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l)unng the spring of (976, three holes were drilled offshore in the Prudhoe Bay area using the sea Ice cover na dnll~
ing pla tform . The objectives of this program were to obtain samples and subsurfa ce information to aid in quantifica-
ti on of the engineering characteristics of permafrost beneath the Beaufort Sea as well as to conduct supporting ther.
mal and geoloØcal studies. The results of the drilling and related investigations are being used in conjunction with
dat a from other su bsea permafrost projec ts to develop maps and models for the prediction of perma frost occurteni.c

Ifl this offshore environment. The project also provides a means of testing dnlllng, sampling, and in-situ mcasure~
iv ient techniques in an offshore setting where material types and sea ice conditions make acquisition of undisturbed — -
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samples extremely difflcult
~

This report documents the operational aspects of the spring 1976 field study; subsequent
reports will cover the technic ian~~ !earch results. During the mobilizat ion period in March 1976 mobile drilling
and housing fac ilit ies were assembled at Prudhoe Bay. The drilling equipment w*s derived from a variety of sources

including several Government organizations (NAR.L, ONR, USGS and CRREL). while the field housing and some
logistics Support were contracted in the Prutihoe area. An Acker Mountaineer rotaiy drill rig was utilized in order

to evaluate rotary and drive sampling techniques. No sampling or drilling problems were encountered in the upper

parts of the sections (5 to 9 m) which in all cases were fine-gralned and cohesive. In these materials conventional
drive sampling techniques consistently provided the best results. The lower portions of all sections were coarse pained
including sand and gravel. In these intervals drive sampling also afforded the best recovery and least equipment
problems. Althougi~ preliminary thermal data indicated temperatures below 0°C througitout all the sections, bonded
permafrost was not encountered. Thermal data were obtained periodically from the three holes after their completion
and until ice conditions iii early June no longer permitted site visits. The holes ranged in depth from 34.0 to 52.0 m
from the drill collar. An additional study consisted of an evaluation of a probe device for measuring in-situ cngineer-
ing properties of the subsea sediments. Probe soundinga were made at the drill sites and near the ARCO dock. Probe
design allowed side friction and pent penetration resistance to be measured separately. Temperature data over the
depth of the soundings were also obtained. The probe was advanced by using a hydraulic ram or a drop hammer.
The results indicate significant correlation between the two penetration techniques and the general material types
identified during the drifting operation.
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PREFACE

The aut h ors wish to express their appreciation and thanks for the effo rts of
the U.S. Geological Survey personnel that participated in this projec t , particularly
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helped to launch the field program. We also wish to thank Dr. Jer ry Brown for
his help in program planning and technical advice.

‘The National Oceantc and Atmospheric Administration and Buceau of Land
Management funding of this effort and the assistance of Dr. Gunter Weller and
Mr. David Kennedy of the Outer Continental Shelf Projects Office in planning
and logistics are also greatly appreciated.

‘The projec t was undertaken in coordination with the following OCS programs :
Research Unit 204: Offsh w pe r#nafms: studies, Beaufort Sea - David

M. Hopkins and A.H. Lachenbruch, U.S. Geological Survey
Research Unit 205: Manne environmental problems in ice-covered

Beaufor: Sea Shelf and coastal regions -. Peter Barnes. Erk Reimniiz
and David Drake , U.S. Geological Survey

Research Unit 253: Offshore pennafrost probing, boundary conditions,
properties, processes and models I.E. Osterkamp and William D.
Harrison, University of Alaska

Research Unit 271: Beaufor: geophysicuipemiafroststudies - James C.
Rogers, University of Alaska

Research Unit 407: A study of Beaufort Sea coastal erosion, northern
Alaska - Robert Lewellen, Lit tleton, Colorado (in process of being
corn plet~dY
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OPERATIONAL REPORT
1976 USACRREUUSGS SUBSEA PERMAFROST
PROGRAM, BEAUFORT SEA, ALASKA

P .V. Sellmann, Ri. Lewellen, HI. Ueda,
E Chamberlain and S.F. Blouin

INTRODUCTION

The ob~ ctives of this program were to quantify University of Alaska were helpful in determining site to.
the engineering characteristics of permafrost beneath cations and general characteristics of this offshore enviroi-
the Beaufort Sea and to determine the relationships ment.
among such parameters as sediment type, ice content , Several industry studies have been carried out in this
and chemical composition. In addition, supporting area with emphasis on subsea engineering and perma-
thermal and geological data were to be acquired. The frost properties, with some of the results available in the
results of the program are intended for use in con- public domain. One such study was the 152-rn (500-ft)

~mnction with data from other subsea permafrost pro. hole drilled by the Humble Oil & RefiningCo. on Reindeer
jects to develqp maps portraying the occurrence and Island. The nature of the remaining studies from which data
depth of permafrost under the Beaufort Sea. In ad are available will be discussed in future technical reports.
ditmon the drilling project will provide subsurface The program was conducted at Prudhoe Bay from 20
samples and control for other Outer Continental Shelf March to 8 May, and included 12 days for mobilization
investigations. It is also designed to test drilhng, and demobilization of equipment. The equipment or-
sampling, and in-situ measurement techniques in an ganized and used for the project was largely provided
offshore environmental set ting where material types by CRRFL and ONR. The ONR equipment was avail-
and sea ice conditions make acquisition of undisturbed able from the subsea permafrost program sponsored
sam ples extremely difficult. The project was part of through the Arctic Institute of North America, under
the OCS program directed by the National Oceanic contrac t N000l4-75~C-063S. subcontract ONR-457 to
and Atmospheric Administration under the sponsor- Dr. Robert I. Lewellen (Lewellen 1973, 3976h).
ship of the Bureau of Land Management. It was originally proposed to have the drilling per-

I~iring the spring of 1976 (late March to early May ) formed by a contractor ; however. the tinal projected
the offshore drilling and sampling program was under- cost proved to be substantially higher than originally
taken in the Prudhoe Bay area, using the sea ice cover estimated. This forced the project to consider the al-
as a drilling platform. The field program was jointly temative of providing its own drilling support. Not
conducted by the U.S. Army Cold Regions Research only would the cost be considerably less, planning
and Engineering Laboratory and the United States would be simplified and greater over-all flexibility al.
Geological Survey (Menlo Park) In cooperation with lowed. In addition this alternative would help the gov.
Office of Naval Research-supported investigations, eminent develop its exploratory drilling capability in

The drilling sites were selected to cover a range of this very difficult environment. For these reasons the
thermal and geological sett inge controlled by distance actual drilling and sampling were undertaken by pro-
frinmi sh ore, occurrence of offshore islands and bars. jec t personnel.
and a range of water depths. The drilling program
(Osierkanip and Harrison 1976)and geophysical
studies (Rogers 1976) coflductsd In 1975 by the
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Figure 1 CRRF.L-USGS subsea drilling locations, Prudhne Bar regwn. (Photograph from NASA, Flight
no. 74-101, 27 June 1974,)

LOCATION LOGISTICS

The drill sites were jointly selected by USGS and Logistics prior to field study
CRRE L personnel to provide a range of thermal and This program included a considerable logistical ef-
depositional settin ge. All sites were situated within fort both prior to the field operation and during the
Prudhoe Bay with the exception of the most seaward drilling and sampling phase. Except for the drilling
site, which was located north of the barrier islands equi pment at Barrow, all necessary hardware for a
(Fig. I). These sites were accuratel y positioned in the self-sustained operation orig inated at or was shipped
field by USGS personnel using a 1~ I Norte ranging to Fairbank s where it was stored at the CRREL field
system which , base d on electronic triangulation, can facility for truck shipment to Prudhoe. Items such as
loc ate stations wi th I meter (3 ft) accuracy . Table I drill pipe and casing, purchased on the West Coast ,
cont ains site informat ion for the three holes drilled in ~~re shIpped directl y to Fairbank s by the vendor.
1976 (Barnes. pers. comm.). Other items, such as sampling equipment , the drill rig,
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Table I. Drill site locations and general description.

Wafr r  Huic dep t J.~’~n
depm a,ij c~ a,

.~~fe Gene ru lucenon 1.’at/Lo~~ (In

Ps i  App fosl mlI.Iy 2 miles north 7O~2O. 9’ N 2. 7 33.5
of old ARCO doc k in cin te, of 1480 i9 .3 ’W
Prudhoc 8.y

PS. 2 App ros imatel y 2 miles north 70° 30.7’ N 11.6 42.8
of K~~ndeer Wind I45 II. iW

I’B. 3 App rosl mstel y 3 miles northe& 70 25. 9’N 5.9 51 .5
of th~ new ARCO dock 14$ 26.6’W

tools, tnstr ument*tion , and hardware orig inated in round trip, including loading and a rest period, was
h anover , New Hampshire, and were flown by the Air 59.5 hours. The maximum speeds attained were be-
Nilional Guard to Fairban ks on two military C.130 twee n 29 antI 32 kni/hr(l8 and 20 milesfhr). The
aircraft . These were sc heduled routine trainin g itil s- lowest rate attained was 5-8 km/hr(3-5 miles/hi) during
sions from Schenectady. New York, to Fairbanks. bad weather when visibility commonly did not exceed

By mid- February all of the equipment had ~.rri v ed 15 m (50 ft). Fuel consumption ranged from 23-38
In Fairbanks . Two truckloads of equipment , includ- liters/hr (6.10 gallons /hr). The trip was cross-country
ing some of the (X’S sea ice projec ts hardware, were on unprepared surfaces and snow trai ls with less than
transported to Prudhoc at the end of February by a half the journey over sea ice. The estimated load on
local truck ing co ntr actor . the single tractor unit was 9,000-I 1.000 kg (20.24.000

The AINA-ONR dn ll ing equipment f rom Barrow Ib), while the tractor-tra i ler unit car ri ed load of 13 .600
include d a drill sled , shop sl ed and associated equip . kg (~30,000 Ib). Each vehicle was operated by a crew of
inent. The large size o these units and time rest ric- two men. The cos t for this operation as well as other
tines, which eliminated consideration of the annual su pport costs are covered in the cost summary section.
thiplift . required that they be transported to Prudhoe Dr. Robert Lewehlen prepa red the AINA- ON R equip-
by conventional cat train or RoUigon. The availabil- ment for shipment and supervised its loading on the
ity of equipment, cost , and time Invo lved for a cat Rolligons at Barrow. The loading operation at Barrow
train left the Rolligon as the best altern ative . The Is shown in Figure 2.
com mon use of the Rotiigon , particula rly under snow-
covered conditions, by indust ry on the North Slope Logistics during the field study
has demonstrated its cross-country support capability. The V-E construction camp was used as a base camp
Based on discussions with potenti al contractors who in the Prudhoe area. On the sea ice a 4.9-x 4.9-rn (16-x
wou ld conside r preparing a cat t rain for the equip- l6.ft) eight-man camp unit was used for living and cook .
nient move, -a cat train would have been more expen- ing accommodations durin g the study. CRREL arranged
sivc titan the Rol ligo ns. The pounding and vibration for the lease of the field camp from Crow ley Maritime -

associated with sleds drawn by cats would also have North ~ ope Rolligon group (CATCO). The unit is norrn
cause d nhsa nten ance prob lem s which we re eliminated mally installed and transported on a Rolligon tra ctor
with the smoother Rolligon ride, bed. The camp is a complete facility with a gas-incin-

The OCS Arc tic Projects Office in Fairbanks ar erat or to ilet , gas stove and oven , electric refrig erator,
ranged for the equipment move . Two Rolligon ye- sink, and hot and cold running water. Water was stored
hid es were used, a CATCO RD.85 single tractor unit in an 1135-liter (300-gallon ) tank and was heated by a
and an RD.85/RDT-4 5 t ractor ’ t raller unit. The equi p- ga-f ired unit. Wate r consumption avera ged around 11
ment was moved during the first week of March. The liters/day (3 gallons/day) per man. Powe r was provided
distance from Prudhoe to Barrow is approximately by an I 8-kw diesel-powered generator set. The camp,
420 k~Ionieters (260 miles). The one-way time for the generator , 3785-Iiler(I000-galloo) fuel tan k, and soils
tr Ip was about the same In both di rections approxi- lab building were installed on a 12.2-rn (40-ft) sled
mate ly 26 hours each way. The total time for the (Fig. 3).
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a. SnoW ramp and tractor being used to load drill sled on the RD-85/RDT-45
tractoHnziler unit.

I’.
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- ~~~~~~~~ ~,. ‘
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b. Final positioning of drill sled on the tractor-trailer

Figure 2 RollIgon RD~85 single tractor and RD~85/RDT-45 tracto r-trailer
unit being loaded at Ba?7 ’OW. (Photographs taken by Leslie Nak.ashima of
N14RL. /
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e. 1.oaded tractor-trailer, with RD-85 single trailer in background being loaded with
the shop s/ed.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___

~ ~~~ S..-

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~
d. The shop sled loaded on the single tractor wa.s earr*’d normal to the vehicle’s long
dimension.

Fhgure2(conr ’dJ.
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Figure 3. Camp unit mounted on large 12.2.m (40-It) sled. Lower photograph shows
all of the equipment on the camp sled, as well as the drill and shop units being towed
by the D-6 cat.
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FIgure 4. I,itt’nor if field ~~~~ ~~~~~~ k:t hen and eating area, bunk n’o?n c are F,’
the right.

I

Figure 5. Rolligon tractor shown filling the camp fuel tank

The camp unit , although crowded , accommodated were required one o f the two heaters always perf omw d
Vig l i t men sat isfactoril y. The only problems experi- well. The heater on the windward side normally stopped
enced we re with the gas toilet , and with t he gas -fired cyclin g; apparentl y because of draft prob lems with the
part of the heating system . Camp heat was provi ded side-wall mounted vents. Other than these minor prob-
with both electricity and propane gas . The two 1.5- lems the camper and associated facilities worke d ex-
kw elec t ri c heaters we re capable of heating the unit treme ly well. The interior of the housing unit is shown
when temp eratures were above —26°C (-15 °F) and in Figure 4.
w ind velocity remained low. When the gas heaters

7
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l”igure ñ. intenor views of drill and shop sleds.

Resupp ly of food, fuel and water and trans port of 3.kw powe r plant. The secon d sled housed the dnlling
personne l back to Prudhoe for occasional laundry and rig, pump, water storage tank and mud pit. Free floor
shower runs we re usually p rovided by Rolligon trans- space in both sleds was used for storage and trans port

port (Fig. 5). The NOAA helicopter also delivere d of drill pipe and casing. A specially designed. inclosed.
some supp lies and mai l and provide d personnel trans - 9.1-rn (30- ft ) derrick whi ch matched the hoisting cap-
port , abi lity of the new Ac ke r drill rig was installed on the

The sites were revisited by USGS pe rsonnel (Vaughn drill sled at Pnidhoc. Interior views of the drill and
Mars h all) for thermal meas urements usin g the CRREL- shop sleds are shown in Figu re 6.
supplied Bombardier tractor when practical or the Rol- The sled-mounted equipment was moved to and
ligon when all sites we re to be logged in one day. from the sites as well as fro m the staging area at the
Helicopter support was required to revisit the sites V-F Construction Camp with a D-6 Caterpillar tractor.
during early June because of deteriora t ing ice condi- This tractor was leased from V-F Constru cti on by the
nons. OCS Arctic Project Office. All ~ the sleds could not

All the project drilling equipment was sled-mounted he pulled at on e dunng normal operations on the sea
to permit movement over the sea ice. Two sleds (Pan- ice. The large sled with the housi ng uni t was moved by
itchek type) from NARL with a 6.l- ~ 3. 7-rn (20-~ l 2- itself. The two small er shop and dnll sleds were coupled
ft) deck space were used for this purpose. A work shop together and moved as a sing le un it . Movement of the
out fitted for making equipment repairs and housin g sled units over the smooth Pnicltoe Bay ice presented
spare parts and sampling gear was permanently mounted no problem wi th speeds of approximately S km/hr (3
on one of the sleds . In addition , it housed an auxilia ry miles lhr) common. The only diffIculty was encountered

8
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Table II. General equipment u~. was provided by CATCO, and was installed in the eight-

4 man housing unit. This uni t operated on their exclusive

~. ~~~~~ 
frequency and was monitored 24 hours a day at the

Bumbprdier Muaka~ tr sctor end traile r (CRRFL) CATCO operations facility. The CATCO radio sys teni
fl-ti (at e rpiliar t ractor (V-E Cunitni cilon . 0C8 is normally used for supporting Prudhoe area Rolligon

contr act)  operati ons. This radio support was comparable to tele-
2. Sled, phone service and provi ded an exce llent means of hand-

2 pipe eleda (ONR.NARt.. )
I runn er s led (Nabo~ ~~~ c(~~t~~ct) ling all necessa ry contac ts with Prudhne including sup-

3. It(msing 
port requests for resuppl y of the camp . The excellence

16-fi x 16- ft a man c amp unit (C A ’I(’O.CRREL ,,
~
. of this communication support was largely due to the

tract) coo perative sp iri t of the CATCO personnel who were
t o -f iX 20- ft solti lab esd storage ufl ht (CATCO.CRREL also always willing to serve as project ex~~di$.rs.

c.,nmrIcl)

4. Gene,. fois
I&kw generator uni t (dkael)(CATCO’CRREL con-

tr act) PERSONNEL AND RESPONSIBIL~~ ES
3- kw generat or unit (diesel) (ONR)
I.S-kw 55 n.ratnf unit (s~~) 0I’lR) The numbet of personnel involved iii this project du r.

‘. lJ,tiling eqsdpmen : ing the field study totaled 13 , although not all the m di-
Ack er Mounta in.., drill uni t (ges-powered) (CRREL) viduals we re in the fiel d at the same time . The size of
Be~ i pump (diesel-powered) (AINA -OP4K)
Storage taiki ~id mud pit IA-ONR) the permanent crew varied between 7 and 9. The m di-

6. Sampling equipment viduals t hai participated in the study , their general areas
Two wire line at r lnp (CRREL -OCS) of responsibility, and time period in the field are m di-
NX c l n~ (ONK-OCS) cated in Table Ill.
New drill rod (OCS)
Rotary double well ba~rela (ON R-OCS)
Rsnj e of drive sampll n~ barrels (ONR-OCS)

7. Shop f e~ p~e: EQU IPMENT MOB IUZM1ON AND
Hand t ools (mechanic set) (OCS) DEMOBILIZA11ON
Bench ~tinde r (CR REL)
~~iop air compr essor (CR R EL )
F]ectdc drill (OCS) The peri od from 21-30 March was spent preparing

a. Probe equipment (CRRFL) the equ ipment for the field program . Prior to sorting

Note When OCS is ind icated Items we le purch sd from and organizing all the equi pment shippe d to Prudh oe
projec t funds , by truc k it was necessary to excavate it from sn ow

drifts. The shop and drill sled were first unpacked and
reorganized. The drill sled was completely str ipped of

when attempting to move the sleds over gravel road- cquipmen t to facilita le installation of the new Ack er
ways such as the roa d around the bridge construction drill rig and enclosed t owe r prefabricat ed at CRREL

activity on the Sagavanirktok River. At this location in Hanover. N.H. The use of this new drilling rig and
the units had to be moved separately by winching mast required reorganization of available space on the
them in short 9- to 15- rn (30- to S0-ft) inc rement s . doll sled as wel l as co nstruc tion of an elevated base
Table II contains a list of all the equipment used dur - for the drill. Sampling t ools, drill rod and casing were

ing the operation. also sorted and prepared for the opera ti on. Photo-
graphs of the various phases of this work are shown in
Figure 7.

COMMUNICATiONS

Several radios were ava ilable for communication DRiLLING EQUIPMENT AND SAMPLING
betws en the dri ll sites, Prudhoe, and Barrow. The TECHNIQUES
OCS progra m provi ded a sing le side-band unit for this
pur pose . ‘Ibis unit , made by Spillsbury and Tindall, A general list of equipment used by this projec t Is
w as very reliable and compact. The most useful radio provided in Table II. This section contains a discussion

9
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FIgure 7. Drill sled being modified Mth new tower ~ td dri lling unit. In lower right the new 4cke, unit is being
loaded on the Bombardier ira/icr for transfer onto the drill sled
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Table ill. Field party and responsib li$ieii.

Individual O~~~~ zg ~ on 
— 

lime pe riod 
— 

RCSfHINJiblUt) —_____

Dr. Vat., Barnes USGS 21 March t o 7 April PositIoni ng of sites, aid In mohlli ,ation .
se dimentary processes (RU 205 and 204).

Mr. Dave Carter USGS 30 March to IS April Hole and core o~~
ng (geological studies.

RU 204) shared responaibdity wttIl D.M.
Hopkins.

1k. David Hopkins USGS 14 Apri l t o 3  May Hots and core logging (psological studais ;
RU 204).

Mr. Vaughn Marshall USGS 29 March to S May Thermal togging of holes (RU 204 ) and
Indipendant the rmal prob. stud ies.

1k. Robert teweiisn Arctic consultant 31 March to 8 May Drilling and thermal data

Mr. Scott ~~ouin (‘MIIEL ~ to 28 Ap,li Engineering problems of materials end
prob, program.

1k. Jerr y Browe CRREL I and 2 April ( ore chem istry study.

Mr. Edwin Cbanibsiiain (‘ItREL 29 Mitch to 6 May Engineering propert$e% ot mate rials , core
logging and probe program .

Mr. Mien Delaney CRREL 20 March to 7 AprIl MobilIzation and drltiing.

Dr. I X . lskandar CRREL I and 2 AprIl Core chemistry study.

Mr. Paul V. Setlmann CItREL 20 March t o 6 May Dri ll ing and core logging.

Mr. Herbe rt Usda CRREI. 20 Match to 16 April Drl%tln~.

Mr. Edwin Hlndm an Contracted OCS 9 March to I May Equ ipment operstor fro m V-E Cone t ru c
rion (tractor operator )

5-

of the drill equipment, as well as an evaluation of per- The mast performed well, allowed considerab le
formance including comments on both drilling and flex ibility and was well matched to the ng’s hoisting
samp ling techniques, capability, as was demonstrated on several occasions

while pulling casing under extremely difficult hoisting
Drill unit conditions. The only nec essa ry field modifi catiun was

The Acke r drill prov ided by (‘RREI Is powered by installation of a cathead rope sta bili zer which pre-
a 48-hp gasoline engine and has the capability of hand- vented the rope from jumping off the rear sheave in thc
ling 88-mm (3½.in.) 0.1). NX casing directly through crown bloc k.
the spindle. T ue rig is rated at a 6l0-m (2000-It)
depth capability using NW rod, wh ich Is primarily Pump stat ion
based on the drill rig’s hoisti ng capability. The unit The circulat ion pum p used was a Bean horizont al
was fitted with both a hoist for w ire line coring opera- triplex pum p that was rated at 95 lIters/mm (25 gal.!
thins and a cathead hoist. inin) at 4.8 MN/rn 2 (700 psi). It was powered by a

The drill unit operated well;it started easily and 2-cylinder Drutz air-cooled diesel engine. This pump
was mechanically trouble-free. The only problems were was pad of the AINA-ONR equip ment t ransp orted to
restricted to the hydraulic system. The system initi- Prudhoe fro m Barrow.
ally required considerable attention to stop all leaks. The pump was installed in the drill sled with the re-
Leaks ~s ~~ tiarevyftndSir of both the dutch and brake mainder of the drilling equipment. Water for drilling
for the wire drum hois t could not be stopped and con- purposes could be drawn from several locations: the
sequently the cylinder required continual replen~h- storage tanks (l%Olitus; 500 gallons), mud pit . or

ment of fluid. The major problem was associated with directl y from below the sea ice. This unit worked cx-
the wire line hoist : the drum would not hold wh en tremely weIl;it started wit h no difficulty and operated
lowering a load . This was the only equipment pvth- maintenance- free during the entire period at what ap-
tern not resolved in the field. A mechanical brake peared to be extremel y low fue l consumption rates.
would have been an Ideal addition to this hoist.
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The onl y difficulty encountered with the unit oc- Re t aining these usually cohestonkss matenals in any
curred dunng operation with visc ous drilling mud. ty pe of sampler is a com m on problem. All available
Thet~ were’ no provisions for removing sands from the standar d samp le retainers we re employed with no con-
dnlling mud. and dn lling in the abundant tine sandy sislent or general success. After modificat ion of the
formations for even a she ,rt penod caused the mud to ret ainer and us’ of fl exible sample sleeves cores we re
become sj nd-satuiated which pievented proper pump obtained on every run with a hiØ~ percentage of re-
valve operation. Fot this reason dr i lling m u d  was only covery . The core catcher used was a simple four-
used on this one occasion. sp ring retainer which fitted loosely in the reta iner re-

cess ring in the barrel . A thin-wailed rubbe r sleeve
Drilling and siinplitg was attached to the retainer and extended up into the

The dniling techniques used were governed by the barrel. The sample passing into the sleeve caused it to
program requirements for undisturbed samples at fre- extend and apply a confining force on the sample at
queril interv als. Attempts were made to sample the the same time. This kept the sample intac t and con-
upper. finc-grained part of die section (5 t o9  m , 16 to fined in the barrel.
.0 f t )  on a continuous hasts. Sampling below this Potenttal chemical contamination of the samples
depth in the sands and grave ls was done at greater in- obtaine d with these drive samplers should be extremel y
terv als as controlled by casing placement procedures. low. Both samplers had ball check valves in the upper

T ue unstable nature of the sediments required that ends of the core barre ls , eliminating the chance for
the holes be cased over their entire depth. Casing was sea water lfl the hole to enter the upper end of the
set by two techniques. driving and rota ry drilling. The sampler The Washington sampler had a tight ball
m u d  pract ical and effective approach for the penet ra- check valve that sealed extremely well. Therefore, the
turn required was the dove techni que . The approach oniy sou rce of contamination came froni the bott o m
used to assure maximum penetrati on was to predrill of the sample. This was not considered a serious source
in advance of the casing. T he procedure for advancing of contamination because of the short transit time
hole involved l)predn l ling seve ral inches short of the while returning to the surface and limited chance of
depth of the ne~1t antic ipated sample depth . 2) driving infiltration. To fu rther reduce the chance of con-
casing to that depth. 3)c leaning out the casing to tanu nat ion throu gh iiifilt ration only fine-grained mate-
within 2 lo It em ( 1 10 3 in.) of the bottom of the cas- rial was selected for chemical analyses.
ing shoe , and 4) returning down the hole for a samp le Rotary sam pling techniques using conventional
nm into undisturbed mater i al . This procedure was doubl e-wall core barrels as well as drive samplers were
then repealed to the next depth. used in the t oarse-grained sect ion. The rotary barrel

Must of the samples obta ined during the study were equip ped with tungsten carbide cutters was used to
ta ken by dnve sampling techniques. Two types of obtain core. There were problems associated with hit
dnv e samplers were used with considerable success . In wea r and movement of the barrel through the casing
the llne-giained material (clay silts and sandy silt) the because of the coarse sands and gravels. Small gravel.
l)a,nood Drill Contracting Company (DDC) Washing- cuttings and lIne sand continually wedged between
ton samp ler was an ideal tool. It provided excellent the uppe r shoulder of the barrel and the casing, par-
core recovery and relativel y un disturbed samples S cn~ ticularly if the entire barrel was advanced beyond the
(2 in.)m diameter. ‘There was no requirement for a - end of the casing. Because of these problems, drive
core-retaining device with this samp ler due to the de- sampling was used exclusively in the last hole drilled.
sign of the shoe. The sampler had a solid barrel and Wash samples were collected during the casing
core w removed using a hydraulic sample extractor, cleaning and predrilling operations . usually at 0.6-rn
Maxmniu,n sample length was 61 cm (24 in.)~ (2.ft ) Intervals. They were collected directly at the

(‘uaise-gralned materia l was sampled with a Lynac top of the casing or from the pipe leading from the
drive sampler. This sampler has a sp lit-tube barrel and surf ace discharge “ r to t he mud pit , depending on
has provIsions for using a core catcher or basket and the drilling con figuration at the time.
obtaining a 46-cm (I8-in .)core , Scm (2 in.)in diam-
eter. The Lynac heavy band construction made ii Dril ling problems
well suited for usc In the dense sands and gravels. Sampling and dn lling ut the upper part of the fine-
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grained mnanne sect i on presented few pro hi ents . Th us the san d by stopp ing the cleanout run several centi-
can be attribute d to the lack of grave l and the cohe- m eters above the bottom of the casing shoe , and
sive nature of th us material. The coarser grained allu- slowly exUacting the drill rod to prevent a p~ ton e1~
vial part of the section caused the greatest difficulty. feet. This left a plug of compacted material formed
Problems we re related to the unstable nat ure of the during casing setting at the end of the shoe. Once
sands and grave ls which required the hole to be cased thi s plug was penetrated , sands would normally flow
ov er ~ts entire len gth. Casing placement was difficult up into the casing.
in parts of the sections due to high penetration resis- Another common problem related to the sand and
lance. In holes PB- 2 and P8-3 . bottom depth was gravel sections was t h e  ‘ss of circulation after drill-
li m ite d by the depth to which casing could he placed. ing ahead of the casing sh oe . In the coarse-grained
In P8.2 casing was unsupported in the water column material it was seldom possible to advance more than
for moore than 12 m (40 ft), limiting the amount of 1.5 m (5 ft ) ahead of the casing without losing circu-
dnv ing energy that could he transferred down the lation .
st ri ng. At this site , the casing was advanced to refusal Another problem related to the coa rse-grained
iii P8-3 depth was also limited by the depth of casing material in the lower part of the section was the wear
insta llation . The lbwer jo int of casing failed in this on bits , rod and casing. The dnll rod and casing re-
hole , preventing further drivin g. The casing emp i oyed ceived more wear than the bits since matenal disag-
was t he m ost heavy duty, flush joint NX casing avail- gregated by the bit would pass up the hole and hc
able and designed for driving in glacial till. further crushed between the pipe and casing.

In two situations . at the bottoms of boreholes P8-I A detailed discussion of all dri lling and sampling
and P8- 3 , tool prob lems and time constra ints dictated procedures and associated problems may he found
the total hole depth. In PB-I, t he rod twisted off in in the formalized drillers’ field note s (Lewellen 1976a).
the tool joint at a point 3 In (10 it) above a double-
wall core barr el. The break occurred at 29 m (95 ft)
below the hol e collar. When an attempt was made to HOLE LOGGING
core just below the casing shoe, flowing sands and
small grave l move d into the annulus between the bar- Drscriptive field Iogpng
rd and casing. thus causing an increase in torque . and The holes were logged at the time of drilling to
Iodgu~g and subsequent failure of the j oint. The cas- provide a complete description of th e mat eri al s en-
ing was cut off just above the rod break , the PVC tub- countered. These logs we re based on I) cores. 2)
ing installed , and the casing pulled. After the casing was h samp les . and 3)drillers ’ observations of pene-
was pu lkd it was discovered that the casing cutter had tration characteri s tics. Prelimina ry logs of these holes
iiot cut throu gh the casing wall, but had unthreaded were prepared by David Hopkins and David Carter of
the fi rst joint above the intended cuttin g point. The the USGS and are shown in Figure 8.
entir e casing str ing and barrel coul d have been recov- Subsamnpling of the core was also completed in
cred ii time had permitted. the field. Cores were split for deta iled ex amination

In the sec on d case, metal cut ting s from the 49-ni of en~ neertng properties , chemical analysis . dating
( l~ 2.t ,) depth indicated problems. The casing t.hr ads and paleontological examination. The cores were
had failed in the casing shoe due to hard driving condi- subsequentl y boxed and transported to one of Iwo
thins . The c as ing was cut above the problem depth, locations. CRREL in Hanover or the USGS office in
the PVC casing instalkd for thermal measurements. Menlo Park.
and the NX casing pulled. Fven though permafrost appears to exist (based on

The sands communion to the alluvial section also can the thermal data) throughout the enti re interv al in all
cause problems if drilling procedures are nut planned holes. there was no evidence of bonded peimafruct
with th is inatenal in m m d .  When drilling in advan ce of with the possible exception of the base of P8-2. This
the casing t he sands would flow and backfill the casing possibility was based on the fac t t h at in t h is /one,
as much as 4.6 rn ( IS f t ) a f  (ci the drill string had been circulation was maintained and refus al was met in at
ret racted. To ass u re an undliturhed hole bottom for tempting to advance the casing. Unfortunatel y.  it
sampling purposes it was possible to prevent return of was not poasible to obtain a sampk from this zoime.
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Only future interpretation of the temperature and
chemical data from this section wIll answer this
question. 

, 

~~~ Rod

Temperature meemerments I
On completion of a hole, a plastic (PVC) casing

was installed for thermal hogging purposes. The pipe ~, ‘

used was 5-cm (2-in.) PVC pipe in 6-rn (20.ft ) lengths.
A 3-rn (lO.ft) section of iron pipe was Installed on the
bottom to provide additional weigirt during installs. __________

tion. Each pipe section was inserted in the hole while I

the NX casing was still in place. The PVC joints were

~ued as they we re emplaced and then filled with a
non-freezing fluid to reduce bouyancy. When the S,d~ F,, cm ,o ,,

St e.,.entire PVC casing was installed the conven tional NX
casing was pulled. In no instance was the PVC casing
with drawn or damaged by the NX casing pulling
operation. I

Temperature measurements were made at these
sites by the USGS personnel (Vaugitu Marshall) using
a thermistor probe. Temperature prof iles we re oh-
tam ed alter the installation of the PVC casing and on 

___________

several occasions after the initial logging. Sites were Porns

revisited a late as early June in an attempt to establish • 
40

equilibrium profiles for each hole. Results of this
study will be covered In USGS reports.

~_ - - 2 2 5  -

CRRE L ~~NE

FIELD ACQUISITiON OF SEABED
ENGINEERING PROPERTIES ~1gwe 9. Thv.i.rng of pmbe unit

used in the study.
[
~vices for measuring in -situ engineering properties

of the subsea sediments were evaluated during the 1976 The shoulder diameter of the probe Is 5.7 cm (2.25 in.)
field season. The principal long-range benefit from and the apex angle of the cone is 60 degrees. The cone
this evaluation is the development of a method for ac- was mounted on EW drill rod, which was inside EX cas-
c~1ihng engineering data more rapidly and economical~ ing. This m inimized side friction and allowed the meas-
ly thai by drilling. Probe sound lnp were made adja- urement of point penet ration resistance alone. The
cent to all the drill sites as well as at a site near the new lower IS cm (6 In.) of the easing also had a diameter
ARCO dock (North dock). In selecting a probe , it was of 5.7 (2.25 in.) so that the side friction alone could
desired to obtain a maximum amount of data over a be measured (Fig. 9). Point penetration resistance an d

~sde range of soil types while maintaining simplicity side friction could be obtained separately by success-
aid ease of operation under Arctic sea Ice conditions. Ively advancing the point and then the casing. One
The cone penet rutneter was chosen because It appeared and a half meter (S It) lengths of rod and casing were
to otTer the beat combination of versatility, simplic ity used as basic driving components, but operation pro.
aid data prathi ction. cedures also required the use of a 0.3-rn (I-ft ) and

two 0.6-rn (2-It) sections.
Equipment The probe was advanced by two methods : I) push-

The cone penetmmeter equipment was fabricated big at a constant rate with a hydraulic ram, and 2) Im-
in the CRREL shop using some commercially available pacting with a drop hammer. The constant rate hy-
components. A loading apparatus was also conatnicted. draullc or static penet rometer system Is shown in
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biguiv 10. Static penefrumerer systent Figuir 11. Impact penetrome:er sys tent.

FIgure 10. Anchors placed in holes drilled through the rain pressure at 7.6-cm (3.in.) intervals. The ram was
ice provided the reaction force (approxim ately 5450 then retracted , 0.3 m (1 ft) of casing was added and
kg: 12,000 Ib). The ram was operated by an electri c- then advance d 0.3 m (1 It) with the ram. The ram
ally powered hydraulic pump. A han d-operated pump pressure was again recorded at 7.6-cm (3-in.) intervals.
was also available for supplementary use . The impact This process was repeated until penetration was ter-
penetro meter set-up is shown in Figure II. A 64-kg minated, in all cases because of buckling of the dou ble-
(l40-lb) tripod-mounted drop hammer driven with a walled load column. It too k about 20 minut es for
gasoline engine operated cathead was used to drive the each 0.3-rn (I-It) cycle with this prototype apparatus.
penetrometer. The Impact cone was also driven in 0.3-rn (l-ft)

increments with separate determinations of point
Procedures and side resistance. The number of blows required

To conduct the static penetration test , four holes to drive 15 cm (6 in.) was recorded . The 64-kg (140-
were drilled through the ice for placing the react ion Ib) hammer was dropped 76 cm (30 in.) at approxi-
anchors. A fifth hole was drilled for the penetrometer. mately 20 blows per minute.
The penetrometer was placed in the hole and lowe red In addition to the penetration resistance, the temp .
to the sea floor, sections of rod and casing being added n ature profile was determined by filling the bore of
a necessary. When the penetmmete r contacted the the rod with a non-freezing fluid and inserting a ther-
sea floor , connecti ons were made to the hydraulic mistor temperature probe. Normally, the temp ers.
ram aid loading commenced. The normal procedure tore in the drill rod fluid was allowed to stabilize 12
was to push the point for 0.3 m (I It), recording the hours before readings were taken.
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FIgure 12. Typical test results obtained with static and rapier probe
systems, including temperahue data h.41h depth.

Results of data remained constan t and at their lowest values
Figure 12 illustrates some typical test results for the a soft clayey silt was encountered. At approximately

cone penetrnmeter tests. The data were obtained at 10.7 m (35 It) there was a sharp increase in both the
site PS-). The depth from the ice surface to the top blow count and point pressure as sand and gravel were
of sediment was approximately 5.9 m (192 It). ~~OW encountered. Penetration was terminated at this depth
count per foot of penetration for the Impact cone and in both cases because of the high penetration resistance.
the point pressure for the static cone are plotted as a In the case of the static cone the rod began to buckle.
funct ion of depth. A strong correlation between the and in the case of the Impact cone the cou pling of
two methods can be seen with both reflecting the the drop hammer device to the rod continued to loosen.
lithcIu~ ’ observed for the dr iU hole. For instance, causing damage to the threaded connection.
initially the blow count and the point pressure both The temp erature profile at si te P5.3 is also shown
Increased as the sand became coarser and decreased as in Figure 12. The profile Is very steep, with a sl ight
liner fractions were encountered to a depth of 9.1 m warming to the Il-rn (36-It) depth. The lowest temp.
(30 1*). Between 9.1 maid 10.4 m (34 It), both ty pes eratur e observed was -P.69°C (28.96°F) at the top of
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the sediments , which is onl y slightly above the freez- LITERA’IlJRE CITED
ing point of normal sea water. At the I l.m (36-It )
dep th the temp erature was - 1 .42°C (29.44° F). It i~ 

Lewsil.n. LI. (I 913) The occurrence and charocte rla1It.~ of
n.s,shore p.rmafro.t, Northern Maska. North American

hypothesized that below this depth the tempe rature Cont rib ution to th e S.cnnd Internatio nal Perm afrost
mig ht continue to decrease, rising again above the Conf.esnc.. N.tlon& Academy of Sciences, p h i .

base of the perm afrost. L.w.hien. R I. (1975a) Driui.i ~ field note,. On file a~ U.S.
Arm y Cold Re~lore Research and En~Ineering Laborat ory .

From this study it appears that the use of the cone LewelIen . R I  (I976h) Subs., permafrost research techniques.
penetrometer to measure the prorert ies of subsea Symposium on Research Techniques In COastal Environ-

sediments from a sea ice platform is feasible and use- ments , Lou isiana State Universi ty, Baton Rou e, Louisiana.
(~ te rk wip, T.E. snd W.D. Harrison (1976) Sub,.. p.rmsfros tfliP en~ neering data can be obtained. Modifications at Prudhoe Bay, M.aka : Dt fli~~~~~~ort aqd data analysis.

to equipment an d procedures are necessa ry to increase Geophysical Inatitute Report tJ AG -R-245.

productivity. Ro~eta, J C. (1916) Beaufor t Sea aeophyalcal permafrost
studies. NOAA-BLM , OCS pro pam Research (Intl no.The static cone penetrometer is preferable to the
271, Pro~~sas Reports.

impac t penetrometer because it provides direct access
to engineering data (the penetration resistance is in
pressure units, while that for the impact cone is in
blow counts which must be correlated with laboratory
strength data). The static cone penetrometer is also
now replacing the Impact cone as the general tool for
foundation expl oration.

COST OF FIELD SUPPORT

The logistics costs for the study we re shared by the
project and the (X’S Arctic Projects Office , with most
of the support coming from the Protects Office . The
major coat was for Rolligon support in the fldd as
well as the transport of drilling equipment and sleds
from Barrow. The items liste d below indicate all the
areas in which major expenditures were made.

I. Rental of sled for houslng unit $ 8,250
2. Rental of crawler tractor from V.E

Construction 18,890

3. Equ~ ment operator for V-E t ractor/
field assistant 11 ,310

4. Reid camp, Including soils lab, gen-
erator , radio and fuel tank 7,080

5. Rolligon transport from Barrow to
PnuBrne of drilling sleds and equipment 28,340

6. Rolhlgon support in field, Induding
fud and water resupply 16 ,060

7. V-E Construction base camp costs In-
cluding fuel, room and board , labor,
sto ra~ , NOAA helicopter, aid other
items 15,000

Total $104,930
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