineral exploration in the Arctic where physical properties of the core may not be
important, refrigerated fluid could solve many troublesome and expensive caving problems. Since
the fluid is circulated at close to the estimated ground temperature, the thermal disturbance due to
drilling is greatly reduced. In programs where serious geothermometry is contemplated, chilled
fluid offers the advantage of greatly reducing the time needed for temperatures to reach equilibrium
(see page 13).

Selected samples of the core are shown in Figure 6. The core shown in Figure 6b was selec-
ted to generally represent the poorest core quality. Most of the core was of the quality shown in
Figures 6c and 6d. Figure 6¢ is representative of the more massive zones and Figure 6d illustrates
the appearance of the rock from the crushed zones. The photograph in Figure 6d was taken in a
cold room at -10°C (as were all core photographs) and the rock appears to be fairly competent in
the frozen state. However, when cores from the crushed zones were allowed to thaw, all cohesion
between the small chips disappeared and the result was a completely incompetent pile of rock
chips and powder. The competence of this rock unit, therefore, depends mostly upon the frozen
condition of a very small amount of water in the rocks.


















































