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PREFACE 

The work reported here was conducted in connection with SIPRE Project 
022. 04o 022. In support of this program USA· SIPRE found it ri,ecessary to 
auger holes in frozen ground up to 30 inches in diameter and up to 50 feet 
deep. A Williams Auger, Model LDH 50, was purchased to do this work. 
It was winterized, then shipped by rail to Fort Churchill, Manitobao Its use 
as an operational piece of equipment and the daily record kept of its capa
bilities and deficiencies is the basis of this re.port. 

The work was performed and this report written by Mr. John E. McCoy 
while assigned as Assistant Project Leader to Mr. Robert Benert during 
the winter of 1958-1959 at Fort Churchill, Manitoba. ·Mr. W. K. Boyd, 
Chief, Applied Research Branch, supervised the overall program of re
search. 



PERFORMANCE OF A WILLIAMS AUGER IN PERMAFROST 

by 

John E. McCoy 

DESCRIPTION OF MACHINE 

Thi's is a production model LDH 50 Williams Auger* equipped with 
turntable base, modified Braden winch, and outrigger type hydraulic 
jacks. The auger is powered by a 501 in. 3 115 bhp Continental gasoline 
engine, 1 and is mounted on a 5-ton 6 x 6 Ml39 truck chassis. (Fig. 1). 
The kelly bar has two vertical speeds independent of the augers rotation 
speed. The higher speed of 17 5 ft/min is for lifting loads out of the hole 
and is clutch actuated. The slower speed of 15 ft/min is for digging and 
is hydraulically actuated. The kelly bar has six for·ward and two reverse 
rotation~al speeds. 

Pertinent dimensions and weights are listed in the following table: 

Size Weight 

Height 
. Width . 

Length with mast down 
Length with mast raised 
Height of mast above 

13 ft 
10ft 
65 it 
31 ft 

ground when raised 70ft 

Auger 
Truck Chassis 

Total 

. 2.2., 650 lb 
19,960lb 
42., 610 lb 

All controls for the stabilizing jacks, mast raising and mast position
ing are hydraulically actuated and located convenient to the operator's 
seat. (Fig. 2.-4). With a two-man crew, the machine can be set up and 
begin drilling in three minutes. Because of the rotational and lateral 
movement of the auger base, the auger can be positioned precisely over 
any spot accessible to the truck. 

The new "Alaskaug" all~purpose augers** were used. They were 
equipped with interchangeable tungste.n carbide bits on removable bit 
blocks .. 'The augers ranged from 8 in. to 30 in. in diameter. The 8 ... in . 

. and lZ ... in. augers were zt ft in length. The 1,6, 2.0, 2.4, and 30-in augers 
were 4ft in length. The augers are very heavy; the Z4~in. 1 diam auger 
weighs ~75 lb. The augers are easily and simply changed fn 5 minutes. 

OPERATIONAL CAPABILITIES 

This machine is capable of augering holes up to 30 in. ,in diameter 
to a ma~imum depth of 50 ft in hard frozen glacial till. The largest auger 
used was 30 in. in diameter. It is believed that the machine could handle 
larger augers in frozen ground. It is impossible to drill beyond 50 ft with 
this machine without extensive modifications. Other available LDH models 
are made with longer masts and are capable o{ augering to a depth of 70 ft. 
The Williams Company produces augers with telescoping kelly bars which 
are capable of augering to a depth of 12.5 ft. 

The machine has adequate power to auger through the frozen material 
with the 30-in. auger in high gear with the engine throttled.down. It was 
difficult, though not impossible·, to auger through or pick up cobbles of 

*- -M-anUfacturea by the Hugh B. Williams Mfg. Co~ of DallaS~ j Tex~$. 
**Supplied by Alaskaug, Inc., Cincinnati, Ohio. 



albite gneiss, a metamorphic rock similar to granite. The cobbles en
countered ranged from 4 to 12 in. in diameter. Sand, gravel, silt, and 
dolomitic lime stone frozen into a till matrix pre sen ted no hindrance to 
auger operations. In areas free of albite gneiss cobbles, 12-in. holes 
could be augered through the frozen peat, gravel, and silt 35 to 40 ft in 
2% hr. The rate of augering with the 24·~in. auger was 12ft/hr. The 
larger augers, 24 and 30 in., were not as fast as the 12 in. because they 
hit more cobbles. 

The most effective rriethod of getting through the cobbles, particularly 
those which· were frozen solidly into the till or were too large to pick up 
with the auger flight, was to turn the auger at its normal speed and ad
vance it very carefully with. the hydraulic pull-down. This permits the 
tungsten carbide bits to cut through or past the rock rather than attempt.;., 
ing to break the rock by brute force, i.e., extreme pressure and power
ful twisting. Such attempts to break the rock result in extreme strains 
in the equipment and auger breakage. Very little damage is done to the 
rock itself. It is almost impossible to auger a hole through a cobble 
larger than the bit diameter because of the difficulty of sta~ting a hole 
on an uneven surface and breaking out the opposite uneven side. Cobbles 
smaller than the auger diameter are ground down until they become thin 
enough to be broken into small pieces and raised by the auger. If the 
operator allows the tungsten carbide bits to cut the rock, the average 
one -ft diameter granite cobble would delay the auger for approximately 
20 minutes. The average dolomite cobble the same s-ize would delay the 
auger approximately 5 minutes. · 

Bit block and cutter wear and breakage ·were very high at the start 
of the season and replacements were necessary every 5 or 10 ft. As the 
operator became more experienced and the drilling techniques improved, 
the bits lasted much longer. At the end of the season, the last bit had 
drilled over 100ft and was still usable. Only one·bit block had been re
placed on it. Bit blocks are priced at $ 15. 00. The center cutter is 
priced at $ 125. 00. The other cutters are priced at $55. 00. At this 
time there is insufficient field experience to permit an estimate of cost 
per foot of hole. · 

The scleroscope hardness o:fj the albite gneiss is 95 with an abrasive 
coefficient of 18. The .dolomite limestone has a scleroscope harness of 
27 and an abrasive coefficent of 2. 6. * The Mohs scale hardness is 6 for 
the albite gneis·s and 2 for the dolomitic limestone. The tungsten carbide 
bits have a hardness of 9+, which is harder than any substance found in 
nature with the exception of diamond. 

The till matrix varied from a well~graded sand with clay to a sandy, 
silty clay {U. S. Corps of Engineers classification SC and CL). The 
material .in situ contained approximately 13o/o moisture. The consistency 
ranged from rock-hard where the material was frozen to soft and sticky 
where it was thawed. 

*Obert, L., Windes, S. L., and Duvail, W. I. ( 1946), Standardized Tests. 
for Determining Physical Properties of Mine Rock; USBM RepL Invest. 
3891. 
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Due to the ambient temperature of -25F ,. there was a tendency for the 
soil to treeze to the auger. The most effecti\~re method of preventing this 
was ( 1 y· digging carefully in the high gear throw-off speed without getting 
the auger heaping full; and ( 2} spinning the auger as rapidly as possible 
as soon as it is clear of the hole. This technique kept the wet material 
from being compacted against the auger shaft. It was, therefore, easy 
to spin the. mate rial off the auger before it froze into a solid mass. 

FACTORY WINTERIZATION 

The machine was too large to garage at Fort Churchill, where tem
peratures of -20F to -35F occurred, accompanied by 30 rr.iph winds carry
ing fine driving snow. As the machine was basic to the success of the test 
program and had to be started every day, winterization was required. 

The machine was winterized by completely enclosing the engine in 
an insulated compartment. The insulatlon consisted of 3 in. of glass 
fiber cove red with tinfoil on all surfaces of the compartment including 
the top, bottom, and louvers. The louvers supplied necessary ventila
tion during operation and a "Perfection" gasoline heater supplied heat 
to the enclosure. 

FIELD WINTERIZATlON 

Field expedient winterization consisted of installing a "Cannon" plug 
on the engine which powered the auger. A "Cannon'' plug is a simple 
polarized plug which is installed on many military vehicles to simplify 
hooking the dead batteries in a vehicle in parallel with the "live" batter
ies in another vehicle. The heavy electric cable that is strung between 
the two vehicles is called a "slave cable'' and the operatiqn itself is called 
11 slaving'' another vehicle. A flow-through type 11 o~volt engine water 
heater was installed. Although it did have a noticeable effect on engine. 
cranking speed, the engine started just as quickly when it was not used.· 
A discarded cab from a D-7 "Cat" tractor was modified and mounted over 
the operator's seat and provided adequate protection if the auger was 
parked facing the wind.~: · 

The most effective field expedient starting aid was a 60, 000 BTU 
"Hunter" blowtorch to heat the intake manifold and dry i.ced~over spark 
plugs. This was the only available method of starting the S~ton truck, 
the 5 KVA generators and the pony engines on the "Cat" tractors at 
-25F to -40F. Application of this direct heat from 2 to 4 minutes was 
sufficient for starting purposes. 

The Ml39 6 x 6 5-ton truck is a standard army vehicle and the Army 
Ordnance Supply System has a winterization kit designed for it. The kit 
includes a gasoline engine heater designed to .warm the oil and keep the 
engine cooling fluid at near operating tenperatures. The kit was requi
sitioned but did not arrive in time for the field .season. 

The 5-ton truck was field expedient winterized by removing the car
buretor-intake hose from the air cleaner so that gasoline could be squirted 
directly into the carburetor. After the intake manifold was heated with 
a blo~torch for 4 minutes, a squirt of gasoline would start the truck engine. 
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A ll O-volt flow-through typE/ engine water heater ¥.ras installed but 
did not have sufficient heating capacity to affect the engine starting. 

DEFICIENCIES 
\ 

Many of the deficiencies '\Vere directly or indirectly caused by se-
ve re arctic .conditions; 

_ a. · Winter~zation. The major deficiency was the engine winteriza-
tion kit.. ':fhe kit':made the engine completely inaccessible without remov
ing heavy,- Joo~ih louvered side panels, which took three men half an 
hour. The Jouvers, not being airtight; allowed snow to drift in over the 
engine ahd,ther:t:;served as an enclosure to hold the snow there. The 
"Perf"ecti0n11 .-gasolirie heater gave sufficient heat to melt the snow but in
sufficienf_hea.t<to prevent the resulting water from freezing to the engine. 
The usual result, afte'r 4 hours of application of heat, was a completely 
iced-over~e,ngine. This icing effect helped plug the air cleaner and freeze 
the carlJu}:·etor controls. When the oil- bath air cleaner became plugged 
an'd was:-: remove'd it was full of ice and gasoline. No oil w:as present. 

It is· ·suggested that the winterization of the engine compartment con
sist of tnstallation of light sheet-steel side panels which could be held 
on by s.pring-loade'd clips and be easily removable when necessary. The 
bottom of. the engine compartment should have drain holes drilled in it 
to prevent: the accumulation of spilled fuel and melted snow. All the re
maining insulation on the bottom of the engine compartment should be 
removed. The "Perfection" heater which is now attempting to heat the 
whole e.ngine compartment should be remounted and supplied with a length 
of heater hose which would make it possible to blow heated air directly 
onto the·· carburetor-manifold area. The exhaust of the ''Perfection" 
heater, which is now being wasted, should be directed through flexible 
tubing onto the oil p~n of the engine. It is believed that such an installation 
would be quite simple, direct, and dependable. It would allow the engine 
to be started in -40F temperatures and would not prevent operator main
tenance when necessary; Experience has shown that most complicated 
apparatus is usually inoperative under extreme temperatures and rough 
usage. When the best laid plans fail, a "Hunter" blowtorch is the oper
ator's best starting aid. He should be able to apply direct heat to the 
engine wherever needed with the maximum safety possible and without 
having to remove or work over inoperative "winterization" equipment. 

The glass fiber insulation on the bottom of the engine compartment 
became saturated with gas and water, causing an extreme fire hazard. 
The saturated insulation froze around the clutch, throttle, and .choke 
control levers. The result was a stripped choke lever and a bent and 
twisted clutch control lever. This took four days to repair. The side 
panels and air cleaner were removed for the remainder of the test season 
and the frozen insulation. chipped away. These removals gave greater 
ac:c:essihility to the engine and reduced cold starting time from 3 to 6 hr 
to 20 min maximum. There was no more cont:r:-ollever freeze -upo . 

b. Clutch and brake freeze-up. The winch assembly brake and all 
the control clutches woulci occasionally get wet from melting snow and then 
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freeze. It take$ time to release them, using a blowtorch and a sledge 
hamrner, and breaking the inaccessible assemblies loose by forciq.g the 
equipment is very hard on component parts. This freezing of controls 
is also undesirable due to the hazards to personneL As an example, when 
the winch assembly brake band froze to the brake hub, the brake-band 
holding bracket broke. This allowed the brake assembly to turn with the 
shaft until it hit a crossmember. The impact broke the brake hub, sheared 
the hub bolts, bent the actuating rod, and broke the foot rocker assembly. 
This resulted in a severe shock to the operator's leg. Only good fortune 
prevented a more serious injury, such as a crushed foot. Fortunately 
the kelly was out of the gu;ound and the damage was repaired in 5 days. 

It is suggested that a cab enclosure be fabricated to enclose all the 
components. This cab could be made similar to crane cabs which enclose 
all the machinery, with the exception of the boom and have enough room 
inside to allow the equipment to be maintained. The engine and the opera
tor's position could be included in this cab, which would protect the engine 
and allow the engine heat to warm the machinery and the operator. If this 
auger is to be operated in severe temperatures with wind chill iri excess 
of 1700, protection for the operator must be provided. 

c. Hydraulic system. It was noted that the mast tended to lean back 
past vertical position. This was caused by leakage past the leathers on 
top of the mast-hoisting cylinders. The condition became less severe as 
the machine was used and would not inconvenience an experienced operator. 
An inexperienced operator would have trouble with the auger becoming 
stuck, would have a difficult time getting it out of the hole, and be unable 
to re-enter the hole without excessive adjustment, drilling crookedly or 
bending the kelly bar. 

A possible solution to this problem may be the installation of improved 
types of gaskets which will not dry out or shrink.under long periods of 
storage and extreme- cold. A positive locking device could be developed 
for the mast but the condition was not considered severe enough to warrant 
such a solution. 

The hydraulic jacks would slowly leak. back through the control valve 
and slowly lower the back of the truck. When the mast is raised (Fig. 1 a) , 
there is considerable weight to the rear of the truck. axles. This over= 
hanging weight is great enough to actually raise the front of the truck off 
the ground. More positive acting control valves would possibly hold the 
weight of the auger better, or blocking could be placed under the rear out
riggers to prevent the rear of the auger from dropping. In actual use, 
an alert operator can easily prevent this deficiency from doing any harm. 

When the auger was parked with the jacks up, the jacks would slowly 
lower themselves until they touched the ground. It was then impossible 
to move the auger truck without first starting the auger engine, then en--. 
gaging the master clutch to get pressure into the hydraulic system and 
raising the jacks. This could be easily prevented by installing a positive 
locking device to hold the jacks up. A short length of chain with a hook 
would suffice. · 

5 



d. Contt.'ol paneL The on·~·of.f switch couJ.d be operated only with the 
bare fingers~ wl:d.ch is undesirable at extreme temperatures. The on=off 
switch should be the large, easily turned type which if) standard on mili ... 
tary vehicles" If the bracket holding the switch was lowered 3 in. i.t ·would . 
be easier to reach with a mittened hand. The choke lev·er was held in the 
open poslU.on by a strong spring and therefore :b.ad to be hand~·held until 
U::te engine was w·a:r1ned up. The choke lever should be provided with a 
device 3 either friction o:r ratchet:v to hold it in whatever position is needed. 

e·. Bits and augers. The main trou.bles with. tb.e' augers were that 
the removable,bit blocks~ -which are supposed to be easily removed with 
a hammer and.punch:r ·we:re almost irnpossible to :remove ev·en when using 
an acetylene torch to heat the cutter bod~/ and a large sledge hammer to 
hit the punch. The interc;hangeable· carbide cutters were usually so badly 
broken and. the blocks so w·orn aw·ay that it ·was mo:re economical to replace 
the whole bit block and T. C, cutter than to attempt to rebuild the used 
parts .. 

The cutter bodies~ particularly the d.r.ill tip, cutter No.· S 123=RB, 
--;;vere not strong enou.gh and therefore w·ere easi.ly· broken by impact with 
the bu.ried cobbles. Si.:x of these tips w·ere broken .so S)rmmetri.cally that 
the parts w·ere interchangeable wheri it became necessary for the field 
crew· to w·eld them together (Fig. 6). One drill tip was cast so inaccu·c· 
rately that it would not fit any of the augers. Very :few· of the tungsten 
carbide inserts were w·orn out. Most of the cutter replacements w·ere 
necessitated by the carbides break:i.ng away from the holding clamp or the 
tapered holding pin breaking off at the intersection of the cutter body and 
fhe bit block. Pins w·hich broke off in this manner were almost always 
impossible to remove~ so the w·hole cutter body was ruined. . " 

A suggested solution for the troubles with the auger bits would be 
closer control of the tolerances in the casting process. If the castings 
were made so that the pins would fit properly, they w·ould not become 
wedged iri so tightly that it: is impossible to remove them. Also,· if the 
pins :fit properly, they w·ould not tend to break off at the bit block. The 
cutter bodies? particuJ.arly the. drill t:I:p No. 123 ·=RB 9 should be redesigned 
to strengthen the tip. At present, the section of the body -~rhi.ch has the , 
greatest stress is not only the thinnest section but also has a bolt hole 
drilled through it. This {s the reason -\~rhy all the drill tips w·e re broken 
in exactly the same place .. It would be possible to double the thickness of 
t:his section without changing the basic design in any other way. 

The 12,=in. auger shank was badly cracked, During its repair it: was 
noticed that the crack appeared to have :follow·ed a previous flaw· which the 
manufacturer had repaired before shipment. T'h.e field cre'\v re·welded the 
c:r'ack ·with high strength elect.rlc welding which successfully held .for the 
rest of the seasono 

:f. Maintenance. Many of the grease fittings were located in inacces·~· 
sible places whicb. were very difficult to maintain 9 particu1ar1y when wear~ 
ing heavy arctic clothing. No maintenance or lubrication c·harts were 
shipped with the ~quipment, with the result that some o:f the grease fittings 
in out: of t:he way places and covered with snow· were inadvertently missed. 
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" ' Maintenance charts should be printed on substantial paper, lamfnated 
with clear plastic, and shipped with the auger in a waterproof folder. 
Grease fittings were located so that they were easily covered with sriow 
and they became difficult to locate and service.. Greasing would be sim= 
pler and more thorough if centralized greasing systems were installed. 

CONCLUSIONS 

As a result of a winter test season at Fort Churchill, Manitoba, it 
is concluded that~ 

a. The Williams LDH 50 Auger provides a rapid method of drilling 
holes up to 30 in. in diameter and up to 50 ft in depth in frozen ground. 

b. The auger w:Ul successfully cut through the frozen gravel, peat, 
silt~ and dolomitic limestone common to this area and, ·with care, can 

. cut through the harder albite gneiss. Progress ·will be slow and bits will. 
be bro.ken in the· albite gneiss. 

c. The winterization provided to protect the engine compartment 
was completely unsuccessful. 

d~ An engine to be used in arctic regions must be accessible and~ 
if not completely protected 3 is better left open so the snow can blovv· off. 

e. It is difficult to get at many of the grease fittings when wearing 
arctic clothing. 

L It is impossible to operate this equipment in the Arctic without 
adequate wind protection for the operator" 

g. The cutter tips were not properly designed. 

h. The cutter blocks were poorly made. 

RECOMMENDATIONS 

For arctic operation of the· Williams auger.? it is recommended that~ 

a. Winterization be simple, direct, and easy to use. Peopl'e who 
have worked equipment in the Arctic should be consulted. 

b. The engin,e should be easily accessible to personnel wearing heavy 
arctic clothing. 

c. A high~output:·blowtorch capable of operating in 20 mph wind at 
-40F should be included with the equipment. 

d. A C02 fire exti.ngu.ish.er should be included with the equipment. 

e. An operator's cab should be provided. 

f. An enclosure similar to a crane cab should be provided to keep 
snow and sleet off the cables~ belts, chains, clutches and brakes. This 
could be combined with the operator's cab. 

g. Operators should be given training in temperate climates before 
attempting arctic operc;ttion of the auger. Clutch and brake adjustment 
and ttfeel" should be included in this training. 
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h. A positive locking device should be developed to hold the leveling 
jacks up while the auger is parked or stored. 

L The on-off switch and start button should be large and accessible. 
) 

j. The auger cutter blocks should be strengthened and closer ma
chine and casting tole ranees maintained so that the pins fit the blocks 
Without being permanently jamme_d. 
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a. Mast raised in drilling position b. Mast lowered in traveling position 
. . . 

Figure 1. Side views of LDH 50 Williams auger. 

\ 

Figure 2. Bird' s -eye view of 
operator's seat showing loca
tion and grouping of controls. 

Figure 3. View of right rear out
. rigger jack raised and in traveling 

position. · 

Figure 4. View showing rear jacks 
extended and lowered, mast raised 
with 12 in~ auger attached, opera
tor's seat location and controls, 
and louvered engine compartment. 



/ 

Figure 5. Louvered engineer com
partment after a sleet storm. 
Several hours were spent attempt-
ing to ge~ the ice out of "V" belts, 
chains, pulleys, sprockets, and 
clutches before machine was operable. 

Figure 6. Broken drill tips. 


