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Table 6, page 28 
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PORTABLE DRILLING EQUIPMENT FOR SHALLOW PERMAFROST SAMPLING 

Abstract 

This paper is in tended primarily for invest igators concerned w ith shallow (10 m or l ess) drilling 
and sampling in f rozen soil s, and emphasis is on man-portable coring equipm ent. A description and 
performanc e evaluation of th e hand-h eld f r ost tabl e probe, modified Hoff er probe, standard and 
modifi ed C RR EL core barrels, and motorized equipm ent for split tube dr iv e sampling, power 
augering , diamond drilling , wat er-jet drilling , and tr enching are presented. Th e evaluation cri teria 
include port ability, purpose of the investigation program , ground t emp erature, and t exture of th e 
materials. 

The compress ive strength of frozen soil s vari es w ith ground t emperature, t exture, and wa ter 
(ic e) content. A minimum ground t emperature of - 5°C is proposed as the prac tical limi t fo r 
application of the drive sampling t echnique in any soil except those with a high c lay f ra c tion ; a rough 
latitudinal limit coincident with the - 5°C ground isotherm can be used when considering the 
applica t ion of t his m ethod in summ er . Probing for accura te det erminati on of act iv e layer thickness, 
whil e valid f or most soil s, is not a r eliabl e method in c lay-rich soi l s. 

Hand-held power augers equipped with C RR EL core barrel s are used successfull y at any ground 
t emp erature below 0°C to core sand, silt, clay , ice , and peat . The op eration of power aug ers, 
however , is affec t ed by the rotat ional speed of th e coring t ool. Fi eld test ing indicat es that machines 
of low boring spindle speed (50 rpm) and high torqu e (350 f t•l/J) give consist ently satisfactory r esults. 

A ligh t -weight diamond drill, t he Winki e GW- 15, permit s coring of frozen ground consisting of 
weathered bedrock , sand, silt , and clay in uncased boreholes t o depths of 10 m, using a f uel oil dr i lling 
flu id cool ed na turally below 0°C. Double tub e swiv el-typ e core barrels wi t h face discharg e diamond 
coring bits, rotated at speeds of 1500 rpm or more at f eed (downward pressure) valu es of 90 kg, 
produc e ex cell ent cores. Using fr esh water as drilling fluid , cores may be obtained in summ er in 
sand, silt , and clay but with significant r educ t ion in core quali ty . Cor es obtained using water in low 
te mperature permafrost in t he Ar ctic Islands are of bet ter quality than those obtained in "warm er" 
permafrost of upp er Mackenz i e Vall ey. 

Diamond-drilling rod , core barrel , and bit si ze spec ific at ions con{ arming t o C DD A (Canadian 
Diamond Drilling Association) standards are summarized and presented in tabulat ed form . Th e 
limitations inher ent in the r ec i rcula t ion of a drilling f luid are identified , and t he V. Thomp son drill 
water r ec laim er and the hydrocyclone are proposed as alterna te means warranting furth er r esearch to 
achiev e adequate sedim entation of cuttings. 

Two all-hydraulic drilling machines, one mounted on an all -terrain vehic l e - the ATV drill - and 
t he other a two-component, helicopt er-por t abl e drill - th e JKS 300, are described and evaluat ed. 
Per f ormance da t a of the JKS 300 drill obtained in a wide vari ety of f r ozen ma terial s and economical 
considerations l ed t o the design of th e ATV drill, which consists Qf a 3.7 m mast support ing a 
hydrauli cally driv en modifi ed Winki e drill and mounted on an all-terrain Arg o v eh ic l e. I t permi ts cor e 
produc t ion comparable to that obtained wi th heavier truck-mounted drill s, if a depth lim itation of 
10 m i s specifi ed . A torque outpu t of 500 ft •lh at t he boring spindle is adequa te for consistent coring 
using C RR EL core barrels in frozen soils and is proposed as a guideline v alue f or the designing of 
light-weight aug ering machines f or fro zen soils. 

General information on fi xed-w ing and ro t ary aircraf t available for arc tic chart er is presented. 
Sp ecial insulated core container s, plastic bags, and tin cans are used f or t he preservation and 
t ransportation of samples obtained f or natural water (ic e) content. 

Rerume 

Cet article s'adresse a ceux pour qui l 'echantillonnag e a f aible prof ondeur ( 10 m) du pergeli sol 
(depots m eubl es) a l'aide d'outillag e portatif presente un in ter et part iculi er . La f ac ili te de t ransport, 
l es object ifs du programm e d'echantillonnag e, la t emperature et granulometri e du perg elisol serv ent 
de crit er es d'evalua t ion pour: la sonde manuell e ordinaire, la sonde Hoff er modif iee, l es carotti er s de 
type C RR EL, standard et modifies, de meme que pour l 'out illag e motorise pour l'echant illonnag e par 
battage, a l'aide de tig es rubanees, par forag e au diaman t, pour l e forag e a l'aide de j et hydrauliqu e et 
pour !'excava t ion de tranchees. 

La t eneur en eau (g lac e), granulom etr ie et t emperature des sols g el es in{luencent l eur 
r esistance a la penetra t ion. Une t emperature minimale du sol de -5°C est sugg er ee comm e limit e 
pratique de l'application de la t echnique par batt ag e pour l es sols gel es a l' exception de ceux 
contenant une importante fraction argil euse. L'isotherm e de -5°C du pergelisol est proposee comm e 
limi te nordique pour ! 'application de la technique en ete. La determina tion prec ise de l'epa isseur de 
la couche ac tive dans l es sols argil eux par l 'enf onc em ent d 'une tig e jusqu 'au r ef us donne parfois des 
r esulta ts errones. 

La prise de carott es dans les sables, silts, argiles, glace et tourb e a l'a i de de tari er es motor isees 
por tatives et munies de carottier s de type C RREL se f ai t f ac il ement a t oute t emperature du sol 
inf erieure a 0°C. Par contre l e r endement d 'un carotti er est seri eusement aff ecte par sa vi tesse 
ro t at iv e. Les essais de t errain indiqu ent que de basses v it esses rotatives au porte -f oret (50 tpm) et 
une haute forc e de t orsion (350 pi•l/J) produisent l es meill eurs r esultats. 



Une foreuse au diamant de faibte poids, la Winkie GW-15, utilisant de l'huile a chauffage 
refroidic naturellement en dessous de 0°C comme Liquide de circu lation, permet la prise de carottes 
de materiaux geles tels le till. la roche alter ee , les sables, silts et argiles, dons des trous non tubes 
jusqu'a des prof ondeurs de 10 m. L'utilisation de carottiers a double parois (tube interieur 
stationnaire), avec des couronnes perf orees, a une pression de 90 kg et tournant a 1500 tpm ou plus 
produisent des carottes de haute qualite. La prise de carottes pendant l'ete, avec de l'eau douce 
comme Liquide de ci r culation reussit dons les sables, silts et argiles, avec toutefois une diminution de 
la qualite des carottes. Les r esultats sont en general meilleurs dons les i1es de l'archipel arctique que 
dons, par exemple, le pergelisol a plus haute temperature de la haute vall ee du Mackenzie . 

Une synthese des dimensions conf or mes au nor mes etabli es par la C DDA (Canadian Diamond 
Drilling Association) est presentee sous forme de tableau. Les problemes associes a la recirculation 
d'un Liquide de forage sont reconnus et afin d'obtenir une sedimentation plus efficace des debris de 
forage le "drill water reclaimer" de V. Thompson et l'hydrocyclone devraient faire l'objet de 
recherches plus poussees. 

Deux f oreuses a f onctionnement hydraulique, l'une montee sur un vehicule tout-terrain, la 
f oreuse ATV, l'autre consistant de deux part is distinctes, adaptees au dep!acement par helicoptere, la 
JKS 300, sont decrites et evaluees. Des etudes de rendement de la JKS 300 dons divers types de 
pergelisol de meme que des contraintes d'ordre economiqu e ant conduit a la realisation de la fo r euse 
ATV. A part le vehicule Argo, la machine comprend, un mat de 3.7 m qui supporte une foreuse 
Winkie GW-15, modifiee pour accepter un moteur hydraulique. Pour la prise de carottes a des 
prof ondeurs de 10 m ou mains la f oreuse ATV se compare favorable ment en terms de rapidite a de 
plus lourdes foreu ses montees sur camion. Une force de torsion de 500 pi·lb au porte-f oret est 
suffisante pour !'utilisation de carottiers de type CRREL. Cette valeur est suggeree pour le benifice 
de ceux interesses a innover dons la domaine de tarieres motorisees legeres pour le pergelisol. 

Des renseignements d'ordre general sont presentes sur les avians et helicopteres disponibles 
dons le nord Canadien, de meme que sur !'utilisation de contenants speciaux isoles pour preserver des 
carottes de pergelisol, de sacs de plastiques et bo[tes de conserve pour la preservation d'echantillons 
pour determiner la teneur en eau (glace). 

INTRODUCTION 

In recent years, an increasing number of earth 
scientists, environmentalists, and soi ls engineers, who 
occasionally require shallow subsurface data from areas 
under lain by permafrost, have e ngaged in studies in the 
Canadian Arctic and sub-A rctic. Requests for information on 
portable dr illing equipment and field procedu res are received 
each year by field officers of Te rrain Sciences Division of the 
Geological Survey of Canada who have drilling experience in 
northern terrain . Although abundant literature is available 
on drill ing methods and equipment for nonpe rmafrost terrain 
with procedure guidelines well establ ished over numerous 
years of experience, information on pe rmafrost coring is 
scant. The objectives of this report are: (l) to summarize 
the results and fie ld experience accumulated by scient ists 
with Ter rain Sciences Division by presenting a desc ription 
and evaluation of various drilling equipment and methods, and 
(2) to inform users with no field experience how to select the 
method best suited to their particular needs. 

Experience has indicated that many uninitiated users 
have unrealist ic expectat ions of the performance of light ­
weight, portable drilling equipment. The information 
presented here is by no means exhaustive, but constitutes a 
representative sample of the methods and techniques in use 
for the shallow dri lling and coring of frozen grou nd. 

Most requests for information on portable equipment 
include one or more of the following provisos: equ ipment 
must be light weight ; the area under investigation has 
difficult access and is remote from se rvice centres; light 
aircraft (helicopter or fixed -wing) are the sole means of 
transport; drilling budget is small; and cores are required. 
Those making the requests commonly show a lack of 
familiarity with drilling and coring equipment in general and 
of logist ical aspects such as helicopter and fixed-wing pay­
loads, cabin dimensions, and range . They often have 
unrealistic expectations in terms of core recovery, core size, 
a nd maximum depth attainable. Usua lly no experienced 
personnel are available to operate or supervise dr illing opera­
tions, and users have little or no knowledge of local ground 
conditions, such as soi l texture and availability of water. 
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These limitations initially applied to the drilling and 
coring components of extensive terrain inventory programs 
recently carr ied out by Ter rain Sciences Division in the 
Western Arctic (Mackenzie Valley), Arctic Is lands, and 
District of Keewatin. Because of the la rge areas covered by 
these surveys, subsurface investigation had to rely on a ir­
craft-portab le, light-weight drilling equipment. This con­
straint led to experi mentation with various portable dri lling 
machines and coring tools in several types of permafrost 
te r rain . Drilling projects were carried out at locations west 
and north of Hudson Bay between 56° and 81°N . 

Because sha llo w drilling is conducted in the upper 
permafrost zone, which is affected by seasonal temperature 
fluctuations, an understanding of the character istics of this 
zone is necessary in order to assess correctly the per­
formance of drilling and coring equipment . 
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THE UPPER PERMAFROST ZONE 

Permafrost is present if the mean annual ground 
temperature is less than 0°C at least one year (Fig. l ). It is 
strict ly a temperatu re condition, and as such the definition 



applies to al l ear th materials inc luding bedrock . In this 
report "permafrost" refers to froz en unconsolidated deposits, 
unless specif ied otherwise, and "shallow dri lling" refers to 
vertical boreholes to l 0 m or Jess depth. This l 0 m layer of 
ground is the portion of permafrost where seasonal ground 
temperature fluc tuat ions are la rgest. In general, seasonal 
temperatu re fluc tuations penetrate to depths of 20 m or Jess 
(Judge , 1973). At the depth at which the amplitude of 
seasona l fluctuations becomes zero, the ground temperature 

100 

100 

Figure l. Map of mean annual air and ground temperatures 
in Canada (after Judg e, 197 3). Permafrost extends northward 
from the 0°C ground isotherm . 

Ground temperature (' C) 

-25° -20' -15' -10° -5' 0' 5' 
O-+-~~~~~~~~~~~~~~~~~~~--+~~~~ 

I 
.c 3 a. 
" 0 

4 

(j) 

\ 
\ 

\ 

September 9. 
1975 

\ 
\ 

\~ 
\~ -;;, I 
1"0. 
(@1 
I I 
\ I 

I 
I 

I I 
I I 
I I 
I I 

Figure 2. Graph showing annual range of ground temper­
atures to a depth of 6 m for: (1) central Banks Island (73°N), 
(2) Norman Well s, Northwest Territories (65°22' N), and 
(3) Thompson, Manitoba (55°47'N). 

corr esponds rough ly to the mean annual surface temperature ; 
from the re the temperatu re increases more or Jess regularly 
downwa rd. 

A general decrease in ground temperat ure occurs with 
increasing latitude (Fig. l ). In Ca nada the mean a nnual 
ground temperatu re is sligh tly higher than the mean a nnual 
a ir t e mp e ratu re, especially fo r mid-l a titude regions . Fac tors 
such as snow cover, topography, wind exposure, ground cover, 
and ground moisture account for local variations in ground 
temperatu res and the magnitude of the difference. Snow 
cover thi ckness, depth, and du rat ion a re conside red the most 
important fac tors govern ing the difference between mean 
a nnual a ir and ground temperatures (Judge, 1973). 

The amplitude of the seasonal ground tempera ture 
vari at ion at a given depth in nea r surface permafrost is 
greate r for higher latitudes . Figure 2 shows three ground 
t e mperatu re enve lopes, each covering a one-year span for 
three different latitudinal zones . Envelope l is from central 
Ba nks Island (7 3 ° N), whe re measure ments were recorded in 
1974. The low temperature boundary was obtained from 
measu rements recorded on March 24, in a se ism ic shothole; 
the high temperature boundary was obtained on August 19, 
from a different borehole in t he same area . 

En velope 2,- from the Norman Wells a rea (65°22 1N), 
Mackenzie River valley, is based on monthl y measu rements 
from September 1972 to March 1973 (Isaacs, 1974). The low 
temperature boundar y was recorded in late Ma rch 197 3 and 
the high temperature boundary, in late September 1972. 
Development of a thi c k acti ve laye r (1.5 m), is illustrated by 
the portion of the la te summer tempera ture profile that is 
above 0°C . 

Enve lope 3, from the Thompson, Manitoba a rea 
(55°47 'N), is based on week ly ground temperature measure­
ments (Harold B. Dah l, Nat ional Resea rch Council, pers . 
comm .) from October 1974 to November 1975 a nd shows the 
narrowest range of temperatu res for all depths. The low 
temperature boundary was recorded on April 4, 1975 and the 
high temperature boundary, on September 9, 197 5. 

While local e nvironmental factors, such as proximity of 
large water bodies, may affect the shape of a ground 
temperature envelope, there is a general cor relat ion between 
latitude, mean annual surface and ground temperatures, and 
amp litude of temperature variations for a given subsurface 
level. These re lat ionships are of importance in assessing the 
performance of drill ing and coring equipment. The upper 
permafrost zone cannot be considered (even for drilling 
purposes) to be a mass with constant physical and thermal 
properties, but rather as a mass whose physical and thermal 
properties vary both seasonally and latitudinally, and a lso 
with depth. 

Frozen Soil as a Drilling Material 

The indurated character of frozen soil containing 
particles bonded by ice offe rs the possibility of using drilling 
techniques and equipment normally reserved for so lid 
bedrock . The deg ree of induration of material is dependent 
on the interrelations of ground tempera tu re, texture, and 
quantity of unfrozen moisture . Soils artificially reduced to 
low temperatu res (below -25°C) have a strength comparable 
to that of nonfissured soft rock (Hvorslev a nd Goode, 1963) . 
The following properties of frozen ground govern the 
performa nce of cor ing and drilling tools: 

l. The short-term strength and adhesion between embedded 
stones a nd the matrix increases with decreas in g 
temperature. 

2. For fine grained soils, the freezing point is depressed by 
pore and capi lla ry wate r. 
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3. Unfroze n water decreases soil strength, which fac ilitates 
drive sampling but causes breaking and thawing of cores 
when drilling with a fluid. 

4. A low degree of saturation wi th ice (a so il in which only 
part of the pore space is filled by ice) dec reases the 
st rength of frozen soil. 

Resu lts of laborator y experiments on f rozen soils with 
differe nt textures show the re lat ionship between compressive 
st rength and soil temperature (Fig. 3). All soils indicate a 
marked increase in compress ive stre ngth with dec reasing 
temperature, t he increase being greatest for granular 
mater ials. Assuming that these values apply in the field, 
fro zen silts at -1 °C near the southern limit of permafrost 
(0°C isotherm, Fig. 1) have a compre ssive strength a round 
300 psi (pressure and torque units a re expressed in the British 
syst em of measures throughout the text), whereas similar 
silts in the Arctic Islands a t -l5°C have a compressive 
strength of 1500 psi - a fi ve -fold increase. There is also a 
seasonal variation in compressive strength. Both variables 
must be cons idered in planning a shallow depth drilling 
progra m. 

Some of the water retained in fine grained soils remains 
unfrozen considerab ly below 0°C. Figure 4 indicates tha t the 
amount of unfrozen moisture for a given temperature is 
relat ed to soil particle s ize . It follows that soils with 
appreciable quantities of unfrozen moisture (fat clays) have 
the lowest compressive strength . 

Although all dr illing methods are te mpe rature 
dependent , the two methods most affected by ground 
temperature are drive sa mpling and diamond drill ing. For 
drive sa mpling, which consists basically of forcing a cor ing 
tube into the ground with repeated blows from a drop­
hamme r, lo w ground tempe ratures a nd s ilty, sandy, or 
gravelly so ils constitute the most adverse conditions (Fig . 3). 
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Figure 3. Graph showing strength-temperature rela t ions for 
frozen soils of different texture . 
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Figure 4. Plot of unfrozen water content of frozen soils 
vs. temperature. 

For best results drive sa mpling should be confined to the 
summer when soil t emperature is highest (and compressive 
stre ngth lowest) and to areas south of the - 5°C ground 
isotherm. Optimum cond itions for diamond drilling are 
diffe re nt . Because this method requires ci rculation of a fluid 
inside the borehole and re lies on the cu tting action of a 
coring tool rota ted at high speed, best results are obtained in 
low temperature permafrost cont a ining little or no unfrozen 
moisture. Low temperature permafrost is c haracter is tic of 
higher latitudes, but low te mperatures will exist in the upper 
permafrost zone during the la te winter - early spring period. 
Hard-frozen soils will not t haw as rapidly as those at 
temperatures only s lightly below 0°C when drilled using a 
c ircula ting drilling fluid. 

DRILLING AND CORING METHODS AND EQUIPMENT 

A variety of methods and equipment are used to 
investigate the upper perma frost zone . The selection of a 
method depends on the objectives of the project, logistics, 
cost s, and the restric tions imposed by the material to be 
drilled. In some cases sampling can be done with hand-held 
probes or non-motorized augers. 

Hand-held Probes and Samplers 

Frost Table Probe 

The frost table probe, which consis t s of a rigid metal 
rod sharpened to a point a t one end and with a T-handle at 
the other end (Fig. 5), is used to measure the depth of the 
act ive layer in summer. It can penetrate thawed sand s, silts, 
and c lays to depths varying with the compaction of the 
materials, but not coarse gravels, ston y tills, or frozen 
ground . The probe shown in Figure 5 has a square stem about 
0.9 c m in diameter and is graduated in centimetres. 

Accurate active layer depth measurements are possible 
only in materials where the 0°C ground isotherm coinc ides 
with the point of refusal of the probe . Ice-bonded sands, 
gravelly sands, sandy tills, ground ice, and ice-ric h organic 



Figure 5. Frost table probe (right and modified Hoff er 
probe (left); the removable point (between the two probes) is 
used with the modified Hoffer probe. (GSC 203205-FJ 

deposits give a distinct refusal at the 0°C isotherm . Fine 
grained deposits, containing some unfrozen moisture, give a 
"gradua l" refusal correspondin g to ground temperature and 
the quantity of unfrozen moisture. As the rod can be pushed 
below the 0°C leve l in fine grained soils, the apparent active 
layer thickness is larger than the true value . 

Mackay (l 977a) demonstrated that probing may lead to 
errors of several hundred per cent in so ils with a substantia l 
c lay fraction . Shallow pits in c lays commonly can be 
excavated with a n ordinary shovel to a few centime tres 
be low the 0°C isotherm . The presence of ice lenses and a 
greater stiffness to the material are often the only indicators 
that the pit floor is below the frost table . Consequent ly, 
accurate active laye r thickness in fine grained soils should be 
determined by temperature measurements . Steel probes with 
temperature sensors at their tips a re available commerc ially 
or can be assemb led in a laboratory (Pichette and 
Pilon, 1978). 

Modified Hoffer Probe 

This sampler probe is probably the lightest and most 
portable piece of coring equipment avai lable for frozen 
material . The basic components inc lude a bit, extensions, 
and a removable T-handle (Fig. 5). The cutting edge and core 
holde r , formed of a single piece of stee l, constitute the bit. 
The standard Hoffer probe, with a smooth cutting edge at the 
bit, is used mostly by pedologists in nonpermafrost a reas. In 
the ear ly l 960 's, R.J. E. Brown (pers. comm ., 1977) adapted 
the probe to permafrost investigation by replacing the 
smooth cutting edge wi th a serrated edge, hardened steel bit. 

A sample is obtained by driving the bit manually with 
repeated short blows into permafrost . A small core (2 .5 cm 
diameter for the bit shown in Fig . 5) gradua ll y is forced into 
the bit a nd can be removed from a n opening down one side of 
the bit after it has been brough t to the surface. Although 
core breakage is high, the size of the sample is sufficient to 
provide the investigator with a reliable estimate of the 
ground-ice content and texture of the material. 

Add ing l m extensions permits coring to greate r depths. 
R.W. Klasse n (per s. comm., 1974) used the probe to penetrate 
frozen peat bogs and underlying glaciolacustr ine clays in 
northern Manitoba . S.C. Zoltai (pers. comm ., 1974) used it 
for extensive sampling of peats to depths of 3 to 4 m along 
Mackenzie Valley . Frozen fine grained soils sligh tly below 
0°C have significant unfrozen water, which explains the 
success of these two investigators. Brown (1965) commented 
earlier on the influence of ground t emperatu re and soil 
texture on ease of penetration of the probe in permafrost of 
northern Manitoba and Saskatchewan. 

Trials wi th the probe on Somerset Island, Northwest 
Territories (74°N) during summer 1975 showed that in this 
colde r permafrost the rate of penetration in frozen peat is 
too slow to be practical. For best results, use of the probe 
sho uld be restricted to fine grained so ils a nd peat dur ing the 
summer period when compressive strength of the near 
surface soil is least a nd to areas south of the -5°C ground 
isotherm (Fig. l ). Deposits with a high clay fraction (large 
amoun t of unfrozen moisture) may allow successful use of 
the probe north of t he -5°C ground isotherm. 

Standard and Modified CRREL Ice-coring Augers 

The standard CRREL auger has proven valuable in 
coring snow, ice, a nd fine grained organic and mineral soils in 
various cold regions throughout the wor Id . Designed by the 
United States Ar my Co rps of Engineers as a ha nd-driven 
coring tool, modified versions of the core barrel have been 
used on small and large rotary drills of various types, 
including diamond drills. 

The standard USA-CRRE L (Cold Regions Research 
Engineering Laboratory) ice-coring auger, now produced by 
Geotest In strument Corporation, consists of a stainless stee l 
core barrel, 11.3 c m O.D. (outside diameter) and 92 cm in 
length (Fig. 6), which gives a 7.6 cm diameter core . The 
hollow barre l has a welded double-helix flight configuration, 
with a 20 cm pitch. A stainless stee l cutting shoe with 
removable c utting inse rts faste ns to the bottom of the barrel. 
A removable head coup les the barrel to the extensions and 
pe rmits removal of the co re through the top of the barrel. 
The T-handle couples di rectly to the head when starting a 
hole, and to l m a lumin um extensions fitted with stainless 
steel pin-type couplings at grea te r depths. The cutting 
inserts are fastened to the shoes with screws and can be 
made of stee l or tungsten carbide. 

Most CRREL augers in cu rrent use by Terrain Sciences 
Division a re of shorte r length or smaller diamete r than the 
standard USA-CRREL barrel. Figure 7 shows coring augers 
that produce cores of 3.8 cm, 5.1 cm, and 7.6 cm diameter . 
All core barrels, heads, and shoes are made of mild steel and 
may be built in machine shops. The cutting inserts consist of 
mild st ee l shanks with tungsten carbide tips . 

Small diameter core barrels were designed for use with 
motorized power sources to provide faster penetration rates 
in low temperature permafrost a nd to reduce the per ipheral 
speed at the cu tting edge. For the same drill-spindle speed 
(the drill or boring spindle is the point of a ttachment of 
coring tools or extensions on the dri ll) , the cutting edge of a 
small diameter core barre l obviously travels at a lower speed 
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Figure 7. Modified CRREL core barrels: (1) length 41 cm, 
core diameter 7 .6 cm, (2) length 41 cm, core diameter 
5.1 cm, (3) length 61 cm, core diameter '3 .8 cm, (4) length 
92 cm, core diameter 5.1 cm, deflectors in upper part of 
barrel, and (5) core catcher for 5.1 cm diameter cores. 
(GSC 203205-A) 

than that of a large diamet er barrel. Lower speeds reduce 
fr ictiona ! melt ing at the steel-pe rmafrost contact a nd 
minimize the possibilit y of freezing the barre ! in the bore ­
hole . A small diameter or shorter barrel also has less surface 
area in contact with the fro zen ground, wh ich reduces the 
chances of jamming. Drilling associated with most sur fic ial 
materia ls mappi ng pro jec ts involves many sha llow holes over 
a large a rea rather than a few deep holes. The time required 
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Figure 6 

Standard USA-CR R EL ice coring auger . 
(GSC 203205-G) 

for drilling a ho le giving a 7.6 cm core is conside rably longer 
than that for a hole of the same depth giving a 5.1 c m co re, 
because t he volu me of frozen soil cut is about 36 per cent 
larger . 

A major drawback of the CRREL bar rel is the sho rt 
length of core recoverable from a single trip down the 
borehole. All core barrels, whether standa rd or mod ifi ed, a re 
limited to a run (single trip down the borehole) of usually less 
than 50 per cent of their total length, and in most cases only 
30 per ce nt. This is due, in part, to insufficient storage space 
for cutt ings between the borehole wa ll s and the barrel, wh ich 
leads to packing of the cuttings between the flights or 
bridging of the cutt ings above the barrel head and subsequent 
binding of the auger. Vei llette (l 975a ) at tempted to increase 
the length of the co re run by equipp ing a 92 c m Jon g, 5. l c m 
diameter core ba rrel with steel def lectors in its upper part to 
divert excess c uttings inside the uppe r inside portion of the 
barrel (Fig. 7, no . 4); this modification inc reased t he ave rage 
core length recovered in one trip down the borehole for 
mater iaJs other than c layey soils. 

A common prob lem when using CR RE L augers is the 
difficulty of breaking the co re from the bottom of the 
borehole . The core co mmonly remains so l id l y attached to the 
bottom after the auger has been withd rawn . This is par­
ticu lar ly so whe n drilling with the large diameter core barrel 
(7 .6 cm core ). A co re catcher, consisting of two metal rings 
held to gethe r by st ra ight metal bars with the bottom ring 
holding spring stee l blades fashio ned in a basket - like core 
retainer (Fi g. 7, no . 5) and attached to ext e nsions, is lowered 
over the co re. A quick movement sideways or a twistin g 
motion is usually suff icient to break the core . 

Field experience indicates that for high a rct ic a reas, a 
core barre l produc ing a 5. 1 cm core permits a reasonable 
compromise between speed of ope rat ion and core quality. It 
is fe lt that fo r the same depth, two holes with 5. l cm 
diameter co re c lose l y spaced in a given deposit supply 
signifi cant ly more information on soi l texture, ice distr ibu­
tion, and structu re than a single hole giving a 7.6 cm core . 

Dri lling contractors successfu ll y have adapted the 
CRREL a uger to large rotary rigs , and core barre ls producing 
cores l 0 cm or more in diameter have been used. The 
deve lopment of rugged core barre ls a nd tungsten carbide 
cutters, used with powerfu l rotary drills, now permits suc ­
cessfu l recove ry of c ores in moderate ly stony tills, gravell y 
sands, some grave ls, or other so ils previously considered 
nonaccessible to this t ype of tool. Little of the experimen­
tation done by drilling contrac tors on such as pects as cutte r 
geo metry, barre! heads, and perform a nce in various t ypes of 
frozen soi l s has found its way into the lite rature. 



Ground temperatu re a lso affects the penetration rate 
of CRRE L augers, a lthough it is not as signif icant a factor as 
in drive sampling. A rate of 46 cm/min at 96 rpm in clea r 
glacier ice or lake ice at a temperature of -30°C, using sharp 
cutters and a vert ica l load consisting of on ly the auger 
weight has been repo rted by Geotest Instrume nt Corporation 
(1 973 ). Blake (pers. comm., 1977 ), however, repor ted that 
t wo to three days were necessa ry to core 5 m of frozen peat 
in the Arctic Islands using a core barre l (7 .6 cm core ) rotated 
by hand . We cored a 7 m hole in ice-ric h glacio lacustrine 
varved c lays in northern Manitoba using a modified CRREL 
auger (3.8 cm diameter core) rotated by hand in about 
8 hours; ground temperature at this site was slightly 
below 0°C. 

Unfrozen so il s or soi ls containing a significant amount 
of unfrozen wate r, as a rule, are difficu lt or impossible to 
core using a CRREL auger . Frozen clays at a temperature 
between - I 0 a nd 0°C (large amount of unfrozen wat er ) will 
liquefy rapidly if coring is attempted wi th a CRREL barr el 
rotated at excessive speeds (200 to 300 rpm ) using a powe r 
auger. 

Man-portable Core Drills 
Used Without a Circulating Fluid 

The dri lls desc ribed in this section vary in the ir degree 
of po rtability and do not require the circu lation of a drilling 
fluid in the ho le (dryhole method ). For powe r augers, 
compar isons a re presented between different drill s fr om the 
same general category in an effort to isolate the most 
desirable power source character istics necessary fo r per ma­
frost coring. 

Drive Sampling 

Dr ive sampl ing in fro zen gro und requi re s the same 
equipment and procedu res used fo r drive sampling in so il s 
outside the permafrost zone . The technique consists of 
driving a tube sampler into the ground using a drop-hammer . 
The equipment is essentia ll y the same as that required fo r 
the app lication of the Standard Penetration Test. 

The Acker portable drive sampling drill (Fig. 8) has 
been used extensively fo r sampling programs. It consist s of a 
sectional a lum inum tripod der r ick, complete with tie bo lt, 
bail sheave, a nd 2 cm diameter hoisting rope . A 11 .5 cm 
O.D. cathead, driven by a roller chain and powered by a 
four -cycle, 5 h.p. Briggs and Stratton engine, raises the 
63 .5 kg drop-hammer, which is confined between two ja r 
colla rs a nd slides along a n A-size, 92 cm steel rod . 

Tube sample rs a re the usual coring tools used with the 
dr ill; these range in size from 5.1to1 1.5 cm O.D. and may be 
of solid or spli t tube type . The split tube sampler consists of 
a barrel that opens in two halves to expose the e ntire sample 

(Fig. 9). With the 63 .5 kg drop-hammer, the 5.1 cm O.D. 
split tube, accommodating either 46 or 61 cm of 3.5 cm core, 
and conform ing to Standard Penetration Test requirements, 
commonly is used in permafrost. Where prolonged pou nding 
(slow penetration) is expected or drop-hammers heavier than 
63.5 kg are used, the Lynac sampler, which incorporates a 
th ickened head section, is prefer red. Core retainers usua ll y 
are not necessary when coring frozen soils. 

Sp lit tube sampling has been used extensive ly during 
summer in Mackenzie Valley, mai nly south of the -5°C 
ground isotherm (Fig. 1). At the re lat ively warm 
t emperatures prevailing in permafrost in Mackenzie Valley 
during summer (Fig. 2), the compressive strength of the most 
common surficial materials (c lay, silty c lay, clayey till) is 
only moderately highe r than that of nonfrozen soils (Fig. 3), 
main ly because of sign ificant amounts of unfrozen moisture . 
Conditions, therefore, are excellent for the drive sampling 

Figure 8. Acker portable drive sampling drill. ( 1) Tripod, 
(2) engine and cathead, (3) the 63.5 kg drop-hammer. 
(GSC 203506) 

Figure 9 

Split tube drive samplers: 7 .6 cm outside 
diameter, closed (top) and 5.1 cm outside 
diameter, open (bottom). (GSC 203205) 
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Figure 11. Performance chart, Haynes drill, model 500. 

method and explain the popular it y of the method (Isaacs and 
Code, 1972; Hughes et a l., 1973 ; Rutter et al ., 1973; 
Heginbottom, 1974). Drive sampling in si lty sands or sands at 
-5 ° C or lower, however, is very s low and causes excessive 
wear of equipment . Drive sampling using a 5.1 cm O.D. sp lit 
tube and a drop-hammer mounted on a helicopter porta ble 
rotary drill in February 1972 in the Fort McPherson, 
Northwest Territories area (67°N) was not successfu l in the 
near surface zone due to very slow penetrat ion a nd to the 
high ly fractured core resulting from prolonged hammeri ng. 
While sa mp li ng ice-rich organic silts and sands in the same 
area in early June 1972, 40 to 100 blows per 30 cm of 
penetration we re required in the upper 2 m of permafrost, 
but few e r we re requi red below that depth . AS TM (American 
Society for Testing and Mate r ials) specifications def ine 
refusal (Standard Penetration Test) as a penetration of less 
than 30 c m for l 00 blows of a 63.5 kg hammer falling freely 
from a height of 76 cm. 
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Figure 10 

Haynes earth drill, model 500. 
( 1) Flexible shaft drive, (2) reduction 
unit. (GSC 203205-K) 

Unfortunately, not enough data corre lat ing blow count s 
with material type and ground temperature are availab le to 
establish a practical northern li mit for the app li cation of the 
method . Considering the slow penet ration rates in the upper 
permafrost zone in winter, the -5°C ground isotherm (Fig . 1) 
is proposed as the northern limit for a reasonable application 
of the technique in all materials except clays. 

The tripod, engine, drop-hammer, dri ll rods, corin g 
too ls, and hand tools necessary to drill a 9 m hole weigh 
about 260 kg, with the heaviest sing le piece being the 63.5 kg 
hammer. The equipment is awkward to carry and not well 
suited to back packing; however, it is man-portable over 
short distances. For helicopter moves, the equipment may be 
tied to the helicopter racks (skid mounted he licopter ) or 
placed in a sling. 

Split tube permafrost cores are usually of good qualit y, 
and recovery is often close to l 00%. The cores, although 
sligh tly disturbed due to the considerable thickness of the 
sampler walls, permit a detailed st ratigraphic description of 
the material, inc luding ground ice . Core samples from a split 
barrel may be used fo r index engineering tests such as liquid 
and plast ic Atterberg li mits, grain size dis tribut ion, and 
natural water content . 

Hand-held Power Augers 

Power augers are popular among scientists involved in 
shallow permafrost coring. The equipment is man-portable 
over a variety of terrain conditions and consists of few 
separate parts. In general, power auge rs used to rotate the 
standard CRREL ice auger or modified CRREL barrels can be 
used in any fro zen soil except extremely grave lly or stony 
ones . When using cont in uous f ligh t augering rod s with an 
overburden bit, power auge rs can be used in both frozen a nd 
unfrozen sediments . 

Unfortunately, a ll power augers using the CRREL 
barre l or modified CRREL barrels are subject to a common 
problem - binding of the barrel in the hole when excess 
cuttings a re packed so lidly between the helical flights. This 
short comi ng is inherent to the barre l design, but in this 
respect, some power auge rs perform better than others . 
Three models of power augers (Haynes earth dri ll, Genera l 
Equipment digger model 51, and Stihl 4308 auger) that have 
been used extensively in conjunction with CRREL barrels a re 
described and compared below, with the objective of pointing 
out the desirab le characteristics for a light-weight power 
auger in permafrost coring. 
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Figure 13. Performance chart, General Equipment digger, 
model 51; reduction from engine shaft to boring spindle 
is 49:1. 

The Haynes earth dri ll consists of a Briggs and Stratton, 
wheel-mounted, fou r -cycle engi ne which delivers power to 
the boring spindle through a flexible shaft-drive (Fig. 10). A 
reduction unit reduces spindle speed to one-sixth the speed of 
the engine shaft. Model 500 (5 h.p.) and model 700 (7 h.p.) 
were used in the field . The dri ll has been used extensively in 
centra l and lower Mackenzie Valley and in the Arctic Islands 
in recent years to core ice, frozen sand, silt, clay, and peat . 
One man is sufficient for its operation . 

The power curve for Haynes model 500 (Fig. 11) shows 
that maximum torque is reached at engine speeds of between 
2800 and 3200 rpm, corresponding to reduced boring spindle 
speed of 466 to 533 rpm. Speeds of less than 300 rpm will 
develop litt le torque and will cause the centr ifugal clutch to 
slip if an obstac le is encountered in the borehole. 

A two cyc le, 9 h.p. gas engine, with a reduction of 49: l 
from engine shaft to boring spindle, constitutes the power 
unit of the General Equipment digge r, model 51. The power 
head rests directly on the extensions providing additional 
downward pressure (Fig . 12). Two men are necessary for 
effective operation . The drill has been used in Mac ken z ie 
Valley and the Arct ic Islands. 

Figure 12 

General Equipment digger, model 51. 
(GSC 203205-I) 

Figure 13 shows the power characteristics of the drill. 
With a boring spindle speed range of approximately 80 to 
l50 rpm, the peripheral speed of the cor ing tools is greatly 
reduced compared to the Haynes drill. Torque is in the 
325 to 400 ft • lb range and is considerably higher than that 
developed by the Haynes drill . 

The Stihl 4308 auger is mounted in the same manner as 
the General Equipment digger, that is, with the engine 
directly above the redu ction unit and the entire power 
assembly resting on the extensions while in drilling position 
(Fig . 14). Powe r is provided by a two-cycle, 3.4 h.p . gas 
engine. This two-man drill has been used extensively in 
permafrost north of the -l0°C ground isothe rm (Fig . 1). 

The dril l is rated by the manufacturer at 354 ft • lb of 
torque for a maximum boring spindle speed of 50 rpm. Its 
principal characteristic is a high (150 :1) engine to boring 
spindle reduction ratio which permits the development of 
torque similar to the General Equipment digger, model 51, 
despite a much lower horsepower output . 

Figure 15 illustrates the peripheral speed generated at 
the outer cutting edge of three different sizes of modified 
CRREL core barrels, rotated by three different power 
augers . For example, a point located on the outside of a 
CRREL barrel shoe, 11.5 c m in diameter and rotated at 
500 rpm, will travel at 179.5 m/min. 

The Haynes drill gene rates the highest speeds at the 
borehole wall/co re barrel interface. The performance of this 
power auger is related closely to its low torque/high boring 
spindle speed characteristic. In relatively warm perma­
frost (-5°C or higher) and at penetration rates of 30 cm/min 
or less, coring with an 11.5 cm O.D. barrel at spindle speeds 
of 360 rpm or higher wi ll generate frictional heat at the core 
barrel/borehole wall contact resulting in the c reation of a 
thin film of water on the cuttings held between the helical 
flights . Immobilization of the co re barrel results in almost 
instantaneous freezing of the barrel to the walls. Ice-rich 
varved c lays at sl ightly below 0°C (high unfrozen water 
content) in the vicinity of Thompson, Manitoba could not be 
cored successfully with the Haynes driJJ using an 8.9 cm O.D . 
barre l. The high rotational speeds liquefied the c lays , 
rendering furthe r coring impract ica l. At the same location, 
H. Baker, National Research Council (pers. comm ., 1976) 
reported successful coring of the c lays using a power auger 
with much lower boring spindle speeds. The development of 
"mud rings" (clay adhering to the co re barrel surface) at the 
base of the barrel is common when coring clayey soils with 
.the Haynes drill. 

9 



c 
E 

1 
Q) 
O> 

"" 

170 

150 

~100 
.§ 
:; 
u 
Q) 

:; 
0 

0 
"" Q) 
Q) 

fil­
<O 
Q; 
.c 
a. 

~ 50 

25 

General eq uipment 
Model 51 

operating range 

Haynes drill 
operating range 

O -l""="-'=i-~-"-"+2-"--'--"-'--~~~~~~~~~~-'----~~~~~~ 

0 50 100 200 300 400 500 

Boring spindle speed (rpm) 

Figure 15. Boring-spindle speed vs. peripheral speed of 
outer cutt ing edge for modifi ed CRREL barrels of 11. 5, 8.9, 
and 7 .6 cm 0. D. used with three different power augers. 

10 

Figure 14 

Stihl 4308 two-man auger used with a CRREL 
core barrel. (GSC 202921-H) 

The use of small dia meter barrels (8 .9 a nd 7.6 cm O.D.) 
minimizes these problems (Fig . 15), but the Haynes drill still 
produces much highe r peripheral speed than those of the 
other two power augers. In t he event of accidental jamming 
of c uttin gs nea r the base of the barrel, such high speed leaves 
little time for the drill operato r to realize the situation and 
to withd raw the tool fro m the hole . 

The Haynes drill is not easily man-po rtable and is the 
heav iest of the three power augers described he re . Although 
the f lexible drive is cumbersome, it can be carried in the rear 
compartment of most turbine helicopters . 

Despi te a su bst a ntial reduction in boring spindle speed 
a nd a la rge increase in transmission output torque, the 
General Equipment digger, when used with CRRE L core 
ba rre ls , is still susceptible to problems of binding the coring 
tool down the boreho le . The auger is lighter a nd more 
compac t than the Haynes drill a nd can be carried con­
ven ientl y in a back pack or transported inside a helicopter. 

The effect of very low boring spindle speed is only fu lly 
appreciate d with field testing. Boring spindle speed of 
50 rpm or less, such as produced by the Stihl 4308 drill, 
reduces the periphera l speed of the co re bar rel a t the 
bore hole wall /core barre l interface a nd improves the upwa rd 
movement of cuttings. Although the problem of jam m ing the 
barrel in the hole is not eliminated completely, the s lower 
boring spind le speed im proves control of drilling. If a mud 
ring develops around the base of the barrel or if excessive 
amounts of c uttings pack in the helical flights, the labouring 
sound of the engine will indicate imminent jamming and 
warns the operator to raise th e equipment before seizu re 
occ urs . This occurs with a ny power auger, but because of the 
higher spindle speed of the Haynes dr ill and th e Ge nera l 
Equipme nt digger , the time between the first labouring sound 
a nd the jamming of the barrel is of te n too short to permit the 
operator to take action to prevent seizure . 

Low rotational spee d s lightly reduces the ra t e of 
penetration ; however, this can be offset by keeping the 
c utte rs sharp, as even s light du lling will red uce the rate of 
penetra tion . Coring 3 m of quartz sand with a low ice 
content will dull fre sh c utters to such a degree that the 
subsequent 3 m will take twice as long. An abundant supply 
of cutters should be taken to the field . Carbide cutte rs can 
be sharpened by a "greenstone " wheel on a generator powered 
benc h grinder. 



Table 1 

Observed depth of penetration of a modified CRREL 
core barrel (5.1 cm co re) for one run 

c lean, very cold ice is cored easily and permits 
long runs . Brittle cold ice breaks into chips which 
do not adhere together; warm ice, upon rotation in 
the core barrel flights, packs into a snow-like mass 

in a variety of frozen materials 

Material Penet ration Natural water 
(%of core (ice) content 

barrel length) (% by dry we ight ) 

Clean ice 60 -

40 -

Sand, well bonded 40-50 20-25 
pore ice only 

Soils with 75% or 50 -
more ice by volume 

30 -

Silt 40 25-30 

30 25-30 

Clay 25 30-40 

20 or less 30-40 

Note : Penetra tion va lues app ly only to a core barrel 
vertical position; horizontal and inclined core 
positions usually permit longer runs. 

Weighing only 21 kg, the Stihl 4308 drill can be car ried 
in a back pack or transported inside a helicopter. A locki ng 
ring chuck eliminates the need for a pin-type attachment 
between the boring spindle and the extensions of core ba rre l 
and permits quicker handling of extensions. 

For successful co ring in pe rmafrost using CRREL core 
barrels, a man-portable power auge r should have two 
important characte risti cs : 1) low boring spindle speed 
(50 rpm suggested) and 2) sufficient torque (350 ft• lb 
suggested ). Power augers with maximum boring spind le speed 
between 50 and 80 rpm were not tested but a lso may be 
satisfactory. 

These characteristics are of special interest to the 
bu yer of a light-weight, man-portable power auger, as they 
allow optimum use of a small engine of relatively low 
horsepower. A high reduc tion ratio from the engine shaft to 
the boring spind le will produce high torque a nd low spindle 
speed. The Stihl 4308 drill ideally combines these 
characteristi cs. 

As previously discussed, the CRREL ba rre l geometry is 
such that cuttings cannot be stored adequately between the 
helical flights if the full Ieng th of the core barrel is rota ted 
into the grou nd. As a rule, 25 to 50% of th e co re barrel 
length can be advanced in the ground for each run using hand­
held power augers. The same li mitation app lies to large 
rotary drills using the CRREL barre l, a lthough advances in 
excess of half the length are possible in some frozen soils due 
to the greater torque and downwa rd pressure produced by 
large rotary drills. 

Tab le 1, based mainly on field performance data 
obtained with the Stihl 4308 drill, relates length of barrel 
advance for one run to moisture (ice) content, type of 
material, and ground temperatu re . These values are offered 
only as a guide, as length of run depends on many other 
variab les, including operator expe rience. The -10°C ground 
isotherm is an arbitrary li mit based on equipment 
performance at locations north of it. Generally 

Ground 

which causes bridging on the barrel head and may 
induce binding. Sand contain ing only pore ice is 
cored easily at any temperature. For ice with 
app rec iable amounts of included soi l, ease of 
penetration varies acco rding to the texture of the 
inc lusions, being poore r for c layey ice than for 
sandy ice. Cold si lts of low ice content permit 
run s somewhat similar to those in sand y deposits. 
Cuttings from warm silts pack in the flights and 
cause blocking or bridging. Clay shows the poorest 
results as the unfrozen water favours the 
formation of mud rings at a ll tempe ratu res, but 
more commonly in warmer permafrost. 

temperature 
(oC) 

<- 10° 

>- 10 ° 

Any 

<-10 ° 

>-10 0 For engineering projects where specifications 
call for conti nuous cores to shal low depths (5 m or 
less) and extensive borehole coverage in sand, si lt, 
or c lay, or exploratory testholes in gravels (chip 
samples), the use of low boring spind le speed , light­
weight power augers adap ted to rotate modif ied 
CRREL co re barrels and continuous flight augers 
of small diameter should be considered. In remote 
locations where positioning costs of heavier drilling 
equipment commonly represent a substantial 
amou nt of the total project cost, it may prove 
economical to use one or more light-weight power 
augers in lieu of a larger drill. 

<-10° 

>-10° 

<- ]Qo 

>-10° 

held in 
barrel 

For rapid drilling, without coring, continuous f ligh t 
augers 6.5 cm diameter, using a 7.6 cm overburden drag bit, 
were used successfully with the Stihl 4308 drill in frozen 
glaciofluvial sands a nd gravels of northern District of 
Keewatin . Depths of 6 m were attained in about 30 minutes . 
Coring with a modified CRREL barrel had proved 
unsuccessful and augering was the only other method of 
exploring the gravels. Drilling was possible despite the well 
bonded nature, and the low temperature of the materials. 

Man-portable Core Drills 
Used With a Circulating Fluid 

Two light-weight diamond drills were used in 
permafrost - the G\V-4 Winkie and the GW-15 \Vinkie. These 
drills require a fluid ci rcu lating through the drill rods to 
remove cuttings a t the bit face to cool the bit. 
Specifications and some field resu lts obtained with the 
GW-15 Winkie drill will be presented after an introduction to 
the equipment and methods required for diamond drilling. 

Diamond Drilling Equipment 

Of a ll the techniques used in the drilling and coring of 
frozen ground, diamond drilling requires the most elaborate 
equipment. Furthermore, the qua lit y of the resulting core is 
highly dependent on the sk ill a nd experience of the operator. 
Because diamond drilling is used extensive ly for mineral 
exploration where moves between drill sites are less frequent 
than those of most soil samp ling projects, the equipment is 
generally poorly suited to frequent disp lacements. The 
requirement of an adequate supply of drilling fluid at, or 
transported to, the drill site reduces mobility and may add 
considerabl y to logi stical costs. Despite these limitations, 
when penetration or coring of frozen mate rial s, such as 
coa rse gravels, very stony tills, weathered or competent 
bedrock, or continuous co ring to great depths is specified, 
diamond dri lling is recommended. 

11 



Table 2 

Outside diameter dimensions fo r ci r ill rods 
and weight per JO foot rod length 

with coup ling for t he W se ries rods 

Letter designation Rod o .D. We ight of JO foo t rod 
(inches) with coupling (lb) 

EW I - 3/8 30 

AW 1 - 23/32 38 

BW 2 - 1/8 50 

NW 2 - 5/8 55 

HW 3 - 1/2 96 

The suitabi lity of the technique in securing undisturbed 
samples of frozen materials that a re inaccessible to auger in g 
or driving equipment has been demonstrated by Hvorslev and 
Goode (1963), Lange (1963), and Isaacs and Code (1972 ). 
Several recent pr iva te drilling projects using fluid ci rcula tion 
systems with diamond dri ll s or la rge rotary rigs were con­
ducted with success in Mackenzie Valley area. Drilling 
projects carr ied out in 1975-1976 a long the proposed Polar 
Gas Pipeline route on the west coast of Hudson Bay and in 
the Arctic Islands, in which difficu lt stony t ills and 
weathered rubble were encountered , re lied heavily on 
diamond drilli ng to obtain subsurface information. 

Diamond dri ll s a re ava ila ble in a wide variety of s izes 
a nd types, but a re distinguished from other types of rota ry 
earth dri ll s by their high dr ill spindle speed . Large rotary 
dri lls seldom exceed spindle speed of a few hundred rpm, but 
diamond cir ills com monly operate in the I OOO to 2000 rpm 
ra nge. Functions common to all rotary drills include a means 
of hoist ing, pushing down (feed), rotating drill rod s, and 
c irculating a fluid to the bit face . 

Drilling machines, a lthough similar in fu nction, a re not 
stand a rdi zed, but dr ill rods, casing, core barrels, a nd dia mond 
bits are fo rma li zed into standard systems whic h permit inter­
change of equipment between manufactu rers. Two major 
sets of standards are in wor ld wide use: the Metr ic st andard, 
which predominat es in Europe, and standards developed in 
English speak ing countries. The Canad ian standa rd s 
described here resu lt from efforts between C DD A (Canadian 
Diamond Drilling Associat ion) a nd DC DM A (Diamond Core 
Drill Manufacturers Associat ion) of the United States and BSI 
(Brit ish Standards In stitution) of Great Britain . 

In North America, drill rods with size designations E, A, 
B, N, and H a lthough st ill in use, gradua ll y a re being re placed 
by the "W" se ries of s light ly larger diameter (Table 2) . The W 
series has the fo llowing advantages : reduced vibra t ion, less 
danger of caving, more rap id return of sludge, inc reased 
water capacity through the drill str ing, and better equa liza­
tion of water f low inside and outs ide the rods 
(Cumming, 1971 ). 

The we ight per JO foot rod in Table 2 is for st eel; 
specia l magnesium a lloy (ZK60A)* drill rod s a nd couplings 
(magnesiu m z irconium rods) are a lso available and a re less 
tha n 25% the weight of st ee l. Compa ring ZK60A a lloy of 

Figure 16 . The four basic types of diamond drilling core 
barrels: from left to right, single tube, double tube 
rigid-type, double tube sw ivel-type, and double tube 
sw ivel-type M seri es (adapted from Acker , 1974). 
(GSC 202921-W) 

typical yield st rength 40 OOO psi and spec if ic grav ity 
1.79 with steel of yie ld stre ngth JOO OOO psi and spec ific 
gravi t y 7.9, the st re ngth/we ight rat ios a re: 

St eel 10~.~oo = 12.65 

ZK60A 40 OOO_ 
22 4 I. 79 - . 

Magnesium z irconium rods of AW a nd B W sizes we re used in 
projects involving light-weight drilling and coring equipment 
and proved effective in saving fre ight costs and perm itting 
faste r and easier handling of rods . 

Core barrels are grouped into single tube, double tube 
rigid -type, and double tube swivel- type barrels (Fig . 16). 
Only the set core bits, set rea ming shells, and core lifters for 
barrel designs are cove red by st anda rds (Table 3). 

The single tube core barrel has a n upper threaded end 
and a ream ing she ll to which a core lifter and bit are 
threaded (Fig. 16). The drilling fluid enters from t he top a nd 
passes between the inside of the barrel and the sample, 
washing the entire length of the core. The prima ry use of 
this barrel is to co re compact rock . It is used to drill holes in 
fro zen ground when core recovery is second a ry, as the fluid 
washes direct ly on the core and often destroys it co mplete ly. 
Occasiona ll y, cores of frozen peat, only s lightly disturbed, 
may be obtained wi th this tool. 

* Data from Aerometa l Products and Design Limited, Toronto, Ontario. 



Table 3 

Core barre! designs and bit dimensions conformi ng to DCDMA, CODA, and BSI sta ndards (A), 
and Boyles nonstandard WL wireJine series (B) 

A CORE BA RREL DESIGN CORE BIT 

WF WG * WM WT O.D. set J.D. set 
(inches) (inches) 

RWT * * 1. 160 0.735 

EWG EWM 1.470 0.845 

EWT 1.470 0.905 

AWG AWM 1.87 5 1. 185 

AWT 1.875 1.28 1 

BWG BWM 2.345 l.655 

BWT 2.345 l.750 

NWG NWM 2.965 2.155 

NWT 2.965 2.313 

HWF HWG 3.890 3.000 

HWT 3.187 

PWF 4.725 3.627 

SWF 5.725 4.439 

VWF 6.840 5.505 

ZWF 7.840 6.505 

* Forme rl y X series 
* * Forme rl y XRT 
Adapted from Canadian Standards Assoc ia tion (1 972 ) 

B Core barre l des ign O.D. set I.D. set 
(inches) (inches) 

WL 

AW L 1.875 1.062 

BWL 2.345 1.433 

NWL 2.965 1.875 

HWL 3.762 2. 500 

The double tube rigid- type core barrel consists of a n 
inner and outer tube which are a ttached to the barre l head 
and rotate with it. The dr iJJing f luid passes between the 
inne r and outer t ubes to the bit, exposing onl y a sho rt section 
of core to the washing action of the dri JJing water (Fig. 16). 
The barre l is designed for use in hard to medium hard, 
co mpact to s lightly fractu red bedrock. The core touches the 
rap idly rotating walls of the inner tube and thus is exposed to 
wear and erosion . This barre! is not recommended fo r coring 
of fro zen grou nd. 

The do uble tube sw ive J-t ype core barre ! a lso consists of 
an inne r a nd outer tube, but sw ive l bearings allow the inner 
tube to re main stationar y while the outer tube rotates. As 
the core s lips in side the inner tube , it is protected from the 
dr iJJing f luid and the wrench ing and e roding action of a 
rotating tube (Fig. 16). The inner tube in the M seri es may be 
adjusted so that its lowe r end rest s only slightly above the 
inside of the bit c rown, exposing a small port ion of the core 
to the drilling flu id . 

Kerf width Hole Core Core- to-hole 
(inches) diameter diamete r ratio 

(inches) (inches) (a rea) 

0.220 1-3/16 23/32 39. l % 

0.320 1-1 /2 13/16 32 .4% 

0.290 1-1/2 7/8 37.1 % 

0.352 J-1 5/16 1-3/ 16 39.3% 

0.304 1-1 5/16 1-9/32 45 .9% 

0.352 2-3/8 1-5/8 49 .1 % 

0.305 2-3/8 1-3/4 55 .0% 

0.41 2 3 2-1/8 52 .2% 

0.333 3 2-5 /16 60 .2% 

0.453 3-1 5/ 16 3 59 .0% 

0.360 3-15/ 16 3-3/ 16 66.5% 

0.560 4- 3/4 3-5/8 58 .4% 

0.654 5-3 / 4 3-7/16 59 .7% 

0.682 6-7/8 5-1 / 2 64 .2% 

0.682 7-7/8 6-1 / 2 68 .3% 

Ho le Core Core-to-hole 
diameter diameter ratio 
(inches) (inches) (a rea) 

1-1 5/16 1-1/16 30.2% 

2-3/8 1-7/16 33.7% 

3 1-7/8 39. l % 

3-5 1/64 2-1 /2 43.4 % 

Th is type of barrel is used to core friable shattered 
bedrock, and in frozen ground it outperforms the designs 
previously desc ribed and has been used successfu JJ y with 
li ght-we ight drills to c ore a variety of soi l s. When used in 
conjunction with face discharge bits, part of the drill ing flu id 
is dive rted t hrough holes in the bit c rown, thus reducing the 
amount of fluid in con t ac t with the core a nd reducing core 
damage . 

The tr ip Je tube sw iveJ - type core barrels a re essentially 
double tube swivel- type core barre ls in which a thi rd tube is 
inserted to give additional protection to the sample . Such 
barrels often are used in fr iabJe coal beds . The innermost 
tube commonl y consist s of plastic tubing split lengthwise to 
permit remova l of a core in the same way that a split tube 
core is removed . 

The triple tube bar rel is not believed to outperform 
signi fica ntly the double tube M ser ies barre! in frozen ground, 
because the main diffe rence is the increased thickness 
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provided by two inner tubes . In some cases, this thicker 
protective envelope may minimize core damage, especially 
when drilling with water above 0°C. Erosive action of the 
drilling fluid, however, occu rs mainly at the bit face and in 
the gap between the bottom of the inner tube and the inside 
of the bit and often is as serious in the tr iple tube barre l as in 
the double tube type. Isaacs and Code (1972) c laim 90 to 95% 
core rec overy using NX size swivel-type triple tube ba rrels 
and water as a drilling fluid with a GW-15 Winkie dr ill in 
permafrost . 

Core barrel designs (Table 3) refer to specific charac­
teristics common to a group. The WF design is avai la ble on ly 
in large sizes commencing at HWF . The main featu res are a 
double swivel-type design, unattached core lifte r case, a nd 
face discharge bits . It is commonly used with mud f luids. 

The WG design has a medium width kerf (the a nnula r 
groove cut by a coring bit) bit and comprises the double tube 
r igid de sign (former ly X series). Sizes EWG and NWG can be 
conve r ted from rigid to sw ive l-type by replacing the barrel 
heads with those of the WM design. 

The WM design is a lso a medium kerf bit design and 
cuts the same size core as the WG. It features a doub le tube 
swivel-t ype design and interna l fluid discharge c lose to the 
bit face. Barrel head dimensions a re the same as on the WG 
design . They are not availab le in sizes la rger than NWM . 

The WT design has a narrow kerf and larger core design. 
Basically of double tube rigid -type, it can also be converted 
to double tube swivel - type in the larger s izes . 

Wire line core barre ls const itu te the last important 
group of coring tools not yet covered by standards (Table 3). 
A wireline barre l is basicall y a double tube swivel-type barrel 
in which t he inner tube containing the core can be brought to 
the surface through large diameter drill rods while the outer 
tube remains in the hole . The wi reline technique introduced 
some thirty years ago is now used wide ly in diamond drilling 
and often has proved successful in situations whe re 
conventional bar rels have fai led. 

Advantages of the wire line technique in permafrost 
drill ing are numerous . The large diamete r drill rods, sligh tly 
smaller than the coring bit, act as casing by preventing 
accumula tion of debris on the barre l head . When drilling at 
air temperatures above 0°C, the cor ing tools a re le ft in the 
borehole at all times and are cooler, and thus c lose r to 
ground temperatu re, than they would be if brought to the 
surface often . Finally, the technique saves cons iderable time 
in rod ha nd ling during deep coring. 

On the othe r hand, the core-to -hole ratio (Table 3) is 
lower than fo r convent ional barr els, and when la rge cores a re 
spec ified, heavy drills must be used to handle the wireline 

Figure 17 

Bits used with the GW - 15 Winkie drill in frozen 
soils: f rom left to right, coring carbide bi t, 
face-discharge diamond bit, non-coring 
three-wing drag bit, and non-coring concave 
diamond bit. (GSC 203205- D) 
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coring tools, adding to the overa ll operationa l costs . Small 
dr ill s and light -weight portable drills are not suited to the use 
of wireline equipment . In recent years numerous cases of 
successful corin g of permafrost using the wireline technique 
with la rge drilling machines have been reported from the 
Canadian Arctic . 

Both coring and noncor ing diamond bits are available in 
a variety of configurations a nd diamond settings adapted to 
rock conditions, but little research has been done fo r use in 
frozen ground . Hvorslev and Goode (1963) experimented with 
both carb ide inserts and diamond bits in various soil-ice 
mixtures, but the optimum designs for frozen soils have not 
yet been determined . 

As diamond bits are used main ly fo r coring frozen tills 
or grave ls and so ils containing mater ials that a re difficu lt to 
penetrate by any other means, it is not always possible to 
select a bit that will be sui t ed to the heterogeneous texture 
and ha rdness of such deposits . In bedrock drilling practice, 
the rule -of-thumb calls for a few cutt in g stones per carat 
(unit emplo yed in weighing gem stones; most countries have 
adopt ed 200 mg or metric carat) fo r soft rocks, with the 
number of stones per carat reaching a max imum for hard 
rocks. Due to the possible var iability of hardness of 
unconsolidated coarse t extured deposits in a single ho le, bits 
usually are se lected based on an intermediate size of stones, 
25 to 40 per carat. A high density of cutting stones (100 per 
carat) results in a slow drilling rate in sticky soft material. 

Although the dens ity a nd arrangement of cutting stones 
are important, the configuration of the bit, relating to the 
passage of the dr illing f luid at the bit face, is of spec ia l 
importance in permafrost work. Restricted waterways at the 
bit will cause excessive fluid pressure on the core which 
results in thawing and da mage. Therefore, bits with a 
configurat ion that dive rts some of the incom ing f luid away 
from the co re a re most popu la r, and the face-d ischarge 
coring bit (Fig. 17) generally is specified . Minor modifica­
tions to standa rd face-discharge bits, such as e nlargement of 
waterways and enlargement of the holes through the crown of 
the bit, in some cases have increased core quality. The 
effectiveness of the holes through the bit c rown in dive rting 
f luid away from the co re often is reduced due to clogging by 
fine materia l, which has to be removed frequently. Enlarged 
wate rways are probab ly mo re effective. Table 3 shows bit 
dimensions relative to barrel design. 

Noncoring bits used pri maril y in blast hole dri ll ing a re 
of little conce rn to investigators interested in obtaining 
detailed subsurface information on frozen soi ls. Their use, 
however, provides a rapid means of drill ing holes in stony 
material for the pu rpose of installing boreho le instrumenta­
tion . Figure l 7 shows two types of non-coring bits. 



Drilling Fluids and Pumps 

Water is the most common fluid circulated in diamond 
drills, although the use of muds, developed largely for oil 
drilling, is gaining popularity where difficult overburden 
conditions are encountered (Gray, 1970, 1971 ). Drilling muds 
seal highly fractured rock or permeable unconsolidated 
material, facilitate the positioning of casing, and increase 
core recovery. Common drilling fluids used in permafrost 
are: fresh water; calcium chloride and sodium chloride brines 
in varying strengths cooled below 0°C; and fuel oil cooled 
below 0°C. All drilling fluids serve the dual purpose of 
removing cuttings and cooling the bit. 

Coring permafrost, even at relatively shallow depths, 
using fresh water in uncased boreholes causes problems, 
mainly due to thawing of permafrost by the fluid . This 
method is not recommended if continuous, high quality cores 
are desired. It is, however, the simplest and least expensive 
method to apply, and under certain conditions will provide 
cores of sufficient quality for estimates of ice contents and 
for soil index engineering tests. A considerable amount of 
drilling using portable diamond drills and water as drilling 
fluid was carried out in the summers of I 972-76 in the Arctic 
between 61 °N and 81 °N. 

Solutions of sodium chloride (common salt) and calcium 
chloride are the usual brine drilling fluids . Hvorslev and 
Good (1963) preferred sodium chloride to calcium chloride 
because the former absorbs heat when dissolved, whereas the 
latter produces heat during solution and is more corrosive. 

Ordinary Arctic Grade fuel oil also may be used in 
coring frozen ground . Lange ( l 963) and Isaacs and Code 
(1972) completed some holes using fuel oil cooled by a 
mechanical refrigerating unit during summer . For drilling at 
low air temperatures, fuel oil can be used without refrigera­
tion (Hughes et al., 197'+). 

Special water-base muds with potassium chloride and 
polymers were used successfully to core frozen soils 
(Northern Engineering Services Ltd., Calgary, pers . comm., 
1975). Such muds normally are used with large rotary drills 
and pumps and require a double-wall core barrel with a large 
annular space. These constraints prevent their use with 
standard coring tools and light-weight drills . 

The recovery of both physically and thermally 
undisturbed cores in a variety of frozen material using 
drilling fluids with a freezing point depressed below 0°C has 
been demonstrated by several workers and drilling 
contractors in recent years. The main limitation for summer 
operations is the cost of elaborate mechanical refrigerating 
units required to cool the drilling fluid below 0°C (Isaacs and 
Code, 1972; EBA Consultants Ltd., Edmonton, pers. comm., 
I 976). The fluid also can be cooled by dumping ice and snow 
or dry ice in the slush tank. Hvorslev and Goode (1963) 
describe simple cooling units equipped with an ice or snow 
filled chamber. Drilling projects of Terrain Sciences Division 
involving portable drilling equipment relied mainly on fresh 
water in summer and fuel oil in winter as circulating drilling 
fluids . 

The simplest drilling fluid circulation equipment, that 
is, general purpose pumps and small slush tanks, has been 
used with light-weight diamond drills. Three categories of 
pumps were tested in the field: gear, progressing cavity, and 
centrifugal; the latter was found to outperform the other 
types. 

The centr ifugal pump is popular for various domestic 
and industrial applications. Flow results from the action of a 
rotating impeller, and the pump will not stall if circulation is 
blocked. Its high volume/low velocity characteristics and 
internal c learances make it better suited to the coring of 
frozen ground. The model shown in Figure 18, used with both 

Figure 18. Compact XL Hom elite centrifugal pump used 
with the GW-15 Winkie drill. (GSC 203205-C) 

fresh water and fuel oil, with a capacity of 182 L/min and 
60 psi pressure, definitely outperforms the other types 
of pump. 

The progressing cavity pump is widely used with small 
diamond drills circulating water for coring hard rock . The 
pump drive is connected to the output shaft of a small gas 
engine by a flexible coupling (Fig . 19). The basic components 
of the pumping mechanism consist of a helical stainless steel 
rotor enclosed in a synthetic rubber stator. The spinning of 
the rotor creates "progressing cavities" which carry the 
drilling fluid and its material load towards the discharge port. 
The pump is self-pr iming and easily maintained. 

The progressing cavity pump proved unsatisfactory for 
coring frozen soils with water. Drilling in sandy, abrasive 
soil results in rapid wear of the stator due to the large 
quantity of sludge (fine cuttings produced by the drill bit) 
generated by hole enlargement, necessitating frequent 
replacement. Its low volume/high pressure cha racteristic 
also accelerates erosion at the bit face, resulting in frequent 
core damage . The mode l used in the field, with a capacity of 
about 27 L/min and a pressure of 125 psi, performed poorly in 
coring frozen sand with fresh water; excellent results were 
obtained coring frozen sand and other materials using fuel oil 
cooled below 0°C. 

The gear pump, whose performance is equivalent to the 
progressing cavity pump, was used to a lesser extent. 

Experime ntation With the 
GW-15 Winkie Drill in Frozen Soils 

The GW-15 Winkie drill has been used primarily by 
geologists and prospectors for shallow (50 m), mineral 
exploration drilling. It consists of a 10 h.p., two-cycle, air­
cooled gasoline engine with the drive shaft mounted 
vertically in a transmission assembly containing the clutch, 
gear box, and water swivel (Fig. 20). Power is transmitted 
from the engine shaft to the reducing gears through a 
centrifugal clutch. A two-speed transmission and a 
removable reduction unit (for augering) produce the full 
range of spindle speeds and torque shown in Table t+ . A press 
supports the drill and permits application of downward 
pressure and lifting by a hand-wheel (Fig. 20) . A base 
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Figure 19 

Robbins and Meyer progressing cavity pump. 
(GSC 203205-0) 

consisting of a wooden or metal sledge and telescoping back 
stays, locked in place with bolts, may be added to a llow 
remova l of the dri ll head from above the hole while handling 
rods. The s ledge also may ac t as a base for the pump. This 
a rrange ment is a self -contained unit, weighing approximate ly 
125 kg a nd well suited for helicopter tra nsport in s lin g loads . 

Following sum mer fie ld trials in permafro st with the 
G W-1 5 Winkie drill (Isaacs and Code, 1972), which showed the 
diff icu lty of ha ndling heavy cor ing equipment with the drill, 
Hughes e t a l. (1974) conducted furthe r expe rime ntal testing 
du r ing winter 1972 -73 to assess the potential of the drill fo r 
shallow (1 0 m) permafrost coring . As most frozen ground 
coring for enginee ring purposes is done with large diameter 
(N-size or la rger) e quipment, the relia bil ity of small dia meter 
core barrels (A and B sizes) used with chilled fue l oil had to 
be assessed before departure for the field. An a rtificia l 
"per mafrost " pit, 2. 4 m deep, 1.2 m wide and 2.4 m long, 
di vided in sections conta ining ice, ice-ric h gravels, sands, a nd 
modera tely ston y "till", was prepared in Calgary in early 
winter 1972-73 to test drilling equipment and procedures. 
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Figure 20 

GW-15 Winki e drill mounted on a base and 
positioned at a drill site: (1) drilt, 
(2) adjustabl e back stays with sling , (3) base , 
( 4) lifting wheel, and (5) press guides. 
(GSC 316-5) 

Standard core barrels of 1.5 m le ngth we re considered 
undesirable due to the high risk of core damage resulting 
from a continuous run of that length and the additiona l 
ph ys ical effort involved in handling long barrels . For the 
tria ls, ba rrels we re shortened to accommodate 90 cm of core, 
and A WM, BWM, and NWM double tube swivel-type core 
barrels were tested . The bits used were of the face ­
di scha rge type, and reaming she lls were left blank. A-s ize 
mag nesium zi rconium dri lling rods in lengths of 92 cm a nd 
l .52 m were used rather than steel rod s. A small sheet metal 
slush tank weighing 12.7 kg with an 11.5 cm O.D. colla r 
extending 18 c m below the bottom of the t a nk was built. 
Holes were started to 20 to 25 cm depth using an 
11.5 c m O.D. modif ied CRRE L barrel. The c olla r of the tank 
fitted tightly with the borehole wall, thu s preventing loss of 
f luid a t the surface. A Robbins and Meyer progressing cavity 
pump was used to c ircu late the c hilled fuel oil (Fig. 19). 

The results obtained a t this experimental site were 
helpful in se lecting suitable accesso ry drilling equipment for 
frozen ground coring. BWM double tube swive l-type core 



Table 4 

Range of boring-spind le speed and torque for the GW-15 Winkie drill 

Engine 
rpm 

Torque 
ft · Jb 

Spindle 
rpm 

Torque 
ft • lb 

with reduction unit (6.5:1) 

Spindle 
rpm 

Torque 
ft • lb 

High speed : Reduction from engine to drill spindle (3 :1) 

8000 
to 

4000 
Ave rage 6 

2667 
to 

1333 
Average 18 

410 
to 

205 
Average 110 

Low speed : Reduction from engine to drill spindle (7:1) 

9000 
to 

3500 
Average 6 

1286 
to 

500 

barrels and bits (2-3/8 inch diameter hole, l 5/8 inch 
diameter core) were prefer red to the smaller A-size equip­
ment, which had higher core breakage, and to the larger 
N-size equipment, which was more difficult for the dri ll to 
handle . The main result was that cores of coa rse materia l, 
such as sand y grave l, well bonded with ice, cou ld be obtained 
with little disturbance, despite the relatively small diameter 
of the core . This expe rimental work Jed the way for a 
dri ll ing program in early sp ring 1973. 

Drilling With Fuel Oil Cooled Below 0° 
A Field Example and Evaluation 

From mid-March to late Apri l 1973 drilling was carried 
out wi thin a radius of 40 km of Old Crow vi llage, north­
western Yukon Territory and in the Bathing Lake area, 
100 km south of Inuvik, Northwest Te rritories . The objective 
in the Old Crow area was to investigate the thickness, 
texture, ice content, and engineering properties of the 
ungJaciated deposits cover ing Jong pediment slopes. 
Attempts at coring, using a Haynes power auge r with CRRE L 
barrels, in su mmer 1972 (Hughes et al., 1974) had met with 
refusal at l to 2 m. In the Bathing Lake area hummocky 
moraines of c layey stony till, conside red too difficult for 
augering, we re selected for diamond drilling, with the same 
objectives as in the Old Crow area . 

From mid-March to earl y April ai r te mperatu re at Old 
Crow ranged from about -40° to -10°C. Temperatures of 
-30°C or lower adversely affected the motorized equi pment 
(drill and pump). Week ly ground tempera tu re readings taken 
later in a borehole (drilled Apr il 3, 1973) at Old Crow provide 
an estimate of the ground temperature at the time of dr ill ing 
(Fig. 21). As dri lling was conducted in late winter, ground 
tempera tures were probably even lower than those shown by 
the January 25th profile in Figure 21. In the Bathing Lake 
area ambient temperatures we re considerably milder than at 
Old Crow, especia lly in late April; ai r temperatures a round 
0°C were recorded often during ear ly afternoon on sunny 
days. The ambient t emperatures were suff ic ien t ly low at all 
times to keep the drill ing f luid, Arctic Grade fue l oil, 
below 0°C. 

Drill sites, previously selected on aer ia l photographs, 
were visited a nd where necessary were c leared of trees to 
permit landing. A Hughes 500C helicopter was used because 
of its small main rotor diameter (8 m); a t sites with dense 
tree cover, c leared a reas l 0 x 25 m were sufficient for the 
helicopter to manoeuvre with a light s ling load . An area 
roughly 4 x 4 m then was cleared of snow to receive the 
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Figure 21. Ground temperature profile, Old Crow, Yukon. 

GW-15 Winkie drill and accessory equipment . The two main 
sling loads consisted of the drill itself and a tool box and 
work bench combination used for extruding cores (Fig. 22 ) 
and for minor field repairs. The dr illing fluid was kept in 
45 L kegs a nd was carried inside the aircraft . Two core 
barrels were used interchangeably during drilling, with one 
man extruding core from one barrel a nd Jogging, while the 
other two drilled with the second barrel. 

Little core description was done in the fie ld. After 
extraction, cores were placed in ai r-tight plastic sleeves, 
labelled, and brought to base camp every day . All cores were 
described in detail for ice structu re, ice dis tribution, and 
lithology . Representative samples for engineering index tests 
we re selected, and a close range, colou r photographic record 
of all cores (1000 slides) was kept. At Old Crow, a storage 
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Drilling massive "cold" clear ice with diamond 
bits is very slow (5 to I 0 cm/min). Where 
substantia l massive ice concentrations are 
suspected, d iamond bi t s set with few coa rse 
stones (5 to JO per ca rat or less) or with carbide 
inserts are preferable . 

Tiny ice chips ci rculating in the fuel oil at ai r 
temperatures of -20°C or lower accumu lated at 
points of restricted flow in the ci rculat ion 
system a nd blocked ci rcu lat ion co mplete ly, 
necessitating the withd rawal of the coring tools 
from the ho le fo r c leaning. The chips and fuel 
oil formed a sludge which commonl y blocked 
ci rcu lation in the barrel head just above the 
waterways . This usua ll y occurred afte r an 
in terru ption of ci rculat ion, which allowed the 
ice ch ips to settle in the barrel head. The 
problem was minimized by adding small 
amou nts of me thy I hydrate to the drilling flu id 
and by shielding the foot valve of the suction 
hose with layers of mosquito screening. 

Figure 22. Extruding core on helicopter-portable tool box and work 

Fuel o il wi ll cause swe lling of the rubber shut­
off valve in the head of core barrels to the 
point where circulation is blocked ; at ai r 
temperatures above -20°C the problem did not bench combination. (GSC 202921-K) 

a rea kept slightly below 0°C was used fo r core desc ription . 
For the second phase of the program, Bathin g Lake a rea, core 
descript ion was done at the In uvik Research Laboratory. 

A total of 35 shallow holes we re drilled in the Old Crow 
and Bathing Lake a reas in deposits in which attempts at 
augering had failed . Coring was pe rfor med in a variety of 
coa rse textu red frozen material including weathered 
granites, ca rbonates, and conglome rates ; glacial sed iments 
such as clayey si lty till containing clasts of sand stone, sha le , 
li mestone, and quartzite; and glaciofluvial sand and gravel. 
Core rec overy was high (85%), and core damage was limited 
main ly to minor thawing of ground ice on the outside of the 
core samp les. The following obse rvations and conclusions 
resulted from the project: 
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using fuel oil coo led considerab ly below 0°C, diamond 
drill permafrost cores as small as I 5/8 inch diameter can 
be secured with a high recovery rate to depths of JO m in 
uncased holes . Typical cores obtained in weathe red 
granite and quartzite, stony clayey ti ll , and sand and 
grave l a re shown in Figure 23 . 

A diamond drill weighing Jess than 75 kg is satisfactory 
for securing core samples to I 0 m depth . 

About 65 to 90 L of fuel oi l, including the oil circulating 
in a small volume s lush tank, is sufficient to dril l a 6 to 
7 m B-size hole . Most of the fuel o il can be recovered 
after co mplet ion of the ho le; most holes we re dri lled with 
a total loss of less than 20 L. 

Loss of circulation occurred on three occasions I to 2 m 
below the surface of stony, well drained morai nic ridge 
crests , and drilling had to be stopped. These were the 
only examples of "dry permafrost" encountered, and 
casing wou ld have been necessary before c ircu lating the 
f luid . 

A high drill spindle speed in excess of 1500 rpm, with 
moderate downward pressu re, produces satisfactory 
penetration rates in sandy and silty till depos its. In Jag 
gravel and in weathered bedrock consisting of large clasts 
in a matrix of sand and silt, better resu lts we re obtained 
by using the maximum downward pressure attainab le 
while maintain ing maximum drill spind le speed. 

occur . The situat ion can be corrected by 
removing the outer 3 to 5 mm of the washer ­
type valve with a pocket knife . 

Exce llent undisturbed cores were obtained consistent ly in 
most mate ria l at f luid temperatures of -2 5°C or Jess. 

Core thawing was frequent at f luid tempe ratures above 
-5°C except in well bonded sands . C layey silty ti ll cores 
were most susceptible to damage at de pths of more than 
3 m. Assuming ground temperature at 3 m to be about 
-6°C (Fig . 21), clay a nd clayey so ils (Fig. 4) cou ld have as 
much as 16% unfrozen water content wh ich probably 
explains the difficulty in obtaining good cores in this 
mater ial. One hole dril led in clay in the Bathing Lake 
a rea had to be abandoned at 4 m due to gradua l thawing 
of its walls, which resulted in a thick fue l oil and c lay 
mixture which the pump could not handle. Figure 24 
shows cores of till exhibiting part ia l thawing. 

Core breakage was high and unbroken sections of 30 cm or 
more were rare, except in sandy, ice-bonded, pebble free 
deposits of low segregated ice content . Breakage was 
reduced with increasing core diameter . 

Although B-size (I 5/8 inc h) core is suffic ie nt to 
provide adequate stratigraphic information a nd samples for 
index enginee rin g tests, the core is too small for most other 
engineering tests. WM (core diamete r 2 I /8 inches) short 
barre ls, powered by the GW - 15 Winkie drill, were used on a 
subsequent project in stony tills of the Eskimo Point a rea, 
west of Hudson Bay. The larger size of these barre ls 
gene rally does not permit the application of suffic ient bit 
pressure for effective coring. Large increases in pressure 
frequent ly result in stalling of the barrel due to clut ch 
slippage. 

Drill ing With Fresh Water in Summer 

A decision to use a light-weight diamond drill with 
water as dri lling fluid in pe rmafrost must take into consider­
at ion se rious inherent limitations. Chances of successfully 
coring till s with moderate to high st one contents, gravelly 
soi ls, or a ny deposits containing large rock clast s a re 
extremely low. The - l 0°C ground isotherm is proposed as the 
southern limit for consistent successful diamond coring of 
ice, sand, silt and clay, using fresh water. 



The GW-15 Winkie drill, with basically the same 
accessory equipment as that described for winter drilling, 
was used during summer at various locations in the Arctic 
Islands, and the GW-4 Winkie drill in lower Mackenzie Valley. 
The GW-4 Winkie drill has the same components as the 
GW-15, except for a high and low speed transmission. It is 
st r ictly a hand-he Id drill and is not mounted on a frame. 
Commercial production of this model is discontinued . 

For helicopter-supported projects, the equipment is 
moved in sli ngs between drill sites. I;f water is not readily 
available at the drill site, a bucket consisting of a 205 L 
barrel wi th the top removed and attached to a s ling is used to 
scoop water from nearby ponds, Jakes, or rivers. When 
drilling without helicopter support, equipment can be moved 
on the ground by all-terrain vehicles or, for sho rt moves 
(a few hundred metres), by a two to three-man c rew. 

In summer, drilling must penetrate the act ive layer. As 
in winter drilling, casing is not used due to the frequent 
moves (up to 4 per day) between holes. Anchoring the dr ill 
with metal pins through the active layer is not practical; if it 
is necessary to stabilize the drill base, a piece of plywood 
loaded with loose soil is laid across the sledge. A narrow 
trench is dug to the frost table on which the s lush tank rests . 

No matter how carefully these preparations a re made, 
it is only a matter of time before the top of the borehole 
thaws and is enlarged. If penetration is rapid, l to 2 m of 
frozen ground can be drilled before seepage between the tank 
collar and the borehole walls takes place. After the top of 
the hole has become enlarged, the s lush tank is of little use; 
but the inside of the trench, even in sandy soi l s, by then often 
is lined with the fine sludge from the boreho le which acts as 
a sealant. Generally one barrel of water is sufficient to drill 
a 6 m hole. 

Thawing of the borehole top and excessive enlargement 
can be reduced considerably by casing to I to 2 m below the 
frost table in a dry hole and a llowing the casing (e.g . plastic 
pipe) to freeze to the inside of the hole . Drilling below the 
casing using water ci rculating inside the casing pipe, how­
ever, rapidly loosens the pipe and return water is forced 
between the hole walls and casing, resulting in an increasing 
loss of water with depth. 

Low ground temperatures (-10°C or less) and using 
circulating water only slightly above the freezing point (0° to 
3°C) greatly improve core recovery . Those conditions are 
characteristic of the Arctic Islands and northern mainland. 
Field resu lts lead to the following observations: 

undisturbed core recovery in grav e lly so il s is poor at all 
latitudes. 

Penetration rates of 30 cm/min or more produce good 
cores . 

Drilling in ice-bonded silts and sandy silts containing 
small segregated ice lenses commonly results in high 
quality cores and high core recovery. 

Poorly ice-bonded medium and coarse sand or ice-rich 
sand will be washed readily by water and result in less 
than 50% recovery or even total loss. Sand cored at a 
high rate of penetration occasionally will produce 
exce llent cores (Fig. 25). 

Massive, c lean, "cold" ice can be cored using fresh water 
but more slowly than sand, silt, or clay. Slow dr illing 
(5 to JO cm/min) may result in partial thawing of the core 
(Fig. 25) . 

Core recovery is generally high in clay, but frequently the 
ice is etched to below core surface; cores with large 
quantities of segregated ice show maximum disturbance. 

Given the uncertainty of coring results using a light­
weight diamond drill and fresh water compared with dry 
coring with the CRREL barrel or dri lling with a liquid chilled 
below 0°C, one may raise the question of the usefulness of 
the method. The selection of this method can only be 
assessed in terms of the program objectives. Users disen­
chanted with a particular technique often compare the 
performance of one piece of equipment to another without 
considering the respective merits and limitations of each 
piece of equipment and the conditions surrounding its 
application. Diamond drilling with water usua ll y will not 
produce cores in grave lly or rubbly permafrost but will 
permit location of coarse grained layers and will indicate 
their thickness which is not always possible with a hand-held 
power auger or a drive sampling tool. Light-weight diamond 
drills have provided holes for instrumentation in difficult 
soils, installation of bench marks, and proving bedrock. The 
coring of gravelly and stony frozen soils remains problematic, 
regardless of the type and size of equipment used . 

Man-portable Noncor ing Equipment and Methods 

Water-jet Drilling 

Water jetting at pressures of l 00 to 150 psi is a proven 
method of preparing vertical exposu res for st ratigraph ic 
investigation. The basic technique consists of washing away 
the thawed mater ial to expose the underlying permanently 
frozen soil, and in some cases to cut into permafrost. 

Jetting has been used to dislodge drilling and coring 
tools which have become stuck in a borehole and subsequently 
have frozen in the drilling wate r. A string of drill rods is 
assembled and a water swive l is attached at the top . Water 
is pumped through the rods, which a re lowered down the hole, 
to the top of the core barrel. Usually a few minutes of 
washing enlarges the borehole so that the tool can be freed. 

Using 2.54 cm !.D. steel pipe and a Wajax Mark 26 
centrifugal pump generating 150 psi, Judge et al. (1976) 
penetrated 20 m of frozen sand and silt in 55 minutes at 
Tuktoyaktuk, Northwest Territories, and installed a 
thermistor cable for temperature measurements . Mackay 
(l 977b) reported drilling 23 m through a pingo using this 
technique. 

Drilling by the water-jet method on ly requires a pump 
with sufficient pressure and a string of pipes . The major 
drawback is the requirement of a supply of water near the 
site . Where water supply is limited, recirculation of water 
via a slush tank or an excavation at the su rface for sedimen­
tation of s ludge will reduce the water requirement. This 
method is strictly for drilling and cannot provide core or 
reliable s ludge samples. 

Dual-purpose Rotary Hammer 

Electrically driven rotary hammers (Fig. 26), operating 
on a combination of electrical and pneumatic action, have 
been used for digging shallow trenches and pits in permafrost. 
A variety of tools can be attached to the drive-head, 
permitting cutting and even limited core drilling. Field 
procedure consists of digging a pit to the frost table and 
cutting into permafrost with chiselli ng tools in the same 
manner as road pavement is broken. The debris periodically 
is shovelled out before excavation can proceed . Carbide­
insert co re drill attachments allow retrieval of cores up to 
11.5 cm diameter . 

Excellent sections for soil and ground-ice description 
can be dug to a practical limit of I to 2 m below the frost 
table. The requirement of a generator limits portability. 
Rotary hammers are valuab le complements to power augers 
because of their ability to excavate in coarse textured 
sediments . 

19 



CY -N N 

CJ'> 
I 

N '° 0 -N "' 
() u 
Vl Vl 

CJ CJ 

Vl a:i 

- -N N 
CJ'> CJ'> 
N N 
0 0 
N N 

u u 
Vl Vl 

CJ CJ 

20 



u 
Vl 
l) 

Dr ill/breaker Machines 

These light-weight drilling machines, powered by small 
two-cyc le gas engines, can be used to drill or drive by 
adapting the necessary drill chuck or breaker-shank housing 
to the output drill shaft . They commonly a re used in 
permafrost to drive small diameter pipes for bench marks 
(P.A. Egginton, pers. comm., 1977) and to probe. Continuous 
sampling of a borehole is time consuming and must be limited 
to drive sampling of heavy wall tube samplers in a similar 
fashion to drive sampling with a split tube sampler. The 
Cobra model BBM47L and the Pionjar model BRH50 (Fig. 27) 
have been used to penetra te various types of permanently 
frozen materials. Dr ill/breaker machines are used fo r geo­
chemical prospecting in nonpermafrost areas to penetrate 
several metres of fine textured deposits a nd to sample 
underlying tills. They can also be used for trenching. 

Because of the small diameter of the coring tools used, 
drill /breaker machines are not adequate for subsurface work 
where good core sam ples are requi red . Although no reports 
of t heir performance in hard frozen soils (north of the -l0 °C 
isotherm) are available, it is likely that drive sampling with 
thick walled tubes in low temperature permafrost would be 
subject to the same limitations that apply to the split tube 
driving method and to the modified Hoffer probe. 

HELICOPTER-PORT ABLE AND ALL-TERRAIN 
VEHICLE DRILLS 

Although the high mobility and light we ight of the drills 
previously described make them of great value to terrain 
inventory studies of large areas, they are poorly suited for 
drilling closely spaced ho les in a restr icted area or for coring 
holes to depths exceeding 6 or 7 m. Two larger dr illing 
machines were tested by Terrain Sciences Division in a 
search for a drill that was more efficient under such condi­
tions. These, a lthough "large" when compared with the man­
portable equipment, are re latively small and light weight 
when compared with diamond drills a nd augers used in most 
engineering soi l sampling programs in permafrost. 
Furthermore, both machines, the JKS 300 and the A TV-drill, 
are adapted fo r air transport by Twin Otter a nd medium sized 
helicopters. 

JKS 300 Drill 

The JKS 300 is a hydraulic dia mond drill which, through 
adaptations aimed mainly at facilitating transport by 
helicopter , was used for dia mond drilling and augering in 
permafrost. It can be moved by helicopters capable of taking 
sling loads of about 400 kg and is well suited to moves with 
Tw in Otter a nd single Otter fixed-wing aircraft (Veillette, 
l 97 5b). The assembled JKS 300 drill consists of two main 
components, independe nt from each other and constitut ing 
individual s ling loads: the power pack a nd the drill frame and 
head (Fig. 28). The weight breakdown of the complete drill 
assemb ly without any accessory equipment is shown below. 

Power Pack Weight (kg) Drill Frame Weight (kg) 
and Head 

No. 126 Volkswagen 128 Mast and 114 
Indust ria l e ngine hydrau lic 
44 BHP cy linder 

Hydrau lic pump 176 Drill head 64 
a nd ci rcuit 
with skid 

Total 304 178 
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GSC 202921--J 

Figure 24 

Frozen core ( 1 5/ 8 inch diam eter) of clayey silty 
till, containing few pebbles, obtained with fuel 
oil, showing partial thawing on its surface; dark 
bands perpendicular to core axis are ice veins. 
(GSC 202921-R) 

GSC 170944 

Figure 25. Frozen core s (1 5/8 inch diameter) obtained in summer using fresh water as circulating fluid, Ellesmere Island, 
Northwest Territories: stra t ifi ed sand (left) , ice from an ice wedge (right). Note the greater amount of thawing for cores of 
pure ice (above knife) than for core s of ice with soil inclusions due to faster penetration rates in the latter. (Courtesy 
D. A . Hodgson) 

Figure 26 

Dual-purpose Kango rotary hammer with 
chise ling bit (attached) and coring bit. 
(GSC 203205-M) 



GSC 203205-J 

GSC 203205-B 

Figure 28 . JKS 300 dri11 in dri11ing position: power pack 
(left) and the drill frame and head (right) mounted on a 
platform for helicopter transportation. (GSC 202655-0) 

Figure 27 

Drill/breaker machines: Cobra model 
BBM47 L (top) and Pionjar model BRH50 
(bottom). 

All drill functions are hydraulically driven, which 
permits c lose control of the operation. For augering purposes 
a hydrau lic, light ( 18 kg ), low-speed motor can be adapted to 
the drill head in a matter of minutes, giving the boring­
spindle speed and high torque required. For diamond dri!Jing 
a high-speed, 8 kg, motor can be substituted; for drive 
sampling a separate cat-head, also hydraulically driven, can 
be added . Although the JKS 300 is designed primarily for 
bedrock drilling, its capac it y for low spindle speed makes it 
well suited to augering in hard- frozen soils using both CRREL 
coring augers and continuous open-flight augers. Its out­
standing cha racteristic and the advantage it holds over the 
A TV drill is its lifting and pushing capacity as shown below. 

Hyd raulic system 
working pressure (psi) 

1500 

2500 

Push 
(kg) 

4016 

6682 

Pull 
(kg) 

3128 

4669 

Rotational powe r (torque at the boring spindle using a 69 :5 l 
gear rat io and a low-speed, 74-370 rpm hydraulic moto r) 
follows: 

Hydraulic system 
working pressure (psi) 

2000 
2500 

Torque (ft• lb) 

454 
568 
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Table 5 

Torque at the boring spindle obtained from coring 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 Torque, using 
CRREL core barrel continuous f light augers 

(ft · lb) 

Friable sand 22 

Ice 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 inc lusions 94-132 

Soft shale 38-57 

Soft sandstone 

Gravel 

Torque values are not much highe r than those of the 
small portable augers discussed before; however, torque can 
be obtained at very low spindle speed compared to the small 
augers. Since rotation can be accomplished simu ltaneously 
with pushing or lifting, rotational power is usually sufficient 
for the use of con tinuous flight and CRREL coring augers to 
considerable depths. For higher torque at the boring spindle, 
a drill head with a gear ratio higher than 69 :51 a lso could 
be used. 

The drill first was used during summer I 974 fo r drilling 
and coring holes to l 0 m or Jess in the Arctic Islands. 
Drilling many shallow ho les necessitates frequent moves, 
a nd to permit short assembly and disassemb ly time the drill 
frame was mounted on a light-weight (89 kg) reinforced 
platform (1.06 x 2.13 m) of rectangular tubing designed to 
sustain loads up to 910 kg (see Fig. 28); the assembly is 
levelled using jack screws at each corne r of the platform. 
Narrow rectangular plywood boxes secured to the sides of 
the platform were used as containers for drill rods a nd 
coring tools . The retracted mast a nd drill head, when 
lowered, was positioned between the two tool boxes. In this 
manner the dri ll can be prepared for a helicopter move in 
less than 30 minutes. The drilling platform and the power 
pack constitu te separate sling loads; the two components are 
coupled by hyd raulic hoses for drilling. 

The JKS 300 drill has been used mainly for augering and 
continuous co ring with CRREL cor ing auge rs. B-size 
magnesium zirconium dr ill rods using CRREL barrel heads 
modified to take diamond drilling rod threads were used fo r 
coring; standa rd 92 cm con tinuous flight auge rs of 6.7 cm 
diameter with different types of bits were used for augering. 
Continuous coring to a depth of 13 m wi th a modified 
CRREL auger giving 5.1 cm core was achieved. The lifting 
capacity of the JKS 300 drill can be used to advant age to 
withdraw the CRREL auge r to th e surface for the necessary 
frequent clearing of the flights or to retrieve core. Using a 
lifting iron tied with a chain to the drill c radle, the string of 
rods can be lifted in successive steps of 1.2 m (full stroke 
length) and then broken in 3 m or longer lengths fo r 
faster handling. 

A limited amount of diamond drilling, using water as 
drilling fluid, with N-size co ring bits and B-size noncoring 
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bits was done for stratigraphic information. The results 
obtained do not differ significantly from those obtained with 
the GW-15 Winkie drill under similar conditions. Drilling 
with fluids chil led below 0°C was not attempted with the 
JKS 300 drill. Judging from the results obtained with the 
Winkie drill, howeve r, it is likely that N- and H-size core 
bar rels could be used effectively fo r coring to greater depths 
than with the Winkie drill. The JKS 300 drill is rated to a 
maximum depth of 300 m in bedrock using A-size wireline 
equipment. 

The JKS 300 drill, although well suited to drilling 
situations requiring frequent moves, also can be used 
effectively for situations where depth of investigation takes 
priority over areal coverage requirements. It complements 
the ATV dril l which is designed specifically for shallow, high 
density drilli ng. 

Oil pressure gauges on the hydraulic system permit 
estimation of the pressure required for coring in a variety of 
frozen materials. Pressure values recorded in the field later 
were converted to to rque values (ft • b) to assess t he rota­
tional power necessary for effective dr illing. These 
observations a re valuable when considering the deve lopment 
of light-weigh t drills for pe rmafrost and were of aid in 
designing the power characte ristics of the A TV drill. 
Because light-weight dri lls and augers usually are limited to 
low to rque values at the boring spind le compared to standard 
la rger augers and drills, it is important to have an apprecia­
tion fo r the minimum and maximum torque values required in 
various materials using different coring or drilling tools. 

Table 5, derived from drill pe rformance data recorded 
in the Arctic Islands during summer 1974, demonstrates the 
most common torque va lues requi red for coring different 
materials. 

The torque values shown apply to normal drilling 
conditions, that is, free of problems such as bridging of 
cuttings above the barrel head, excessive packing of cuttings 
between flights, etc. Such problems usually occur suddenly 
and require greater rotational power than that shown in 
Table 5 to avoid seizure of the tool in the hole. The JKS 300 
d rill , with a maximum torque of 568 ft • lb, shows a substantial 
reserve of rotational power for most frozen materials. 
The co ring and drilling tools used to obtain 



Figure 29. A TV-drill positioned at a drill site. 
(GSC 202655- Y) 

the torque figures are of relatively small diameter 
(8.9 cm O.D. maximum). Large diameter coring tools would 
require substantially more power and may not be consistent ly 
compatible with the drill. 

The fact that the JKS 300 drill requires helicopter 
transport between sites imposes economic limitations on 
some drilling projects. A track-mounted carr ier, capable of 
supporting drills the si ze of the JKS 300 and adapted to 
transportation by Twin Otter ai rcraft was developed 
(MacKenzie, 1976). The power source for the drill can be 
used to rotate the tracks, and hence a single power sou rce is 
sufficient for both dri lling and transportation . Such a carrier 
would reduce field costs substantially by decreasing the 
dependence on aircraft . Land use regulations gove rning the 
use of track-vehicles in arctic terrain, on the other hand, 
may prevent the use of the carrie r in summer, although 
winter and spring drilling programs would benefit from this 
innovation. 

ATV Drill 

The ATV (all-terrain vehicle) drilling machine (Fig. 29) 
was developed (1) to reduce the dependence of drill crews on 
a ircraft support for moves between sites and (2) to inc rease 
borehole production and so permit detailed subsurface 
investigation (Veillette and Nixon, 1975). Provided that a 
reasonable borehole coverage cou ld be maintained, it was 
considered that a depth of 3 m was satisfactor y for most 
surficial geology mapping programs and geotechnical recon­
naissance studies in permafrost terrain. To meet these 
objectives, a mast-equipped, light-weight drill was adapt ed to 
an all-te rrain vehicle. A prerequisite was that the ATV drill 
could be transported by Twin Otter aircraft or medium sized 

helicopter between ma jor working areas . Three main com­
ponents constitute th e complete drilling mac hine: car rie r, 
mast (frame), a nd drill. 

An 8- whee l Argo all -terrain vehicle was modified for 
drill mounting to provide additional structu ra l strength and 
stability in drilling position and to facilitate transport 
(Fig. 30). The st a nd a rd one-piece plastic body, which permits 
the vehicle to f loat, is too large to fit through Twin Otter 
loading doors and had to be modified. Furthermore, removal 
of the rear half of the plastic body was necessary for drill 
mounting. Hence, the amphib ious c haracter of the vehicle 
was lost. Mounting points for the drill inc lude a swivel pin 
and a lowe r lock pin supported by twin reinforced uprigh ts at 
the rear of the vehicle and a ra ised c rad le in front of the 
dr iver's seat to support the forward mast sect ion during 
transport . The frame is st rengthened with a st eel plate 
welded between the members, and the wheel base is 
increased by 46 cm over the full length of the frame to lower 
the ang le of the mast while in transit. A split drum electric 
winch serves to raise and lower the mast. Extended pads 
afford lateral suppor t while in drilling position . 

The mast a llows more than 3 m of free travel for the 
drill head a nd consists of a n extended W inkie G W-15 
Unipress, re inforced by tying the two E-size guide rods to a 
rear tubular struc tural member with a triangular yoke at the 
top and bottom of the mast. The drill power unit rests in a 
cradle which slides on the rea r mast tube and the two gu ide 
rod bushings. The incorporation of a drill mast has proven to 
be an important time saver in coring operations with CRREL 
core barre ls. Assuming average drill runs of 15 cm, and a 
30 cm thick act ive layer in which no coring is done, a 
minimu m of 16 trips down the hole is necessary for 
continuous co ring to a 3 m borehole depth (allowing a 30 cm 
run for the initial trip from the frost table). It was 
mentioned earlier that only short core run s are possible with 
th is t ype of coring tool used in the vertical position a nd that 
the barrel must be retrieved frequently to dis lodge cuttings 
held between the helical flights. When using hand-held power 
a ugers, retrieval must be done manually, resulting in fatigue 
to the operators. The mast permits easier withdrawal of the 
core barrel and e li minates rod breaking to a depth of 3 m. 
The other main advantages of the ATV drill are increased 
downward pressure on the auger cu tting edge a nd reduced 
handling of drill rod s. 

The first vers ion of the ATV drill was completed in 
197 5. The carrier was powered by a 29 h.p., forced air­
cooled, twin-cylinder, two-cycle engine; two inte rc hangeable 
power sources, the GW-15 Winkie and the Stihl 4308 were 
used for drilling. The mast originally was designed to take 
the Winkie drill but could accommodate the Stihl 4308 wi th 
special adapte rs. The drill head moved vertically along the 
mast with roller c hains activated by a manually operated 
lifting wheel mounted on a rail along the righ t side of the 
mast (Fig. 30). Field testing of this early version of the ATV 
drill confirmed two important points related to the drilling 
a nd cor ing of frozen so ils: (1) re lat ive ly low torque was 
required at the boring spindle and (2) adequa te bit load 
significantly improved the drilling performance of low-power 
e ngines. 

During 1977 the ATV-drill was subjected to major 
modifications ai med at facilitating field opera tions and at 
inc reasing the overall power of the drill. The manually 
operated lifting wheel, although effective, resulted in fatigue 
to the operators, especially when drilling holes deeper than 
3 to 4 m. The use of small gas engines to rota te the drill 
limited boring spindle movement to only one direction. Two 
power sources, one for the drill and the other for the car rier, 
added to maintenance and breakdown time. Furthermore, 
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testing in unfrozen soils indicated that the drill could be 
useful for geotechnicaJ investigation in fine textured soils, 
provided its rotational power cou ld be increased and its 
operation facilitated. To eliminate some of these problems a 
hydraulic system was adapted to the drill so that all func­
tions, clockwise and counter clockwise movements of the 
boring spindle and vertical movements of the drill head, could 
be controlled hydraulically (Fig. 31). For rotation, the GW-15 
transmission was coup led to a hydraulic motor; for vertical 
movement of the drill head, a hydraulic motor was mounted 
on top of the mast, driving roller chains which permit the full 
use of the Jong mast. Roller chains and sprockets were 
increased in size to accommodate the additional power of the 
drill. A 16 h.p., air-coo led, four-cycle engine, which powers 
the vehicle as well as the hydraulic system of the drill, 
replaced the two-cycle engine of the first version. These 
modifications resulted in a minor increase in weight of the 
drill for a significant increase in rotational and lifting power. 
The drill has a downward pressure (feed) of approximate ly 
1140 kg and a hoisting capacity of 910 to 1140 kg at 12 to 
15 m/min . The range of boring spind le speed and torque 
follow: 

Boring spindle speed Torque 
RPM (ft• lb) 

1100 40 

460 90 

160 260 

70 610 

30 500-550 

To date the drill has been tested in the Arctic Islands, 
upper Mackenzie Valley, at various locations in the Ottawa 
Valley a rea, and in the Lake Timiskaming area of north­
western Quebec . A detailed site study involving the coring 
of frozen peat a nd other types of fine grained frozen and 
unfrozen soi ls was car ried out in the Fort Simpson a rea, 
Northwest Territories during spring 1977 (Nixon, 1978). 
Coring permafrost with modified CRREL barrels was 
performed on northern Somerset Island mainly in silt s and 
clays during summer 1975, and limited diamond drilling and 
continuous flight augering was carried out in the vicinity of 
Resolute Bay, Cornwallis Island . P .B. Fransham (then with 
Terrain Sciences Di vision ) drilled with 7.6 cm flight augers in 
marine clays and sands in Ottawa Valley during summer 1976 
and repo rted successful sampling of clays to a depth of 20 m 
using 5. l cm Shelby tubes . Most of this field work was 
conducted with the original version of the ATV drill. Recent 
tests in Ottawa Valley, Ontario and Lake Ti miskaming, 
Quebec areas with the newly adapted hydraulic system 
c learly indicate the advantages of these modifications. 

Overland stabi lity of the vehic le was assessed over 
rugged a rctic terrain, subarctic raised peat-taiga, a nd 
hummocky muskeg in Ottawa Valley. In the high arctic, 
s lopes covered with rubbly deposits inclined at 16 to 18 ° and 
shallow river crossings did not cause any difficulty . With 
tracks installed, wet snow up to 50 cm deep and slopes to 20° 
did not cause any problems in the Fort Simpson a rea, 
Northwest Territories. 

Transport by Twin Otte r requires disassembly of the 
vehicle, but three men can load the mast and drill without 
breakdown. Disassembly time for the vehicle is about 
four hours for two men. Figure 30 illustrates the sequential 
assembly of the vehic le . Where road transport is possible, 
the ATV drill can be transported by truck or on a small 
tandem trailer towed by a light t ruck. 

GSC 203407 -E 

Figure 31_ ATV-drill with adaptation of hydraulic system : 
(top) in drilling position showing hydraulic motor and 
reduction unit activating the roller chains at the top of the 
mast; (bottom) close view of drill and hydraulic controls on 
the right. 
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Table 6 

Helicopt e rs available for a rc tic charter 
Chart adapted and updated from data co mpiled by He rb Spear (Oilweek, 1972) 

Type Sling Passenge rs Block Endura nce Engi ne Fue l Fue l Length 
load speed (hours) Type Type Consumption (ft) 
(lb) (mph) 20 minute (gallons/h) 

rese rve 

Aerospat ia l Alouette 1300 4 
JOO 2:40 Turbine Turbo 

45 n/a 
Aerospatial Gazelle 1320 155 3:50 n/a 31 

Bell 47G2 480* 2 70 2:20* Recip roca ting av/gas 80/87 13* 30 
av/gas 100/ 130 

Bell G3Bl 850* 
2 80 

2:40* 
Reciproca ting av /gas I 00/ 130 

17* 38 
Bell G3B2 800* 2:30 16 

Bell G4 800 av /gas 80/87 
Bell G4A 550 2 80 2:30 Rec iprocat ing av/gas 80 /87 16 n/a 

av /gas l 00/ 130 

Bell 47J2 700 3 85 2:30 Reciprocating av /gas 100/ 130 16 n/a 

Bell 204B 4100* 10 11 0 2:47* 68* 44 .7 
Bell 205A 4200* 14 120 2:20* 78* 42 
Bell 206A 111 6* 4 120 2:40 * Turbine JP4 21.5* 29 
Bell 206B 1200* 4 12 5 2:42* 21.5* 29 
Be ll 206L 1879 6 150 3:60 28 42 .8 
Bell 212 4800 14 130 2:30 80 n/a 

Enst rom F28C 750 2 JOO 2:40 Rec iprocating av /gas l 00/ 130 12 29. 3 

Fai rc hild 
Hill e r 1100 900 4 115 2:30 Turbine JP4 19 30 

Fa irc hild L4 950 3 70 2:00 Reciproca ting av /gas I 00/ 130 18 29 
Fai rc hild 12E 900 2 80 16 28 

Hughes 500 !OOO 4-6 135 2:40 Turbine JP4 19 29 

Hughes 500 0 750 2 JOO 2:40 Rec iprocating av /gas l 00/ 130 12 29.3 

Siko rsky 55A 2600 11 80 3:50 42 46 
Sikorsky 55T 2500 11 100 2:30 Turbi ne JP4 35 46 
Sikorsky 58T 5300 17 11 0 2:45 85 46.6 
Sikorsky 62 2500 12 11 0 4:00 70 46.6 

* Where disc repencies in statements of performa nce by ope rators exist, figures were averaged. 

PLANNING A DRILLING PROGRAM 

Transportation 

Conside rabl y more planning is required for drilling 
activities conduc ted in remote arc tic locations tha n in more 
accessible areas. Tra nsportation in the Arc t ic is large ly by 
small to medium sized ai rcraft . Hence, a knowledge of 
a irc raft ra nge, payload, sling load capac ity (helicopter), and 
cabin dimensions is essential in plar .. 1ing a dr ii ling program . 
Tables 6 and 7 summarize the mai n characte ristics of the 
helicopters and f ixed -wing ai rc raft c ommonly available for 
a rc tic charter. These data come from arc tic operators and, 
as such, a re c onsidered more rea listic than manufac turer 's 
figures. 

A facto r related to air transportation is the seasonal 
variab ility of daylight. Figure 32 links duration of daylight 
for a g iven latitude with the time of year . Because Arc tic 
twi light is prolonged, Figure 32 undervalues the amount of 
useful light in northern latitudes; however, it sho ws when 
there is suffic ient light for a full working day. As most 
heli copters and some light fi xed-wing airc raft are restric t ed 
to visual fl ying, this fac tor is most c ruc ial in late winter a nd 
early fa ll when the length of daylight c hanges rapidl y. 

Ground transportation in winter c an be by light snow 
vehicle for light-weight equipm ent and by a variety of 
tracked vehic les for heavier gear. Summer trave lling is 
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hindered by poorl y draine d ground a nd the presence of wate r 
bodies a nd is subj ect to land use regulations gove rning the 
size a nd type of veh ic les. Small , wheel-mounted, all-terrain 
vehicles have bee n used with success in summer , partic ula rly 
in t he Arc tic Is land s. The Hond a ATC 90 motorized tricyc le 
(Fig . 33) has been used ex t e nsively by f ield personn e l 
operating no rth of the tree line; it can tow a trailer with a 
150 kg load . 

Choosing &Litable Man-portable Equipment 
and a Drilling Method 

The portable dri lling and coring hardware and tech­
niques desc ribed in this pa per rep rese nt the basic equipment 
and methods in use for permafrost investigation to shallow 
depths. Drilling machines (the above-ground components) 
constantly are being improved, with new equipment coming 
on the ma rk et frequently; the light-we ight drill s described 
here are inc luded only as examples . When c hoosi ng a power 
sourc e to rotate dri lling a nd c oring tools in pe rmafrost, one 
must fi rs t asce rt a in whethe r auger ing or diamond dri lling 
speeds are required . For c oring frozen, fine grained or sandy 
soils, for example, an auger power head, producing low 
boring-spindle speed and suffic ient t orque , is required. For 
diamond drilling in coarser mate r ials, torque is less important 
tha n highe r spindle speed. 



..... 
<tl 
II> 
0. 

Vl 
_Q 
..... 
II> 

:r: 
>. 

_Q 

-0 

~ ·o. 
E 
0 
u 
<tl 
+' 
<tl 
-0 

E 
0 ..... ..... 

-0 
II> 
+' 
<tl 

-0 
0. 
:J 

-0 
c 
<tl 

-0 
" II> 
II> b.. :c <tl 
<tl -0 
l- <tl 

+' ..... 
<tl 

.r:; 
u 
<tl 
-0 
<tl 
c 
<tl 
u 
c ..... 
II> 

.r:; 
+' ..... 
0 z 
. s 
c 
0 
E 
E 
0 
u 
+' ..... 
<tl ..... 
~ 

-~ 

tlO 
.s 
~ 
I 

-0 
II> 
x 

;;:::: 
II> 
E 
0 

Vl 

tlO 
.s 
-0 
c 
<tl 

...J 

"' c _g 
"' c 
II> 
E 
-0 
c 

:.0 
<tl 
u 

I II> 
..... tlO 
II> <tl 

"'O ·;:: 
c ..... 

::i <tl u 

..... II> 
II> 0. 
:J >. 
u. l-

"' ..... 
II> 
tlO 
c 
II> 

"' "' <tl 
c.. 

II> 
0. 
>. 
l-

"' v 
II> 

.r:; 

~ 

.r:; 

"' II> ..... 
u. 
"" .::t-

"" 0 ..... 

\0 ..... 
00 

0 

'"" --0 
0 ..... 

0 
N 

'"" 

0 

" 

0 
0 
.::t­
N 

0 
0 
0 

'"" N 

0 
0 

'"" 

\0 
I 

u 
Cl 

.r:; 

"' II> ..... 
u. 
" '"" 

0 
0 
0 
.::t-

N 
N 
.::t-

<( --z 

N 

" 

0 

'"" ..... --0 
0 ..... 

0 
.::f-..... 

<( --z 

0 
0 

'"" ..... 

0 
0 
0 

"" ..... 

0 
00 ..... 

\0 
.::i­

i 
u 

.r:; 

"' II> ..... 
u. 
N 

'"" 

..... 
<tl 
> 

0 
00 

N 
00 

II> 
.s 
_Q 
..... 
:J 
l-

0 
0 
N 

0 
0 
0 ..... 

0 
0 
0 

0 ..... 

0 cr-­
N 

" N 
I 

u. 

.r:; 

"' II> ..... 
u. 
.::t­
N 

0 
0 
0 
.::t-

0 
.::f-..... 

0 

"" 00 

N 

" 

N 

" 

00 
\0 
N 

0 

'"" ..... --0 
0 ..... 

0 
00 

00 
N 

0 
0 
N ..... 

0 
0 

'"" " 

0 
\0 ..... 

'"" I 

u 
Cl 

.r:; 

"' II> ..... 
u. 
.::t­
N 

0 
0 
0 ..... 

N 
N 
N 

II> 
c 

:.0 ..... 
:J 
l-

a--..... 

0 
0 

" 

0 
0 
0 
.::t-

0 
\0 ..... 

.r:; 

"' II> ..... 
u. 
.::f-..... 

0 
0 

"" ..... 

N 
a--..... 

" 00 --0 
00 

0 ..... 

0 
0 
\0 

0 
0 

'"" N 

0 ..... ..... 

II> ..... '"" 
-< c:J I 
tlO +' u .s o .... :r: 

Vl Cl 

.r:; 

"' II> ..... u. 
N ..... 

0 
0 
N ..... 

"" N ..... 

..... 
"" 

00 
.::t-

00 
0 ..... 

" 00 --0 
00 

..... 
N 

0 
0 
N ..... 

0 ..... ..... 

'-N 
ii) I 

>U 
<tl :r: 
~Cl 

0 
0 
.::f-..... 

0 

'"" ..... --0 
0 ..... 

00 

"" 00 

0 

'"" 00 

Unlike power units, coring and drilling 
tools (the underground components) evolve 
slowly, and those described represent a 
reasonably comprehensive list of equipment 
in use. 

It has been demonstrated that the 
performance of most drilling and coring tools is 
affected substantially by ground temperature, 
mater ial texture, ice content, and degree of 
saturation by ice. Table 8 is presented to 
facilitate the selec tion of a specific piece of 
equipment when taking into consideration 
portability, purpose of investigation, and 
sampling requirements . 

Any particular subsurface investigation 
may require more than one type of equipment. 
For example, a combination of diamond drilling 
and dry augering equipment may prove 
advantageous when dealing with cold (-l0°C) 
permafrost showing lateral variations in texture. 

Storage and Transportation of Samples 

Engineering or glaciology studies may 
require the preservation of frozen cores for 
specific laboratory tests. Detailed procedures 
for transport and storage are desc ribed by Baker 
(1976). Although not a standard prac tice within 
Terrain Sciences Division, frozen cores have 
been transported south from the Arctic. At 
camps where adequate artificial refrigeration 
facilities were not available, cores were 
preserved in suitably capped boreholes. The 
procedure consists of casing the upper portion of 
a borehole well below the maximum seasonal 
depth of thaw with a plastic (PVC) pipe , plac ing 
the samples in a plastic sleeve inside the hole 
and capping it. It is important to have a tight 
seal between the pipe and wall of the hole in 
order to prevent water seepage from the active 
layer and refreezing at depth. A "refrigerator" 
of this type, consisting of several boreholes 
drilled side by side, can be made adjacent to a 
base camp. For shipping from the field to the 
south, regular commercial f lights have been used 
with success. The cores, individually wrapped in 
Saran wrap, wax paper, and aluminum foil, are 
packed in domestic c hest coolers (picnic type) . 
The coolers remain outside cold storage usually 
fo r the length of the aircraft t rip, and on arr iv al 
at thei r destination immediately are transferred 
back into cold storage. Cores could be kept 
frozen for at least 8 hours at air temperatures of 
20°C or more without any observable damage 
(P.J. Kurfurst, pers. comm., 1977) . 

The method of storing samples in a 
borehole instead of in a mechanical refrigerator 
may not be practical if thermal disturbance is 
critical. Baker (1976) lists permissible 
temperature deviations for frozen sam ples 
subjected to tests concerned with compressive 
behaviour of fro zen soils. 

When muc h handling of cores at air 
temperatures well above 0°C is necessa ry, 
additional protection can be provided by using 
double-walled plastic pipes built according to the 
principle of commercial thermos bottles 
(Fig. 34). In addition to improved insulat ion, the 
core is better protected against breakage. 
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Tab le 8 

Man- po rtable permafrost dri lling eq uipme nt 

Equipment Weight Dimensions Power Source Core Diameter 

Frost tab le probe N/A Variable Manual N/A 

Modified Hoffer probe 6.5 kg with three Longest part, I m Manual Bits of various sizes 
l m extensions 

CRREL ice coring auger 18 kg including six Longest part is Manual; may be adap ted Variable, 3.8-15 cm ; 
and modified versions I m ex tensions and ex tension (I m) to motorized equipment standard model is 

accessory tools 7.6 cm 

Split tube portab le 260 kg comp lete with Longest part is Cathead powered by Varies with size of 
dri ve sampler rods and accessory co llapsab le tripod small 4-cycle engine sp lit tube used, 

tool s for a 9 m hole (3 m) commonly 3.5 
and 7.6 cm 

Haynes drill power 34 kg 60 x 60 x 45 cm Gas engine See CRREL auger 
auger , model 500 4-cycle, 5 h.p. 

General Equipment 24 kg 70 x I 30 x 70 cm Gas engine See C RREL auger 
power auger, model 51 complete with hand le 2-cycle, 9. h.p. 

Stihl 4308 two-man 21 kg 130 x 65 x 40 cm Gas engine See CRREL auger 
auger comp lete with handle 2-cycle, 3.4 h.p. 

Winkie GW-15 75 kg comp lete with 65 x 34 x 200 cm Gas engine Gi ves cores of A, 
diamond drill Unipress comple te wi t h 2-cyc le, I 0 h.p. B, and N sizes 

Unipress; can be 
disman tled 

Water 1etting method N/A Varies with the Gas engine (pump) N/A 
(pump, pipes) pump used 

Dual-purpose rotary About 65 kg including Drill box : 30 x Gas engine Up to 10 cm 
hammer genera tor and tools 30 x 70 cm ; 4-cycle (generator) 

generator : 45 x 
45 x 60 cm 

Drill /b reaker 25 kg - 30 kg Overall length Gas engine Small diameter drive 
machines, Cobra without accessory 60 cm - 70 cm 2-cycle tube cores, usually 
BBM47L, Pionjar BRH50 equipment Jess than 3 cm 
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Table 8 (cont'd .) 

Transportation 

Backpack 

Backpack 

Backpack 

Limited to short 
ground moves by 
2-3 men; can be 
moved by helicopter 
as sling load or 
attached to 
he Ii-racks 

Backpack with 
difficulty; may be 
rolled on its wheels 
on smooth ground or 
carried inside 
helicopters 

Backpack or trans­
ported inside 
helicopter cabin 

As above 

Restricted to short 
ground moves wit h 
all accessory equip­
ment by 2 to 3 men ; 
moved as sling load 
with helicopter 

Backpack or small 
aircraft. 

Rcstr ic ted to short 
ground moves; will 
fit easily in 
helicopter 

Backpack 

App lications 

Measure depth to 
frost table 

Measure depth to 
frost table, caring 
in frozen peat, 
clay, fine sand, 
and silt 

To core frozen sand, 
silt, clay , peat, 
and ice ; ability to 
core coarser materials, 
gravelly sands, some 
tills of moderate 
pebble content 
increases with 
increasing size of 
power source 

To core frozen sand, 
silt, clay, ice, and 
peat, some gravelly 
sands , tills of low 
pebble and cobble 
content; to drive 
casing in wet areas 

Power source to 
rotate C RREL barrels 
and continuous flight 
augers 

As above 

As above 

To penetrate and 
core frozen soils 
with appreciable 
amount of coarse 
materials: to core 
bedrock and rapidly 
drill holes 

To pcne tr ate frozen 
ground for borehole 
instrumentation or 
other purposes 

1\1\ain use is shallow 
trenching and core 
sampling below the 
frost table 

1\\ainly to drive stakes 
and moil points; 
chisel ; trench . W.:is 
used to drive small 
diameter rods for 
bench marks to depths 
of 7 m in permafrost 
at temperatures of 
-2 to -3°C 

1-2 m 

Depth of 
Investigation 

Commonly 2-4 m 

For manual operation, 
commonly less than 
I 0 m in frozen soils, 
several tens of metres 
in glacier ice ; 
using large rotary 
rigs, depths greater 
than 10 m in frozen 
soils are common 

1\laximum practical 
depth is 7-8 m or 
less when used with 
tripod and small 
4-cycle engine tied 
to a tripod leg 

f\ laximum practical 
depth in most frozen 
soils is 7-8 rn or 
less. commonly 2-3 m 

As above 

1\\axirnum practical 
depth is 7- 8 m, 
commonly 3-5 m 

i\1aximum practical 
depth of con­
tinuous coring is 
10 m; may be used 
to drill deeper 
holes 

Depths in excess of 
20 m have been 
reached 

1\\aximum przi.ctical 
depth is 1-1.5 m 
below frost table 

Unknown . Clays in 
nonpermafrost areas 
can be penetrated 
to 20 m. 

Ground Temperature 
Influence 

Will not penetrate sand 
slightly below 0°C 

Most effective in clays 
and peat only slightly 
below 0°C 

Well suited for coring 
hard, low temperature 
frozen soi ls. Rate o f 
penetration decreases 
slightly with 
decreasing ground 
temperatu re. Generally 
not used to core 
nonfrozen soils 

Rate of penetration 
seriously reduced by 
decreasing tempera rurc. 
Outperformed by power 
augers and other 
dr ills in low 
temperature perma­
frost (-5°C or less) 

[~est results in coring 
hard permafrost. 
Liquifies ice-rich 
clays at ground 
temperature only 
slightly below o·c 

Slower penetration 
rate than Haynes drill, 
other conditions 
being equal 

Slow penetration in 
hard frozen ground; 
requires sharp cutters 
for best results 

11est results are 
obtained in low 
temperature perma­
frost (-I 0°C or less) 

Slower penetration 
in low temperature 
permafrost 

Low temperature 
permafrost harder to 
chisel and excavate 

5ubiect to the sJ.rne 
lim1tat1ons as split 
tube cir iving. 
Probably not very 
effective in low 
tempera tu re perma­
frost (-5°C or less) 

Evaluation 

Lightest coring tool 

High quality undisturbed 
cores . Coring 
procedure is slow 

Good quality, slightly 
disturbed cores. 
Bulky and heavy, 
requires 3-man crew 
for effective 
operation 

High range of boring 
spindle speeds (366-
600 rpm) in opera ting 
range is not com­
patible with consistent 
coring, with CRREL 
core bar rels 

Improvement in torque 
performance and 
boring-spindle speed 
over the Haynes drill 

Distinct improvement 
over other power 
augers. f\ \aximum 
boring-spindle speed 
of 50 rpm at a torque 
of 354 ft · lli, greatly 
facilitates cor mg. 
Also useful for 
augering with con­
tinuous flight augers 

Core quality is a 
function of ground 
tempera turc of the 
drilling fluid and 
rate of penetration . 
Requires more complex 
equipment than other 
methods described here. 
Must circulate a fluid 
in the borehole 

Provides a rapid 
and inexpensive way 
to drill a hole; no 
cores. Restricted to 
areas with good 
supply of water 

Provides excellent 
sections for soil 
(pedology) descr ip­
tion. Time con­
suming and shallow 
depth limitation 

Portable . Not 
suitable for most 
per ma frost invest iga­
t ion, poor coring 
capability 
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Figure 32. Graph showing duration of daylight hours versus 
time of year for 30° to 90°N. (Meteorological Branch, 1970) 

Figure 33. Honda ATC 90 motorized tricycle and trailer. 
(GSC 203205 -E) 

The most common use of permafrost samples is 
measuring field moisture content (ice content equivalent), for 
whic h cores need not be preserved in the frozen state . After 
adequate description, samples a re brought back to the 
laboratory in sealed containers. Plastic bags can be sealed by 
a special clamp and the flame from a lighter or other heat 
source or, if an electric power source is available, an electric 
sealer can be used. Various types of strong, threaded-cap 
nylon containers are also available. Of all the methods tried, 
tin cans sealed in the field with a portable manual canning 
machine afford the most reliab le means of preserving water 
content samples . The core or cuttings are placed in the can 
and the lid can be sealed in a few seconds . If properl y sealed, 
the sam ple will be preserved for a long period of time 
without any loss of moisture. The can is labelled with a black 
marker pen, and the ink generally will not deteriorate un less 
exposed to moisture for prolonged periods. The full cans may 
be packed for long distance shipping in cardboard carton s 
securely wrapped with nylon tape or st rapping material. Tin 
cans are well able to resist the rough handling on shipping 
routes between the field and southern locations. Although 
the can is not reusable, it can be used for oven drying and 
thus avoids an aditional transfer of material to a laboratory 
container . The laboratory time thus saved more than 
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Figure 34. Insulated individual plastic core containers. 
(GSC 203205-L) 

co mpensates for the cost of the cans. On the other hand, 
plastic bags, although very ine xpensive by comparison often 
are damaged in transit giving rise to doubtful water content 
results. 

RESEARCH NEEDS 

Development of improved drilling and sampling 
equipment of minimum weight and maximum portability to 
obtain undisturbed cores for examination and testing was one 
of the research needs identified by Linell and Johnston (1973) 
for engineering design and construction in permafrost 
regions. Although some development of portable drilling 
machines a nd equipment has been made in recent years, 
conventional rotary a nd diamond drills, with minor 
adaptations for permafrost coring, are still used extensively, 
with the resu lt that logistical costs are usually high. 

The results presented in this paper demonstrate that 
successful augering with CRREL-type core barrels and 
continuous flight augers in frozen soi ls does not require high 
torque at the boring spindle (much less than augering in 
nonfrozen so ils) under normal operating conditions. This 
situat ion should permit the design of relativel y light-weight 
machines. On the other hand, low power at the boring spindle 
may result in occasional seizu re of the tool (CRREL barrel) 
in the borehole. Because binding of a CRREL barrel can stall 
even the most powerful truck-mounted rotary drill, it seems 
rea sonable to look for a solution other than a simple increase 
in rotational or pulling power . Accessory equipment that 
would permit heating the stuck core barrel electrically or 
dislodging it by means of a high pressure, fine jet of hot 
liquid with a freezing point well below 0°C should be 
examined. 

For a detailed description of frozen soils and ground-ice 
quantity and structure, continuous coring is required. This 
procedure, whether in permafrost or in nonfrozen soils, is 



time consuming and expensive . Frozen cores have to be 
described immediately afte r extraction from the hole or kept 
in cold storage to prevent their destruction. When fro zen 
cores a re preserved fo r further test ing in the laboratory, 
usually a few selected cores are chosen from a given borehole 
and the others a re discarded afte r a brief description due to 
the difficulty and cost s involved in preserving a large 
quantity of fr ozen cores . This situation marks the basic 
diffe re nce between pe rmafrost cores and rock cores or so il 
tube samples which can be stored fo r indefinite periods of 
time and used for fu rthe r description and testing. The 
developme nt of adequate downhoJe descri ptive tec hniques in 
permafrost, which would permit obtaining grea ter subsurface 
information from a testhole t han presently possible, would 
per mit a more rationa l approach to coring. Continuous flight 
auger ing or compressed-air dr i IJ ing a re rapid means of 
drilling in permafrost, but the cuttings obtained do not 
permit an accurate description of ground- ice structure a nd 
quant ity. However, if such instruments as borehole came ras 
and periscopes were tested and proven to a llow a detailed 
description of ice structu re and distribution a long the bore­
hole wa ll s, considerable information wou ld be gained prior to 
coring which could be directed at the most inte rest ing zones. 
Bore hole geophys ics (resistivity, SP, gam ma-gamma, etc. ), at 
the present stage of development, cannot provide the 
adequate description and estimate of ice content required for 
enginee ring purposes. The conditions in a permafrost hole, 
i.e. , absence of wate r, smooth hole walls, and minima! danger 
of cave-in, appea r idea! for the app lication of borehole 
cameras and periscopes . Considering the usual depth (3 to 
15 m) of subsurface investigation in most e ngi neering and 
surficiaJ geology programs, the borehole cameras or peri­
scopes required are re latively inexpensive and can be 
assemb led in a la boratory. 

For diamond drilling (or where a fluid is recirculated in 
the hole ) the ma in gap in research, a pa rt from ligh te r weight 
drilling machines, is in the drilling fluid c irculation system. 
Means of achiev ing adequa te sedimentation of cuttings, apart 
from the standard sed ime ntation tank, shou ld be investigated. 
A reduction in the amount of drilling f luid requi red a t the 
su rface wou ld facilitate the design of sma lle r, more portable 
fluid cooling uni t s. The use of low- to medium-viscosity 
muds also would permit effective transport of cutt ings from 
the bit up the hole, while reducing core erosion at the bit 
face . 

Drilling permafrost with recircu la ted chilled fluids in 
su mmer necessitat es the use of heavy cooling plan t s which 
can be moved onl y by la rge and high -cost he licopte rs. This, 
in part, is due to the la rge quantity of f luid required to 
permit adequate sedimentat ion of sludge and cuttings 
returned to the surface. HvorsJev and Goode (1 963 ) found 
that a 567 L (150 U.S. gallon) slush tank was inadequate for 
both settling of the cuttings and cooling of f luid, a nd used 
instead a l 020 L (270 U.S. gallon) tank. 

Two main sources of energy contribute to the increase 
of temperatu re of the fluid (Lange, 1963). Warm ai r 
surrounding surface pipes, slush tank, hoses, a nd other 
accessory equipment in contact with the fluid is the external 
source, a nd t he refr igeration requirement may be reduced 
considerably by adequate insula tion of these components . 
The internal source of e nergy is applied to the fluid stream 
by pumping ; therefore, the refr igerat ion req uire ments, 
internal to the f luid stream, are equa l to the power input of 
the pump. 

Little can be done to reduce the ene rgy supplied by the 
pump. On the othe r hand, a lte rnative means of effectively 
re moving c uttings from the fluid, using sedimenta tion equip­
ment of smaller sur face a rea than standard sludge tanks, 
should be examined. If successfu l, such equipment may 
permit the use of smaller and more economical cooling units. 

Clearwater out -
flow 
(to drillhole) 

Figure 35. 

L f lush 

Inc lined baffles 
Sludge inflow 
(~om drillhole) 

Reproduced with permission of V. Thompson 

The Thompson drill water r eclaimer. 

Overflow (liquid and 
fine silt . clay) 

---- Inflo w slurry 

---- Path of heavy, large 
particles 

-------· Path of small , light 
particles 

- Underflow (sand . coarse 
si lt . some liq uid ) 

Figure 36 . Flow patterns that develop when clarifying a 
slu rry with the hydrocyclone. 

The Thompson drill water rec la imer (Fig. 35) illustrates 
a method of saving the a mount of dr illing liquid required . 
This s ludge tank opera te s on t he princ iple tha t separation of 
so l ids is more effective whe n using a series of closely spaced, 
inc lined baffles. Where water is scarce and in permafrost 
a reas where brine or other a ntifreeze solutions are used, the 
tank gave good results in bedrock diamond drilling 
(V. Thompson, pers. comm ., 1977). La boratory testing of the 
unit was done in the Chemistry Divis ion, National Researc h 
Counc il , Ottawa, using suspensions of calcium carbonate a t 
various concentrations and feed ra tes. These tests confirm 
the ability of inclined baffles to remove solids more 
effectively tha n vertical baffles. It is not known if the slush 
tank has been used with refr igerated fluids to core frozen 
ground. The tanks come in various sizes and are much 
smaller than conventiona l ones. If used in conjunct ion with 
refrigerat ion equipment, they cou ld considerably reduce the 
a mou nt of fluid required a nd improve re moval of cuttings. 

Anothe r a pproac h to red uc ing the quantity of fluid and 
a rea needed for sedimentat ion of cu ttings is to use 
centr if ugaJ force . The use of hydrocyclones to acco mplish 
this is common in industrial applications, and cyc lones a re 
used by the oil industr y to remove solids in drilling fluids. 
The principle of the hydrocyclone as a clarifie r is that a f luid 
entering a c ylinder or open cone with sufficient pressu re 
tangentially at the base of the cone forms a double vortex 
(Fig. 36). An outer vortex spi ra ls towards the a pex while the 
inne r vortex, surrounding an air core , tw ists towards the 
base. If the fluid contains particles heavier than itself, 
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centr ifuga l force carries the partic les towards the wall of the 
cone a nd the a pex in the outer vortex. Small, ligh t particles 
are carr ied by the inne r vortex towards the base a lon g with 
most of the fluid. The hydrocyclone incorporates a 
con trolled overflow outlet at the base of the cone through 
which the inner vortex escapes and a n underflow outlet at the 
apex where a so lid / liquid concentr a t ion leaves. 

App lication of th is t echnology to problems with 
operationa l parameters simila r to those of fluid drilling has 
been successful (Charsbur y, 1954; Crayston e t a l., 1954). A 
model bu ilt in the la boratory gave encou rag ing results and 
allowed formulation of specifications req uired for a canvass 
of the industry to identify an appropr iate co mm e rc ia l 
cyclone. A light (4 kg), small , and inexpensive unit was fou nd 
and furthe r laboratory testing proved that per formance with 
water and fuel oil warranted fie ld tests. During a spring 
drilling program using diamond coring equipment wi th fue l 
oil, the cyc lone was integrated into the c ircu la tion system . 
The predictable problems of volume flux whe n c ircu lation 
was blocked and ice particle c logging were identified . The re 
has been no opportunity for fu rther labora tor y or field tests, 
but from the resu lts obtained, the hydrocyclone shows 
potential as a desander/des il ter when fluid volume is limited. 

To date, little attention has been given to the 
abrasiveness of rec ircu la ted f luid s when coring frozen soils . 
The oil drilling industry has shown that abrasiveness of 
drilling mud is reduced considerably when the sand fraction 
a nd the coa rse si lt fr action (>20µm ) a re removed . In add ition 
to tempe rature, abrasiveness of a fl uid is thought to be an 
important fac tor affecting permafrost core qua lity . 
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