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Erratum - Technical Report 191 

Page 1, para. 2, line 9: change 20F to 29F 

NOTE: It should be pointed out that this report describes drilling and 

subsurface sampling techniques and equipment developed and used 

primarily in the 1950-1960 decade. Some of the references under 

"Literature Cited" describe later developments. Subsequent USA 

CRREL reports will also deal with these. 

Many of the items included under "Literature Cited" are 

not actually cited in the text but were included to provide the 

reader with additional references. 
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PREFACE 
The inv 

with Militar 
vestigations 
1, Field Inv 

stigations reported herein were accomplished in connection 
Construction Investigations, Engineering Criteria and In - 
nd Studies, Investigation of Arctic Construction, Sub-project 

. itigations. Task 4, Development of Subsurface Exploration 
Techniques apd Equipment for Permafrost. The Military Construction 

IrJV.e®î-?atl0^L are conducted {or the Office, Chief of Engineers, Directorate 
Chiíf) tary Ci°n8trUCtl0n' Clvl1 En*ineerin8 Branch (Mr. T.B. Pringle, 

The information presented in this report consists of some experiences 
r-oD Jr/ .Army Cold Regions Research and Engineering Laboratory (USA 
CRREL) personnel in utilization of drilling equipment and soil sampling 
devices in frozen and thawed soils of the Alaskan arctic and subarctic. 
Jhe su”irnarize8 »oils exploration operations ac Alaska Field Sta¬ 
tion (AFS), USA CRREL, at Fairbanks, Alaska, and at remote Alaskan 
sites. Most of the field work was performed by personnel permanently 
assigned to AFS and was under the direction of Mr. F.F. Kitze, Chief, 
Alaska Field Station. 

.u ,9oll®?tion °fLdata was started during the period when AFS was under 
the direction of the Permafrost Division, Corps of Engineers, St. Paul 

and was continued under the direction of Arctic Construction and 

Pnal 1 HffeC|í8 L»tb0nat0ryiiACFEL^ U'S* Arrny Engineer Division, New 
England when the Permafrost Division was consolidated with the Frost 
Effects Läboratory to form ACFEL. Mr. Harry Carlson was formerly 
Su-, Division, and Mr. Kenneth A. Linell was formerly 
Chief, ACFEL. In February 1961 ACFEL was merged with the U.S. 
ÍooÍ.t °W ICe and Permafro8t Research Establishment to form USA 

KKEL. 

This report was prepared by Mr. Robert M. Davis, Geologist, Applied 
nrle^ H Branch (^r‘ A-F- Wu°ri. Chief) and Mr. F.F. Kitze. Report 
p eparation was under the general direction of Mr. K. A. Linell, Chief, 
Experimental Engineering Division. 

i- i °{. USA CRREL during the publication of this report was 
Colonel Dimitri A. Kellogg. Chief Engineer was Mr. W.K. Boyd. 

trib,1LhH^ePOrtVía8KÍeVÍeWedby Mr- G-R* Lan«e* Geologist, who con¬ tributed many valuable suggestions. 

USA CRREL is an Army Materiel Command laboratory. 

CITATION OF TRADE NAMES OR MANUFACTURERS IN THIS 
REPORT IS FOR INFORMATION ONLY AND DOES NOT CONSTITUTE 
OFFICIAL APPROVAL OR ENDORSEMENT; 
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SUMMARY 

Several types of rotary drilling machines and percussion type drill¬ 
ing machines have been used for soils explorations at Alaska Field Sta¬ 
tion, USA CRREL, Fairbanks, Alaska. The drilling machines include 
a Longyear Straightline Diamond Core Drill, Model UG8; Acker Toredo 
Core Drill, Type TH; Chicago Pneumatic Core Drill, Model 8; Concore 
Exploration Drill, Type E5-48; Cyclone Churn Drill, No. 40: and a 
Fairbanks Churn Drill, No. 45. Various types of coring barrels and 
soil sampling tubes have been used with the machines, including Long- 
^eaKi7 Ínv °D sin,gle and double tube core barrels, Acker single and 
double tube core barrels size NX, Acker and Sprague and Henwood split 
tube and solid tube samplers, 2} in. OD, and a steel pipe sampler 
fabricated from 3-in. standard pipe. 

Soils explorations were conducted by core drilling methods and by 
drive sampling methods in thawed and frozen silty soils. Temperatures 
of the frozen soils sampled ranged from 28F to 31.5F in the permafrost 
and from ¿or to ^7F in the active layer. Penetration of drive sampling 
devices through the frozen active layer during late winter or *arly 
spring is more difficult than into the underlying permafrost due to the 
colder soil temperatures. 

The C/clone chuur" dril1' equipped with a field fabricated 3 in. diam 
p pe sampler, is a highly effective means for drive sampling in frozen 
silt soils to a depth in excess of 100 ft. The equipment is well adapted 
or drive sampling through the colder frozen active layer during the 

and suPring reason. The Acker solid tube sampler adapted 
to the Cyclone churn drill is also effective for drive sampling frozen 
soils but is much more susceptible to damage than the standard pipe 
sampler. r r 

r,H«hCHre dril¡^ng and 8ample recovery has been successfully accom- 
plished using the Longyear core drill with 7 in. OD single and double 
tube bârreis and with the Acker core drill and Chicago Pneumatic core 
drill using single and double tube core barrels, size NX. Samples were 
recovered from 30 to 40-ft depth in frozen soil using coring methods 
Excellent sample recovery was experienced. Wintertime coring opera¬ 
tions necessitate circulation of alcohol as a drilling fluid in lieu o^water 

men1tlmisnate frefZmg °f water lines* water swivels and related equip- 
th^ w Su^mertlme core drilling operations necessitate pre-cooUng of 
coveryter ^ meanS °f lCe to Pr«vent thawing of the sample prior tore- 

A Concore exploration drill has been very effective in obtaining 
core samples from 20 to 30-ft depth in frozen soils using double tube 
core barrel, 2 in. OD, and Acker split tube sampler, 2 in.OD. The 
Concore exploration drill is of aluminum construction, having a 
total weight of about 604 lb. The drill can be disassembled into parts 
wnose heaviest component is approximately 130 lb. This makes the 
machine readily adaptable to transportation in bush type aircraft for 
remote site drilling. 

man,A.nrÍK0d arrangement/°r supporting a 350-lb drive hammer operated 
anually by a rope from the cathead of both Acker and Chicago Pneu¬ 

matic core drills was also effective for drive sampling frozen silty soüs 
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SUMMARY (Cont'd) 

to depths up to 20 ft. Drive sampling devices used with the core drill 
drive arrangement were split and solid tube samplers, 2 in. OD, man¬ 
ufactured by Acker Drill Company and Sprague and Henwood Drill Com¬ 
pany Chicago Pneumatic thin wall samplers (Shelby tube) were also 
used for sampling through thawed soil into the permafrost utilizing the 
tripod and drive hammer arrangement with the Acker drill. Chicago 
Pneumatic samplers with square cut drive edge are effective for driving 
into frozen soil while samplers with spun edge are easily damaged and 
ineffective for sampling. In general, the Acker split and solid tube 
samplers have been more effective for driving" into frozen soils than 
the split and solid tube samplers of Sprague and Henwood. In the latter 
samplers, the sampler shoe is believed tobe too thick, necessitating 
greater driving energy and consequently greater susceptibility to damage. 

Manual driving of a sampler fabricated from thin wall electrical 
conduit proved to be effective for sampling frozen soils tc depths of 
about 10 ft. Driving of small diameter samplers into frozen soils by 
means of pneumatic hammer and recovery by truck mounted winchliue 
was also effective for shallow explorations up to 10 - 15 ft depth. 



s°IL SAMPLINlÂMDNp^-^áNK" — 
by 

R. M. Davis and F. F. Kitze 

INTRODUCTION 

Purpose and scope 

in connection with per m af r oïï¡ mv ^ s udi" C°adTJhCted b/ USA CRREL 
explorations were made in the silt soil unHori • ^ u rnaj°rit>r ol the 
Fairbanks, Alaska, but explorations ï* AlaSka FÍeld Sfation* 
cations in Alaska. This report covers some o°f T 3t various other lo- 
and mechanical and manual samnlin/d^ f í® various types of drills 
have been tested by USA CRREL? g and associated techniques which 

Site 

of Fa"ba^“k^:td. S L?C*"d aPProxirnately 2j mil.s „o«h 
+ 26F with extremes of -55F to +90F Th rra,tUre at Fairbaoks is about 
area is principally silt to a deoth of ar,™6 natural 3011 underlying the research 

tent of organic material and occLfonaMa0vXeTaate/y 5° ft Wllh a Variable do¬ 
sent throughout the silt. The seasonal fr«^ ° Ice tenses are pre¬ 
natural surface cover conditions and th/Vh 1?°"® varies from 2 to 6 ft under 
in the range of 150-180 ft. The permafrost1^0688 °f thC Permafr°st layer is 
“F '» ^ "».ura! »urfacrcov *r co 'd,!3.ri'tU"' ^ abou. 

gives the gerI/aÍ"oTrangI°f‘òr eígl/t".u samW ^fr,n8 “ the AFS- F‘*ure 2 
3 gives the subsurface maximum anH U amples from the same hole. Figure 

neath the station and the temperature Tan^r^aYrha™ LT ^ ^ 

Types of equipment tested 

ChuMydr‘„°.f drU'ine and SamP"ng eqUÍPm'nt teS,ed a« as follows• 

fiïtlT. ïrJ°ni?mTn DTin -M°d'' Nn- 40 

Core drills 

AckeríIr?d8Tnd Crire DriM ‘ Model UGS Acker Teredo Core Drill - Type PH 
Chicago Pneumatic Core Drill - Model 8 
Concore Exploration Core Drill - Typé E5-48 

Core sampling devices 
Single Tuoe Core Barrel 7 in on i i 
Double Tube Swivel Type Core* Barrel ft71°ng^„ 

ket-type core catcher ’ 7 ln* OD' 5 {t lon8 with bas- 
Single Tube Core Barrel my ? po/?? • ^ 
Double Tube Swivel ííoe Coïe n ln* OD* 2 ft long 

Split TTb-e IÄ S Í S "L" SeH'3' 2 29/32 P lAcker>, 1 1/4 in. ID, 1 ft long with sawtooth shoe 
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2 SOIL SAMPLING AND DRILLING NEAR FAIRBANKS, ALASKA 

OH - 3S 
8/7 a 8/53 

EL. 428.4 

UNIFIED SOIL 
CLASSIFICATION 

SYSTEM 
DESCRIPTION 

NATURAL 
WATER 

CONTENT 
% 

UNDISTURBED 
DRY DENSITY 

pcf. 

o 
0.6 

4.5 — 

10 

12 

13.6 

20 

26.0 

30 

31.6 

LABORATORY TEST RESULTS 

SAMPLE 
DEPTH FT. 

CLASS 
SYM60L 

% 
ORGANIC L. L. P. 1. 

7. 5 - 7.6 ML 4.3 38.3 7. 5 

12.5 - 12.6 0 L 10.0 46. 3 1 2.4 

1 9 0 - 1 9. 4 ML 4. 1 33.8 9.3 
26.7-27.0 ML -CL 2.2 28.4 8. 1 
31 .0- 31. 6 ML-CL 3.5 27.3 4.6 

o. 2" Shelby tub« aampl«« 0-4.5' 
b. C” l.O. doubl« tub« cor« barr«i somplt 

4.5'- 31.6' 

c. Sampl« r«cov«ry about 9 5 % of 
total dsoth. 

tf. Organic contant datarminad by lo«« 
in weight upon ignition of ov«n drl«d 
aampl«. 

SOIL DATA FOR 

BORING NO DH-3S 

Figure 1. Typical drill log at AFS 
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SOIL SAMPLING AND DRILLING NEAR FAIRBANKS, ALASKA 3 

U S STANDARD SIEVE SIZE 

Figure 2. Gradation range of soil samples. 

Drive sampling devices 
Solid Tube Sampler (Acker), 3 in. ID,. 2 ft long 
Split Tube Sampler (Acker), 11 in. ID, 1 ft long 
Steel Pipe Sampler (AFS field fabricated), 3 in. ID, standard pipe, 

2 ft long 
Solid Tube Sampler (Sprague and Henwood), 2 1/2 in ID, 2 ft long 
Split Tube Sampler (Sprague and Henwood), 2 1/2 in. ID, 2 ft long 
Solid Tube Sampler ( field fabricated), thin wall electrical conduit, 

1 1/2 in. OD, 20 in. long 
Shelby Tube Sampler, 2 in. OD, 2 ft long 
Hvorslev Sampler, hand-operated piston type 
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-10 ~r 
TEMPERATURE, *C 

n-f-r- 20 

10 20 
TEMPERATURE, *F 

-4,0 50 60 
I 1 i i—r 70 80 

~r 
90 _l-r 

Selection of equipment 

In selecting the drilling and sampling equipment for a particular explora 
tion, consideration was given to the foHowing factors: P 

inforrr>ation renuired. Subsurface exploration in arctic and 
subarctic regions is generally conducted to determine the composition and 
properties of the soil, the boundaries and/or depth of permafrost and the ice 
content of the soil. In addition to subsurface exploration it is frequently 
necessary to drill holes for the placing of piles or instrumentation in both 
the active zone and the permafrost. 

nnrtir'CCeraihÍ\Íty °f Many of the outlying sites in both Alaska and 
Umi^H bi^anaa a are a,c.ce2sible only by means of aircraft, in many cases 
limited by landing conditions to small "bush” type aircraft. During the 
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»s ra5^rvVÄ.c“r“r tv't the use ot 
and weight of the equipment which can be used. ' In some case”suT.“''“’ “‘f* 
be reachea during the winter when the ground is frozeT ^ °nly 

necreTsairyefime “/ 
explorations with a minimum of disturbance to the n=,n = t Y 1 Perform 
ntay res.Hc. the operation of truchs. ^Tort 'Ä^dHUi^quipI^, 

A xr-s i 1'bK; 1 ; _r_- « . * * • 

Causí^ríackoía^n^rby'natíira?Tuppíy^Íh SÍteS’ ^atCr ÍS n0t aViilable be- 
the winter. Y ecause the water is frozen during 

In the exploration work described #-uö _i _• ^ r 

h^oTrn^tion3^^!*^^1 and i^ah'upo^the^Mi^r lioTiffn^factors^Timu^on^^^ove. 

CHURN DRILLS 

by AÍrpiísonneL^rs^hrooéritron aÍrdbank8f and the Cyclone* been used 
lar» only the Cyclone will be discussed ÆurTpo^t! °f ^ tyPeS Were simi' 

Description 

of drUlfng equiprnen^used^at ‘Irshec ^ and useful item 

drilling finid", a« „„.“„’o'rmilit ren"rè'rto0ó«rfo?mbÍl^ “»• and probing. ^ ^ form ordinary soil sampling 

Specifications for the Cyclone churn drill are as follows: 
Weight 

Width 

Length 
(not including tower lowered) 

Length 
(with tower lowered) 

Height from base of frame 
(with tower lowered) 

Height from lowest to highest 
point (with tower lowered) 

Height from ground to center of 
crown sheave (with tower raised) 

6500 lb (approx.) 

5 ft 1 0 in. 

3 ft 10 in. 

31 ft 0 in. 

5 ft 8 in. 

6 ft 11 in. 

33 ft 6 in. 

arm or walking beam (Fig. 6) is connected to a string of drill tools bt 
cable that operates through a sheave at the top of the^riü tower The r. 

cabíeCaandnt8heCtoor °/ Spudder arm alternately raises and lowers the 
The drill in at onfi ®trin8- causinß the weight of the tools to drive the drill bit 
(Fie it ï i \ aTe a hfaVy C’ltting bit ^«Pended on the end of the cable 

incuJbi, proevVd^aiddírò„Saltergrh.3Íúíigr sT Cab‘e 

r "CiPr-31 -- fo 
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Figure 4. Skid mounted Cyclone drill in position 
for drive sampling. 

Figure 5. Controls for operating Cyclone churn drill. 
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Figure 6. Walking beam on Cyclone churn drill. 
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Figure 8. Sectional sinking bar (4 in x 10 fO i 
casing drfving clamps^ comP*ete with 

culty- Bits larger'tha'n 8 U.' wir™ isid tidrif/h'Î, witho,lt “n'lue diffi- 
exceed the length of the drill tools .driU holes whose depths do not 
performed at the AFS site by the Cvcïïn°Xlm 18 ft)* The d^P«t dr Hi, 

of 6-in. casing to t J bo«oCrirtLW::pÍoraaí„P„'h °f 137 “ "Íth 

dril.eTr'a„ddr,,I1hilpre'!r1.at,V'ly S‘mpl« "> °Per*te and requires a crew of ,w„. a 

wheepL^r^r/^i^V w^^ouneed with - Paeumatic fire 

wheel mounting was unsatisfactory for mo^ern^ (Fig‘ 9)* The 

tio8nsSe(aFTgn a4nd7TaSTrh PlaCed WÍth SkÍdS ^bHcated°from 4^8^ 
was nioved by 

or snow conditions. The drill was readilv dePending on surface 
or larger truck. When the drill was truck .mo? ^ mo^ing on a l}-ton 
carried on from the truck bed (Fig 10) Tho drillln8 operations were 
for transporting by means of a pow’er-drivln c^hfHa ®r WaS readily lowered 
machine (Fig. 11, 12). p n cable device on the drilling 

Operation and use 

drilitag'stn.f“1 Was USed —-veiy a. ,he AFS .if. for vari 

for labor:;ory0a„"yPs".atÍO"9 t0 °bUi" «lafively undi 

lous types of 

laly 

b. Frost probings to detei 

sturbed drive samples 

permafrost. ‘ -ermine the surfaces of both annual frost 

C. Water-well drUling to prov,de a water 8upply fof domestic_ 

and 



SOIL SAMPLING AND DRILLING NEAR FAIRBANKS, ALASKA 



SOIL SAMPLING AND DRILLING NEAR FAIRBANKS, ALASKA 

Figure 11. Lowering tower of Cyclone drill for movement. 

Figure 1¿. Cyclone churn drill ready for movement. 
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industrial and fire protection needs. 

d* Dri!ling holes for installation of well points and electrical temp¬ 
erature-measuring equipment. ^ 

»¡if Th* Cyolcme is adaptaMe to driving pipe piling and casing into frozen 
s Ity soils (29 -31,5F) for both soil sampling and pile foundations, by attach¬ 
ing drive clamps to the drill tools (Fig. 13). This arrangement provides a 
weight of 600 lb with a drop of from 24 to 30 in. (Fig. 14). Pipe^r casing 
was -emoved by attaching a pulling stem hammer and socket (Fig. 15) to the 
tireaded connection of the drill stem and raising the casing by the jarring 
action of the hammer beneath the head. When the Cyclone was used for in- 

tion Standard 4e 0r ^ hui1^ Nidations °r supports for instrumenta¬ 
tion, standard 4-in. pipes were driven 10 to 20 ft into the permafrost (Fig. 16). 

The Cyclone churn drill has been extensively and effectively used for 
sampling both frozen and thawed soils by drive methods. For collecting 
samples by driving, it has been used to a depth of 3 0 ft only but is capable 
of sampling to a depth of 40 ft with 4-in. pipe and to 25 ft with 6-in. pipe. 

drive 3^mPllnß' the drill bit was removed and a set of jars attached 
at thp f rmg ° d r*1 tools (FiS- 17). A suitable sampling device was attached 
at the lower end of the tools. Driving impact was imparted to the samples by 

e up-and-down intershding of the two parts comprising the drill jars in¬ 
cluded in the string of tools. The total weight could be adjusted by adding or 
removmg sections from the tool string, which is the actual drop weight. In 
rn, M >! y aU ,CaSeS a 1001 weight of 750 lb was used. The height of drop 
drüUnbffeiIîr Th8 reqUlred by controlling the vertical displacement of the 
drilling jars The maximum drop of 24 in. was normally used when drive 
sampling in frozen soils. A vertical drop of less than 24 in. was occasionally 

Placementaofefl height °f drop was actually the vertical dis¬ placement of the upper sliding part of the drilling jars. 

Figure 13. Drive clamps in position for dr iving casing. 
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Figure 14. Pile driving with Cyclone churn drill 
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Figure 16. Steel pipes used as foundation piles. 
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Performance rates 

lhe Cyclone churn drill proved very satisfactory for both drilling and 
driving ca8mg. Table I gives drilling rates based on past performance at the 

1* b site. The rates do not include time for movement or set-up of the drill. 

ExP®rience in drilling showed that a stroke length of 24 in. at a rate of 
¿5 to 30 blows per minute is most satisfactory. In all cases the hole was 
drilled ahead of the casing. It was usually difficult to pull the casing after it 
had been frozen in place. Use of a larger bit, larger casing or a depth in ex- 
cess of 25 ft would reduce the indicated rates. 

Table I. Drilling rates for Cyclone churn drill, using a 5-in. drill 
bit, 5-in. diam casing and a maximum hole depth of 25 ft. 

Procedure 

Straight churn drilling 
including setting and 
driving casing 

Continuous drive sampling 
including setting and 
driving casing 

Drive sampling 
including setting and 
driving casing 

Material and condition 

Thawed silt 
Frozen silt 
Thawed gravel 
Frozen gravel 

Thawed or frozen 
silt 

Thawed gravel 
Frozen gravel 

Rate, ft/hr 

25 
15 

5-10 
0. 5-2 

5 

5-10 
Not effective 
Bailer samples only 

Limitations 

The Cyclone churn drill has some definite limitations for soils explora¬ 
tions at remote sites. ^ 

a. Its size and weight restrict its use to locations accessible to 
heavy wheeled vehicles. 

, i b- . ^ ISJn?,t1 very suitable for air transport. Disassembly and re¬ 
assembly of the drill for air transport is not feasible due to the weight and 
necessary manua! handling of the components. An aircraft with the capacity 
of a C-119 is required for transportation without excessive disassembly. 

disturbónos of the heavy equipment sometimes caused considerable 
m fb to the surface cover and vegetation in areas where it was desir- 

abl® ° rr\aintain the original vegetative cover in order to prevent degradation 
of the underlying permafrost. egrauacion 

CORE DRILLS 

General 

Four types of core drills have been used by AFS at various places: 

Longyear Straightline Diamond Core Drill — Model UG8 

Acker Teredo Core Drill - Type TH 

Chicago Pneumatic Core Drill - Model 8 

Concore Exploration Drill - Type E5-48 
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Figure 18. Longyear core drill on timber platform. 

As the four drills vary in size, weight and use. 
separately. they will be discussed 

Longyear core drill 

The Longyear drill (Fig. 18) with a ¿ 5/8-in. chuck was used for severa 
then8 aSi the lte^ of equipment for obtaining core samples. It was 
then replaced by smaller and lighter equipment. The Longyear proved satis- 

zen ground!6COVerm8 fr°Zen S°Íls in both the Permafrost and seasonally fro- 

j u. S. Army Engineer District, St. Paul (1950) has described pro¬ 
cedures and methods for obtaining core samples. 

n . Dimensions of the Longyear core drill before mounting on a field-fabri¬ 
cated timber platform and skid assembly are as follows; 

Length 7 ft 4 in# 

width 3 ft 10 in. 

Height 5ft 0 in. 

Weights of the component parts are: 

Engine 675 lb 

Surface frame assembly 390 

Power takeoff ¿¿5 

UG straightline drill assembly 500 

Double hydraulic swivelhead 700 

Total weight of basic machine 2490 lb 
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Figure 19. Longyear drill with timber housing. 

A field-fabricated timber platform mounted on skids with a plywood and 
canvas weather housing around the drill was added to the basic assembly 
(Fig. 19). The timber platform was 17 ft long and 11 ft wide. Without the 
skid assembly the timber weighed 5300 lb. The mast was field-constructed 
from 2-in. standard steel pipe and angle iron and weighed approximately 500 
lb including the sheave. The height of the drill assembly mounted on the 
timber platform was 24 fi from the ground surface to the crown sheave and 
total weight was approximately 83 00 lb. 

Two core barrels were generally used with the Longyear, a 7 in. OD x 
6 in. ID single tube, 3 ft long, and a 7 in. OD x 6 in. ID double tube, 5 ft long 
(Fig. 20). Both were used with N-type drill rods. The hole was normally 
started with the single tube barrel and drilled to a depth of 5 or 6 ft; then 
the double tube barrel was used. The 7 in. OD barrels were satisfactory for 
obtaining cores of frozen silt. The original design used small slotted springs 
along the sides of the barrel to retain the core (Fig. 21). These proved un- 
satisfictory and were replaced with a leaf-spring core catcher (Fig. 22). 
Core drilling with the Longyear was relatively slow as the double-tube barrel 
weighs approximately 350 lb and had to be disassembled and reassembled 
each time a core was removed (Fig. 23). Core barrels smaller than 6 in 
ID were not used with the Longyear as the Permafrost Division required a 
6 in. core for testing. Operation of the drill required a driller and two 
helpers. 
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Figure 20. Core barrel used with Longyear drill 

Figure 21. Core barrel with slotted spring core catcher 
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drilling 12lin!ndiamahöiLC°rthSeapePrmS ^ngyear was extensively used for 
special boring barrel was fíe d^abÎtvît SV f0r installation of test piles A 
3 ft long and adapted to N-type drin roH I¿ Ín* ID standard steel'piie 
hardened" cutting teeth. The original h’ The barrel Was made with "face ? ' 
froz ° beCaU8e a core of frozen soil warfest lnadecluate f°r advancing 
frozen core could not be lifted with vf lntact within the barrel The 
circulation. In the second ;ee8ign hcíttina/^ r^dily d-^oyed by water 
metal were welded to the interior knives made from bulldozer blaH» 

erature at the drill of approximately 40 F ' °f 75"8° a,,d had » ‘amp- 

7 d"l''d *d -e «nal depth with the 
permit metallation of the pnes ih.T,",?*™'1 wi,h 'he '¿-in. bar«1 to 

hT ¿3 f.r UT!° bore approximately 50 holes ",'n chi’?1 U9ed with the Long- 
to ¿3 ft. It was necessary to eive ^ th Perrnafrost varying from 1 ^ 

wasr eae?1 after approximately ever^/oo ft a”d cu.tting knives a "hard 
was quite effective for boring large dozen's" It?”8* ThÍS P-cedure 

powered by WauL^ engine w^^ d X 4 WÍth twin disc clutch 
operated at 500-600 nsi anH 2 8 USed Wlth the Longvear Th ’ t_ „ . u PSI and was caoahio • “^“Syear. i he pumo 
mg system. capable of delivering 75-80 gpm to the drill- 
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Use of the Longyear was limited by the heavy weight and size of the en¬ 
tire assembly A heavy tractor was required for movement and its use was 
restricted to areas where disturbance of surface vegetation could be toler¬ 
ated. The access of the machine to drilling sites was greatly improved during 
the winter months. The Longyear was only used at the AFS site and even 
there its use was limited by its excessive weight. Its effectiveness could be 
increased by removing the skid-mounted timber platform. The drill itself 
was mounted on steel skids which were part of the frame assembly. This 
would enable the drill to be used in other locations with less chance of damage 
to the surface cover. The drill without the timber platform is readily adapt¬ 
able for mounting on a 2± - ton, 6 x ó or larger truck but was never used in 
this manner. The drill was equipped with a hoisting drum which permitted 
movement of the drill by winching action under its own power. 

The drill could not be used at outlying sites which were accessible to 
small aircraft only. The component parts are too heavy for normal handling, 
and disassembly and reassembly of the drill would require lifting equipment. 

Good sample recovery was obtained in frozen silts using saw-toothed 
bits with the 7 in. OD double tube core barrels operating 90-100 RPM. Pene¬ 
tration rate in frozen silt was approximately 6 in. per n/inute. 

One of the many factors involved in obtaining good cores is the control 
of the wash water for both temperature and quantity. A set of gate valves on 
the floor of the drill platform as well as a union between the water swivel 
head and the gate valves provides adequate control of the water supply. Alco¬ 
hol is used to keep hoses, valves and connections open in sub-zero weather. 
The most practicable method is to employ a barrel of undiluted, denatured 
alcohol so located that both pump suction and by-pass discharge can be 
reached. The circulation system is shown in Figure 25. Immediately after 
a drül run has been completed the by-pass valve (No. 1) is turned wide open, 
the circuiating valve (No. 2) controlling flow of water to the water swivel 
head (No. 3) is closed and'the union (No. 4) is disconnected to drain the hose 
to the water swivel head. Wash water is now by-passed to the wash water 
tank (No. 5). The suction hose (No. 6) to pump is taken from the wash water 
tank and placed in the alcohol barrel (No. 7). The alcohol flows through the 
pump (No. 8/ and discharge hose (No. 9), through the by-pass valve (No 1) 
and to the wash water tank. When the alcohol forces all of the water out' of 
the hoses and pump, the discharge hose is taken from the wash water tank 
and placed in the alcohol barrel. The alcohol is kept circulating through 
pump and hoses until drilling is to be resumed. The union (between water 
swivel head hose and control valves) is then connected; the suction hose is 
put back into the wash water tank and when water shows up in the discharge 
hose, it is removed from the alcohol barrel and put back into the wash water 
tank; the circulating valve (No. 2) is opened and the by-pass valve (No. 1) is 
partially closed until water runs freely through the swivel head, drill rod 
and barrel, fills the hole, and runs out the overflow pipe (No. 10). The by¬ 
pass valve may be opened or closed to control the amount of water required 
to wash the cuttings from the core barrel teeth up into the wash water tank 
A Herman Nelson heater tube may be used to keep valves and union from 
icing up. 

Several methods of keeping hoses and drill rods from freezing were tried 
but none proved as satisfactory as the use of straight alcohol. Alcohol 
mixed with the wash water required the use of too much alcohol and freezing 
at the smaller connections could not be prevented. Frequently, all of the al¬ 
cohol was lost when circulation was lost. Stoddard solvent was substituted 
or wash water, but was not satisfactory because of improper circulation 

through the pump and core barrels. This difficulty was probably due to the 
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Figure 25. Core drill circulation system. 

specific gravity of the solvent which was such that the pump could not build up 
enough pressure to wash the cuttings away from the barrel shoe. 

During periods of warm weather water was used as a drilling fluid and 
was sometimes cooled by addition of ice. The cold water was necessary to 
restrict thawing of the soil core in the barrel prior to its removal from the 
hole. 

Acker Teredo core drill 

The Acker core drill, 1¾ -in. chuck (Fig. 26) has been used at the AFS 
site since 1953. The drill, complete with all equipment, was acquired fiom 
a research group from Boston University who had used it for core sampling 
frozen soils at Umiat, Alaska. They reported excellent recovery in frozen 
fine-grained soils but poor results in drilling and sampling frozen gravels. 

The drill is equipped with a hydraulic feed which provides a length of 
feed of 36 in. It is powered by a 2-cylinder, 16-hp Wisconsin gasoline engine. 
Overall weight of the assembly is 1340 lb. The drill can be disassembled so 
that no part weighs more than 250 lb. 

Starting in 1953, the Acker drill has been used for frost probing and drive 
sampling explorations. Only two explorations have been made using rotary core 
drilling methods. These two were for the purpose of installing thermocouples 
beneath the foundations prior to construction of a building at the AFS site. 
The holes were drilled through ft of compacted gravel base, 2 ft of thawed 
silt soil and 23 ft of permafrost. A short length of 4\ in. OD pipe casing was 
used through the gravel and thawed silt soil. The casing was advanced through 
the gravel by drilling with a 5-in. fish-tail bit and driving the casing with a 
35t)-lb hammer from a tripod arrangement and the Acker drill (Fig. 27). A 
double tube core barrel, size NX, "L" series, 2 29/32 in. OD, if in. ID, 5 
ft long with basket-type core catcher and a hard surfaced saw tooth bit was 
used for coring the permafrost. Drill runs were limited to 3 ft in order to 
recover frozen cores as rapidly as possible and to prevent excessive thawing. 
No cores were recovered from the thawed zone because of the high moisture 
content but recovery from the permafrost was better than 90%. 
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Figure 26. Acker core drill mounted on 3/4-ton truck. 

., 1 ,he .^Cker, dri11 has Pr°ved extremely suitable for deep probines throueh 
thawed «Ht -oils or gravel. A fish-tail bit was advanced by use of fhe hy 8 
rauhe drül head and contact with the frozen soil was readüy perceptible to 

the driller by a sudden decrease in the rate of penetration while rotating 
Probes were also made through building foundations by using rotary actfon 

hidrauhc dAÏl head (Fif 28).8^1 Pad' then advancin® the bit bV — the 

The Acker drill was also widely used for drive sampling by usine a 

Fie 2qni r® t0 drive a 35°-lb hammer with an 18-!n drop 
in 8soliri V, h°0d refult8 We^e obtained using this equipment to drive a 3- 
n. solid tube sampler into both permafrost (29 - 31. 5f) and seasonally 

hrrr,H,iUy SOil (2,°, ' Fr)- Tb‘ p—‘»•ion was “lower 'híÂ 
drive Lamn^aBOtîai y i*02™ SOÍ1, WhÜe the Acker haS not been used for 
banks (29^- 31 5nt0fs h°r8 pe/ma£ro3t was colder than that at Fair- 
but at i slowed rate bell3Ved that driVR sampling could be accomplished 

obla;™6 BoSton University project reported that the drill was not effective in 
obtaining cores of frozen gravel in the Umiat area. The attempts were made 
without the ose of casing and with only a 100-lb hammer for dHve sampling 

zei graveMf caaino WOUld be saitable for coring fully saturated fro¬ 
zen gravel if ca ing and a diamond bit were used, in summer it mav be ner- 

fromrtyhL0wiUnge. a drÍ1Ung flUÍd ^ SUCh an °PeratÍOn Pavent the cores 
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The Acker drill was moved to remote sites by use of small aircraft 
Movement of the drill from the aircraft to the site was difficult because there 
were seldom any prime movers in the area and the drill does not have a 
power hoist which would enable it to move under its own power. The drill 
2?n .dlsassem^led 80 tha‘ the weight of the heaviest component is about 
250 lb (except when a 350-lb hammer is added for drive sampling). The 
drUl has been used at the AFS site, both skid- and truck-mounted (Fig. 29) 
Zw6 B°1S,t0n University project had mounted the d-ill on a tracked vehicle 
\ W ë cl S 6 i j % 

Chicago Pneumatic core drill 

A Chicago Pneumatic core drill. Model 8, has been used quite extensive 
for soils exploration at remote Alaskan Weather Bureau sites. Explorations 
nave been made at about 12 Weather Bureau stations throughout Alaska All 
were carried to about 20-ft depth in frozen silty soils. Temperatures ¿f fhe 
frozen soil ranged from about 26F to 31.5F. One of the explorations was 
core drilled (Fig. 30) and the remainder used drive sampling with a 200-lb 
drive hammer (Fig. 31). Sample recovery was very good to excellent 

in w™^ChiCag° ^neumatic core driU i8 quite similar to the Acker core dril 
eight, size and operation. It has an overall weight of 1530 lb and over¬ 

all dimensions of 83 in. long, 36 in. wide and 52 in. high. It can be disas- 
sembleo into smaller components for transportation on smaller aircraft. Th< 
drill is gasoline engine driven and equipped with an 18 in. capacity screw 
feed swivel head. The only disadvantage of the screw type swivel head is thal 
unlike the hydrau’ic type head, it is 00,“ adaptable to pressing Chicago Pneurn! 
thin wall samplers through thawed soil. Hydraulic type heads are, however, ' 

ic 
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available for the machine. The Chicago Pneumatic drill is equipped with both 
a cathead and a power hoist winch, which makes it possible to move the rig 
under its own power. Lack of a hoist winch on the Acker core drill is a dis¬ 
advantage. 

Sampling devices used with the Chicago Pneumatic drill were the same 
as those used with the Acker core drill and the Concore exploration drill. 
The devices consisted of Acker split tube and solid tube, samplers, 2| in. OD, 
single and double tube -ore barrels. 2 in. OD and Chicago Pneumatic thin wall 
samplers, 2 in. and 2^ in. OD. The drive sampling arrangement was the 
same as used with the Acker drill (Fig. 31). The Chicago Pneumatic drill is 
skid mounted but readily adaptable for mounting on trucks or other mobile 
equipment. 

Concore exploration drill — 

The Concore drill (type E5-48, special portable exploration drill) was 
purchased primarily as a lightweight drilling machine for soils exploration 
sites accessible only by small "bush" type aircraft. 

The drill consists of a column base frame assembly, column assembly 
with down ties, pumping unit and drill head (Fig. 32). The drill head has a 
manually operated swivel head on a rack attached to the column. The head 
is powered by a single cylinder, 4-cycle, 8-hp gasoline engine. The 12-gpm 
pumping unit is powered by a single cylinder, 4-cycle, 4-hp gasoline engine. 
Flic drill chuck, aize lj in., uses an E-type drill rod. When the unit was 
delivered it was not equipped with a clutch or a drill head chuck and the drill 
was modified in the field to include these features. Operation of the drill 
without a clutch was difficult as the engine had to be stopped to add or remove 
drill rods and the extra weight of the drill rods made the engine difficult to 
start. The drill rods had to be turned manually with pipe wrenches while the 
engine was being started. The clutch allows drill rods to be added without 
stopping the engine, which reduces the drilling time considerably. 
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Figure 31. Drive sampling with Chicago Pneumatic core drill. 

r igure 32. Concore core drill mounted on 3/4-ton truck. 
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The Concore drill is well adapted for disassembly and shipment. It is 
constructed almost entirely of cast aluminum and the total weight of the 
assembly complete with tools is about 650 lb; overall height is 1 0 ft 6 in. The 
drill can be readily disassembled so that the heaviest component is 127 lb 
and the largest 66 in. x 5 in. 

The Concore drill has been used at the AFS site and at various places in 
Alaska and Canada, some of which were accessible only by "bush" type air¬ 
craft. With the exception of one site all drilling was done without the use of 
casing. In one case water had to he hauled several miles in 55-gallon drums; 
at other sites water was pumped directly from the ocean, a stream, or a 
lake. All the explorations were in permafrost areas and averaged 20 ft in 
depth. Using a double tube core barrel, Size NX, "L" Series, 2 29/32 in. 
OD, 5 ft long with basket-type core catcher, core recovery was very good at 
ah sites. Tne cores had a tendency to melt slightly due to the time required 
to remove the drill rod and raise the core barrel following a run. 

At one site three holes approximately 35 ft deep were drilled for instal¬ 
ling thermocouples beneath a powe” plant foundation. The holes were drilled 
after the plant had been constructed and two of the holes had to be drilled 
from within the building. The small size of the Concore made it ideal for 
this situation. The third hole was adjacent to the structure on the outside. 

Drilling of the two interior holes was difficult. It was expected that 
about 20 ft of gravel foundation would have to be penetrated in the two holes. 
It was decided to drive flush joint 3-in. casing behind the core barrel to 
penetrate the gravel fill. The casing was driven by attaching shear blocks 
to the building beams and manually raising and lowering the drive hammer. 
The permafrost table was expected to be about 15 ft below the floor surface. 
A 2-in. fish-tail bit was used in advance of the casing. It developed that the 
gravel fill (up to 3 in. maximum size) extended to a depth of at least 35 ft, 
which required manual driving of the casing for the full depth of the well. 
The frozen gravel thawed rapidly due to the use of the fish-tail bit in front 
of the casing but lost little water. B >th of the interior wells were drilled and 
cased but only after considerable difficulty. No samples were recovered 
from the gravel. 

The hole outside of the building was cored to a depth of 40 ft in frozen 
silty material with no difficulty, but core recovery was very poor due to 
melting caused by the friction of the core barrel and relatively warm temp¬ 
erature of the drilling water. A short section of casing (10 ft) was installed 
at the top of the hole by the use of a post hole digger. 

The Concore has been very effective at the AFS site for drilling holes 
for various types of installation, probings and core drilling. A fish-tail bit 

.d a reduced flow of drill water was used for probing. A fish-tail bit was 
also used to drill holes for installation of thermocouples, water wells, or 
other types of instrumentation. An Acker split tube sampler, 1^ in. ID, 12 
in. long with a saw-tooth bit, was used very effectively to depths of 1 0 - 1 5 
ft for recovery of frozen silt soil samples at the AFS site (Fig. -3). The 
sampler was advanced without the use of drilling water. The procedure was 
used for approximately 50 linear feet and core recovery averaged 85%. 

The Concore drill is a very useful item of equipment for AFS activities. 
Its greatest advantage is its small size and light weight. It can be easily 
transported by small aircraft and be carried manually to a site and re¬ 
assembled with little disturbance of the soil cover. Reasonably good core 
recovery has been obtained by use of a double tube core barrel or othe. 
rotary samplers. 
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The greatest single limitation of the Concore drill is the lack of a power- 
driven cathead unit for driving and removing casing. Where casing had to 
be used it was driven manually, a difficult ope»-?r)n. h\..>e explorations 
were unsuccessful because of the lack of a cathead. It is believed that some 
form of power hoisting unit could be adapted for use with this drill which 
would greatly improve its usefulness. 

DRIVE SAMPLERS AND PROBING METHODS 

Drive sampling methods for the recovery of soil samples in frozen soil 
have proven very effective in subsurface explorations at the AFS site and at 
other locations in Alaska, northern Canada, and Greenland. It was estimated 
that approximately 75% of the soils exploration work completed by AFS has 
been by drive sampling. 

Both mechanical and manual methods have been used by AFS. The Cyclone 
churn drill and the Acker Teredo core drill have been used to drive sampler 

Various types of drive samplers have been tested at the AFS site. 

Acker solid tube sampler 

An Acker solid tube sampler has been used with the Acker drill (Fig. 34) 
for about 50 drive sampling explorations at the AFS site. The explorations 
ranged in depth from 5 to 17 ft and included recovery of both frozen and thawed 
soil at each site. 

The sampler is 2 ft long with a 3 in. ID and wall thickness of 3/16 in. 
The cutting shoe wall thickness tapers at the end from \ in. to 0 in I1 in. 
The inside diameter of the shoe is slightly smaller than the inside dimeter 
of the sampler tube which serves as a sample retainer. 

The sampler has proved satisfactory in sampling the frozen silt soil in 
both permafrost and seasonally frozen state. During a program of ground 
water well exploration it was used to sample about 1000 ft of frozen soil. It 
has been used with both the Acker core drill and the Cyclone churn drill’with 
the majority of the work being done with the Acker. Core recovery was 
approximately 90% in the frozen soil. 

The seasonal frost layer at the AFS site is generally harder, more 
brittle and more difficult to penetrate than the underlying marginal perma¬ 
frost In sampling the seasonally frozen ground, the Acker solid tube 
sampler was less prone to fracture the sample than the 3 in.ID pipe sampler 
developed at AFS. This is partly due to the tapered cutting edge on the s^oe. 

t Jon AC,k,ercS<?Ud SamPler was readily driven in the marginal perma¬ 
frost (29 - 31.5F) at the AFS site with a 750-lb hammer and an 18 - 24-in. 

.V1® samPler could also br driven into the seasonal frost layer (20 - 
27F) with a 350-lb hammer and an 18-in. drop but at a reduced rate of pene- 
Lrat-n- luTíe »ampler easily penetrated the seasonally frozen ground using 
the 75°-lb hammer with 18 • 24-in. drop and the Cyclone churn drill but 
faded structurally after about 100 ft of drive sampling. Both the tube and 
the cutting shoe buckled and broke (Fig. 3 5). It is possible that the sampler 
had been weakened by considerable prior driving. A replacement of the 
sampler shoe might have prevented the failure but only one shoe was 
available. 



Figure 34. Acker solid tube sampler rigged for driving. 

4 igure 33. Frozen silt sample obtained by Concore core drill. 
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Figure 35. Acker solid tube sampler after failure. 

Prior to the failure of the tube it was satisfactory for sampling frozen 
sût but was not suitable for unfrozen soil. The small difference between 
the diameter of the cutting shoe and the tube is not sufficient for retaining 
tnawed soil in the tube. This could probably be rectified by providing a leaf 
spring type core catcher in the tube for use with thawed soils. 

The sampler requires more time to sample a given depth than the pipe 
sampler described below as the head has to be completely disassembled in 
order to remove each sample from the tube. It is also more susceptible to 
damage as the assembly includes four sets of threaded connections. 

Acker split tube sampler 

•^c*cer.sP^t tube sampler is part of the Acker soil sampling kit (Fig. 
,, h,aS a ID and 2 in- OD and is 1¿ in- long. The sampler has a 

wall thickness of 0. ¿5 in. and the sampler shoe 0.35 in. The cutting shoe 
tapers from 0.35 in. wall thickness to 0 in 3/4 in. The difference in diame- 
ters of the cutting shoe and the sampler tube was designed to retain a sample, 
lhe tube is provided with an adapter for connection to E-type rods and has 
been effectively used with a 350-lb drive hammer and an 18-in. drop. 

Efforts to drive the sampler into the seasonally frozen soil (¿0 - 27F) 
using a 16-lb sledge hammer were unsuccessful due to the wall thickness and 
the relatively blunt taper of the cutting shoe. Excessive manual effort was 
required to drive the sampler to a depth of 12 in. in frozen silt and the soil 
recovered was insufficient for testing purposes. 

1 he effectiveness of the sampler might be improved by increasing the 
length of the taper. B 



SOIL SAMPLING AND DRILLING NEAR FAIRBANKS, ALASKA 31 

Figure 36. Acker split tube sampler, l| in. ID and 2 in. OD, 
and driving equipment. 

Steel pipe sampler, 3 in. ID 

An efficient type of drive sampler for the recovery of soil samples was 
developed at AFS for use with the Cyclone churn drill. The sampler is a 
2-ft length of 3 in. ID standard steel pipe with a wall thickness of 1/8 in. 
(Fig. 37, 38). Leaf spring core catchers were riveted to the inside of the 
pipe to serve as a sample retainer. A 1/16-in. welded bead was p’aced 
around the inside of the pipe about ^ in. above the cutting edge to protect the 
rivets holding the leaf springs. The pipe sampler was adapted to the drill 
tool stem by a |-in. case-hardened machine bolt (Fig. 39). 

The procedure followed during all drive sampling operations was to drive 
the sampler with a 750-lb hammer, 18 - 24-in. drop, and recover the soil at 
1-ft intervals to insure better sample recovery. This sampler was effective 
in recovering both frozen and unfrozen silt soil samples which could be used 
for moisture content and other standard soil class fication tests except for 
density determinations. Disturbance of the soil structure, especially in a 
thawed condition, was too great to allow reliable density values. It is esti¬ 
mated that approximately 100% recovery was obtained from frozen (29 - 3 IF) 
silt (Fig. 40) and 70 to 80% from unfrozen silt (Fig. 41). The largest part 
of the loss of the unfrozen silt took place in the zone immediately above the 
permafrost. In this zone the moisture content is high and the soil is too 
weak to be held by leaf spring type core retainers. This sampler was also 
used effectively to recover representative samples of thawed gravel up to ¿in. 
maximum size by driving and recovering the sample at 1-ft intervals. 

The sampler was still in good condition after several hundred feet of 
driving in frozen silt soil. The only noted construction deficiency was that 
driving caused distortion of the holes drilled at the top of the sampler for 
attachment to the drill stem. This could probably be eliminated by a rein¬ 
forcing band at the top. 
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Figure 38. Side view of steel pipe sampler. 

Figure 37. Field fabricated steel pipe sampler. 
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Figure 39. Sampler attached to drill rod. 
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limwea sut core recovered with steel p.pe sample] 

.. steel pipe sampler. 
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= , Variouf changes in the construction of the sampler were tested such as 
harpened or tapered cutting edge and variously sized welded beads for 

ina7hPlf retainer®- The tapered cutting edge flattened under limited driving 

frachturin°a of H°l1 Flg', 42)‘ ,A Welded bead larger than 1/16 in. caused 
woldoH h 8 f he Sa!niÍe m. Planes normal to the axis of the sampler. The 

elded bead was not effective as a sample retainer and the percent of re- 
Co-very in thawed soil was low. 

Sprague and Henwood solid tube sampler ¿i in. ID. 
and split tube sampler 2½ in. ID 2 1 

sonnJlhatSAFSgUe ^ HenWO°d samP1ers have been used very little by per- 

rFieB43l ln7?herSthre e3S®njial[y *fe same except that one has a split tube 
I« g; the other a solld tube (Fig. 44) fitted with a flap valve sample 

The rntH Flgh 45 ' EaCí Lube.has a in- ID and a wall chi^kness of A in. 
Jhoe w hnf b if6“ 1 Ínu- Wal1 thickness to 0 in I in. An auxiliary ahoe with a basket type core catcher will fit either tube (Fig. 43). 

The solid tube sampler was adapted to fit the Acker core drill and efforts 
rTçoThh6 driVe i6 8fmPler in seasonally frozen ground (20 - 27F) using 
a 350-lb hammer and an 18-in. drop. Repeated driving only caused the ham¬ 
mer to bounce with no penetration. Attempts to use the sampler were dis- 

46? The w nrththewCUttÍngf eíge °f the SamPler beêan to show damage (Fig. 
the taper (if the r,mneSSH°f ^ 8,ampler shoe is to° ë^e^t and the length of 
Use nf th*í th i lt g ?e madequate for use in seasonally frozen ground. 
Th! =f h i 8ampler would have required frequent changes of the sampler shoe 
coverWPsler TS n0t teSted Inuthe Perrnafrost but its effectiveness in re¬ covering samples is questionable. 

It is believed that the sampler could be improved by removing the taper 

cmdrTn .abqb,arî ‘r11“111® ed®e# The Cyclone drill with a 750-lb hammer ? 
d probably drive it into the seasonally frozen ground but damage to the 

sampler would be excessive. age lo cne 

Thin wall electrical conduit sampler, lj in. OP 

This sampler was field-fabricated from a 20-in. length of thin waller! 

A p?pe Ca CrndUÍt haVÍn® an ID of 1. 610 in. and a wall thfekness oï 0. 065 in 
iFfgP 47? PAng- WaSi Welded to the end and adapted to lAin. standard pipe 
£ g* 7J* .,A plpe plu® 0° the end of the pipe served as a head for driving 

e conduit was provided with a cutting head by a 1/8-in. ground taper 
Driving was accomplished with a 10-lb sledge hammer (Fig. 48)! ? ' 

The sampier was used to a depth of 10 feet and samples were recovered 
from both the thawed soil and the permafrost. During the winter the explora¬ 
tions were started by drilling through the seasonal frost (approximately^ ft 
temperature 25 - 29F) layer with a 2 in. diam. ship's auger (Fig 49) in wt- 

mlteria?atythe AFg4 T ^ almOSî ImP°ssible to sample the seasonal frost 
material at the AFS site by manual driving of sampler tubes. When the air 
temperature was -1 0 F or lower it was necessary to remove the soil from 
the sampler quickly to prevent the sample from freezing to the tube. The 
tube was coated with glycerin to prevent this, but the treatment was effective 
for only a few minutes. During the summer the sampler was advanced through 

tnethíaH UHP^r !u layfr and into the Permafrost (temperature 29 - 31. 5F) 
desired depth In both cases the penetration was limited to runs of 1 ft 

and the tube was withdrawn by the use of pipe-wrenches. Below a depth of 
^ Were requlred to withdraw the sampler. Samples were removed 

-- - e .u„e using a steel rod and a washer as a ram. 

35 
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!• igure 43. Assembled and disassembled Sprague and Hen 
wood split tube sampler with basket type core catcher. 

Disassembled Sprague and Henwood solid tube 
sampler. 

Figure 44. 
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Figure 45. Sprague and Henwood solid tube sampler with 
flap valve. 

Figure 46. Damaged shoe on Sprague and Henwood solid tub, 
sampler after limited driving. 
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Figure 47. Thin walled electrical conduit sampler. 
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Figure 49. Ship's auger used to penetrate seasonally froz, 
ground. 

! 

1 
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The sampler has been very satisfactory for sampling thawed soil and 
permafrost by manual methods. The thin wall electrical conduit is constructed 
of tough and durable metal and is readily adaptable for driving through the 
frozen soil. 

Shelby tubes 

The Shelby tubes used most frequently at-the AFS site are 2 in. OD, 2 ft 
long, with a 1/16-in. wall thickness. Some tubes with a wall thickness of 
1/8 in. have been used but showed no advantage over the thinner wall. The 
tubes were used for sampling both thawed soil and permafrost by mechanical 
and manual methods. The Acker drill tripod arrangement with a 350-lb 
hammer and a 12 - 18~in. drop was effective in driving Shelby tubes into the 
permafrost (29 - 31.5 F) (Fig. 50). 

Experience at the AFS site shows that the Shelby tubes with a beveled or 
"spun" cutting edge can not be driven into the frozen soil without damage to 
the tubes (Fig. 51). The beveled edge of the tubes is inadequate to withstand 
driving in the frozen soil. Shelby tubes witn a square cut end have proved 
satisfactory (Fig. 52). 

Various methods were used to drive the Shelby tubes: 

Method A. The tube was adapted to a short length of A-type drill rod. 
The driving force was supplied by a large brass bushing which was guided by 
the drill rod and struck manually against the tube adapter (Fig. 53). This 
method was only practical for a depth equal to the length of the Shelby tube. 

Method B. Various equipment from the Acker soil sampling kit was ef¬ 
fectively used for sampling with Shelby tubes and manual driving methods 
(Fig. 54). The tube was adapted to an E type drill rod fitted with a driving 
head. A 10-lb sledge hammer was used for driving (Fig. 55). Sampling to 
a depth of 1 6 ft including 12 ft into the permafrost was successfully accom¬ 
plished at the AFS site. The advances were generally limited to 1 ft and the 
sampler withdrawn manually with pipe wrenches. When the tube was driven 
below 7 or 8 ft, three men were required to withdraw the sampler. One item 
of poor design is the adapter for the Shelby tubes to the E-rods. The adapters 
are provided with only one small set screw in most cases while other types 
have two or four set screws. The small screws were susceptible to shearing 
during driving, which caused loss of the tube during withdrawal. A single set 
screw also caused the tube to tear. It is believed that a special adapter pro¬ 
vided with large case-hardened screws passing in four directions would be 
more reliable. 

Method C . A Thor, Size 412 pavement breaker was very effective for 
driving Shelby tubes 1 1/8 in. OD, 4 ft long with a wall thickness of 1/8 in. 
(Fig. 56). The explorations went through seasonal frost, thawed soil and 
into the permafrost. The tubes were easily withdrawn by the use of a truck- 
mounted winch and an A-frame (Fig. 57). Manual removal of the samples 
from the 7/8 in. diameter tubes was extremely difficult.(î'ig. 58). 

Hvorslev sampler 

The sampler consists of a 6 in. long tube with a 1.87 in. ID and a wall 
thickness of 0. 065 in. (Fig. 59). The cutting end is beveled and swedged 
slightly. A hollow pipe is fastened to the top of the sampler; a piston arrange¬ 
ment retained the sample by creating a partial vacuum. The sampler is 
driven by a T-handle at the top (Fig. 60). 
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F igure i>l. Shelby tube with "spun” edge damaged by driving. 

I 
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\ 

Figure 53. Drive arrangement for shallow soil sampling. 

* 

Figure 54. Acker soil sampling kit equipment used with Shel¬ 
by tubes. 

i 
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Figure 55. Driving Shelby tube with sledge hammer. 

r igure 56. Driving Shelby tube with pave>- 
ment breaker. 
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Figure 57. Removing Shelby tube with truck winch and A- 
frame. 

% 
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This sampler proved very satisfactory for testing thawed soils at the 
AFS site but was inadequate for sampling either seasonal frozen soils or 
permafrost. 

Frost probings 

Subsurface probings to locate the top of permafrost or the depth of 
seasonal frost in silty soils (29 - 31.5F) have often been performed at the 
AFS site. A smooth steel rod of approximately \ in. diam is effective for 
accurate probing through thawed silt to depths of about 15 ft. The advance 
is abruptly halted when the frozen ground is reached. Below 1 5 ft the fric¬ 
tional resistance between the soil and the rod becomes too great and the 
point of contact with the frozen soil can not be accurately determined. For 
deep probings or probings through dry soil, a small helical soil auger (| or 
1 in.) adapted to | or |-in. pipe has proved effective and accurate (Fig. 61). 
The advances were limited to 1 ft and the auger was withdrawn and cleaned 
of soil. The probing was continued until frozen soil was recovered from the 
auger. For deep probes it was generally more effective to auger a hole with 
a ship's auger for several feet before using a probe auger. 

When probes were required to penetrate the seasonal frost layers the 
helical soil auger was advanced by a combination of twisting and light ham¬ 
mering. The rate of penetration was relatively slow but it was an effective 
method. 

When probings were required through the seasonally frozen ground to 
check the depth of frost penetration, a f-in. high-speed machine drill bit 
adapted to a |-in. pipe proved very effective (Fig. 62). Ordinary wood bits 
were unsatisfactory for this type of work. 

Figure 61. Helical soil auger and extensions. 



F
K

'J
 

SOIL SAMPLING AND DRILLING NEAR FAIRBANKS, ALASKA 47 

Figure 62. Field fabricated probing auger using 7/8-i 
machine or twist drill. 

m. 
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Field fabricated sample remover 

A very effective device for the removal of soil samples from sample 
tubes was fabricated at the AFS site (Fig. 63). The device consists of a 
pipe vise to hold the sampler and a lever-operated ram to force the sample 
from the tube. The vise and the ram are mounted on a heavy plank. The 
ram consists of a ^-in. standard pipe which engages the lever at one end and 
is fitLed with a washer at the other end for bearing against the soil in the 
sampler. The device is adaptable for use with various size sampler tubes 
by interchangeable rams fitted with suitably sized washers. 

RECOMMENDATIONS 

a* . Further investigation and development should be made of portable 
lightweight drilling equipment capable of transportation by bush aircraft and 
manual transportation to confined or remote areas. The Concore explora- 
tion drill is a good beginning for this type of equipment requirement. Fur- 
ther development of the equipment is needed to improve its capability for 
drilling and sample recovery in frozen coarse grained material at remote 
S 1L6 S • 

b. Further tests and studies are required of methods, procedures and 
equipment for sample recovery in frozen coarse grained soils. 

c. Further tests are needed to ascertain effectiveness of drive samplers 

Td^ a TqeUsaisVUt,îln? coumPared to samplers having a tapered cutting 
edge Tests conducted during the period of this report indicated that drive 
amplers with a square cut edge were less susceptible to damage by driving 

n W,u‘h a, taiered cuUi"S This factor is also controver.Ul in connection with pile driving. 

d. Percussion type drilling machines have proven to be caite versatile 
for several operations including drive sampling of soils, wate^r well drillin- 

be^verv^adaolf hî^f' Llght.ter wel8ht designs of this type of equipment would 
be very adaptable to use at remote sites. 
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