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PART 1, HISTORY OF THE EXPLORATION 



COMMODORE WILLIAM G. GREENMAN 

Commodore Greenman was the Director of Naval Petroleum and Oil Shale Reserves from June 1944 to December 1950 and was the officer most 
responsible for the exploration for oil in Naval Petroleum Reserve No. 4. In many ways it was his project, and the outstanding achieve- 
ments of the exploration largely stem from him. 



FOREWORD 

The Department of the Sary ,  through the Office of S : ~ r a l  
Petroleun~ and Oil Shale Reserves, carried 011 ex~~lorationa for 
oil i n  northern Alaska for 10 years beginning in 1944. The 
work was instituted to determine \vhether or not petroleum 
exists in  commercial amounts in that  part of the great Arctic 
basin in which Naval Petroleum Heserve So 4 is locatetl. It 
resulted in a partial appraisal of the oil possibilities of approai- 
mately 70,000 square miles of Arctic \vildernesr. Specifically, 
the program resulted in  the discovery of 1 niediu~ii-sized and 1 
small oil field, a gas field of major proportion, and other gas 
fields of apparently less but as  yet unknown size. 

The possibility of additional discoreries within the arell is 
beliered to be good. The Navy, a t  the present time, has %us- 
pended its search for oil in Slaskn. The search .sill be rebunled 
in the future if resumption of snch exploration by tlie Savy is 
in  the best interests of tlie Government. 

The exploration program benefitted the oil illtln*try by de- 
veloping methods for large-scale oil operations under difficult, 
and sometimes hazardous, Arctic conditions. I t  also led to the 
ga th~r ing  and interpretation of tremendous amounts of scien- 
tific and technical infori~lation concerning northern Alaska. 

The Cnited States Geological Survey, by agreement with tllc 
Office of iXaval Petroleum and Oil Shale Reserves and with 
funds provided by that  office, participated in  the exploration 
program throughout and has undertaken to correlate and pub- 
li*li the results of the program in a series of five professional 
papers dealing with the history of the project, the regional 
geology, nreal geology, geophysics, and subsurface geology of 
the area explored. 

This is the first of the five professional papers. I t  was pre- 
paretl h~ C'DII Jolin C .  Reed, USNR. Commander Reed had an 
active l ~ a r t  in the exploration program a s  a n  official of the Geo- 
logical Sur\-ey. He c3ompleted this narrative mhile on tem- 
porary duty ~ v i t h  the Navy, and, in part, on his own time. His 
entli~i*insm and interest in the project a re  reflected in  his 
present:ition. The Kavy is indebted to the Geological Survey 
nncl to ('omn~ander Reed personally for this factual and detailed 
report of the operation known a s  Pet  4. 

-1. S. MILLER 
Captain, U. S. Navy 
Director, Naval Petroleum and Oil Shale Reserves 



GLOSSARY 

Many abbreviations a re  repeatedly used in this report. For 
the most part these are  the abbreviations commonly used in the 
Navy Department. The following glossary is for use in under- 
standing the abbreviations : 

AACS-Airways and Air Coinnlunications Service, U. S. Air 
Force. 

ACS-Alaska Communication System, Signal Corps, U. S. Army. 
ADSI-Admiral. 
AFB-Air Force Base. 
AGB-Icebreaker. 
AKA-Attack cargo ship. 
ANS-Alaska Native Service, Bureau of Inclian Affairs, U. S. 

Department of the Interior. 
AO-Fleet oiler. 
AOICC-Acting officer in  charge of construction. 
APA-Attack transport ship. 
Arcon-Arctic Contractors, the prime contractor for the explora- 

tion of Naval Petroleum Reserve No. 4. 
A11L-Arctic Research Laboratory, Office of Naval Research, 

Department of the Navy. 
Arctic slope--Area north of the Brooks Range divide. 
B29-A World War 11 4-engine-type bomber aircraft. 
Barchange-Barrow exchange expedition ; the Barrow ship ex- 

pedition in 1953. 
Barex-Barrow expedition, the annual ship resupply espedition 

to Naval Petroleum Reserve No. 4. 
BuAir-Bureau of Aeronautics, Navy Department. 
BnDocks-Bureau of Yards and Docks, Navy Department. 
BuShips-Bureau of Ships, Navy Department. 
C46-A Douglas twin-engine freight aircraft. 
C47-A Donglas twin-engine passenger aircraft. Equiralerit to 

the Navy R4D, and the civilian DC3. 
C34-A 1)ouglas 4-engine aircraft. Equivalent to the cirilian 

IW4. 
C82-A twin-engine freight aircraft-the "flying boxcar." 
CSA-Civil iieronautics Administration. 
CAR-Civil Aeronautics Board. 
CDFC-Commander. 
CEC--Civil Engineer Corps, U. S. Nary. 
CINCAL-Commander in Chief, *41aska. 
CINCPAC-Commander in Chief, Pacific. 
CNO-Chief of Kaval Operations. 
CNR-Chief of Naval Research. 
CO-Cornmanding Officer. 
COM-13-Commandant, 13th Naval District, Seattle, TVash. 
COJI-17-Commandant, 17th Naval District, Kodiak, Alaska. 
COMAII1PAC-Commander, Air Force, Pacific Fleet. 
COJIALSEAFIZON-Commander, Alaska Sea Frontier. 
COJ!IFIRSTSKFLT-Commander, First Task Fleet. 
COMPHIBPAC-Commander, Amphibious Force, Pacific Fleet. 
COJIWESTSWAERON-Commander, Western Sea Frontier. 
Counterchange-Ship supply expedition to Barter Island i n  1953. 
C\VO-Chief Warrant Officer. 

VI 

D&A large tractor. 
DIRPACALDOCKS-Director, Pacific and Alaska Division, Bu- 

reau of Yards and Docks, Nary De- 
partment. 

DNPR-Director, Naval Petroleum and Oil Shale Reserves. 
LCDR-Lieutenant Commander. 
LCM-Landing craft, medimn. 
LCS-Landing craft, small. 
Linehaul-The regular contract flights in support of Pet 4 Iw- 

tween Fairbanks, Umiat, and Barrow. 
Loran-Long range radio navigation. 
LSAI-Landing ship, medium. 
LST-Landing ship, tank. 
LVT-Landing vehicle, tracked. 
mcf-Thousand of cubic feet. 
MSTS-Military Sea Transport Service. 
NATS-Naval Air Transport Service. 
NCBD-Naval Construction Battalion Detachment. 
NOL-Naval Ordnance Laboratory. 
NPR No. 4 or NPR 4-Xaral Petroleum Reserve No. 4. 
OICC-Officer in charge of construction. 
ONR-Office of Naval Research. 
Op 0303-Naval Operations, Polar Projects. 
OpNav-Naval Operations, Office of the Chief. 
PAA-Pan American TVorld Airlines. 
PAD-Petroleum Administration for Defense. 
PB4Y-Navy version of the Liberator bomber, a twin-engine 

aircraft. 
PBY-Twin-engine amphibious aircraft, Catalina flying boat. 
PBY5A-Amphibious patrol bomber. 
Pet 4-Naral Petroleum Reserve No. 4 or the Navy's oil-explora- 

tion program in Naval Petroleum Reserve No. 4 and 
adjacent areas. 

PLO-Public Land Order. 
(jnonset or quonset hut-A curve-roofed prefabricated hut. 
RADJI-Rear Admiral. 
R4D-See C47. 
RCAF-Royal Canadian Air Force. 
ROICC-Resident officer in charge of construction. 
Seabees-The personnel of a Naval Construction Battalion. 
Secnef-Secretary of Defense. 
SecXav-Secretary of the Navy. 
SIPRE-Snow, Ice, and Permafrost Research Establishment, 

Corps of Engineers, U. S. Army. 
SPAMS-Special Alaska Magnetic Survey. 
TAD-Temporary additional duty. 
UDT--Underwater demolition team. 
USAF-United States Air Force. 
USCG-United States Coast Guard. 
USNR-United States Naval Reserve. 
VADM-Vice Admiral. 
Weasel (M29C)-A light tracked gasoline-driven vehicle. 
WO-Warrant Officer. 
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EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4 AND ADJACENT AREAS, NORTHERN ALASKA, 1944-53 

HISTORY OF THE EXPLORATION 

By JOIIN C. REED, CDR, USNR 

ABSTRACT 

The exploration for oil of Kaval Petroleun~ Reserve S O .  4 
in northern Alaska from 1944 through 1953 is known a s  "Pet 4." 
This is the narrative of that  operation. This report outlines the 
background that  resulted in  the initiation of Pet 4. I t  describes 
the organization that  was constituted to carry out the project, 
the administration of the exploration, the long-range planning 
that went into it, the progress that was made in each of the 
several parts of the project, and it  finally discusses the olerall 
effort in  ternis of accomplishment of the defined objective of 
Pet 4--"To appraise the oil possibilities of Kaval Petroleuln 
Reserve No. 4 and surrounding areas." Companion reports COT er 
in  detail the several segments of Pet 4, including regional and 
areal geology, geophysicq, and subsurface geology and 
engineering. 

The Brooks Range, which is around 130 nliles wide, crosses 
Alaska from east to west somewhat north of the Arctic Circle. 
This report is concerned with the area, about 78,250 square 
miles in extent, that  lies north of the Brooks Range divide. 
About half of that  area constitutes Naval Petroleum Reserve 
No. 4. 

The Brooks Range is rugged, especially in  its central and 
eastern parts, and reaches an altitude of around 10,000 feet 
although the average altitude is much less. Sort11 of the range 
is a foothills province, which is about 20-80 miles ~ritle,  of 
moderate relief, and divided into southern, the more rugged, 
and northern parts. The altitude of the foothills province is 
about 800 feet a t  i ts northern edge and, i n  places, is as  liluc11 a \  
4,000 feet along its southern border. North of the footliills lies 
a n  extensive coastal plain that ranges up to about 00 mile5 in 
width. 

The area is  cold-the highest ~umlner  tem1)eratnre along the 
Arctic coast is often about 65" I?, and the lowest winter tenlpera- 
ture  about -65°F. The annual precipitation is about 414 inclie5 
a t  Barrow, and much of the precipitation falls a s  snow. Sorth- 
ern Alaska is windy--at Barrow the average annual relocity is 
about 11 miles per hour. Kaval Petroleum Reserve So. 4 and 
surrounding areas is underlain by permafrost ( ~ > ~ r ~ i l a n e n t l y  
frozen ground) to depths of more than 1,000 feet. Perliiafrost 
causes many problenls in  activities such a s  oil exploration. 

The report briefly outlines early explorations in the part of 
Alabka north of the Brooks Range, which began with the rojage 
of James Cook in 1778 when he sailed through Bering Strait 
and followed the Arctic coast a s  fa r  a s  Ic) Cape. h series of 
explorations by the Geological Survey began in 1023 when Snra l  
Petroleum Reserve No. 4 was established. These explorations 
continued for 4 years, and they yielded much general geographic 
and geologic information. 

The narration is  broken down into years, and the years a re  
divided by functional activities such as  general planning and 

adn~inistration, transportation, construction and maintenance, 
tlrilling, geology, geophysics, and the support of other activities 
in the area. 

On 5 February 1944, the Director of Naval Petroleum Re- 
serres initiated the action that  led to the exploration program 
of Kaval Petroleum Reserve No. 4 by sending a proposal to the 
Secretary of the Navy for exploration and test-well drilling. 
By the middle of March competent technical advice had been 
obtained, coordination had been attained in both the executive 
and the legislatire branches, and feasibility had been determined 
\vitl~in the Nary Department. On 21 March the first recon- 
naissance party went to the Reserve by air  and returned on 22 
April. The report recommended the s tar t  of a full-scale petro- 
leum exploration. Finally, on 2 June the President approved 
the project, and the exploration was launched. 

By the end of 1944 the program was well underway. No 
drilling had been done, but much information had been as- 
sembled, and a camp had been built near Point Barrow and was 
occnpied by a Seabee detachment. Air service was in operation, 
and the project was ready to proceed. 

At the end of 1943 the program was reviewed by Admiral 
Morrell, the Chief of the Bureau of Yards and Docks. Much 
had been learned about operating problems in the Arctic. The 
practicability of tractor-dran-n sled trains for hauling large 
tonliages long distances had been demonstrated. A ship expedi- 
tion was snccessfnl. Air-support problems had been resolved. 
Informati011 froin surface geological surveys, geophysical inves- 
tigations, and drilling was being accumulated and interpreted. 
I n  addition, progress had been made toward converting from a 
nar;il to a civilian-contractor operation. 

Arctic Contractors took over the operation from the Navy in 
1946 and completed more than twice the amount of winter 
freighting that  had been estimatetl. During that  year a n  air- 
borne magnetometer survey n-as completed. Air photography 
and map compilation progressed. The work of five geological 
field parties was supplemented by office and laboratory studies. 
Two seismic arid two gravity-meter parties completed their 
a4qigned tasks. The first teqt hole, Umiat test well 1, was 
drilled to 6,OO.j feet, and Umiat core test 1 was also completed. 

Much progress was made in 1947. Nore than 15,000 feet of 
drilling \\ as (lone. Winter freighting aggregated 749,000 ton 
1nile4. The ship expedition, Bares  '47 (Barrow expedition, 
1947). brought in 20,000 tons of supplies and equipment that  
were offloaded in 6 days. The understanding of the regional 
geol(,gy cleveloped substantially. 

Effcrts expended in 1047 on projects other than the program 
itself was almost half the total effort. Chief of these was the 
construction by Arcon (Arctic Contractors) of facilities, in- 
cluding a large steel tower, related to an Army Loran (long 
range radio navigation) net. At the end of 1947 the operating 
committee, organized to advise on policies and procedures, recom- 
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mended continuation to a t  least 1952 and indicated that addi. 
tional funds would be required. 

By 1948 the results accumulating since the s tar t  of the pro. 
granl in 1944 were supplying a n  ever-increasing and ever- 
improving background of coordinated data for use in  exploration. 
During the year a test hole, Simpson test well 1, was drilled to 
the basement rocks in the Cape Simpson area, and a n  encourag- 
ing stratigraphic test had been drilled in  the Barrow area. The 
organizxtion continued to support many other activities, largely 
on a repay basis, that otherwise could not have gone on. 

Sbout $7.5 million, including funds received for services per- 
formed for other activities, were expended in 1949. The average 
number of contractor employees during the year was 528. 
Among the notable accomplishments of the year were winter 
freighting aggregating 1.3 million ton-miles ; much progress in  
the design of heavy-rig foundations ; the completion of South 
Barrow test well 2 a s  a gas well, thus bringing gas t o  the 
Barrow camp ; the establishment of hulk fuel storage a t  Barrow ; 
and success in the use of LVT's (landing vehicle, tracked) and 
boat freighting within the Reserve. 

I n  1950, drilling aggregated 36,000 feet a t  16 sites. Five 
seismic parties, one gravity-meter party, and seven geologic 
parties were maintained. Both Umiat and Simpson showed 
possibilities of major discoveries of gas and oil. I n  1950 the 
program was executed more economically than ever before, and 
i t  was possible to carry on the work planned for about $900,000 
less than originally estimated. 

The program was hampered in 1951 for a considerable time 
because of doubt a s  to whether or not i t  was to continue, but 
finally the decision was made to go on. Freighting by sled train 
totaled 1,860,194 ton-miles, and drilling a t  20 sites aggregated 
47,710 feet. I n  1951 a small oil field a t  Cape Simpson was 
proved; the Umiat field was better defined; and much was 
learned about producing oil from such a n  anticline. The field 
was estimated a s  containing between 30 and 100 million barrels 
of recoverable oil. The Gubik anticline was proved to contain 
large quantities of gas. 

In 1952 only 15,142 feet of hole was drilled a t  4 sites. The 
reduction in drilling was to conserve fuel for the drilling of two 
deep tests i n  1953. Barex '52 brought 20,980 tons to Barrow in 
4 ships. Winter freighting totaled 2,411,865 ton-miles a t  a cost 
of $709,000. 

I t  was decided to recess the exploration in 1953, and selected 
equipment was moved to central points for inventorying, ~ t o r -  
ing, and packing for return shipment. No drilling was done, 
but geologic and geophysical work was continued to logical 
stopping points. The recessing was accomplished satisfactorily. 

I t  is estimated that  in  the 10 years of exploration the goal 
of the project was essentially attained in the half of a 
broad coastal-plain belt along the Arctic Ocean and that  the 
possibility of that  area containing important oil accumulations 
is poor although it does contain a substantial amount of gas. 
The eastern half of the coastal plain is less well known and for  
appraisal would require a little more geologic work, geophysical 
snrveying, and a t  least two test holes. 

The western half of the lower foothills, which lie adjacent 
to the coastal plain on the south, is known to contain medium- 
sized and small oil and gas fields. More geophysical surveying 
and drilling are  needed in that  area before a reasonable ap- 
praisal can be made. The eastern half of the lower foothills is  
not well known. More geologic mapping, geophysical work, and 
a t  least three test wells would be needed for any reasonable ap- 
praisal of oil possibilities. 

The oil possibilities of the higher foothills that  lie still farther 
south a re  unknown. Geologic surveys, geophysical Surveys, and 
drilling a r e  needed for appraisal although some anticlines have 
been mapped geologically in  some detail. 

At the close of Pet  4 i t  was estimated by the contractor that  
3-5 additional years of exploration would be required to attain 
fully the defined goal. 

INTRODUCTION 

This is the history of the Navy's exploration of the 
oil possibilities of Naval Petroleum Reserve No. 4, 
Alaska. I t  is a story of extraordinary integration and 
coordination between industry and a variety of Fed- 
eral organizations. It recounts an important chapter 
in the history of oil exploration and in the development 
of the North American Arctic. Through planning, 
patience, and rugged determination, Pet 4 proved that 
the rigors of the Alaskan Arctic can be met and subdued 
at any season for indefinite periods by substantial num- 
bers of men who, a t  the same time, can effectively carry 
on complex and difficult technical operations. 

While the goal of the exploration was the gaining of 
all possible information on the oil possibilities of Naval 
Petroleum Reserve No. 4., an area as large as Indiana, 
the effort has also yielded a wealth of information and 
experience in arctic know-how that may well be of in- 
estimable value to the military departments. The fact 
that an extensive program was going on and the pres- 
ence of the facilities that were established to carry it 
on made many other activities possible in that region 
that otherwise would have been prohibitively expen- 
sive. 

I n  the last analysis the exploration can, of course, be 
best appraised in terms of the men who carried it out. 
There were many of them, outstanding men for the 
most part, representing the Navy, the oil industry, and 
civilian Federal agencies. But among them all, what- 
ever his station or position in the organizational chart, 
one man stands out for his burning enthusiasm for the 
project, for his courage and indomitable will to get on 
with the job, for his organizational and administrative 
ability, and for the loyalty and respect that he com- 
manded from all connected with the program-Com- 
modore William G. Greenman, Director of Naval 
Petroleum Reserves, from June 1944 to December 1950, 
throughout most of the span of Pet 4. 

This is the first of a series of five general reports on 
the exploration. The other parts summarize special 
aspects of the program comprising "Part 2, Regional 
Geology"; "Part 3, Areal Geology"; "Part 4, Geo- 
physics"; and "Part 5, Subsurface Geology and Engi- 
neering Data." This part attempts to integrate all of 
the diverse segments of the program into a sequential 
narrative not only of what went on, but also why, and 



INTRODUCTION 3 

the implications of the results. Finally, i t  attempts to 
distill from the vast mass of material available an 
analysis of what is now k n o \ ~  of Naval Petroleum Re- 
serve No. 4 in terms of its petroleum potentialities. 

So far  as is known, the first white man to see the large 
oil seepages near Cape Simpson was Alexander JIalcolin 
(Sandy) Smith, who is said to have "discovered" the 
seepages in 1917. A few years later, in 1921, Harry  A. 
Campbell reached the seepages and examined thenl in 
the interest of a private company. Two groups of oil 
claims were staked a t  that  time. 

The oil age was approaching. World War  I had 
shown that our Navy would require inmense quantities 
of petroleum products; so, in February 1923, President 
Harding issued an Executive order establishing Naval 
Petroleum Reserve No. 4 (pl. 1 )  in Arctic Alaska in an 
effort to provide such products when and if needed. 

According to Smith and Mertie (1930, p. 1 )  : 

Oil had been reported at a few places near the coastal portion 
of this tract, but concerning most of the inland parts practically 
nothing was known. The responsible naval officials decided that 
for the proper administration of this newly created reserre the 
first thing necessary was adequate geographic and geologic 
knowledge of the tract. The Bureau of Engineering of the Navy 
Department therefore invited the Geological Surrey of the 
Interior Department to examine and report upon the area and 
financed the beginning of this work. 

During the following 4 years, 1923-26, the Geological 
Survey sent exploratory geologic and topographic 
parties into the reserve, and the broad outlines of tlle 
general geology and topography of the area were 
worked out in  a reconnaissance fashion. That  work 
formed the geologic base on ~ ~ h i c l i  the exploration de- 
scribed in this report was built. 

Prom 1926 until 1943 Naval Petroleum Reserve Xo. 4 
received little specific attention in  the Navy Depart- 
ment. The outline of the geologic pattern was k~lomn 
from Geological Survey Bulletin 815, which was pub- 
lished in  1930, but there was no shortage of petroleum 
products for either the Navy o r  the industrial economy, 
and northern Alaska, f a r  away and fronting on the 
Arctic sea, was of no immediate concern. 

However, World War  I1 was in the making, ancl in- 
ternational unrest was growing. Finally, aloilg \~-ith 
most of tlie rest of the world, the United States was 
plunged into the conflict both in  Europe and in tlle 
Pacific. This was a different type of mar-mechanizecl 
beyond previous imagination and requiring almost un- 
believable quantities of petroleum products. ,%long 
with this came the shortening of global distances as 
better, faster, longer range aircraft were developed. 

The whole pattern was such that  there was need for 
a more complete knowledge of the petroleum poten- 
tialities of Naval Petroleum Reserve No. 4. Specul. A, t '  1011 

about the Reserve and its possible petroleum resources 
took account of several possibilities-if tlie area con- 
tained large oil reserves, perhaps i t  would be possible 
to pipe the crude oil to  the Pacific coast for shipment 
outside Alaska ; maybe i t  should be refined in northern 
Alaska; possibly i t  could be used for Alaskan needs 
only, thereby saving the cost of transporting petroleum 
to Alaska; refining in the Reserve might provide prod- 
ucts to supply bases in the Arctic; perhaps the oil would 
be refined in central Alaska or on the Pacific coast of 
Alaska and distributed from there. 

I n  view of the general tightening of the petroleum 
situation in the early years of World War  11, attention 
\\-as turned toward Alaska and its possibilities for even- 
tually contributing substantial quantities of oil. On 22 
January 1943 the Secretary of the Interior issued Public 
Land Order 82, which withdrew from entry, subject to 
preexisting rights for use in the prosecution of the war, 
all the generally recognized possible petroliferous parts 
of Alaska including all of Alaska north of the drainage 
clivide of the Brooks Range. (See pl. 1.) 

Finally, on 30 March 1943 L T  W. T. Foran, a Naval 
Reserve officer, a geologist in civil life, and a strong 
believer in the potential petroleum possibilities of the 
region, prepared a memorandum for R. W. Coghill, 
petroleum consultant for the Bureau of the Budget, in 
~vhich he set forth some of the reasons for taking a more 
careful look a t  Naval Petroleum Reserve No. 4. Lieu- 
tenant Foran had been a member of some of the Geo- 
logical Survey parties that had explored in the Reserve 
in the 20's and hence was familiar with the area and the 
broad outlines of its geology. 

Late in the summer of 1943, the Bureau of Mines sent 
a. party into northern Alaska to investigate the known 
petroleum seepages and to check on the existence and 
nature of other reported seepages. This expedition was 
dispatched because of the increasing interest in the oil 
possibilities of Arctic Alaska, including the Petroleum 
Reserve. The party traveled by bush plane, piloted by 
veteran Alaskan bush pilot Sig TVien, and in addition 
to an Eskimo guide, Simon Paneak, from the native 
group a t  Chandler Lake, included Norman Ebbley, Jr., 
of the Bureau of Mines; Capt. H. F. Thomas, of the 
Army Engineers; and H. R. Joesting, of the Alaskan 
Territorial Department of SIines. The group visited 
the known seepages, including those at  Cape Simpson, 
and were taken to others apparently not theretofore seen 
by white men, including three small seepages near the 
present location of Umiat on what is now known as the 
Umiat anticline (U. S. Bur. of Mines, 19-14). 

Lieutenant Foran's memorandum to Mr. Coghill, as 
\\yell as other recommendations, were carefully con- 
sidered by the Navy Department; and after integration 
of plans with the Department of the Interior, the deci- 
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sion was made in the winter of 1944 to send a small 
reconnaissance party to the Reserve. That decision 
had the personal concurrence of President Roosevelt. 
Lieutenant Foran was placed in charge, and the party 
left Washington, D. C., on 16 March 1944 and returned 
to Seattle on 21 April 1944. 

During the interval the party saw many parts of the 
Reserve. Lieutenant Foran's report wm favorable and 
among other things concluded that "A petroliferous 
area of indicated major importance exists within the 
confines of Naval Petroleum Reserve No. 4." At the 
same time, the report recognized that the determination 
of the potentialities of the Reserve could not be of 
much, if any, assistance in the winning of the war in 
which the nation then was engaged. The departure of 
Lieutenant Foran's party in March 1944 was really the 
birth of the exploration program that soon came to be 
known to those familiar with i t  as Pet 4, the same abbre- 
viation that is commonly used for Naval Petroleum 
Reserve No. 4. 

Pet  4 continued from that time, March 1944, for al- 
most 10 action-packed years of petroleum exploration. 
I n  recounting the progress of any long-range program 
in the far  north, the normal way to divide the story 
is by years-each year being made up of what went on 
during each of the two totally different seasons. That 
method is used in this report. From freezeup through 
the long dark winter until breakup, conditions and 
methods of the whole pattern of living and working 
bear little resemblance to activities in the brief, wel- 
come Arctic summer. 

The story of Pet 4 is further divided by functional 
activities. Primarily, of course, Pet 4 was a petroleum 
exploration venture, and many of the activities are the 
normal subdivisions of any such exploration. Among 
these are geological activities, geophysical exploration, 
drilling, and recovery. Other activity subdivisions 
have to do with living and general operations; here be- 
long such subjects as transportation, equipment, fuels 
and lubricants, food, airfield construction and mainte- 
nance, camp construction and operation, and clotl~ing. 
Some subjects are included because Pet 4 was a Federal 
venture under the control of the Navy Department. I n  
this group are treated the administrative organizational 
patterns, internal Navy Department relations, contacts 
with tlie Congress, relations of the Navy to the con- 
tractors and subcontractors and to other Federal agen- 
cies involved, fiscal affairs, and a variety of other 
matters. 

Pet 4 started as a Naval Construction Battalion oper- 
ation, but with the end of the war, followed by the gen- 
eral rush toward demobilization, it was decided to 

change as rapidly as possible to a civilian contract 
operation. 

Pet 4 was recessed in the fall of 1953. The program 
had been successful in yielding a wealth of technical 
information sufficient for a partial appraisal of the pe- 
troleum reserves in large parts of the area. These 
reserves are substantial and under appropriate economic 
conditions may well justify eventual development. 
Furthermore, development and use may be justified if 
military strategy requires petroleum products in quan- 
tity in the North American Arctic. The facts of geog- 
raphy make tliis eventuality a definite possibility. It 
is apparent that the same factors that make both diffi- 
cult and expensive the movement of petroleum from 
Naval Petroleum Reserve No. 4 to larger markets also 
make the taking of petroleum products to that area 
extraordinarily costly. 

An outstanding product of Pet 4, as already briefly 
mentioned, has been the acquisition of a vast store of 
know-how in Arctic operations in many fields. Much 
has been learned, for example, about providing liveli- 
hood and livable working conditions for substantial 
numbers of men previously inexperienced in the Arctic 
and about transportation of personnel, equipment, and 
supplies in summer and winter by water, air, and land. 
Overall, tlie whole experience of Pet 4 was notably 
successful. 

ALASKAN ARCTIC 

To assist i11 understanding Pet 4, a. brief summary is 
given here of the physical environment under which 
i t  was carried out. Pet 4 must be described against the 
background of location, terrain, and climate and some 
of their physical results such as salt- and fresh-water 
ice, vegetation, and permafrost. Methods of dealing 
with tlie environment in an oil exploration program 
were unknown before the program started. These 
things had to be learned as the project proceeded. In  
general, they were learned expeditiously and well, al- 
though at tlie expense of some efficiency, especially in 
the earlier years. To be sure, the area, especially the 
coastal regions, had been inhabited sparsely by the Es- 
kimo. So too the Arctic Ocean had been partly known 
to explorers and traders since t,he early whaling days. 
A few traders had lived for short, and a very few for 
longer periods, along the Arctic coast. A handful of 
explorers, some of whom were trained scientific ob- 
servers, had traversed the region of Pet 4, and their 
work had been well documented. 

I n  general, though, the region was very little known, 
and nothing whatever existed as a body of facts on 
which to base the planning for the support of several 
hundreds of men and for carrying on drilling and other 
aspects of a major oil-exploration program. 
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Prom east to west across the main body of Alaska 
north of the Yukon River basin and north of the Arctic 
Circle stretches the Brooks Range. (See pl. 1.) This 
Arctic mountain chain is generally considered the 
northwestern extension of the Rocky Mountain System 
of Canada and the United States. Tlle Brooks Range 
averages perhaps 150 miles in width and is succeeded in 
turn on the north by a broad foothills region, sho\~11 as 
the Arctic foothills on plate 1 and by a wide coastal 
plain, shown as the Arctic coastal plain on plate 1, 
sloping gently to the Arctic Ocean. The area north of 
the drainage divide constitutes about 76,250 square 
miles, about 37,000 square miles of which is included in  
Naval Petroleum Reserve No. 4. The Reserve includes 
parts of all three of the geographic divisions mentioned, 
but most of it is par t  of the Arctic foothills and tlie 
Arctic coastal plain. 

The Reserve boundary exteilds due south from Icy 
Cape on the Arctic coast a t  approximately longitude 
162' W. to the drainage divide of the Brooks Range a t  
about latitude 68'30' PIT. Thence i t  follows the divide 
eastward, and a little south to about longitucle lSGOIO' 
TIT., where the boundary turns due north ancl extends 
to the north bank of the Colville River ancl from there 
follows that  bank of the river to its mouth a t  approx- 
imately 70°25' N. latitude, 151'20' W. longitude. 
Within these boundaries are about 37,000 square miles of 
Arctic terrain inhabited by some two thousand n a t i ~ e  
Eskimos, most of whom live along the coast, \\-it11 more 
than a thousand in the village of Barrow. There are 
only a handful of white inhabitants. 

TOPOGRAPHY 

BROOKS RANGE 

The Brooks Range (see fig. 1) forms a great wall 
across northern Alaska and constitutes an effective bar- 
rier between the Alaskan Arctic to the north and the 
better known, somewhat more inhabited subarctic 
Yukon basin to the south. The Brooks Range, named 
for Alfred H. Brooks, former chief of the Alaskan cliri- 
sion of the Geological Surrey, is not a single, well- 
defined range but rather a group of mountain ranges 
and mountainous areas to some of \\-hich specific n:lnles 
have been given although these names generally clesig- 
nate broad areas without precise boundaries. (See 
1 .  1 .  Among them are the DeLong JIountaiils to- 
ward the western end of the range, the Endicott Jloun- 
tains in  the vicinity of Anaktuvuk Pass, at  about longi- 
tude 151' W., the Philip S. Smith Mountains east of the 
Endicotts, and the Franklin and Romanzof Mountains 
toward the east end of the range in Alaska. 

According to Smith and Mertie (1930, p. 34) : 

Scenically the Brooks Range is extremely attractive because 
of its sculpture, which has produced ragged mountain masses 
interrupted by steeply trenched or glaciated opened-out valleys, 
but when compared with many other mountain ranges the 
Brooks Range is relatively low. 

Taken as  a whole, the a\-erage height of the summit of the 
Brooks Range from the meridian of the headwaters of the 
Sniuk eastward to the limits of the mapped area (the vicinity 
of Anaktu~uk Pass) is probably between 6,000 and 7,000 feet. 
From the Aniuk westward the highest parts of the range prob- 
ably have an average elevation between 3,500 and 4,500 feet, and 
in the extreme western part, near the coast, the highest pealrs 
stand less than 3,000 feet above the sea. 

Eastward from Aiiaktuvuk Pass the range is some- 
what higher, and the loftiest, general area is in the 
Ronianzof Afountains near the 144th meridian, not f a r  
west of the Yukon-Alaska border, ~vhere Mounts 
Chamberlin and Michelson rise probably to between 
9,000 and 10,000 feet. 

Tlle main border of the range on the north side is 
rather abrupt, so that  the mountain mass stands out 
conspicuously. East of Anaktuvuk Pass the northern 
front is progressively farther north; consequently, the 
footllills and coastal plain become narrower east of the 
Reserve. This northward progression is most conspicu- 
ous between the head of the Sagavanirktok River and 
the C':lnninp River, and the coastal plain disappears en- 
tirely a short distance east of the area shown on plate 1, 
so that the narrower foothills province abuts the Arctic 
Ocean. 

I11 detail, all but the \restern par t  of the range is ex- 
traordinarily rugged. Local relief is great, and the 
ragged and sharp crests and slloulders are accentuated 
by the absence, or a t  least, the sparseness of the 
veget a t '  1011. 

The range is transected by low, rather open passes. 
The easternmost and best kno~~11  of the passes is 
Anaktuvuk, a t  about the longitucle of the eastern limit 
of the Reserve. That  great trench, with several sharp 
bends or  angles in its plan, connects the John River ( a  
tributary of the Iloyukuk) on the south with the 
Anaktuvuk ( a  tributary of tlie Colville) on the north. 

ARCTIC FOOTHILLS 

Tlle Arctic foothills make up a belt of treeless rolling 
country and mountains of illoderate relief, north of the 
Brooks Range and south of the Arctic coastal plain. 
The belt extends along the entire north side of the 
Brooks Range centering approximately along latitude 
69" K. Tlle footl~ills range in  width from about 20 
miles near the Canadian border to about 80 miles in the 
vicinity of the Colville River. The altitude of the foot- 
hills is about 600 feet along their northern edge and in 
places as much as 4,000 feet along their soutliern border 
against the north front  of the Brooks Range. The  
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southern border is abrupt against the range to tlle south. 
The northern limit is less distinct, ancl in places the 
transition to the coastal plain must be clra~vil sonie~vl~at 
arbitrarily. 

The Arctic footliills prorince is diridecl illto a south- 
ern foothills (fig. 2) and a nortliern footliills (fig. 3) 
part. The former is more hilly, local relief is greater, 
and the general altitude is higher. I n  tlle nortl~ern 
foothills the local relief exceeds a tlionsantl feet in only 
a few places. Both parts are cllaracterized by loilg 

Frou~~n: 2.--A\rr;1 of C O I I I D ~ P X  geology 11~ilr the  11ei~ll of t l ~ v  I l , t l i tv i l i  1:iver 
in the soutlrern foothills part of the Arctic f o o t l ~ i l l s  1 ) r t t r i n r f ~ .  Local 
relief is about 1,000 feet. Tightly compressed folds are c u t  by both 
thrust and normal faults. 

parallel ridges and valleys paralleling the 
mountains to the south. Extensire interstreaai plains 
and flat divides are common. 

ARCTIC COASTAL PLAIN 

The Arctic coastal plain is an extensire, i~loilotollous 
tract (see fig. 4) bet\veen the Arctic foothills ailcl the 
Arctic Ocean. (See pl. 1.) On tlie west i t  tapers aiid 
disappears a t  Cape Beaufort west of the Reserve, and 
on the east i t  narrolrs and virtually disal~pears a little 
east of tlie area sllorvn on plate 1. Between its extremi- 
ties the plain is widest south of Barrow 1%-hence i t  ex- 
tends about 90 miles to the edge of the foothills. It 
narrov-s to about 50 miles in the vicinity of the Colville 
River along the eastern border of the Reserve and 
still farther east a t  tlle liead of tlie Rtrparuk River again 
IT-idens to 70 or 80 miles. 

As aptly described by Smith (1930, p. 48) and RIertie : 
Perhaps the most striking characteristic of the coastal plain is 
the uniformity and monotony of its landscapes. Except for 
minor details, i ts appearance is everywhere the same. I t s  slol~e 
is so slight that  i t  appears to stretch away to the horizon a s  a n  
endless flat. Prominent landmarks a re  entirely absent. Owing 
to its featurelessness even minor elevations such as  sand dunes 
10 feet high appear to be notable proriiinences * * *. Over these 

plains the winds sweep with unbroken severity, and the traveller 
caught in the sudden storms that a r e  common in the winter 
finds i t  next to impossible to get any natural shelter. I n  snm- 
mer the poorly drained tracts of upland afford only spongy 
footing, which makes travel laborious and slow, and lakes and 
deep sloughs necessitate circuitous deviations from direct 
courses. 

DRAINAGE 

I11 this section are described briefly some of the drain- 
age features froill within the Brooks Range northward 
across a part  of the range, the Arctic foothills, and the 
Arctic coastal plain to the Arctic Ocean. This includes 
all of Naval Petroleum Reserve No. 4 as well as exten- 
sire tracts both to the east and to the west of the Re- 
serve. An outline is included of some of the glacial 
history because of its profound effect on the character 
of the valleys, but no attempt is made to treat exhaus- 
tively the origin of tlle drainage, the geomorphic his- 
tory, or the glaciation. 

BROOKS RANGE 

lJ7it11 the uplift of the Brooks Range, drainage was 
established down the slopes both northward and south- 
ward. This \)-as across the dominant structural fea- 
tures, and concomitantly with the main cross-structure 
drainage, side drainages began to develop under the 
control of softer or more fractured layers in the rocks 
and along lines of structural TI-eakness. The  valleys 
are deeply incised. Valley slopes are very steep and 
rugged, and the divides are generally sharp and craggy. 
(See fig. 1.) Tlie streams draining northward burst 
abruptly from the mountains to enter the Arctic 
foothills. 

Jfajor ~~~~~~~~~~ard-flowing rivers that rise in the range 
include, from west to east, the K u k p o ~ ~ ~ r u k ,  entirely 
west of the Reserve; the Kolrolik and TJtukok, which 
clrain large areas in the western par t  of the Reserve 
but enter the ocean west of the bolmclary ; the Nuka, 
Riligwa, Icuna, Ipnavik, Etivluk, Icurupa, Oolamna- 
gavik, Killik, Oliokmilaga, Chandler, Siksikpulr, Anak- 
tuvuk, Nanushuk, and Itkillik, all tributary to the 
Colville River; and still farther east, the Kuparuk, 
Sagavanirktok, Shaviovilr, Canning, and a few shorter 
rivers where the range is close to the Arctic coast not fa r  
west of the Canadian boundary a t  tlie 141st meridian. 

Although the Brooks Range was extensively glaciated 
in Pleistocene time, the ice was never as widespread as 
i t  was in the Alaska Range, and some of the coastal 
ranges of Alaska much farther south. This was because 
of the sparse precipitation during Pleistocene time and 
continuing into the Recent. I f  there were enough snow- 
fall, the Brooks Range today would be a vlacial area -. indeed. As i t  is, there are only a few, relatively small 
glaciers in the whole range, and none of them extend 
into the footllills north of the range. 
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The I'leistocene glaciers had a profount1 effect on 
topography of the range, and the deposits left are im- 
portant valley features both in the ralleys ~~- i t l l in  the 
mountains and in and near the ralleys of the Arctic 
foothills. TVitll the recession of the glaciers, tlle ralleys 
that they had occupied were left with an a~sortment  of 
glacial and glaciofluriatile deposits. Sonle of these 
deposits dam the drainage, forming extensi~e lakes 
both within the mountains and to some extent in tlle 
adjacent foothills. Among the more notable of these 
lakes are Chandler Lake, near the head of the Chandler 
River, and Lakes Peters and Schracler, on one of the 
tributaries of the Sadlerochit River near longitude 
145" TV. Within the range the glacial valleys are gen- 
erally broad, flaring, and flat floored. Streams in un- 
glaciated valleys hare steeper gradients ancl nilnch nar- 
rower valley bottoms. 

The broad passes through the range, of 1vllic11 there 
are several west of Ailakturuk Pass, are consl~icuous 
glaciated trenches. 

The inain ralleys are broacl and flat in cross section 
except in the occasioilal canyoillike narrows. The 
streanls themselves hare moderate gradients, are gea- 
ernlly braided, and hare a wide fluctuation in flow. 
Consequently, bare or 11-illow-corered bars and islancls 
are very coinn~on. 

By far  the most important river of the foothills is 
the Colrille ; in fact, i t  is the largest and most significant 
drainage feature north of the Brooks Range. (See fig. 
5 . )  It rises in the southwest part  of NPR 4 and flows 
generally a little nortll of east to a little below Umiat 
near the southeast corner of the Reserve where it turns 
abruptly northn-arc1 near tlle norther11 edge of the foot- 
hills province. The east]\-ard-trending part  of the 
Colville basin is probably broadly controlled by the 
nnderlying structure. I n  that part of its course, i t  col- 
lects all the streanis already mentioned that issue fro111 
the Brooks R:tnge between the Nuka and the Chandler. 
Tributary to the Colville from the nortll are the east- 
ward-flon-ing Awunn River and several smaller streanls - 

sllcll as Prince Creek. 
ARCTIC FOOTHILLS Dur-ing the exploration the Colrille and many of its 

MTithin the foothills the larger streams are incisecl a major tributaries were traversed by small portable, 
few hundred feet below the snrronndiiig country. sectionized, or other types of knock-down boats. Also 
Those issuing from glaciated ralleys in the motultains the rivers, lakes, and bars were commonly used for 

landing sillall float or  wheel-equipped planes. 

~ T ' J G I - I ~ F ;  Z.-l-ie>\v ~ : ~ . t t v : ~ r < l  0<,1rn Clie L'olx-ille Ril-1.r i'ron~ ;I ] t ( - , i r l t  : I I M , I I ~  

over the Unriat airtield. Umiat JJountain is in center distance. 
Bush plane on floats is taking off from river near md of weasel 
road from the camp to the river. Photograph by U. S. Xavr. 

generally cross one to several moraines in series of 
bouldery rapids where for  a few miles the gradients are 
somewhat steeper than elsewhere. The main streams 
coiltinue to cross the major structural trends and in 
many places expose well the bedrocks where the streams 
impinge against the hills between tributaries. The 
tributaries are largely controlled by the structure. 

ARCTIC COASTAL PLAIN 

The streanls are ~llilllow a i d  sluggish where they 
cross the Arctic coastal plain. They flow in contorted, 
com~>lrx c1l:uiiiels a121011g and through the thousands of 
shal lo\~ lakes. Northm~ard from the foothills the Col- 
rille ~narlcs the eastern bounclary of the Reserve, and 
two rivers that rise near the north eclge of the foothills 
enter i t  froin within the Reserve. These are the 
liogosnkruk ancl the Icikiakrorak. From the east enter 
the Ainakt~~vnlc,  the Chandler, and the Itkillik Rivers. 
The Colrille flows into the Arctic Ocean across a broad 
tleltn, and the Itkillik joins i t  near the head of the delta. 
Froln the ,inaktnvuk clownstream to below Sentinel 
Hill, the Colrille f l o ~ ~ s  along a series of bluffs up to a 
hundred or so feet high on t l ~ e  west side. but east\\-ard 
the flats extend for many miles. Major streams rising 
in the foothills and traversing the coastal plain in the 
lieserre iilclude the Ikpikpuk, Ou~nalik, Topagoruk, 
AIeade, and I ink Iiirers. Most of them have one or 
niore named tributaries, and the Chipp River is a west- 
\\*ard distributary of the Ikpikpuk. 

Lakes are so nunlerous that  in many places huge 
areas contain fa r  more water than land. The lake 
shores are con~inonly low bluffs a few feet high, but 
niany lake edges are indeterminate-so gradually does 
the water give \ray to SIT-amply tnndra. Over large areas 
the lakes are elongate and are markedly oriented 
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N. 12" IT., or thereabouts. These lakes have been de- 
scribed by Black and Barksdale (1949, p. 110), but 
their origin is not clearly understood. It seems clear, 
however, that they are the result of lack of underground 
drainage because of the frozen ground, the almost com- 

a ion. plete flatness of the terrain, and the tundra veget t '  
Explanations of their orientation include past and pres- 
ent prevailing wind directions, original slope, and the 
direction of the most direct sun rays during the sum- 
mer. The largest lake on the Reserve is Tesllelrpuk 
Lake, near Smith Bay. The lake is approximately 23. 
miles long. 

Within the Reserve, major indentations of the coast 
from east to west include Smitlz Bay, Dease Inlet and 
its wider head called Admiralty Bay, Peard Bay, and 
the estuary of the ICuk River, which is almost entirely 
blocked at  its entrance but which is nearly 30 miles long 
and up to about 5 miles wide. 

A t  many places the moilotonous coastal plain passes 
very gently beneath the ocean, so that the profile is 
scarcely broken. Elsewhere the shore is marked by low 
almost vertical bluffs up to about 25 feet and in a very 
few places as much as 50 feet high. 

Off much of the shore lie long and narrow barrier 
bars and islands made up of sand and gravel. Sonie of 
these are tens of miles long. Many of them are fes- 
tooned from one headland to the next, and behind them, 
enclose wide, shallow lagoons and bays protected from 
the outer, rougher water and shoving sea ice. These 
inshore waterways are the first to open in the spring 
and offer a means of water transportation to natives in 
oomiaks and other small craft long before the ocean 
itself opens. 

I n  general, the water off the Arctic coast of -1lnska 
is rather shoal for  considerable distances. There is 
virtually no tide along the coast of the Reserve ; at  most 
i t  amounts to a few inches. Of much greater signifi- 
cance relative to the ocean level is the effect of the wind, 
which sometimes changes the level more than 2 feet. 

Mostly, the direction of ocean currents along the coast 
southwest of Barrow is northward, but the det a1 '1 s are 
not yet known. This fact is of great importance to 
navigators because the currents control the movements 
of floating sea ice. It is often unsafe for ships to follow 
leads opening northward because of the ever present 
danger of the ice closing in behind, thus blocking escape. 
On occasion these currents are extraordinarily sn-ift, 
sometimes several knots, and large floes and ice packs 
may change position rapidly. 

The two outstandiilg annual events of Arctic Alaska 
are the opening and closing of the ocean. Fo r  a few 
weeks in late summer, the sea is open for navigation. 
After breakup, the sea can no longer be used for travel 

by clop sled or other orer-ice vehicles. There is also 
:I period \\-hen the sea is freezing (luring which the ice 
is too abundant to perilzit the use of boats and too weak 
for  safe overice movement. 

Commonly, the sea opens from the south toward tlie 
north and closes in the opposite direction. A t  no time 
is the main ice pack many miles off the coast although 
i t  nlay be out of sight for ~ ~ e e k s .  There is always dan- 
ger of the pack moving in s\\.iftly and unexpectedly. 
Ordinary s l ~ i p  ilavigation to Barrow is possible from 
early August to about nzid-September, but there are 
11-icle annual variations. Shore leads are common over 
a larger span, during which tiilies, wit11 care, small craft 
nlav be used inshore especially in the lagoons and other 
stretches behind the barrier islands. 

During Pet 4 the Barrow ship expeditions (Barex) 
reached Barrow early in August of each year, begin- 
ning ill 1944, and departed by mid-August or as soon 
as unloacling IT-as completed. 

CLIMATE 

The clin~ate of Sa ra1  Petroleuni Reserve No. 4 is 
coltl. but ontcloor activities can be performed through- 
out tlie year, except for short periods of high wind or 
storin. providing a person is in good pllysical condition, 
we11 fed, and supplied with sufficient appropriate cloth- 
ing. I n  fact. the ten~perature cutoff point for  effective 
opert~tions is frequently the effect of lo\\- temperature 
on equipment rather than on humans. JIucll has been 
leanled abont ~riizterizing eqnipinent for  use in very 
cold weather. 

The three principal weather factors a t  any locality, 
inclucling Arctic Alaska, are temperature, precipitation, 
and ~ ~ - i n d .  I n  considering each of these i t  is necessary, 
in order to gain a reasonably correct impression, to ap- 
praise not only averages but also maxima, minima, and 
distribution in time. 

TEMPERATURE 

Tlie maximun range of temperature nlay comrno~ily 
be abont 130°F along the Arctic coast. Precise data 
are not available except for a very fen- localities such 
as a t  Barro\v, but precise data are not necessary in this 
story of Pet 4. Generalizations are just as useful in  . . 
glring a correct ~ n d e ~ s t a n d i i l g  providing, of course, 
that the generalizations are accurate. 

The highest temperature in summer along the coast 
often is abont the same number of degrees above 0 ° F  
as the lowest temperature in winter is below 0" ; that is 
roughly 6 5 O .  The summers are short, however; and i t  
is not unusual for the temperature to rise above the 
freezing point only occasionally from October through 
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May. The temperature is likely to drop below freezing Smith and Mertie might have added that the dense, 
a t  times during even the summer months. matlike but low tundra vegetation over the whole area 

The ocean has a sonie\vhat moderating effect on the and the very gentle gradient of tlle coastal plain both 
temperature, and extremes are believed to be both tend to slow down surface runoff very markedly even 
higher and lower ouly a short distance away from the during the few months when the ground surface is 
coast. unfrozen. 

PRECIPITATION WIND 

The area north of the Brooks Range is arid. At  Bar- 
row the mean annual precipitation is recorded by the 
Weather Bureau as about 4% inches, and much of this 
falls as snow-in 1945 Barrow was recorded as having 
28.6 iilclles of snow, and that year the total precipitation 
was 3.06 inches. During the summer months most of 
tlle precipitation falls as rain although snow may come 
at  any time. I n  northern Alaska the high winds drive 
the light, dry snow easily, and accurate measurements 
of snowfall are difficult. Leffingtvell (1919, p. 62) says, 
for example, "During lligll winds the air is full of driv- 
ing snow for several hundred feet vertically, yet an 
opeii-top receptacle placed on the ground probably 
would remain empty, on account of the peculiar air 
currents." Observations of Leffingwell and other Geo- 
logical Survey geologists are that in the mountains 
the sno~vfall is perhaps 3 4  feet (Smith and Mertie, 
1930, p. 60). The following quotation (Smith and 
Mertie, 1930, p. 60) gives a vivid impression of the 
precipitation- 

Although the foregoing instrumental observations constitute 
the most authoritatire and reliable data regarding the pre- 
cipitation of the region, they suggest a n  aridity f a r  more intense 
than other features of the region indicate. These apparent 
conflicts between facts and impressions can be recognized when 
i t  is realized that  small precipitation is  only one of the factors 
that determine the characteristics of arid regions such a s  the 
Sahara or the arid lands in  the basin and range province of the 
western United States. A region of small precipitation is 
usually pictured a s  d e ~ o i d  of water, but in northern Alaska 
water is  almost everywhere. The surface of the country during 
the summer is commonly met and swampy, and water stands on 
the surface in ponds and lakes. The streams, unless they tra- 
verse a broad belt of limestone, show no marked diminution of 
volume but constantly increase i n  size toward their lower 
courses. All these features a re  due in large measure to the 
permanently frozen condition of the subsoil, which makes the 
removal of surface water by percolation and by underground 
migration impossible. Furthermore, the low elevation of the 
sun, even during the summer, prevents rapid evaporation. The 
rainfall or snowfall thus stands on the surface or collects in  
low areas where the slope is not sufficient to  induce surface 
run-off. Then, again, the upper 6 to 18 inches of the frozen 
zone melts during the summer and thus produces wet, soggy 
footing that is most unlike any preconceived idea of a dry 
country. Furthermore, the precipitation does not come in delug- 
ing clond-bursts, separated by long intervals of low precipita- 
tion. as  in the countries most oftell referred to a s  arid. hut 

Permafrost or perenially frozen ground is a wide- 
spread geologic phenomenon in arctic and subarctic 
areas. Permafrost is defined on the basis of tempera- 
ture as existing where the ground temperature is at or 
below f32'F. Thus, where no moisture is present as 
in solid volunies of bedrock or in loose material such as 
gravel, permafrost may exist without ice. Most of the 
water is frozen, but during the short summer months a 
thin surface layer thaws; in places the water moves 
through the ground too rapidly to freeze, and a t  other 
points the moisture may remain liquid because it is 
saIine and hence has a lower freezing point or because 
it is in capillary openings where moisture may exist in 
liquid form substailtially below 32'. 

In  a very gross way the southern limit of permafrost 
roughly coincides with the +32"F isotherm. Thus, it 

Everyone who has stayed for considerable time in 
northern Alaska remembers the wind, for it is windy 
99 percent of the time, and there is very little shelter 
from the icy blasts. The average annual wind velocity 
a t  Barrow is about 11 miles per hour, and the winds 
are generally easterly or northeasterly along the coast 
and probably also on the coastal plain. The U. S. 
Weather Bureau reported the maximum wind velocity 
at Barrow in 1945 as 43 miles per hour, but much 
higher velocities are often recorded. Furtherniore, the 
mind is very evenly distributed through the year. For 
example, the official Weather Bureau records for aver- 
age monthly velocities for 1945 at Barrow are as 
follows : 

comes in numerous light showers or heavy mists. extends much farther south in higher, colder terrain. 

Velocity 
Month (mph)  
Jan  ------------------ 12.2 
Feb ------------------ 10.0 
Mar --------------____ 9 .9  
Apr------------------. 

T'elocity 
Month ( m p h )  
Jul------------------ 9 . 3  
Aug -----------------_ 11.9 
Sep ------------------- 13.0 

11- I 
Oct ------------------- 11.4 

May ------------------ 13.2 Nov ------------------ 8.8 
Jun  ------------------. 9 . 7  Dec ------------------ 12.5 

Less is known about the wind inland than along the 
coast. Generally, it seems somewhat less windy away 
from the coast. I n  the higher and rougher parts of the 
Arctic footliills and in the Brooks Range the winds, 
according to reports of field parties, commonly seeill to 
be largely controlled by the topography and blow in coil- 
siderable part either up or down the valleys. 

PERMAFROST 
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I t s  southern limit is not sharp. Near its soutl~ern limit, 
permafrost is generally thinner and becomes discon- 
tinuous ancl patchy. Locally, permafrost is absent in 
areas fa r  to the north of its general southern limit, for  
example, probably uncler the ocean, i11 recent volcailic 
areas where the gromld temperatures are uizusually 
high, possibly under certain deeper lakes and rivers, 
and else\~~liere for a fem- other reasons. Unfrozen zones 
within perenially frozen ground are common, especially 
near the surface. 

Much of this section on permafrost is talien froill a 
paper by Black (1950) that is a compilation of the work 
of many authors as ~ r e l l  as the results of Black's own 
investig a t '  ions. 

All of Alaska north of tlle Brooks Range is fa r  inside 
the permafrost zone. The permafrost is thick, up to a 

little more than 1,300 feet, and is present allnost every- 
where. Recent obserrations by G. R. 3TacC:xrthy and 
others of the Geological Survey indicnte that the coldest 
level is about 110 feet below the surface in most places 
and that from there on down the temperature rises 
about 1" for  every 80 feet until temperatures above 
freezing attain and the permafrost zone terminates. 
The temperature at tlle coldest lerel may be as lo\\* 
as -10°C. 

coii~nlon surface expression of permafrost is 1101y- 
gonal grouncl. (See fig. 6.) I n  areas of polygonal 
g r o ~ n ~ d  the surface is made up of a mosaic of polygons 
coininonly several tens of feet in diameter. The poly- 
gon boundaries are either trenchlike depressions or 
ridges, and Black (1950, p. 263) has shown that the 
polygons go through a cycle "from flat surfaces ~v i th  

cracks to low-centered polygons :tnd, finally, to high- 
centered polygons." Permafrost, especially in fine- 
grained inaterial that  is poorly drained, generally con- 
tains much ice in gr:~ins, films, fracture fillings, sheets, 
~redges, ancl irregular bodies. 

Permafrost is fa r  more th::n a f;~scinating scientific 
pllenomenon. I t  is a large :md frequently a dominant 
factor in derising mays of living and operating in the 
,4rctic except in the most Primitive fashion. I t  raises 
engineering problems in any activity of substantial 
sc:tle, nncl Pe t  4 !%-as no exception. Space does not per- 
mit a11 exliaustive treatise either of pernztfrost as a 
pl~enomenon or of the means of dealing wit11 i t  in the 
nlttny \r:~ys t1l:tt I-eql~irecl attention during the progr:tm. 
-1 brief iriention of some of the pi*oblems presented by 
permafrost 15-ill be helpful, Ilo~vrve~-, as x bacligrol~nd 
for x better understanding of Pet 4 as i t  progressed. 

I11 tlle sulrliner the wet, soppy tundr :~  is difficult to  
traverse even on foot. For  rnost ground vellicles the 
terrain is impossible. Tractors can operate locally but 
cnnnot cross t l ~ e  lakes or larger streams. Weasel:; and 
LT'T's do fairly well if handled carefully and if facili- 
ties nre arailable for maintenance. 

Surface water is abundant in the summer, but there 
is no ground 11-ater witllin the permafrost zone except 
in nnnsnnl 1oc:tl situations. I n  the long  inter, surface 
11-ater is frozen to a cleptl~ of :tronncl 7-9 feet, and the 
only water arailable is from below the ice in  deeper 
1:;kes 01. streams. I t  n111st be kept fro111 freezing if 
moved any substantial distance. The l~:skinios com- 
nlonly inelt ice for water in the JT-inter. 

Senage disposal for large numbers of people is a 
problem. Se\v:ige pipes cannot be laid in the frozen 
grouncl except a t  great cost of installation and mainte- 
n:lnce. The pipes freeze because of the low ground 
teniperature ancl, if IT-armed, cannot easily be held to 
grade hecause the suppol*ting material is converted to 
soft mud. 

Foundations are a real problem for  anything except 
light, unheated structures. Structures niay be sup- 
ported on piles steained into the permafrost and al- 
lowed to freeze in, provided the building is insulated 
siifficieatly to prevent building heat from n~elt ing the 
ground below. Supports for heavy drill rigs that must 
remain stationary for montlzs during the drilling of a 
deep hole are a special problem. T l ~ e   arm clrilling 
mncl froin depth must not be allowed to tha\r the foun- 
dation from beneath t l ~ e  r ig ancl niust also be carried 
jvell away fro111 the structure at  the surface to prerent 
melting of the permafrost and creating a mucl hole 
around the rig. 

Road locations must be carefully selected, and the 
grades must be built up because cutting into the perma- 
frost oidy exposes deeper frozen zones to melting. 
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Apparently, the top of the permafrost zone is deeper 
below large deep lakes or even may be absent entirely. 
I n  a lake area like the Arctic coastal plain, serious 
problems are encountered in interpreting seismic ex- 
ploration results correctly because the frozen material 
around the lakes transmits seismic waves differently 
than unfrozen material under the lakes; this gives 
data that  may be interpreted as indicating geologic 
bedrock structures where none exist. 

The extraction of petroleuin from zones within the 
permafrost is not well understood, but it is likely that 
production through the permafrost zone will be es- 
traordinarily difficult. I f  water is present the wells 
may freeze up ; casings are difficult to maintain ; and the 
effectiveness of artificial heating is not yet fully 
appraised. 

The  serious implications of permafrost relative to 
the activities mentioned above are obvious. Perma- 
frost problems can be and are being solved, but the 
solutions are difficult and expensive and f a r  more re- 
search must go on as to the origin, character, and habits 
of permafrost before the best solutions are found. 
Many other examples could be cited, but those men- 
tioned have been selected so that  the reader can always 
keep permafrost in mind a i d  appreciate its importance 
as it pertained to Pet  4. 

VEGETATION 

There probably are no real trees, in the usual sense, 
within the boundaries of Naval Petrolelull Reserve KO. 
4. Spruce grom along the main valleys of the range 
northward to approximately the divide into the Srct ic  
drainage where their extent terminates abruptly. Wil- 
lows, locally of considerable height and thickness, but 
still of shrublike character, grom abundantly along the 
river flats on the Arctic slope especially in the Brooks 
Range and foothills provinces and in many places are 
sufficient for fuel, tent poles, stakes, and other small, 
camp uses. The   illoms oms are either small and useless 
or entirely absent ~vithin a few tens of miles of the 
Arctic coast. Along the rallegs in  the footl~ills prov- 
ince grow stands of alder and cot ton~ood.  Some of the - 
latter in a very few places are treelike though rather 
small and insignificant in number. Some may reach 
a height of 35 feet and a thickness at  the base of 10 - 

inches. 
Most of the area, excluding the major valley bot- 

toms, is typical tundra. The vegetation, ~ ~ h i c h  is com- 
monly a thick, spongy, i~latlike growth, is made up 
predominantly of grasses, sedges, mosses, lichens, ancl 
prostrate bushes. Here and there some areas, especi- 
ally ridge tops, are almost completely bare of vegeta- 
tion. 

The flowers of Naval Petroleum Reserve No. 4 are 
a conspicuous and attractive summer feature. They 
blossom quickly in the continual summer daylight and 
are present in colorful profusion. Common flowers in- 
clude purple and white anemones, poppies, mustard, 
saxifrage, roses, and asters. 

Much recent work, some not yet published, has been 
done on the botany of the area, much of it through 
projects a t  the Arctic Research Laboratory of the Office 
of Naval Research a t  Barrow. 

ANIMALS 

No attempt can be made here to give a complete ac- 
count of the numbers, habits, and distribution of all 
the animals of Naval Petroleum Reserve No. 4. Rather 
this section attempts to mention only a few of the more 
conspicuous animals with short comments about some 
of the easily observable ones. Much research still re- 
mains to be done on the zoology of northern Alaska. 

Dall sheep, the white mountain sheep, are common in 
many parts of the Brooks Range, and the Eskimos oc- 
casionally travel long distances to hunt them. They 
range northward for  long distances from the moun- 
tains and are present in substantial numbers among the 
ridges and hills of the footliills. Pe t  4 field parties 
noted them as especially abundant along the front of 
the mountains from Cl~andler Lake eastward to and 
beyond the Canning. 

A generation ago moose mere reported as rare in the 
vicinity of Chandler Lake and farther north on the 
Killik River. Since then, moose seein to have increased 
in numbers, and their range has been extended much 
farther north. They now are coinillon along most of 
the valleys of the northern slope occasioilally almost 
to the Arctic coast. More than 60 were counted by the 
author in one airplane flight in the summer of 1950 
along the Colville River between the mouth of the Killik 
and Umiat. The moose are confined to the valley bot- 
toms and can not travel well or obtain forage in the 
interstream areas. 

Caribou are still present in large numbers north of 
the Brooks Range. Adequate data as to numbers and as 
to increase or decrease are not available. During Pe t  4, 
large concentrations of many tens of thousands were 
noted in the summers between the head of the Meade 
River, the Colville, and the Utukok and also east of the 
Reserve in the vicinity of the upper Shaviovik. Thirty 
or  so years ago substantial numbers of reindeer were 
herded after a fashion by Eskimos a t  many places along 
the Arctic coast. These herds are now mostly gone. A 
small herd of a few thousand was maintained during the 
early part  of Pe t  4 around Alaktak or Half Moon Three 
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near Cape Simpson by the family of Tom Bran-er, of 
Barrow. It is reported that  these are now gone. 

The  few bears that  inhabit Naval Petroleum Reserve 
No. 4 and its environs are believed to be grizzlies. They 
are not numerous but are seen occasionally, and food 
caches are subject to severe destructioil unless the food 
is stored in  bear-proof containers such as 56-gallon 
steel drums. Polar bears live on tlle arctic ice and 
occasionally come ashore, but they do not range inland. 

Red and cross foxes and the white arctic fox are com- 
mon in many parts of the Reserve and are trapped for 
their fur  by the Eskimo. Wolves also are fairly com- 
mon, and the coyote is said to be increasing. The wolves 
seem to be especially abundant along the river valleys. 

Although not i n  large numbers, smaller fur  bearers 
such as the weasel, mink, and marten are present and 
are trapped. Wolverine also are widespread but not 
numerous. Wolverine and wolf fu r  is prized for its 
suitability in making ruffs for  parkas. 

An abundant inhabitant of the Reserve is a grouild 
squirrel called sik-sik by the Eskimos. I t  burrows ex- 
tensively in  unfrozen places such as the bank selveges 
along the streams. 9 larger, marlnotlike rodent called 
the sik-sik-puk is also rather common. The fur  of 
these animals is wiclely used for parkas ancl other 
articles of clothing. 

I n  some years lemmings are amazingly abundant, but 
the animal is cyclic, and very few are seen in the lean 
years of the cycle. Mice and shrews have also been 
recognized, but little is known about either the varieties 
present or their abundance. 

The white arctic hare used to be an abundant in- 
habitant, but so f a r  as is known, iloile were seen by any- 
one connected with Pet  4 or by the Eskiinos in recent 
years. 

The  Eskimos, of course, own nuinerous dogs and use 
them extensively in the winter as draft  animals. They 
are for the most part small and of mixed breed. 

Sea animals are of wicle variety. The whale, of sev- 
eral species, is much prized by the natives. L41inost 
every year several are caught by the  natives of Barrow 
and other villages such as Wainwright. A year of poor 
whaling can be clisastrous for the Eskimos. The natires 
also hunt walrus, hair seal, and tlle large arctic seal 
called the ooguruk. Polar bears already hare been 
mentioned. 

Birds inhabit the Reserve in large nuinbers mld in 
great variety. Oilly a few can be mentioned. Gulls, 
arctic terns, and jaegers are abundant, as are ptarmigaa, 
plovers, and longspurs. Shore birds are conspicuous on 
sandy stretches of beach. Ducks, geese, and loons are 
widespread over the Reserve. There also are large num- 
bers of hawks, including the rough-legged hawk, and 

the peregrine falcon. Canada jays are welcome com- 
panions in small camps, and the willow thickets and 
tundra abound in small song birds. The great snowy 
owl is often very abundant especially when the 
lemmings are numerous. 

Special mention should be made of the mosquitoes. 
F o r  a few weeks in summer, from about mid-June until 
early Sugust,  they are present in unbelievable swarms 
and call be a great nuisance in fieldwork. They do  not 
carry malaria and are harmless so f a r  as disease is con- 
cerned which is, however, little comfort to the iieldman 
plagued by them. A mosquito-proof tent and an in- 
secticide to kill those inside are necessary for a worker 
to obtain restful sleep and to be able to carry on effec- 
tive field operatioils. Gnats also may be present in  
plaguing myriads. 

INHABITANTS 

There are two permanent native villages in the 
Reserve : Barrow and Wainwright. The natives are all 
Eskimos. I n  addition, small settlements are occupied 
occasionally for rather short periods a t  mally places 
along tlle coast. Some of these are occupied for  a time 
each year for  hunting purposes, others more rarely. 
Evidences of older abandoned settlements are common. 
The  illa ages include a wide variety of dwellings-from 
the inost primitive sod huts, tents, and various make- 
shift shelters to substantial dwellings. Barrow is now 
said to include more than a thousand natives. Many 
of thein were attracted there by the better facilities and 
chance of eil~ployinent in  Pet  4. A t  Barrow is a school 
mailltailled by the Alaska Native Service, a Native 
Service hospital, a Signal Corps station, and a mission. 
There also is a school a t  Wainwright, which is a much 
smaller settleinent of about 80 people. 

A group of about 50 natives lived for years at  
Chaildler Lake a t  the north front of the Brooks Range. 
They now have moved to Anaktuvuk Pass. These 
natives range widely in the summer, hunting sheep or 
fol lo~~-ing groups of caribou. 

,111 of the natives live largely by hunting, fishing, 
and trapping. Reindeer herding has practically ceased. 
During Pet  4 about 80 Eskin~os were employed by Arcon 
and attendant activities such as the Arctic Research 
Laboratory. The natives were paid the same wages as 
the whites for siillilar work, so that substantial cash was 
kno~r-11 in Barrow village. A serious socioecoi~omic 
problem was posed when Pet  4 terminated and the 
source of iilcoine with it. Unless the large nnmber of 
natives no\\* congregated there spread widely again, the 
local ecoiloiny is likely to be insufficient to support 
them all. 

The natives are especially susceptible to the common 
white man's diseases, such as measles, and appear to 
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have little resistance to them. Tuberclxlosis is rampant, 
and the living conclitioils do iiiucli to aggravate the 

a 1011. seriousness of the situ t' 
A handful of whites live illore or less perinanently in 

Barro~r- and a t  W a i n ~ ~ ~ i g h t .  These include teachers, 
nurses, Signal Corps employees, and a few others. 
There has been a white trader at  ,111alrtuvuk Pass since 
1950. 

The only white settlements during Pet  4 were tlie 
contractor's (formerly the Sary ' s )  cnmp abollt 4 miles 
north of Barro~ly village and the siilaller camp at Umiat. 
(See pl. 1.) There normally were 300-300 nien at  tlie 
Barrow camp. 

TRAVERSABILITY 

Transportation of workers ant1 the ninny kinds of 
supplies and equipment were a iilajor l)rol)leni ill Pet 4. 
Much was learned-most important of all it \vab ir1.e- 
vocably proved that the problems, difficult as the!- are, 
call be, and repeatedly were solred. ,4lso. it i b  gener;tlly 
agreed that large tractors TT-ere by far  the lliost i ~ i ~ p o r -  
tant pieces of equipment nsed in Pet 4. The sr~bject of 
trarersability 15-ill come 1113 again and again in thi.; story 
of Pet 4 ;  therefore, i t  seems appropriate to outline very 
briefly here some of the factors that  make up  tlle gen- 
eral subject. This outline will serre as  a background 
against ~vhich to appraise stateiileilts relative to 
traversability as they appear. 

The most important point to keep in rni~ld ill regartl 
to  traversability is the vast difference bet\\-eel1 suninier 
and minter conditions. The  cliagraiii shown 011 plate 
2 has been adapted from a work-feasibility chart 
prepared by CDR P. TTT. Roberts, one of the officers in 
charge of construction on Pet 4. From Koreniber or 
December until April or May tlie surface of the tnndrn 
is frozen ancl therefore solid. I t  will support lieary 
loads after freezing penetrates to the permafrost sur- 
face. Fo r  the remainder of the year, traversability is 
a inlrcll more difficult problem. The ground is soft and 
wet do\vn to the frozen material below. The more i t  is 
churned up, the more melting takes place. On the 
coastal plain the myriad lakes make the setting of 
straight courses almost impossible, and many of the 
rivers are deep enough to be substantial barriers. 

Travel on foot is feasible on the sea ice in ninter. 
Foot trarel over the sea ice is not recommended for long 
distances because of weather hazards, difficulty of crosq- 
ing pressure ridges, necessity of making long detours 
arouild open leacls. loss of efficiency because of the heary 
clothing necessary, lack of fuel, and difficulty of carry- 
ing sufficient shelter and food. The coastal plain is 
very difficult to travel on foot in summer; the soft 
ground, lakes, streams, mosquitoes, and roughness of 
tlle tundra regetation all make progress slow and dis- 

co~waging. The coastal plain can be crossed on foot in 
winter TJ-it11 less difficulty, but weather hazards are 
nl~rnys considered. Travel on foot along long stretches 
of beach is possible summer or winter. 

Foot travel i11 the foothills is easier tlian 011 the 
co:~stal plain, but wide areas of tundra vegetation are 
crossecl only slo~x-ly and laboriously. Foot travel in the 
liiglier foothills and in the mountaii~s is still easier. 
The footing is better except in the rugged mou~itains, 
ancl \I-illo\rs for fuel generally can be fol~ilcl in tlie 
ralleys. 

Tlle traclitioilal means of travel and hauling in the 
\vinter is by dog team. Dog teams and sledges can be 
widely used both on land and on sea ice, but the I\-eights 
that can be transported are fa r  too small for a project 
sncll as Pe t  4, except for a few special chores. Some- 
times dogs are used for  carrying back-packs in summer, 
but that method is limited, a i d  the ~veigllts that  can be 
carried are small. Reindeer do not appear to be very 
useful as pack or draft  animals. 

Tlle JF29C weasel, a light tracked rellicle (see fig. 
7 ) .  proretl to be a very useful per~oniiel carrier ancl 

1 1 1 1  7 -  of 1 I ( I !  I o i i  I .4. \ V + ' ; ~ > t . l s  
on the tundra in the Nuka River area. This is a typical geologic field 
project. Photograph by Geol. Sur re j ,  1951. LI. Tvcnsrls a t  a 
Geological Surver camp on a grarel bar i n  the  Carbon Creek area. 
Photograph by Grol. Siirvt>y, 1950. 



ALASKAN ARCTIC 17 

light land vehicle on the Reserve. I n  fact, it is believed 
that parts of the exploration program ~ ~ o u l d  have been 
inlpossible ~vithout the weasel or an equivalent vehicle. 
Careful driving is required to  avoid dainagiiig tlle 
carrier's two weak spots-the differential and the 
tracks. Serertheless, weasels were used with marked 
success by geophysical and geological parties on long 
trips lasting on occasion for several months. Gasoline, 
supplies, and replacement parts were cached by tractor 
trains or pl:lnes in the winter or were dropped by free 
fall or paracllute in the summer. 

Where ronclbecls sufliciellt to  support them were innin- 
tained locally, ~vheeled vehicles such as jeeps and per- 
sonnel carriers had important but nevertheless liinited 
use aronild 111ain camps such as Barrow and Umiat. 

LVT's (landing vehicle, tracked) were used n-it11 
consiclerable success for over-tundra transport and for 
use around and near camps in both summer and winter. 

Tractors proved to be the most effective movers. 
They were the principal hauling elements of the winter 
"cat" trains by means of which most of the heavy 
moving was accomplished. It was found tliat as nluch 
heavy hauling as possible should be done over the ice 
of ocean, lagoons, and lakes, or along or parallel to 
streams. Cross-drainage hauling is more difficult, 
largely because of the hazards of even rather ion- cut 
banks tliat delay or stop both the tractor and sleds 
being towed. 

Airplanes had a very important place in Pet 1. Tlle 
so-called linehaul from Fairbanks to the Reserve em- 
ployed several types of fairly large aircraft. Most of 
the freighting mas by C46's7 a military t\~-in-engine 
Douglas aircraft, which in summer and minter effec- 
tively used both the pierced-plank airstrip at Barrow 
and the gravel strip a t  Umiat. Local plane service 
within the Reserve ranged widely depending on season 
and local conditions. Small aircraft (Norseman, a 
single-engine aircraft, and smaller) mere used on wheels 
in summer using the strips a t  Barrow and Umiat, gravel 
bars along rivers, favorable ocean beaches, and impro- 
vised strips a t  such places as the Aleade River coal mine 
and Half JIoon Three camp (Alaktak). 

I n  sumnler sinall planes on floats were widely used, 
and landings and takeoffs were effected on lagoons, 
lakes, and rivers. I n  winter the use of small planes 
was greatly facilitated by addition of ski lailding gear. 
Larger aircraft such as the amphibious PBY, Catalina 
flying boat, were occasionally used for special tasks 
such as the airborne magnetometer survey and scouting 
of ice conditions for ship expeditions. 

Helicopters mere tried for certain geologic parties 
operating in the mountains but were abandoned after 
one fatal accident. However, they were very successful 

in gravity work on the coastal plain and ia facilitating 
control surveys by the U. S. Coast and Geodetic 
Survey. 

Plane use was greatly aided and rendered much safer 
by the lighting facilities, radio llonling beams, and 
other navigational and landing aids a t  Barrow, Umiat, 
Bettles, and Fairbanks. 

Tlie annual Barrow ship expeditions, Barex, could 
reach Point Barrow for a short interval each summer. 
These expeditions were aided in some years by the as- 
signment for a t  least part of the time of an ice breaker 
such as the U. S. S. Burton Island. Landing of ma- 
terial on tlle Barrow beach had to be accomplished as 
rapidly as possible ~~-1-hen tlle ships arrived in order to 
reduce the ever-present danger of the pack ice. Ships 
and LST's (landing ship, tank) were used on occasion 
to ship eastward froill Barrow along the coast as far  
as Barter Island, far  east of the Reserve and not far  
froin the Canadian boundary a t  longitude 141". Small 
pov-erboats and sailboats, oomiaks (walrus-skin 
boats), and kayaks (small skin boats) are used by tlle 
Eskinlos during the open season but were not employed 
in Pet 4 for freighting. Canoes arid various types of 
collapsible canvas, wood, and plywood boats were em- 
ployed successfully by survey parties on rivers during 
the summer. Tlle use of larger, powered river boats 
on the Colville and other larger streams \$-as oftell dis- 
cussed but \\-as not tried. 

EARLIER EXPLORATIONS 

Before proceeding further with the story of Pet 4, 
the reader should hare a t  least a brief summary of the 
history of exploration of northern Alaska up  to the 
time Pet  4 started in order to grasp the status of the 
illformation available on the area. This section, there- 
fore, outlines the explorations that resulted in the fac- 
tual foundation on r~~hicll Pet  4 was built. (See fig. 8.) 

It was a long time after many parts of Alaska, espe- 
cially the Pacific coastal areas, were reasonably well 
known to the world that anything was learned about 
the area that now includes Naval Petroleum Reserve 
No. 4. So far  as the record goes, the first white nlan 
to  see any part of the Reserve was Capt. James Cook 
who in 1778 penetrated Bering Strait and sailed north- 
easterly along the coast as far  north as Icy Cape, the 
point where the western boundary of the Reserve now 
reaches the Arctic Ocean. 

I t  was nearly 50 years later in 1826 that Capt. F. W. 
Beechey, of the British Navy, commanding H. M. S. 
Blossom, pushed northeastward until blocked by the 
ice north of Franklin Point. Captain Beechey had been 
dispatched to cooperate with Sir  John Franklin, who 
was working westward along the north coast from the 



18 HISTORY OF EXPLORATION, NAVAL PETROLEUM RESERVE NO. 4, 19 4 4-5 3 

FIGURE 8.-Sketch map showing exploratory routes and progress of investigations in northwestern Alaska. (Map is modified from plate 3 of 
Geological Survey Bulletin 815.) 

mouth of the Mackenzie River. Beechey's surveys were 
of extraordinary accuracy and have been much used. 
Beechey's mate, Elson, and one other man, Smyth, left 
the Blossom when i t  could proceed no farther and made 
their way in a small boat in the more open water near 
the shore as far east as Point Barrow. Meanwhile, 
Franklin, working westward from the Mackenzie 
reached a point near the eastern edge of the delta of 
the Colville where he too was stopped by the ice thus 
leaving some 150 miles of coast that had not yet been 
traversed. 

This gap was filled in 1837 when P. W. Dease and 
Thomas Simpson were sent out by the Hudson's Bay 
Company. After descending the Mackenzie River, they 
pushed westward like Franklin. I n  their open boat 
they passed the Colville and reached a point a little 
toward Barrow from Cape Simpson where they landed 

and decided to proceed onward on foot. Simpson, with 
three others, finally reached Point Barrow from the 
east. 

Between 1848 and 1853 much knowledge was gained 
by various expeditions sent out for the relief of Sir John 
Franklin, and the records left by the captains of the 
various ships are records of brilliant accomplishment. 
For example, in 1849 from one of the several relief ships 
in Kotzebue Sound, Lieutenant Pullen proceeded in a 
boat with a small party all around the Arctic coast to 
the Mackenzie and up that river to a Hudson's Bay 
Company post. 

111 1848 an American whaler penetrated the Bering 
Strait into Arctic waters and whaling thereafter de- 
veloped into a substantial industry that continued for 
many years. 



ALASKAN ARCTIC 19 

By 1881, \?-hen Lt. P. H. Ray led the internatioilal 
polar expedition in the vicinity of Barrow, northern 
Alaska had been American territory for 14 years. Ray's 
work went on a t  Barrow for 2 years and included 
climatological and magnetic observations. Lieutenant 
Ray, among other things, explored up  tlle Meade River 
to approximately latitude 5'0" N. near the soutllern limit 
of the coastal plain. 

Starting in 1883 and continuing for several years, 
L T  George M. Stoney, of the U. S. Navy, niade explora- 
tions in the general Kobuk-Noatak area (the Kobuk 
River is a little south of the area shown on pl. 1) south 
of the Brooks Range and the western part of the Reserve 
area. I n  the winter of 1885-86 he stayed near Shung- 
nak (south of area of pl. 1 )  and made explorations from 
there; one trip took him as fa r  as Chandler Lake. and 
he apparently was the first white man to see that lake 
a t  the north front of the Brooks Range. 

The most notable early inland journey within the 
Reserve area was by one of Stoney's officers. ENS, 
later RADhl, W. L. Howard. According to Brooks 
(1906, p. 123)- 

He left tlle winter camp in April (1886) with two white rnen 
and two natives and proceeded northeast across the Koatak to 
the valley of the Colville, followed this downstream in com- 
pany with a party of natives for about 20 miles, and then 
crossed to the headwaters of Chipp River. Here he discariled 
the dog teams used up to this point for transporting his supplies, 
and descended the Chipp River to the coast in  native skin boats, 
arriving a t  Point Barrom on July 15, being the first white illan 
to  cross northern Alnslra. 

The second t r ip  across uorthern Alaska, but fa r  east 
of the present Reserve, was by J. H. Turner, of the U. S. 
Coast and Geodetic Survey, wlzo established an astro- 
nomic position station where the Porcupine Rirer  
crosses from Yukon Territory into Alaska and from 
there following in general the 141st meridian, made a 
winter dog-team jouriley north\~-arcl to the Arctic Ocean 
(Brooks, 1906, p. 125). 

I n  1901 a Geological Survey party under TIT. J. 
Peters, topographer, and wit11 F. C. Schrader, geologist, 
started in winter and went overland to the Koyukuk 
River (south of the area shown on pl. 1 ) .  'CIThen the 
open season arrived, they ascended the John River with 
canoes, portaged through Anaktuvuk Pass, and then 
went on down the Anaktuvuk to the Colville, which 
they followed to the ocean. From the mouth of 
the river, they followed in the shallow coastal waters 
westward to Barrow and on south to Cape Lisburne 
where they managed to meet and get transportation 
south on a vessel in which they reached Nome. Brooks 
(1906, p. 129) says that  "Theirs was probably the most 
notable exploration which has been made by the Geo- 
logical Survey." 

I n  the period 1906-14, exploration by Leffingwell 
(1919) and Anderson in northern Alaska east of the 
Reserve added much pertinent geographic and geo- 
logic information. Stefansson's ~ ~ - o r k  in northern 
Alaska between 1008 and 1918 also was valuable. Simi- 
larly, in 1912 contributioils were made to the informa- 
tion on the area east of the Reserve between the Por- 
cupine River and the Arctic Ocean by parties of the 
International I3oundary Commission. 

TVitll the establishment of Naval Petroleum Reserve 
So .  4 early in 1023, a series of explorations and geologic 
investigations by the Geological Survey began a t  the 
request of the Navy Department. These pulled to- 
gether much of the information from earlier work and 
1noduced a large amount of new information, which 
together supplied a reasonably adequate but still very 
generalized picture of the major geologic features of 
the Reserve. This work  vent on through 1926, and the 
i*esnlts were incorporatecl in Geological Survey Bulle- 
t in  815, Geology and Mineral Resources of Nortll- 
western Alaska, by P. S. Smitll and J. B. Mertie, Jr., 
wllicll \\-:ts published in 1030. Much of the informa- 
tion in tlint bulletin has been used in these earlier parts 
of the story of Pet  4. Liinitations of space require that 
the record of those surreys be shortened for the most 
part  to brief mention of tlle principal members of the 
parties and where they worked. 

Three parties  ere sent out in  1923, all under the 
leadership of Sidney Paige, geologist. Paige and his 
topographer, E. C. Guerin, followed the coast from 
Wainmriglit to  Cape Simpson where the petroleum 
seepages were studied and mapped. Subsequently, 
I'aige and Guerin surveyed the east side of Dease Inlet 
and ascended the AIeade River for about 150 miles. 
James Gilluly, geologist, and James Whitaker, topog- 
rapher. proceeded along the coast to Peard Bay where 
they struck inlancl to the Inaru River, went down that  
river to Dease Inlet, thence upstream along the Topa- 
gorok River for about 80 miles. Tlre third party, under 
W. T. Foran and wit11 topographic engineer Gerald 
FitzGerald, left Nome in  a chartered vessel, surveyed 
the coast from Cape Beaufort to Wainwright, and ex- 
plored inland along the Kukpowruk, Kokolik, and Uto- 
kok Rivers for  distances ranging from 25 to 40 miles. 
Smith and Mertie (1030, p. 9) state that  "As a result 
of the work of these three parties about 2,150 square 
miles of hitherto unsurveyed country was mapped, and 
information was obtained that  throws light on the geo- 
logic and physical features of probably 10,000 square 
miles." 

I n  the winter of 1924, under the general supervision 
of Philip S. Smith, a joint party consisting of geolo- 
gists P. S. Smith and J. B. Mertie, Jr., and topographers 
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Senator TT'alsh and Congressman Vinson, chairmen 
of the Naval Affairs Comniittees of the Senate and 
House of Representatives, respectively, were advised 
and kept fully informed of the development of the 
plans. 

Finally, on 10 March the reconnaissance tr ip t o  the 
Reserve for the purpose of studying problems of access, 
transportation, and subsistence was approved by the 
President. 

Thus, the preliminary plans were laid expeditiously 
but well. Competent technical advice was obtained. 
Coordination was attained with both the executi~~e and 
the legislative branches, and feasibility within the linl- 
its of existing knowledge was determined within the 
Navy Department. Some of the original assumptions 
eventually required niodification, and certain items in 
the plan had to be abandoned or changed; but, in gen- 
eral, Pet  4 was ready to be launched in a sound fashion. 

PRELIMINARY RECONNAISSANCE, 21 MARCH TO 22 
APRIL 1944 

Appropriately, Lieutenant Foran, who was largely 
responsible for the idea of undertaking a t  that  time an 
appraisal of the petroleum resources of Navy Petro- 
leuni Reserve No. 4, \\.as selected to head the first recon- 
naissance party. His  party \?-as carefully chosen to in- 
clude specialists in some of the various fields in which 
future work was anticipated. There were, for example, 
TTO H. C. Gillen, 11-aterfront and shipping; W O  J. F. 
Connelly, general construction and earthwork ; and TITO 
TiT. TV. Smith, oil-well drilling. 

April is still a wintry month north of the Brooks 
Range, and, of tbe \%-hole party, Foran was the only one 
who had been in the area before. It was therefore a 
considerable job that  faced the group--1, to determine 
the ~llost advantageous means for  further geologic 
study, including geologic drilling and the application of 
geophysical methods; 2, t o  determine the operational 
difficulties that  would be encountered in  petroleum ex- 
ploration; and 3, to  gather information of a general 
nature concerning all phases of life in the Arctic. 

Transportation from Fairbanks northward over the 
Brooks Range into the Arctic and to  Barrow was by 
bush plane, as was travel within the Reserve. Im- 
possible bush flying conditions forced considerable 
waiting in Barrow, but much was accomplished, and 
waiting periods provided time for  gathering invaluable 
information from old-time resident-trader Charles 
Brower at  Barrow and from the party's veteran Arctic 
bush pilot, Sig. (Sigurd) Wien. The party saw much 
of the Reserve, mostly from the air, before returning. 

On 22 April the party returned and Lieutenant 

Foran prepared and submitted his report. The  first 
small chapter of Pe t  4 had been vritten. 

The conclusions reached by the party were favorable 
for embarking on a full-scale petroleum exploration 
although in retrospect some of them seem based in part 
on optimistic assumption and some, such as No. 7 below 
were incorrect. Nevertheless, they contained much of 
value and were influential in guiding the earlier work 
of Pet  4. The conclusions were- 

1. The unusually wide occurrence of seeps (Simpson 
to Umiat, Dease Inlet to Demarcation Point) suggested 
productive strata a t  comparatively shallow depths. The 
geologic work necessary for the location of an initial 
test on the Umiat anticline ~voulcl require not more than 
6 weeks surface structural study. To spot a location on 
the coastal plain would require several profiles of struc- 
ture core holes. 

2. I n  regard to  transportation and disposition of oil, 
three plans were considered-the first, tankers to Bar- 
row, and the second, pipeline to Nome, were rejected 
because of the storage and harbor facilities required; 
the third plan, a pipeline to Fairbanks was considered 
feasible. It was believed that  neither the climate nor 
the topography would act as a barrier to the economic 
i,~stallation and operation of a competently planned 
pipeline system. 

3. Since shallo~v productioll was expected, light drill- 
ing equipment was recommended. A timber-mat 
foundtrtion on the permafrost 13-as believed sufficient 
for the rig. 

4. Concerning excavation and road building, i t  was 
estimated that working conditions would be no more 
difficult than those encountered in the Aleutian Islands 
and that costs would be approximately the same. The 
suitability of the beaches for use as temporary landing 
strips was observed. 

5. The presence of pressure ridges and floating ice 
precluded the permanent or  temporary construction of 
docks or  floating docks. The shallow water required 
ships to stand offshore about three-fourths of a mile. 

6. The Navy-issue clothing furnished fairly good 
protection. Diet should be approximately the same as 
for temperate zones. 

7. Because of the prevalence of tuberculosis and the 
undependability of the natives as steady workers, no 
consideration should be given the procurement of local 
labor. 

DECISION TO PROCEED 

After a conference with Lieutenant Foran, RADM 
Ben Moreell, chief of the Bureau of Yards and Docks, 
prepared a memorandum dated 8 May 1944 in which 
he proposed that  the reconnaissance of Naval Petro- 
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leum Reserve No. 4 proceed iinmediately with the clrill- 
ing of core holes and exploratory vells and the clis- 
patching of geologic ancl pipeliile surrey parties. 
Admiral Moreell chose to consicler the recommendecl 
pliase a part of the prelinli~lary reconnaissance and sug- 
gested waiting until the data were all in before subinit- 
ting a comprel~eiisive report to tlle Secretary of the 
Navy for a policy decision and before calling in other 
interested Governmeilt agencies. -~cliniral3Ioreell also 
felt that it was just as iinportallt to cleterilliile 11-llether 
or not i t  would be possible to get oil out of the Reserve 
economically as i t  was to determine the quantity and 
quality of oil available. 

Admiral Horne, TTice Chief of Saval  Operat ions, ap- 
proved Admiral RIoreell's suggestions but opposed ref- 
erence of the matter to the Interior Departmeilt because 
of the delay inlposecl and the shortness of tlle -1rctic 
season and wondered if the Presiclent's sipi1atm.e were 
again required. R. Iceit11 Icane. Special ,1ssistant to 
the Secretary of the Kavy, recoinineildecl (1) that the 
President's approval be requested in a nienlorancl~ui~l, 
(2) that Secretary Ickes be presented with the prelimi- 
nary reconnaissance report and the ilotification that 2 
or 3 exploratory wells would be clrilled in 1044, ( 3 )  
tliat copies of the reconllaissance report be sent to the 
chairmen of interested congressiollal committees, (4) 
that, on approval by the President, BuDocks proceed 
with the exploration project under the clirection of the 
Vice Chief of Naval Operations. The recoi~l~nei~cled 
program was supported by DeGolyer ancl MacNaugll- 
ton, Inc., and by A. F. Jacobsen, president of tlle 
Amerada Petroleum Corp. 

By this time there was some entllusiasm in Coilgress 
for the exploration, $1 million having been earmarked 
for the program in the current ~ a v a l  Appropri a t '  ions 
Bill. 

On 15 June Secretary of the Kavy Forrestal asked 
the President's approval of a Bureau of Yarcls ant1 
Docks (BuDocks) party returning to the Reserve. in- 
vestigating conditioi~s more thoroughly, perhaps drill- 
ing 2 or 3 exploratory wells, and making a detailed re- 
port. Caution was to be exercised in all plannii~g 
operations. On 26 June the President replied that he 
had no objections to the program. 

Lieutenant Foran's recommendations, based on his 
preliminary reconnaissance, had been favorably re- 
ceived; and although the difficulties inherent in at- 
tempting to carry out such a program were well recog- 
nized, it nevertheless was believed urgently desirable 
that the program proceed. 

U p  to this point the final decision to  proceed was yet 
to be made, but a great deal of preliminary preparation 

in ailticipatioil of the proceed order had been made. 
Bart IT. Gillespie, one of tlle principals in Pet  4, has 
elaborated the advance preparation for which he was 
largely responsible (Gillespie, Bart W., personal 

. . . Hen-eyer, once the C'hief Bureau Yards and Docks sensed 
that there n-as a good chance of the Secretary of the Navy being 
instructed to carry out such a plan he instructed me to proceed 
\\-ithout tlelay to lay out the personnel and equipment outline 
all to a point just short of activating the unit and issuing the 
l~nrcllase orders for the rquipinent required. Had the Chief of 
the I h r e a u  not possessed this foresight and courage no more 
ctr111d 11;1re been made toward the Arctic Ocean during the year 
1'344. Tile entire program would therefore have been delayed 
one year, or until the summer of 1943. With Sea Bees in  such 
great tleinand in the Pacific during the year 1945 I doubt very 
ir~uch tliat the expedition would hare been sent out and there- 
fore in lily opinion, the entire idea would have been dropped 
\rith the coming of V-J day. 

. . . TI-e dispatched Lt. Commander I r a n  Wilson and Chf. 
\\'arrant Officer Ralph Bell to Cainp Peary, Virginia, to screen 
the Sen Iiee personnel for officers ant1 men capable of carrying 
out the marly arduous tasks which would confront an expedition 
of this type, entering the Arctic for the first time in history. . . . 

The nucleus of the Sea Bee detachment which was later to 
be designated Naval Construction Battalion Detachment hTo. 
1058, \\ere the inenibers of my original group, the 12th Battalion 
of Sex Hres \rho were the first to land a t  Kodiak Island and 
later as\istecl in the landing a t  b t tu  when the last of the 
Japanebe were cleaned out of the Aleutians. 

The coni~nanding officer, William Rex, who had served under 
ine a t  Adak a.; ekecu t i~e  officer of the 66th Battalion and sereral 
other officers were brought in from other units in the Aleutians. 
Speci:llistr snch as  geologists, petroleum engineers, drillers, 
tooll)u.;hers, roughnecks and so forth were screened froin the 
111:1iiy other units then a t  Camp Peary. 

S o  morement of personnel was made a t  the time but a SecNav 
(Secretary of the Nary) freeze order was placed on the screened 
personnel thus selected and they were held a t  Camp Peary pend- 
iug the final orders to actirate the detachment. 

Other I~ersonnel in very limited number, a t  the time on ar t i re  
duty in tlle Atlantic and Pacific theaters were earmarked and 
tlie Bureali of Personnel prepared for their "proceed" orders 
on receipt of final activating orders signed by the Secretary of 
the Sary .  

The logistics for the support of a two drilling rig operation 
nit11 safety for approxinlately the first eighteen months was 
~vorkecl out primarily by those of us  who had on occasions done 
the same for long operations IN TROPICAL SURROUNDINGS. 
Somewhere in the files of the Bureau of Yards and Docks will 
be found the first general outline of materials and supplies ear- 
marked to form the basis for more detailed procurement for the 
Arctic Expedition. 

This activity embraced most of the month of May 1944-the 
period during which we knew nothing for certain yet feared 
that  any lark of reasonable action on our part in anticipating the 
needs might result in  a fiasco should we be ordered to get the 
Expedition under way a t  the last possible moment. 

During this period of uncertainty we were not spinning our 
wheels awaiting information relative to the Arctic to drop into 
our laps. From the Army Northwest Command, the Imperial 
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Oil Company, and from several other agencies we were able 
to collect much of value-and sad to say, much of no value 
whatsoever. Our final loading was all but complete before we 
learned that Admiral Byrd did have something on record i n  
Washington of value to anyone attempting a trip into the Arctic. 
Stefansson was, of course, under contract with the Army and 
was hardly available a t  the time. Thus we went a s  f a r  a s  we 
could during the period of uncertainty. Afterwards i t  fortu- 
nately resulted that  our preparations were reasonably good. 

The period of uncertainty was brought to a sudden close on 
the morning of 2 June 1944. The Expedition was approved by the 
President and SecNav (Secretary of the Navy) ordered the 
Chief of the Bureau of Yards and Docks to get moving. Com- 
mander Wilson a t  Camp Peary was notified at  once and orders 
were requested for the movement of the Detachment when ac- 
tivated to the Naval Station, Seattle, there to board the ships 
later to  be selected to enter the Arctic. 

orders of the expedition to Lieutenant Commander Rex. 
These orders read : 
The purpose of this mission is to carry out exploratory work 
in NPR 4 (Naval Petroleum Reserve No. 4) with a view toward 
determining the presence of oil i n  commercial quantities and 
if so to establish methods by which i t  may best be produced 
and transported to a point of greatest usefulness. This mission, 
therefore, includes detailed geologic study, core hole drilling, 
deep well drilling, and overland and aerial pipeline survey. This 
region being virgin exploratory territory, you will be required 
to do your utmost to c'mplete your task with the greatest pos- 
sible amount of information of every type. Everything down to 
the most insignificant item should be recorded for future use. 
It is of utmost importance that one of the products of this 
task be a complete record of not only the success but the failures 
of this first Reabee petroleum venture. 

On the same afternoon we ~iioved in on the Advance Base ~ h ,  U. S. S. sPica ( A K A - ~ ~ ,  ~ t t ~ ~ k  cargo ship 16) 
Division's Executive officer, Conimander John R. Dallerup in 
Chicago and set up a procurement procedure completely clean designated to personnel and to 
of red tape and based on emergency, bid-free purchasing where- Barrow and L T  John Backlund was detailed as Arct,ic - 
ever necessary. pilot. The SS. Jonathan Harrington, a Liberty ship 

I t  was during this period that such men a s  Wallace Prat t ,  Of the Alaska Steamship Co. and a Catalina flying boai 
Paul Lambright, Imperial Oil, Lloyd Noble, Noble Drilling (PBYTA) for reconnaissance of ice conditions in the 
Company and his excellent staff, gare of their time and advice 
to such an extent that  the procurement was made safer and Ocean were assigned' CDR '. liileyy 
much more adectuate for the work to be done in the Arctic. USNR, was placed in charge of the ship expedition. - 

~t should be borne in mind a t  all times that  we procured with I f  possible,-landing of the expedition was to-be made 
one thought uppermost in our minds. We would not disrupt at C a ~ e  S i m ~ s o ~ .  where Lieutenallt Foran would have 

A ,  

the production line which rvas keeping the petroleum industry takeniOundingS and secured informatioll for anchorage 
operating a t  full capacity to supply war needs. We would cut 
corners and some way make certain that  we protected our in advance. On landing, the base camp be 
personnel in the Arctic and permit them to work reasonably 8 150- by 5,000-foot airstrip constructed, and radio 
well during the first twelve months of their stay in that  region. 

ADMINISTRATION 

Arrangements were n~ade for tlle firm of DeGolyer 
and MacNaughton, of Dallas, Tex., to act as consultants 
on geology and for the Noble Drilling Co., of Ardmore, 
Okla., which had supervised the work a t  Norman 
Wells, to act as drilling consulttlnt. 

On 8 June 1944 Naval Construction Battalion De- 
tachment 1058, consisting of approximately 15 officers 
and 190 men, was assigned by the Chief of Naval Oper- 
ations the mission of the exploration of Naval Petro- 
leum Reserve No. 4. LCDR W. H. Rex, CEC, USNR, 
was placed in command and thereby became the first 
of a series of officers in charge of construction for Pet 
4. Each officer in charge (OICC) had his strengths 
and his weaknesses, but i t  was largely through them 
that the program was able to accomplish all that it did. 
The Civil Engineer Corps can well be proud of this 
fine group of officers, who, throughout the program, 
maintained the best traditions of the Navy and of the 
Corps to which they belonged. 

CDR Bart W. Gillespie, assistant to the Chief of 
the Bureau of Yards and Docks (BuDocks) for petro- 
leum matters, on 11 July delivered by hand the basic 

facilities put in operation as soon as possible. Core 
drilling for structural information would then be con- 
ducted in the Barrow-Simpson area in the hope of un- 
covering a structure that would warrant testing with 
a large drilling rig. Otherwise, the big rig would be 
freighted to Umiat during the winter and a test well 
started there in the summer of 1945. Concurrently, a 
preliminary pipeline survey was to be in progress. 

The expedition was to receive instructions from tlle 
Bureau of Yards and Docks only ; but within the scope 
of the mission, the fullest cooperation should be ex- 
tended to the Director of Naval Petroleum Reserves 
and to representatives of the U. S. Geological Survey. 

OPERATIONS 

SEA TRANSPORTATION 

CAPT W. G. Greenman, who in June had replaced 
Rear Admiral Stuart as Director of Naval Petroleum 
Reserves, pointed out that the short time available for 
procurement of materials and supplies for the first ship 
expedition had a very real effect on the program as a 
whole. The time factor and the inadequacy of infor- 
mation on the area made this initial job of procurement 
a difficult one. Nevertheless, a remarkable job was 
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done. Drilling equipment was especially difficult to 
obtain because of the large amount of steel involved and 
the shortage of steel at that time. 

Barges with equipment from the Can01 project (an 
oil development project) in Canada were started down 
the Mackenzie River for a planned rendezvous witll 
Navy ships a t  Herschel Island and thence for towing to 
Barrow. This became unnecessary and was halted 
when BuDocks was successful in obtaining drilling 
equipment in California from the Army Corps of Engi- 
neers. Bart W. Gillespie (personal communic:ttion) 
has described this incident as follo~vs : 

Working closely with the Army Engineers and with Imperial 
Oil we learned that  there were two drilling rigs a t  Ft.  Smith 
which could be made available t o  the Arctic Expedition if 
needed. They would of course have to be barged thru the 
Slave Lakes down the Mackenzie to Norman Wells and there 
transferred to ocean going barges for the trip down to Aklarik 
a t  the mouth of the river and thence out into the Arctic for 
the trip of four hundrea odd miles to Point Barrow. 

Meanwhile, word had come that  there was a possibility that 
the drilling equipment then stock-piled a t  the Mira Loma, Cali- 
fornia Depot might not be used in the South Pacific. Immediate 
action was taken to verify this rumor and when i t  appeared a s  
though i t  was well founded we requested release of drilling 
rigs and a s  much more a s  could be used in the arctic from those 
items a t  Mira Loma. 

The procedure required for making the transfer of mate- 
rials was slow and time for the departure of the Expedition 
was getting closer. Therefore, we dispatched officers to Nor- 
man Wells with instructions to stand by for the arrival of the 
drilling equipment then steadily moving across the Great Slave 
Lakes toward Norman Wells. If no word was received from 
California by the time of the arrival of tlie rigs a t  Norman Wells 
they were to be transferred a t  once to the sea barges and the 
journey continued toward Pt. Barrow, Alaska. 

Meanwhile we flew to California to do all possible to clear the 
necessary equipment thru proper channels, see it  loaded on cars 
for Seattle and thus assure ourselves that  we would have re- 
quired machinery on the expedition. The deadline date for 
getting this material away saw the loading of the last pieces 
on the cars. 

An urgent dispatch was sent to Norman Wells halting further 
movement of the drilling rigs. The rigs arrived almost simul- 
taneously with the dispatch and were taken over by I~ilperial 
for use a t  Norman Wells. 

The original cargo estimate was 5,000 tons, but it ac- 
tually totaled 8,448 tons, or 13,388 measured tons (hold 
volume), with a personnel of 196 Seabees and 235 
stevedores. By 20 July 1944 everything was ready, 
and the ships departed Tacoma, Wash. This was the 
first of the ship expeditions that therafter made the 
long journey to Barrow annually and which later came 
to be referred to as Barex (Barrow Expedition). 

On 5 August 1944 the expedition rounded Point Bar- 
row, and on 6 August the ships stood off Cape Simpson, 
under conditions of fog, rough weat.her, and floating 

ice. After a reconilaissance the beaches were judged 
unsatisfactory for landing and unloading purposes. 
The search for a suitable landing site continued during 
bad weather and floating ice until 10 August, when the 
idea of a Simpson landing was abandoned. The ships 
then returned to Barrow, which was the most favorable 
site observed along the coast. 

The decision not to make the ititial landing at Cape 
Simpson near the site of the largest and best known oil 
seepages was the first nlajor departure from the original 
plans. Although at one time deplored by many as a 
serious mistake, i t  actually was a most fortunate deci- 
sion. The whole course of the program would likely 
have been vastly different if the original plan had been 
carried through, and the many advantages that ac- 
crued through the choice of Barrow as the main base of 
operation would not have been realized. Water depths 
off the shore, the beaches, ice conditions, and foundation 
conditiolls on land a11 are much better a t  Barrow than 
at Cape Simpson. 

Unloading with LCM's (landiag craft, medium) and 
pontoon barges was started on 12 August and continued 
until 16 August. By that date storm and rough water 
as well as abundant ice forced the ships to seek protec- 
tion east of Point Barrow. D u r i n ~  the storm the P B Y  a 

which was used for ice patrol and which a t  the time was 
lashed down on the shore of a lagoon behind the spit 
was literally torn apart by wind and water. The main 
part sank, but fra-pents were scattered for a long dis- 
tance over the tundra. Unloading was resumed and 
continued between 17 and 21 August, but a wind, reach- 
ing a velocity of 35 knots, forced suspension of the work 
on the 22d. The U. S. S. Spicu was completely un- 
loaded on 23 August, and by 27 August the S. S. 
Harrington had discharged its cargo. 

On 30 August Commander Kiley, thinking a hurried 
departure necessary because of the movement of the ice, 
ordered the stevedore units back to the ship. One unit 
of 66 officers and men did not respond immediately and 
was left stranded by the Spica's departure. 

The SS. Waipio, of the Matson Co., a t  the urging of 
Governor Gruening of Alaska and of the company of- 
ficials, made a run into the Barrow waters with sup- 
plies for the native village of Barrow (see fig. 9) long 
after the period of safe open water in the area was con- 
sidered past. The help of tlle stevedore unit was of 
major importance in the rush of the unloading of the 
7Vaipio during 16-18 September. The SS. Waipw 
with a small amount of cargo remaining on board was 
then forced to leave because of the report of ice closing 
in around Franklin Point. The stevedore unit returned 
aboard the Waipio. 
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AIR TRANSPORTATION 

Before Seabee Battalion Detacln~leilt 1068 was well 
established in the Reserre and llacl constructecl landing 
and other air transportatioi1 aids, air travel into the 
area ]lad to be entirely by bush plane, inostly froin Fair- 
banks, hundrecls of iniles to tlle south in the heart of 
Alaska. I n  this early flying the skill and experience 
of Sig. TVien ancl llis group of young pilots was of in- 
estimable value. There were no navigation or landing 
aids. Near the coast, especially around Barrow, the 
notoriously changeable weather is frequently foggy and 
windy. Winter flying 17-ith ski-equipped planes ~vould 
llare had many advantages, but much flying liad to be 
done before winter came, ancl by that  time some facil- 
ities liad been installed. Orclinarily, sinall aircraft en- 
tered by 11-ay of the Anakturuk Pass ant1 then landed 
011 the rivers, lakes, or lagoons, if on floats, or on gravel 
bars along the rirers, if on wheels. Small aircraft also 
could, and did, land on ocean beaches in a few places, 
such as a t  Barro~v.  These planes mere comn~only re- 
fueled with additional gasoline froin cases carried in 
the planes, from small supplies of gasoline at  Barrow, 
o r  from small caches left a t  a few strategic loc a t '  ions 
such as a t  Chandler Lake on the north edge of the 
Brooks Range and on the Colville River near tlle pres- 
ent site of Umiat. 

This early flying was llazardous work, but i t  was 
carried out without serious mishap and soon seemed 
alinost routine. I n  addition to the Barrow beaches, a 
favorite landing spot v a s  the Prince Creek bar, on the 
Colrille a few miles upstream from Umiat. That  was 
the lallding strip for  the 1944 geologic work of Lieu- 
tenant Foran on the Umiat anticline ancl for the 
Geological Survey party that  worked along the Col- 
ville that  summer. Both of those activities are cle- 
scribed later. A highlight of that early flying was the 
first trip to Barrow in midsummer of an old Boeing 
aircraft belonging to \Vie11 Alaska Airlines. 011 the 
return tr ip to Fairbanks. i t  m-as unable to fly over the 
Brooks Range on several tries because of icing, and it 
erentually, because of gasoline shortage, was forced to 
lancl on the Prince Creek bar. It was several days be- 
fore the t r ip to Fairbanks was fillally completecl, wit11 
the last gasoline available at  tlie bar, ~vhich was pains- 
t:iliingly transferred froin drums to tlie plane's tanks. 

I3ush flying 117ithin the Reserve was I~andlecl by TTTien 
- \ l n~ka  -\irlines. But because of TTTien's obligations 
to tlie Eskimos of the area, the flying time allotted to 
the Seabees was insufficient for  the needs of the unit. 

With the construction of some facilities a t  Barrow, 
the responsibility for air support fell to the Naval Air 
Transport Service (NATS)  . Pan  Americall Airlines, 
uilc1er coiltract to NLYTS for Alaskan service, under- 
took the linellaul (Fairbanks to Barrow) runs. As 
the NATS contract with P A A  (Pan American Air- 
lines) expired on 31 July 1944, negotiations mere initi- 
atecl for contiilued PL4A air support for  the Reserve. 

Althongh reluctant to assume the obligation because 
only one plane was available for the service, PAA con- 
tinueel the linehaul flights. In spite of the helpful 
cooperation of the ,\rmy unit at  1,ncld Field (11o\v 
Ladd Air  Force Base) in hauling supplies, the backlog 
of goods a t  the Fairbanks station steadily increased. 
Fairbanks was the take-off locality for Pet  4 and soon 
became the headquarters of the exploration project. 

BUILDING THE CAMP 

Even before completing unloading of the ships, 
~vhich, as has been mentioned, was largely a t  Point 
Barrow rather than at  the selected campsite about 6 
miles farther soutll along the beach, the shore personnel 
began the task of moving the material to the campsite. 
I11 this work the contingent left stranded by the de- 
parture of the ships was invaluable. Lieutenant Com- 
inander Rex immediately started the construction of 
a substailtial camp, the preparation of an airstrip, and 
other improvements. Another activity was the erec- 
tion of the drilling r ig and the start of drilling 11-11at 
was vainly hoped mould be a water well and a t  the same 
time would serve as a test of the drilling equipment. 
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houses. Railroad ties laid on the grarel served as foun- 
dations. The galley, located centrally between tlle 
i~iesshalls, was an  insulated frame s t r u c t ~ ~ r e  with con- 
crete flooring. The utility building, a 31- by 56-foot 
noninsulatecl frame building, housed one -1O-horsepo~~-er 
,\funds boiler, one 50-kilowatt and one 75-kilowatt gen- 
erator, t~\-o 2,500-gallon steel n-xter tanks, a \rater- 
purification unit, a laundry, and a portable fire-fighting 
unit. The penlc load of the camp v7:ls 45 kilowatts. 
7Txtrr was llauled by sled from the fresh-\rater lake 
east of the camp. 9 12- by 18-foot sheet-rock-insulated 
frame building housed showers and \rashbasins. The 
latrine IT-as a 16- by 16-foot tent over a tiinber frame. 
,\ GO- by 62-foot frz~ine building insulated ~ r i t h  asbestos 
clalhoard shingles served to house the carpenter shop, 
machine shop, Ilea\-y-equipn~ent-purts I\-arehouse, ancl 

1.'1ccli1: to.-l';i~,r (~l' rile Sc3-I~v6.> t v l l t  ( . ; I I I I ~ )  i l l  I : i l ! . l .o~\-  i l l  l l ~ v  t ' i l l l  ( b 1 '  1!144. gar:lge. 
Pl~otogrnl )h  hy U. S. s;II-~. CAMP STORAGE 

From 23 3\ugust to 14 September, until tlle lwrm:~- Supplies were assembled ailcl grouped in storage 

nent \I-as llla,je ready, tile l,ersol,l,el occ,,l,ietl a a1.e:~" (see fig. 11) \vith as mncll care as the paclcage 
I 

temporary tent camp. (See fig. 10.) Quarters were 
16- by 16-foot tents over a timber frame\\-ork :~ncl 
floor. A tarpaulin-covered 40- by 100-foot 11-ootl-1)earn 
structure housed the messhall and galley, ~vhich doubled 
as a movie theater. The administration building, an 
18- by 36-foot frame building, was later lllorecl to the 
center of tlle permanent canlp and 11-interizetl wit11 
asbestos clapboard siding. TTTarellouses nilcl sliol)h toll- 

sistecl of tnrpaulin- and tent-covered frnnle strnctt~res. 
TT'ooclbnrning stores were illstallecl in living claarters 
but were replacecl by diesel-furl space heaters as  soon 
as practicable. Electricity for lights a i d  power  as 
supplied by a 50-kilo~vatt diesel generator \\-it11 a 75- 
kilo~vatt generator as a standby. Fresh-\rater facilities 
consisted of a pump-fed 1,300-gallon porltooil storage 
tank, a chlorinating unit, a purification unit, and pip- 
ing to the galley. Water consumption averaged 3,000 
gallons per day. 

The pernlanent cainp area \\-as drained and graded. 
Twenty-four 20- by &foot steel-arch-rib huts (quon- 
set huts) \rere erected including 10 barracks, 4 iness 
huts, 4 11-arehouses, 3 hospital and dispeasary huts, 1 
ship's store and photographic laboratory, 1 engineering 
office and radio con~munication room, a i d  1 recreation 
hall. Alterations n-ere necessary to make the quonset 
huts suitable for the rigors of the arctic climate. Bulk- 
heads were installed near the ends of the huts to pro- 
vide for storm entrances. To the standard V2-inch 
plywood flooring was added a layer of %-inch sheetrock 
insulation and 1-inch flooring. Smoke stacks and veil- 
tilators lvere made in the shop and installed. To equal- 
ize the sharp temperature gradient from floor to ceiling, 
electric fans were installed in quarters mld food ware- 

I'r<:rrrrn 11.---li:nrly days of I 'rt 4. I : I ~ I I ~ ~ I I I I ( ' ~ I ~  I t . ~ ~ ~ ~ ~ o ~ . i i r i l ~ -  stored olltside. 
I ' l ~ o l o g m ~ ~ h s  by IT. S. X ; L V ~ ,  8 S o v e m l ~ r r  1944. 
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lnarkings and limited time would allow. Items that 
could not be found and that constituted important 
losses included 3,500 feet of drill pipe, 90 bottles of 
oxygen, and 2,500 sacks of cement. Other estimated 
losses were 600 barrels of gasoline and diesel oil, 50,000 
board feet of lumber and dunnage. Par t  of the food 
became frozen and ruined because of insufficient warm 
storage. 

ROADWAY TO BARROW AND AIRSTRIP 

A roadway nearly 4 miles long to Barrow village was 
graded generally along the beach. 

I n  early September, work was started on a perma- 
nent airstrip. A well-drained site was selected just 
north of the main camp. The main strip was 150 feet 
wide and 5,000 feet long, had a bearing of approxi- 
mately N. 50%' E., and was completed in 3 weeks. A 
cross strip 150 feet wide and 4,300 feet long joined the 
main strip and \$-as oriented about N. 31h0 E. The 
tundra vegetation was bulldozed out in areas away from 
the beach and mixed with the sand and gravel in the 
strip area to act as a binding agent. After being 
graded and dragged tlie airstrip was packed by a roller 
constructed of oil drums full of sand. The natural 
tundra cover on the cross strip was left intact, and 
gravel fill mas added as necessary to grade the strip. 

Planes landing before the freeze did not break 
through the upper crust on the strips, and after freez- 
ing, the airstrips were in almost perfect condition. 
By 31 December 1944, 162 flights had been completed 
successfully thus indicating the adequacy of the con- 
struction. By that time Bartow landing lights (per- 
manent airstrip markers) had not yet been received, 
but fusees (flares) were used satisfactorily. 

PIPELINE SURVEY 

The problem of getting oil out of the Reserve was 
continually kept in mind during Pet 4. Some early 
speculation concerned the possibility of shipping it out 
by tankers from some point on the Arctic coast, but 
this generally was not considered practicable. A good 
deal of attention was given also to the possibility of 
refining oil in or near the Reserve. This possibility 
seemed largely a strategic one and would depend on 
the possible requirement for petroleum products in 
northern Alaska. By far  the most serious thought, 
however, was given to the plan for a pipeline from the 
Reserve to Fairbanks where access would be hxd not 
only to Alaskan military and civilian markets bnt also 
to the Alaska Railroad and to the highways-the 
Alaska Highway to the States, linking a series of major 
airfields and the Richardson Highway to the Pacific 
coast at Valdez on Prince William Sound. Connection 

could be made also to the existing pipeline connecting 
Whitehorse and Fairbanks. 

As early as 1944 i t  seemed wise to make some prelimi- 
nary studies relative to this proposed pipeline. It was 
generally believed that the pipeline, if it were built, 
would pass out of the area near the southeast corner of 
the Reserve and extend through Anaktuvuk Pass to 
Bettles where it would cross the Koyukuk River. It 
would probably cross the Yukon near the lower end of 
the Yukon Plats and thence to Fairbanks by may of 
Livengood. 

Starting from Fairbanks on 10 September 1944, a 
small crew under L T  Paul G. Daubel ran a location 
survey with levels as far  as Livengood about 80 miles 
away, which was reached on 9 November. I n  general, 
the suggested pipeline route followed the Fairbanlcs- 
Livengood road but was located in the valleys, whereas 
the road mostly follows the ridges. 

The conclusion from this preliminary survey was that 
pipeline construction and maintenance would involve 
many major difficulties, principally because of the ter- 
rain, and climate. 

I n  October F. E. Waterfield, Jr.,  vice president of 
the Plantation Pipe Line Co., was requested to consider 
the problem of a pipeline from Umiat to Fairbanks. 
On 20 December he made his report on pipeline design 
which provided for various types of crude oil and for 
various operating conditions. Further studies were 
postponed pending the discovery of oil. 

COMMUNICATIONS 

Coinmunication to areas outside the Reserve was 
somewhat rudimentary in 1944. A field-telephone line 
was laid to the old station of the Alaska Communica- 
tions System (ACS) in Barrow village which provided 
contact between the camp and central Alaska or the 
States. A t  the permanent base a new station of the 
Army Airways Communications System (AACS) af- 
forded another channel in case of emergency. The men 
of the ACS and AACS quickly provided the expedition 
with some degree of flight security. The assistance was 
largely on their own initiative without officiaI orders, 
and occasionally they seemed to be depriving them- 
selves to assist Pet 4. Offices and airport at the perma- 
nent camp were connected by a telephone system. 

EQUIPMENT MAINTENANCE 

Because the operation and maintenance of heavy me- 
chanical equipment under the specialized climatic and 
other conditions of the Arctic was such an important 
part of Pet 4, it seems appropriate to mention some 
of the major problems as they arose and were solved 
during the course of the program. 
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The key heavy equipment unloaded from Barex '44 
(Barrow Expedition, 1944) included 6 tractors, two 20- 
ton and one 10-ton cranes, and one 9-ton crane. The 
tractors were modified principally by the install a t' lon 
of oak blocks in place of the top carrier rollers because 
i t  was found that the rollers became inoperative because 
of icing, the cutting of 3- by 3-inch-square holes in the 
tracks to facilitate the cleaning of snow from tlle tracks, 
and the welding of additional grips or grousers on the 
tracks for better snow traction. I n  very cold weather 
some of the tractors mere of little use as they had no 
starting engines. Athey wagons were satisfactory for 
hauling on the coarse-sand beach and were used to move 
about 2,300 tons of equipment over the 6-mile stretch 
from the unloading beach at Point Bar ro~r  to tlle 
campsite. 

Radiator curtains and plywood side panels were in- 
stalled to enclose all fuel lines and tanks, and cabs were 
added to provide comfort for the operators. With tlle 
advent of cold weather, lubricating oil was diluted with 
15-30 percent of kerosene or diesel oil to facilitate its 
flow at  low temperatures. No opportunity was afforded 
to thoroughly test the weasel (Ji99C) in 1944 although 
four had been unloaded. 

GEOLOGY 

During his brief reconnaissance of the Reserre in 
March and April, Lieutenant Foran had obserred eri- 
dence of a major anticline in the Umiat area approxi- 
mately 180 miles southeast of Barrow in the extreme 
southeast part of the Reserve. This was tlle location of 
some of the small seepages that had first been risitetl 
by the Bureau of Mines-Territorial Department of 
Mines party the year before. Foran considered that 
the most important next step was to obtain further 
information on that structural feature in the hope of 
determining structural closure at some point along tlle 
axis of the anticline; if closure was indicated he \rould 
csnsider Umiat a justifiable drilling site. 

Therefore, Lieutenant Foran, assisted by Lieutenant 
( jg) Woodward and six additional party membe~.s, 
returned to the Colville River, landed on tlle Prince 
Creek bar above Umiat, and on 8 June started structural 
geologic mapping on the anticline. (See pl. 3.) Lieu- 
tenant Foran also made some observations on the 
stratigraphy and began to compile a stratigraphic sec- 
tion of the rocks in that area. Altogether, the Foran 

hleanwhile, the Geological Survey had also dis- 
patched a sillall party to the same general area. The 
party consisted of Robert R. Coats, chief, George Gryc, 
geologist, and a cook-camphand. The Survey felt that 
stratigraphic information would be most needed in the 
early phases of an intergrated program of petroleum 
exploration, and the party was instructed to concentrate 
on the stratigraphic section which was exposed along 
the bluffs of the Colville River from above Umiat to 
40 or 50 miles below Umiat. The Survey's opinion was 
based on the fact that the structural character of the 
Reserre was already generally known from the geologic 
expeditions of the '20s and before and that there were 
many generally eastward-trending structural features 
that were progessively less intense northward from the 
Brooks Range. Accordingly, the Survey party studied 
iiltensively tlle stratigraphic section from the Prince 
Creek syncline downstream across the Umiat anticline 
and the then unnamed Gubik anticline north of i t  for a 
total distance of about 40 miles. From that study the 
general scarcity of good porous sands in the part of the 
section studied became evident. 

On 2 August tlle Foran party moved to Cape Simp- 
son and began a hydrographic survey designed for use 
during the proposed imminent landing of tlle ship ex- 
pedition. An attempt was made also to deliinit a geo- 
logic structure in the oil seepage area near Cape Simp- 
son, but this was unsuccessful because of the absence of 
bedrock outcrops in that vicinity. 

DRILLING 

The drilling equipment landed from Barex '44 con- 
sisted of 1 Model 1 4 2  portable Sprague and Henwood 
Core Drill, 2 Failing 1500 units which could drill a 
4%-inch hole to 1,000 feet, and 1 National 50 rig. 

Three experimental holes were attempted ill the fall 
of 1944 in order to  determine operating conditions artd 
to familiarize the drilling personnel with the operation 
of the equipment. (See pl. 3.) Drilling was directed by 
LT J. S. IIagestad, petroleum engineer, and Lieutenant 
Commander Rex. 

Core test 1, using the Sprague and Henwood drill, 
was a short distance south of the camp. Slush ice 
plugged the eyes of the core bit. I f  circulation were 
stopped for an hour or so, mud would freeze to the 
walls of the hole, so that ream,ing was necessary on - 

party spent 7 weeks mapping and studying the anti- going back in. This situation \r-as alleviated somewhat 
cline which at that time was called the Prince Creek with the use of an immersion oil burner in the mud tank 
anticline but which since has come to be known as the to heat the mud. The hole was drilled to 344 feet, but 
Umiat anticline. (See fig. 12.) He found and mapped coring was not successful. Reaming was necessary to 
in a general way a closure of about 750 feet. enter the hole and jarring to get out. The crew be- 

4 4 3 6 1 5 - 5 8 4  



FIGURE 12.-Index map of northern Alaska showing general locations of selected anticlines. 
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lieved that  a larger mud pump axid continued heating 
of the mud would have solved most of the difficulties. 

A t  core test 2, near No. 1, the diesel-fueled heating 
stove exploded, a t  236 feet, the r ig caught fire, and in 
the high wind the fire was uncontrollable, and tlie r ig 
was destroyed. 

The test of the National 50 was more successful. The 
big-rig test 1 was a t  the northeast edge of the campsite. 
The hole was drilled to 685 feet between 13 aiid 22 Octo- 
ber although the r ig was unhoused. Icing of lines was 
something of a problem, and a flame t h r o ~ e r  was used 
to thaw lines, standpipe, and hose while making a coii- 
nection or  coming out of the hole. Except for  these 
problems, the equipment was believed to have perfomed 
satisfactorily. 

SUMMARY OF 1944 

By the end of 1944 Pet  4 was mell unclerwa~-al- 
though drilling for  oil had not yet started, much infor- 
mation had been assembled, a substantial camp hacl been 
built and the Seabee detachment was mell housecl aiid 
well fed, and an air service system was in oper a t '  ion. 

I n  1944 the beachhead hacl been firmly established; 
in 1945 the exploration of the Reserve was reacly to pro- 
ceed. Key positions were held by Lieutenant Com- 
mander Rex, officer in charge of construction : L T  A. G. 
Smith, executive officer; LCDR Saul hfackoff, medical 
officer; L T J G  H. F. Corbin, chaplain; LT TVilliam T. 
Foran and LT James Brazil, geologists; LT Leonard 
Berlin, procurement and liaison officer in Fairbanks; 
L T  B. D. Goodrich, procurement aiid liaison officer in 
Seattle; and above all CDR Bart  Gillespie, in TYashing- 
ton, D. C., who exercised overall control aiid gave all 
possible authority and resl>onsibility to the fielcl 
personnel. 

Lieutenant Berlin took charge in Fairbanks on 4 Oc- 
tober 1944. H e  was responsible for procuring fresh 
food and emergency supplies for  the detachnient, clis- 
patching of priority freight by chartered plane, the 
billeting of men on leave, consulting on the pipeline 
survey, and liaison with the Army unit a t  Lacld Field. 

The record of accomplishment of tlie detachnient nii- 
der Lieutenant Commaiicler Rex had prorecl his or- 
ganizing aiid operating ability beyond question. TTTorB 
had proceeded on camp aiid airfield maintenance; a 
strict accounting system had been installed ; and prepa- 
rations made for the winter freighting and drilling 
season ahead. 

Many of the highlights of the first year have been 
summarized by Bar t  W. Gillespie (personal comniuni- 
cation), who is quoted below a t  some length because he 
has managed so well to capture the enthusiasm and 
accomplishment of the early days of Pet  4. 

The setting up of any expedition of importance particularly 
one inrolring ship movement into the Arctic seas is not a sim- 
ple matter. The Chief of Naval Operations, when advised of 
the need for such a n  expedition to be ready to move from 
Seattle not later than 25 July required much information on 
which to base his selection of ships and personnel familiar with 
arctic conditions. 

I t  was our responsibility to grind out the necessary logistics 
data in time to permit CNO (Chief of Naval Operations) to 
release its directires corering the ships to  be selected and the 
personnel to man the ship or ships. CNO had this  information 
in hand by 28 June and directives were released in record 
time. Two AKA (Attack Cargo ships) Liberty ships were se- 
lected for this trip. Troop accommodations, proper refrigera- 
tion to  accommodate the large quantities of perishable meats and 
foodstuff had to be installed on board. Loading of different 
types of cargo which ranged from highly inflammable petroleuin 
products and dynamite to last minute food and water required 
exact loading points and dates. 

The ressels selected had to be rerouted from their present 
duties and given certain last minute inspections and radar  in- 
stallations prior to their entering the iceberg infested Bering 
Sea and Arctic Ocean. Highly specialized Naval personnel 
such as  Arctic Ice Pilots, Weather men and Arctic Coast veterans 
were drawn in from all parts of the globe. 

* * * * * 
Less than two \veeBs before departure of the ships 128 of- 

ficers and inen designated a s  NCBD (Xaval Construction Bat- 
talioil Detachment) 1058 arrived a t  the Seattle Naval Station. 
1,t. Conldr. I ran  Wilson, who had been instrumental in  select- 
ing the group, was temporarily in  charge. His excellent selec- 
tions and later his proper setting up of the Detachment con- 
tributed much to the later success of the Expedition. 

On 25 July 1944, the two ships set out for Dutch Harbor with- 
out benefit of convoy, escort or publicity other than that  which 
apparently will always l ~ a k  out where there a re  those who 
must keep their contacts with the press. * * * Dutch Harbor 
was entered on the fifth day. 

After topping off with fuel and water the expedition started 
its slow journey into the Bering Sea. Radio contact with the 
destination did not exist. The exact position of the ice mass, 
wind and weather conditions now so carefully reported day and 
night were then unknowns to be figured when and if possible. 
Fortun;~tely, the Expedition Commander, himself a stranger in 
the arctic, had a t  his side two reterans of the Arctic Coast plus 
a real a~nount  of information preriously collected by the U. S. 
Coast Guard. 

Preliminary inaccurate information obtained in Washington 
led us  to plan a beach landing off Cape Simpson. For this 
purpose Pontoons and LChI's were deck loaded to make possible 
beaching the cargo and personnel. The final decision was made 
on the spot when it  was discorered that  a sand bar off shore 
eliminated any such landing. The ships then moved back to a 
point approxilnately one half mile off the extreme point of land 
kno~vn as Point Barrow. The choice of landings was not the 
best since i t  could hare been vastly improved had the ships 
liioved into the protected anchorage nearer Barrow Village. 
Howeyer, this obserration may be classed a s  a n  after thought. 
The important point is that  no attempt was made to carry out 
the original plan to land and make camp on Cape Simpson. 
That  region short of drinking water and devoid of sand and 
gravel was and is unsuited for campsites without expenditure 
of much money and time. 
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SECOND YEAR-1945 Failing drills to the Cape Simpson area during the 
GENERAL PLANNING A N D  ADMINISTRATION winter and for core drilling in that area between 1 June 

and 15 September, for the completion of the pipeline 
With the Opening Of 'lands were looki1'g survey by three field parties, for necessary geologic 

forward to an Outstanding Year Of accom~lishmellt. It to start working out of Ulniat starting ahollt 
was not possible, Of 'Ourse, at the beginning Of to 1 June, and for certain other necessary supportillg 
anticipate that both of the major enemies with which 
the was engaged as the year Opened 'vould be After an inspection of the Reserve by Captain (ireen- 
defeated during the year and that as a result it  would man, Commander Gillespie, Lewis MacNaughton, of 
be necessary to determine major policies as to the con- DeGolyer and MacNaughton, Commander Icoon, of the 
tinuation of Pet 4 under a civilian contractor. The Division of the of Yards arid Docks, 
transfer to a 'Ontract 'peration became One Of the and I,T James Brazil, geologist, tile recommendations 
outstanding features of Pet 4 in 1945. The transition of Lieutenant Rex were somewhat modi- 
was not fully completed until the spring of 1946. fied and substantially expanded. The most far-reach- 

On the basis Of the laid plans for contiaua- ing reeeommell~atioll of the group called for the dl.illillg 
tion, estimates had been made of a fiscal requirement of first test well the Umiat anticline in 1945. 
$1,620,000 to early on Pet 4. After approval by Under Other provisions of the plan as developed by the 
Secretary Of Navy Bard, this was group included the drilling of shallow core holes at  
included in the Naval appropriation bill for fiscal year simpson to determine structure, schlumkrger surreys 
1946 under the recurring item for operation and con- of the holes drilled in the hope of reducing the necesitv 
servation of naval petroleum reserves. for coring, and a seisnlograph survey of that area. The 

As Pet began to its stride and in view Of also included a gravity-meter reconnaissance of the 
the plans for 1945, it became urgent that the various Umiat anticline to provide additional information o,l 

Of res~ollsibilit~ in the Operating that structure and to test the usefulness of gravity stw- 
organization be clearly and specifically defined. This veys on the In addition, the plan visualized 

done On l3 December Chief Of the burning of local coal for steam at  Umiat. Further 
Operations as follows : investigation later showed that the use of northern 

1. The Director of Naval Petroleum Reserves will *laskit coal in the program was not practicable any- 
advise the Secretary of the Navy as to the establish- where on the R ~ ~ ~ ~ ~ ~ .  still another provision of the 
ment of general policies. plan was the obtaining of vertical aerial photographs 

2. Bureau Of Pards "Id Docks have "g- of the area embraced by latitudes 69' and 70' N. wlcl 
nizance over procedures and scope of the project; over longitudes 1510 and 1550 W. 

and Outfitting Of the personnel of the 'On- Comander Koon felt that the first test well should 
struction battalion; over provision of construction be at Cape Simpson, and this view was supported by 
materials; over supervision of personnel ; and over con- RADM C. A. Trexel, Director of the Alaska Divi- 
tracts with airlines. sion, Bureau of Yards and Docks, in a letter to Ad- 

3. The Commandant, 17th Naval District, will have miral Moreell. commander ~ i l l ~ ~ ~ i ~  could not slxp- 
cognizance; general Over penonnel, port this vielv and urged that the first test, well be 

radio, air Air Trans- drilled at Unliat, for that was the only loeation tllat 
port Service schedules), and ship transportation within coL,ld be with the information available. corn- 
the area. mander Gillespie felt that the opinion of Commander 
4. The Commandant, 13th District, be re- KOon and Admiral Trexel mas influenced greatly by tile 

sponsible for assignment of priorities to the Naval Air supposed greater feasibility of in tile SimpsoIl 
Transport Service ; provision of air and ship transpor- area. Eventually, it was decided to proceed 1vitl1 the 
tation as supplied by Naval Air Transport Service and Umiat hole first. 
Naval Transport Service ; and coordination of loading 

At about that time the shortage of tractors in the Re- and dispatching of ship expeditions and issuance of 
orders to ships involved. serve began to be felt seriously, and it was necessary 

A general plan for 1945 operations was first pre- to ration their use between the Umiat and Simps011 

pared and submitted by Lieutenant Commander Rex in parts Of program. 

October 1944. I t  provided essentially for the trans- Some question was raised as to the need for sendi% 

portation of the National-50 rig to Umiat between Jan- certain heavy-equipment items such as steam boilers and 
uary and April and the spudding in of Umiat test well rig housing to Umiat. The winter freighting would be 
1 on 1 June, for the procurement and freighting of two much easier if they were not sent. Commander Gilles- 
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pie felt that the first hole could not be expected to be 
completed a t  least until January 1946, and he instructed 
that the required materials be sent and that all facilities, 
especially the airstrip, be in proper condition to insure 
unimpeded activity during the drilling of Umiat test 
well 1. 

The plans for tlie drilling and related activities a t  
Umiat and Simpson also resulted in some limitations 
on the support that could be afforded the surface 
geological and geophysical parties. Lieutenant Foran 
urged that these activities be more adequately sup- 
ported. Commander Gillespie pointed out that every- 
one realized the importance of the work of the surface 
parties but that some inconveniences resulting from the 
high priority of the drilling of Uiniat test well 1 must 
be accepted. 

The wisdom and foresight of Commander Gillespie 
in his stand, and the general validity of developing a 
carefully considered plan and then sticking to it, have 
been demonstrated many times since 1948. 

The overall plans for 1945 outlined a well-rounded 
exploration program using all applicable standard 
methods of both surface and subsurface exploration; 
and it was proportioned and directed toviard obtaining 
maximum information on the potentialities of the Re- 
serve. The program was cognizant of, ant1 provided 
for, a priority of steps to the end that infornlation \\-onld 
become available as nearly as possible as needed for 
subsequent steps. An inherent and unavoidable prob- 
lem in 1944 and 1945 was the inadequacy of basic fac- 
tual information on general geology, structural geology, 
and stratigraphy for choosing drilling sites. 

The long-range planning, of which each year's plan 
was a carefully determined part, in general was devised 
to locate and map structural features and to obtain 
stratigraphic information in tlie Brooks Range and 
Arctic foothills by surface geologic methods ancl in the 
Arctic coastal plain by geophysical methods, largely 
seismic surveys, and by core drilling. Test-hole drill- 
ing would, of course, provide additional specific infor- 
mation wherever done, and no effort was to be spared 
to obtain maximum information from all holes drilled. 
Some holes, especially in the coastal plain part of the 
Reserve were to be located primarily to obtain sub- 
surface geologic information. 

Captain Greenman had been advocating an agreement 
whereby the Geological Survey would carry out a large 
part of the geological studies that would be required 
in and near the Reserve as part of Pet 4. This resulted 
in the exchange of several letters between Secretary 
of the Navy Knox and Secretary of the Interior Ickes. 
Finally, in January 1945 the two Secretaries reached 
substantial agreement, and the Director, Naval Petro- 

leum Reserves, and the Director, Geological Survey, 
were authorized to deal directly in developing a work- 
ing pattern to accomplish Captain Greenman's desire. 

While the war mas in progress, information about Pet 
4 mas classified, mostly as secret. The project was 
declassified in October 1945 thus making possible the 
public sho\ving of a rather complete moving picture 
in color of the operations to that date. It also per- 
initted a short trip to Barrow on 10 November 1945 of 
a group of 17 newspaper correspondents to see for them- 
selves the difficulties being encountered and the progress 
being made by NCBD 1058. 

The assigned complement for the operations in 1944 
had been 15 officers and 204 enlisted men. Food, fuel. 
and proper clothing were somewhat short as the end of 
1944 approached, and it mas becoming apparent that 
some men were not fitted for arctic assignment at all 
and still others had difficulty adjusting themselves dur- 
ing idle interrals. Therefore, all men not absolutely 
required for the winter work as planned were returned 
to the States. As of 7 January 1945 the detachment 
had been reduced to 13 officers and 126 men. Of those 
sent back to the States, 35 were returned as being unfit 
for arctic work. 

The plans for 1945 called for substantially more work 
than Imcl been done in 1944, and Admiral Moreell on 
7 March 1945 requested that the Chief of Naval Opera- 
tions accordingly expand the detachment to 25 officers 
and 635 enlisted men. I n  addition, in anticipation of 
the demand for labor during the ship expedition (Barex 
'45) planned for the fall, 220 stevedores were requested 
for unloading, 100 of them to remain a t  Barrow for 60 
days to assist in warehousing the supplies and materials 
that mould be coming in. 

With the coming of V-J day in September, an item 
of high priority became the discharge of those eligible 
for release. It shortly became apparent that continu- 
ation of Pet 4 as a Seabee operation would be impracti- 
cable, and attention was directed toward ways and 
means of converting the exploration program to a ci- 
vilian contractor operation. 

On 21 September John L. Sullivan, Assistant Sec- 
retary of the Navy for Air, and Commodore Green- 
man, Director of Naval Petroleum Reserves, who by 
then had been promoted to flag rank from captain, 
jointly addressed a memorandum to the Secretary of 
the Navy in which i t  was reconimended that- 

(1) the exploration be continued on a contractual 
basis ; 

(2) funds already appropriated for the program be 
used ; 

(3) the geological work be done by the U. S. Geo- 
logical Survey ; 
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(4) a contract be negotiated x i t h  a competent firm 
to proceed with the geophysical work, drilling, and 
maintenance of facilities and equipment ; and 

(5) the Navy continue to provide air and water 
transportation along with associated facilities. 

The recoinmendations were approved by the Secre- 
tary of the Navy on the same day. 

The recommendations were based on the favorable 
indications resulting from the program through the 
slimmer of 1945 and on a study that had been made of 
the cost of developing and producing oil in the Reserve 
illcluding the transportation of the oil to west coast 
refineries. A t  about that time came the first estimate 
that the potential production required to support de- 
velopment of the Reserve should be in the order of 
100,000 barrels per day from reserves of about 500 
niillion barrels. 

I n  arriving a t  his decision to recommend continua- 
tion of Pet 4, Commodore Greenman stressed his con- 
~7iction that only the development of the Reserve in 
peacetime could assure its use in war or other emer- 
gency. He  pointed to the Navy's need for knowledge 
of the Reserve for planning purposes, to the strategic 
location of Naval Petroleum Reserve No. 4, and to the 
fact that many engineering and economic problems 
mould have to be solved even if oil was located in 
large quantities. 

After the approval of tlle recommendations by the 
Secretary of the Navy, Commodore Greenman on 29 
November requested BuDocks to take full responsi- 
bility for the letting and administration of contracts 
having to do with Pet  4. H e  suggested that any con- 
tracts, subject to the availability of funds, include work 
through the summer of 1949. 

The proposal was studied by the Bureau's Board of 
Contract Awards, which found that three companies 
collectively included all the elements necessary for 
carrying on the work and recommended that a contract 
be negotiated with them. The companies were Hoover, 
Curtice, and Ruby, Inc.; the C. F. IJytle Co. ; and the 
Green Construction Co. 

The board had determined that a contracting organ- 
ization was required that had had experience in north- 
ern Alaska, that had technical qualifications to explore 
for petroleum and analyze petroleum possibilities, and 
that was competent to manage and supervise drilling 
operations. 

The C. P. Lytle Co. and the Green Construction Co. 
had operated jointly in Alaska for 5 years, had con- 
structed 14 airfields for  the CAA (Civil Aeroiialntics 
Administration), had built the Alaskan portion of the 
Alaska Highway, and had constructed substantial hous- 

ing facilities. It had had experience in the winter 
sledding of large tonnages of freight. 

Hoover, Curtice, and Ruby, Inc., had had wide ex- 
perience in engineering, management, technical analy- 
sis, and supervision in the petroleum exploration field, 
and some members of the staff had northern experience. 
I n  the summer of 1945, as will be described later, the 
United Geophysical Co., which was closely associated 
with Hoover, Curtice, and Ruby, had done seismograph 
\vork in the Reserve under contract. 

A t  a special hearing on 4 December 1945 before the 
Naval Affairs Coinnij ttee of the House of Represen ta- 
lives, Commodore Green~llan appeared, with other sup- 
porting witnesses, to justify the proposed continuation 
of Pet  4 operation under a civilian contract and to 
obtain the committee's support in seeking appropria- 
tions for carrying on the program on the basis of a 
negotiated contract ~v i th  a competent civilian con- 
tractor. 

The principal witnesses a t  the hearing were Com- 
modore Greenman, Director, Naval Petroletun Re- 
serves ; TV. E. 7;1:1-ather, Director, U. S. Geological Sur- 
vey; Lewis MacNaugliton, IJeGolyer and MacNaugh- 
ton, advisor to the Secretary of the Navy in oil matters; 
and C A P T  Bart  Gillispie, CEC (Civil Engineer 
Corps), USNR, who had been in charge of the Seabee 
battalion and initial exploration in the Reserve. 

After thorough questioniiig of all witness, the 
chairman moved that  the Naval Affairs Committee re- 
affirm its approval of this project and 1-ecommend to  
the Appropriations Committee that sufficient f~un(ls be 
appropriated for the continuation of the progr:nn on 
the basis of a negotiated contract with a competent 
civilian contractor. 

By a letter of intent dated 17 December 1945, tlle 
coventurers (Arctic Contractors) were authorized to 
begin work while the definitive contract was being pre- 
pared. CDR P. D. Koon, CEC (Civil Engineer 
Corps), USNIZ was designated officer in charge of con- 
struction under the intended contract. 

Meanwhile, Commander Rex had been relieved as 
OICC on 26 September and was replaced by Lieutenant 
Cominander Davis. The release of the personnel, 
which had begun in August, proceeded rapidly aiid by 
the end of October the last man of the original detach- 
ment had left the Reserve. Only a skeleton crew was 
left, scarcely enough to man maintenance and repair 
details and perform routine duties. 

The Chief of Naval Operations on 17 December, the 
date of the letter of intent mentioned above, directed 
the Bureau of Naval Personnel to deactivate NCBD 
1058 and to arrange for the disposition of its personnel. 
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Plans were laid for  tlie OICC to nlaintaill his skeletoil 
crew to perform necessary duties until 1 January 1046, 
a t  which time responsibility was to pass to the contrac- 
tor. Actually, the changeover required a longer time, 
and i t  was not until February 1946 that the Nary with- 
drew completely, except for such continuillg responsibil- 
ities as 11-ere required in connection with tlle contract. 
I n  spite of the very serious persolinel situation, the 
remnants of NCBD 1058 mere able to illaiiltain both 
the Barron- aiicl the Umiat facilities and to perfol.111 as 
well sollie work preparatory to the  inter freipllting. 

As soon as the letter of intent was signed, Arctic Con- 
tractors began to organize for the job. Arthur F. Daily 
was appointed project manager, ancl IIerlnan Reich- 
man, project superintendent. Mr. Reiclilnall arrired 
in Fairbanks on 26 December. A contractor's employ- 
ment office began to function in Des Moiiies, Iowa, on 
24 December, and on 28 December the project manager 
moved into temporary Savy offices in Sail Francisco, 
Calif. 

OPERATIONS 

LAND TRANSPORTATION 

During 1944 i t  had become increasingly apparent that 
one of tlie major tasks of Pet  4 was to fincl sonle nieans 
of freighting large tonnages many miles over the Re- 
serve. The Arctic tundra presentecl almost insurmount- 
able difficulties to such operations in the summer. The 
profusion of lakes and streams made heavy hauling ex- 
tremely difficult, but an even greater problein was posed 
by the surface thawing of the frozen ground. The 
tundra surface becomes an untraversable quagmire if 
torn up by heavy motorized equipment. It was ap- 
parent by 1945 that the bulk of the heavy hauling would 
have to be done in the winter. The may in ~rl i ich this 
extraordinary problem \\-as so effectively solvecl has be- 
come one of the outstanding triunlplls of Pet. 4. 

Winter freighting for  1945 was assigned to Lieu- 
tenant Hugg. Preparations tliat were begun in 1044 
were continued through January 1945 and consisted, in 
addition to careful planning, of tlle building of \rani- 
gans (living and eating quarters, which were iiiounted 
on sleds), bobsleds, and welded-pipe sleds. This build- 
ing, repairing, overhauling, and servicing of equipment 
continuecl for  the next 3 months. The work was so 
painstakingly clone that  there was no major failure on 
the trail during the whole winter. 

I n  the planning for  the 1945 winter freighting, i t  was 
estimated that 1,000 tons would go to Umiat and 150 
tong to the Simpson area. 

k h e  first sled tr ip was to Simpson, 75 miles from 
Barrow, and the tractor train started on 22 January. 
On that  initial t r ip were learned the great advantages 

of freighting so far  as possible over ice rather than over 
tundra. The  first half of the t r ip was attempted over 
the tundra. Travel was very bumpy because of the 
rough surface of the tundra, snow drifts, and the low 
banks that  had to be negotiated a t  stream crossings. 
Tlle sleds frequently burrowed deeply into snowbanks, 
ancl the drums of fuel constituting one load shifted so 
badly that the sled was abandoned. As a first trial, 2 
large tractors were used to pull 10 sleds. This was 
found to be insufficient power, and after unhitching two 
slecls the expedition continued with 3 tractors and 8 
slecls, 4 of which were payloads while tlle remainder 
\rere for eating, sleeping, and servicing. 

Tlle latter half of the t r ip \?-as over the sea ice as was 
the whole return trip. Ice travel was found to be much 
easier, although some difficulties arose because of the 
leads (open or tliiiily frozen cracks in the ice). I t  was 
found that  some leads could be crossed with care and 
tliat it was possible to cletour most of them. The 
weasel (J129C) proved a very useful vehicle for  
scouting ahead, especially for dangerous leads. The 
perforinance of the tractors was excellent as was that  
of tlle ~relded-pipe sleds. Even a little experience 
showed that much rough travel was eliminated, and 
mucll wear and tear saved, by a bullclozer attachment 
on the lead tractor. 

The first loads were cached near the house of Tom 
13rower, near the base of tlle peninsula between Admi- 
ralty ancl Smith Bays a t  a place called Alaktak and 
later Half Jloon Three. The trains arrived back a t  
Barrow after 4% days. 

Tlle second tr ip was also to Simpson and left Barrow 
on 5 February. By sending ahead 1 tractor hauling 4 
~vanigans iilounted on bobsleds and by following the 
trail of the return of the first t r ip  as f a r  as possible, 
i t  was found that better time could be made and heavier 
loacls hauled. Three additional tractors were able to 
pull 1.5 pay loads, ancl the round tr ip 1%-as made i11 a 
little less than 235 days. 

The third Simpsoii t r ip started on 14 February. I t  
was a smaller expedition ; and on the return, 3 loads of 
pipe and lumber, as well as a propulsion unit, \\-ere 
salvaged from a barge that  had been lost during the 
unloading during Harex '44. That  trip required ap- 
proximately 3 days. 

After those three successful shakeclo~rn trips to tlle 
Simpsoii area, all was in readiness to attempt the first 
long haul to Umiat, a venture on \rhich would hinge the 
success or  failure of Pe t  4. The  route of that  first 
Umiat freighting trip, was from Barrow to the Sinipson 
caches, thence up the Chipp River to the Ikpikpuk and 
its east fork to its head, thence 65 miles overland to 
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Umiat. The last overland leg was scouted and flagged 
with the use of dog teams by Sergeant Bagby and Cpl. 
A. A. Curtin, Eskimos of the Alaskan Scouts. The 
weasel was not suited to overland scouting, for it could 
not stand up  under continued hard usage in rough ter- 
rain. It was found that scouting out an overland trail 
was a much slower and more painstaking job than scout- 
ing a trail over ice. 

The loss of Corporal Curtin on that scouting mission 
was the first and one of the few fatalities of Pet 4. I t  
was necessary for Sergeant Bagby to make a dogteam 
journey 40 miles to Umiat for supplies. He  was de- 
layed by a storm and, on his return to their little trail 
camp, Corporal Curtin was missing although his equip- 
ment and heavy clothing were in the camp. He  has 
never been found although an exhaustive search con- 
tinued through 11 March. 

The first Umiat-bound train left Barrow on 24 Febru- 
ary. It consisted of the lead tractor with wanigans 
followed by 4 tractors hauling 11 sleds and 2 carryall 
scrapers. Two of the sleds were dropped a t  the Simp- 
son caches, and a crane was picked up for Umiat. After 
the easy trip to Simpson, the river hauling seemed espe- 
cially difficult and slow. Deep snowbanks on the rivers 
gave much trouble as did sandbars hidden by snow, and 
the narrow, winding ice channel was hard to follow. 
The overland part of the trail was fair because of the 
careful scouting. The train returned to  Barrow after 
a little more than 22 days, having covered 635 miles in 
the round trip. It was truly an epic trip performed in 
the heart of the Arctic winter. 

The second Umiat freighting expedition departed 
Barrow on 28 March and followed approximately the 
route of the earlier journey. Although the wind filled 
the bulldozed trail with snow within a few hours, the 
trace remained marked for weeks by snow windrows. 
The scouting weasel broke down on that trip, and the 
remainder of the scouting was done by Sig Wien in a 
small plane. Several overland cutoffs were made, re- 
sulting in the round trip being shortened to 586 miles; 
but it was decided that the longer trail using ice as much 
as possible saved much on wear and tear on equipment 
and was shorter in time. One sled was overturned, on 
the trip, and some drilling equipment damaged; other- 
wise, the trip was uneventful and required nearly 18 
days. 

The fourth and final trip to Simpson was made on 
17-19 April and delivered two Failing "314" core rigs 
(housed and sled-mounted) as well as a galley wanigan 
and pipe and drill rods. Only one tractor was used, 
and the trip required just over 2 days. 

The final Umiat trip left Barrow on 21 April and 
followed the approximate route of the earlier trains. 
The trains covered the 307 miles to Umiat in a little 
more than 8 days. 

The general pattern followed in hauling materials 
to such drilling sites as Umiat and Simpson was to 
take first, construction equipment, second, equipment 
for rigging up, and finally, drilling equipment. The 
final and best trail to Umiat used in 1945 was 307 miles 
long, of which 58 miles was over sea ice, 176 miles over 
fresh-water ice, and 73 miles over tundra. The morale 
of the men during freighting remained high. Two 
crews alternated 6 hours on and 6 hours off; meals were 
served every 6 hours. 

Tractors a t  Umiat immediately began moving the 
equipment from the Umiat airstrip to the drilling site 
about 8 miles away. By July it was almost impossi- 
ble for the tractors to make that trip because of the soft 
ground, and only one weasel was available for use be- 
tween the two places. 

SEA TRANSPORTATION 

For Barex '45 it was estimated that 3 ships would be 
required to carry 14,000 long tons of cargo that would 
occupy 950,000 cubic feet. I n  view of the difficulty 
that had developed in the unloading of Barex '44, every 
precaution was taken to insure a smooth operation in 
1945. CAPT D. B. Downer was designated expedition 
commander ; LCDR John Backlund, arctic pilot ; and 
LCDR John Gateby, beachmaster. Those three offi- 
cers inspected the Barrow beach late in May in company 
with Commander Gillespie in preparation for the 
August landing. It was agreed a t  that time that the 
beachmaster, who would have control of landing boats 
and barges, would be responsible to the expedition 
commander, whose basic responsibility would cease at 
the beach. Unloading time was estimated a t  20 days. 
Provision was made for an estimated 7 days standby 
time in order to use beach no. 2 at the camp instead of 
beach no. 1 at  Point Barrow farther north. 

A party of the U. S. Coast and Geodetic Survey under 
the command of Lieutenant Commander Woodworth 
charted the Barrow coast in the first part of August 
and sounded the inshore water. The data were flown 
to the expedition ships as they lay off Icy Cape wait- 
ing for the ice to move away from Barrow. 

L T J G  J. R. Bell was assigned to check the loading 
of the ships a t  Tacoma, Wash. More than 6 weeks was 
available for procurement and assembly of cargo, and it 
therefore was possible to do a thorough job of packag- 
ing and loading. Much of the cargo was paLletized 
(loaded on pallets that could be easily rnoved for load- 



ing, unloading, and storage). The load included a drill- 
ing rig capable of drilllng to 6,500 feet with 3-inch 
drill pipe. 

A jamesway but was erected on the Barrow beach 
for the use of the beachmaster, and by the end of July 
5 LCM7s (landing craft, medium) and 3 barges were in 
condition and awaiting the ships' arrival. Other 
lighterage equipment came in on the ships. Six areas 
were marked off along the beach so that supplies ixnd 
materials could be segregated and assembled. Crews 
were set up on two 12-hour shifts for 24-hour 
operations. 

The ships assigned to Barex '45 included the U. S. S.  
Spica and the SS.  Jonathan Harrington, both previ- 
ously on Barex '44, and the SS. Enos A. Milb .  Also 

1 included was a NATS (Naval Air Transport Service) 
R4D (a, twin-engine, passenger aircraft) for ice recon- 
naissance. The expedition departed Tacoma, Wash., 
on 19 July. 

On 27 July the ice began to move out froin Barrow, 
but the wind soon drifted it back again. On 10 August 
three ships anchored in clear water off the Barrow 
camp, but on the 11th the ice drifted back and accumu- 
lated around the ships and the beach, so that all unload- 
ing operations had to be suspended for a few hours 
although no damage was done. 011 13 August the ice 
threatened again, and all three ships sought shelter 
around the point east of Point Barrow. The Harring- 
t o n  was caught in the ice (see fig. 13) during that 
maneuver, and a propeller blade damaged. The Xpica 
and the Enos Mills were able to move back to their posi- 
tions ofl the landing beach on 14 August, but the 
IJarrington, discharged stern cargo near the Point in 
order to allow the propeller to rise high enough for 
repairs to be made. 

The Enos Mills left on 20 August and stopped to 
unload some cargo at Wain\\-right. The other ships 
departed on 22 Augrlst but were driven back to Barrow 
by the ice on 24 August. The Harrington was again 
caught by the ice, and another blade damaged. She 
was freed and towed to open water by an LCM on 28 
August. Repeated attempts to get through the pack 
near Franklin Point were unsuccessful until 3 Septem- 
ber when both ships rounded Icy Cape and were in the 
clear. I t  is doubtful that the ships could have cleared 
Franklin Point without their ice reconnaissance plane. 

The cargo unloaded actually totaled about 17,000 
tons; it Tas all placed ashore in good order. (See 
fig. 14.) Except for the two brief periods of fog and 
ice during the operation, conditions were good. The 
sea was calm, and easterly winds prevailed and kept 
the ice offshore. 

ographs by U. S. Navy. 

AIR TRANSPORTATION 

The iinportance of adequate air support for Pet 4 
became more and more apparent as the program pro- 
gressed. Personnel and high-priority freight had to 
come in and out by air from and to Fairbanks. Regu- 
lar mail service and just the linowledge that regular 
flights were being made was an important morale 
factor. Small planes were badly needed for recon- 
naissance, communication, emergency delivery of sup- 
plies or spare parts, and evacuation of ill or injured 
men a t  isolated camps or on sled trains. 

It was evident by the end of 1944 that plane service 
would have to be substantially improved. On 3 Janu- 
ary the Chief of the Bureau of Yards and Docks 
reported to the Deputy Chief of Naval Operations for 
Air that the arrangements with Pan American Airlines 
and Wien Alaska Airlines were inadequate. It was 
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pounds ; and the Air Transport Colllr~1and, 67,000 
pouilds. For  air hauling ~vithin tlle 12eserve, TVieil 
,llask:x Airlines used a. Bellailca and a Travelair. 

I n  January and Februaiy NATS moved 298,000 
pounds into the lieserve, ancl TYien's airline sliuttled 
46,000 pounds from Bnrro\v to Unliat in 46 trips. 111 

RCarch 250,000 pounds went t o  Barrow, and 300,000 
j ~ o u ~ ~ d s  IViIS sliuttled to limiat. Tlle large :amo~ult of 
freight to Ullli:~t was niadr possible by supp1eme:lting 
Tl'ien's planes \vith 2 ,\rmy Norsellmil planes and 2 
i i rmy pilots who hatl reported that inoiltll for teillpo- 
rary duty. 111 ndclitjon, as soon as the Fairbanks back- 
loo. \!as sufficiently reclucecl. the SATS E4U's were 
usetl oil the I3arro~v to Ulniat slinttlr. 

Allwil was the peak n~ontli  for air freiglitiilg. NATS 
macle 72 trips from Fairbanks to Barro\v with 347.000 
poui~cls. The Army, on tile same run, carried an addi- 
tional 15,000 pounds. Tlie l"JL\TS K4D's in 149 trips 
also carried 752,000 pounds to Uiiliat (see figs. 15, 16, 
17), while Wien's in  100 trips l l i ~ ~ ~ l e d  230,000 po~~llcls, 
and the Army Norseman planes, 27,000 p o ~ ~ n d s  in 21 
trips. By the end of i2pl.il all requireel drillpipe, 
cement, clrillii~g mud, r ig  housing, and spare parts were 
a t  Uniiat. 

Air freighting to the Sinlpsoil area began in May. 
The t ~ i o  a l r i ~ ~ y  planes were no longer badly neeclecl ancl 
were returnecl to Army command although their de- 
parture was offset by the adclitioil of one NATS Norse- 
111:rn. I n  M:ly a total of 700,000 pornids \\-as carried 
by S,\TS, 76,000 pouilds by JTrien, and 50,000 pounds 

VII;I.I:I.: 14. l 7 ~ ~ I , ~ ; r ~ l i r ~ <  ~ t ] ) c , r ; i l i o ~ ~ >  I I ~  I::II.I.OIY, I : : L ~ I ~ \  '4;. .L. l,o:t(Ii~rg 
pontoon (barge) a t  slrip's ride. I(. U~ilonding pontoon a t  bcach. 
Photographs by U. S. Kavy. 

recolllnieilded that NATS take over the air support of 
Pet  4. On 9 February word nTas receiveel from the 
Commailcler NATS West Coast that NATS had beell 
instructed to take orer. CDR Henry IIolleilbeck. who 
had been assigned to clirect operations, plailnecl to put 
three R4D7s on tlle job before 1 February to clean up 
the increasing freight backlog a t  Fairbanks. The first 
NATS flight into the Reserve was oil 23 t J an~~ary ,  and 
a t  that  time there vere 203,000 pounds vaitiilg in 
Fairbanks to be inored. 

The extent of the air support required for an opera- 
tion such as Pet  4 is illustrated by the following para- 
graphs that set forth so~ne  specific figures as  examples. 
U p  to 23 January, Pail Smerican had flown 250,000 
poui~ds of cargo; Ariny Cold Weather Test, 111,000 F I G U R E  15.-Loading drill pipe in Nary R4D's for  freighting between 

Barrow and U ~ n i a t  in  A ~ r i l  1945. P h o t o g m ~ h  by U. S. X a v ~ .  



SECOND YEAR-1 945 3 9 

AIRFIELD CONSTRUCTION AND MAINTENANCE 

The airstrip a t  Barrow and attendant facilities were 
to be improved in 1945. A new strip was to be con- 
strncted : ~ t  Umiat, and tlle sillall strip at  Rlaktak inl- 
proved some\\-hat. As a safety measure i t  was plannecl 
to construct a strip at  Bettles on the Hoyukuk River 
:tlong the route of the linehaul about halfway bet~~-een 
Fairl~nnlis and Barro~v. 

hl the ~vinter i t  is reliltirely easy to coilstruct satis- 
factory lancling strips on the frozen surfaces of lakes 
snit:~ble for fairly large, ~vheeled aircraft. Two such 
landing strips, each 3,000 by 100 feet, were bulldozed 
out i11 February-one on a lake near Tom Brower's 
liouse at  -1laktak and the other on a lake near tlle Umiat 
campsite. The latter strip mas immediately usecl by 
tlie S , i T S  R4D cargo planes as mentioned earlier. To  
iiixint:~in the runway, a small tractor obtained in Fair- 

VI~;CRI,; 16.-Mariner of ( , : ~ r r ~ i ~ ~ g  ( l t , i l l  l ~ i l ~ i ~  i n  : ~ i r c r ; ~ C t  f u r  f v t , i g l ~ c i t ~ q  
be t r een  Barrow and Umiirt in .\l)ril 1!145. f'11otogral)ll by U. S. Sit~y. 

by tlle Army. I11 June, July, aiicl August approsi- 
niately 200,000 pound; in all \\-as c:~rried cacli n~ontll. 
The load continued to decrease, and in Ilecember 11 as 
only 70,f 00 pounds. 

I11 the suniiner field seasoil of 1943. tlle geological par- 
ties were supplied out of Umiat by 2 Piper Crtb plailes, 
1 on 11-heels and 1 on floats, belonging to TT'ien All:~sl<a 
Airlines. One Cessrla on floats supplied the Siil~psoii 
operatioils from Barrow. 

1.'1~,1 tic l'.-L;r? ill< of ~r~; l rs tor i  J I I ; ~ ~  on  main runFay  of P , a r r o \ ~  airfield. 

S J u n e  1943. Photograplis by U. S. Nary. 

F IG~I IB  17.-Loi~ding 11.~itse1 : ~ t  Barrow ;rirfield f o r  freighting I)clt\\-ren 
Barrow and Umiat  in April 1043. Photograph by U. S. Navy. 

banks was disassemblecl, flov-11 to Chandler Lalre in an 
old Boeing 247 beloilgiilg to TT'ien Alaska Airlines, and 
landed on the ice, and froin there parts were shuttled by 
sinaller aircraft to Ulniat 11-here i t  was reassembled. 

Several iniproveinents were made during the year a t  
tlle Barrow airfield. I11 February, Bartom lights were 
installed along the runway, aiid a revolviilg beacon \\-as 
placed on the utility building. To relieve the very 
critical tractor shortage on the Reserve, the tractor 
that 11 as usecl in 1944 on the pipeline survey was flou-11 
to Uxrro\\- i11 June  and used for airstrip maiutenance. 

The Barrow field became so soft in the spring thaw 
that  i t  was necessary to cover i t  with marston mat 
(pierced steel plank). (See fig. 18.) The runway, 
140 by 4,000 feet, was so covered as well as the 50,000- 
square-foot parking area. Tundra growth was mixed 
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with the coarse sand of the airfield to stabilize the sur- 
face before the inat was laid, and this provided a good 
base. Later an  additional parking area of 31,500 square 
feet mas graded and covered with marston mat. 

A concrete turntable 175 feet in diameter was con- 
structed in August a t  the south end of the runway. I t  
mas also necessary to level the landing strip by selec- 
tively raising the mat and placing sand and gravel 
under it. A hangar and a radio transmitter building 
were started a t  Barrow during the year. 

Work began on the Umiat airfield in  May eren before . 
the snow had disappeared. The three tractors assignecl 
to the ~vorli were in fair condition although sonlewhat 
worn from the winter freighting. As the summer more 
on, the maintenance of the tractors increased very 
greatly. Nevertheless, in May the snow was bulldozecl 
aside, and 8,000 cubic yards of gravel placed. 

The Umiat field is close to the Colville River and only 
a few feet above the river level. With the coming of the 
high water in June, the gravel pits mere flooded, ancl 
the grading of the airstrip w-as slowed down. As  the 
river subsided a gravel bar in the river TVaS graded as 
a runway for small aircraft. A fen- landings were 
made by NATS R4D planes on that rlmway, but i t  was 
soon declared unsafe for aircraft of that  size. By the 
end of July, in spite of delays due to ~naintenailce time 
required for  the tractors, a total of 40,000 yards of sand 
and gravel was on the strip. At the encl of September 
3,300 feet of the Umiat runway was complete, but work 
continued on through October. 

Because of the shortage of Seabees i t  was determined 
to let a contract for  the airstrip a t  Bettles. Tlle con- 
tract was awarded to the C. F. Lytle Co. ancl tlie Green 
Coilstrllction Co. CDR Bart  Gillespie was designated 
officer in charge of contract, and Lieutenant 1,itc-l~field, 
resident officer in charge of construction. Tlle first 
landing was made on the strip by a contractor's plane 
on 26 May while the field was still soft and muddy. I n  
September the strip was 100 percent operational. The 
complete installation, including auxiliary blxilclings and 
lights, was finished in October. 

CAMPS 

I n  January i t  was necessary to improve the insul R t '  1011 

of the permanent quarters a t  Barrow. Another layer 
of insulation was installed on the inside, leaving an air 
space between the new layer and the original construc- 
tion. In March a radio and light-control building was 
put  u p  a t  the airfield, and work started on additional 
huts for  quarters. Six of these were completed in June. 
Ten small quonsets and a larger one were completed in 
August, so that  the entire personnel was out of tents bv 

Also in  August, a site was graded for 17 

nen- bnilclings. I n  September, six niore 40- by 100-foot 
quoiiset huts were coiiipleted. (See figs. 19, 20, 21.) 
Construction TV:LS finislied on the hangar, gene~.:ttor 
Ilo~~se, ant1 transnlitter building. I n  October, a dry- 
clea~iing 1,lnnt was put in operation. ,211 xdclitiorinl 40- 
Ilorsepo\ver Jiliilds boiler m7as installed in the utility 1 
builcling in November. I 

Coiistruction work started a t  TTiniat in J:tnn:lry, 
 hen n raclio illstallation and housing, coiisisting of 
five jamesway huts, were erectecl. I n  May, seven 16- by 
16-foot framed tents were set up a t  tlie Uiniat well 
site about 8 miles by trail froin the airfield. The next 

I 

montll R boiler house \\-as built, nnd the righouse erected 1 
a t  the \\-ell site. T\I-o quonset Iluts were completed at  I 

I 

FIGITRE 20.-General air view of l3~srow Camp on 11 Srptcmber 1343. 
Photograph by U. S. h'avy. 



the Umiat camp near tlle airfield, and the janiea\vny 
huts erected earlier had to be cribbed because of cet- 
tling during the thaw. I n  September tlle gravel filling 
required to raise the Unliat camp out of tlle s~rxinpy 
surrouildiilg lancl was finished, and n gravel road be- 
tween the field and the canlp was uncler coilstrnction. 

A jamesway hut \v:ts erected :it ,il:dit:rk (Half JLoon 
Three) in March. ant1 by ,\lay. nine fritnled tents \vriue 
ready a t  the Simpson camp. 

1*'I1:rl:1: 21.---Strvct scrne in Iinrrow ramp, 1.7 Sorember  1!14.7. 
Photogr i rg l~  by U. S. Snry. 

PIPELINE SURVEY 

Tlle continl~ation on to the Reserve of the r i~t l l t r  tie- 
tailed pipeline survey that llad been illade in 1944 froin 
Fairbanks to Lirengoocl n as beliered to be unnecessary. 
Howerer, some reconn:tiss:ince inforlnation was ~lrc(led 
for planiling and design purposes. Three parties of 
Alaskan Scouts were assignecl the task \rllicli was :LC- 

cornplished in the winter and spring of 1943. The 
parties nlored by dog teain and were s ~ ~ p p o r t e d  by L-1 
planes. Par ty  1 covered the stretch from Livengood 
to Bettles; party 2, from Bettles t o  ,inalituvuk Pass by 
I\-ay of the John River valley; and party 3, from Umi:~t  
south to Anakturuli Pass after i t  had completed the 
flagging of the sled-train route to Umiat. 

COMMUNICATIONS 

The success of an operation such as Pe t  4 requires a 
highly effective comni~ulications system. Every efY01-t 
was made to  expand nnd improve rapid means of com- 
munication between Fairbanks and the Reserve, be- 
tween the main base a t  Barrow and outlying camps 
such as Umiat and Simpson, and between the main and 
subsidiary bases and mobile field groups of all kinds- 
geophysical parties, geological parties, sled trains, and 
others. 

I n  1943 the Airways and Air  Comnlunications Serv- 
ice stations in the Reserve provided radio navigational 
aids to aircraft and point-to-point communications. 
A t  Barrow this required 1 officer and 16 enlisted men, 
and a t  Unliat, 5 enlisted men. The communications 
were very satisfactory except for a weakness in point- 
to-point service caused by the lack of better antennae 
and more powerful transmitters. However, this situa- 
tion was corrected when needed equipment came in on 
Bares '45. The equipment was completely installed 
by February 1946. 

A radio installation similar to those in the sled trains 
was maintained a t  Alaktak (operated by Tom Brower) 
because of the strategic location for emergency land- 
ings and for reporting weather between Rarro~v and 
Urniat. 

EQUIPMENT AND ITS USE 

Sollie of tlle difficulties encountered in 1943 were due 
to the unaroidable rush in procurement and loading of 
13ares '44. Fo r  example, the small core clrilling rigs 
were found to be unsatisfactory. Furthermore, some 
valuable cargo was lost overboard during unloading. 

TVllen warm weather arrived in April of 1945, the 
frost that had collected on the inside of the outer sur- 
faces of quonset huts thawed and resulted in  leaks. 
Plans for 1945 housing and warehousing were inade- 
quate. There was a shortage of construction materials 
:tnd electrical and plumbing supplies. Nevertheless, in  
spite of shortage of workers, ~varehousing and storage 
were accomplished within available means. All sup- 
plies, materials, and equipment m-ere segregated and 
inventoriecl. All that could not be v-arehoused and 
that ~ rou ld  not be damaged by exposure were placed 
in mapped outdoor storage areas. 

I t  was found that wheeled vehicles in general could 
not be used effectively. This was contrary to advice 
obtained before the start of Pet  4 and was serious in 
that i t  resulted in unusable I\-heeled vehicles being sent 
and in  an  insufficient supply of tractors and Athey 
wagons. (See fig. 22.) Weasels were not sturdy enough 
for the rough terrain, but the service they rendered was 
invaluable. The outstanding importance of the tractor 
has already been mentioned. The sled trains mere able 
to go up  and down 15 percent grades successfally. Both 
the factory-built Micheler bobsleds and the welded- 
pipe sleds made a t  Barrow performed excellently; the 
latter were specially good on ice. By careful loading 
and by keeping the center of gravity low and either cen- 
tered or toward the rear, the sleds withstood angular 
lists of 20" without damage to wanigans or  loads. 

Before heavy winter freighting by sled was prac- 
tically demonstrated, i t  was believed that  a well-con- 
structed airfield suitable for  heavy aircraft would be 
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a prerequisite to any deep drilling. Although the ralue 
of plane support must not be minimized, the aclrantages 
of heavy tractor-train transportation are obvious. Pre- 
vious advice was to  tlie effect that over-ice llanling 
~ronld  not be practicable. Pe t  4 showed that  the shel- 
tered parts of the ocean and the larger rivers provided 
natural and easier winter routes, if care ITaS taken in 
avoiding cracks. Overland freighting prorecl in~ich 
harder on both men ancl equipment. 

Before the loading of Bares '45, there \\-as oppor- 
tunity to have much of tlie \rinterization of eqllipment 
done in the States. This greatly relierecl the facilities 
for such work a t  Barrow. Such \vinterization included 
the installation of heaters in tractors, cranes, and 
weasels; the building of cabs on tractors; the prepara- 
tion of k i iockdo~~n ply\roocl cabs for \T-easels: tlie in- 

FI(:[;EE ".--Jii~d:~r relleclor. b c i n r  t r t ~ n r l ) o r r f ~ l  or1 a l l  A \ t I ~ t ~ y  \I.:I:'o~I ~ O I Y P I I  
bx a crane, 12 Aupnst l ! l l . ? .  Pl~otogrtlph 1))- C ,  S. S : ~ r y .  

sulatioii of batteries ancl fuel tanks; the placing of frost 
shields oil vehicle 11-inclo\~-s ; ancl tlie factory installation 
of snow and ice grousers ancl roller blocks 011 tractors. 

Clothing for arctic use that was available for issue 
was too bulky ancl not durable enough for general use 
in Pet  4. Some standard articles were m-arm enough 
but llacl been clesignecl for ariators ancl others ~ ~ I i o s e  
duties did not require hard physical exertion. It was 
believed that a combination of suitable issue articles 
and items of Eskimo clothing would be required. 

AERIAL PHOTOGRAPHY 

The plans for 1945 called for  additional aerial pho- 
tography, especially of the areas to be studied by field 
geological parties, as soon as the snow had disappeared. 
The  photographs were to be printed as rapidly as 
possible and supplied to the field parties. 

Trimetrogon photographs of tlie Reserve taken from 
20,000 feet had been available since 1943. That  pho- 
tography was not well controlled and was soniemliat 
inferior otherwise, especially because of partial cloud 
and snom- cover. I11 1945 the 16th Photo Sqnadron of 
the 311th Reconnaissance Wing based a t  the Naval Air 
Station, Denver, Colo., made triinetrogon photographs 
of a large part  of the Reserve from an altitude of 12,000 
feet. So~lie ground control was supplied by the 7th 
Geodetic Control Squadron, but in  general, ground 
control, both horizontal and vertical, was still inade- 
quate. The 16th Photo Squadron also made vertical 
photographs of about 400 square miles in the Umiat 
area. 

The 1945 photography was especially useful in niak- 
ing preliminary interpretation of geologic structures 
in the foothills belt. Both the 19-13 and the 1945 pho- 
tograpliy added greatly to the information available 
froin the geologic investigations in the 1920's in locat- 
ing the positions and extent of the many anticlines in  
the foothills part of the Reserve. 

GEOLOGY 

The plan for geologic field inrestigatioiis for tlie 
suil~lner of 1045 provided for 8 ~ ~ s r t i e s ,  each includiiig 
2 geologists and several other members such as record- 
ers, rodmen, boatmen, and cooks. (See pl. 3.) Five 
of tlie parties were operated by the Navy with Naval 
personnel ailcl three by the Geological Survey with 
Survey personnel. Four of the five Navy parties 
worked in the Reserve in  tlie general Umiat area and 
for considerable distances both upstream and down- 
stream from there. The fifth Navy party studied the 
Umiat structure first and then the lower part of the 
Chandler River valley south of the Reserve and south 
and east of Uniiat. The three Survey parties covered 
the valleys of the Anaktuvuk, Chandler, and Icillik 
Rivers, all outside tlie Reserve but in locations IT-here 
the information obtained was pertilielit to the geologic 
interpretation of conditions within the Reserre. 

The geologic parties arrived in the Reserre near the 
middle of May 19-15. Equipment and supplies were 
distributed by bush plane to cache points, and all of the 
Geological Survey parties were in the field by tlie end 
of May. Travel was by foot, with attendant backpack- 
ing as necessary, and by collapsible or knockdo~vn boats 
downstream along certain of the larger rivers. Raclio 
communication with Umiat was erratic. A11 tile 
parties completed their assignments and were picked 
up by bush plane by 13 September. 

The three Geological Survey parties crossed belts of 
old rocks near the Brooks Range in the early part of 
the season and obtained significant data on the stnlc- 



ture, stratigraplly, and lithology of tlle old rocks that  
are deeply buried in the vicinity of Umiat. 

Emphasis \\-as given tllroughout to stratigraplly and 
structure, and nluch information was accunlulated to 
assist in the clerelopment of a better understancling of 
the geologic history of northeril a laska  on ~\-llicll ~ ~ o u l d  
rest eventually an  interpretation of the petroleuill 
possibilities. Of special interest was the stratigraphy 
and lithology as a start toward a basis for geologic 
correlation over large areas of the Reserve ancl adjoin- 
ing areas. From the work of 1945 came the data that 
gave the first indicatioll of the pattern of facies cllailges, 
the interpretation of which was derelopecl later in large 
par t  by Thoinas G. Payne, of the Geological Surrey. 
Considerable effort was espeilded in 1945 in attempting 
correlations by the use of beiltonitic layers. Also. the 
1945 results began to focus interest on the possibility of 
stratigraphic traps for ljetroleum in additioil to the 
more obvious inlportance of anticlinal traps. Allso of 
special interest resulting from the geologic field\vork of 
1945 was the indication of the great abundance of shale 
in  the stratigraphic section and the scarcity of clean- 
sand layers of large horizontal extent that nligllt be 
expected to be sufficiently porous ancl perilieable to be 
reservoirs of petroleum in conllnercial quantities. 

I n  addition to tlle work of the fielcl parties just tle- 
scribed, sonle special geologic studies we're inacle in 1045 
and carried over into 1946 pri~lcipally by T A T  Don ,Top- 
ling and L T J G  J. S. Teinpleton. Those men macle lith- 
ologic, mineralogic, and paleoentologic studies of the 
top 1,816 feet of Unliat core test 1, and they divided that 
section into six zones. Such oil as was found in tlle test 
hole was interpreted as being residual from einanating 
gases, but that interpretation is nolv k n o ~ ~ - n  to be incor- 
rect. Some mineralogic and paleoentologic studies of 
drill and field specimens were attempted in Fairbanks 
in October, but both the literature and the eqniplnent 
available there n-ere inadequate for such studies. LT,TG 
Templeton spent 3 nlontlis in tlie winter of 194346 
in the IT. S. Sational Museum, in Tiashington, study- 
ing fossils froni Sa ra1  Petrole~un Reserre So .  4 and 
comparing the faunal material wit11 that fro111 other 
areas. 

GEOPHYSICS 

The plan for geophysical investigations in 1045 in- 
cludecl prorision for an airborne magnetometer surrey 
of the Reserve. That  nlethod had been of interest to 
the Xary  as a possible metllod of submarine cletection 
from the air ancl n-as being experimentally triecl as a 
geologic tool by the Saval  Ordna~lce Laboratory and 
the Geological Survey. The method was based, of 
course, on differences in the magnetic illtensity of the 
earth. Tlle operation was called SPAMS (Special 

Alaska Magnetic Survey) ant1 was directed by J. R. 
Balsley, of the Geological Snlavey, and Homer Jensen, 
representing NOL (Naval Ordnance Laboratory). 
Air  transportation for SPAMS was provided by the 
Nary, \\-hich supplied a PBY5A in which the equip- 
ment was installed. 

Ground control \\-as provided by a coiltilluous strip 
canlera : the photographs were then tied by an observer 
to the 1943 trimetrogon photography. ,4 recording 
inagiletic variometer was operated a t  Barrow during 
SPAMS and provided a record of the diurnal variation 
which was later used to correct the magnetometer read- 
ings. 

The field survey continued froin 22 Ju ly  to 14 Sep- 
tember. (See pl. 3.) Almost all of the Reserve was 
covered froin an altitude of 1,000 feet along north- 
trending flight lines approxinlately 2 niiles apart. The 
area around Cape Simpson was covered by additional 
east- t re~~ding flights. For  greater detail, some tests 
were inacle at  an altitude of only 100 feet, and the east- 
ern half of the Reserve was flo~~--n a t  12-mile intervals 
froin an altitude of 5,000 feet. Magnetic-intensity con- 
tour  naps were prepared in the fall and winter of 1945. 

The n~agnetic anomalies that  were revealed were of 
sufficieilt interest to merit testing by more conrentional 
and lllore detailed geophysical methods. A magnetic 
t~noillaly in the southeast part  of the Reserve corre- 
sl)ondecl closely to the Umiat anticline as known from 
surface geology. Anomalies elsen-here have been gen- 
erally more difficult to interpret. 

Plans for  other geophysical investigations in 1945 
called for 21 gavity-meter reconnaissance of the Simp- 
soil area to localize areas for core drilling and seismog- 
raphy 11-ork; a later gravity-meter study of the Umiat 
structure : Schlumberger surveys of the core holes 
planned for Simpson; and experimental seisnlic work 
~ ~ s i l i g  the same holes. It was hoped that the core holes 
\voald establisll a t  least one key horizon. It mas also 
~~nticil~wtecl that  using the holes for  seismic testing 
11-onlcl yield information on optimum shooting depths, 
on t:~niping procedures, size of charges, and the best 
geopllone spacing. 

The gravity-meter and seismic parties started a t  
Si~npson in early June. One -\veasrl was supplied to the 
gravity-meter party and was used for both surveying 
and recorcling. Another weasel was used by the seismo- 
g~.aph party for transportation of personnel and for  
surveying. -1 tractor supported both the core-hole 
drilling ancl the seismograpll shothole drilling. A 
Cessna on floats provided air support from Barrow. 

,111 the activities in tlle Siinpson area-core drilling 
and seismic and gravity-meter operations-were carried 
out from a summer tent camp. TVanigans left by the 
winter sled trains were used for  orkin king and messing. 
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The gravity-meter party went to Simpson on 9 June 
and worked until 1 September. LT Frank K. Fish was 
in charge, and the party included 12 other men. Be- 
cause of the rapid rate of change of tlie magnetic 
gradient, precise locatiori surveying was required. 
Eleven triangulation stations and 636 gravity stations 
were located. Some delay was occasioned by the neces- 
sity of replacing the gravity meter from Houston, Tex., 
which took from 23 July to the middle of August. Cor- 
rections for drift, latitude, and elevation were applied 
to the observed gravity values. 

The work indicated a gravity high extending east- 
ward all the way across the peninsula from Dease Inlet 
to Smith Bay. An anomaly north of the camp was 
selected to localize the area for the core drill and the 
seismograph. 

The seismograph work was under tlle supervision and 
liaison of L T  Ernest Marti. The party chief was J. A. 
Legge, of the United Geophysical Co., which did the 
work under contract NOy-11701. It was found that 
the drill could not make a large enough hole for the 
required dynamite loading, and another rig was re- 
quired to drill tlle 5-inch shotholes. At  tlie end of 
August the party moved to Barrow and made one re- 
fraction shot for basenleiit control. The party had 
completed a reflection seisinic study of the western third 
of the Simpson peninsula. 

The seismic work demonstrated the applicability of 
tlle method to the coastal-plain area, and studies thence- 
forth were directed toward determining the most expe- 
ditious method of operation, the relation between seis- 
mic and gravity results, and obtaining as much subsur- 
face information on the area as was possible. Shooting 
went on from 6 Julie to 30 August. Altogether 317 
profiles were obtained for a total length of 26 miles. 
The best depth for the holes was found to be between 50 
and 60 feet. Because the ground was frozen, almost all 
holes could be shot as many times as desired without 
damaging the hole and ca~~sii lg any appreciable loss of 
energy. Permafrost caused no special difficulty but did 
result in readings for high-velocity material at the 
ground level. 

Three horizons were mapped, all of them showing a 
northeast-trending high. The seismic axis of this high 
corresponded closely to the gravity axis. The basement, 
at a depth of about 7,500 feet, appeared to dip south- 
easterly. This was consistent with the result of the 
refraction shot at Barrow that indicated the basement 
there to lie a t  about 4,300 feet. 

Both the seismic work and the gravity-meter work 
demonstrated the need, if those types of work were to 
continue, of more adequate transportation facilities and 
portable camps. Oil was found in the Simpson area at 

a depth of 75 feet in shothole 53, and gas forced the 
abandonment of shothole 54. 

At Umiat four electrical surveys were run on Umiat 
test well 1; one on 26 July when the hole was 564 feet 
deep and the last on 16 September when the hole was 
1,816 feet deep. The results indicated the Schlum- 
berger surveys would be valuable in Pet 4, but similar 
attempts at Cape Simpson modified this indication 
somewhat. The logs differentiated the various strata 
and distinguished the more permeable from the less 
permeable zones. I n  general, the resistivity values 
were higher than elsewhere in the world for similar 
strata, and the differences in potential, less than else- 
where. Permafrost apparently caused no difficulty, 
and there were no unusual electrical or magnetic 
disturbances. 

Two Schlumberger surveys at core test 11 in the 
Simpson area-one when the hole was 440 feet deep and 
one after its completion at 580 feet-showed that perma- 
frost included strata of both high and low resistivity 
and that electric logs did riot reveal permafrost bound- 
aries. The electric logs could not be correlated with 
the geologic logs. Attempts at electric logging of other 
core tests were unsuccessful because ice on the walls of 
the holes masked boundaries and damped the potential 
curves. The conclusion was that successful electric log- 
ging would require elimination of ice. 

Temperature measurements, using electrical resist- 
ance elements, were made in Umiat test well 1 between 
24 and 27 September. That was about a week after 
drilling had ceased. The hole was bailed dry to 800 feet 
and casing set at 685 feet had been cemented to tlle 
surface. It was concluded that permafrost extended to 
about 600 feet below the surface (later i t  was deter- 
mined that permafrost actually extended to about 920 
feet) although it was difficult to correct accurately for 
the heat released by the setting of the concrete. This 
was corroborated by Lieutenant TVilliams' observations 
of drilling-mud temperatures. Nevertheless, i t  mas 
believed that the casing was set well below the base of 
permafrost. 

I t  had been predicted that permafrost at Simpson 
would extend to about 130 feet. The obtaining of 
frozen cores from below 500 feet showed that the pre- 
diction was in error, but no additional temperature data 
were obtained. 

DRILLING 

Umiat test well 1 is a short distance south of the axis 
of the Umiat anticline and a short distance west of the 
high point on the structure. I t  is about 7 miles west of 
Umiat camp and airstrip. (See pl. 3 for locations of 
drilling in 1945.) A National 50 rig with a 96-foot 
cantilever-type mast was used for drilling. Rigging up 
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began in the latter part of May. The conductor hole 
was completed on 16 June, and a 24-inch conductor pipe, 
cemented by hand, and the hole was spudded in on 22 
June. Water came by pipe from Seabee Creek about 
1,800 feet away. Some difficulty was met in keeping 
circulation and cementing casing, partly because i t  was 
necessary to heat the mud with a steampipe while the 
cement was setting. 

On 1 July drilling was suspended until a geologic 
check of the location was made. The location had been 
moved slightly to a spot more favorably situated topo- 
graphically. On 14 July tlle location was confirmed, 
and drilling recommenced. Continuous coring and 
reaming proceeded to 685 feet where 11%-inch casing 
was set on 4 August. At  1,213 feet the threads on the 
last drill collar were found to be faulty, and continuous 
casing was necessary thenceforth. A deviation of as 
much as 4%" was recorded a t  1,600 feet. On 16 Sep- 
tember the creek was nearly dry, and because 200 barrels 
of water per day was required for drilling, the drilling 
\+-as terminated a t  1,816 feet. 

Continuous coring of the hole had been planned 
originally, but in August instructions were changed to 
require the coring of lithologic breaks only. Of the 
1,816 feet of hole, 1,127 feet actually were cored. Ad- 
vance experiments in cementing casing indicated the 
advisability of keeping the cement warm during its 
setting period and of waiting an unusually long period 
before drilling out the plug. L T  Ralph Coleman, 
petroleum engineer on the well, recommended the use of 
a, high early-strength cement in future drilling. The 
mud engineer on the well was L T  Fred B. TVilliams. 

Bedrocks are not exposed at the surface in the Simp- 
son area. Therefore, all information on the rocks 11-as 
from general geologic inference, from the presence and 
distribution of seepages, and from the geophysical in- 
vestigations. The Simpson core-drilling program was 
designed to determine the underground lithology, stra- 
tigraphy, arid structure, to test the geophysical results, 
and possibly to yield information on the presence or 
absence of petroleum accumulations. 

CWO Don H. Meek was in charge of the drilling. 
LTJG J. S. Templeton was geologist on the first 6 holes, 
and LTJG G. 0. Rolf, on the last 6 holes. A Failing 
rig was used. Permafrost gave a great deal of trouble, 
and much was learned about drilling in such perma- 
frost areas. 

Between 25 and 29 June, Simpson test 1 was drilled 
to 116 feet. Circulation was largely unsuccessful and 
the hole caved badly. The pipe was finally pulled, and 
the hole, abandoned. Core test 2 was drilled between 
30 June and 2 July. Casing was carefully frozen in 
to 76 feet. A t  226 feet the drill rods were frozen in, and 
fishing was unsuccessful. The hole was abandoned. 

All remaining holes were drilled with a conventional 
core barrel. A great deal of ice complicated the drilling 
of core test 3. The drilling penetrated to 368 feet be- 
tween 3 and 7 July. Ice bridges formed, and repeated 
reaming mas necessary. Ice shavings clogged the pump. 
Three joints of pipe were lost and froze in the hole. 
The hole was abandoned because it was impossible to 
pull the pipe loose. 

Si in~son core test 4, drilled between 8 and 10 July, 
was 151 feet deep. At  120 feet a coal bed was found that, 
i t  was hoped, would constitute a key horizon. The coal 
bed was not found in core test 5, which was drilled on 
11 and 12 July to 130 feet, or in test 6, which extended 
to 140 feet on 12 and 13 July. Core test 6 yielded some 
gas, but the cores contained a little oil. 

Between 15 and 25 July, Simpson core test 7 was 
drilled to 532 feet, by far  the greatest depth of any core 
test to that date. A great deal of ice formed in the hole, 
especially in the upper part, and ice shavings caused 
pump difficulties. After reaming a t  the final depth, 
which was determined by ice conditions, the hole was 
made available for Schlumberger and seismograph 
studies. 

Icing problems were not as great in Simpson core test 
8, which was drilled to 580 feet between 27 July and 3 
August. Oil-bearing sands extended from 65 to 210 
feet in tlle hole, but the oil did not drain into the hole. 
Ice conditions were very bad in test 9, and i t  was prac- 
ticable to reach only to 320 feet, which point was at- 
tained on 7 August. Core test 10 was drilled to 500 feet 
between 8 and 15 August. Ice in the hole caused aban- 
donment. 

Between 17 and 26 August, Simpson core test 11 was 
put down to 580 feet. There m-as virtually no difficulty 
~vitli ice, and the geologic section was different than in 
the other holes. The last core hole, test 12, was half way 
between tests 10 and 11 and was completed on 29 August 
at 460 feet. The geologic section could not be correlated 
with either test 10 or test 11. Few cores were taken in 
test 12, for there was urgency to complete the drilling 
program in order to get the personnel out by float plane 
before the lakes froze. 

The locations of all the core tests are shown on 
figure 23. 

Core tests 1,2, and 3 were all in the same vicinity and 
represented an attempt to get one sufficiently deep hole. 
Xos. 4,5, and 6 were in a triangular pattern to determine 
local dip. Lithologic changes between holes are so 
marked that the holes were largely unsuccessful in 
the purpose for which they were drilled. 

Oil-bearing sands, believed to be correlative, were 
found in Simpson core tests 8, 9, and 10. Also shot- 
holes 53 and 54 about 1% miles farther west revealed 
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showings of oil and gas. I t  was believed that the oil 
had migrated from sands through faults and fractures 
only to become trapped beneath and in the permafrost 
zone. The presence of seepages seemed to be consistent 
with this concept. Attempts a t  correlations from hole 
to hole appeared to confirm the seismic indication of a 
general southerly dip of about lo. 

Simpson core test 10 was on a structural nose as 
indicated by the seismograph. I t  contained the best 
oil showings and appeared to have penetrated an oil 
t rap  caused by faulting. The fact that  core test 11 
could not be correlated with 10 was inexplicable and 

FIGURE 23.-Sketch showing locations of core tests drilled in the Cape 
Simpson area in 1945. 

finally was interpreted as being the result of some 
rather unusual faulting. Test 12 gave additional 
credence to this special fault interpretation. 

OTHER ACTIVITIES 

Interest and collaboration in other activities going 
on in Arctic Alaska were always a part  of Pe t  4. 
Some of those other activities had no relation to Pet  4, 
but others, such as hydrographic and control surveys 
by the U. S. Coast and Geodetic Survey, were rather 
closelv related. The additional activities became sub- 

Dease Inlet coasts from June through September 1945. 
The results were valuable in planning and carrying out 
the annual ship expeditions. 

On 31 Ju ly  1945 the Royal Canadian Mounted Police 
supply vessel St. Roch rounded Point Barrow close in 
and continued on eastward. Most of the ice on that 
date was several miles off shore but not f a r  enough to 
permit passage of large ships. 

A station of the U. S. Weather Bureau mas in opera- 
tion at  Barrow village in  1945, but local weather clif- 
ferences between the village and the airstrip a t  the 
Navy camp were great enough to require a Navy 
serological station at  the camp on a 24-hour basis. I n  
May a similar station manned by 5 enlisted men under 
1 officer, was installed a t  Umiat. 

The U. S. S. North Stm, the ship of tlle U. S. Bureau 
of Indian Affairs used for  supplying native villages 
along the Alaskan coast ran aground in attempting to 
reach an  anchorage off Barrow village. After dis- 
charging cargo the ship floated free and departed for  
Wainwright on 14 September. The previous year tlle 
Navy had helped in unloading the North Star thus 
assisting in alleviating a serious food shortage a t  the 
village. 

I11 1945 help was given to the Bureau of Indian 
Affairs, which was sponsoring the mining and hauling 
of coal to the village of Barrow from a sinall mine on 
the Meade River. The principal assistance was in 
upkeep and repair of mechanical equipment. A seri- 
ous influenza epidemic struck the native village in 
February 1945-Eskimos are especially susceptible to 
such communicable diseases. A t  one time almost all of 
the inhabitants of Barrow were ill. The Navy assisted 
in equitably distributing the limited fuel oil available 
to the village. I n  addition, surplus food a t  the Navy 
camp was cooked, frozen, and distributed in the village. 
A n  oil burner was installed by the Navy in the n a t '  ~ v e  
hospital a t  the village, and the NCBD 1058 medical offi- 
cer, Lieutenant Commander Mackoff, contributed his 
personal services unstintingly. 

SUMMARY OF 1945 

A t  the conclusion of the 1945 season, the status of Pet  
4 was reviewed by Admiral Moreell. A n  extraordinary 
amount of information had been gained on arctic opera- 
tions. The  practicability of tractor-drawn sled trains 
for hauling large tonnages long distances in  midwinter 
had been demonstrated. Much had been learned about 
the special problems of drilling in the f a r  North. The 

s tan tk l  enough to note in 1945 and increased rapidly ship expedition had been very successful, and the air 
after that  year. support problems had been largely worked out. The  

A Coast and Geodetic Survey party under Lieuten- pattern of the bedrock geology as revealed by surface 
ant  Commander T\Tood\rorth charted the Barrow and work, geophysical investigations, and drilling was be- 
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ginning to fit together. And, in addition to the physical 
accomplishments, great progress had been made toward 
converting from a Navy to  a civilian-contractor opera- 
tion. 

Errors had been made, but most of them were cor- 
rected. Especially important was ~ r h a t  had been 
learned about ice conditions a t  Sinipson and 1101~ to drill 
successfully in spite of those conditions. Extensire and 
careful records had been kept so that  advantage could 
thenceforth be taken of the kno\~-ledge gained. 

Another quotation from tlie reininiscences of Bart  IV. 
Gillespie (personal communication) s~uinmarizes his 
recollection of the second year of Pe t  4. 

TVhen the final score is added up and someone has the cuiio,ity 
to ask just HOW things happened during the period from *Iu- 
gust 1944 to August 1945 much space must be taken to detail 
the great contributions nlade to this job by the dlaska ('om- 
munications System, AACS, Army Transport Command, hriny 
Air, Cold Weather Test, Ladd Field, the Alaska Scontq, Snrnl  
Air Transport Service, and Civil Aeronautics Authority. 

The Alaska Comlnunications group under Col. dnclrr\vs, was 
responsible for corumui~ications between Barrow Calnp and 
Fairbanks almost immediately and this same group with CAA 
and AACS a t  Ladd Field and Anchorage combined to install the 
first radio aids to a i r  navigation allnost as  soon a s  the Sea 
Bees had laid out a runway and planes were coming in for 
landings on the steel matted surface. 

The Army Transport Service moved elnergency equipnlent to 
Barrow and soon Cold TVeather Test was nlnking B i ~ r r o ~ \  011 

almost scheduled flights, training its pilots : I I I ~  a t  the inme 
tiine doing n great service for the Sea Bees. In less t11n11 six 
months these various services had added a great amount of 
security to the long flight from Fairbanks to Pt. Barron. By 
JIay of 1945 Pt. Barrow was equipped with radio I~eacon and 
range station with light beacon and the runway which hat1 been 
equipped with very week temporary side light\ mas (hanging 
over to powerful Bartow lights. 

Sara1  Air Transport Colnmand TR3, 11nder clirectiori of 
Cmdr. Henry Hollenbeck, rushed the winterizing of twin en- 
gined Douglas transport cargo planes, and suplmrted the opera- 
tion during the winter nlontlls between Fairbanks and I't. Bar- 
row. 

Then in Mag, to assure success of the first operation a t  Cmiat, 
planes shlittled 1,400,000 pounds of materials from Pt. llarrow 
to Ulniat making landings on an ice covered lake kept smooth 
by use of a tiny tractor the story of which should become a 
legend of the north. 

Again I repeat, nothing i s  impossible in the north. Planes 
today properly winterized can, if necessary, take off with ground 
temperatures a t  50" below zero and fly with no particular dif- 
ficulty under such conditions. But R'ATS of 1944-1945 and ATC 
(Air Transport Command) for that  matter, had yet to learn 
that which today pernlits such flying. 

THIRD YEAR-1946 

GEKERAL PLANNING AND ADMINISTRATION 

With the change of Pet  4 froin a Seabee to a contract 
operation, Commodore (ireenman, DKPR (Director, 
Naval Petroleum Reserves), wisely concluded that  for  
proper planning and administration of such a higllly 

technical operation, and one in which such a v:iriety 
of specialized interests was involved, i t  would be desir- 
able to organize an advisory group of eminent special- 
ists in petroleum development problems to assist in 
cl~artiiig the course of Pet 4. Follo\ving his recom- 
menclation, the Acting Secretary of the Navy, Jolill L. 
Sullivan, on 4 January 1046, approved the establish- 
iilent of an operating committee to develop policies and 
proride plans for  Pet  4. The comirlittee ancl the or- 
ganizations they represented \vere as follo\~-s: Coiil- 
iiiodore W. G. Greenman (chairman) ; W. E. 
ITratlier, Director, U. S. Geological Survey; 1,. IV. 
hIacKauphton, representing tlle firm of IIeGolyer and 
MncSaughton, petroleum aclvisors to the Secretary of 
the S a v ;  LCDR F. A. F. Cooke, Bureau of Yarcls and 
Docks; and A. A.  Curtice, Arctic Contractors. 

The operating coinmittee met for  the first time on 6 
January. Sereritl other interested officers and civilittns 
attended in addition to the committee rnernbe1.s. The 
principal agenda items were (1) to farrliliarize tlle 
coilnnittee with the general plan of exploration as ap- 
proved by tlle Secretary of the Navy, (2) to review the 
geo1ogic:ll ancl geophysical data accun~ulated to date 
by the field parties, (3) to map a plan of procednre for  
the continuation of I'et 4 with funds available, and 
(4) to map future pln~is  contingent upon the wppropria- 
tion of :~dclitional funds. 

Thus was initiatecl flle guidance of Pe t  4 by tlie op- 
erating coininittee, a pattern that, altliough not entirely 
witho~lt criticism from time to t in~e ,  did result in n 
sound and practicable program. 

A t  its first meeting and after carefully reviewing the 
illformation available, the committee came to the con- 
clusion that  there was sufficient favorable evidence to 
justify the continuation of Pe t  4 along tlie lines ap- 
prored by the Secretary of the Navy. The coillmittee 
recoinmended that the contractor maintain and operate 
tlle Barrow and Ui~l ia t  cam,ps, complete the landing 
strip at  Umiat, finish drilling Umiat test well 1, move 
tlle r ig a t  Barrow to Cape Simpson, continue seismic 
work in the Cape Simpson area, make a gravity survey 
near Point Barrow, make seismic observations in a line 
01-er a supposed structural high then called the Meade- 
Inaru arch, run another seislnic line from the Siinpson 
area to Umiat, and provide logistic support to tliree 
Geological Survey field parties in the summer of 1946. 

The colninittee recommended that  the Geological Sur- 
rey continue fielcl~vork, undertake tlie interpretation of 
aerial photographs mld ultimately produce an aerial 
mosaic of the Reserve, initiate tlle study of well cores 
and cuttings, start ancl inaintain an  interpretation of 
geologic infornlation including the correlation of all 
geologic data, and establish and maintain a laboratory 
in Alaska to supplement fieldwork. 
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The contractor, after the operating committee meet- 
ing, was instructed to proceed along the lines recoin- 
mended by the committee under the authority of the 
letter of intent until such time as the contract could be 
signed and put into effect. The Survey, under the 
agreement between the Secretary of the Navy and the 
Secretary of the Interior, was authorized to proceed, 
and the required funds were transferred. 

Under the letter of intent as prepared by the Bureau 
of Yards and Docks and accepted by the contractor, 
obligations could be incurred with the approval of the 
officer in charge of construction, and reimbursements 
could be made just as if the contract had been signed 
on 17 December 1945, the date of the letter. This au- 
thority was until 1 April 1946 and was later extended 
to 1 May, then 1 June, and eventually to 1 August. 
Actually, the contract was signed on 20 June 1946. 
I t  was a cost-plus-fixed-fee negotiated contract as au- 
thorized by the First War Powers Act, 1941. The con- 
tract provided for the expenditure of approximately 
$2,125,000, of which $1,175,000 was in government-fur- 
nished material and equipment and which included a 
fee of $120,000. 

Following the acceptance of the letter of intent of 
17 December 1945, Arctic Contractors began to set up 
its organization to do the job. Arthur F. Daily was ap- 
pointed project manager and Clarence Moriarty, assist- 
ant project manager. Herman Reichman became proj- 
ect superintendent and Ted C. Mathews, assistant proj- 
ect superintendent. Many of the key positions were 
filled with recently discharged Navy men including 
LCDR Baxter Goodrich, chief engineer and supply 
supervisor; L T  Ross Nelson, assistant engineer and 
assistant supply supervisor; L T  Ralph Coleman, chief 
petroleum engineer; LT Don Jopling, geologist. Bart 
Gillespie, now a captain, was scheduled to become proj- 
ect manager on his anticipated release from the Navy. 

The project superintendent arrived in Fairbanks on 
26 December 1945, and on 17 and 18 January 1946 he 
inspected the Barrow facilities in company with 
Mr. Mathews. 

When it became apparent that the resolution of prob- 
lems of wage and salary schedules and other matters 
would delay the signing of the contract, the contractor 
decided to proceed with an employment program so as 
not to inhibit the necessary winter activities, princi- 
pally the winter freighting. Personnel required in the 
preparation for the sledding began leaving for Barrow 
in late January; they were closely followed by the 
camp-maintenance personnel. The contractor es- 
tablished a procurement office at the naval station in 
Seattle on 7 January, and on 28 January the home office 
of Arctic Contractors was activated in Fairbanks, 
Slaska. 

Between 19 and 21 January, conferences were held 
in Pasadena, Calif., through which it was decided that 
a lump-sum subcontract would be awarded to the United 
Geophysical Co. for the geophysical work required as 
a part of Pet 4. 

On 26 January a conference was held in Fairbanks, 
Alaska, between the contractor and the Navy to discuss 
fully the broader phases of Pet 4. Both Arctic Con- 
tractors and the United Geophysical Co. were repre- 
sented. The Navy representatives included Rear Acl- 
miral Trexel, Commodore Greenman, Commander 
Koon, Lieutenant Wolfstein, Commander Bettens 
(NATS), and Captain Fitzgerald, the Chief of Staff 
for the Commandant, 17th Naval District. On 28 Janu- 
ary the party went to Barrow, inspected the facilities, 
and discussed the change over to a contractor operation 
with Lieutenant Commander Davis. 

By this time NCBD 1058 had been reduced to 5 offi- 
cers and 107 men and was scheduled for deactivation 
by 1 March. However, a small force of NCBD 1058 
remained after 1 March to straighten out technicalities 
regarding transfer to the contractor of materials and 
supplies, and it was not until 14 March that the naval 
unit actually was deactivated. On that date, Lieuten- 
ant Commander Davis, OICC, was relieved by Lieu- 
tenant Wolfstein, who became resident officer in charge 
of construction on Naval Petroleum Reserve No. 4. 
On 1 March the contractor force included 120 persons, 
3 of whom were in Seattle and 9 in Fairbanks. By 
the end of March the number had increased to 159, in- 
cluding 18 men for gravity-meter work. Bart W. 
Gillespie, after his release from the Navy, reported on 
the job in March, and on 8 April he replaced Mr. Daily 
as project manager. On 1 April CDR P. W. Roberts 
relieved Commander Koon as OICC. 

By 28 April Assistant Project Manager Moriarty 
had finished his work, and his einploymeilt was termi- 
nated. Chief Engineer Goodrich was relieved in May 
by John Dallerup. E. D. Spaulding became assistant 
chief engineer. Stewart Folk was appointed technical 
advisor to the officer in charge of construction. - 

The second meeting of the operating committee was 
held in Washington, D. C., on 28 May. Two main 
problems were considered-a review of the plans made 
at the January meeting in the light of what had tran- 
spired through the winter, and consideration of a long- 
range plan for continuation of Pet 4. The latter prob- 
lem was urgent as a $9.6 millioiz appropriation item 
was under consideration. The item at the time of the 
meeting had passed the House of Representatives and 
was before the Senate. 

Final reports of the 1945 activities were presented to 
the committee. Mr. Gillespie, the project manager, 
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reported that the field operations, except for a few sug- 
gested modifications, were ready to proceed in January 
as planned. The committee approved the procure- 
ment of a rig capable of drilling to greater depths than 
either of the two larger rigs then on the Reserve. 
There was substantial interest in the committee in ex- 
panding the geological and geophysical programs be- 
yond the work planned in January, but Mr. Gillespie 
showed that i t  would be impossible because of logistic 
limitations. He pointed out that anything except 
minor changes in the program would generally have to 
be known a reasonable time in advance to permit, ade- 
quate preparations. This kind of advance planning, 
by experience, soon became routine in the operating 
committee. The obtaining of seismic profiles of the 
Umiat anticline, over the "Meade-Inaru arch," and of 
the Simpson-Umiat line was described as impracticable 
and was canceled by the committee for the time being. 

On 6 May change order A was added to the contract. 
I t  provided for the procurement of oil-field materials, 
supplies, and equipment for the 1947 operations at an 
estimated cost of $150,000 of which $750 mas the con- 
tractor's fee. Meanwhile, materials for Barex '-1-6 were 
being procured principally from the Seattle office. 
Market conditions were difficult, and the badly needed 
additional tractors were especially hard to obtain. 

Already, after only a few months operation, Arctic 
Contractors had become a well-knit operating orpan- 
ization. The process of development was speeded, no 
doubt, by the previous rugged experience of the Arctic 
winter. 

An inspection of the Reserve and of the operations in 
the field was made by the operating committee between 
18 and 20 June, inclusive, and a few modifications of 
plan were suggested. The first of these modifications 
was for an additional gravity-meter party to operate in 
the general region between the lower Ikpikpuk River 
and the Colville in two areas designated as east Ikpik- 
puk and west Sentinel Hill. The second was for the 
Geological Survey party on the Meade River to map 
folds near the gas seepages near the head of the river 
in detail and then study the outcrops along the river 
northward. Following that suggestion, a rapid recon- 
naissance by George 0. Gates, who had been designated 
as the head of the Geological Survey activities in regard 
to Pet 4, indicated its impracticability, and the project 
was carried through as originally planned. The third 
modification proposed by the committee mas that a 
seismic survey of the east end of the Umiat structure 
be made in the fall of 1946. That end of the Umiat an- 
ticline is obscured by the river and extensive gravel ter- 
races, and only by geophysical means could the nature 
of the anticline there become known. 

On 26 June contract change order l3 provided for 
tlle purchase of more supplies and equipment in the esti- 
mated amount of $300,000 including a $1,500 fee. Later, 
change order C in the estimated amount of $200,000 
was required to cover additional expenses over the esti- 
mates. This change order did not alter the scope of the 
contract. 

Early in the summer of 1946, E. R. Farrar, former 
LCDR in the Civil Engineer Corps, was engaged as 
procurement agent in Seattle as i t  was becoming ap- 
parent that this would be a full-time job. Employment 
conditions generally were good in Fairbanks, but there 
was a serious shortage of housing for employees, and 
especially deficient were accommodatior~s for persons 
passing through Fairbanks to and from the Reserve. 

As the contractor was unsuccessful in obtaining a 
physician for Pet 4, medical services in the Reserve 
were rendered by a Navy corpsman and periodic visits 
of an Army doctor. An attempt was made to employ 
Eskimos applying for work, but tuberculosis among 
thein was very common, and only 13 were found phys- 
ically fit-they were employed. 

By August there were 175 men a t  Barrow, 60 a t  
Umiat, and 30 at the site of Umiat test well 1. About 
75 Inen in addition made up the geophysical crews. 
Contractor personnel comprised about 250. 

At  the end of August the buildings on Garden Island, 
at tlle edge of Fairbanks, were transferred to Pet 4 
by the Army and became the Fairbanks headquarters 
of the program. The facilities were occupied by Navy, 
Arctic Contractors, United Geophysical Co., and Geo- 
logical Survey personnel. I n  the Reserve a t  that time 
between 6,000 and 7,000 meals were being served weekly. 

On 18 September change order D was signed. At  an 
estimated cost, including fee, of $30,000 it provided for 
the purchase of 30 jamesway huts and incidentals. 

During the summer i t  became generally agreed that a 
coordinator of all exploration data would be a desirable 
addition to Pet 4, and Walter A. English was engaged 
in that position and as an advisor to the DNPR. Mr. 
English attended the fifth meeting of the committee that 
\vas held in Washington, D. C., between 6 and 8 Novem- 
ber. By that time the requested budget of $9.6 million 
had been appropriated for Pet 4 for the period from 1 
July 1046 to 1 July 1950. At  that meeting Mr. Gillespie 
reviewed the operations and stressed arctic working 
conditions. The OICC, CDR P. W. Roberts, reviewed 
the financial status of Pet 4. Geological Survey party 
chiefs, and special-study workers described the results 
of their projects, including the airborne magnetometer 
survey. Gerald FitzGerald, chief topographic engi- 
neer of the Geological Survey, outlined the status of 
aerial photography of the Reserve and the mapping 
from those photographs. John Legge, of the United 



50 HISTORY OF EXPLORATION, NAVAL PETROLEUM RESERVE NO. 4,  1944-53  

Geophysical Co., suriimarized the seismic aiid gravity- 
meter work of his company. 

After careful consideration the committee recom- 
mended that in 1947 the Geological Survey send 4 field 
parties to various parts of the Reserve and surrounding 
areas and 1 air-supported party to the east Ikpikpuk 
area. Greater emphasis was to be placed on stratigra- 
phy aiid lithology and less on detailed structural map- 
ping. The compilation of plaiiinietric and topographic 
maps from aerial photographs was to be continued, and 
the needs of the field parties were to determine 
priorities. 

The United Geophysical Co. was to check by gravity- 
meter survey the Skull Cliff vicinity, where an oil seep- 
age had been reported, and the magnetic anomalies near 
Smith Bay, west Sentinel Hill, and Fish Creek. Two 
seismic crews would operate ili the Smith Bay and 
Ikpikpuk areas. 

The contractor would maintain camps and facilities 
and would support all field projects. Drilling would 
include a deep test on a location determined by seismic 
means near Cape Simpson, and core holes would be 
drilled at Skull Cliff, Point Barrow, Smith Bay, south 
Sentinel Hill, Umiat, aiid east Ikpikpuk. 

The committee recommended the appointment of a 
chief technical advisor to the OICC. Change order E 
was dated 2 December 1846 and covered the planned 
program of the contractor at an estimated cost of $4.5 
million including a $200,000 fee. 

At  the end of 1946, tlie principal administrative offi- 
cials for Pet 4 were- 

For the Nary : 
Commodore W. G. Greenman, DNPR, Washington, D. C. 
Walter A. English, advisor to DNPR 
CDR P. W. Roberts, OICC, Fairbanks 
LCDR A. N. Wolfstein, ROICC, Barrow 
CDR R. F. Duelfer, ROICC, Seattle 
E. B. Evenson, chief Navy auditor, Fairbanks 
Stewart Polk, technical advisor to OICC, Fairbanks 

For the Geological Surrey : 
George 0. Gates, geologist in charge, Geological Survey, 

Navy Oil Unit 
For Arctic Contractors : 

Rart TV. Gillespie, project manager, Fairbanks 
E. C. Peterson, chief acconntant, Fairbanks 
Herman Reichmann, project superintendent, Barrow 
Ted Mathews, construction engineer, Barrow 
Ralph Coleman, chief petroleum engineer, Barrow 
Don Jopling, chief petroleum geologist, Barrow 
Don Meek, drilling superintendent, Barrow 
John Wood, office manager, Barrow 
John Dallerup, chief engineer, Seattle 
Drex Spaulding, assistant chief engineer, Barrow 
William Fackler, office engineer, Fairbanks 
Emory Farrar, purchasing agent, Seattle 

For the United Geophysical Co. : 
John Legge, geophysical supervisor, Fairbanks and 

OPERATIONS 

WINTER FREIGHTING 

The inspection of facilities on the Reserve by Reich- 
man and Mathews in January had disclosed that con. 
siderable repair aiid conditioning of equipment would 
be necessary in preparation for the winter sledding that 
had to get underway shortly if the plans were to be 
carried out. Some of the tractors at Umiat could not 
make the trip to Barrow under their own power and 
had to be hauled back for overhauling. Parts were 
scarce because some badly needed replacements had 
not been included in Barex '45. Required lubricating 
oils had to be flown in to supplement the supply on hand. 

The first group of the contractor's employees reached 
Barrow by Arniy plane on 23 January, and some of 
them were imniediately assigned to conditioning equip- 
ment. By 7 February a sled train of 5 sections was 
made up for Ulniat aiid departed. This mas almost on 
the eve of one of the worst storms in years which c a ~ g l l t  
the train on the Ikpikpuk River on 9 February. The 
gale, which lasted a week, reduced visibility practically 
to zero, piled up large drifts of sand and s ~ i o \ ~ ,  and 
niade progress impossible during the storm. Even after 
the storm, bulldozing the drifts was difficult all the IT-ay 
to Umiat. 

The first section opened the trail and carried the liv- 
ing and messing quarters and the shop wanigans. The 
remaining sections carried tlie payload of fuel oil, and 
each sled carried between 30 and 60 tons. I n  spite of 
their violent introductioli to the Arctic, the physical 
condition of the men was good, and their morale was 
high. 

,4n early innovation of the contractor was the scout- 
ing of a winter hauling route to Umiat via the Arctic 
Ocean to Teshekpuk Lake, across the lake to the mouth 
of the Colville River, and thence up the Colville to 
Umiat. This scouting, justified on the experience of 
1945 that overice hauling was easier, was done by an 
Eskimo guide and two men in a weasel. A much easier 
route was found with very little overland hauling. 

Overhauling aiid conditioning of equipment \vent on 
rapidly a t  Barrow during February in preparation for 
hauling to Simpson and the sending of a second train 
to Umiat. Preparation of wanigans for geophysical 
operations was also started at Barrow. The freighting 
problem had been greatly intensified by the substantial 
raising of the requirements for Cape Simpson and 
Umiat. Therefore, it was decided to attempt hauling 
to Simpson with trucks rather than with tractors, sup- 
plemented by M4 tanks pulling Athey wagons. 

This operation was started on 20 February and was 
reasonably successful although the maintenance cost 
was very high-far in excess of tractor hauling. Bull- 
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dozers aiid a inotor pzttrol kept tlle trail open. 011 23 
February two Athey wagons broke through freslr ice 
covering a crack in tlle ice of Dease Inlet. The ice was 
nearly 5 feet thick orer 3 feet of water. ,\ tractor 
sent to help also broke through but \\-as fillally able not 
only to extricate itself but also to pull out the h they  
wagons. Two days later other h they  ~ ~ a g o n s  broke 
through a similar crack off Christie Point and llacl to 
be unloaded before they coulcl be pulled out. I t  also 
was necessary, in order to keep tlle trucks rmlning, to 
lay 100 feet of pierced plank orer  an especially bacl sec- 
tion of trail. A11 the required fuel and gasoline were 
a t  Simpsoil by 21 March, and subseqneiitl~, oil-fielcl 
ecyuipment and supplies were haulecl. 

After the fiist train for Uilliat was on its way, the few 
available nleii rapidly assemblecl a second train, also of 
five units and iilclnding s 250-ton fuel payload. Tile 
ocean part  of the new trail r ia  Teshekpuk TAalte had 
been flagged by weasel, aiid tlle new train left Barrow 
on 22 February. The \reather was still aclrerse; never- 
theless, the secoiid train reached Iiiliiat in less t h m ~  9 
days and a few hours ahead of the first, n-liicli liacl re- 
quired 24 days. I n  spite of the fact that the mappecl 
clistaiice by way of Tesllekpuk Lake is illucll farther 
tEiaii by way of the Ikpikpuk, i t  was folmcl that not 
oiily was the goiilg easier but tlle trarersecl distance was 
actually 20 miles sliol-ter because tlle Ikpikpi~k trail W:IS 

so crooked. 
Botll trains returned to Barren-, were rep:~irecl :ulcl 

I-eloacled, a i d  again set out for Ulliixt by \\-:IF of the 
Colville River on 13 Rlarcll. The trains on tliat trip, 
which was in excellent ~reatller, avelwpeil 30 miles a 
day. Again the trains returned to Bar]-olr nilcl ~ ~ i t h i i i  
3 days were loaded and off on the tllircl trip ~rl l ich left 
Barrow on 26 March. Tlle good \reather helcl. and 
tlie fourth t r ip reacllecl Ulniat on 15 April and retlurned 
on 20 April. The fifth and last rillkt t r ip of the sea- 
son left Barrow 011 22 April and reachecl Uiiliat on the 
26th. One train returned to 13arro\\-, ancl the other 
~ v a s  disbanded a t  Umiat. 

Tbe winter freighting of 1946 also inclncletl tlle trans- 
fer of lniscellaneous supplies to tlle Rfeade Rirer  area 
both by truck and by tractor. 

The winter was an unusually hard one, and tlle pres- 
sure cracks in  the ocean ice were larger xiid more abun- 
dant than in more norinal years. Kerertheless, largely 
owing to the pioneering experience of KCRD 1038 in 
1945, the freighting mas outstandingly successful. I n  
all, 2,530 tons of freight went to Umiat; 1,695 tons, to 
the r ig site, seismograph camp, and Half Rfoon Tllree 
in the Simpsoil area; and 450 tons, to the hfeade River 
area. The total payload freighting was 826,220 ton- 
miles. About two-thirds of the tonnage was diesel oil, 
gasoline, and lubricating oils. 

R:~clio coirlmunicatioii wit11 tlle trains was unsucces- 
ful, but a ski-equipped W e n  plane inade almost daily 
flights to check the trains' locations, deliver mail, and 
scout trail. Time lost on tlie trail for equipment repair 
was negligible. Some time was lost, especially in  the 
early part  of the season, because of poor visability 
caused I>$ ilarkiless and blowing si io~\~.  

AIR SUPPORT 

Tlle principal linehaul support during the winter of 
1946 was hy NATS using R4D planes. NATS averaged 
about 4 trips a, week. Tliis support !\-as supplemented 
hy fligl~ts froni Ladd Air  Force Base, principally 
planes of the Army's Cold \Teather Test group planes. 
I t  \\-as expected tliat NATS 11-ould be replaced by a 
coili~liercial carrier uiider contract by 1 July. Bush 
flying in the Reserve, including coiitact with the sled 
trains, \r:~s by Wieii Alaska Airlines assisted by one 
NATS Sorseman stationed at  Barrow. By the end of 
February, the backlog of freight aiid personnel a t  
Fairbanks had been eliniin:~ted. 13y March, negotia- 
tioils were in progress for air support by a commercial 
carrier. 

During April the geological supplies mere cached hy 
\\Tien, assisted by E. J. TVebber, geologist of the Geo- 
logical Surrey, using a ski-equipped Bellanca. 

KATS R4D planes made maily shuttle trips between 
Burrow and Lmiat  in May. A t  Umiat, landings were 
niade on tlle frozen airstrip. Tliis frozen runway was 
satisfactory until 15 Jmle 15-hen i t  was closed to R4D's. 
The11 was begun the task of extellding and raising the 
lerel of tlle Umiat strip. It was estimated that this 
work would have the strip ready for large-plane use by 
15 July, or a t  the latest 1 August, but i t  actually was 
completed ahead of schedule, and R4D's were using i t  
again by the end of June. 

During August, bush plane hauling reached a peak 
whe11 IVien Alaska Airlines moved 60,000 pounds in 1 
\reek from Barrow to Umiat. Ordinarily, the plane 
freiglltiiig within the Reserve %-as much less and gen- 
erally intermittent. 

The linehaul contract eventually was awarded to 
W e n  Alaska Airlines in August and that  company 
started operations betmeen Fairbanks and Barrow on 
29 August. A t  that  time NATS withdrew. Cargo 
flights from Fairbanks to Barrow by Wien averaged 
about 15,000 pounds a month. 

On 24 September a linehaul flight into Barrow by 
IVien's airline, using a chartered Lyle Airlines plane, 
was thro~vii out of control by violent winds during land- 
ing and was wrecked near the airport warehouse. The 
plane was so badly damaged that  i t  was junked, but 
parts were salvaged in  April 1947. There were no in- 
juries. 
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BARROW EXPEDITION, 1946 On 23 Julv a conference was held and attended by 

AS early as March, logistics studies were made and 
advance preparations for Barex '46 organized. I n  
July began the work of carefully servicing the boats 
for use during the Barex landing operation. Six 
beaches for landing were laid out along the shore near 
the camp. The specific locations were selected for con- 
venience to appropriate warehouses, storage areas, 
or place of use. On the south, beach 1 was for building 
materials; beach 2 was for food and commissary sup- 
plies; beach 3, near the center of camp, for general 
supplies; beach 4 for spare parts; beach 5 for oil-field 
equipment; and beach 6 for fuel oils and lubricants. 
Beach 7, several miles to the north a t  Point Barrow, 
was for emergency unloading in bad weather. Land- 
ing craft and propulsion units were checked, and elec- 
tricians serviced all refrigerator units. During the 
loading of the ships, Mr. Matlzews, who had been desig- 
nated beach operations foreman for the contractor, was 
in Seattle. By early August all was in readiness at 
Barrow. The channel into Elson Lagoon had been 
deepened and widened to permit the passage of a fully 
loaded barge. 

CAPT Leonard Prisco assumed command of Barer; 
'46 on 27 June. On 17 July he inspected the beach and 
unloading facilities at Barrow, along with CDR Glen 
R. Whaley, beachmaster; CDR John Backlund and 
CDR William F. Hawley (U. S. Coast Guard), ice 
pilots. The party also observed the coast from Barrow 
to Point Lay, aizd the ice pilots predicted an early open 
season and favorable ice conditions. 

From 8 July to 12 July, the U. S. S. Muliphen wae 
loaded with 2,500 tons of drummed diesel oil and gaso- 
line a t  Point Molate, Calif. She proceeded to pier 91, 
Seattle, Wash., and was virtually fully loaded between 
16 and 23 July although miscellaneous items were 
loaded until the day of departure. Between 13 and 13 
July, the U. S. S. Algol was loaded with 2,500 tons of 
petroleum products at Point Molate and then com- 
pleted loading in Seattle between 22 and 29 July. 
Some commercial cargo was loaded to relieve the 
U. S. S. North Star  of the Bureau of Indian Affairs of 
some of its overload. Some freight, deemed by the 
shipper to be essential, arrived late, and as a result 
both ships were loaded beyond normal draft and far 
beyond the limit for safe maneuvering at Barrow if ice 
movements required such measures. Loading was by 
commercial stevedores. John Dallerup had done an 
excellent job of procurement for the expedition. Also 
the port director's staff in Seattle was very cooperative 
in using all available space and in getting the ships 
loaded. Palletizing of the cargo had to be sacrificed 
to some extent. 

representatives of all interested naval commands. 
Reports of Navy and contractor personnel indicated 
that all plans for loading, shipping, and unloading 
were fully coordinated. 

The ships departed Seattle on 30 July aizd reached 
Dutch Harbor on 4 August. There the U. S. S. 
Muliphen loaded 21 tons of electronic equipment, and 
both ships took on some fuel. On 6 August the expedi- 
tion left Dutch Harbor for Barrow with a total cargo 
of 11,600 long tons. No large ice was encountered 
until Point Lay was passed on 9 August, but by full 
use of the reconnaissance plane, passage was found 
without difficulty, and the 15-knot speed was retained 
until fog and much ice wire met off Franklin Point. 
The plane was again used, and Barrow was reached on 
the afternoon of 9 August. 

I n  maneuvering around Point Barrow in the advent 
of adverse ice conditions, a ship should not draw more 
than 20 feet, and 24 feet was the absolute maximum. 
The Muliphen arrived with a draft of 26% feet, and the 
Algol, with 26 feet 2% inches. Twenty-six feet was the 
maximum safe draft even in the safety area off the camp. 
Therefore, from an anchorage 1% miles off shore, clis- 
charging was begun at once on a 24-hour schedule; 
within 3 days the ships had been lightened enough to 
safely negotiate these waters. A total of 19 LCM's, 
barges, and 1 LCS (landing craft, small) were used for 
lighterage. Only five of the beaches were needed for 
unloading. 

Weather, except for heavy fog for part of the time, 
and ice conditions were exceptionally favorable. Large 
cakes of ice floated by but did not hamper operations. 
On the night of 12 August, the largest barges were 
ordered into the lagoon behind the beach because of 
rough seas which threatened damage to the barges on 
tlze beach as they were unloaded. Later they were put 
back into service by holding them broadside to the beach 
while they were unloaded. On 12 August both ships, 
without interrupting unloading, were moved in to the 
7%-fathom line about a mile from the beach. 

The job was done, and the ships departed on 15 Au- 
gust. The expedition was considered completed when 
the ships reached open water south of Cape Lisburne 
on 16 August. The overall unloading rate for the 
,4!uliphen was 39 tons per hour and for the Algol, 45 
tons per hour. 

The one serious accident that marred the expedition 
was the drowning of John Calvin Merritt, S2c (seaman, 
2d class), USN, who fell from the sea ladder when 
boarding the Muliphen. He  was recovered in 7 minutes 
but failed to respond to treatment. 

The U. S. S. North Star, supply ship of the Bureau 
of Indian Affairs, arrived off Point Barrow on 8 Sep- 



tember and unloaded 35 tons of frozen meat and butter 
consigned to the contractor. 

AIRFIELD CONSTRUCTION 

The muck and gravel runway at  Barrow, overlain by 
pierced plank, had given good service and required little 
maintenance. A t  Umiat, the eastern 1,400 feet of the 
3,300-foot runway had been laid on tundra and hacl to 
be abandoned. T h e  remainder of the strip was ex- 
tended westward 2,100 feet; and the grade of the \thole 
strip, raised 1 foot above the old grade; and a 12-inch 
crown, added. This work was started in June  and was 
completed by 1 August, with some time being taken out 
for the building of two small dams in Seabee Creek to 
impound water for  clrilling operations. Daring Ju ly  
the strip was used while construction was still going on. 
A total of 28,000 cubic yards of gravel v a s  inovecl ancl 
placed to complete the job. 

C A W  CONSTRUCTION 

By 11 February the contractor had 60 men in the 
Reserve and 24 more awaiting trallsportatioil in Fair-  
banks. The contractor had taken orer the power plant, 
boiler plant, water and fuel service, and other duties and 
had prepared five sections of a sled train for  Umiat. 
Camp operations were handicapped by foul weather in 
the winter of 1946, especially by high winds between 9 
and 16 February and by delays in arrival of freight ancl 
the personnel. 

By 20 February, with the arrival of more employ~ees, 
the contractor assumed additional duties. Every availa- 
ble man was required on airstrip maintenance a t  Bar- 
row to remove drifts left by tlle recent storm and by 
continued formation of new drifts. On 29 31arch the 
machine and automotive equipment shop and acljoining 
carpenter shop were completely destroyed by fire. The 
loss was serious and included 8 weasels recently serviced 
for  gravity-meter work, machine tools, and a portable 
machine shop. A temporary machine shop was set up  
in  the heavy-duty-equipment shop, and the Bureau of 
Yards and Docks expedited tlle shipment of replacr- 
ments by air froin Port Hneneine. -1s a result of this 
serious fire, and other minor ones, a fire chief was ap- 
pointed in April;  water tanks with hose and pumps 
mere placed in principal buildings; and a complete fire- 
alarm system was installed. I n  spite of these precau- 
tions, the transmitter building, beacon, and five trans- 
mitters were destroyed by fire on 6 June. The Com- 
mandant, 17th Naval District, immediately sent a radio- 
material officer, who installed temporary equipment. 
By  fall  a 24-hour fire watch was in  effect and fire-fight- 
ing equipment consisted of a 2,500-gallon pontoon tank 
mounted on a tractor- drawn Go-Devil. Tanks holding 
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4,000 gallons, with hose and pumps, were a t  key points 
throughout the camp. 

A system of warehousing and material control that  
had been recommended by the Bureau of Yards and 
Docks XI-as put  in operation in  April and May. Later 
a usage history was initiated in warehousing for use in 
future procurements. I n  May, changes and adjust- 
ments were made in the electrical distribution system a t  
the Barrow camp. This work was t o  improve radio 
reception and reduce electrical maintenance work. 
Electrical equipment and metal buildings were 
grounded to practically eliminate electrical interfer- 
ence to radios. During the year, radio buildings and 
antenna installations, according to CAA specifications, 
progressed a t  both Barrow and Umiat. The erection of 
antenna, poles or  tall poles for  transmission lines, except 
on the beach sand, required the thawing of the pernla- 
frost with the use of a prospect boiler and steam point. 
Small poles were set in gravel-filled oil drums, and the 
drunis were set in the ground to their tops in  holes 
excavated by dynamiting. 

A t  Barrow a complete fiscal inventory of material, 
equipment, and facilities was undertaken and scheduled 
for completion by 15 July. I n  August, worli was post- 
poned on a new bathhouse which was under construc- 
tion in order to lay concrete slab foundations and start 
construction on four 40- by 100-foot warehouses that 
\\-ould be ileecled to house supplies to come in on Barex. 
After the expedition left, all haste was made to com- 
plete the ~~arehouses.  Much of the cargo lay on the 
beach in exposed positions, and i t  was rapidly inven- 
toried and stored-some outside and some in ware- 
houses. An underground refrigerator, excavated deep 
in the frozen ground, was under construction. Eskimos 
from Barrow had been employed in the beach unloading, 
and some were retained. A doctor, who had been flown 
in for  the purpose, certified 22 additional natives as 
physically fit for  employment. 

At Barrow, in addition to the warellouses and bath- 
house, an addition was built to the aclininistrat,ion 
building. Foundation stringers were laic1 directly on 
leveled gravel. A t  Umiat a thick layer of gravel mras 
present beneath the tundra. I n  some places founda- 
tions were laid on gravel and bacl~fillecl with moss to 
nlininlize thaw-ing and settling. F o r  large buildings 
at  Barrow, concrete slabs were poured first, and founda- 
tion stringers vi-ere placed on them; or, for some build- 
ings, the slabs formed the floor. Fortunately, gravel 
and coarse sand was abundantly available both a t  Bar- 
row and a t  Umiat but not a t  most other places on the 
Iteserve. 

After  Barex '46 winterizing and beaching of barges 
and boats was begun. Winterizing also proceeded on 
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materials, equipment, and buildings, including further 
insulation of tlie niesshall, and with special attention to 
winter freighting equipment and equipment for  tlie 
planned extensive core-hole drilling. Drills and 
equipnient were niounted on sleds and tractors, and 
sleds mere over1i:~uletl and serviced. Material and 
supply stowage was completed in September, and the 
new generators were installed in the powerhouse. 
Items in outside storage that would be needed during 
the ~vinter  were blocked nbore ground. 

Finally, both field camps and base canips were se- 
cured for  the winter. 

On 18 December the contractor's garage and ware- 
house in Fairbanks was completely destroyed by fire. 
The coiltents were a total loss. The Bureau of Yards 
and Docks moved immediately to provide replacements. 

WATER SUPPLY AND SEWAGE DISPOSAL 

Year-round water supply for the Barrow camp canie 
from a fresh-water lake near the camp. ,4 tank, equip- 
ped with a pump and hose, in a heated wanigan mounted 
on an  Athey wagon was used to haul water t o  various 
points in camp. 

A t  Umiat, water was originally obtained in a similar 
fashion from nearby lakes or from the Colville River. 
I n  tlie summer of 1946 a small spring was discoverecl 
close to tlie camp. A sllal101~- well was dug, and thence- 
forth water was piped to  the camp. It was believed 
that a water well could be drilled that would supply 
camp water most of tlie year. 

A t  Barrow bulk sewage and garbage were collected 
in oil drums and burned on the seashore or  dumped on 
the ice. The waste 011 the ice went out each year with 
the ice. Iiisulated sewer lines from tlie kitchen and 
bathhouse provided for disposal of liquid sewage to the 
ocean. Sanitation was not a problem because of low 
temperatures, absence of flies, and the sinall population. 

EQUIPMENT AND ITS USE 

One of the early innovations of tlie contractor when 
lie took over from the Navy operation was the replace- 
ment of light-weight lubricating oils used by the Navy 
with normal-weight oil. This Tvas found to be feasible 
because engine operating temperatures were practically 
independent of the outside temperature and only a 
thorough warmup period was required. The change 
resulted in a great improvement in operating perform- 
ance. 

The large tractor was generally agreed to be by far  
tlle best piece of equipment for arctic sled freighting. 
The  weasel (M29C), although hampered by its light, 
fragile construction both in body and in engine was a 
most useful item. Herman-Nelson heaters were de- 

pendable and invaluable for preheating engines and use 
in emergency repair jobs. ,411 the sleds used gave excel- 
lent service. 

During March the heavy- and light-duty-equipment 
repair shops operated on a 2-shift basis in order to keep 
the freighting equipment rolling. Rush repairs needed 
by tractors increased as the season progressed. 

COMMUNICATIONS 

S C S  (Alaska Communication System, Signal Corps, 
U. S. Army) continued to handle radio communicatioils 
to Fairbanks and Barro~v as before. All iiistallatioils 
of ACS communications and narigational aids in the 
Reserve, as well as weather-station facilities, \+-ere sched- 
uled for  ultimate transfer to tlle CSA,  although the 
Army personnel was relieved and temporary operation 
of facilities was begun by the h'avy in  arch. The CAA 
personnel finally took over in August. Work continued 
a t  Umiat and Barrow on improved facilities, including 
receivers, transmitters, and a radio range. The work 
on the range and on the transmitter and antenna parts 
of the CAA installation a t  Umiat was completed in 
December. Also in  December the Barrow operations 
building and antenna were completed, and the blind- 
landing equipment was in operation. 

AERIAL PHOTOGRAPHY AND MAPPING 

I n  1946 additional aerial photography was done by 
the 4th Reconnaissance Squadron of the Army Air  
Forces from Ladd Field. Progress was slow, however, 
because of adverse weather conditions, and on 29 Sep- 
tember the project was discontinued because silo\v was 
rapidly covering the ground. The  project was un- 
finished, thus necessitating the provision for additional 
photography in 1947. 

The preparation of maps from the aerial photographs 
by the Geological Survey proceeded throughout the 
year, and the larger part  of the area covered by the more 
recent photography was compiled by the end of the 
year. The maps covered all the areas where further 
geophysical work was contemplated but only a small 
part of the areas where geologic work was planned. 

GEOLOGY 

A t  the first meeting of the operating committee in 
January 1946, the general responsibilities of the Geo- 
logical Survey were outlined as a par t  of the integrated 
exploration program. That  charter enabled the Sur- 
vey tb organize and staff a unit especially designed to 
carry out the responsibilities assigned. George 0. Gates 
was placed in charge of the unit, and he began a t  once 
to build an administrative nucleus, piovide for  office 
and laboratory work in  Washington, D. C., establish 
and equip the required petroleum laboratory in Fair- 
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banks, plan field parties in detail and arrange for  their 
coordinated supervision, and provide for special geo- 
logic studies as required. 

Five regularly organized geological field parties were 
sent out in 1946. (See pl. 3.) The period of fielcl~vork 
was approximately 1 June to 1 September. Tlle parties 
reached Umiat bet\\-eel1 tlie middle aiid end of JIay:  
consequently, they could be flo~vii to field sites in 
planes on skis. All llacl returned to Fairbanks by 12 
September. 

Food and gasoline caches were set out by air along 
the planned routes of all parties i11 order to lessen the 
loads that  had to be t rai~spo~tecl  overland. -1 total of 
38 such caches were established at  estimated 12-clay 
distances. E. J. TTebber, geologist, was in charge of 
the caching. H e  arrived in Fairbanks on 27 JIarcli and 
procured and asseil~bled the supplies, dispatcliecl them 
to Umiat and Barroll-, via XATS, and carefully pl:~nned 
the caching operation itself. -4 total of 17,000 pounds 
was involved, 9,000 pounds of ~vhich was food ant1 the 
rest mostly gasoline. 

Between 17 and 27 April, all supplies went out fro111 
Umiat and Barrow in  a ski-equipped Bellanca, piloted 
by Sig. W ieii, to  prearranged locations. JIr .  Webber 
accompanied the pilot and cllartecl each cache on an  
aerial photograph. Preseason caching prorecl very 
effective and was employed every year aft1.r 1946. 

Much mas learned the first year about cacliing opera- 
tions. Supplies should be packed in strong met:ll con- 
tainers, such as gasoline drums, to protect tlle caches 
from bears. I n  1946, 4 out of T caches on tlle Saga- 
vanirktok River were completely destroyed by bears. 
Care must be taken to place caches high above the flood 
levels reached by the streanis during tlle spring breakup. 
I n  1946, 2 caches on the BIeade River about 16 feet 
above normal river level were lost in the spring flood. 

Bush-plane support during the season was supplied 
in a limited way and was found to be so effective that  
such support of geological field parties was coiitin~~ally 
expanded each following year. That  sort of support 
permits occasional mail collection and distribution, pro- 
vision of emergency o r  additional supplies, coorclina- 
tion of geologic effort by the supervisor, visits of spe- 
cialists to parties as desirable, and the quick and efficient 
gathering of spot geologic information from widely 
scattered localities. Reconnaissance flights over an 
area were found to be especially advisable before tlie 
area to be studied in detail was finally chosen. Aerial 
photographs are very helpful but can be misleading as 
to the number of outcrops present. About a moiitll of 
fruitless effort in 1945 could have been saved for tlie 
Anaktuvuk River party if the river could have been ex- 
amined first from a plane flying a t  a low altitude. Re- 

coilnaissance flights can greatly increase the flexibility 
of operations. As  originally plailiied for  1946, party 4 
was to be flo~vn to Kurupa Lake, a t  the head of the 
I<urupa River, after reaching tlle moutli of the Oolam- 
naparik River. -1 flight up tlle Kurupa. a t  the time of 
the more sl10~1-ecl that the river for  about 20 miles down- 
stream froin the lake %-as too sllallow for the boats. 
The party, therefore, TTas transported to a place below 
that stretch of shallow water. 

The ~ve:~sel \\-:IS found to be a rery useful meails of 
transport:~tioii for geologic parties. I n  1946, 1 party 
~ v : ~ s  fnrnished by Arctic Contractors ~ v i t h  1 weasel and 
a driver, and another party had 2 ~ ~ e a s e l s .  A t  the end 
of tlle season, i t  was poiilted out tha t  1 weasel was not 
e~iougll, there should be a t  least 2. Oiie should be 
clriren by a coiltractor employee wllo should serre as 
inechanic. Tlle other could be driven by one of the 
Geological Survey personnel. It mas recommended 
that enipliasis be placed on caching sufficient gasoliiie 
for the operation of weasels for about 75 percent of the 
11:wty season ancl also on the caching of sufficient spare 
parts. 

PARTY 1 

Party 1 systematically studied and iimpped the Uiniat 
anticliiie. The party was made up of two geologists, 
one of 1~110111, Kar l  Stefansson, was the chief of the 
party;  a topographer; a recorder; a cook; aiid a weasel' 
clrirer supplied by ,Irctic Contractors. A closure was 
iildicatetl of at least 500 feet, and probably several 
hundred feet more. 

3lucll was learned about the stratigraphic column 
\I-liicli, with tlie data from Uniiat test well 1, permitted 
structural contouring. The  base map was controlled by 
field triangulation and compiled by photogrammetric 
methods. Aerial photographs proved useful in the 
surface mapping. 

PARTY 2 

Party 2 was led by L T  R. G. Ray, geologist of tlle 
office of Saval  Petroleum Reserves on detail to the Geo. 
logical Survey. The party included another geologist, 
an instrument man, a cook, and 2 contractors7 weasel 
drivers, 1 for each of the ~veasels. 

The party worked in the general vicinity of Maybe 
Creek, a lieadward tributary from the east of the Ikpik- 
11~1li River in an area bounded ronphly by longitudes 
153'30' and 154'10' 11-est aiid latitudes 69'10' and 69O25' 
north. I n  most parts of the area, outcrops are sparse. 

Three east~l-ard-treiidiilg anticlines were mapped in 
part. The crest of the illost southerly of the three struc- 
tural features, the Maybe Creek anticline, is about 2y2 
miles south of Maybe Creek. The most northerly struc- 
tural feature is a dome about 4% miles north of Maybe 
Creek. It was named the Maybe Creek dome. T l ~ e  



56 HISTORY OF EXPLORATION, NAVAL PETROLEUM RESERVE NO. 4, 1 9 4 4-5 3 

third anticline, the Wolf Creek anticline (see fig. 12), 
lies between tlle dome and the Umiat anticline. 

The same area \~:ls traversed by J .  B. Mertie, Jr. ,  of 
tlie Geological Survey, in 1924 and detailed work was 
begun there by a Navy party in 1945. The 1946 work 
involved a maill weasel traverse route of more than 100 
miles. As time ran short, the detailed work was 
dropped, but the stadia traverse was continued to the 
Iiigalik River :1nd structural and stratigraphic deter- 
n~inntions made by the study of aerial photographs. 
Sandstone samples sent to tlie laboratory in Fairbanks 
had porosities ranging from 3 to  18 percent. The May- 
be Creek anticline is G to 8 iniles wide, but the length is 
unknown. 

The Maybe Creek dome \vas found to be about 5 miles 
broad. I t  is on a major anticlinal axis on which a t  
least two other structural highs mere recognized but not 
studied in detail. Some coal ~vas  found north of Maybe 
Creek. 

The Wolf Creek anticline trends N. 65" W. to N. 
70" W. The north flank is better exposed. I n  general, 
surface data are very scarce, but aerial reconi~aissance 
and aerial photographs indicated a closed structure 7-8 
miles long and about 6 miles across. 

PARTY 3 

Party 3 was a small-boat party led by E. J .  TVebber 
The p i t y  started near the hiad of the Meade River and 
traversed the full length of that stream. From the 
mouth of the Meade the party followed the west coast 
of Admiralty Bay and the sonth shore of Elson Lagoon 
to Point Barrow. Tlle party continued along the coast 
southwest of Barrow, up tlle Bugrua River for about 
10 miles, along the coilst to TVainwriglit, and 25 miles 
up the Kuk River. Aerial reconnaissance flights were 
made along the Us~xktuk, Nigisaktuvik, and the head- 
ward part of the Topagoruli Rivers, but the bedrock ex- 
posures are so few that only a few landings were made. 

Three eastward-trendii~g anticlinal axes about 10 
miles apart mere recognized in the headward part of 
the Meade River. For about 18 miles northward from 
the axis of the northernmost anticline recognized, which 
is a t  about 69'42' N., the structural data suggest the 
presence of similar, though gentler, open folds but fewer 
and poor outcrops did not permit close definition of 
the fold axes. Northward from that point the strata 
are nearly horizontal, and broad regional trends are 
more significant than local folds. About 20 miles south 
of the Meade River coal mine was found sandstone float 
containing material that may be petroleuln residue. 

A t  Skull Cliff, about 25 miles southwest of Barrow 
along the coast, a very light petroleum drips slowly 
from an 8-foot sandstone. The bed was traceable for 

nearly 25 miles, but petroleum mas not found in i t  else- 
where although a seepage lins been reported near tlie 
head of a gully about 1% miles northeast of the Siiia 
shelter cabin. The seepage is said to be readily visible 
in the winter. 

Gas bubbling from beneatll a lake near tlle heacl of 
the Meade River appeared on analysis to be inetllaiie 
or coal gas. The seepage is on the south limb of an 
anticline. 

PARTY 4 

Robert M. Chapman was chief of party 4. Robert 
F. Thurrell, geologist, mas a member of the party. 
The party worked in an area of about 1,200 square miles 
between the Hillik and the Rurupa Rivers. 

A gas seepage 011 the south side of the Colville River 
about a mile above the mouth of Aupuk Creek was 
sampled. The gas was bubbling rapidly a t  about 18 
places in a small lake near the river. A National Bu- 
reau of Standards' analysis later showed the gas to be 
methane. A major anticlinal axis (the Aupuk anti- 
cline, see fig. 12) coill~icles \\-it11 the course of the 
Colville River between the Burupa River and Aupuk 
Creek, and there appear to be two domes on the anti- 
cline although more work would be needed to estimate 
the closure. The gas seepage near Aupnk Creek is on 
the crest of the fold. 

PARTY 5 

George Gryc, chief, and E. H. Lathram, geologist, 
and party mere assigned a stratigraphic and structural 
investigation along the Sagavanirktok River east of 
the Reserve (see fig. 24) as well as shorter studies along 
two small tributaries of the Colville between Ninuluk 
Creek and the Kutchik River. 

The structure of tlle Upper Cretaceous rocks in the 
Sagavanirktok area is similar to that in the Colville 
area. Complex structure near the mountain front 
gives way to progressively less intense folding farther 
north, and near the Arctic coast the dips are less than 
5". No structures could be studied in detail in the 
time available although closed anticlines in the strata 
of Late Cretaceous age are believed to be present. 

One of the two creeks south of the Colville between 
Ninuluk Creek and the Kutchik River was traversed 
by Gryc and the other by Lathram. The purpose of 
that work was to obtain information on the anticline 
south of the Prince Creek syncline. That  anticline has 
since been named the Fossil Creek anticline (see fig. 
12), and the easternmost of the two creeks is now called 
Fossil Creek. I n  general, the stratigraphic section 
appeared much the same as in the Prince Creek and 
Umiat areas. There appears to be a "saddle" in the 
anticline a t  the mouth of the more westerly creek and 
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FLGIJI!~ 24.-(;~olocic 1 t : t ~ l >  :. -1. TJ;>rr>- ( l r i i c ~ i ~ ~ c  11o?i1 cl!-t7r t1111dr:l f r o ~ n  
landing strip on a lake t o  tile headwaters of the  Sngavanirktok River. 
B. Rapids where the  Saga~xnirktok Rirer f l o ! ~  over the moraine of a 
former glacier. C. Tertiary sedimentary rocks esposed in  Franklin 
Bluffs along lower course of the Sngxranirktok River. Photogmplls 
by Geologicnl Survey. 

a nose at  the llloutll of Fossil Creek, but \vl~etlier or 
not there is a closure east of the nose \\-liere the trencl 
of tlie axis bends  south\^-arc1 is not k~ lo~vn .  

AERIAL GEOLOGICAL RECONNAISSAXCE 

I11 tlie sunl~iler of 1046 sevrral rec~oi~~iaissi~lice flights 
were lllade ill the souther11 part  of the lieserve and ad- 
jacent areas by George 0. Gates, Stewart H. Folk, aiid 
George Gryc to obtain iiiforrnatioil on areas nl,ost favor- 
able for study by geological field parties in 1047 and 

to deterniiile areas where structural and stratigraphic 
informatioil is most abundant and especially where 
closures on anticlines may be present. 

About 15,000 square miles mas covered, and the ex- 
perience proved beyond donbt the value of such aerial 
recoi~naissance before sending parties into the field. 
bfuch mas learned about the distribution of the rocks 
:tnd the positions of structural axes. One result of the 
reconnaiss:uice was the prediction that  the area of the 
I<ukpo\vruk, Icokolik, a11d Utokok Rivers could riot be 
considered as a possible source of oil from Upper Cre- 
taceous rocks. The flights shon.ec1 also that, in the 
Cretaceous rocks in the Reserve, closures on anticlines 
:(re very clifticult to detect froill the air largely because 
the rocks near tlie crests of the anticlines are generally 
\t-e:~B and do not crop out well. 

The  reconnaissance resulted in tlie following recom- 
~nendations for  areas 11-itliin the Reserve to  be studied 
by field parties in  1947 : (1) The Rigalik anticline (see 
fig. 12), (2) the anticline between the Kigalik and 
the Amuna Rivers, (3)  the Utolrok River and, (4) the 
Ipnavik and the Colville Rivers betmeen the Ipnavik 
and Rurupa Rivers. 

HEAVY-MINERAL S T U D I E S  

Robert E. Fello~vs ancl Ernest H. Lathran? carried 
on studies of tlie varietal c1l:lracteristics of cletritnl 
gctI.net grains co~itailied in s:~liiples from sonie of the 
roclrs. Tlleir \\-orli iildic;~tetl t l ~ n t  prriirt call be used to 
tlifierentiate roclr units of 1,:tte Cretaceous age. Bur- 
tlier investigations were ~)laiiiied for i~irest igat i~ig the 
possibilitirs of the use of 11e:lry niinerals in correlation. 

PALEONTOLOGIC S T U D I E S  

After the 1946 field season x coinpreliensive taxonomic 
and stratigraphic stncly was begun of the macrofossils 
from all collections fro111 northern ,\laska. The  
material a t  h:~nd inclicatecl four major faunal zones in  
the Upper Cret,tlceo~~s rocks. The long range objectives 
of the inacropaleontologicd ~\-orlr as  defined were to (1) 
describe the fossils collecteil mid establish their 
taxonomic positions as a. tool for future stratigr:~phic 
\vork ; (2) establish faml:~l zoiies for  use in stratigr:~pIiic 
correlations; (3)  determine tlie envirorirrientnl condi- 
tions indicated by the faunal assemblages as an aid in 
the reconstruction of the geologic history ; and (4) cor- 
relate the Upper Cretaceous rocks of northern Ali~ska 
\\-it11 other successions as a basis for  comparison wit11 oil- 
bearing regions. 
h good start \v:ts m:~de to\v:trd the pre1imina1-g ac- 

conlplisliinent of the objectives. 
&ficrofossil studies also \Yere begml in 1046; : ~ n d  

although tlie ~~esu l t s  that  ge:w \\-ere too preliniinary for  
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much application, a good start was made, and the future 
possibilities of the nse of microfossils were clearly 
indicated. 

UMIAT TEST WELLS 1 AND 3 

After completion of Umiat test well 1 in October 
and after consideration of all available data, i t  was in- 
dicated that the test was 800 feet south of the axis of the 
Umiat anticline, about 5 miles west of the highest point 
on tlie axis, and 700 feet below the crest of the anticline. 
The rocks dip between 5 O  and 9". The upper half of 
the hole is in a sandier zone than the lower 3,000 feet 
that penetrated clay shale and siltstone. 

Traces of oil and gas were slight but consistent. The 
best showings were between 2,295 and 2,350 feet where 
samples gave strwlg oil and gas odors with good 
saturation. 

The rocks were fo~~ilcl to contain about 2 percent of 
montmorillonite-type clay which would be ample to 
swell by hydration and further reduce porosity and 
permeability. I n  general, the rocks are not good reser- 
voir rocks, but the coilsistent indications of petroleum 
were encouraging. 

I t  mas concluded also that Umiat test well 3 (first 
called Umiat core test 1 )  was started about 1,000 lower 
stratigraphically than Umiat test well 1. 

GEOPHYSICS 

Geophysical ~vork i11 1946 consisted of seismic and 
gravity-meter surveys by the United Geophysical Co., 
the completion of tlie airborne magnetometer survey by 
the Geological Survey and the Naval Ordnance Labo- 
ratory, and the gathering and interpretation of geo- 
physical data, such as temperature and electrical infor- 
mation, from holes drilled (See pl. 3). 

J. A. Legge was in charge in the field of the work per- 
formed by the United Geophysical Co. 

GRAVITY-METER SURVEYS 

YEADE RIVER 

The Meade River gravity-meter project was designed 
to investigate f ~ ~ r t l l e r  a large magnetic anomaly indi- 
cated by the airborne magnetometer in 1945. An area 
of about 900 square miles was investigated. 

Between 13 April and 10 May a gravity meter was 
moved by air over the area in a Piper Cub cruiser on 
skis. Landings were approximately 5 miles apart. 
When the snow became too thin, the airborne party was 
replaced by a ground crew. 

The ground crew was moved into the area over ice 
between 3 and 7 April. Mobile equipment consisted of 
10 wanigans, 10 weasels, 3 tractors, and 3 Athey wagons. 
The work was done from 5 campsites. 

A control line was run in from stations established 
on Admiralty Bay by the Coast and Geodetic Survey 
in 1945. Two gravity meters were used. Engineering 
and contour computing were done in the field; second 
derivative maps were made in the Barrow office. 

The gravity observations were unlike the magnetic 
results of 1945. The lack of correlation between them 
could not be explained with the data available. A dis- 
tinct gravity-high zone lay along the western part of 
the area covered. I n  the northern part of the area, 
there was a strong gravity gradient to the south. The 
magnetic high between the Meade and Topagoruk 
Rivers appeared as a gravity low. Also in the southern 
part of the area, a gravity high corresponded approxi- 
mately to a magnetic low. 

CAPE SIMPSON 

I n  the Cape Simpsoil area a gravity-meter recon- 
naissance survey of approximately 466 square miles was 
carried out between 9 and 26 July. The objectire was 
the further investigation of the area preliminary to 
covering i t  with a seismic survey. The gravity meter 
was transported by a Piper Cub trainer on floats, and 
stations were a t  intervals of 2 or 3 miles. There was 
no need of determining elevations as the whole area 
has a relief of less than 10 feet. I t  was calculated that 
the limit of error of such an airborne operation is about 
20 times that of a ground operation. 

The project confirmed the presence of a northeast- 
trending gravity high. That high roughly corresponded 
to a magnetic high. 

IKPIKPUK RIVER 

An air-transported gravity-meter reconnaissance was 
made between 7 August and 4 September of an area of 
about 1,000 square miles near the Ikpikpuk River. The 
project was designed to check magnetic anomalies re- 
vealed by the airborne magnetometer in the same area. 
Supplies were flown in to a camp by a Bellanca, which 
landed on a sandbar on the east fork of the river. Ter- 
tical control was obtained by using a surveying alti- 
meter. 

Three gravity highs superimposed on a regional 
gradient to the south corresponded to the three intense 
magnetic highs that prompted the project. 

SEISMIC SURVEYS 

CAPE SIMPSON 

The primary purpose of the seismic survey in the 
Cape Simpson area was to complete the coverage of the 
gravity high revealed by the gravity-meter work in 
1945. 

Party 43 was assigned the task and departed Barrow 
by tractor train on 24 April. The camp consisted of 10 
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wanigans in addition to water and instruinellt \I-:~ni- 
gans, 4 tractors, and 8 weasels. The  2 Failing drills 
left from the year before were used by tlle party. Sliot- 
holes had an average depth of 75 feet. Two clrilling 
crews and two recording crews were used on clifferent 
shifts. One lake deep enough to contain water belo~v 
the ice was used for water for  drilling before the tlla\~-. 
After that, surface water, available alniost every~vllere, 
was used. Geophones were placed in  contact \~-i th tlle 
frozen ground ~vhicll in the summer requirecl digging 
holes t o  place them. 

The work proceeded fro111 east to west from x total 
of four campsites. Surreys were tied to the triangnla- 
tion net established in 1943 by the gravity pa r t - .  One 
conlputer was with the party to clo enough preliminary 
work for a rot1g11 check on current data. The inter- 
pretation office at  Barrow made all maps. sections, and 
reports. On 2 September the project was tern~inatecl 
because of icing conditions, and the men and equipment 
were moved to Barron- by boat. 

The  area is one of generally steep nortlin-est dips 
which continue only to depths of about 3,000 feet. I t  
was believed that  tlle block of steep dips was cut off 
below by a thrust fault fro111 the northn-est. -1 small 
closure of about 150 feet IRIS indicated off ITl-igl~t 
Point. The possible fault on tlle nortll\~-est side of 
this little closure ancl the syncline to the southeast sug- 
gested by the gravity-meter work were interpreted as 
favorable indications of a possible oil trap. 

Lines shot in the vicinity of the oil seepages sho~vecl 
the seepages to lie aliliost parallel to the strike of the 
shallow becls, and this \\-as interpreted as indicating 
that the seepages issued from tlle outcrop of an oil- 
bearing sand. Oil appeared in shotlloles in two loca- 
tions several miles froin the seepages ancl from each 
other. 

All horizons sho~vecl an elongate syncliiie under Lake 
Minga, the large lake tvith enough depth to prevent 
its freezing to the bottom in winter. This appnreiit 
syncline, after considerable study, was believed to be 
the result of decreasecl velocities in unfrozen inaterial 
under tlle lake and not :I structural feature at all. 

UMIAT 

TV. R. Fillipone directed party 46 of tlle Ui~itecl Geo- 
physical Co. in the Ullliat area bet\\-een I4  August anel 
9 November. Tlle objective was to obtain adclitional 
subsurface infornlatioil on the Ulniat anticline. 

A sled-mounted Failing rotary drill liauled bv a 
tractor was used for drilling most holes, the average 
depth of which \x7as 70 feet. Holes in the flood plain 
of the Colville River \\-ere drilled cable tools after 
the ground froze. The flood-plain gravel, \vhich hin- 

clered rotary drilling, is 23-38 feet thick, and the aver- 
age depth of the holes was 50 feet. 

Tlle recording unit was iu a small wanigan mounted 
on tracks in summer and skis after freezeup. A n  office 
was nlaiiltained a t  the Ulniat camp. 

3forement on the steeper slopes of the Umiat area 
\\-as difficult in August but became easier after the 
ground froze. Profile lines were surveyed by plane- 
table and tied into tlle Geological Survey triangulation 
net. Permafrost proved a disturbing feature in inter- 
preting seismic results. Because of its high velocity, 
only a bed that mould transmit seisniic waves a t  a 
greater velocity ~ v o ~ l d  furnish good subsurface 
information. 

Tlle seisniic results indicatecl that the anticline 
plunges slightly eastwarcl. Absence of reflections 
along the crest indicated strong anticlinal folding wit11 
fracturing rather tllail faulting. 

SPECIAL ALASKA MAGNETIC SURVEY 

Tlle Special Alaska Magnetic Survey (SPAl fS)  by 
tlle Geological Survey and the NOL (Naval Ordnance 
Laboratory) was continued in 1946 between 11 June  
and 4 August. The 1946 coverage aggregated about 
22,600 square miles including the western part  of Naval 
Petroleum Reserve No. 4 and areas east, west, and 
south of the Reserve. The coinbii~ed results of the 
work of the two seasons yielded a map of total magnetic 
intensity \\-it11 a colitour interval of 10 gammas over an 
area of 36,000 square miles. 

Tlie 1946 project went on during an interval of major 
sun-spot activity ~v i th  which magnetic disturbances are 
directly related. One of these magnetic storms con- 
tinuecl for lllost of July, and few good readings could 
be taken during this time. F in t~ l  magnetic measure- 
illelits were correct ~ ~ i t h i i i  10 gamnlas, but lack of detail 
and precisioa in the base maps (compiled from 1943 
aerial photographs because the 1945 photography u-as 
incolnplete) resulteel in the plotting of some anomalies 
as nlucll perhaps as 2 to 3 miles from their true 
positioils. 

Tlie map compiled fro111 both seasons' ~vorlr sl~owed 
a regional illagiletic gradient to the northeast. Eleven 
closecl positive ailomalies extellcling froill the vicinity of 
the 3Ieade River to ancl beyond Uiliiat are flanked to 
the ilortlleast by a line of closed negative anomalies. 
Conclusioils basecl on the magnetic and scant geologic 
iiiforlnation were that- 

1. Most of the positire anonlalies are caused by varia- 
tions in tlle surface ancl susceptibility in pre-Devonian 
rocks. 

2. No consistent correlatioii could be found between 
magnetic anomalies and observed geologic structures. 
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3. The line of positive anomalies probably indicates a 
stable axis present during Late Cretaceous and Tertiary 
times. 

4. An anomaly of large areal extent south of Tigvar- 
iali- Island appeared worthy of further investigation. 

UMIAT TEST WELL 1 

Before drilling began in Umiat 1 in 1946, a second 
temperature survey was made on 27 to 29 May after the 
hole had stood undisturbed for 8 months. The tempera- 
ture ranged from - 11°C a t  12 feet below the ground to 
-0.5" C-the temperature of the oil standing in  the 
hole. The bottom of the ice plug a t  about 900 feet was 
taken to indicate the bottom of permafrost. 

Electrical surveys mere continued as the hole went 
down and confirmed tlie indications from 1945 that  such 
surveys would be of great value in indicating the pres- 
ence and position of any porous and permeable rocks 
and for correlation purposes. 

hole was carried to 4,085 feet ~vhere it was reduced to  
9% inches. 

The well was started wit11 an aquagel and water mix- 
ture. Small ainounts of Fibrotex and Micatex were 
used to reduce water loss into the formations. The hole 
made inore mud than i t  used, and the mud constantly 
gained in No t r e a t m n t  with any chemical was 
necessary. Mud viscosity averaged 3'7% seconds, 
weight 8lfI2 pounds per cubic foot, and teniperature 
55'-60°F. 

T o  insure an adeq~tate water supply, an  earth dam 
was constructed across Seabee Creek in  Ju ly  to  form 
a pond of about 15,000 barrels capacity. The  dain was 
cut through because of heavy rain and melting snow in  
August; and because the ground was so soft in the 
vicinity, it could not be repaired by tractors. Instead, 
a smaller dam was built about 200 yards below the first. 
Seabee Creek froze solid in September, and thenceforth 
water was hauled in a 30-barrel tank mounted on a sled. 

UMIAT TEST WELL 3 Because of the freezing temperatures in early August, 
the winterization of the r ig  was hastened. A 11.elclec1 

An log was made of test (first steel frame covered canvas mas placed over the 
called Umiat core test 1 )  on the completion of drilling fmnt of the derrick. tlle middle of September, thB 

December. T1ie log 'Orre- hole was drilling a t  5,000 feet, and the TITinterization 
'ponded to geological log, and the high was 65 percent conlplete, By the end of September tile 
resistivities of the sandstones indicated the absence of hole was do,vn to a,7oO feet, alId the winter.zation was 
ice. Two zones, 247-267 feet and 346-361 feet, pos- percent complete. 
sessed both favorable potential and resistivity values. The plan for test \Tell drilling in 1946 
Inspection of the cores indicated that  these intervals for minimum of caring. Intermittent coring 
also were the most promising. The electrical logs re- to a deptlI of 4,204 feet. The coring was 
vealed no conclusive correlation between Umiat test well fmln 5,g90 to 6,005 depth of tile In 
1 and Timiat test well 3. all, '70 cores were taken in  1946 for  a total footage of 

DRILLING 

DEEPENING OF UMIAT TEST WELL 1 

Visits to Umiat test well 1 (see pl. 3 for location of 
drilling in 1946) in April indicated that  the hole and 
the equipment were in good shape for  startillg opera- 
tions again after the thaw. Supplies and equipment 
were checked by Don Meek, drilling supervisor. Drill- 
ing crews arrived a t  Umiat on 21 Mny and prepared 
camp and equipment for  starting as soon as warmer 
weather made water available. Water began flowing 
in  Seabee Creek on 3 June. The hole, which had been 
left the year before at  1,816 f e ~ t ,  was opened and was 
found to be full of ice from 775 to 920 feet. Thir ty gal- 
lons of oil was bailed from above the ice. 

Direction of the \%-ark  as by Don Meek; Ralph Cole- 
man, petroleum engineer ; Don Jopling, geologist ; and 
Stewart Polk, technical assistant in charge of Schlum- 
berger and temperature surveys. 

The  hole was found to  have a deviation of 4 s 0  a t  
1,816 feet. *4t 2,080 feet the deviation had been re- 
duced to 2", and a t  2,180 feet, to  only 1". A 10%-inch 

514 feet with an  83 percent reco~~ery.  Careful ditch 
sampling provided samples a t  5-foot intervals through- 
out. 

Total depth was reached on 5 October. Deriation of 
the hole a t  5,990 feet was 1%". Drilling mud was 
bailed down to 950 feet to get belo~v probable freezing, 
and the r ig was secured except for repair of equipment. 
All equipment was inr.entoried, and plans were made 
to overhaul the drilling machinery in preparation for 
the 1947' season. 

Total drilling time was 5,042 hours-2,090 hours in 
1945 and 2,952 in 1946. 

UMIAT TEST WELL 3 

Umiat test well 3 (first called Umiat core test 1) was 
spotted on the northeast edge of a tiny lake, Lalie 
Umiat, near the north edge of the flood plain of the 
Colville River and riot f a r  from the main Umiat camp 
and airstrip. Based on surface geology and from the 
information from Umiat test well 1 several miles far- 
ther west, the test was south of the axis of the Umiat 
anticline and a t  a surface positiol~ about 1,000 feet lower 



T H I R D  YEAR-1 9 4 6 61 

in the section than the cellar of Uiiiiat test well 1. About 
450 feet of the 1,000 feet mas because of topography 
and the remainder because of structural position. The 
purposes of the core test were to check the geology, de- 
termine the stratigraphy, test the oil-bearing zones en- 
countered in Umiat test well 1, and serve as a clieck on 
the proposed location of Umiat test well 2. 

The core test was spuclcled in  on 13 Soveniber with 
a Starr  Well Drilling Jlachine (JIodel 71-SIC). The 
spudder was used because no bits large enougll for 
7-inch casing were available for  use on the Failing r ig 
and becz Jse of the possibility of there being gravel at  
the surface whicli could not be drillecl easily wit11 a 
rotary drill. 

On 19 Soreinber 7-iiicll casing was run in for 62 feet 
and cemented. After the cenient liad set, tlie mud in 
the casing was kept a t  130°F by using steam until 23 
November. By that time the Failing clrill, molunted 
on a pipesled and eiiclosecl in a wanigan, hacl been rigged 
up over the hole. ,111 additional muel puml> was op- 
erated independently of the rotary table and used for  
circulation, with the regular pump ~c t i i i g  as a stanclby. 
That  provided better circulation and insured against 
the pipe becoming stuck in the liole if the rotary engine 
sllould stop. Pontoon sections were cut to make miid 
pits, and a prospecting boiler was used to heat tlie nincl. 
Water could be pumpecl directly from the lake to the 
storage tanks even at  temperatures as l o l ~  as - 50°F. 

A 5?/s-incli hole was drilled to  236 feet where coring 
began. -111 oil sand was corecl from 248 feet to 286 feet, 
where a bailing test produced an  estimatecl 3 barrels 
per day. Coring continued, but no inajor oil sllows 
mere found after bottoniiilg the first sand a t  390 feet. 
A 3-inch hole reached tlle total clepth of 572 feet on 21 
December. The  hole had been reaniecl to 5% inches 
to 538 feet. 

After a Schlumberger run the hole was bailed clown 
to 400 feet, and a 24-hour bailing test procluced 49 bar- 
rels of oil, with an estiinatecl capacity of 45-50 barrels 
per day. 

Although the r ig llousiilg of Ciliiat test well 3 11-as 
satisfactory, an excessive amount of disagreeable, time- 
consuming, outside construction IT-orlr \\-as necessary. 
This work was eliminated on future core tests by nlount- 
ing the auxiliary equipinent on lioused sleds. Three 
heating stoves, tlie prospecting boiler, and the three 
engines supplied adequate heat in the r ig  except on 
very windy days, when the inside temperature dropped 
to 15°F and caused freezing of the mud aiid control 
apparatus in the cellar. heater was reconln~eiided for 
future operations. 

Drilling of the core test, the first cold-weather drilling 
carried on in Arctic Alaska, was completed by the elid 
of the year. 

ANALYSIS OF THE OIL 

UMIAT TEST WELL 1 

A sample of the oil mhicli had been bailed from Umiat 
test well 1 a t  the start of the 19.26 drilling mas submitted 
to Esso Laboratories (Stanclard Oil Company of New 
Jersey) for analysis. Tlle report indicated that  the 
crude I\-as paraffinic, of a clear red color with a greenish 
cast, of inedinm gravity, and low in sulfur content. Be- 
cause of tlie contact with frozen ground, i t  was sug- 
gested that tlie sample may have been subjected to nat- 
ural dev-axing. 

Gasoline yield, volatility, and octane numbers were 
very low. The sample contained virtually no aviation 
gasoline. The crude oil was an  excellent source of 
sweet, lo\\--sulfur kerosene. A cut of more than 70 per- 
ceilt ~vould meet diesel-fuel specifications with a pour 
point of 20°F. Lubricating oils and cylinder stocks 
of good viscosity index and low sulfur were 
obtainable. 

Reports by the Bureau of Mines Petroleum Experi- 
ment Station a t  Bartlesville, Okla., suggested the sinii- 
larity of tlie crude oil to the better grades from tlie niid- 
continent, differing only in a deficiency of the lower- 
boiling products. The gasoline cut was not good, but 
relatively large quantities of kerosene, jet-propulsion 
fuel, aiid diesel fuels of good quality could be made. 
A fair  quantity of good quality lubricating oil also 11-as 
available. 

UMIAT TEST WELL 3 

Two samples of crude oil from Umiat test well 3 (first 
called Umiat core test 1) were sent to the Bureau of 
Mines Petroleum Experiment Station a t  Bartlesville. 
The samples were unlike the sample from Umiat test 
well 1 and from other known crudes. They were unu- 
sual in having a very high content of naphthenes aiid 
aroniatics. It mas suggested that  the samples repre- 
sented a iiaplithenic condensate combined wit11 mate- 
rial similar to the Umiat test well 1 sample to form a 
composite. 

The tmo core test samples were virtually identical. 
They had 16 percent of aviation gasoline base stock. 
40 percent of niotor gasoline, 32 percent cetene diesel 
fuel - 10°F pour point, 65 percent of jet-propul- 
sioii fuel, aiid 20 percent of lubricating oil with a 
-10°F pour point. Pour points of the samples were 
-15" and -25°F. 

SUMMARY OF 1946 

During 1946 the operatioil of Pe t  4 was taken over 
by Arctic Contractors from the Navy. This was done 
with a minimuin of confusion and with the proj- 
ect meanwhile continuing ~ r i thon t  interruption. By 
tlle end of the year, Arctic Contractors had demon- 
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strated its ability to handle all the difficult and unusual 
aspects of this unique arctic effort. 

By  the spring of 1946, the coiltractor had completed 
more than twice the amount of winter freighting that 
had been estimated. Additions and improvements 
were made in the Barrow camp; new construction at  
Umiat included the rebuilding of the airstrip and the 
construction of a permanent quonset-hut camp. The 
Seattle office did an outstanding job in procuring mate- 
rials for  Rarex '46 in the period of postwar shortages. 
Barex '46 was favored by good weather and was the 
smoothest, most effective expedition to that date. 
Through careful planning and preparation, all field 
parties operated effectively without unusual delays or 
difficulties. 

During that first year of contractor's operation, the 
aerial magnetic survey of the Reserve and adjoining 
areas was completed. Air  photography and base-map 
cornpilatioil progressed. The work of five geological 
field parties was supplemented by office and laboratory 
studies. 

Two seismic and two gravity-meter parties were in the 
field and accomplished their assigned tasks as planned. 
The practicability was demoilstrated of covering areas 
on the coastal plain by the gravity nieter using a b ~ ~ s h  
plane on skis or floats for  transportation. 

TJmiat test well 1 was completed to a total depth of 
6,005 feet before the onset of cold weather. The con- 
tractor then completed Uiniat test well 3 just before 
the end of the year. 

Accomplishments for  the year were encouraging. 
Large areas had been explored in a preliminary fash- 
ion. Magnetic and gravity anonialies justifying seismic 
surveys had been found. A n  anticline delineated near 
Cape Simpson appeared worthy of testing, and hopes 
were still high for  production possibilities from the 
TJmiat anticline. 

FOURTH YEAR-1947 

GENERAL PLANNING AND ADMINISTRATION 

Preparation of equipment for winter freighting, core- 
hole drilling, and geophysical prospecting was the big 
job at  Barrow and Umiat as Pe t  4 moved into its fourth 
year. I n  March Lieutenant Commander Wolfstein n-as 
relieved a t  Barrow by LCDR James B. Urquhart, Jr . ,  
CEC, USN. Also in March, Kavy photographers ar- 
rived in Pet  4 to make a color motion picture of the 
various operations as a training and indoctrination 
film. 

I t  had been determined that payment for  tlie services 
of Walter A. English as chief technical advisor to the 
D N P R  was not reimbursable under the contract n-it11 

Arctic Contractors, and in Marcll a personal-services 
coiltract was entered into with Mr. English. 

011 28 March in  Los Sngeles, Mr. English met ~ ~ i t l l  
Herbert Hoover, Jr., A. A. Curtice, and Glen M. Ruby, 
all represeilting the contractor, and George 0. Gates, 
of the Geological Survey, to discuss the whole program 
pre l i i l~ ina~y to the operating committee meeting sched- 
uled for  April. The group felt that  a shallo\\--core- 
drilling prograni should be fitted in  with the seismic 
shothole drilling. As  the stratigraphic column became 
better known, the holes mould need to be drilled only 
deep enough to recover fossils for  a stratigraphic tie. 
The group also recomineilded that gravity and seismic 
investigsltions should be made of the areas of magnetic 
aiionlalies in  an attempt to determine the significance 
of the anomalies. Finally, tlie group urged that the 
Fish Creek seepage be drilled. 

Mr. English, in  reporting to Cominodore Greenman, 
pointed out that  interest TI-as focussing more and more 
on the northern and ilortheastern parts of the Reserve 
as being the most hopeful. H e  also expressed his 
opinioil that  the funds allotted mere not sufficient to 
attain fully the major objective of Pe t  &--to determine 
tlie oil possibilities of the Reserve. 

I11 replying to and agreeing with the last statemeilt, 
tlie DKPR indicated that  every effort should be made 
to have some oil wells by the spring of 1949 as that  
~ ~ i ~ s  the best way to justify to the Congress the need 
for additional funds to attain the program objectives. 
H e  felt that  basic investigations should emphasize a t  
the moment geologic structural features that could be 
drilled before the spring of 1949. 

On 28 Marcll change order G authorized the drilling 
of TTniiat test well 2 for  an estimated cost of $260,000. 
The hole 11-as plaililed to reach a depth of approxi- 
niately 3,000 feet. 

Commodore Greeilinail called the sixth meeting of 
the operating committee in Washington, D. C., on 15- 
17 April. A t  that  time the official members of the 
cornillittee were Commodore Greenmail, D N P R ;  
COL 0. F. Kotick, Army-Navy Petroleum Board; 
\V. E. TTrrather, Director, Geological Survey; LCDR 
Frederick Cooke, BuDocks; 1,. TY. MacNaughton, of 
DeGolyer and MacNaughton; A. A. Curtice, of Hoover, 
Curtice, and Ruby; and TValter A. Englisl~, chief tech- 
nical advisor. 

Five principal items were on the agenda : 
1. T o  study the results since the fifth meeting and 

to receive filial reports presented in preliminary form 
at  the fifth meeting. 

2. T o  receive reports on progress of paleontologic 
studies and on thin-section analyses of cores from 
Cmiat test well 1 aiid Umiat test well 3 (first called 
Uiniat core test 1). 
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3. T o  review the program for  1947 as outlineel at  the 
fifth meeting and to suggest such ~nodifications as 
funds or  developments might indicate as being 
desirable. 

4. To receive the report ancl of 
the chief technical advisor. 

5. T o  receive st report of the Bureau of l\lines on 
analyses of oils from Umiat test n-ell 1 and Umiat test 
well 3. 

George 0. Gates, of the Geological Survey, stated 
that the reports of the various geologists on tlieir 1946 
studies were complete ancl m-oulcl be presentecl. We 
pointed out that logistics limitations apparently ~ ~ o u l d  
require the dropping of one of the geologic fielcl parties 
as planned a t  the fifth meeting and that  therefore one 
party would be assigned both the Icipnlik ailcl tlie 
Awuna anticlines. R4r. Gates indicated that the Army, 
according to its plans, n-onld hare  conipletecl by the 
end of June the required trimetrogon and x-ertical 
photography. 

The following geologists reported on tlieir 1046, field- 
work : Richard G. Ray on the Maybe Creek-Wolf Creek 
area; R.  M. Chapman on the area of the Iinrupa, 
Oolamanagavik, Rillik, ancl Colrille Rivers: E. J. 
Webber on tlie l leade Rirer  area and a part  of the 
Arctic coast; and Kar l  Stefansson on the detailing of 
the Umiat anticline. Paul D. Krynine discussed 
reservoir characteristics as indicated by thin-section 
analyses of cores from Umiat test well 1, and E. H. 
Lathram reported on the progress of heavy-mineral 
studies which by that  time included a number of 
minerals in addition to gzarnet. George Gryc suni- 
marized the status of the macro pale onto log^ of north- 
ern Alaska, and A. Loeblich (for  Helen Tappan Loeb- 
lich) presented a comparable summary of the 
micropaleontology. 

Thomas G. Payne reviewed the status of the k n o ~ ~ l -  
edge of the geology of northern Alaska and made a 
number of pertinent inferences therefrom. H e  pre- 
dicted, for  example, that  relatively clean sands in the 
northern part  of the footllills province would be found 
to be of the shoestring type ancl not blanket strata of 
\vide extent. Payne felt that, on the whole, tlie sands 
would likely be cleaner, and hence would have greater 
porosity and permeability, in the coastal plain province 
than sands farther south. 

Harold Smith, of the Bureau of Jfines, discussed the 
analyses of oils from both TTmiat test m-ell 1 and U n ~ i a t  
test well 3. H e  believed the oil from the tn-o ~e11s  
came from different sources. The crude oil from Tiniiat 
test well 1 yielded large cuts of diesel and jet fuel. 

Fred Keller, Geological Survey, outlined the results 
of the SPAMS projects in 1945 and 1946. It was con- 
cluded by SPAMS that- 

1. Most of tlle positive niagrietic anomalies are 
caused bx rariations in the topography and magnetic 
susceptibility of metaniorphic rocks. Exceptions might 
be the ITniiat and Ikpikpuk areas. 

2. Only a t  Uniiat is there good correlation between 
magnetic anoinalies and an observed geologic structure. 

3. The trend of positive ailomalies from the Meade 
River to the Anaktuvuk River may indicate a stable 
axis present during Late Cretaceous and Tertiary time. 

Tlie chief technical advisor, 7JTalter A. English, dis- 
cussecl tlie gravity and seismic work in Pe t  4 in the light 
of his recent visit to  the Reserve. After discussion, 
Jfr .  English recommended an air-transported gravity 
survey of tlle northern part  of the Reserve with a t  least 
250 stations spaced not more than 10 miles apart. H e  
also reconiniended that  the seismic party near Smith 
Bay corltinue southward with a single line to connect 
wit11 the ~ ~ o r l r  of the party in the Ikpikpuk area before 
the thaw. Then, as previously planned, tlie two 
parties IT-ould combine to explore tlle anomalies in the 
latter area. 

Bart  Gillespie, project manager, reported that winter 
freighting was progressing satisfactorily i11 spite of the 
unusually severe m-inter-in one interval of about 40 
days the temperature never rose above -40°F. I I e  
announced that  Umiat test well 3, Sentinel Hill, and 
Skull Cliff core tests were satisfactorily completed. 
H e  emphasized the feasibility, but high cost, of such 
winter drilling. 

CDR P. IV. Roberts, OICC, suminarized the fiscal 
situation to the effect tliat of tlie original $9,600,000 
appropriation approximately $4,565,000 I\-oulcl still 
be available as of 1 January 1948. Commander 
Roberts pointed out the critical housing needs and 
stated liis opinion that dormitory and family housing 
must be provided in Fairbanks and family housing in  
Barrow and Umiat. 

After full discussion, tlie operating committee pro- 
posecl, as recorded in the minutes of the sixth meeting, 
that  "* * * modifications be made in the program as 
approved a t  the fifth meeting and that the future pro- 
gram * * ;;" contained in these conclusions be used as 
the basis for planning and for tlie procurement of per- 
sonnel, material, and equipnieiit necessary to con- 
tinue * * " after 1 January 1047." 

I11 essence, the modified program providecl for the 
eli~nination of one geologic field party, the study of an  
anticline on the lower Anaktuvuk River by an air- 
transported geologic party, further geologic work in 
the JIaybe Creek-Wolf Creek area, tlle running of a 
single seismograph line south\\-ard from Smith Bay to 
connect with the work in the Ikpikpuk valley, an air- 
transported gravity-meter survey of the northern part  
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of Naval Petrolel~ni Reserve No. 4, the drilling of 
Siinpson test well 1 and Uilliat test well 2, and the 
provision by Arctic Contractors of a resident geologist 
and a petroleum engineer for each well. It was be- 
lieved that the geologic reconnaissance of tlle region 
would be essentially colnpleted by the close of the 1947 
season. 

More details on the prograni as summarized will be 
given a t  appropriate later places in this review of the 
fourth year of Pet 4. 

I n  June, Glen Ruby, of Hoover, Curtice, and Ruby, 
Inc., and George 0. Gates, of the Geological Survey, 
made an air reconnaissailce of parts of the Reserve and 
surromlding areas and a river traverse do\~*ii tlie Col- 
ville to Umiat from a point about 120 miles upstrean? 
froiii Umiat. As a 1.esult they recommended some 
niodificatioii of the geologic program for the 1947 
season. 

An interim meeting of the operating co~ninittee was 
held in Umiat on 5 July to consider Messrs. Ruby's 
and Gates' recommeildations and to prepare a guide 
for the use of Mr. I'lnglisll in preparing a proposed 
program for consideration at the anticipated Novem- 
ber meeting of the operating committee. The interim 
meeting was attended by the following members and 
alternates of the committee : Commodore Greenman, 
Glen Rnby, Walter English, Commander Roberts, and 
George Gates. Bart Gillespie, tlle project iilanager, 
was also present. 

The committee approved the recomniendatioiis of 
iliessrs. Rnby and Gates which in outline principally 
involved the ciefernient of tlle plans for one geologic 
party in order to free that party to make additional 
investigations of three anticlines-one along the Col- 
ville \vest of the liurupa River, a second a t  the 1no1xt11 
of the Oolamnagavik River, and tlie third, tlie first 
anticline, (now called tlie Fossil Creek anticline) south 
of tlie Prince Creek syncline. 

The conimittee recoiliinended that Walter English 
and others as indicated prepare both a long-range plan 
and a short-range plan, as follows, for consideration at 
the November meeting of the committee. The short- 
range plan would provide either for- 

1. Closing out the exploration contract by 20 Julie 
1950. 

2. Or  utilizing the reniainiiig funds to continue the 
exploration after 30 June 1950. 
Item 1 above was to be prepared by tlie OICC. Item 2 
was to be prepared by hlr. Englisli and would include 
tlle selection of locations for two more wells with cost 
esti~ilates and other areas to be explored by the seismo- 
graph also with costs. 

The long range plan would involve- 

1. A proposal to exclude from the Reserve a large 
part of tlie western part of the Reserve and to add a 
s o m e ~ ~ l ~ a t  larger area southeast and east of the Reserve. 

2. Suggestions with estimated costs of exploration 
west of the Meade River but within the Reserve as con- 
templated by the revised boundaries. 

3. Suggestions with cost estimates of additional geo- 
logic and geophysical work in the vicinities of tlle 
Higalik and the A~vuiia Rivers and including estimated 
costs of drilling. 

4. Suggestions for detailed geophysical work with 
estimated costs to determine well locations in the south- 
east part of the Reserve including the Sentinel Hill 
area. 

5. All required work in the northeast part of tlle 
Reserve with costs. 

6. Additional work ~ ~ ~ i t l i  costs in the proposed es- 
tended area of tlle Resen-e. 

I n  September Pet 4 was visited by members of the 
Senate Interstate and Foreign Commerce Conilllittee 
and by the IIouse and tlle Senate Public Lands Com- 
mittees. The ovemll scale of the operation in the fall 
of 1047 is indicated by the facts tliat in September ap- 
proximately a co~itractor personilel of 475 was in tlle 
Reserve and more than 11,000 meals mere being served 
weekly with about 8 percent bring supplied to the Knry 
and the Army personnels. 

The second interin1 meeting of the operating com- 
mittee was held in Fairbanks on 7 and 8 September to 
review a report by the chief technical advisor on tlle 
short-range p1:ln as requested at the first interim nieet- 
ing in order tliat impracticable parts could be elimi- 
nated and the various operating groups could prepare 
cost estimates on the elenients remaining for considera- 
tion at the regular November meeting of the committee. 
hlr. English submitted a report tliat earned tlie np- 
probation of the ~ ~ l i o l e  conlmittee. I n  brief, the fol- 
lowing decisions were made : 

The Geological Survey I T - ~ S  requested to make cost 
estimates or take such other action as is indicated by 
the following : 

1. A geological study of tlle TtTliite Mountain area 
east of the Reserve. 

2. Any additio~ial iiirestigations that might be neces- 
sary to rouild out the geological information on all 
areas in mhicll the operating committee is interested. 

3. The preparation for tlie November meeting of all 
surface and subsurface data that might affect the pro- 
gram of deep well drilling. 

4. Tlie bringing np to date of all micropaleontology 
by 1 April 1048. 

5. Tlie supplying of a we11 geologist for the pro- 
posed Siinpsoii core holes. 
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6. The keeping current of the micropaleontology of 
Simpson test well 1 and Umiat test well 2. 

7. The presentation a t  the November meeting of tlie 
main features only of the 1947 season's field parties. 

The United Geophysical Co. should- 
1. Place two seismograph parties in tlie field as early 

as possible in 1948, and they should work until about 
1 September. 

2. Employ a geophysical operations manager to 
serve as a liaison between the field parties and Arctic 
Contractors and as a planner for the support of field 
parties. 

3. Provide a geophysical supervisor to serre for 12 
months. 

The Contractor mas requested to- 
1. Prepare cost estimates for placing two parties in 

the Fish Creek area to detail any structural features 
that might be found or to work \vest\vard aiid soutli- 
ward respectively, if no s t l ~ ~ c t n m l  feature is found. 

2. Prepare cost estimates for a profile across the Gu- 
bik anticline. 

3. Estimate the cost of a seisiilic surl-ey of the Bar- 
row area. 

4. Estimate the cost of, and make relocity surveys 
a t  Umiat test well 2 and Simpsoil 1 after coiupletioii of 
drillinn. 

The sel-enth regular meeting of the operating com- 
mittee convened in Washington, D. C., on 12 November 
and continued until 14 November. All members of the 
conlmittee were present and included: Commodore 
Greenman, DNPR; W. E. Wrather, Director, Geologi- 
cal Survey ; Mr. MacNaughton ; Mr. Curtice ; Colonel 
Kotick, Army-Navy Petroleum Board ; and LCDR Fred 
Cooke, BnDocks. Among tlie substantial number of 
otllers present were Mr. English, chief technical adviser 
to tlie DNPR; Commander Roberts, OICC; and Mr. 
Gillespie, poject  manager. It had been determined 
since the 6th nleeting that, as a consultant to the DNPR, 
tlie chief tec1li:ical advisor shoultl not be an actual 
member of the operating committee. Conimander Rob- 
erts was finishing his duty as OICC and at the meeting 
he introduced CDR George E. Fischer, his replacement, 
who reliered him on 1 December. On 1 November 
LTJG C. F. firickenberger, Jr., assumed the duties of 
assistant OICC in Fairbanks. 

After reports on various aspects of Pet 4 had been 
presented mld after discussioii by committqe members 
a i d  others, the committee reached a series of conclusions 
and i:l:\de a. number of recorunne~~dations. These were 
so influential on tlie subsequent course of Pet 4 that they 
are qnotecl here in full (minutes of seventh meeting of 
operating committee). Tlle coilclusions were- - 

5. Furnish estimates for 5 core lloles near the Simp- 1. That the information and results obt:~inecl to date from the 

son seepages to deptlis of 250 feet or less. exploratory prograin indicate that  the prospects of finding oil in 
this Reserve a re  a s  good if not better now than when tlle work 

6' altema(;ive estimates for started; therefore, the exploration should continue until all  the 
Oumalik anticline (a)  a 3,000-foot hole with the Card- ~ ~ ~ ~ i t , l ~  oil.bearina areas are investigated as below outlined: 
well rig (b) a 3,000-foot hole n-ith the National-50 rig, A. I17hile the character of the sands of the Upper Cretaceous 

" \ ,  

and (c) a 6,000-foot hole with the Kational-50 rig. s e d i n ~ e ~ ~ t s  which have been explored to date in the southeastern 
sector of the Reserve have been disappointing, indications of 

7' Estimate the of a cable-tool On the oil deposits are  still sufficiently good to warrant the drilling of 
Umiat anticline to a depth equivalent to 1,050 feet in t,170 0, three more wells on closed anticlinal structures in  the 

Uniiat test well 2. 
8. Make a test of the production capacity of Umiat 

test well 3 by the Xoveinber meeting. 
It was tlie opinion of tlle Committee tliat- 
1. No further gravity work should be done luiitil a 

comparison is made of gravity aiid seismic results at 
Fish Creek. 

2. Umiat test well 2 shoulcl penetrate beyond 3,000 
feet to a final depth to be determined a t  the Korember 
meeting. 

3. No change is needed in the drilling program for 
Simpson test well 1. 

southeast sector. 
B. There is evidence of a considerable basin of deltaic type 

Tertiary deposits underlying the flat Arctic plain in the north- 
easterly sector of the Reserve. Source beds are  indicated by 
the oil seeps a t  Fish Creek and Cape Simpson. This area should 
be explored by geophysical means to determine s t r ~ ~ c t ~ i r e s  for 
drilling locations. At least tv70 wells should be drilled in this 
area. 

C. The Lisburne limestone \vhich has been studied along the 
front of the Brooks Range south of the Reserve, and to t h ~  east 
in the Sagaranirktok-Canning River areas, has  zones of probable 
good porosity and is  of a petroliferoas nature. The deep seismo- 
graph reflections a t  Sirnpson and refraction work a t  Barrow 
indicate that  the Lisbtirne nlay be present a t  drillable depths 
over a considerable area in the Barrow-Simpson-Rfeade River 

4. N~ change be made ill drillillg specificatiolls alld area. This area should be flirther explored by geophysical 
methods and the drilling of 2 or 3 wells. 

indications of any sllbst,alltial sand b d y  merited 2. F r o n ~  the experience gained in conducting tlle exploration, 
coring. it  is obvious that  the work necessary to prove or disprove the 

Mr. Englisll was requested to prepare program presence of commercial oil in the above areas cannot be accom- 
plished within the time and funds now available. It is esti- of photography and mapping for the sea- mated that four additional operating seasons after 1948 will be 

son for consideration at the November meeting. required to fully explore the Reserve. Therefore, the period of 
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exploration should be continued a t  least through the season of west sector. The actual assignment of this party will depend 
1952 and additional funds should be made available. I t  is esti- on results from Simpson No. 1 which will be available in 
mated that  between $12,000,000 and $15,000,000 will be required. January. 

3. The last operating season under the present availability of C. The drilling of a well a t  the Fish Creek seep in the Tertiary 
funds is  the spring, summer, and fall  of 1949. Until some ex- basin if structure is defined ; if not, a t  one of two other locations 
pression can be obtained from the committees of Congress now available. 
having cognizance of this exploration that  the program should D. The possible drilling of a well on the Maybe Creek anticlinc 
be continued, i t  is not considered advisable to project the work in the southeast sector using cable tools. This type of drill will 
beyond the season of 1048 even though funds will still be avail- be tested a t  Umiat in the early winter. 
able. The reason for this is that  considerable funds a re  re- El. In  carrying out the above program, the contractors m-ill 
quired to purchase materials and equipment a year in advance cut all  operating costs to a minimum. 
of the active field season and the committee does not feel that  If i t  appears that  the Committees of the Congress are  favora- 
such expenditure is  warranted for continuing work which will ble to the continuation of the program, the committee plans to 
not be conlpleted unless additional funds a r e  made available. eliminate item "C" above and use the funds for the purchasing 
Therefore, i t  is  desirable that the interested committees of the of heavy drilling equipment for deep tests. This equipment 
Congress be advised a s  soon a s  practicable that  the Navy is would be shipped in the 1948 resupply expedition. 
now half-way through the program for which present funds 6. I t  was the consensus of the committee that  properly to 
a re  available ; advise them of the progress to date  and future evaluate the geological information available a t  the committee's 
prospects; and describe to them the plans for continuing the annual meeting, it  is  necessary that  a Subcommittee of the 
operation for their approval or disapproval. operating committee meet in Washington, D. C., a t  least 1 week 

4. There has been considerable discussion in the committee prior to the scheduled date of the meeting to study 
as  to whether the bonndaries of the Reserve should be extended the information. 
to include additional public lands to the eastward which give 
indication of being oil-bearing. Assuming that  oil will be dis- 
coverecl in the Reserre and that  the Government must initiate 
soine sort of development program to make this oil readily 
available, i t  is believed that  private enterprise should be en- 
couraged to prospect for oil in the areas outside the Reserve 
and to develop such of these areas a s  may be oil-bearing in order 
that  the costs of installation and maintenance of transporta- 
tion facilities may not he borne entirely by the Government. 
I-Iowevrr, i t  is believed that the boundaries of the Reserve 
should be redefined on a latitude-longitude basis to  facilitate 
accurate surveying. 

With the above in view, i t  is suggested that a letter be ad- 
dressed by the Secretary of the Navy to the Secretary of the 
Interior requesting his opinion concerning : 

A. A revision of the boundaries of the Reserve on a latitude- 
longitude basis within the limits lying between 150" and 160" W. 
longitude and on the south by 68"301 N. latitude with the Arctic 
Ocean a s  the northern boundary, provided the area of the 
Reserve is not materially changed. In  this connection the 
village of Wainwright should lie outside the western boundary. 

B. The matter of opening up the lands lying outside the Re- 
serve to prirate exploration on the basis of making sufficient 
land available to interested companies large enough to under- 
take proper programs of exl~lorution to insure rapid develop- 

The recommend a t' ions were- 
In  the light of the abore conclusions, i t  is recommended that 

the following program be approved for the calendar year 19%. 
1. U. S. Geological Survey; Geological Field and Laboratory 

Work, Mineral Studies, and Mapping. 
A. The Geological Survey should place two geological field 

parties in the general area of the Reserve, one of which will be 
airborne. The airborne party should fill i n  missing geological 
data in the areas already covered and search for additional po- 
rosity and microfossil samples. The other party should define 
stratigraphy and structure in the western part of the Reserve in 
the areas of the Avalik-Ketik-Kaolak Rivers. Upon completion 
of this work, the party should make further study of the 
Lisburne limestone outcrops to the south. The Survey should 
submit details of the program for these parties for the approval 
of the operating committee a t  the meeting scheduled for 31 
March 1948. 

B. The Geological Survey should maintain in Fairbanks and 
in Washington, D. C., the necessary laboratory and office per- 
sonnel and facilities commensurate with the anticipated 
workload. 

C. Heavy-mineral studies should be undertaken as  outlined 
by the Survey a t  this meeting. 

D. The Survey, in collaboration with the coordinator (Mr. 
nlent. English), should prepare and submit to the Director, Naval 

5. In  planning the work for next season, the committee found Petroleum Reserves, prior to 1 .Tanuary 1948, a plan for the con- 
i t  necessary to consider the alternatives that  the work may or tinuation of aerial photography in the Reserve during the 
may not continue when present funds are  exhausted. Therefore, summer of 1948. I t  is  understood that the Navy will take the 
the work for the 1938 season must fit into a long range program, photographs and the Survey will construct the plani~netric maps. 
without unwarranted expenditures for projects that  cannot be E. Items of expense incurred by the Geological Survey in 
concluded, and a t  the same time insure a sufficient reserve of carrying out the above program will be met by transfer of funds 
funds to close out the enterprise in  the summer of 1949. There- by the Director, Naval Petroleum Reserves, from the naval 
fore, i t  was concluded that the program to be recomlnended for appropriation available for this purpose. 
the 1948 field season should include : 2. Arctic Contractors Program 

A. Two geological field parties to fill in  geological data  in A. Geophysical Work 
areas where information is not complete. a.  Three seismograph parties will be placed in the field. Two 

B. Three geophysical field parties; two of which will operate of the parties will s t a r t  the season in the vicinity of the Fish 
in  the Tertiary basin in the northeast sector of the Reserve to Creek oil seep in the northeast sector and detail this area in 
further define the basin and locate structures, and the third mill a n  effort to find structure in the vicinity of the gravity high 
explore for indications of the Lisburne limestone in the north- located last season. If no structure is found worthy of de- 
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tailing or if detailing is conlpleted in time, one party \\-ill con- 
tinue working in a general southerly direction and the other 
in a general westerly direction. The third seisnlogra1)h party 
is to do general reconnaissance refraction and reflection shoot- 
ing iu the general area to the south and south\vest of the Bar- 
row-Simpson area and will do some work in the Harrow vicinity 
a t  a colivenient time. The details of this work will be pregared 
by the Coordinator after the final stratigraphic rebults are  ob- 
tained from Simpson test well 1 in January. 

b. Whenever i t  will not interfere with the norlual seismogr:ll)h 
operations, each party will drill a n  occasio~lal shotllole to a 
depth of approxilnately 200 feet for stratigraphic information. 
If, in  any particular hole, the drill a t  200 feet is in Gnl~ik sand. 
i t  would be desirable to drill deeper if such lvould not jeopardize 
seismograph o1)erations. From each shothole clrillecl a conil~osite 
ditch san~ple of cuttings will be taken fro111 the bottoni 20 feet 
of the hole to be shipped to the Geological Surrey laboratory 
a t  Fairbanks to be tested for microfossils. 

B. Drilling 
a. The National 60 rig non- a t  Un~ia t  will be ulorecl to the 

Fish Creek seep area this winter and the contractor will l u r -  
chase the necessary erluipment to recondition it. 

b. If i t  is  detern~ined that the colun~ittees of the ( 'o~~gre*s  
having supervision will not approve of continuing the work, a 
well to the capacity of the rehabilitated rig will be drilled a t  
Fish Creek if structure is founcl. If no structure ih fo~md,  this 
rig will be moved to another location to be deterluinetl by the 
operating committee a t  i ts ~neeting on 31 JIarc.11, 194s. 

c. If i t  is determined that the work will continue. no jvells 
will be drilled 111 1948 with the rotary rig:, and the nioney 
saved will be used to purchase a heavy rig for deep drilling. 

d. The purchase of the rehabilitation equiplnent thi- year 
will be accoruplished under either situation. 

3. The cable tool equipment a t  Barrow will be freighted 
to U~nia t  a s  soon a s  possible and a well 11-ill be clrillecl to ap- 
proximately 1,000 feet to test the use of that type of drill in 
the pern~afrost and for other data. 

If the test is satisfactory, this rig may be nlovecl to 3li1yhe 
Creek to drill a well in that  area this summer provided funds 
a re  found to be available. This will be deterniilled a t  the Jlnrch 
meeting of the operating committee. 

The chairnlan will apl~oint a subconnllittee of the operating 
committee to meet in Washington, D. C., a t  least 1 week before 
its annual meeting to study, evaluate, and repnrt on the results 
of the season's geological and geophysical x~~ork. 

4. The conlmittee took note of the fact that  CDR P. IT. 
Roberts, CEC, U. S. Saxy, will be detached in Decenlber as the 
officer-in-charge of supervising the work of the contractor con- 
ducting the exploratory field work in the Reserre. His \vork has 
been of a superlative nature in every phase of the l)rogram, and 
the committee suggests that the Secretary of the Savy address 
a letter to this officer conllnending hi111 on his splendiil per- 
formance of duty. 

Of general interest in regard to aclministration of 
Pet 4 was Commander Roberts' report a t  the seventh 
meeting of the operating committee that orerlleacl costs 
were running about 17% percent of the total cost. This 
figure mas based on a ruilniilg inveiltory systein ancl a 
system of charging equipment costs against each project. 

On 17 December change order J mas issued to provide 
for the anticipated 1948 activities. The order covered 
7 projects as follows : 

Object Estimated 1 mt 

1 Includes the contractor's fee of $190,000 

..................................... Seismic surveys.-. 
....... Camp construction and maintenance, operation.. 

...................... Support for noncontract activities 
Logistic plans, shipping preparation, unloadingof ships, 

and transportation to storage ......................... 
Purchase of materials, supplies, and equipment.. ...... 
Service to Loran station at Skull Cliff, including 

.............................................. painting 
Loeistic support to Air Sea Rescue and Direction 

Finder units .......................................... 

I11 1947 there was a sharp increase in the amount and 
complexity of services performed for other activities, 
mostly military, that  for various reasons were inter- 
ested in tlle arctic. Projects supported included such 
diverse ones as the "Beetle" (Loran) projects and the 
Arctic Kesearch Laboratory of the Office of Naval 
Kesearcll. Such extracurricular support became a very 
substailtial item in 1947 and has required a separate 
section in this report for proper detailing. Thus, there 
began to come into the picture a sort of byproduct re- 
turn on the investment in Pet  4 whereby many things 
that  the Sat ion needed to know about the Arctic and 
that  i t  needed to know how to do in the Arctic were 
possible for the first time because of Pet  4. 

$1,500,000 
1,566,400 

95,000 

215,000 
800,000 

66,420 

30,000 

OPERATIONS 

LAND TRANSPORTATION 

I n  the first few days of 1947, there was iilteilse 
activity at  both Barrow and Umiat in building wani- 
gans and sleds, and in overhauling antl v~interizing 
tractors. I n  mid-January, a tractor train of drilling 
equipinent started from Umiat for Sentiriel Hill. ,4 
similar train left Barrow about the same time for Skull 
Cliff. That  was the start of the most varied freighting 
1xogra111 that 1l:tcl yet been carried on in l'et 4. I11 all, 
the tot:tl fi-eight nloved was 5,975 tons, and the total 
clistance was 3,711 miles. The total ton-miles mas 
749,000. Fortunately, tlle 1047 spring was late, and 
freighting was able to be done until June although 
that after April was largely for supported activities 
and not for Pet 4 itself. 

The freighting season began in earnest about the 
nliddle of February (see figs,>5, 26, 27) ~vhen fresh- 
n-ater ice was 54 inches thick and salt-water ice 41 
inches. Thereafter, trains to or from Cape Simpson, 
Skull Cliff, Umiat, and the Ikpikpuk were arriving or  
cleparting Barrow almost daily. 

The increased freighting requirements in 1947 mar- 
ranted 3 tractor trains instead of 2, additional tractors, 
and better equipment. Tractor cabs were redesigned 
for greater visibility and greater strength to withstand 
the severe vibration. The somewhat modified Micheler 
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(. 'o~nrnu~~ic;ltiol~ I)et\vee~~ c.ililll)s i111t1 trains \vi~s ]nilin- 
t i ~ i ~ ~ e ( l  wit11 improvetl ri~tlio fi~cilitie.;. -1 I<elli111~i1 air- 
ceritft visited the t r i ~ i ~ l s  cvrrj. few d:tys wit11 111:lil ant1 
~) :~sse~~ger . i .  The 13ellanci1 was 11set1 also to tlrop 
\veipl~trcl stilltrs i111ei1d of tllc svo~~ t inp  ~)nr t i r s  wl~icll 
tllen 111:1tlr 0111. loci11 c1l;tngrs ill rontc l)~ci~n.ith of tol)og- 
I I i c o l i i o ~ .  'l'l~is si~vetl 11111~11 titile as it 
1)11>ventctI 111ost of i11e l ) i ~ c l ~ t r i t ( ~ l ~ i ~ ~ g  ; I I I ( I  l*est;~ki~tg. 
-1 I I V I V  1)11itse of' f r(>igl~t i~lg in 1!)47 I Y ~ I ~  t 1 1 ~  re(list~-il)~l- 

1io11 of co~~si t le~~:~l ) le  tol~llagcs located i ~ t  oltl citvl~es ;lntl 
/ 

/ 
/ t11.ill sites. T l ~ i s  il~\.olvt>tl i i ~ ~ ( ~ o v e r i ~ ~ g  t l ~ e  I I I : I ~ ~ I ' ~ ~ I ~ P  

from snov drifts, breaking do~rn ,  ancl loading for the 
trip to the new loc a t '  1011s. 

I n  general, the trail conditions in the 1947 freighting 
season were consiclered arerage. On 19 January be- 

FIGURE 25.-IIoisting jamesw:ry hu t s  onto Micheler qlecls ; ~ t  Point  
Barrow fo r  ~ v i n t e r  freighting, 7 May 1947. l'hotoympll by U. S. 
Navy. 

No. 9 extra-heavy-duty slecls performed remnrk:ibly 
~vell. Waiiigans were held Inore firnlly in place by 
cinching them to the sled decks with cables looped over 
the roofs. Between the first of the year ancl early 
March, 25 portable  anif iff ails were built in Barrow for 
seismic-cren- housing. 

FILrnE 27.-Tractor t ra in  on o p ~ n  tnnt lm durinq winter freighting, 
Alarch 1047. Photograph by U. S. Nary. 

E 7 ~ ~ ~ ~ ~  26.-Tractor t r a in  a t  Point  Barrow, winter freighting, March 
1947. Photograph by U. S. Navy. 

tween the Meade River and Slcull Cliff, the temperature 
dropped to -65°F with a 40-mile-per hour wind. 
a g a i n  in mid-February, the freighting was slowed by 
a blizzard with 50-mile winds and -45" temperatures. 
The high winds caused large snow drifts that  for  re- 
moval required snow-plow attachments on the leading 
tractors of each train. It was found that net tonnage 
ran about 20 percent below gross tonnage because of 
food and fuel consumed enroute. 

I n  the late fall of 1947 all boats and barges were 
winterized. The repair and the overhauling were 
started of sleds, wanigans, and tractors. I n  late No- 
vember, which was marked by a 12-inch snowfall, over- 
land freighting was begun to Skull Cliff. An LVT 
(landing vehicle, tracked) was tested on this haul as a 



FOURTH YEAR-1 9 4 7  Cj 9 

l>ersonnel aiid cargo carrier aiid was found to be very 
satisfactory. Twenty more were ordered to come on 
Barex '48. Winter freighting for the 194748 season 
began in December to seismograph parties and to Umiat. 

BARROW EXPEDITION, 1947 

The assigned task of Barex '47 was to provide the 
necessary resupply for Pet 4 and to develop a personnel 

a ions. nucleus of those experienced in cold-weather oper t' 
Subsequently, the CSO (Chief of Naval Operations) 
assigned additional tasks including the transporting of 

a Ion Army Loran equipment to Skull Cliff, monitor st t' 
equipment to Barter Islancl, general cargo for the Coast 
and Geodetic Surrey and the Presbyterian niissioii to 
Wainwright, and small amounts of cargo to Barrow for 
the Coast and Geodetic Surrey, the Bureau of in dim^ 
Affairs, the CAA, aiid the Army. 

Planning was well underway by the end of April. On 
23 April, a conference \\-as held at the CSS ,\in- 
phibious Base, Coronado, Calif., and was attended by 
the Commander, Transport Division 12 and staff, in 
charge of the expedition; staff officers of the Amphibi- 
ous Force, Pacific Fleet; the Marine Terminal Superin- 
tendent at Port Hueneme, loading officer: the project 
manager, Mr. Gillespie; and the OICC, Commander 
Roberts. 

It was reported that labor was difficult to  obtain and 
shipping was deficient, but that an ample personnel 
had been assigned and additional ships were being con- 
sidered. One month's training of the personnel using 
dummy cargo was possible, and the lighterage assigned 
could probably handle cargo in excess of that which 
could be handled by the beach equipment. An ice 
breaker was assigned, and radar screens were to be built 
a t  key points along the Arctic coast. 

Reconditioning of barges and landing craft was com- 
pleted a t  Barrow by mid-July, and radar screens were 
established a t  key points from Icy Cape to Barter 
Island. The ice was well offshore during July and sup- 
plies were barged from Barrow to Skull Cliff. Rlembers 
of the supply expedition made the usual advance in- 
spection of Barrow facilities and the coast to the south- 
west. A final Barex conference was held in Seattle to 
insure that all was in readiness a t  the end of July. 

Ships assigned were the U. S. S. Seminole (AKA- 
104), the U. S. S. finion (AYRAY-106), the U. S. S. 
Diphda (AKA-59), the U. S. S. ilfuliphen (AKA-61), 
the icebreaker, U. S. S. Burton Island, and LST 64g, 
which was to be beached and left at Barter Island. The 
commanding officer was CAPT B. S. Anderson, USN. 
CAPT Leonard Frisco, USNR, who had commanded 

Richard E. Morell, USCG, were assigned as ice pilots. 
Others included an expedition beachmaster, assistant 
beachmasters, an aerologist, beach communication offi- 
cer, and a task-group comniunication officer. Addi- 
tional specialists were added as the scope of the opera- 
tion increased-9 Marine officers and 9 Marine ser- 
geants were assigned as observers and student trans- 
port cluartermasters ; 6 aerographer mates were to as- 
sist in weather coverage; 1 photographer's mate, aiid 
1 enlisted correspondent mere included. Special ob- 
servers represented the Army Transportation Service, 
the Seattle Star, BuDocks, aiid the Coast and Geodetic 
Survey. 

A11 ice pilot was assiffiled to LST 64%' at Rarron- for 
piloting the craft to Barter Island, and to the Burton 
Island were attacliecl 2 officers and 11 nien from under- 

J-IGUI:FI L " . - L n l o n d i ~ l ~  of l l ~ e  KT. P. S. Sc~ni? io lc  at n n c l ~ o r  otT l'oint 
1:arrow dur ing 1:arex '47 .  Photograph by U. S. Navy. 

water demolition teams to assist in beaching the LST 
at  Barter Island. 

Loading went on a t  Point Molate, Port Hueneme, and 
Seattle from 23 June to 30 July, when the expedition 
departed Seattle. The radar screens along the Arctic 
coast proved to be useful, and the helicopter carried 
by the Burton Islarzd was helpful in navigation. The 
Muliphen left the group at TVainwright to discharge 
cargo, and the remaining ships arrived off Barrow at 
1800 on 7 August. 

The weather was excellent, the ice was far out, and 
unloading operations proceeded smoothly (see figs. 28, 
29, 30). The rate of discharge was the highest yet at- 
tained by a Barex. By 10 August the Seminole had 
discharged her complete cargo of 4,178 long tons; and 
the Union. 2.912 tons with 95 tons remaining for Wain- a 

Barex '46 was ordered to the staff as senior techni- wright. 6; 13 August the Diphda completed the off- 
cal advisor. CDRS John Backlund, USNR, and loading of her 4,600 long tons. 
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A9ean\\-llile, the Alltdiplten llacl gone from T\-aili~\-right 
to  Skull Cliff and had oflloadecl a t  the rate of 2) long 
tons per hour. After  unloading only 1,400 tons of the 
Skull Cliff cargo, the Muliphen mas orclerecl to  Bai.ro~v, 
because of increasingly adverse sea conditions, for  tlle 
unloading of the realaining 480 tons of ,Irliiy IJoi':ili 
cargo. On 12 August she returned to Sln111 ( ' l ie ,  but 
after 100 tons llacl beell taken OR, she again liatl to re- 
tu rn  to  Barrow where tlle remaining 600 tons of Skull 
Cliff cargo was disc11argecI. TKO s\~-:iilll)ed IJc?I1's a t  
Skull Cliff were transferreel to the ROICC for ereiltual 
salvage and use. 

After  the departure of Bares  '37, the SBnll ('lifl cargo 
left a t  Barrow was nlorecl to  its clestinatioli by barge 
and LCM, and supplies a t  Skull Cliff were liioretl to  

FIGGE~: 29,-1:e:1clii11g I ~ ; I I , ~ I ,  \ \ i111 ]1 ;111<>1iz+~l  C ; I I . C I I  *11t l . i11;  I ~ Z I ~ ( V \  '47 
1'11otozrar)lt hv U. 8. Sarr. 

higher ground as high seas a i d  strong wiilcls coiltiiluecl. 
Rilotller barge morement \\-as made froin Bari.o\r to the 
Simpson r ig  site. 

While the rest of the especlition v a s  unloadinq a t  
Barrow, tlle Ezl~*to)~ Islurctl ~ ~ i t l l  LST 6.52 in to\\- (see 
fig. 31) proceeclecl accorcling to plan to  Barter  Islnncl. 
Soille difficulty wit11 ice was encomltel~ecl, but ~ r i t l l  tlir 
use of PBy flying corer, raclar, and helicopter. the 
destinatioil \\-as reacliecl on '3 ,\ugust. -It  TZartrr Is- 
lancl two possible 1:xnding beacllles Iiad been selecred. 
Ice made laneling clificuit, but in a few llours the LST 
inovecl into tlle alternate beach and grounded in '3 feet 
of water about 40 feet from shore. Preparatioils were 
made with difficulty for  unloading fro111 this position, 
but on 10 August ail abnormally higll tide and -\\~iiid 

- 

moved the ship in toward the beach vhere she stopped 

FIGUKF: 30.-&Iiscellameo~~r c ;~ rgo  on bcacl~ during Barex '17, 8 Auguit.  
1'liotogr;tph by U. 8. Kavy. 

ship and water-filled pontoons were placed as a dam to  
keep flo:xting ice from the for\rnl.tl rainp. 13y nlichiigllt 
on 10 ,Iugust 310 long toils 1l:ttl beell unloaded. 

13y that time tlle ice llccl pilecl so liigh on the starboard 
side tliat tlle I -DT (uiicler~v\;;~ter denlolition team) was 
used ill breaking up  the jam wit11 explosives. This 
\\-as entirely successful. Early in the morning on 11 
Ih~gus t ,  n sliift in tlle ~ r in t l  moved all the ice am-ay from 
the sliip :ilicl the I)e:ich, ancl i t  was deciclecl to  move the 
ship to the other and inore desirable beach. Tliis was 

jrith the forlvarcl ramp in oirly 3 feet of water. ,\ bull- r : l b l  .:I.-LST o i l)etng to\\e(~ I)J icet)re;rlcer TJ s. S. Burton I , \ ln~td 
l~c tnren  l 'oint Unrrow nnd Hartcr Island, 9 August 1917, Bares '47. 

dozer \\-as pu t  ashore ~rl l ich b ~ ~ i l t  a clry ramp t o  the PilotograDll by T. S. N ~ ~ ~ .  
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accoinplislled after much clifficlllty with grou~icling 
and in attempting to maneuver the ship in strong sliore 
currents aricl wind. ,lfter 40 total 1io11:s of :~c.tnal 
unloading, 490 long toils of cargo 11:1d heell discblini.ged. 
The ship :nit1 luinlovnble equipnieilt mere tl-an~ferred 
to tlie OICC, Fairbanks. The beaclling of I S ' T  642 
at  Barter Island llacl heen snccessfully accomplisliecl 
(see figs. 32, 33) ill the face of adrerse n.entilei-, un- 
known waters, aiid poor lllecllailicxl contlition of 11eary 
equipine~it. 

On 13 August the Burton Island returnee1 to Barrow. 
On 12 August the Union ~ ~ - e i ~ t  to TTTai11\vriglit, uil- 

P ' I G ~ E  ::D.-LST B f . !  I~cnrlr(,d at I?iirtfl.  1cl i1111l  (Il!l.i~l:' I : i l ~ x ~ x  '4;. 
I'hotogra[,h by U. S. N a r y .  

loaclecl 93 toils of petroleum products, and was released 
froin tlie especlition oil 13 August. The Seminole de- 
partecl Barron~ oil 12 August and awaited the Diphda 
a t  Icy Cape. 011 13 ,ingust the dru7iphen was re- 
leased. Tlle Burton Island joined the Diphda a t  Bar- 
row, and they departed for Icy Cape. Barex '47 liad 
been coml~leted. 

AIR SUPPORT 

,Iir s ~ ~ p p o r t ,  both linehaul from Fairbanks to the 
Reserve aiid bush-plane service in the Reserve (see 
fig. 34)) proceeded in a fashion similar to that  of previ- 
ous years. Some of the details of that critically im- 
portant aspect of Pet 4 are discussed in the sections of 
tlie record for 1047 that deal wit11 various activities. 

FIGURB: 34.-Bush-plane support of Pet 4-:L cln:11l lil,lnr on skis is 
nsed fo r  setting out  cache in  an isolated part of l'et 4 f o r  later use by 
a geologic party. Photograph by U. S. Nary, 3 Rlay 1947. 

I11 tlie suliimer the liilellaul nort11~~-arcl illto the Reserve 
carrietl an average of about 23,000 pounds of freight 
weekly. The maxi~nuin weekly total southbound was 
123,000 l)o~mcls of cargo from U a r r o ~ ~ ~  for use a t  Umiat. 

GENERAL CONSTRUCTION AND MAINTENANCE 

-1 lalye aillouilt of varied coilstructioi~ TI-~S planned 
and esecutetl in 1947. ,1 large part  of such ~ ~ o r l i  was 
for s n ~ p o r t e d  actirities and is discussed along with 
those activities in a later section. f i n  attempt has beell 
nlade to inclucle liere only -worli that had some direct 
conilection wit11 Pet  4 itself. I n  addition to construc- 
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tion of new or improved facilities, the general repair 
and maintenance of camp facilities in  the Arctic are 
always substantial items. 

I n  February tlie contractor force in  the Reserve was 
about 210 men. About 4,500 meals were served weekly, 
about 5 percent of which were to the Army and the Navy 
personnels. I n  illarch an influenza epidemic swept 
Barrow village, and nine deaths mere reported, but 
exploration operations were not noticeably affected. A 
resident physician and surgeon, Dr. Condon, \\-as em- 
ployed by ilrctic Contractors. On 9 IIarch in spite of 
a continuous fire watch ancl wit11 estinpuisliers ancl 
pumps that were tested periodically, a fire broke out in 
the hangar a t  the airport, ancl the hangar and all equip- 
ment and planes in the ricinity were completely 
clestroyecl. 

By October the number of contractors' eniployees in 
the Reserve had climbed to 450. Subsequently, tlie 
number decreased to 300 with the completion of somp 
projects and the coming of winter in December. 

Early in 1947 portable camp v-anigans and two Fail- 
ing drill rigs were winterized at  Barren- in preparation 
for the Sentinel Hill  and the Skull Cliff core tests. By 
May an extensive bl~ilding program was underway at 
Ba r ro r ,  including, in addition to construction for some 
supportecl activities, an addition to the acl~~iinistration 
building and improvements in contractor's barracks, 
such as a water system, partitions, m ~ d  cabinets. I n  
July, warehouses and shops were under col~struction 
as were also several family housing units. In  Sep- 
tember a new carpenter shop was completed at  Barrow 
as -\\-ell as additions to the general ~varehouse, machine 
shop, and generator building. Also in early September 
all Barex supplies and equipment mere moved from the 
beach to warehouses or  stockpiles. By  the end of the 
year, certain contract repairs had been made to the 
Alaska Coil~munication System (ACS) station in Bar- 
row village; additions had been made to tlle airfield 
warehouse; overhead cranes had been installed in the 
heavy-duty-equipment and machine sllops ; family hous- 
ing was nearly complete; and a new hangar started to 
replace the one burned. 

Airways communication was an iniportnnt matter 
throughout Pet  4 as air transportation to, from, and 
within the Reserve mas virtually the only means of 
transportation, except, of course, for  Barex each year, 
the over-ice freighting, and some local ground and boat 
transportation. I n  the latter part of 1946 ancl early 
1947, a transmitter building mas constructed at  Barrow 
for  operation of the airport by the CAA. An addi- 
tional instaIIation of low-angle approach equipment mas 
planned a t  the airstrip. 

I n  March the AACS (Airways and Air  Commui~ica- 
tioii Service) installed and operated a homing beacon 
a t  the Barrow airstrip. During June and July, work 
mas done on a new CAA operations tower and receiver 
station a t  the airstrip and on a radio range, a new an- 
tenna, and transmission lines for the CAA installation. 

Umiat also had a busy year, because i t  supported the 
Sentinel Hill core test. Cai~ip and airways communica- 
tion systems were greatly improved (see fig. 35),  includ- 
ing a standard CAA weather and receiver station and a 
radio range. These were completed by late summer. 

111 JIarcll a ~velding shop was constructed a t  Umiat. 
I3y fall, nclclitional quarters had been built and a 40- by 
100-foot quonset ~~~al .e l~ouse .  Allso a road had been built 

FIGURE 33.-Tower and  radio building a t  Urniat on 18 March 1947. 
Photography by U. S. Kavy. 

to a proposed drill site near the camp, a 50-kilo~vatt 
generator installed a t  the camp, and a light-duty-equip- 
ment shop built. 

The urgent need for housing in Fairbanks to take 
care of the needs of key employees had long been recog- 
nized. Such housing was planned and designed early 
i11 1947. Construction of apartments in quonset huts 
in a compound adjacent to the offices on Garden Island 
v a s  started in May, along ~ v i t h   areho housing and office 
aclclitions. That  construction mas nearing completion 
by the end of the year. 

AERIAL PHOTOGRAPHY AND MAPPING 

The Geological Survey had received by the end of 
1947 all the trimetrogon aerial photographs that would 
be required. However, the vertical aerial photography 
of some of the more important areas was still incom- 
plete. The Survey's compilation of planimetric maps 
on a scale of 1 : 48,000 from the photographs was about 
75 percent complete at  the end of 1947. The Survey 
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had pointed out that  lie\\- and better nlaps could be made 
as the new photography became available. 

By the end of the year also, three sheets-B:trrow, 
Wainwright, and Uiniat--covering the Reserve on a 
1 : 250,000 scale were nearing completion, as follows : 
Barrow, 95 percent complete ; TVainmright, 60 percent ; 
and Umiat, 80 percent. 

GEOLOGY 

Tlze Geological Surrey in tlie season of 1947 sent five 
field parties to northern Alaska to perforill tlie work rec- 
ommended by the operating committee (see pl. 3 ) .  Four 
of those parties mere supported by Navy funds, and 
one, by Survey funds. Logistic support for all five was 
supplied by the contractor. Laboratory and office in- 
vestigatioils were carried on both in 7Vashiiigton ancl in 
Fairbanks a s  required. George 0. Gates remainecl as 
the chief of the Survey's Navy Oil Unit. 

FIELD SURVEYS 

PARTY 1 

Party 1 was led by Kar l  Stefansson; otller geologists 
were R. F. Thurrell, Jr . ,  and J .  H. Zuinberge. The  
party used two weasels for  moving camp ancl traveling 
between outcrops. Tlie party left Umiat oil 31 J iay  
and between then and 19 Ju ly  covered an area north of 
Umiat and in the vicinity of the Colville River. ,I 10- 
foot canvas boat was used for river work, inostly on 
the Bikiakrorak, Kogosukruk, and Colville Rivers. 
No instrninental control was carried, but all outcrops 
were plotted on the aerial pllotograplis and on tlie new 
1 : 48,000-scale planimetric base maps. 

Regional dips are ion* to the nortli, but sollie 
reversals mTere seen, nncl sereral anticlines recognized. 
Tlie largest anticline \\-as nanlecl tlle Gubik (see fig. 12), 
and i t  mas mapped by planetable methods. 

Two of the geologists of party 1 (Stefansson and 
Thurrell) attempted to establish west closure on tlle 
Wolf Creek anticline by planetable methods between 
31 Ju ly  and 5 August. East p l ~ ~ n g e  had been e5t:lb- 
lished in 1946. Because of inconlplete exposures, tlle 
results \\-ere inconclusive. 

On 8 August, Thurrell and Zuinberge were flon-11 1,y 
bus11 plane to the month of the Ipnavik Rirer  nncl fro111 
there traversed the Colville River down to t l ~ e  ~no~ i t l l  
of the Kurupa River. 011 14 August, Stefansson ancl 
one assistant were flown to the Ipnavik Rirer about 30 
miles above its mouth. They coillpleted a river traverse 
to the Colville on 2 September and returiled to Umiat 
on 6 September. Several structural features were seen, 
but the Lower Cretaceous black shales are tightly 
folded and much faulted. 

PARTY 2 

Par ty  2 was under the leadership of Charles Whit- 
tington, who was assisted by M. L. Troyer. The  party 
was flown late in May to a lake west of the Ikpikpuk 
River, where weasels and supplies had previously been 
cached. From there the party made its may into the 
area of the Kigalik and Awuna Rivers. O n  10 Septem- 
ber the party returned to Umiat in weasels. The Kiga- 
lik, A~vuna, and Icnifeblade anticlines (see fig. 12) were 
studied. The  Kigalik anticline showed no closure. 
The large Awuna anticline is closed, but no closure 
coulcl be proved on the Knifeblade. 

PARTY 3 

R. 31. Thompson, assisted by W. L. Barksdale, geol- 
ogist, led geological party 3 by boat down the Utokok 
River from its head in the Brooks Range to its mouth. 
The party was in the field from 12 May to 31 August, 
but the last n-eek mas spent in a reconnaissance in the 
Corwin-Cape Beaufort area west of the Reserve. 
Major emphasis mas placed on the petroleuin possi- 
bilities of the Upper Cretaceous rocks. The geology 
Kas plotted on aerial photographs where they were 
available. Elsen-here, mapping was controlled by 
carrying a triangulation net. Some of the Upper 
Cretaceous rocks are fairly porous. Large gravel- 
covered areas were noted, especially near Driftwood 
Creek, and i t  mas pointed out that  some of them miglit 
be potential sites for airfields. 

The thick section of rocks between C o r ~ ~ i n  and C:lpe 
Beanfort along tlie Arctic Ocean is well exposed and 
was recommended for additional study. 

PARTY 4 

E:. d. TVebber \\-:-as chief of party 4, which investi- 
gated the Kanuslluk Rirer  area, an area along the Col- 
rille River betu-een Kinulnlr and Prince Creeks, and in 
the ~ i c i n i t y  of tlie Titaluk and the upper Ikpikpuk 
Rivers. 

Webber and R. I,. Detterman traversed the Nann- 
shuk River by boat froin mid-May to early July. R. I,. 
Detterman and D. E. Mathewson between 19 Ju ly  and 
1 September traversed the Colville River ill canvas 
boats from Ninuluk Creek to Prince Creek, and travel- 
ing in a weasel froin 6 to 15 September they studied the 
lower part of Prince Creek. I n  the latter half of 
August, MTebber traversed tlle Ikpikpuk River by boat 
from the junction of Maybe Creek and the Kigalik 
River to near the mouth of the East  Fork of the 
Ikpikpuk. Five days mere spent studying the Titaluk 
River, using a small plane for transportation; and the 
lower Ikpikpuk a11cl tlie East Fork were exanlined from 
the air. 
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PARTY 5 

Geological party 5, George Gryc, chief, and includ- 
ing M. D. Mangus, geologist, was financed with Geo- 
logical Survey funds. It operated f a r  east of the Re- 
serve in the Shaviovik-Canning Rivers area to obtain 
information of the eastern part  of the Arctic deposi- 
tional basin. The party was flown in to  tlie Shaviovik 
on 17 May and traversed that stream by boat with diffi- 
culty for  30 miles. On 10 Ju ly  the group moved to the 
Canning and traversed that  river for  70 miles to its 
mouth. On 1 September a chartered boat picked the 
party up  and took i t  to Barter Island, whence i t  re- 
turned to Tjii~iat by air on 5 September. The lack of 
good aerial photographs or  base maps required that  
party 5 carry its own instrumental control over the en- 
tire area covered. 

Oil-bearing sands were discovered in the rocks of the 
area. The great bend in the north front of tlle Brooks 
Range appears to be tlle result of older rocks to the east 
pitching under the flatter terrain to the west rather 
than to any change in direction of fold axes in the 
mountains. 

A11 geological field parties left the Reserve in Sep- 
tember. The results of the work on the Wolf Creek 
and Gubik anticlines had been disappointing; tlle 
Oumalik anticline was believed to be too far  north to 
contain favorable sands. 

OFFICE AND LABORATORY STUDIES 

At the seventh meeting of the operating committee in 
November, R. M. Chapman, head of the Geological 
Survey's Fairbanks Laboratory reported that  the labo- 
ratory staff consisted of 2 geoligists, 4 subprofessional 
employees, and 1 full-time clerk-typist. Two geology 
students from tlie University of Alaska were employed 
part  time. Representati* microfossil samples had 
been prepared from all field party collections and from 
all drill holes although samples from some intervals 
remained to be worked. Porosity and permeability 
tests were completed on samples from all drill holes 
and on about 75 percent of the field samples. S t r ip  
logs were completed for all drill holes except Umiat 2 
and Simpson 1 then drilling. 

Heavy-mineral studies were continued in 1947 by 
E. H. Lathram. The  possibility of correlations by 
means of the heavy minerals thus far  studied appeared 
limited, but studies were to continue in the hope of 
finding more useful criteria. Helen Tappan Loeblich 
continued her studies of the microfossils from Pet  4 
and, i11 spite of the difficulty of making precise corre- 
lations in a new area with limited and unfamiliar mate- 
rial, made good progress in correlating the work of 
the field parties and the sections penetrated by drill- 

ing. A sound base was being developed for later greater 
use of micropaleontology in Pet  4. 

T. G. Payne made extensive stuclies in 1947 of sedi- 
mentation of northern Slaska in Cretaceous and Ter- 
tiary time. His  results indicated that  oil-bearing sands 
are likely to be largely limited to  shoreline belts within 
a regional deltaic pattern of seclimentation. This hy- 
pothesis was found to be essentially correct. It was 
modified and expanded as Pe t  4 went on and became 
an increasingly influential guiding principal in the 
program. Payne also had studied the correlation of 
the three holes a t  Umiat and had found Umiat test 
well 3 t o  be 150 feet stratigraphically above Umiat, 
test  ell 2 and 1,100 feet above TJniiat test well 1. 

GEOPHYSICS 

Geophysical iilrestigations in Pet  4 in 1947 included 
seismic surveys, an air-transported gravity survey, and 
temperature and other measurements at  test wells. 

SEISMIC SURVEYS 

The seismic program for 1947 was largely outlined 
at the fifth meeting of the operating committee in  No- 
vember, 1946. It was ~ o m e \ ~ l i a t  modified at  the sixth 
meeting in April, 1947, although a substantial part of 
tlle work \\-as accomplished by that  time. (See pl. 3.) 
Except as otherwise noted, all geophysical work was by 
the United Geophysical Co. 

PARTY 43 

Party 43 was charged with the responsibility of con- 
necting across the coastal plain the seismic work in the 
Cape Simps011 area 11-it11 an area near the head of the 
Ikpikpuk Rirer  and with the work of party 46. The 
party was in the field from 17 March to 1 September. 
The seismic data were studied and reinterpreted a little 
more than a year later. 

The route of the party mas southeast from the Cape 
Simpson area to the ~ ~ e s t  shore of Tesl~ekpuk Lake, 
thence southward for 50 miles to a point about 15 miles 
east of the junction of the Ikpikpuk and Titaluk Rivers. 
A detailed surrey -was then made with reconnaissance 
lines extending eastward about 20 iniles toward Sen- 
tinel Hill. Both vertical control and Ilorizontal control 
were carried by the party, and shotholes ranged from 
20 to 200 feet in depth. 

Three phantom horizons gave good reflections in the 
northern part  of the area, but the reflections became 
progressively poorer soutl~\rard, and only the shallowest 
horizon could be carried southward all the way. 

PARTY 46 

Party 46 was led by Samuel 0. Patterson. The field- 
work went on from 28 March to 7 September. The  
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following data on the equipinent ailel the personnel are 
included as illustrative of a typical, full-scale seismic 
operation in Pet. 4. Heavy ecluipmeilt for tlie party in- 
cluded 8 weasels, 4 tractors, 3 sleds, 1 JIiclieler slecl, 14 
wanigans, ant1 a drill. The personnel for the party in- 
cluded : 

Drilling ol~erations 4 
Recording 4 
Shooting operatiolls 1 
Survey 4 
Shop operation----_---__---_-_-_-------_-----__ 3 
Carlip operation - - - - _ - _ _ - - - _ - - _ _ _ _ _ - _ - - - - - - - - _ _ _ _  G 

22 

Party 46 ~ v : ~ s  to inrestigate tn-o areas ill the vicinity 
of the confluence of the Titalnk and tlie Ikpikpuk 
Rivers. One of these had been indicateel as an area of 
magnetic anomaly and lo\\- gravity; the otlier oiie was 
both a magnetic lligll ancl a grarity high. The latter 
actually was studied by party 43. Tlie sliooting re- 
vealed the presence of a large anticline, since nanied the 
Oumalik anticline. Approximately 21 miles along the 
axis was surveyed. The work indicateci an unconforni- 
ity in the subsurface. Above the unconformity the plot- 
ting showed 400 feet of closure and a closure of 800 feet 
below the unco11formit~-. 

GRAVITY S U R V E Y  

On the bnsis of experieilce gaiiiecl in 1945 ant1 1946, it 
was decided to carry on an air-tr:tnsported gravity s ~ w -  
vey to obtain quickly a regional gravity picture of the 
previously unsurveyed parts of the area between tlie 
Meade and the Colville Rivers ancl north of latitude 
69'45'. The area includes about 13,500 square nliles. 
Stanley W. Spannare was placed in charge, and lie \Y:I~ 

assisted by a gravity-meter operator and a Wien Alaska 
Airlines pilot. A lucid and detailed report on this 
operation was prepared by Jir. Spannare uilcler date of 
September 1947 and is the source of the extremely con- 
densed record set forth here. 

The operation was entirely practicable. I t  \\-ent on 
from 11 April to 5 September. 111 all, 491 stations were 
observed in 69 operating days; the average station spac- 
ing was 5 miles. Pa r t  of the operation was out of 
Umiat, part  out of the camp of party 46 in the Ou~nalik 
area, and part out of Barrow. A t  first the plane was on 
skis and later was converted to pontoons. 

I t  was concluded that- 
1. Provided planimetric maps or rertical photos are 

available and terrain is suited to numerous Innclings, an 
airplane call be used to obtain speedily and at  low cost 
a good regional gravity picture over a large area. 

2. I f  possible, base camps should be centrally located, 
and fuel caches should be provided, a t  least ill those 
areas distant from the base- 

3. Operations can be carried on in Naval Petroleum 
Reserve So.  4 through April and JIay though a t  a lower 
proclnction rate than in July and August. 

4. Reasonably accurate results can be obtained with 
surreying altinieters, b ~ ~ t  at  a high cost because of reruns 
and the adclecl need for base observations. 

.;. d sensitive :lutoinatic recording base altimeter used 
in conjm~ction with a s i~~i i la r ly  sensitive field instru- 
iiieilt ~ v o l ~ l d  greatly expedite such a survey. 

TEMPERATURE AND OTHER MEASUREMENTS A T  T E S T  
WELLS 

I11 the cliscussion of the drilliiig of tlle Sentinel Hill  
core test, it \\-as pointed out that, a t  the coinpletioi~ of 
tlie hole, tubing 11-as run in to 1,172 feet and \\-:-as filled 
wit11 diesel oil in preparation for future temperature 
survc-s. 7T'lien visited in August 1948 by J .  H. Swartz 
anel G. Ii. JlacCarthy, of the Geological Survey, for  
tlie 1~1r13ose of making temperature measurements, i t  
\\-as fomld that mud slides froill the adjacent bluff had 
conlpletely covered the cellar and the pipe, and no read- 
ings could be taken. In the same month, however, 
JLacCartliy and Swartz were able to make a careful 
teiiiperatnre survey of the Skull Cliff core test to a depth 
of 500 feet. 
-1 tenlperature survey by Aircon (Arctic Contractors) 

of Sinlpson test well 1 on 19 ,411gnst indicated the bot- 
tom of pennnfrost a t  890 feet. On 22 December an- 
other teinperature survey yielded the f o l l o ~ ~ i a g  temper- 
atures at the clepths shown : 

Sear  tlle end of the year a seismic velocity survey was 
made at r i l l ia t  test well 2. Schl~umberger resistivity 
~neasureilients were made in the hole at  regular inter- 
rz~ls, and 6 logs coreriilg the hole to 6,203 feet were 
macle. The bottom of permafrost  is estimated a t  '750 
feet. A t  tlle close of the drilling, ail electric log, a 
seismic survey, and a temperature surrey were made of 
T'miat test \\-ell 2. The teiiiper:~tilre a t  6,198 feet was 
104°F. 

DRILLING 

The Pet  4 drilling prograiil in 1947 was by far  the 
most extensire atteinpted to that time. I t  included the 
starting of t ~ v o  fairly deep tests, T'iniat test \\-ell 2 and 
Siin],so~i test well 1, ailcl the co111l)letion of ailother; and 
the clrilling of several s h a l l o ~ ~ e r  core tests a t  widely 
scattered localities. The bulk of tlie drilling program 
TT-:IS authorized by the operating committee at its fifth 
ii~eeting in Sovember 1946, but substailtial nlodifications 
\\-ere subsequently made, especially at  the sixth meeting 
in April 1947. The drilling 1i-a~ plagued with perhaps 
inore than its share of bad luck, and in retrospect, much 
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of tlie difficulty could be charged to learning how to 
operate in the Arctic, especially liow to deal with perma- 
frost. Nevertheless, most of the objectives of the pro- 
gram as laid out were accomplished successfully. 

The following discussion covers first tlle core-drilling 
program and then the drilling of the two deeper tests. 

CORE DRILLING 

SENTINEL HILL CORE TEST 

The Sentinel Hill  core test was supported alinost 
entirely from Umiat. Tlie site was about 20 miles 
n o r t l i ~ ~ ~ a r d  from Uniiat a t  the foot of the bluff on the 
west side of the Colville River. ,issemblp of equip- 
ment, supplies, and materials begail late in 1946, ancl 
the first tractor train welit from Timiat to Sentinel Hill 
on 16-19 January. Tlie clrill rig, a motlel 1500 Fail- 

I.'~(.l'i:l: ::li.-C;illIl~ :~nrl riq a t  Sel~ti~ltll  IIill c o l ~ ?  test I n Icw (1;lgs 1)efol.e 
coml&?tion of the drilling. Photograph by U. S. Kary,  17 JI t~rch 1047. 

ing, and 1~-anigans left Uniiat on 21 January. Tlie 
\vanigslns, of course, provided quarters, galley, heating, 
and water snpply. Oiie \\*easel 15-as also assigned to the 
project. Personnel coiliprisecl 10 men, including tlle 
cook and the tractor driver. Two 12-11o11r sliifts were 
worked 7 days a week. There was :L little delay in  
plane transportation of crews and supplies froin Fair- 
banks because of the estreinely cold weather tliere at  
the time with attendant ice fog. 

Light and p o ~ ~ e r  n-as snpplied by a 15-kilowatt gen- 
erator clriven by a gasoline engine. A 20-kilowatt 
diesel-powered generator mas recommendecl for future 
operations of the Sentinel Hil l  type. 

The drilling equipment arrived a t  tlle site of the core 
test on the same day i t  left Umiat, the t r ip had required 
a total of about 18 hours. Included in the load were 
300 barrels of gasoline, diesel oil, and lubricants that 

were required to complete tlie project, and drilling 
supplies, largely tubing and cement. 

By 26 January the cellar was dug and the r ig set up, 
and the hole was spudded in. I n  spite of darkness, 
cold weather, and one successful fishing job, the hole 
was cored from 109 feet to its total depth of 1,180 feet 
in 53 days. (See fig. 36.) Coal or  lignite and ben- 
tonitic shale and sandstone were penetrated. After 
completion of the hole, 1,172 feet of 21,-inch tubing, 
plugged a t  top and bottoin and filled with diesel oil. 
was run in for use in later temperature surveys. 011 

25 March the r ig and equipment mere hauled back to 
Umiat. 

The Sentinel Hill  core test was a valuable esperiment 
in cold-weather operations. JIucli was learned that  
was directly applicable to Inter operations. About one- 
fifth of tlie cost was tlle cost of \vinterization of the 
equipment. 

SKULL CLIFF CORE TEST 

Tlie clrilling of tlie Skull Cliff' core test was similar to 
but less successf~xl than the Sentinel Hill  operation. 
The location was about 1% nliles iiilaild from the oil 
seepage a t  Skull Cliff. Tlie objective 11-as to obtain cores 
of tlle rocks to a depth of 1,500 feet. ,I tractor train, 
siiiiilar to the Sentinel Hill  train, \\-:is made up a t  Bar- 
row and left for the location on 20 January. I t  reaclletl 
the site on 26 January. n'ater for clrilling mas difficult 
to  find-all lakes in tlie vicinity, on testing with a stenm 
point, appeared frozen to tlie bottom. Finally, a pass- 
ing Eskimo told the crew of a lake wit11 water uncler 
4 feet of ice 2 miles northeast of the camp. Further 
trouble was found setting the surface pipe. On 4 F'eb- 
ruary coring mas started a t  150 feet and continued to 
'779 feet. While drilling at  tliat depth, tlie drill pipe 
broke, and all fishing attempts vere unsucces~fnl. 
TT'hile awaiting more fishing tools from Barrow, tlie 
drilling mud was not circulated because i t  was tliouglit 
that the cuttings might jam tlie lost tools. As a result. 
the mud froze solidly to a depth of 250 feet, and the liole 
was abandoned. To provide for  later temperalure 
measurements, the hole \\-as bailed to 527 feet, filled 
with diesel oil, and capped wit11 a ~vootlen plug. On 
17 March the equipment was sledcled back to Barrow. 

Like the Sentinel Rill  core test, the Skull Cliff' test 
yielded much valuable i~lformation and experience in 
cold-weather activity. During coring in February, the 
temperatnre dropped to as lo\?- as -54" F, arid 11-incl 
velocities ranged from 10 to  50 miles per hour. As at  
Sentinel Hill, tlie cost of JT-interimtion was about one- 
fifth of tlle total cost. 

SEABEE CORE TEST 1 

Seabee core test 1 was near tlle Barrow camp ancl 
was planiled to reach a tleptli of 1,500 feet. Objectives 
were to experiment further wit11 drilling methods and 



FOURTH YEAR-1 9 4 7 77 

t o  obtain stratigraphic information. The  equipment 
that had been returned from Skull Cliff was used, and 
the hole w:ts spudded in on 29 March. As  before, diffi- 
culty was experienced in properly cementing the surface 
casing, and i t  was recommended that  in the future the 
hole be steamed for  a few hours to heat up the formation 
before cementing. 

Logistics were no problem a t  the hole because the 
operation was supported Is?- tlie main camp. Reverse 
mud circulation mas triecl ancl was foullil to  be Ipss 
successful than nori~lal circnlation. From 3 to  28 April, 
the hole was cored from 100 feet to 1,442 feet, where 
the test was stopped because the capacity of tlie rig had 
been nearly reached. The hole was prepared for a 
temperature survey by the running in of 708 feet of 
tubing. 

IKPIKPUK CORE TEST 1 

The Ikpikpuk core test 1 was designecl to penetrate, 
to  a depth of 400 feet or more, the rocks on an anticline 
1101~~ called the Oumalik anticline that  had been revealed 
in  the area of the Ikpikpuk ancl Oumalik Rivers by 
seismograph party 46. The purpose was to obtain 
stratigraphic ancl structural data. The location T ~ S  

near the campsite of party 46 in order to use tlle camp 
for support. A drilling foreman, 2 other clrillers, and 
4 floorn~en were employed in addition to the supporting 
crew from party 46. The drill used was a Failing JIodel 
1500 core drill and auxiliary pumps formerly used for 
sl~otholes by party 46. Supplies 17-er~ f l o ~ ~ n  in by a 
DC 3 on floats in April. 

011 6 July  rigging-up was started. Ice and sand 
caused the hole to cave :tnd allowed circulation to break 
out around the surface pipe. By the time the hole was 
179 feet deep, 20 feet had been cored. ,it that point 
the drilling string twisted off a t  90 feet ~EIOTFT the wr-  
face, and all fishing attempts ended in failure. The 
hole was abandoned, and seven stands of drill pipe ant1 
the bit were left in the hole. Sereral attempts mere 
made to find a better loc a t '  ion. 

OUMALIK CORE TEST 1 

Finally a new locatioil was selected on a hill about 
a quarter of a mile away where i t   as believed that ice 
and sand mould not present such problems. This was 
called Oumalik core test 1. Two clays vere required 
to rig-up for  the test. Cores were pulled a t  interrals. 
and the last 10 feet, to a total depth of 302 feet, were 
cored. There the drill pipe twisted off, and eight stands 
of drill pipe and core barrel were abandoned in the hole. 

OUMALIK CORE TEST 2 

I n  September a thircl attempt was made to drill a 
core test in the same general area. The drilling mas by 
the shothole crews of parties 43 and 46 and was super- 

vised by S. 0. Patterson and Perry Wilder. Regular 
shothole equipment was used, including a Model 1000 
Mayllew drill. No core barrel was available, and ditch 
samples were taken for stratigraphic information. 
When the hole was a t  a depth of 180 feet, a weld hold- 
ing the surface pipe to a bell nipple with a mud outlet 
broke, and the surface pipe fell into the hole. It was 
fished up, split, and half of i t  removed; the other half 
was dropped and pushed aside in the wall. A t  190 feet 
the drill pipe plugged. Pressure, possibly the pump 
pressure, forced the drill pipe out jamming the kelly into 
the crown block and breaking cables and generally 
fouling the rigging. After clearing things up it was 
found that the bit and a drill collar were stuck in tlle 
bottom of the hole, and tlle test was abandoned. 

These three unsuccessful attempts pointed up  some 
of the difficulties of drilling in permafrost, especially 
the iinportance and difficulty of a good cement job on 
the surface casing and the danger of freezing the mud 
if circulation stopped for any considerable period. 
-klso. the futility was demonstrated of attempting a 
job in isolated areas in the Arctic under difficult condi- 
tions ~vithout adequate equipment and supplies in first 
class coliclition. These matters were carefully studied 
by tlle contractor in order to use the experience in 
obviating f ~ ~ r t h e r  difficulties as Pe t  4 progressed. 

TESTING OF UMIAT CORE TEST 1 

U n ~ i a t  core test 1 had been drilled in 19-16 to 572 feet. 
It penetrated oil sands from 248 to 390 feet. I n  1947 
the procluctire capacity  as partly tested. (See fig. 
37.) Tlle testing \\-as started in September in order to 

FrsnKI.: 37.-Umiat core test 1 r~r~l l r rgoi~rg pumping tes t ;  Umiat test 
~ v e l l  2 i n  background. Photograplr hv I-. S. Navy, 10 October 1947. 
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have the information available for the November 
meeting of the operating committee. When reopened 
the fluid level was a t  145 feet, and the hole T V ~ S  bridged 
at  240 feet. The hole was cleaned out to 457 feet with 
a Keystone spudder. string of 21/2-inch tubing was 
run in. On 6 November pumping started, and between 
then and 18 November the average yield was 14 barrels 
of oil a day. There was no water. 

The hole was shot with dynamite ancl then tested 
again between 2 November and 15 November. An 
average of 24 barrels a day was recoverecl. Air  tem- 
peratures ranged from -20°F to 20°F. A t  22°F the 
average gravity of the oil was 34.0" A P I .  

DEEP DRILLING 

SIMPSON TEST WELL 1 

A t  the fifth meeting of the operating cominittee in 
November 1946, a deep test was recommendecl in the 
Cape Simpson area on a closed s t r u c t ~ ~ r e  mapped by 
seismic methods in 1956. Tlle purpose was to test the 
ITpper Cretaceous section in that area. The colnnlittee 
felt that the objective of Pe t  4 woulcl not be reacheel 
until a carefully located test in the general area of the 
Cape Simpson seepages was drilled. The location mas 
approximately 70O.57' K., 15.5'22' IT. The rig used 
was a National 50 w11icll \I-as designed to drill to about 
5,000 feet using 41h-inch drill pipe. The permanent 
personnel was 26, anel in addition, 20 temporary em- 
ployees were used as required. Housing included a 20- 
by 48-foot quonset hut for 17-arehouse, office, store, and 
sick bay; 10 jamesway huts for living quarters; a 
jamesway hut  for galley; and several ~~-ailigans. The 
camp was on open tundra, and mud was a serious 
problem i11 warm seasons. 

The hole was spudded in  on 14 June, and by 16 June 
18 feet of 24-inch conductor pipe 15-as set. 011 20 June 
115 feet of 16-inch casing had been set. Oil sand was 
cored from 218 to 221 feet, and a little trouble was caused 
by gas. Another oil sand mas cored from 383 to 403 
feet, and a small sample was collected. A temperature 
survey indicated the bottom of pern~afrost at  890 feet. 
On 18 Ju ly  113/4-inch casing was set to 1,028 feet. 
Drilling and coring 10-foot intervals approximately 
every 200 feet was continued to 3,003 feet, which was 
reached on 29 July. *4t that  time the hole was yieldii~g 
substantial gas, which was piped to the boiler for fuel. 
The  gas died out in a few weeks. With increasing 
depth the hole caved badly. By the time of the NO- 
vember meeting of the operating committee, Simpsoil 
test si ell 1 mas drilling a t  about 6,000 feet, and a t  the 
meeting Project Manager Gillespie pointed out that the 
r ig  nras overtaxed at  that depth. On November 30 at- 

tempts were being made to recover metal dropped in the 
hole, which had reached 6,094 feet. By the end of the 
year the metal had been cased off, and drilling 
continued. 

UMIAT TEST WELL 2 

On 3 February the drilling of Umiat test well 2 to 
3,000 feet was authorized. The hole mas justified by 
the production of 24 barrels a day from Umiat core test 
1 and by the fact that the area of closur-e had not been 
determined. The  proposed location would have hacl a 
poor foundation for  both camp and rig, and after a 
study a revised location 15-ith better foundation possi- 
bilities and nearer the Umiat camp was recommended - 

and was authorized on 17 March. 
111 dismantling the derrick a t  IJmiat core test 1 in 

May, the derrick was twisted beyond repair, and the use 
of another derrick had to be authorized. Camp and 
derrick were set on an area 100 by 200 feet which mas 
first stripped and then raised by a gravel pad. 01-1 25 
June  the well was spudded in. Water came from a 
nearby lake. The  waterline was supported on halves 
of oil drums in which oil was burned in cold weather to 
keep the line from freezing. 

Conductor pipe was cemented in to a depth of 103 feet 
on 28 June. T o  1,006 feet, seven sandstones wit11 oil 
silows were penetrated and tested, and i t  was determined 
that the oil-bearing zone was from 315 to 745 feet. A t  
the end of Ju ly  a packer and 50 feet of tubing were lost 
in the well but were recovered without clifficulty after 
only 3 hours. The bottom of permafrost was found to 
be at  about 750 feet. 

Again on 3 September, a t  a depth of 2,791 feet, a tool 
joint failed, and 1,607 feet of drill pipe, collars, and bit 
were left in the hole. As before, the damage was re- 
paired with only a fern hours delay. Early in  October 
the melting of permafrost from heat from the mud pits 
caused the derrick to tilt a little out of plumb, and i t  was 
straightened with jacks and shims. 

The total depth of 6,212 feet was reached on 6 De- 
cember, and an electric log, a seismic survey, and a tem- 
perature survey were run. A t  6,198 feet the tempera- 
ture was 104°F. Disnial~tlillg began on 12 December. 
Before final capping the hole mas bailed to 1,030 feet 
for later temperature measurements. After bailing the 
hole began to  yield gas which was tested a t  15,520 cubic 
feet per day. 

A t  the November meeting of tlie operating committee, 
Mr. Gillespie warned against the practice of extending 
holes to depths f a r  beyond the rated capacity of the rigs. 
Unliat test well 2 was planned originally to go to 3,000 
feet, was drilled with a r ig rated a t  5,000 feet, and even- 
tually actually reached 6,212 feet. 
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OTHER ACTIVITIES IN NAVAL PETROLEUM RESERVE 
NO. 4 

As Pet  4 continued and expanclecl, other activities ap- 
peared and were incorporated in soille clegree into the 
overall effort. Sonle of these other actirities, like the 
basic control work of the U. S. Coast ailcl Geodetic Sur- 
vey, were of major inlportance to Pet 4 itself. JIucll 
of the closely relatecl work such as this \\-as financecl in 
whole or in part by Pet  4 and became essentially a part 
of tlle oil exploration program. Others of these activ- 
ities were partially to very reinotely relatecl to Pet  4 
but were supported ancl assisted, generally on a repay 
basis, in a spirit of genuinely wishing to help other in- 
terests do their jobs in the Arctic in so far  as ~)ossible. 

I n  1947 the support of such aclditional projects be- 
came a major iten1 ancl remained so until the close of 
Pet  4. Thus, the justification for the existence of Pet 4 
had addecl to it to soille clegree the justifications for all 
of the additional actirities. 

I n  March, einployees of the Coast and Geodetic Sur- 
vey arrived in Harrow to start geodetic control work 
along the Arctic coast soutll~\-est froin Skull Cliff. I n  
February representatives of search ancl rescue units of 
the Alaska Scouts under the direction of the Co~llnland- 
ing General, Alaska, departed Barrow by clog team 
for Reechey Point. The expedition returnee2 success- 
fully in Jlarch. The party was supported by supplies 
dropped froni an Army B l i ,  ~\-llicll \\-as based a t  
Barrow. Near the end of May a detachment from tlle 
Naval JIedical Research Institute eilterecl Sa ra1  I'e- 
troleuin Reserve KO. 4 to stucly inosquito control, an 
ever-present problem in the Arctic sumaler. 

Change order F issued on 8 ,Tanuar~ assignecl to 
Arcon (Arctic Contractois) support for the estab- 
lishment and operation of a field test statioil for Arctic 
research by BuDocks. The estimate of cost was $30.000 
including a $2,000 fee. Navy Seabees for this Arctic 
Test Station began to arrive in Barrow in April. By 
the latter part  of the year, a 40- by 100-foot quonset hut 
had been completed for use as the Laboratory of the 
Seabee detachment. 

I n  May an extensire building progranl was under- 
way a t  Barrow to provide l~ousing and laboratory facil- 
ities for  the Arctic Research Laboratory of the Office 
of Naval Research. I t  was not until 1 August, however, 
that change order H was issued in the estiinated alnol~llt 
of $50,000, including a $1,500 fee, to  proricle for the 
support and maintenance of the A R L  (Arctic Researcll 
Laboratory). I n  August the ONR (Office of Saval  
Research) party arrived to occupy the space providecl. 

A t  first the A R L  was assignecl t ~ r o  40- by 100-foot 
warehouses and a 20- by 56-foot quonset hut. Assigned 
also were family quarters. Later the quoilset hut  as 

coilvertecl to an animal house, and one of the ware- 
llouses, to a laboratory. 

BEETLE PROJECTS 

But by far  the largest and most complex extracurricu- 
lar  activity supported by Pet  4 in  1947 was the so-called 
Beetle projects. A t  that  time, long-range radio navi- 
gation (Loran) was being developed by the Radiation 
Laboratory of the Massacl~usetts Institute of Tech- 
nology. Support and execution of developments were 
largely carried out by the Army. As par t  of this work, 
s chain of stations was to be built across the Arctic 
const of North America, and a subsidiary st  a t '  1011 
(Beetle A) and a monitor station (Beetle B )  Toere to 
forin the western end of this chain. Tlle Corps of 
Engineers was responsible for all construction on the 
Alaskan projects. Equipment was to be installed by 
the Watson Laboratory of Red Bank, N. J., and the 
Ariny Air  Material Command. The Army Airways 
nncl Air Conimunications Service (AACS) was to 
occupy the completed installation. 

On 18 ,Ilwil tlle Air  Material Command called a 
coilfereilce in Washington a t  which the Beetle require- 
~nents  were supplied to the contraator. The Navy 
agreecl to transport supplies for the projects to Barrow 
and to perform the construction under contract NOy- 
13360, the Pet 4 basic contract. Tlle additional load re- 
quired the adding of another ship to Barex '47 and the 
flying of large quantities of supplies needed early so 
that foundations could be completed before the arrival 
of Bares. This advance preparation would be a pre- 
requisite to completing the projects in 1947. 

lTvorl< got underway immediately. A coinnlittee en- 
tered Pet 4 in April to choose a site for Beetle A, which 
i~lvolrecl the erection of 625-foot tower, which had to 
be far  enough from Barrow so as not to corlstit~~te a 
hazard to airplanes. ,4 location near Skull Cliff mas 
chosen. I n  May a temporary camp of jamesway huts 
on skids was built in Barrow and freighted to Skull 
Cliff, and on 31 May actual construction started. 

Although cl~ange order I, mllicli provided for  the 
Beetle activity, \%-as not issued until 6 October, the work 
went on nlean~vhile. I11 brief, the change order in the 
amount of $1,098,759, including x $60,000 fee, provided 
for  project 19 (Beetle A ) ,  coilsistiilg of a 625-foot 
tower, an antenna system, operations buildings, hous- 
ing, inessllall, and storage facilities, and installation of 
eql~ipnlent ; project 20 (Beetle 13) , consisting of con- 
struction of a inonitor station at  Barter Island, includ- 
ing an antenna system, operations building, housing, 
niessllall, a i d  storage facilities, a landing strip, and in- 
stallation of equipment ; and project 21 (Beetle C) , con- 
sisting of construction of a temporary direction-finder 
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station near Point Barrow, iiicluding an  aiiteiina sys- 
tem, operations and housing facilities, and installation 
of equipment, the construction of air-sea rescue facil- 
ities at  Barrow and Barter Island, inclndinp parking 
areas for  gliders, supply and storage buildings, esten- 
sion of tlle Barter Island runway to 5,500 feet, and the 
handling and stockpiling of materials and equipment 
for  futnre use. 

BEETLE A 

Skull Cliff is a difficult place at wllicll t o  erect a 625- 
foot steel tower. There is no bedrock fonndatioii close 
to the surface. The material niiclergroiulcl to tens of 
feet is frozen unconsolidated nlaterinl nild ice. 

:TROLEUM RESERVE NO. 4, 1944-53 

I : I  : I l i ~ t ; i l l i n r  h;r,~. p l n l l -  I'or one of tlie legs of tire Skull  Cliff 
tower. 1 7  J u l y  1947.  f'liotograph hy U. S. Sary. 

l\'llile the founclxtions \yere still in preparation, (see 
figs. 38,:39) tlle steel crews assen~bled the lower parts of 
the tower. By micl-,Yugust the tower stood a t  200 feet; 
by the end of the month it was topped off. ( See fig. 40.) 

Fred T<nclresen, of iYrctic Contl.nctors, .was plncecl in 
charge nild excnv:~tioii worlr started on 1 ,Jmle. Special 
care was talcell in hanclling tlle pel-mafrost, and after 
tlie ingeiiious solving of unpredictable difficulties, the 
foundations were complete and ready for the steel by 
August. Supplies and materials tliat had not already 
come in by air reached the Reserve on 13arex. I t  will 
be recalled that some of this material was unloaded a t  
Slcull Cliff, but because of had \\-eather, some had to be 
otfloaded at 13arrow and freiehtecl to tlie site. 

~..I~.I.I;K 4 O . - C ' n 1 1 1 ~ ~ l ~ t f ~ ~ l  Ski111 ClilT t o r e r ,  G2.7, feet higli, 2G A11gust 1!l47. 
I'llotogrnl~h h~ T. S. S:ivy. 
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The total weight of tlle tower steel was 300,000 pounds. 
Work then proceeded on the coinpletion of other facil- 
ities. This  later work was greatly complicated by the 
thawing of the surface in the vicinity of the job and the 
aggravation of the difiticulty by the continual churning 
up  of the mud with heavy equipment. The later con- 
crete work mas further complicated by the advent of 
cold weather, necessitating the use of heated water in  
the aggregate, heating of the mixers, and curing under 
tarpaulins with heat applied. 

Cold windy weather also hindered the construction 
of the camp which would accomodate 40 men, including 
warehouse, laundry, barracks, and other buildings. 
Lumber, equipment, and stores temporarily stowed on 
the thawed tundra a few months before were tightly 
frozen and hard to remove. 

Because of anticipated turn over, especially among 
the steel workers, sinall weekly quotas of replacemeilts 
were sent to Fairbanks from Seattle and Alinneapolis. 
There were no delays because of labor shortages. Ray 
Bills, the rigger foreman, finished the job with his 
original crew. 

I n  spite of all the troubles encountered, the station 
was turned over to the Army in  November, although 
the tower was watched for settling until March 1948 as 
unequal settling of as much as one-half inch would 
have caused failure of tlle tower. 

I n  all, good fortune favored an  unusually llazarclous 
undertaking that had to be done in a hurry. There 
were no serious accidents and no fatalities on the job. 
Much credit is due the contractor's superintendent and 
the steel foreman for  skill and good judgment. 

Both the Army and Navy autllorities sent written 
commendations to the contractor. The Navy repre- 
sentative reported that  "The efficiency of the contractor 
was a t  all times outstanding and commendable in suc- 
cessfully accomplishing a unique and difficult task in 
record time " * *." 

BEETLE B 

The Beetle B installation a t  Barter Island was to 
monitor the pulses transmitted by the master station in 
northern Canada and the subsidiary station a t  Skull 
Cliff. J i m  Dalton, construction foreman, made a 
reconnaissance of Barter Island on 18-20 June  and 
determined that  a sand and gravel spit projecting east- 
ward from the island would be the best place for  the 
airstrip. It also was proposed to build the camp on 
the spit, but the Army preferred the higher tundra 
near the base of the spit. A later reconnaissance be- 
tween 28 Ju ly  and 3 August resulted in  the erection of 

Barex '47. The L S T  served as an excellent construc- 
tion camp during Beetle B. 

The western end of the spit was first cleared and 
dragged to  make a temporary strip. Next the over- 
burden was removed from the western 3,000 feet of the 
spit, and the area was backfilled with gravel, leveled, 
rolled, smoothed, and put  in operation with a DC3 
landing on 26 August. The complete runway, 150 by 
5,500 feet was finished on 5 October. By that  time the 
ground was freezing and difficult to work. A lighting 
system was later installecl. I n  all, about 15,000 yards 
of overburden was removed, and 40,000 yards of gravel, 
backfilled. 

Kext, the camp constrnction was started. Buildings 
were placed on gravel pads laid directly on the tundra. 
About 16,000 yards of grayel \\-as moved into the camp 
area. Concrete slabs were poured for laundry, kitchen, 
powerhouse, and shop buildings. The  radio operations 
and remote transmitter huilclings away from camp were 
on piling instead of gravel mats. The  masts for trans- 
mitter ancl antenna systems were on pile foundations. 
Coizstruction mas completed in mid-November, and LST 
649 \\-as secured. 

As  early as December the concrete slabs began to crack 
and sink unequally. Heat had been transmitted through 
the slabs, and melting of the permafrost follo~ved. When 
i t  was tl~ougllt that equilibrium llad beell reached, the 
machiilery was raised, and the floors repoured to  level. 
Settlement continued, however, and more elaborate 
measures had to be taken in 1948. 

BEETLE C 

RIuch of Beetle C was carried out a t  Barrow although 
there  as some work both a t  Skull Cliff and a t  Barter 
Island. Because a larger program mas contemplated 
soon for the Beetle C plant a t  Barrow, only the barest 
essential equipment was installed to provide for the 
Army's needs. Tlie contractor's camp facilities and 
Ci4A radio facilities were utilized to the maximum ex- 
tent. 

By August construction was TI-ell along on the Army 
Sea-Bir Rescue installation, consisting of housing and 
a parking area for  gliders and small planes. Most con- 
struction materials, however, came in on Barex '47. 
Much of the electronic equipment came by plane from 
Anchorage and was installed by Army men under the 
direction of M A J  William Geyser. Work on the A A F  
Polar Direction Finder Net was begun a t  Barrow in 
September. This included an operations building and 
po~verhouse, a remote transmitter building, an  under- 
ground control cable. a 9.000-foot antenna. and a re- - 

a radar screen and landing guides for  the anticipated ceiver antenna system. Laying of the underground 
beaching of the LST (landing sliip, tank). The  land- cables and outside construction was done as soon after 
ing has already been described in the discussion of the expedition as possible. 
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The Sea-Air Rescue group at Barrow was to consist 
of 8 officers and 25 men with 4 gliders. A snialler de- 
tachment was to be a t  Barter Island. 

Beetle C was nearly completed before the end of 1947. 

SUMMARY OF 1947 

Much progress was made in Pet 4 in 1947. One deep 
test was completed, and another was almost finished. 
A total of inore than 15,000 feet of drilling was done. 
Winter freighting totaled 749,000 ton-miles. Barex 
brought in 20,000 tons, which was unloaded in 6 days. 

Tlie picture of the regional geology developed satis- 
f actorily. Especially valuable was the development by 
T. G. Payne of a theory of facies changes that subse- 
quently was x7ery useful in planning the program. 
Good progress was made in geophysical exploration and 
the air-transported method of gravity-meter explora- 
tion was further tested and improved. 

Tlie Beetle projects imposed a heavy burden, but all 
three of them were successfully accomplished. I n  
total, the effort expended for interests other than Pet 4 
almost equaled that for Pet 4 itself. The year 1947 
could appropriately be designated as the principal 
year of services to other activities. 

On analyzing the situation a t  its last meeting of 
1947, the operating committee found that tlze prospects 
of finding oil in the Reserve mere as good if not better 
than when Pet 4 started. It recommended continuation 
to at least 1952 and indicated that the original objectives 
could not be reached with the funds thus far appro- 
priated. 

A number of important changes in the personnel took 
place in 1947-Walter A. English appeared as chief 
technical advisor to the DNPR ; and, henceforth, Pet 4 
had the advantage of his broad experience, keen intel- 
ligence, and extraordinary power of analysis and sum- 
marization. Ted Mathews was promoted to project 
superintendent for Arcon. Drex Spaulding became 
chief engineer; and E d  Rusing, chief accountant. CDR 
P. W. Roberts was replaced as OICC late in 1947 by 
CDR G. E. Fischer. Lieutenant Comnialider Wolf- 
stein, ROICC a t  Barrow, was relieved by Lieutenant 
Commander Urquhart. 

FIFTH YEAR-1948 

GENERAL PLANNING AND ADMINISTRATION 

Several important changes in tlie personnel took place 
in the early part of the year. On 22 January, Lieu- 
tenant Commander Urquhart was relieved by LCDR 
Lawrence P. Frate, CEC, USN, as ROICC in Barrow. 
Lieutenant Commander Frate was destined to play a 
key roll in Pet 4 for several years. Ted Matlie~vs was 
promoted to assistant project manager for Arctic Con- 
tractors in Fairbanks, and Drex Spaulding moved up 
to project superinteiident at Barrow. Jack Adanis, 
~vllo liad been personnel manager, went to Barrow as 
assistant project superintendent. JVilliam Fackler was 
designated chief petroleum geologist for Arctic Con- 
tractors. I n  1948 tlie ROICC at Seattle was LCDR 
E. C. Bnmberg, and J. H. McCorn~ick was the pur- 
chasing agent for Arcon. I 

The winter coiilpleinent of the contractor in the Re- 
serve mas about 280, but this number increased to 350 
with the start of geophysical operations. During the 
winter about 9,000 meals were served each week ; about 
6 percent of these were to the Army (AACS) and the 
Navy personnels. Tlie linehaul traveled from Fair- 
banks to the Reserve nearly every day and made many 
shuttle flights witlliii the Reserve. During January 
Navy photographers returned to Pet 4 for additional 
niaterial to fill out the film of exploration operations. 

Tlie eighth meeting of the operating committee con- 
vened in TqTashington, D. C., on 20 April. Voting 
members present included Conimodore Greenman, 
chairman; J. C. Reed, Geological Survey (alternate 
for Director W. E. TVrather) ; L. TV. MacNa~xghton, 
DeGolyer and MacNaughton; A. A. Curtice, Hoover, 
Curtice, and Ruby, Iiic.; COL 0. F. Kotick, who had 
by this time been designated Deputy Director of Naval 
Petroleum Reserves; and LCDR F. A, F. Cooke, 
BuDocks. Walter A. English, advisor to the DNPR, 
and Commander Fischer, OICC, were present as were 
additional representatives of Arctic Contractors; 
United Geophysical Co.; Hoover, Curtice, and Ruby, 
Inc. ; and the Geological Survey. 

The agenda of the meeting included consideration of 
the final reports on the 1947 field and laboratory geo- 
logical investigations, on drilling operations, and on 
the geophysical work. Also to be considered were 
detailed plans for 1948 and preliminary plans for 1949, 
tentative long-range plans, and the financial situation 
of Pet 4. 

Commodore Greenman advised the committee of the 
Pet 4 swung smoothly into its fifth year in accordance approval of the long-range plan by the Secretary of 

with the laid a t  the seventl~ meeting of the oper- the Navy, the Joint Chiefs of Staff, the Munitions 
ating committee the previous November. As the year Board, the Bureau of the Budget, and the Armed Serv- 
began it was not yet known whether or not the long- ices Committee of the House of Representatives. The 
range plan recommended by the committee urould plan called for five more operating seasons after 1948 
finally be approved and followed. at an estimated cost of $28 million with an initial 
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appropriation of $15 niillion. The DNPR suggested 
that  BuDocks proceecl \I-it11 the purchase of supplies 
for 1949 ill view of the likelillood that Pet 4 would go 
on. Sufficient funds were not available, but $950,000 
had been acl~7anced fro111 the Naval Procurement Funcl, 
and $800,000 worth of expendable supplies would later 
be purchased n-it11 the anticipated approlxiation anel 
would be shipped on Barex '48 or by boat, rail, ancl air 
if required sooner. 

Some modificatiolls of the 1948 program hacl preri- 
ously been approved separately by the committee meill- 
bars a t  the DXPR's request and were well underv-ay 
a t  the time of the meeting. These included the reha- 
bilitation of the Kational 50 r ig a t  Simpson ancl the 
drilling of Simpson test well 1 to 7,200 feet in an effort 
to  penetrate t o  the Lisburne group, if present, or to 
basement rocks. The modifications also included tlle 
shooting of a seismograph line eastward from the exist- 
ing Simpson-Ikpikpuk line to pass north of Tesl ielr l~~k 
Lake and another line from Fish Creek soutl~west~rard 
to tie with the Simpson-Ikpikpnk line about 50 miles 
south of Teshekpuk Lalre. 

The financial status of Pet 4 l ~ a s  sun~ina~ized at  the 
eighth meeting of tlle operating committee by Com- 
mander Fischer. I t  ~ v a s  apparent from tlle summi~ry 
that, if new funds were not forthcoming, i t  voulcl be 
necessary to cut back immediately in  orcler to assure 
an orderly close out. 

Project Manager Gillespie reported that procure- 
ment was proceeding according to plan. A heavy-duty 
rig, a Wilson Super Titan of 15,000-foot capacity, had 
been purchased. Construction equipment and spare 
parts were supplied to the contractor a t  no cost from 
surplus stocks a t  Pearl Harbor a t  a saving of ]nore than 
$500,000. 

George 0. Gates, chief of the Kavy Oil Unit,  Geo- 
logical Survey, summarized tlle status of geological 
work. Plans were complete for two field parties in 
1948 as previously decided. The details of 11laniiiag 
had been slightly nlodified because of local field concli- 
tions. One party, financed by the Geological Surl-ey, 
would be working east of the Reserve. 

The committee, after discussion, recommendecl :111 

experimental test of color aerial pllotography for use 
in geologic interpretation. 

John Legge, geophysical supervisor for the United 
Geophysical Co., who shortly was to be relieved by 
Howard Myers, reported that refraction profiling 011 a 
loop from Barrow to Simpson to  the Meade River indi- 
cated, on the basis of about 60 percent completion, a 
basin southwest of Barrow. Reflection profiles had 
been shot so as to form a cross over the Fish Creek 

gravity anomaly, and current work was tying the Fish 
Creek to the Simpson area. 

The comlnittee recorninended for  future study the 
use of oil-base nlud for  drilling to eliminate any ex- 
pansion of n~ontmorillonite clay by water. The contrac- 
tor was requested to estimate the cost of a sniall refinery 
a t  r n l i a t  to  use TTiiIiat oil in  Pe t  4 operations. RuDocks 
n-as to investigate the use of aiadmills for electric- 
power genera tion. 

Tlle committee recommended that Arctic Contractors 
hare (1) party 47, the refraction seismograph party, 
try to locate the high-velocity beds in the Barrow area 
\\-it11 a rielr to picking a location for a test by the Na- 
tional 50 r ig i l ~  the fall while the r ig  would be enroute 
from Bai-ro\~- to Uiniat ; (2) a party shoot a refraction 
profile le i ig th~~ise  along the Ournalik anticline; ( 3 )  
party 43 run recoiinaissance lines north and northeast of 
Teshekpuk Lake ; (4) a stndy niade of the advisability 
of seisniic work froill boats on the Arctic Ocean or large 
lakes; ( 5 )  consideration given to a widely spaced re- 
fraction surrey of all the coastal plain par t  of the 
Xeserve: and (6) additional core holes drilled ~vhen 
conrenient in the Simpson seepage area. 

I n  order to obtain information on permafrost as  it 
affected seisinic and other acti~*ity, a program was ini- 
tiated to place tenlperature cables in all core holes and 
sllotlloles deeper than 125 feet. The thermal gradient 
beneath deep lakes also was to be studied. 

Coinnlodore Greenmail emphasized the paucity of 
clrilling sites, ~ r h i c h  hampered acceleration of the drill- 
ing program to the most efficient use of the facilities 
available. This, of course, was a reflection of the fact 
that tllrougllout Pet  4, exploratioll drilling had been 
re ly  close on the heels of the collection and interpreta- 
tion of basic infor~nation. Preliminary investigations 
were to be speeded up to correct this situation. 

I n  May Coninioclore Greenman, supported by Mr. 
Cnrtice aiid by statements fronl TYallace E. Prat t ,  spe- 
cial assistant on petroletun niatters to the National Se- 
curity Resources Board, and IT. E. TVrather, Director 
of the Geological Survey, appeared before the House 
-1ppropriations Committee to defend the Navy's re- 
quest for an appropriation of $14.6 million to purchase 
supplies aiid illaterials for 1949, 1950, and 1951 and to 
corer operations through calendar year 1950. The 
Secretary of the R'avy, the Secretary of Defense, and 
the House Armed Services Committee also favored con- 
tinuation of the program as a security measure in the 
face of a possible oil shortage. After the hearings, the 
D N P R  reported to the operating committee that  the 
funds were expected to be appropriated by 1 July. 

On 8 June  appeared change order L, modifying ar- 
ticle 27 of the original contract and providing for total 
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payment to the contractor a t  the end of each year instead 
of at the end of the contract. 

I n  August there were about 400 contractor employees 
on the Reserve, 45 in Fairbanks, and 20 in Seattle. On 
the Reserve the contractor was supporting, in addition, 
between 85 and 100 persons from ONR, Navy Arctic 
Test Station, AACS, CIA,  Alaska Airlines, Weather 
Bureau, and Coast and Geodetic Survey. By the end 
of the year, that number was reduced slightly to 350 
contract employees on the Reserve, 40 in Fairbanks, and 
15 in Seattle. Other employees by then numbered about 
70. 

Change order M, of 20 September, provided for the 
support of several of activities not connected with Pet 
4 that will be mentioned later and for the purchase in 
the amount of $600,000 of supplies needed to expand the 
program as planned. 

A third interim meeting of the operating committee 
was held in Fairbanks on 3 and 4 September. A t  that 
meeting the preliminary results of the year's activities 
to date were reviewed, and the first consideration was 
given to plans for 1949. 

Because of the urgency of completing South Barrow 
test well 1 as soon as possible even a t  the expense of 
some stratigraphic information, the committee approved 
Mr. English's suggestion that coring and drilling 
procedures be left to the discretion of the contractor ex- 
cept that cores should be taken a t  least every 400 feet. 

The work of Geological Survey parties 1 and 2 was 
reported to the committee. The Survey-supported 
party 3 was still in the field east of the Reserve. The 
summer's geologic work apparently had filled in local 
details but revealed no unexpected conditions. I t  was 
reported that the Navy's photographic squadron had 
made excellent progress and the committee recom- 
mended that the DNPR "address a letter to the Chief of 
Naval Operations setting forth the accomplishments of 
this photographic squadron and commending it for the 
splendid manner in which the work had been carried 
out." 

The geophysical supervisor reported that experience 
had shown the advisability of combining reflection and 
refraction seismic work. The waterborne party was 
iced in and needed 2 weeks of good weather to get 50 
percent coverage from Barrow to Icy Cape. Mr. Eng- 
lish pointed out some inconsistencies in the geophysical 
maps and recommended some checks on the micropaleon- 
tologic work. 

Mr. English anticipated that eventually several wells 
would be drilled in the Barrow area. Refraction work 
at Oumalik had indicated that the Lisburne group, if 
present, probably was below drill depth, and it was rec- 
ommended that the well be rigged for 15,000 feet but 

with supplies to drill to 6,000 feet only, pending 
further authorization. Mr. English was designated 
to select sites for core holes in the Simpson seepage 
area. A 2,500-foot cable-tool hole a t  Maybe Creek 
was authorized. 

Four seismograph parties were planned for 1949. 
This was the maximum number that could be supported. 
Pour to six geologic parties a year were visualized, in- 
cluding an airborne party, as well as laboratories in 
Fairbanks and Washington. The contractor was re- 
quested to plan for a new department under a chief of 
exploration. The lack of a chief of exploration had 
been noted by visiting experts from the oil industry. 

The ninth meeting of the operating committee was 
held in Washington on 15-17 November. Items for cori- 
sideration included review of the status of the program, 
plans for maximum acceleration of the program, ways 
and means of improving organization and operating 
procedures, and methods of securing greatest possible 
results for the funds to be expended. 

Geological and geop11ysic;~I reports were preseiitecl. 
The geologic presentations were directed by Ralph 1,. 
Miller, who in October had relieved George 0. Gates as 
Chief of the Navy Oil Unit of the Geological Survey. 
No good correlations could be made either in the Ter- 
tiary or in the Cretaceous rocks between Barrow and 
Simpson, possibly because of the near-shore character 
of the sediments with their restricted faunas. It was 
reported that South Barrow test well 1 had penetrated 
Tertiary and Cretaceous rocks before reaching the argil- 
lite basement. Microfossil work had been checked by 
Mrs. Helen J .  Pluinmer, of the Texas State Bureau of 
Economic Geology. Thomas G. Payne presented an 
"Areal evalution of petroleum possibilities of major 
stratigraphic units of northern Alaska" in which he 
interpreted the available geologic information on the 
Reserve. 

Mr. English analyzed the geologic and geophysical 
results in relation to future plans. He believed that 
oil possibilities in the foothill country were limited to  
the Upper Cretaceous and that lithologic conditions iu 
rocks of that age are better to  the west. The Lower 
Cretaceous rocks of the foothills are lithologically un- 
favorable, and the 1,isburne group probably is too deep 
to reach with the drill. He  felt that the Meade River 
anticline, the Wolf Creek anticline, and the Maybe 
Creek dome should be drilled if closure could be deter- 
mined. H e  indicated that the seismic program for 1949 
should be carried through as earlier planned, that 4 or 5 
wells should be drilled in the Barrow area, and that the 
prospect of finding good sands was fair. He  felt that to 
drill the Oumalik test below 6,000 feet would be useless. 
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Authority to start South Barrow test well 2 immetli- 
ately was dispatched to Fairbanks. Edwarcl IT'. Beltz 
was appointed to fill the nen-ly created position of chief 
of exploration, and he was to assume his responsibilities 
on 1 January 1949. 

The preliminary program xvorked out for  1040 iu- 
cluded tm-o or three 1,500-foot core holes in tlie Siinpson 
area, a 4,000- to 6,000-foot test in the Fish Creek area. a 
deep test (estimated a t  6,000 feet but with r ig and 
foundations capable of permitting drilling to 15,000 
feet if that, should later be determGlec1 to be desirable) 
on the Oumalik anticline anel one or inore additional 
wells in the Barrow area based on inforination to come 
from Soutll I3arrow test well 2. There moulcl be G geo- - 
logic field parties-3 using weasels, 2 using river boats, 
and 1 using a bus11 plane. Four seisiilic parties were 
authorized as earlier planned as  \\-ell as an ajr-trans- 
ported gravity-meter party to cover the northeast part  
of the Reserve with stations to be spaced about 5 miles 
apart. The project manager, Mr. Gillespie, reported 
that  the program as outlined could be supported al- 
though it would require the maximuin use of available 
facilities. 

The change of name of Hoover, Curtice, and Ruby, 
Inc., to  Exploration Contractors, Inc., mas aiinounced. 

On 27 December appeared change order 0 that listed 
the projects for 1949 which are given in the follo~ving 
table. 

Projects for 1949 

Project Title 
Approximate 

estimated 

Erect drill rig, including establishment of a camp, in the 
Fish Creek area and drill to between 4,000 and 6,WO ft 
by 31 Der 1949 ........................................ 

Erect drill rig, including establishment of a camp, in the 
Oumalik area and drill to approximately 6,000 ft by 
31 Dec 1949 ............................................ 

Explore the vicinity of the seepages at Cape Simpson with 
tho expectation of drilling 3 core holes to an approximate 
depth of 1,500 ft ~ a c h  .................................. 

Erect a rig and drill a tcst wcll about 6 mile5 south of the 
Barrow camp to approximately 3,000 It ................ 

Make geophysical surveys with 4 seismograph parties, 1 of 
which may be a waterborne party during part of the 
season, and 1 airborne gravity-meter party, all between 
15 Feb and 15 Sep; and provide personnel for super- 
vision, computing and analysis during the full year .-... 

Maintenance and operation of ramps and airstrips in 
NPR No. 4, contract office at  Fairbanks, consdrurtion 
of 6 housing units at Fairbanks and at Pt. Barrow, 
and construction of a recreation hall, power plant, and 
two 10,Wbbl fuel tanks. ............................ 

Planning for, and support of, a resupply expedition, ex- 
clusive of procurement. ................................ 

Support of other designated activities.. .................. 
Purchase of materials, supplies, and equipment for a 

similar program for 1950. and procurement of additional 
material, supplies, and equipment for 1949 .............. 

$533,500 

ili, 000 

l(il.000 

259. MI 

1, 615. UOO 

1,000,000 

215,000 
152,000 

1,100,000 

OPERATIONS 

BARROW EXPEDITION, 1948 

Barex '48 was accomplished by the Amphibious 
Force, Pacific Fleet. Both planning and execution of 
the operation drew heavily on the experience of the four 

earlier expeditions. It was a well-planned and suc- 
cessfully executed operation. 

The preliminary planning conference was held on 4 
March a t  the Base of the Amphibious Force, Pacific 
Fleet, Coronaclo, Calif. Preliminary loading data were 
submitted by Arcon, and i t   as agreed that  the job 
could be done with 5 BI iA7s  (attack cargo ship), 2 
LST's, and an  icebreaker, Cargo would be onloaded 
a t  Por t  Hueneme and Sail Francisco, Calif., and Seat- 
tle, Wash., arid the expedition would depart about 23 
July. 

Toward the end of Xay,  with the close of tlie winter 
freighting season, barges and boats that  would be 
needed in unloading a t  Barrow were dug out of the 
snow and ice and overhauling and servicing began. 
During June and July, LCM7s and barges were serviced; 
a canal into the lagoon behind the landing beach was 
dredged ; cranes and unlwading equipment mere re- 
paired ; radar screens and beach markers were painted ; 
and the beaches were cleared and prepared for  the land- 
ings. 

Captain Lademal, coiuiiiander of Barex '48, and 
Captain Scruggs, comnlander of a detaclinieiit for Bar- 
ter Island, inspected the beaches and unloading prepara- 
tions a t  Barrow, Skull Cliff, and Barter Island on 12 
July. Tlie party also iilade a reconnaissance of ice con- 
clitions and then returned to Seattle  liere re a final con- 
ference was held on 17 July. I t  was decided to delay 
the departure date from 23 to 26 Ju ly  because of the 
late breakup of the ice that year. 

On 17 July the loading was 50 percent complete, and 
i t  appeared that  some materials would have to be left 
behind because of lack of space. The Army agreed 
to withdraw 1,000 drunis of fuel oil to make room for  
Arcon cargo, such as pontoons, weasels, and LVT7s. F o r  
earlier expeditions the materials had been packaged 
at their sources by the concerns from whom they were 
obtained. This had led to a wide range in packing 
methods, unit sizes, and costs. Fo r  Barex '48, the con- 
signing agencies were required to ship their products 
to the Naval Supply Depots a t  Por t  Hueneme, San  
Pedro, Point Molate, and Seattle where they could be 
inspected, specially packed, and palletized before load- 
ing. 

A t  Barrow all preparations were complete by 1 Au- 
gust. I n  addition to all usual unloading preparations, 
a physical inventory had been made in  all warehouses 
and stock record cards vere  brought u p  to date. Empty 
oil drums, 10,000 of them, were checked for  return on 
the expedition. Tlie beach had been divided into six 
areas, each designated by large, distinctive signs, and 
each marker symbolizing the type of cargo to be landed 
there. 
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Overall, the cargo consisted of 40,727 tons for Arcon, 
the CAR, the Army, the Office of Sal-a1 Research, tlle 
Coast a i d  Geodetic Survey, the TTe:ttl~er lSureau, tlie 
Bureau of Indian Affairs, and the l l a s k a  Comil~nnica- 
tions System of the Sign:tl Corps, I-. Y. llrllly. 

During loading, difficult\- 11-as llad with drums of 
gasoline which, in spite of special inspectioli. developecl 
occasion:~l leaks. These resulted in dangerously esplo- 
sive conditions ill some of tlie holds of the ships. 

The voyage from tlie ports of embarkation I\-;IS 
marked ~ r i t h  much fog a i d  inany overcast tlnys. From 
Unimali Pass no r th~~arc l  through the Bering Sea, Ber- 
ing Strait, and the Arctic Ocean as f a r  as Franklin 
Point, the main navigation clata were from bottom 
sonndings ancl radar plots of the shore. The low and 
little-niarkecl shores greatly reclucecl tlie effectiveness 
of tlle raclar equipment. 

As the sllips neared Barro~\-, ice reconn:lis\:~ncr flo~vii 
by 9 ~ ~ 4 1 %  ancl 2 PBT's  notified the especlition of 
inshore ice a t  Uar ro~~* .  The ships therefore :tnclioretl 
temport~rily a t  Point Belcller while a~vait ing the sea- 
ward movement of tlle ice pack. The icebreaker RUT- 
ton Island with its two helicopters proceeded to tlie 
edge of the pack for further reconnaissance. 

Again the ships clelayecl at  TT'ain~~right. a smrtll Es- 
liimo rillage sonth~rest of Barro\\-, and did not arrive 
a t  B a r r o ~ ~ *  until miclnight on 4 ,1ugust. Tlie air recon- 
naissance had inxde it possible for the ships to reacli 
their destinatio~l as soon ns the ice went ont. LTnfor- 
tnnately, \\-hen the ice clicl move se:rn-ard. the heavy pres- 

FIGURE 41.-Unloading LCJI at Earrow beach, (It11 i l l <  l : . ~ r ~ \  ' 4 8  
Photograph by U. S. Navy. 

sure riclge ren1:tined grounded and intact except for 
sonie passages tllrougll i t  to the beach. 

On tlle 5 A l l ~ g ~ ~ s t  the R~srton Zslatzd lecl the tv-o LST's 
east\\-arc1 for Barter Island, but progress \\-:IS very slo\\- 
through ~iiuch ice. ll~i arerage speed of only about 
2 knots 17-as niaintained to Barter Island in order to 
aroid ice damage to the LST's. The  two LST's had 
adclitional fir plankiilg over tlle forward 85 feet of their 
hulls; but, nerertheless, there were several bow punc- 
tures. F o r  test purposes each LST was equipped with 
1 bronze ancl 1 steel propeller. Tlie bronze propellers 
were baclly bent, bnt tlle steel ones came through intact. 
The LST's were unloaded on Barter Island and 
r e tuned  without further incident. 

l\Ie:ui\\-hile on 5 ,ingust unloading began a t  Barrow. 
First  the U. S. S. lVasJ~bzcrn ~mloaded freight for the 
hrniy's Loran station a t  Sliull Cliff south\\-est of Rar- 
row. Some supplies also \\-ere offloaded a t  Point Lay. 
- i t  B a r r o ~ r  tlie unloading of tlle AICA's Union, Titania, 
Skagit, Leo, and 7Vnshbt1~n I\-as completed by midnight 
on 9 -\ugnst. Altogether, 32,285 tons was unloaded in 
4 days wid 15 hours on an around-the-cloclr basis. (See 
figs. 41, 42.) The 10,000 empty oil druins were loaded, 
and the ships departed. 

-\ccording to the co~liinailcle~ of the Amphibious 
Forces, Pacific, Barex '48 was the largest naval opera- 
tion ever accon~plished in the Arctic Ocean. The bacl 
we:rtlier and large amount of floating ice had provided 
a most ralnable tr:tiiiing operation. 

WINTER FREIGHTING 

I3y late 1!)4i it lint1 I)rcoll~e appare~it  that facilitie. 
\ ~ o n l d  be strained to the linlit to accomplish all the 
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winter freighting necessary to carry out the 1948 pro- 
gram as planned. I n  fact, as  early as December 1947 
i t  was imperative to send one train to the Oumalik 
area to return to Barrow with vitally needed equip- 
ment t o  be overhauled for  the later freighting season. 
That  train returned to Barrow in January. Also in 
January, fuel oil was hauled to Skull Cliff, and the 
temporary construction camp there was returned to 
Barrow. Three complete, overice trains were to be 
commissioned. To do this about 18 sleds that mere 
top heavy with high bunks had to be revamped to a 
inodel similar to the highly satisfactory AIicheler So .  
9 sled. This  required the full use of the welding sllol) 
for  about 30 days. New trail wanigans were con- 
structed; all tractors were overhauled, and snow pion-s 
fitted to the lead tractors for  each train. These snon- 
p l o ~ ~ s  proved to be exceedingly valuable additions. 

1111 of the difficulties previously experienced \\-ere 
expected-bad weather, broken plows, broken tranr- 
n~issions, and ice break-throughs-and fort~ulately, 
preparations had been niade for all. 

Overice freighting began on 1 February. Tri~ctor  
trains hauled seismograph niaterial to Fish C'reek, 
drilling supplies to Siinpsoil test \re11 1, and camp 
supplies to Umiat. Sled trains broke through the ice 
four times in the 1948 season. Immediate recol-cries 
were made except when 2' tractors and 3 sleds missed 
an  obscured trail in a storm and broke th~.ough the ice 
on the Chandler River. Assistance was procured froin 
Umiat, 15 miles away. %-ton crane recovered tlle 
sleds with the loss oilly of a load of pipe and 50 saclrs 
of cement. 

While trains were enroute co~nii~unication ~ ~ i t l l  theill 
was maintained by radio although reception n-as only 
poor to fair. Contact w:ts nlaintained by bush planes 
on skis for  medical, repair, nnd emergency purposes. 
Sometimes materials in brightly colored bundles were 
dropped to  the trains. 

Freighting continued until 20 May. Freight went to 
Simpson, Skull Cliff, and the geophysical parties. The 
National 50 r ig a t  Umiat was hauled back to the Bar- 
row shops for  overhaul. I n  early May equipment, 
including an LVT, and supplies were taken to Owninlik 
for a short refraction job. 

I n  summary, the 3 trains traveled 6,726 iniles to G 
locations and to 3 geopl1ysical parties. The  t ra i i~s  
made 19 trips carrying 4,380 tons for a payload total 
of 840,808 ton-miles. Materials hauled included 10,000 
barrels of petroleum products, 22,000 board feet of 
lumber, 2,100 cases of blasting powder, 300 pieces of 
drill pipe and casing, 1 rig and derrick, 2 cranes, 5 
launches, and 28 weasels. The OICC reported to the 
CO of Ladd Air Force Rase that the average cost was 
35 cents per ton-mile. 

011 the basis of total experience gained in  Pe t  4, a 
report was compiled by the ROICC (resident officer in 
charge of construction), Barrow, for the Marine Corps 
school a t  Quantico, Ya. The following is extracted 
from that report : 

Winter freighting starts about 1 February and concludes about 
15 May. Ordinarily the ice is irhont 4% feet thick, and 3 feet 
is  a nlinimum for safety. 

An average crew consists of a foreman, 5 tractor operators, 
1 mechanic, 1 oiler, and 1 cook. The foreman leads in a trail 
weasel followed by a tractor pulling the sleeper, galley, and shop 
kvanigans. The 4 tractors that follow pull the load. Each 
tractor has a draw-bar pull of about 80 tons. The load is on 
2 Micheler sleds (18 nr t  tons each) and 2 sleds (14 net tons), 
or 3 Micheler sleds. 

Food consumed averages about 5 pounds per man per day. 
The train operates from 0630 to 2130 with half-hour breaks for 
lunch and supper. Trains average about 35 miles per day. 

By November 1948 preparations were 05 percent coin- 
plete for  the 1949 freighting, and sled and wanigan con- 
struction was started. The  first train of the new season 
started from Barrow on 1 December 1948 with a load of 
lumber and fuel for  Oun~alik. Soon four trains were 
running to Oumalik on schedule in order to get over- 
land freight out while the sea ice, that  wotlld be used for 
11nnli~~g Inter, was yet ml s~ fe .  

AIR SUPPORT 

I11 1948 air support continued in the Reserve a i d  to 
:~ncl froni the Reserve as 11s11al. LCDR Norman 7V. Mc- 
Ileod reported for duty oil 18 June  as aviation technical 
advisor to the OICC. Lientenant Commander McLeod 
was stntioned at B;~rrow. The air-support contract \\-as 
re;~dvertisecl, and as a result, on 1 July, Alaska Airlines 
1.r1placed Wien Alaska Airlines as the contractor. Air  
1 raffic to the Barrow strip was continuously heavy be- 
cause of the additional ,4rmy freight for  Skull Cliff. 

CAMPS 

Cair~p coilstruction and innintenaiice and miscel- 
laneous operations continuecl in 1948 to constitute a 
large part of the overall operation of Pe t  4. Such 01)- 
eratioils inherently are of critical importance in any 
Iarge operation in the -1rctic and because of 1011- tem- 
pel-atures, high ~rintls,  clnrkness, and blo-iring and drift- 
i1.g sno~x- are especially clificult in the minter. 

U~n ia t  test  ell 2 was abandoned, and the equipment 
\\-as boxed for shipment to Barrow later in the freight- 
irrg season. Bp early spring an overhead crane had 
tec.11 installed in the inachine sllop a t  Barrow, and at 
ilre airport a nose hanger had been coiistructed for work- 
ing on the bush planes. Seismic sllotlioles near the Bar- 
row camp had been redrilled and shot in an unsuccessful 
attempt to obtain a fresh-water supply. Three 20- 
by 48-foot quonset huts were added to the Barrow 
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c:tnip. I<y April an additional 50-horsepower boiler 
lT, as installecl in tlie boiler llonse. 

The main construction season st:lrted in the latter 
part of May and continued through the sulnmer. 111 

the early spring a site near tlle Barrow c:~liip \\-;IS sur- 
reyed :tnd cored for follnd:~tion information for the 
coastruction of 3 bulk-fuel storage t : ~ l ~ k s  of 10,000- 
barrels capacity each. I11 ? thy  a gr:trel fill n as ~ilade 
for  the tanks, and thennocouples and bencll 111arks \\-ere 
placecl for  testing the stability of the p r i t~e l  mat. The 
insta1l:~t ion \\-:-as s~q~ervised by tlie I'erll~af rest Sect ion 
of tlie Corps of 1I:ngineers. IT. S. Lirlliy. at L:\tltl Fielcl. 

I n  J u i ~ e  a new receirer :liitenn:~ for the C.iAi was 
started at  I3arrow. s:tntl 11i:tt 300 by 1.000 feet \\-as 
p1;tcecl n o r t h ~ ~ ~ e s t  of tlle camp for eqnipment storage, 

1 3 1 1  1 1 ~ 1  4 ;  - 1 1 ,  ,\ l l ~ , l l t l , \ , l l ~ l  #>I, I  1 ; 1 1  I, , ,!  , l l l l ~ l  l O \ ! < l l ~ I  , l l l l ,  lhl . l 1 0 \ \ 1 1 1 ~  

mnll) a s  ~t n y p ~ , ~ r e d  d111i11,o E . ~ r f l \  45. 1'110tog1.~1l~l1 1)) L .  h ~ \ . L T J ,  

S Allgust 194% 

and in ,July the constructio~l of a 40- by 100-foot weld- 
ing sllop attached to the nlaclline sliol, was started. 
This was completecl before the arriral of Barex '48 in 
August. Additional quarters were co~istructecl for tlle 
ARL (Arctic Research Laboratory) of the ONE. Con- 
struction mas started on a 1,100-foot extension to the 
runway by mixing tundra wit11 gravel and covering 
\~-itll pierced pl:~nk. Only 800 feet of tlle runway ex- 
tension \\*as completed before freezeup. A crown mas 
built into the new section, and a crown mas added 
to the old section by lifting the mat and sifting gravel 
through. All this had to be done while the strip was in 
constant use by C-46's' C-47's, C-82's, and an occasional 
13-29. 

I n  August the new receiver antenna was completed, 
ancl a start was made on a 40- by 100-foot sled shop, 
a general warehouse of the same size, and an addition 
to the administration building. 
,\ 50-foot section was added to the light-duty-equip- 

nlent sllop ancl a similar one to the heavy-duty-equip- 
ment shop. A special-equipment building was con- 
structecl for heavy-duty equipment that  had to be 
repairecl or overhauled more rapidly than coulcl be ac- 
coinplislled in the regular heavy-duty-equipment shop. 
Sled repairs, exterior tractor repairs, such modifica- 
tions as insnlation and new cabs, skid blocks, ancl track 
cllanges were made in this building. 

Two additional ~varehonses were built, ancl a new 
power house was partly constructed for 2 diesel-electric 
generators. This building was not completed because 
some of the power-plant equipment did not arrive on 
ISarex '48. The hangar which had burned in March 
194'7 was rebuilt in September 1948 for the use of bush 
planes stationecl a t  Barrow. A t  Umiat the load of drill 
pipe that mas lost through the ice on the Chandler 
River during the previous freighting season mas 
recovered. 

By October most of the summer's construction proj- 
ects were completed (see fig. 43), including the addi- 
tion to the administration building and large additions 
to the @ley and messhall, including a new bakery. 
'The piling foundations for  the new 1400-kilowatt 
cliesel-electric generator house were placed. Final con- 
struction of the new general warehouse and power- 
house was postponed until after Barex '49 because 
of materials shortages. 

During the fall  weeks the Barrow shops were busy 
rebuilding tractors obtained from Pearl Harbor that 
had arrived on Barex '48. 

Emphasis was given in the engineering office cluring 
tlle summer and fall  to  the foundation design for the 
proposed Oumalik test well. Concern was felt over 
the possibility of a foundation failure owing to  the 
thawing of permafrost because i t  was estimated that  i t  
woulcl required 2 gears to drill the test and that mud 
temperatures might be as high as 200°F. COL G. TV. 
Rathjens \\-as retained as a consultant to study and acl- 
vise on the probIem. A test laboratory was constructed 
a t  Barrow to  investigate the physical properties of 
the foundation materials. 

AERIAL PHOTOGRAPHY AND PLANIMETRIC 
MAPPING 

A t  the third interim meeting of the operating com- 
mittee in Fairbanks in September, Comil~ander Van 
Dusen, CO of Photo Squadron 1, reported on the re- 
s ~ ~ l t s  of his squadron's activity t o  that  date. The area 
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assigned for  photography \v:is about 50,000 squ:we 
miles. The squadron was based a t  Big Delta southeast 
of Fairbanks, and the aircraft consisted of 4 Liberators 
and 2 Beechcraft. About 46 percent of the vertical 
photography was finished, 47 percent of the trimetrogon 
photography, 82 percent of the proposed pipeline route 
between Umiat and Fairbanks, and inore than 00 per- 
cent of the color and black and white, low-angle, ob- 
lique photography. The committee commended Coin- 
mander Van Dusen on the excellent work of the photo 
squadron. 

Low-angle oblique photographs, both black ant1 white 
and color proved to be very useful in nlaking geologic 
interpretations. 

A t  the ninth meeting of the operating connnittee, 
William A. Fischer described the increasiiiglg impor- 
tant  role of aerial photographs in geologic work con- 
nected with Pet  4. H e  traced the course of the geologic 
use of aerial photographs in Pe t  4 and macie some 
recommendations as to their future use. H e  said : 
They (aerial photographs) serre inany purposes, starting wit11 
the planning of the field program, through its operational stages, 
to the field data and preparation of reports. Partly they sup- 
plement field studies and pern~it  interpolation or extrapo1t;tion 
of geologic information from linown into unknown areas. They 
may also be used as  a n  independent research tool, but in this 
capacity they must be used with extreme cantion. Interpre- 
tations based on study of aerial photographs should be checked 
whenever and wherever possible by ground observations * * *. 

The status of p lanimtr ic  mapping W:IS re~iewed I:ltr 
in 1948 by Francis L. Witkege, of the Topographic 
Division of the Geological Survey. H e  clescribed the 
earlier mapping on a 1: 48,000 scale basecl on olcl tri- 
metrogon photography, on newer, lower-altitude tri- 
metrogon photography, aiid on a sinall xnlount of ver- 
tical photography. H e  pointed out that better 1101-izon- 
tal control was becoming available as the map coin- 
pilation went on and that  some maps therefore ~ ~ o u l d  
have to be recompilecl to make the map detail of ad- 
jacent sheets join. 

GEOLOGY 

I n  the field season of 1918 the Geological Surrey 
maintained 3 parties in the field. The  laboratory a t  
Fairbanks also continued throughout the year to proc- 
ess field samples and cores. I11 addition, a large amount 
of effort went into the office preparation of reports, the 
development of plans for future geologic work, the 
planning and activation of an expanded and improved 
organizational pattern, and into making special office 
and laboratory geologic studies aiid interpretations. 

A t  the ninth meeting of the operating committee, 
Ralph I,. Miller outlined the somewhat modified or- 
ganizational pattern of the Navy Oil Unit ~vi th in  the 
Geologic Division of the Geological Survey. 

By tlie end of the field season of 1048, tlle acclxinu- 
lated infor~llatioil from all the geologic investigations 
innde possible an increasing amount of geologic inter- 
pretation. Sucli interpretation was useful not only in 
appraising tlle oil possibilities of l'et 4 but in making 
possible rather specific plans for  geologic investigations 
still required for additional information. Both long- 
and short-range plans for  additional geologic work 
were presented by the Geological Survey in some detail 
a t  tlie lliiltll meeting of the operating committee. 

FIELD SURVEYS 

PARTY 1 

Party 1 1 ~ : ~ s  under the gener:ll supervision of E. J .  
7JTebber, \\-I10 was assisted by t ~ - o  geologists, R. 13. Det- 
terman and lJT. 7V. Pxtton. The party was subdirided 
into various working units as occ:~sion required. 

Dettermail and Patton restudied the Chandler River 
from Tuktu (Paneak) Bluff to the mouth. Sarnples 
were taken for possible microfossils, ancl more than 35 
percent of them were later found to contain microfossils 
tllnt mould assist greatly in microfossil control in Pe t  
4. Tlie structural observations along the river cor- 
roborated the 1045 obserr a t' ions. 

On the completion of the Cliaiidler River traverse, 
Patton and 1)etterman were assigned to Karl  Stefans- 
son for work in the Cliantller and Hurnpa Lake areas. 
Patton 1r-a~ assigiiecl to the geologic interpretittion of 
tlie ~ i c i n i t y  of the oil seepages wllicl~ were being excn- 
vated near Cape Simpson. 

I n  the Cape Simpson area, 10 pits froin I) t o  13 feet 
deep were dug-? of the pits were on seepages, and 3 
were on neigliboring mounds. Soine of t,he rock frag- 
liieiits founcl may have been brought to the surface by 
frost action. l\Iicrofossils were determined by Helen 
Tappan Loeblich. A t  the seepages fresh green oil with 
soine gas welled up through steep fissures. Tlle rate of 
flow a t  one pit was estimated to be a little more than 2 
barrels a clay. A sainple contained no volatile frac- 
tions of gasoline or kerosene. 

AIean~rhile, IVebber, wit11 a sinall float plane also used 
to service other parties, inspected several places in tho 
very extensive area south of tlle Colville River aiid be- 
tween the Nanusl~uk and the Etivluk Rivers in order 
to obtain direct evidence a t  key places and to attempt to 
:~ns\\-er certain specific questions that had arisen as to 
geologic interpretation. 

PARTY 2 

Karl  Stefansson was the head of party 2.  Stefausson 
aiid J Iar r in  hIangus traversed the Ketik, Avalik, and 
Nigiaktuvik Rivers. Exposures are generally very 
poor in those areas, but some litllologic ant1 some struc- 



90 HISTORY OF EXPLORATION, NAVAL PETROLEUM RESERVE KO. 4, 1 9 44-5 3 

tural information was obtained. No fossils were found 
except a few plant fragments. 

Party 2, then augmented by tlie addition of Detter- 
inan and Patton, mapped structural features and meas- 
ured some stratigraphic sections in the Lisburne group 
near Chandler Lake. No zones of high porosity were 
1-ecognized in the limestone, whicli has a strong organic 
odor. Structural interpretations were limited by the 
1:tck of base maps. 

Tlle work of party 2 near Kurupa Tlake had scarcely 
started when i t  was terminated by heavy snow. The 
Lisburne group there is similar to that at Chandler 
Lake. Triassic rocks are also exposed, and tlle struc- 
ture is complex. 

PARTY S 

Charles L. Whittington was tlle leader of party 3. 
He was assisted by E. G. Sable, and tlie party was 
financed by the Geological Survey although it received 
logistic support from Pet 4. The party operated far 
east of the Reserve along tlie Okpilak, Hnltthnla, and 
Sadlerocliit Rivers and started at the Okpilak River 
and worked westward on foot across the Hulahul:~ and 
finally to Lakes Peters and Schrader. Tlle informati011 
gained proved to be useful in interpreting conditions in 
aitd near the Reserve. 

FAIRBANKS LABORATORY 

During 1948 the laboratory at P:zir;banks, under Rob- 
ert 31. Chapman, continued to perform its services to tlie 
overall Pet 4 effort. I n  the latter part of 1948, the 
laboratory staff was being increased toward the total of 
8 that were considered necessary for the anticipated in- 
creased program. Mr. Chapman reported in Septem- 
ber that the laboratory then was manned by 6 persons- 
hinlself, 1 micropaleo~ltologist, 2 fossil piclters, 1 laborn- 
tolay tecllnician, and 1 clerk. 

OTHER INVESTIGATIONS AND REPORTS 

George 0. Gates, of tlie Geological Sl~rvey, reported 
on his systematic appraisal of the petroleum possibili- 
ties of many of the anticlines known in northern Alaslta. 
He  related each of the structural features to the part 
of the stratigraphic section that might be tested there. 

Helen Tappan I~oeblicli continued to examine and 
report on microfossil samples received from the Fair- 
banks laboratory. By the Kovember meeting of the 
operating committee, Mrs. Loeblicll had prepared a re- 
port on progress in nlicrofossil investigation~ that in- 
cluded a range chart for Siinpson test well 1, a Cre- 
taceous outcrop range chart, and a chart showing top 
occurrences of all species common to the two Uniiat deep 
tests. Mrs. Loeblich's report also interpreted her 
studies of the fossils from the drilling near Barrow. 

Helen J. Plummer, of the Texas State Bureau of 
Economic Geology, was requested by the Geological 
Survey to make a special study of the micropaleontology 
of the Cape Simpson area. Mrs. Plummer's report 
proved valuable in interpreting the Simpson area and 
was much appreciated by the operating committee and 
the Geological Survey, especially since her work was 
done without compensatioli as she was a full-time em- 
ployee of the Texas Buyeau. 

During 1948, heavy-mineral studies, as an aid in geo- 
logic correlation, were continued by E. H. Lathram, and 
he summarized the progress made in those studies. 
Four heavy-mineral zones \\-ere recognizable in the 
section. 

Paul D. I<rynine, of tlle Pennsylvania State College, 
made studies of the petrography and reservoir char- 
acteristics of samples from Pet 4. The work was done 
by arrangement with the Geological Survey. 

Stephen W. Dana, of the Geological Survey, re- 
viewed all of the geophysical data accumulated to 1948 
and attempted to interpret them in terms of the geo- 
logic picture of Naval Petroleum Reserve No. 4 and 
surrounding areas as i t  was then known. 

Thomas G. Payile was continuously engaged in inter- 
pretation of the overall geologic features of Pet 4. 
By 1948 there were enough data for him to prepare a 
progress report on the evaluation of the oil possibilities 
of the major stratigraphic units. That report, which 
stated Payne's facies interpretation, was a milestone in 
the development of the understanding of the geology 
of the Reserve. 

GEOPHYSICS 

During January and February there was additional 
activity at the Barrow camp occasioned by the con- 
plete reconstruction of the seismograph camps. 
Approximately 35 wanigans were built for the 3 land 
seisn~ograph parties that were planned. Throughout, 
the ~vanigans were designed to last about 3 years. The 
sleds were made of pipe. On these were constructed 
16- by %-foot jamesway huts to make wanigans for 
sleeping, galleys, and messing. Storage and shop 
wanigans were of frame construction also built on 
pipe sleds. Each seismograph party of about 25 men 
was to have 9 wanigans as follows--1 galley, 1 mess 
and recreation, 1 utility, 1 storage, 1 shop, 1 office, and 
3 sleeper wanigans. I n  addition there would be water 
manigans and tvanigans used in connection with drill- 
ing and shooting operations. All preliminary prepara- 
tion was completed, and the parties were ready to enter 
the field by the first of March. They operated until 
the latter part of August. 

The three parties of the United Geophysical Co. in 
1948 were designated parties 43, 46, and 47. 
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P A R T Y  43 

Party 43 begaris its \\-ark in the Fish Creek area south- 
east of Teshekpuk Lake. I t  ran a long colitinuolls line 
near the Fish Creek seepage. S e x t  i t  mored to tlie 
northwest of Teshekpuk Lake and extended a con- 
tinuous line nortllward from a point on a seisnlic line 
of the previous season. Tlie line was carried around 
the lake and eventually tied into the mork of party 46 
east of the lake. 

Party 43 then inoved to the O~unalik area to malie 
refraction shots over the seismic high there. Tlie 
results indicated the absence of any high-velocity bed, 
such as limestone, ~ 1 0 ~ ~ 1 1  to a depth of at  l e a ~ t  13.000 
feet. 

PARTY 46 

Party 46 also began southeast of Teshekpuk Lake i11 
the Fish Creek area. After completing sonie detail 
around an indicated structural feature there, i t  mored 
southward to tie with 1947 work south of tlle lalie. Tlie 
mork of parties 43 ancl46, plus earlier 17-ork completely 
encircled the lake. No large structural features 11-ere 
indicated in the whole area. Generally the clil~s :use 
gentle toward the east. Data from sllallo\\- horizons 
were much more continuous tllan from deeper ones. 
There appears to he an unconfornlaMe zone at  depths of 
4,000 to 6,000 feet, but the interpretations were difficult 
and problematical. The basement was estimated to be 
at  about 10,000 feet. 

PARTY 47 

A refraction survey was started ]lear Point Unr~.o~v 
by party 47. I t  consisted of a loop of 13 refraction 

I 
- -  - 

profiles including one over the Siillpson 1 location. The 
cost was about $10,000 for each of tlle 13 profiles. Fol- 
lo~ving that ~ \ ~ o r k  it -\\-as recommended that reflection 
and refraction seismic xork  be combined in tlie future. 
h high-velocity horizon was intlicated at  a deptli of 

about 2,400 feet just soutli of Point Barrow. *It 1oc:l- 
tion 13 the depth mas about 4,700 feet, and a t  Pimpson 
test well 1, 6,700 feet. Tlie greatest distance to n liigli- 
velocity horizon is about 12,000 feet near refraction 
profiles 9 and 10. 

Later, more detailed work i11 tlie Barro\v area indi- ~ cated complex stratigraphy and structure just sol~tli of 
Point Barrow. Faulting and irregularitieh in the per- 
mafrost were indicated near Barro~v village. 7'11e b a ~ e -  
merit appeared to be highest about 51/2 niileq sontll of 
the Barrow camp. ,i t  the north end of the saiitl spit a t  
Point Barrow there is about 4,500 feet of confor~ilahle 
section. 

About the middle of tlle stuinmer of 1948, i t  was cle- 
cided to attempt some waterborne seismic operations, 
and the task was assigned to party 47. Wanigans and 
equipment were placecl on barges following the unload- 

ing of Barex '48. (See fig. 44.) Tlle work started late 
in August but was ineffective because tlie ice pack liad 
blown in so~lthwest of 13arron. Only a few days shoot- 
ing was accomplislied 1)ecanse of ice, wind, and ex- 
treme cold. Shots were n1;ltle along short lines north- 
\\-estwarcl froin tlie camp ant1 in Elsou Lxgooii. The 
party mored to Peartl I3ay but accomplished only two 
experimental sl~ots. liesults in tlle ~ ~ : ~ t e r  \rere good, 
and tlie work n-:m rapicl ~ r l ~ e u  weather permittetl. The 
line in 131~011 1,agooli indicatecl a nortll~rest regional 
dip. 

About tlie niiclclle of Septenlber, party 47 was 
equipped :IS :t winter party to work in the Barrow area. 
Tlie 111ai1l 1)rol)lenl \r:ts tlie poor light that niacle surrey- 

1 ' 1 . .  . (';run\, .vt I I ( L  c111 11;ir-$, f c~ r  \ ~ a t t ~ r l ) t > Y ~ i ~ ~  st'isllli(. ol~erations. 
l'liotogr;rl~ll I)?. I;. S. S:IT?., S q ) t r m l ~ + ~ r  1948. 

iag difficnlt. Drilliilg was also diffic~~lt, :lnd progi.ess 
TI-as slow. I3y tlie illi~ldle of I)~cenlb?r, lion-ever, the 
:tre:t was coverecl seismic.;llly. 

I t  was s~~spected froin :1 relocity surrey of tlie liole 
that at South Barrov- test ~ve11 1 tlie l)ei-ii~:tfrost is less 
tlr:tn 300 feet thick. 

DRILLING 

,\t tlie encl of 1047 a fishing opei.:ttion was u n d e n ~ ~ a y  
:tt the Siinpson 1 test hole. This hole was drilled to 
its full deptli by 31a-y. No new drilling projects were 
started until tlle fall of 1048; and, therefore, the 
actirity at Barrow during the summer montlis was less 
Illan ~iormal. 

S I M P S O N  TEST WELL 1 

Sore~nber  1047 lind beell spent in attempting to 
recover the materials droppecl in Simpson test well 1 
mllicll were lodged a t  2,561 feet. Finally the liole 
alongside tlle lost materials was reamed and special 
tools used to cut tlle waste into several lengths. Some 
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of the metal, but not all,  as recovered, and it was nec- 
essary to run 7-inch casing alongside to a depth of 5,954 
feet where it was cemented in. A t  aproximately 6,100 
feet tlle drill pipe was changed from 4%-inch to 3%- 
inch. A t  about that  time the local water supply froze, 
and it was necessary thereafter to haul water for  nearly 
4 miles. 

A t  6,170 feet the drill pipe stuck again. The bit 
\I-ould not come free; so i t  was necessary to back off, 
leaving about 100 feet of drill pipe in the hole. After 
considerable clifficultp the lost inaterials were re- 
covered: and, to prerent further difficulty, 118 lengths 
of drill pipe were replaced. Difficulty was still had 
with the mud, and i t  \!-as reconditioned. A t  6,314 feet 
samples from the bottom were highly cut wit11 gas. 
A t  that point the equipment was serviced, and some of 
i t  was replaced in preparation for drilling to 7,200 feet 
wit11 the 5,000-foot rig. The rig engines Kere orer- 
hauled ancl the pumps torn c l o ~ ~ n  ancl - \ ~ o r n  parts 
replaced. 

Three shotholes were drilled for a seismic velocity 
survey to prospect for ground water as an aid to the 
deeper drilling. Also a larger mud pump was in- 
stalled. After the abore preparations the hole was 
drilled to 7,002 feet, which ~ 1 - a ~  reached about the mid- 
dle of May. A series of formatioil tests was run, and 
the hole mas plugged to 6.387 feet. S o  oil was re- 
covered, and there \\-as little gas. About 20 barrels of 
salt water came up per hour ~ ~ h i l e  SIT-abbing with the 
fluid level a t  1,200 feet. Core samples studied by the 
Geological Sllrrey in TTashington indicated that tlle 
rocks below 6,535 feet were a brick-red and greenish- 
gray argillite comparable to baseineilt rocks farther 
east in the Caniling Rirer  area. The material in tlie 
lower part of tlie Simpson hole \\-as therefore inter- 
preted as being older than the Lisburne group. ancl the 
hole mas stopped in June. The rig was torn d o ~ ~ n  ancl 
prepared for  winter storage. 

SOUTH BARROW TEST WELL I 

South B a r r o ~ r  test well 1 is about a half mile solltll- 
west of the Barro~v cainp. Testing equipment came 
froin Simpson 1. The r ig  used 11-as an Ideco 122-foot 
standard ,%PI clerrick with a shorter substructure than 
llacl been used a t  Sinlpson 1 and a Satio11:rl 50 dran-- 
~ ~ 0 l . k ~ .  The ground a t  the well was coarse beach sanil, 
and i t  was coiisiderecl lullnecessary to drive n piling 
foundation. Instead, a timber inat was laid, a i d  
rigging-up started in July. 

A 151/2-inch hole was spudded in  about 15 August 
(see fig. 45), and 16-inch casil~g T T ~ S  driren with the 
aid of steam and cemented. Within 10 days a snlaller 
casing was set a t  400 feet, ancl preparations were n~acle 

I I ( . (  1.1 k7 - 1  I 011t I 11 II of SIX ~t So11tl1 T < c ~ r l o ~ ~  t ~ \ t  w ~ l l  1, 14 .111gu?t 
1'145. I ' l ~ o t o p r a ~ ~ h  b) G. S. S a r ) .  

for tleeper c1l.illing. (See figs. 46, 47.) Uy the encl 
of ilngnst tlie hole w7:-xs drilling :tt 730 feet, and rig 
housing and ~ ~ i a t e r i z i n g  was complete. After drilling 
out below the casing, an electric log was taken, but tliere 
were no inclications of oil or pas. Tubing w:xs rim 
and a packer pet to test the formation, but the packer 
clid not holtl. With continuous swabbillg through the 
tubing froill 1,750 feet, it \\-as impossible to lower the 
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fluid level below 600 feet. Salt water begwn to show in 
the mud, and i t  was believed to be coillii~g froill a sancl- 
stone bed a t  1,000 feet. 

Basement rocks of black slate ancl pllyllite were en- 
countered a t  3,385 feet. These were beliered to be  re- 
Cretaceous ancl possibly to correlate with the argillite 
found in Simpson test well 1. Drilling stopped a t  the 
end of October a t  3,533 feet, and the hole was aban- 
doned 011 11 November. 

Thin sancl streaks in the interval 3,040-3.200 feet 
showed stains of light oil, and i t  was felt that tlle 
chances for  a well s o m e ~ ~ h e r e  in the Barrow ricinity 
were goocl. 

I SOUTH BARROW7 TEST WELL 2 

A locatioil about 5 nliles soutllenst of the 13:1rro~\~ 
camp TTas selected for South I3arrow test \\-ell 2 ;  this 
\\'as the high point on the "structure" a i  locatetl seis- 
mically. Piling founcl;~tions \\-ere set, rigging 1111 \VTIS 

accomplisl~ecl, and the hole TTRS sl)utlded in December. 
The Card\\-ell rig and the Internatioilal Cementing 
TJnit mere ovei.llaulec1 ancl recontlitioned for South 
Barro~l- test 11-ell 2. 

I SUPPORTED ACTIVITIES 

During 1948 the use of the facilities in the lieserve 
for activities other tllan the oil exploration program 
\vas even more diverse tllall in 1917. The value of Pet  4 
to a wide variety of snch other activities \\-as beconling 
even more evident. 

443815--58-8 

INSPECTION AND INDOCTRINATION 

Following out the general policy of disseminating 
information to the oil industry, so fa r  as practicable, 
and of obtaining and using as much informed advice as 
possible, several \\.ell-known men from the oil industry 
toured the Reserve and inspected the operations. Their 
acl~ice and reactions were invaluable. 
,I pattern of inspection by Army and Marine Corps 

officers of field grade \\-as initiated as part  of their 
indoctrin,ztion into the Arctic. Through that pattern 
many high-ranking officers interested in various phases 
of Arctic activity were able to observe Pet  4 operations 
on tlle ground. Thus, a degree of Arctic background 
began to be clisseininated through military circles. 

BEETLE PROJECTS 

All three Beetle projects, which i t  \ d l  be reinem- 
berecl required substantial work in 1047, \\-ere contin~~ecl 
in 1948 but on a much s~naller scale because much of the 
work hacl already been accomplished. Beetles A ancl C 

only minor maintenance, but Beetle R was 
continuecl ~ ~ i t h  considerably more work. 

BEETLE A 

During the early ])art of 1948, a small maintenance 
crew a t  Bettle A, at  Skllll Cliff, pumped water from 
the footings of the 625-foot ton-er ancl took elevation 
:1nd temperature readings on the foundations. Through 
the xvinter and summer months, \vorkers and supplies 
\\-ere n~ored  regnlarly to Sk111l Cliff by LITT and bush 
l~lane. The  plan callecl for the painting of the tower 
in the late sninnler of 1018. The paint was suitable 
for applying to a claillp surface; but, the painters 
were ready on 9 Llugust, the tower was coated with ice, 
ailcl the only ~ ~ a y  to prepare i t  for  was to 
scrape it. I t  13-as slow work, ancl the weather coiltinuecl 
bad; so that only the top 160 feet of the tower hacl 
been given the prinle coat ~~11e11 the 1,roject was can- 
celed on 6 September. 

BEETLE B 

I11 January new concrete floors were pourecl over the 
old cracked and sinlting slnb fotmdations a t  Barter 
Island. The old floors llacl first been covered by 1% 
iilclles of Celotes. T h e n  the job was completed, the 
coiltractor personnel was returnecl to Barrow. The 
situation was not vet satisfactory. I11 May, probing 
of the gravel 611s under the floors indicated that  they 
were sat~xrated, and pumps were installed in the galley 
aiid laundry. Subsidence still continued, but slower, 
and a new solution had to be found. It was decided 
that  a piling foundation \\-ould be required, and piles 
were driven in Ju ly  for four buildings. By  September, 
after Barex '48, i t  was fomlcl that the po\~~er-plallt foul -  
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dation apparently had stabilized, and further work was 
deferred on i t  although illaterials were left a t  hand to 
complete the job if that were found to be necessary. 
Steel-beam supports were laid on the piling for the 
galley, shop, and l:iundry, and an air space was left 
between the buildings aild tlie ground to minimize heat 
flow. This additional work at Beetle B was provided 
for  by project 27 of change orcler T\I of 20 September 
1948 by tlie addition of $13,580. 

BEETLE C 

I n  February i t  was discovered that  the 26-pair con- 
trol cable for  Beetle C a t  Barrow did not function. 
I t  was deduced that  moisture had entered, probably 
through a small break, ancl had grounded the cable. 
A Wilcox Control Unit  was substituted to operate the 
various channels until tlie cable could be inspected 
after the spring thaw. Early in the spring tlie ,4ir 
Rescue tletnchment towed gliders to Barrow and made 
practice pickups. 

The concrete floor slab a t  the transmitter standby 
power plant began to sink a few weeks after i t  was 
completed. I t  lincl been laid on sand that was thought 
to provide a base much like that at  the Barrow camp. 
There proved to be silt and ice lenses below that  al- 
lowed tettling. Water  as pnn~pecl from the sand, and 
the eilgines placed on large timbers laid across the 
building. The ~ ~ l l o l e  was iiisulatecl to rednce the heat 
flow, and it was felt that tlie situation was corrected. 

COAST AND GEODETIC SURVEY 

The geodetic control work of the U. S. Coast and 
Geodetic Survey was continued eastward from Barrow 
in 1948. The work was under the general direction of 
Coilimander V~oodworth but was supervised locally 
from Barrow by LCDR Hubert A. Paton. 

About February, when tlle shopwork for the seismo- 
graph crews had been completed, the contractor con- 
centrated on preparing equipment, sleds, and wanigans 
for  the Coast and Geodetic Survey. This additional 
work resulted in a somewhat unusual load for the Bar- 
row shops. About the middle of March the Coast Sur-  
vey's sled train departed Barrow along a trail that  
already had been staked by weasel. Good progress was 
made all tlle way to Barter Island, 350 miles away, 
and caches were established along the route. 

I n  addition to the geodetic control work of the Coast 
and Geodetic Survey, that bureau decided upon the 
establishment of a magnetic station a t  Barrow. I n  
Ju ly  two buildings were approved for  construction by 
the contractor for the magnetic observations. One of 
these was for the observation of magnetic variation, 
and the other for magnetic absolute. The  construction 
was begun by Arcon in November and required special 

methods, as nonmagnetic materials had to be used 
throughout. By the end of the year, the buildings were 
90 percent complete. 

ARCTIC RESEARCH LABORATORY 

The Arctic Research Laboratory of the Office of 
Kaval Research began field activity from the camp at 
13arrow in August 1947. Plans were made almost i n -  
mediately for expansion of the laboratory facilities in 
1948. The  construction of two large 2-deck quoiiset 
huts was visualized. The first was started by Arcon for 
the A R L  early in the year. I n  L!pril, work was sns- 
pended temporarily, but by Ju ly  tlie building was ready 
for occupancy. The other large qnonset liut mas 
started in 1948 also but was not completed that year. 

AKCTIC TEST STATIOK 

An Arctic test station \\-as established a t  Point Bar- 
row by the Bureau of Yards and Docks in June of 19-17, 
and the establisllllleiit was authe11tic:xteil in n Illenlo- 
~.andum of Acting Secretary of the ru':ivy IV. John Ken- 
ney on 12 January 1948. The station was used for the 
testing of materials, techniques, and equipnient under 
arctic conditions. Administrative control : L I ~  logistic 
support were provided by the OICC of Pet  4, and tech- 
nical control was under the cognizance of the proving 
ground officer, Por t  Hueneme, Calif. 

Fiscal support was provided through 30 June 1948 
by change order K of 10 March 1948 and through 
December 1948 by change order M of 20 September 1948. 

I n  11148 the complement consisted of 1 officer and 14 

enlisted men. They were designated NCBD (Naval 
Construction Battalion Detachment) 1801, and they 
carried out in the winter of 194748 tests on various 
types of cargo sleds, a wing aerosleigh, auxiliary cold- 
starting aid kits, prefabricated huts for the Marine 
Corps, low-temperature lubricants, hydraulic oils, ant1 
snow compaction. Investigations were also made on 
various kinds of arctic clothing. 

On 4 June, CWO S.  W. Eszengi completed his assign- 
ment as OICC of NCBD 1801 and was relieved by 
L T J G  Frank W. Galbraith, CEC, USN. 

CORPS OF ENGINEERS 

Purdue University under contract with the Corps of 
Engineers, U. S. Army, sent Robert E. Frost and James 
IT. Hittle to Pe t  4 in June to  investigate and develop 
air-photographic interpretations of soil and permafrost 
conditions as aids in  road, airfield, and other types of 
construction. They recognized the elevated beach line 
that  runs a short distance inland between Barrow and 
Wainwright as the most likely site in the region for  
any additional airstrips. They were unsuccessful in 
finding airfield sites in the Oumalik area and deter- 
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mined the nearest gravel to be on the Ikpikpuk ant1 
Titaluk Rivers from 20 to 50 miles :i\ray. 

OTHER ACTIVITIES 

I n  January electronic equipment for measuring ice 
thickness was tested i11 the Reserve by specialists frorri 
the Radio Corporation of America. Tlie results of the 
tests were to be usecl in an attempt to clerelop n better 
means of nieasuring ice thickness. 

A t  the end of May the National Medical 1:esearcll 
Institute sent a team into Pet  4 to extencl the Institute's 
research into mosquito control in the Arctic. Mucll W:IS 

learned about the kind and habits of the mosquitoes in 
tlie area, and tlle mosquitoeq were greatly retlncrd in 
number in tlle \-icinity of I-~l l i :~t  tlii 'o~~gli fl.eq11eilt 
spraysngs. 

In  .Tune, rel>resentatives of the CyLI A\ dikcu-5rcl I\ ltli 
Nary representatives :~tlditioilal n a ~  ig:ttioiinl :lids in 
Pet 4 ancl desirable clianges in flight reg!.nlation~. *is  
:L result mininiuni-flight requirements for Nary ope1 a- 
tions were easecl because of the experience of ,Il:tikmi 
pilots under tlle contract. 

Tlle U. S. Coast Guard icebreaker h'ot~fhlr~~ind rci~cllecl 
I3arrow on 24 July and xnr.1io1-rtl otfs1ioi.e ~n i t i l  26 ,July. 
After leaving on the 26tli, the ic.ebre:lkr~- T \ - w  Forced 
back by bad ice conditioiis oil 27 7J~~1y  : ~ n d  rem:\iiied 
until 1 August. About the n?itltlle of ,111g11st tlie Cit- 
nadian supply ship Sno?obitd I1  rounded Point Barrow 
with tlie aicl of an RCAF aircraft for s c o u t i n ~  ive. 

SUMMARY OF 1948 

,It the start of 1948 i t  had seeilied tll:tt tlie j-env ~vould 
be a relatively quiet one ~ r i t l l  a sonie~rhat reduced sc:~lc 
of operations. As the xear n-eiit on, llowerer, plan? 
developed for a sharply increasing scale of activities, 
and these plans were substantially activated later in the 
year. I n  general, tlle year \\-as a good one in Pet 4. 
Major advances were nlacle, a11d the stage \\-as set for 
inore effective operations in the future. 

By 1948 the program had gone on long enougli t l ~ t  
results accumulating since the start in 1044 \rere sup- 
plying an ever-increasing and el-er-improving back- 
ground of coordinated data for  more effective future 
planning, for closer pinpointing of the objectives of 

a 1011 each project, and for more satisfactory interpret t '  
of results. 

To  handle more effectively this larger I)ackground of 
information and to improve ant1 expedite tlie serrices 
required of it, the Geological Surrey exl):intlecl and 
streamlined its organizational and administl-ative pat- 
tern as related to Pe t  4. I11 October Ralph 1,. Miller 
became head of the Survey's Navy Oil Unit. 

I n  the Arcon organizatiol~ changes mere made also 
and especially a new position of chief of esplor a t '  ion 

\\-as established. 'l'lie positioil was to be occupietl on 1 
,Jat111:1ry 1949. Ted Mathews became assistant project 
lnanager.. Howard Myers relieved ,John Legge as geo- 
pllysical supervisor for the United Geophysical Co. 

Pet 4 continued to support other activities, generally 
oli :L rep:ty basis, ~vithin the area and thus made possible 
:L \vide variety of desirable projects tliat other~vise \vo111cl 
11ot hare beell practicable. 

Iltlring 1948, Simpson test \\-ell I was cavriecl to the 
b:~seinent rocks in the Cape Siinpsor~ :Lre:t. An encollr- 
:~gin(r a stl.:ttigr:~pllic test Ilad been drilled on a struct ll l '~1 
feature in the Barro~v area. Ii~corr~plete invest ig~t  ions 
to be colltiiluell in 1949 i~lcladetl further st~lcly of the 
so-callecl Barrow high or Barrow structt~re, ant1 iiiore 
inrestigation of a "liigl~" extending from Harrow south- 
east~vard and ~\-Ilich seeniecl possibly to divide the great 
sec1inlent:try basin nortll of the 13vooks R:~iige into two 
parts. 

SIXTH YEAR-1949 

GENERAL PLASNING A S D  ADMINISTRATION 

1<y tlie time tlie sixth Teal. opened :~ t  the start of 
1!)4!), tlie prograln had been mitler\\-:ty long enough that  
a considerable backgrouncl of Arctic experience had 
bee11 g:tinecl as to what coulcl be done, when i t  could be 
done, and llo~v i t  could best be (lone. Some activities 
were still sollie\\-liat in tlie experimentnl stage, but good 
progress \\-as being made on them. hl this category 
n igh t  1)e nientioned certain geophysical operatioils such 
:IS the use of the magnetometer and meter and 
certain as to the preparation nncl maintenance 
of foundatiolis for large rigs : ~ t  sites ~vhel-e deep holes 
\\-ere to be clrilleil. 

Tlie first chief of exploration7 E. TV. Beltz, after a 
coiisideritble stucly of the overall aspects of Pe t  4, in- 
clutling fanliliarizing himself ~ v i t h  many of the details, 
fornixlly tool; ofice a t  Fairbanks on 1 January 1949. 

On tlle geopllysical and geological fronts, each new 
bit of irlformation and each new or nlodified interpreta- 
tion in turn led to new problenls, new ideas, and new 
lilies of investigation to be followed in order to proceed 
lllore directly toward tlle overall objective of a reason- 
:~ble appraisal of the oil possibilities of I'et 4. The  
drilling tliat had been done, and was being done, mas 
continn:~lly emphasizing tlie increasing need for reliable 
basic informatioil in tlle selection of drill sites. 

I11 Pet  4 at  tlie beginning of 1949 were a total of 418 
1)rrsolis. Of these 340 were Arcon (Arctic Contractors) 
employees-330 at  Barro\v, 14 at  Umiat, and 5 a t  Ouma- 
lik. The remainder totaled 69 and included Army, 
Kavy, CAA, Alaska Airlines, United Geophysical Co. 
employees, and others. 

As  the year started, freighting to the Oumalik site 
was well underway, haririg started about 1 December 
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1048, almost 2 montlls earlier than the normal freight- 
ing season because of an early  inter. 

On 8 January, ADA1 A. E. hfontgomery, Com 17 
(Commandant 17th Naval District), and ADM C. A. 
Trexel along with a party of several officers arrived in 
Fairbanks. On the following day, and in company with 
the OICC (officer in charge of construction) aiid the 
ROICC (resident officer in charge of construction) at 
Barrow, the party flew by contract aircraft to Barrow 
to inspect the facilities there and to review the 1949 pro- 
gram of Pet 4. I n  addition, Admirals Montgomery and 
Trexel inspected the Arctic Research Laboratory of 
ONR, the Arctic Test Station of BuDocks, and the 
Clothing Research Unit of tlie Naval Supply Depot, 
Brooklyn, N. Y. A11 of these facilities were a t  Barrow. 
The Admirals' party left Barrow on 10 January. 

A conference bet\\-een the contractor, G. TV. Rathjens, 
special consultant to the contractor, and specialists of 
the Geological Survey was arranged to discuss perma- 
frost problems as related to the foundation of the Onma- 
lik rig. Mr. Rathjens arrived in Fairbanks on 24 Janu- 
ary, and Robert F. Black, J .  H .  Swartz, and G. R. Rlac- 
Carthy, all of the Geological Survey, came in 2 days 
Inter. On the 27th all proceeded to Barrow and from 
there to tlie Oumalik site :dong ~vi th  Assistant Project 
Manager Mathews. Mr. Rathjens returned from Bar- 
row on 2 February and had further discussions ~ ~ i t h  
the contractor on 5 February. 

I n  October of 1948 Stewart Folk, the technical ad- 
visor to the OICC, resigned and left Fairbanks. The 
position remained vacant until early February 1949 
when C. E. Hamilton, n-110 had been hired for the posi- 
tion, reached Fairbanks and immediately reported for 
duty. 

Early in February, Conlnlodore TV. G. Greenman, 
DNPR, visited Fairbanks aiid Pet 4 for a general in- 
spection of operations. He was accompanied to Barrow 
and return by the new chief of exploration. About the 
middle of the month tlle DNPR returned to the States 
but stopped at Kodialc enroute for discussions with Con1 
17 on Pet 4 matters. 

On 3 February LCDR 5. S. Hutchins, Jr., arrived 
in Fairbanks to relieve LCDR L. P. Frate as ROICC 
at Barrow. Lieutenant Comniaiider Hutcllins was held 
in Fairbanks for a few days for the purpose of in- 
doctrination, but he shortly left for Barrow wit11 Lieu- 
tenant Commander Frate, xvl~o remained in cllarge at 
Barrow until 17 February when Frate left and H~ltchins 
took over. Lieutenant Con~mander Frate proceeded to 
Seattle where he took over as a contract officer, includ- 
ing cognizance of contract NOy-13360 in Seattle. 

I n  recognition of the general policy of disseminating 
as widely as possible as much information as possible 

about Pet 4, Henson Baldmin, of the New York Times, 
went to Barrow in February to view and report on the 
operations. Unfortunately Mr. Baldwin mas able to 
stay in the Barrow camp only a few hours and thence 
proceeded to other military establishments in Alaska. 

COL W. K. Wilson, Jr.,  district engineer, St. Paul 
District, Corps of Engineers, U. S. Army, and Barney 
L. Trawicky, civilian head of the permafrost studies of 
the Corps of Engineers in Fairbanks, called on the 
OICC about the middle of hlarch to discuss permafrost 
matters of mutual interest. Colonel Wilson assured 
the OICC of the continued availability to Pet 4 of such 
assistance in the permafrost field as might be 
practicable. 

During tlie first half of 19-29, there were repeated dis- 
cussions between the OICC aiid representatives of the 
Alaska Native Service relative to the part-time use of 
Dr. Philip Maisonville, ANS doctor a t  the native 
village of Barrow, by the contractor. For one reason 
or another no arrangement was made, and the contrac- 
tor decided to employ a doctor for Pet 4. Dr. Maison- 
ville resigned and left Barrow about the middle of the 
summer. Early in July Dr. Duncan M. Chalmers, 
director, Division of Preventable and Communicable 
Diseases of the Alaska Department of Health went to 
Barrow and while there inspected the Alaska Native 
Service facilities. 

The 10th regular meeting of the operating committee 
was held in the Navy Department in Washington on 
12 and 13 April 1949 to receive reports from the Geo- 
logical Survey, Arctic Contractors, and United Geo- 
physical Co.; to discuss future drilling; to be briefed 
on the plans for Barex '49 ; to discuss the summer pro- 
gram; to appraise the financial situation; and to dis- 
cuss other matters pertinent to Yet 4. 

A proposal was discussed to modify the project of 
seismic party 45, that at the time was on a reconnais- 
sance line near the illeade River, to permit it to do 
certain detailed profiling across one or more of the anti- 
clines in the vicinity of the Meade River instead of 
continuing its reconnaissance. After long discussion a 
pattern satisfactory to the committee was proposed 
whereby a certain amount of detailing would be done 
in the vicinity in ~ ~ - h i c h  the party then was, but that 
time m-ould be budgeted so that seismic reconnaissance 
ties also would be conlpleted. 

Preliminary reports on much of the work of the Geo- 
logical Survey had already been made at the November 
meeting, but the reports presented at the 10th meeting 
contained some new inateria1 and some modificatioiis 
of the earlier interpretations. liar1 Stefansson dis- 
cussed the stratigraphy and structure of tlle area of 
the Avalik, Ketik, and Nigiaktuvik Rivers. George 
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Gryc suinillarized tlle status of geologic iilformation on 
Pet 4 and adjacent areas and mlnounced tlle co~npletion 
of a geologic map of northern Alaska ~ i t l l  strati- 
grapliic sections, structure sections, facies diagrams, 
and a text. H e  pointed out that  all new interpreta- 
tions had been included on the map. Gryc especially 
described certain changes in noinenclature of geological 
units. The committee requested that these be shown 
011 a diagram so that the iiem usages coulcl be risutllized 
more readily. 

Mrs. Loeblicll described Iier microfossil studies of 
111aterial from South B a r r o ~ ~  test wells 1 and h n c l  
from Simpson test well 1. She described the tliickea- 
ing of the Cretaceous section out~v:~rd fro111 the crest 
of an ancient ridge a t  Sontli U:trro\v test ~vell 2. The 
committee commendecl Mrs. 1,oeblich on her raluable 
contributions to Pe t  4. 

Mrs. Loeblich also snnmlarizecl a report on the ostra- 
codes and their significance that had been prepared 
by Professor Swain, of the Uiliversity of JIinnesota, 
for the Geological Survey. E. H .  Lathram cliscussed 
the status of the work on heavy minerals in tlle Cre- 
taceous and Tertiary sedinlentary rocks, and the dis- 
cussion brought out some of the limitations of tlie use 
of heavy minerals for  correlation purposes. Mr. Lath- 
ram also reviewed the problem of correlation between 
the two South Barrow tests in which the lithologic, 
paleontologic, and geophysical evidences are somewhat 
incompatible. 

Next Mr. Lathram presented a report by Professor 
Euster, of the Pennsylvania State College, on the 
analysis of samples from South Barrow test well 2, and 
two others by Prof. Paul  Krynine, also of the Pennsyl- 
vania State College, on the petrology and reservoir 
properties of South Barrow test wells 1 and 2, and on 
an analysis of sand formatioil in a geosyncliile espe- 
cially as applied to northern ,\laska. 

JTilliam A. Fischer presented a regional interpre- 
tation of the structural geology that was based on 
photogeologic studies of a large part of the central 
Colville River area and on such surface studies as had 
been made. H e  also described several anticlines in 
some detail. 

Stephen 7V. Dana conlpleted the presentation of the 
Geological Survey technical papers wit11 a discussion 
of the seismic evidence for the base of the Tertiary in 
the eastern part  of Naval Petroleum Reserve No. 4. 

Ralph L. Miller, Chief of the Xary  Oil Unit, Geo- 
logical Survey, reported that the proposed moclifica- 
tion of the organizational pattern of the Navy Oil Unit  
mas rirtnally complete. Tllomas G. Roberts a t  that 
time was head of the Fairbanks laboratory of the unit. 
The committee complimented Mr. Miller on the excel- 

lent progress tliat tlle X:L\-j- Oil Vnit  had nli~cle. Mr. 
Gryc outlined the plans for  geologic fieldwork for the 
season of 1049. Tllese llxcl not changed substantially 
since the plans were first laid out in November 1948. 

Ho\\-nrd Myers of the United Geopllysical Co. re- 
ported on the work of seismic parties 44, 45, 46, and 47 
:lnd oil the possible interpretation of results. There 
\\-as 111ucl1 cliscnssion by the comn~ittee of tlle geo- 
physical information in :Ln attempt to use that informa- 
tion just as inncli as possible in developing a better 
~ulderstantiing of tlie extensire coastal plain area over 
which bedroclis do not crop olit. Oiily brief niention 
x~-as ni:ide of tlie gravity-meter IT-ork. A t  the end of 
tlie cliscussion, the committee reversed its earlier staiicl 
and decidecl to cancel the detailed seismic work of 
party 45 in the AIeade River area in favor of the 
original plan of reconnaissance seisnlic lines that  \voulcl 
be tied together. 

E. TV. Beltz, tlie new chief of exploration, discussecl 
in substantial detail the correlation of South Barrow 
test wells 1 a n d 2  and the correlation between them and 
Sinipson test 11-ell I. H e  interpreted the evidence in 
terms of tlie geologic environment and, from the inter- 
pretation, made inferences as to the oil and gas 
possibilities. 

Tile seconcl clay of tlle 10th meeting began with :t full 
discussion of the advisability of drilling :L third test 
(South I_iarro\v test well 3) on the so-called Barrow 
high and tlle depth to which i t  s l ~ o ~ ~ l c l  be drilled in a 
location about 15 miles soutli ancl a little west of Har- 
row. T l ~ e  exact location \\-as to be determined by the 
chief of exploration, the chief geopl~ysicist, and the 
project manager, but the locatioi~ mas to be coilfirlned 
by mail rote of the operating committee. On the basis 
of the use of a Cardwell r ig with an 87-foot clerriclr, 
i t  was roughly estimated that  the test would cost 
$188,000 in casll plus about $113,000 worth of Govern- 
ment-owned materials. 

The committee considered and approved additioilal 
magnetometer and gravity-meter work in tlle vicinity of 
the Barrow high to the extent that  ground magnetom- 
eter work could be carried on \\-itl~out any substantial 
outlay of funds by using a v~easel from existing camps 
plus such additional airborne illagiletometer observa- 
tions as could be made a t  non~inal cost. The committee 
considered but decided to  table a suggestion that a tor- 
sion balance be tried as an exploration tool in the Bar- 
row area. The  committee discussed the use of special 
seismic methods to attempt to determine the bottom of 
pern~afrost. Mr. Reed, of the Geological Survey, was 
requested to discuss with tlle Ofice of Naval Research 
the possibility of having attention given to this by the 
Geological Survey's permafrost project at  the Arctic 
Research Laboratory. 
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Conrnlander Fischer, tlie OICC, reported on tlre 
planning thus far  for Barex ,49. Mr. Gillespie, the 
project manager, reported on the progress and plans for 
the drilling and production program for 1949 of South 
Barrow 2 and 3, Oumalik test well 1, Fish Creek test 
well 1, and the Simpson core tests. IIe also reviewed 
the winter freighting season. 

Mr. Curtice, as tlie representative of Arcon, an- 
nounced that Bart Gillespie, the project manager, 
would be leaving Pet 4 to administer an explor a t '  ion 
project in Mexico. Commodore Greeninan and others 
coininended Mr. Gillespie for his outstanding service to 
Pet 4. 

The committee uiiailiiilously approved a iiiotion of 
Mr. MacNaughton to the effect that the progress of the 
exploration of the oil possibilities of NPR 4 has been 
satisfactory and that the progranl sllould be continned 
until its objectires have been reacl~ed. Mr. MacNaugll- 
ton noted that the program had consisted of (1) the 
1n:~pping of the Reserve by geological and geopllysical 
n~rtllotls to cletermine tlie surface and subsurface struc- 
ture of tlie sedimentary beds, and (2) the drilling of a 
ii~iinber of shallo~v wells to obtain data on the strati- 
graphy; toward the objective of drilling; upon the 
basis of the above-mentioned work, a limited number of 
tests oil selected prospects for the purpose of deterinin- 
ing tlie existence or absence of commerci:tl acc~mnln- 
tions of petroleum. 

Tlle desirability was coiifi~inecl of a sl~ort  seisrnic 
project near Chandler Lake to determine tlie seismic 
velocity of the Lisburne group where i t  crops out. It, 
mas noted that savings could be effected by coordination 
with geological parties in the area. Finally i t  was de- 
ternlined that the waterlr)orne geopllysical par1 y plan- 
ned for the 1949 summer would be postponed. 

Arcon had interested Mr. E. 11. Ilavis, chief of drill- 
ing and production, Signal Oil Co., in the position of 
project manager to Hart Gillespie. Davis 
visited Fairbanks and the Reserve between 23 April 
and 4 May. Mr. na r i s  accepted the position and on 
31 May retunled to Fairbanks :111cl tool< over liis new 
responsibilities. 

The DNPR inspected the Fairbanks and Barrow 
f:tcilities of Pet 4 between 12 May and 20 May. Special 
:tttention was given to the location of South Barrow 
test well 3. 

I n  May, representatives of the Department of Agri- 
culture arranged for the limited spraying with DDT 
of both the Umiat and Ouinalik camps in an attempt 
to control the irlosquitoes and make the camps more 
livable. Those two camps later were approved by the 
Air Surgeon, Alaska Air Command, for followup 
spraying. I n  July, representatives of the Public Health 

Service conducted a mosquito-control test a t  Umiat 
using a new type of sprayer operated from the ground. 
The results indicated the desirability of continuing 
ground control as it was cheaper than aerial spraying. 

During June, July, and August, a substantial num- 
ber of persons visited Naval Petroleum Reserve No. 4 
as special guests. Many of these were representatives 
of oil companies; others were responsible Governir~ent 
officials and businessmen. Some of the visitors went 
to and from Barrow and the Reserve by way of Navy 
contract aircraft; others, in private aircraft. Such 
visitors numbered about 25 and included- 

Paul L. Henderson, manager of exploration, Ohio Oil Go. 
C. W. Tomlinson, president, American Association of Pe- 

troleum Geologists. 
T. S. Peterson, president, Standard Oil Company of Cali- 

fornia. 
Colonel .J. P. .Johnson, general manager, Alaska Railroxtl. 
G. L. Skinner, president, Alaska Steamship Co. 
G. A. Griffin, district manager, fiforrison-Knudson Co. 
Walter Greenfield, Signal Oil and Gas Co. 
G. &I. Cunningham, Standard Oil Company of California. 

Tlie visitors were in tlie Reserve from a few hours to 
several days. Many of those ~vho  visited the Eeserve 
later wrote to the DNPR giving their reactions to Pet 4 
and how the work was being carried out. 

I n  addition, representatives of newspapers, maga- 
zines, and broadcasting companies visited the Reserve. 
Among these were : 

Harvey V. Fondiller, to take pilotographs for a n  article for 
a current magazine. 

A. G. Hiebert and R h .  Gaines, KFAR, Fairbanks, to record 
the Barex landing for radio broadcast. 

W. I<. Debman, news con~menti~tor, Smith Douglas network. 
Thomas G. King, Jr., photographer, Life magazine. 
Richard B. Kirkpatrick, Cincinnati Enquirer and Newsweek 

magazine. 

Several significant persorillel changes took place in 
the summer of 1949. I n  late May LT Norman M. Jack- 
son reached Fairbanks to relieve L T J G  C. F. Kricken- 
berger as assistant to the OICC. On the next day a 
modification to Jackson's orders was received giving 
him additional duty as the ROICC a t  Barro~v. LCDR 
Hutchins was ordered to report to Com 5 (Commandant, 
5th Naval District), and on 2 June he was relieved at  
Barrow by Lieutenant Jackson. On 9 August, LCDR 
S. C. Gill relieved Lieutenant Jackson, who in turn im- 
mediately proceeded to Fairbanks where he reported as 
assistant OICC thereby relieving Lieutenant ( J g )  
Krickenberger. I n  late June CDR Jos. R. Wood re- 
lieved LCDR N. M. McLeod as aviation technical ad- 
visor to the OICC. On 19 July, C14PT Foster 1,. 
White, USAF, was assigned to Arcon as asst. petro- 
leu111 engineer for Pet 4. This detail was carefully 
worked out by the deputy DNPR, the technical advisor 
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to the OICC, and Captain White. I n  addition, E. I). 
Spaulding was made cliief engineer, Jack M. Aidanis, 
superintendent a t  Barrow, J. IV. Dalton, assistant su-  
perintendent, and W. H. Larson, chief of drilling and 
production operations. 

I n  early June  a consultant from tlie Imperial Oil 
Company of Canada, Alex Hemstock, was called in to 
advise on the design of a gas pipeline fro111 South Bar- 
row test well 2 to the camp and on a gas distribution 
system in tlie camp. 

COL 0. F. IZotick, the deputy I)P\'PIZ, speiit t l ~ e  slun- 
mer a t  Fairbanks and in Pet  4. H e  tlioronghly fa- 
miliarized himself with all phases of Pet 4 operations, 
participated as the DNPR's representative ill illally con- 
ferences, guided several represeiltatives of the oil in- 
dustry through the Reserve, and provideel connbel in 
many of the problems that  continually arose. H e  
reached Fairbanks on 6 June  and left for the States on 
10 September. Walter A. English, technical aclrisor 
to the DNPR, also spent substantial time in Fairbanks 
and in the Reserve in the summer of 1940. 

The Air  Force, the City of Fairbanks, ant1 the Savy's 
facility a t  Fairbanks all were furilislled utility services 
by the Fairbanks Exploration Del~artmelit of the U. S. 
Smelting, Refining, and &Iining Co. 

A t  the end of June  Reinhold Brust, assistant sul)er- 
intendent of the Alaska Native Service, indicatecl to the 
OICC that  tlie Native Service might request n core- 
drilling project to be carried out by Arcon to search for 
coal that had been revealed by shothole drilling in the 
area in 1948. 

RADM F. W. Wagner and a party of officers were 
accompanied to the Reserve by tlie OICC oil 1 July. 
admi ra l  Wagner inspected tlie cletacliment of Photo- 
graphic Squadron VP-61 at Cniiat. A t  Barrow n coin- 
plete inspection was made of Pe t  -1 facilities as well as 
the Arctic Research Laboratory and the Arctic Test 
Station. The party returned to Fairbanks on 2 July. 

On 30 Ju ly  CDIt M. H. Anbey, CEC, USN, a r r i ~ e d  
in Fairbanks as the relief for Commander Fiscller as 
OICC. Commander Aubey familiarized himself with 
Pet 4, its operations and problenls cluring August, and 
ou 4 September he assumecl the cluties and responsibili- 
tiec of the OICC. Comnlander Fisclier departed on 
that date for  tlie States in accordailce with basic orders. 

On 6 August R A D J i  13. J. Roclgers, ComPhihl'itc 
(Commander. Amphibious Force, 1':tcific) , and a partx 
consisting of VADM G. F. Bogan, ComFirsTaskFlt 
(Commander, First Task Fleet), RADllf C. A. Tresel, 
L)irPacAlDocks (Director, Pacific and Alaska Ilivisio~i, 
Gilreau of Yards and Docks), RADM J. M. Hoskins, 
ComAirPac (Commander, Air  Force, Pacific), and 
several other officers went to Barrow along with the 

OlCC to inspect IJarro11- and Barter Island ailel to wit- 
ness the Barex '49 ulilowdirig oper  '% t '  ions. 

JIelnbers of the operating committee or  their advisors 
who Irere in Fairbanks and Pet 4 during the summer, 
in  additioii to those already mentioned, included 
Ilerbrrt Hoover, Jr. ,  Janies Tully, A. A. Curtice, Rex 
To.uviisencl, Earle Taylor, and John C. Reed. 

With the appointment of a chief of exploration, i t  
was believeel that the usual fall interim meeting of the 
operating committee could be omitted and its place 
taken by a group designated the technical comn~ittee, 
to be niade up primarily of representatives of the 
various operating segments of Pe t  4, that  ~vould con- 
sicler a11 pertinent data a t  the close of the field season 
and I\-ould propose a technically sound program for  the 
following year. Tliis program would then be consid- 
ered, wit11 111~~11 saving of time and expense, a t  the regn- 
lar  November meeting of the operating committee. 

Following the above outlined pattern, which did in 
fact prove to be a substantial improvement, t l ~ e  teclini- 
cal committee met in Fairbanks on 5 and 6 September. 
I n  attenclance were, for the Navy, COT; 0 .  F .  IZotick, 
CDR 31. H. -inbey, and C. E. Hamilton; as consultants, 
Waltei. -1. Ehglish, ailcl Earle Taylor, of DeGolyer and 
RfscSanghton ; for tlie Geological Survey, Ralph Miller 
and other ~nenlbers of the Navy Oil Unit ;  and for  
Arcon. E. L. Davis, E .  TV. Beltz, IIo\varcl Myei-s, and 
others. 

Prelinlinary reports were received on the results of 
geological surreys, just completed, and of geophysical 
surveys to be terminated within a few days. A pro- 
gram of exploration was outlined for 1950 for the con- 
sicleration of the operating committee. 

Tllree geological parties mere proposed to operate 
v ithin the Reserve. A fourth, to be supported by Geo- 
logical Survey funds, ~ ~ o u l d  operate outside the Re- 
serve. Three additional parties were placed on a sup- 
plemental list to work outside the Reserve. Some doubt 
has been expressed as to whether or not the Navy could 
continne support mark outside Naval Petroleum Re- 
sel-ve Xo. 4 even though the work w-as pertinent to an 
uuderstanding of the geology in the lieserve. That  
matter was to be resolved later. 

Three seismic parties IT-ere ljroposed, with a possible 
fou r t l~  party for a 1:wger progranl. Tlle technical com- 
mittee callecl for further study of a grarity program 
tliat i t  considered advisable. 

Proposee'l drilling included Simpson test \re11 2, 
probably 15-it21 the National 125 rig, a second test to be 
drilled on the north flank of the Oumalili ailticlii~e 
either with the National 50 rig or preferably with the 
WTilson Super Titan rig if i t  was available, and a test 
with ,z National 50 rig of the Titaluk anticline. 
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The operating coininittee met on 17 November in the 
Department of the Interior building in Washington, 
D. C., to provide plans for the 1950 operating season. 
The 3 previous days had been allotted for review of 
data and for informal discussion by participants. 
Attendance included the following members and alter- 
nates of the Committee : Commodore W. G. Greenman, 
DNPR ; COL 0. F. Kotick, Deputy DNPR;  7V. E. 
ll'rather, Director, Geological Survey; John C. Reed, 
Geological Survey; L. TIT.  MacNaughton, DeGolyer 
and MacNaughton, Inc. ; A. A. Curtice, vice president, 
Exploration Contractors, Inc.; CDR G. E. Fischer, 
BuDocks. Also present mere Walter A. English, tech- 
nical advisor to the DNPR ; Herbert Hoover, Jr., presi- 
dent, Exploration Contractors, Inc., and president, 
United Geophysical Co. ; Glen M. Ruby, vice president, 
Exploration Contractors, Inc.; Rex Townsend, vice 
president, Exploration Contractors, Inc. ; James Tully, 
Exploration Contractors, Inc.; Earle Taylor, De- 
Golyer and MacNaughton; Milton Lebsack, ONPR 
(Ofice of Naval Petroleum Reserves), CDR M. EI. 
Aubey, OICC; E. 1,. Davis, project manager, Arctic 
Contractors ; Howard Myers, geophysicist-in-charge, 
Arctic Contractors; E. J. Rusing, chief accountant, 
Arctic Contractors; C. E .  Hamilton, technical advisor 
to the OICC; T. C. Mathew, assistant project man- 
ager, Arctic Contractors; and from tbe Geological 
Survey's Navy Oil Unit, Ralph L. Miller, chief, and 
George Gryc, assistant chief, and T. G. Payne, 
geologist. 

After discussion the following plan was aproved : 
The geologic program for 1950 would include 6 

Navy-financed geologic parties and 2 Survey-financed 
parties. The specific assignment of the parties would 
be determined early in February by the chief of ex- 
ploration with the assistance of the Geological Survey. 
The Survey was given discretionary authority to oper- 
ate one of the parties financed by i t  in 1951 if that 
proved to be more practicable. Advice was to be sup- 
plied by the chief of exploration, assisted by represent- 
atives from Exploration Contractors, DeGolyer and 
MacNaughton, the Geological Survey, and the techni- 
cal advisor to the DNPR. I n  addition, the Survey was 
to carry out photogeologic studies-first, of areas re- 
quired for assignment of the 1950 geologic parties; 
second, of areas within the Reserve and to the south of 
the Reserve; third, of the remainder of the outcrop 
areas of northern Alaska. 

The geophysical program would include an air- 
transported gravity-meter party that would cover 
approximately 10,000 square miles in the western part 
of Kaval Petroleum Reserve No. 4, with about %mile 
spacing between stations. The party would use heli- 

copters and such ground vehicles as were necessary for 
support, all provided by Arcon. Use would be made 
of aerial-photograph mosaics provided by the Navy. 

Seismic party A ~ ~ o u l d  ~l-ork a long line in the west- 
ern part of the Reserve. Seismic party B would work 
in the Fish Creek area, then run south to Umiat, thence 
westward to the Titaluk anticline, and then north to 
the east Ikpikpuk area. Party C would detail the 
Topagoruk area and iilclude a tie line to Siinpson test 
well 1. Party D would run a line from Oumalik to 
the Meade River and detail structural features west of 
that river. Party E would be a mobile party to make 
a refraction survey of the Driftwood anticline, and, if 
possible, anotl~er refraction survey farther north. 

I n  regard to drilling, it was decided to postpone a 
Topagoruk test until further seismic work was done in 
1950. A 6,000-foot test, Oumalik 2, was approved. I t  
was to be on the east plunge of the Oumalik anticline 
and drilled with the Wilson Super Titan rig. I t  was 
agreed to deepen Oumalik 1 from 7,500 to 12,000 feet. 

Barrow 2A (later called South Barrow test well 4) 
\\-as to be drilled as a standby gas we11 on the Barrow 
gas trap. South Barrow test well 4 (later called the 
Elson test, but never drilled) was approved, to be 
drilled to 2,500 feet or to basement rocks by the Card- 
well unit, about 4 miles east of South Barrow test well 2. 
Simpson test well 2 was to be drilled with the National 
125 rig at  a location to be selected by hfessrs. Mac- 
Naughton, English, and Beltz. Meade River test well 1 
was to be drilled west of the Meade River on an anti- 
cline found by the seismic ~vork in 1949. Considera- 
tion of further core drilling in the Cape Sinlpson area 
was postponed until the April 1950 meeting. 

The fiscal situation was reviewed and is summarized 
as follows: 

Assets : 
Cash on hand, 31 Dec. 1949 ----------------- $6,000,000 
Appropriation expected by 1 Jul 1950------- 11,000,000 
Value of buildings ......................... 500,000 
Value of equipment ........................ 6,000,000 
Value of inventory --- 5,000,000 
Project costs, 1 Jan. 1946 to 31 Dec. 1949---- 19,000,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47,500,000 
Liabilities : 

Funds appropriated and requested ----------- $38,200,000 
Government furnished, without exchange of 

funds----------------------------------- 9,300,000 

Total--------------------------------- 47,500,000 
Estimated cost of 1950 program ----------------- $ 8,731,000 

In  late September, Commodore Greenman again vis- 
ited Fairbanks briefly on Pet  4 business. A month 
later, Fairbanks and Pet  4 were visited by a special 
subcommittee of the House of Representatives Mer- 
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chant Marine aild Fisheries Committee. 011 19 No- 
vember LT L. C. Dickey, USAF,  reported for  duty as  
a petroleunl engineer and on 9 December LT Gordon 
H. Oosting, USA, reported as a petroleum engineer to 
replace LT E. L. P o ~ r e ~ s .  

OPERATIONS 

BARROW EXPEDITION, 1949 

All phases of Barex '49 are recorded in detail in a 
report entitled "Barex49" that was transmittecl on 20 
August from the commander of the expedition to the 
Commander, Amphibious Force, Pacific Fleet, and 
which was widely distributed in the Navy Department. 
The commander of the expedition was C A P T  R. M. 
Scruggs, who also was Commander Transport Division 
11, Amphibious Force, Pacific Fleet. The ice pilot was 
a g ~ i n  CDR John Backlund. 

Planning for Barex '49 began in  March \+.-it11 the is- 
suance of the operation plan. A conference of all con- 
cerned was held in  Coronado, Calif., on 19 ancl 20 
April. That  conference was attended by both the 
OICC for Pet  4 and the project manager of :ircon. h 
party of officers connected with, and interested i11 the 
expedition reached Fairbanks on 11 July. The group 
included C A P T  N. M. Riker, commander of the Barter 
Island unit of the expedition; COL James Glore, 
Transportation Corps, U S A ;  CDR R. C. Johnson, 
chief staff officer for Barex; Sibitzky, Barex beach- 
master; ancl h l A J  B. Bratcher, Trailsportation Corps, 
USL4. The party went on to Barrow the same day and 
to Barter Island and back to Fairbanks on 12 July. 

Training in the operation of boats and barges and in 
the handling of cargo was conducted bet\veen 20 BSay 
and 20 June in San  Diego harbor. 

Barex '49 was carried out by the Amphibious Force, 
Pacific Fleet,Transport Division 11. It was the largest 
Uarex to that  date, and the freight hauled to  several 
points of discharge along the Arctic coast aggregated 
31,380 short tons. The Barrow part of the cargo 
totaled 25,190 short tons ralued a t  $1,400,000. 

Three features are especially noteworthy in regarcl to 
Barex '49. The first 11-as the participation of a large 
percentage of Naval Reservists in the operation; the 
cruise ~ v a s  made by 28 officers and 174 enlisted men of 
the Naval Reserve. The second was the delirery of 
fuel oil to  Barrow in bulk instead of in drums; there 
mas 40,000 barrels of this bulk oil. The third was the 
use of an inside passage by the LST's froin Barrow to 
Barter Island. 

Eleven ships composed the expedition-APA (attack 
transport ship) as flagship, the U. S. S. George Clynzel-; 
4 AKA'S (attack cargo ship), the U. S. S. Seminole, 
U. S. S. Oberon, U. S. S. Achernar; and U. S. S. U n i o ~ ;  

4 LST's (landing ship, tank),  1110, 1146, 1193, and 
11.26; 1 A 0  (fleet oiler), the U. S. S. Neches; and 1 ice 
breaker, the U. S. S. Burtoqz Island. The ships de- 
parted Sail Diego for loading ports on 20 June. Load- 
ing was at  Port  Rueneme, Point Molate, and Seattle. 
The bulk diesel fuel was loaded at  Tidewater, Aron, 
Calif. 

Tlle R u ~ t o ? ~  Zslaizd and the LST's left Seattle on 19 
July. The larger ships departed Seattle on 26 July. 
Tlle ~io~.tllbound passage mas uneventful and was fa- 
vored by unusu:tlly good weather and good ice condi- 
tions. The pack ice  as 17 miles offshore a t  Franklin 
Point and 18 miles, a t  Point Barrow. 

The  Senzinole stopped a t  Point Lay northbound and 
uliloacled 241 short tons in 6 hours. The start of un- 
loacling +vas delayed for half a clay because of heavy 
seas. Tlle Xent,i?zoZe nest discarged 2,449 short tons at  
Skull Cliff in 48 hours. ,111 craft arrived a t  Point 
I3arrom b e t ~ ~ e e n  2 Alugnst aiid 7 August, the Seminole 
being the last because of her stops a t  Point Lay and 
Skull Cliff. The 2 LST's scheduled for Barter Island, 
LYT's 1110 and 1146, and the Burton Island reached 
Barrow on 2 August aiid left for Barter Island on 3 
August. 

J\711en the ships were unloaded a t  Barrow, they de- 
parted independently for the States. The departures 
were betv-een 3 August aiid 9 August, the flagship being 
the last to depart. The unloading of the bulk diesel 
fuel from the Neches to LST's and from the beached 
LST's to 10,000-barrel fuel storage tanks was an espe- 
cially smooth operation, and the whole 6,000 tons of 
diesel fuel was unloaded in 2 days. 

Mean\\-llile, the Barter Island unit was proceeding 
eastward. Captain Riker attempted to use leads be- 
tween the ice and the shore as much as possible to avoid 
the difficulty and delay of following in  the wake of 
the Burton Island, which could not operate in the shal- 
lower water. It was necessary after some miles, how- 
ex7er, to follow the ice breaker to the vicinity of Cape 
Halkett. From there on, the LST's were in the shore 
lead and running in part behind the barrier sand islands 
in relatively ice-free water all the way to Tigvariak 
Island, n-hich was reached on 6 August. A t  Tigvariak 
Island about 320 tons mas unloaded for the Coast and 
Geodetic Survey in 6 hours by the use of LVT's (land- 
iilg vehicle, tank). 

TIThile the LST's were a t  Tigvariak Island, the Bur- 
ton Island lost one of her propellors and was forced 
to return to Barrow and on to the Long Beach ship- 
yarcl. She was replaced by the U. S. Coast Guard ice 
breaker Worth~oind, and on 7 August the unit got under- 
way for Barter Island. The  LST7s remained inshore 
as much as possible and, after some trouble with fog, 



102 H I S T O R Y  O F  EXPLORATION,  NAVAL P E T R O L E U M  R E S E R V E  NO. 4, 1 9  4 4-5 3 

reaclied Barter Island on 8 August. Ul~loiltli~ig \\\-IS 
rapicl; and early on the morning of 9 ,\ugost, tlle unit 
started its return to Barrow, which TI-:I~ reached the 
next day. The return to tlie States was uneventf~~l .  The 
Barter Island unit had been greatly assisted by liyclro- 
graphic cliarts prepared by the I-. S. Co:tst ant1 Geo- 
detic Survey. 

The sea was used also by Alrcon for a special tri~lis- 
portation job in late Augnst. 10-ton punll)iiig lullit 
for the Fish Creek test well 1 hild to be movetl out from 
Barrow. I t  was decided to freight it by TA'J1 (1:tncl- 
ing craft, medium) rather th:ln I)y p1:tiie. Tlle TlCJI 
with a crew of 2 men linuletl tlie load in G tl:tr-s. This 
was equir:tlent to 13 trips or 43 1ioui.s in :t Sorseinaii 
aircraft. Tlie project illnstrnted tlie ec.onoiily and 
practicability of snch trnnsl)ort:~tion 11-11ere i111t1 ~vlleil 
both ice and landing co~iditioii:, perillit. 

OVERLAND FREIGHTING 

SLED FKEIGHTISG 

A t  the ,\pril meeting of the ol~eratiiig coii~niittee. 
tlie project manager was able to report tliat, to that 
tinie, tlle freighting by sleds (see fig. 48) cli~ririg the 

early December instead of early February as was illore 
usual. Visibility was f a r  better than usual during the 
freighting season. It was estimated that  the number 
of days of unimpaired visibility mas a t  least double 
that in each of the previous 2 years. The depth of the 
snow IT-:I~ about half that of earlier years, and the ocean 
ice was largely free of dangerous cracks and overflo\rs. 

'I'lie Oumalik trail, laid out in November '48, was an 
especially good one. An I,VT with auxiliary fuel 
tanks, raclio, aiid compass becanle a support rehicle. 
,\heacl of the LVT a weasel-transported scouting party 
laid out tlie trail. 

FREIGHTISG BY LANDING VEHICLE, TRACKED (LVT) 

E q ~ ~ i l m ~ e n t  and supplies, in iterns too large or too 
I l e a ~ y  to he moved by aircraft, were badly needed at 
Ouinnlik test \yell 1 in the summer of 1949. Tl~erefore 
LVT's (landing vehicle, tracked) having a rated 4-ton 
capacity were assigned the job. Cargo incluclecl drill 
collars 31 feet long ancl ~ ~ e i g l i i n g  illore than 2 tons and :t 
kelly, 44 feet long aiid weighing :tbout the same. These 
were carried to I3arrow for ancl returned to Ou- 
rnalik. Other cargo w:ts hnroid, cement, casing, and 
iniscellaneous materials. I11 all, 322 tons was moved at  
an average load of 6.2 tons per rehicle. Two groups 
of three LVT's each were usecl. I11 spite of the heavy 
loads, the almost co~ltinuous operation, and tlie poor 
coiidition of the trail, mnintenance and repairs were 
re ly  ligllt. The per ton-mile cost was $0.94. 

AIR SUPPORT 

Tlle original contract with ,\laslra Airlines provided 
for service by that  company, both of the linehaul be- 
t\I-een F:iirbailks and Uiniat and Barrow and of the 
bush flying for various purposes in northern Alaska 
from 1 July  1948 through 31 December 1949, with the 
period from 1 July  1949 through 31 December subject 
to the availability of funds. Funds were available; 
and, therefore, the contract was continued after 1 July  
1949. I t  was decided tliat i t  would be better for several 

FI(:I.I:I: 4h.-Vien' s h o ~ r i n g  details of hearilg loaded Jliclielrr sled-a reasolls to cllange  contractor^, if :I challge l17ere to be 
ti-1)e n-idclj- used in Pet 4. Photograph by U.  S. S a r y .  made, in the summer rather than in the middle of 

winter of 194849 llacl aggregatecl almost 1.3 illillion 
toil-miles. This was clone with 4 tractor trains. ,\bout 
3,350 tons was laid do1~11 at  the Omiialik site, 2.300 tons 
a t  Fish Creek, and 2,600 tons more for the geophysical 
parties. The rem:tiiling 2,000 tons was ac.counted for 
by hackli:tul, caches, and siiiall miscellaneons littuliiig 
jobs. The cost ~ i x s  $0.374 per ton-mile. Tlie above 
clata, of course, include hauling in necen1b.r 19-18; i t  
has already been pointed out th:tt the heavy freighting 
season, because of an early freezenp, 11ad started ill 

winter, and i t  was therefore recomnieiidecl that  the 
coiltract be estendecl until 1 ,July 1950 and the job be 
readvertised then. 

Early in August tlle CAB (Civil Aei.onautics Board) 
suipeiltled Alaska Airlines from continuing certain of 
its operations and shortly the question arose as to 
whether or not the contract flying for Pet 4 was in- 
cluded under the suspeiision order. After discussions 
and correspondence between various units of the Navy 
Department and the CAI3, the Board on 2 September 
granted an exemption fro111 its snspensioa for the Pet 4 
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activity to 31 December. This legalizecl the cture~lt  
operatiorls but still 11-ould hare required ch:tnginp coil- 
tractors in the middle of the winter. Finally on 1 
December, the Chairman of the CAB formally notitietl 
the Ileputy Secretary of Defellse of the exte~lsioll of 
its exemption until 30 ,June 1950. 

The service performecl by ,Il:rskn A1irlines in 1!)49 
includecl approximately 430 linel~aul flights each TI :I? 

from Fairbanks to Umiat or  Barrow. Sorthbomlcl 
passengers totaled 2,217 ; and soutlibouncl, 2,261. Sortll- 
bound freight aggrepated 2,881,000 pomlcls; ancl soi~tll- 
bound, 2,592,000 pounds. The larger linehaul planes 
(see fig. 49), in :~dclition, flew about 90 missions ~~yi t l l i i~  
the Reserve on shuttle flights between points and i r ~  
that work carried 36 passengers and 296,000 pounds of 
freight. 

The bush flying, involring on the average muclr 
shorter flights, includecl about 3,600 missions, nearly 
2,800 passengers, and a little more than 1 million pounds 
of freight. 

GENERAL CONSTRUCTION AND MAINTENANCE 

Generally, 1949 was a ilormal year as to caiup coil- 
struction and maintenance. Pet  4 x7as by then 1:trge 

:uld cornplex ant1 x-:ts so oly:rnizecl that tlle norinal 
loacl of such activities could be handled 117ithout diffi- 
culty. (See fig. 50.) ,111 idea of tlle size of the activity 
is given by the record of 8,954 meals served in tlle 
Reserve in the week encling 13 February; 11,674 in the 
11-eek ending 15 May: and 14,239 in the week ending 
14 ,Iugast. 

li'ron~ tlie description below have been omitted some 
of the major constl-uction and inaintenance activities 
performed for units not part  of I'et 4. Such services 
performed for others are mentioned in part in the 
later section on Supported Activities. 

-Ibont 45 ~ ~ a n i g a n s  were constructed in the first part 
of 1949 for geophysical parties and outfitting of a 
fourtll tractor train. They iilcluded also a conlplete 
1)ort;lble c:11111), collsisting of 13 wanigans, for use in 
the core clrilling near tlle Simpsorl seepages. This 
\\-ol.k TYRS all completed by the latter part of April, 
tlle ~vailigai~s for use ill the Silnpson area being t l ~ e  
last constructed. 

Special foundation n~aterials for  Oumalik test \re11 
1 \\-err fabricated in the machine shop. The heavy- 
t l i~ty-eq~iln~ient  shop perforn~ed the regular overhaul 
of henry eqnipiilent ancl, in adclition, conlpletely re- 
c.onditioned 13 tractors that  had been salragecl from 
Pearl Hn1.bor. About 50 \\-easels (n12RC) \rere proc- 
essed in the ligllt-duty-equipnlent shop for use tlt~ring 
tlie slummer of 1949. 

Five 10,000-barrel I~olted-steel tanks \rere asserrlbled 
(see fig. 51) into n txiik farm bet~reen the first of the 
year ant1 the end of ,Jul~-, and about 1 million gallons 
of bulk diesel oil from Harex '49 was pimlped into them. 
Fonr of these tanks were on a gravel pad, and the fifth 

~ ' I ( ; I ~ I ~ I ~ :  20. -  A l ~ a 1 1  IY>II;II'. e~(.;~vi~t,~l ill 1)~~r111;tf'rost : ~ f  I'oi11t I : ;~rr,~\t- ,  
before rt,cript of lrlcnt 011 r:ares. J'l~otogl.a])h bg 1.. S. S;ITJ. 
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was on a piling founclation. (See fig. 52.) The fuel 
line for  tunpi ping the oil to the tanks fronl tlie be:lch 
was completecl sliortli before it ~\-i\s neeclecl oil tlie 
arrival of Barex. 

,\ new pov-erhouse was begun and \\-as 11 ell ;~clr:lncecl 
by the year's end. Uy the end of J a i i u a r ~  a soil-testing 
labomtory la as completed and was used especially on 
Onmalik foundation problems. Early in ,T:111\1:1ry an 
addition to the niessllall was ready for use. I n  the 
fall, aclditioiis were con~pletecl to tlle heavy- and light- 
duty-equipment and carpenter shops. ,i new I a ~ u i d ~ y  
was completed in May, and an Eskimo messllall about 
Christmas time. -1 geiier:ll TI-arehouse and nil addi- 

tional tenlporary 11-areliouse were finished before the 
end of July, and by mid-October an equipment-storage 
bt~ilding ancl an aircraft-fneling system were ready for 
use. 

Two projecti; were tmclertaken in 1949 that require 
special ~neiition. One was the unitization of one of the 
Card\\-ell rigs into large, but still nlobile, uilits so that 
several shallow tests could be drilled in a give11 loca- 
tion \\-it11 a nlinimmu~) of rigging 1117. The derrick sec- 
tion was inonntecl on steel rminers (see figs. 33.34) : ailel 
tlie 1)ui~~1~1louse section, on ,1tlley tracks. The other 
11 :I> tlie inst:lllirtjoil reqrtiretl for the uie in the can113 of 

from Sol~tli  Uarron- 2. By niitl-June the &-inch 
pil>eliiie was liritl fro111 the -well t o  the caml), ancl the 
grs  n:ri tui~iirtl into the line on 29 .July at  whicli time 
one boiler \~-:rs firetl 1)y pas. -1hout tlie encl of ,ingust 

FIGURE 53.-Substructure for unitized Cardwell drilling rig with runners 
attached, 23 December 1949. Photograph by U. S. Sary. 

the gas-treatment plant was finished (see fig. 55) ; early 
in August the camp-distribution lines and the well- 
contl-01 house were ready; ancl before the middle of 
September a gas line was laid to the airport. The boil- 
ers and larger heating units had been converted to  
natural gas by fall. 

I n  spite of an alert fire watch (see fig. 56) a t  a11 
establislim.ents, there \\-ere se-veral fires within the Re- 
serve in 1949, bsut none was very serious. I n  February 
overheating of the bake ovens caused a small fire in 
the bakery; in June a fire in tlle welding shop a,ppar- 
ently was caused by a spark lodging in the building 
insulation; in September a heating unit a t  South Bar- 
row test well 2 set fire to the ~~~ooc len  base on which i t  
was mounted ; on 29 September the careless lighting of 
a match ignited the gas from Simpson core test 16, the 
man's hands were badly burned; finally, on 5 Novem- 
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ber a fire was causecl in the new power house by the 
heat from an exhaust pipe-clamage was negligible. 

GEOLOGY 

A t  the 10th meeting of the operating committee in 
April 1949, several papers on some of the geologic 
aspects of Pe t  4 were presented and discussed. These 
have been nie~~tioned briefly in the section on Gelleral 
Planning and ,2drninistratioil for 1929 and  ill not be 
further discussed here. 

Between the April and the Sorember il~eetillgs of the 
operating committee, some of the special stuclies Tvere 
further advanced and were therefore reported a t  the 
latter meeting. Mrs. Loeblich described certain changes 
i11 the correlations in the Simpson area based on her 

1 I , I I t i 1  2 s t t n i t  I I ' l i o t og~ . i~ l t l~  
by U. S. Kz'ary. 7 Srl~tCmber 194'3. 

F I G U R E  54.-Unitized Cardn-ell rig being moved from South narrow test 
n7ell 4 to South Barrow test n-ell 2 location, 22 A p r i l  1030. l'lioto- 
graph by U. S. liavx. 

micropaleontological studies. Slie also liacl new- ancl 
more precise evicleilce on correlations between tlie 
coastal plain and inore southerly parts of tlle Heserve. 
Harlan R. Bergquist presented a t  the Sorenlber meet- 
ing new developments in the solution of Pet  4 correla- 
tion problems by meails of inicrofossils. I Ie  also tietl 
in earlier micropaleoi~tologic correlations wit11 the 
micropaleoi~tology ancl \\-it11 J l r .  Y:~yne's facies inter- 
pret a t' 1011s. 

During the summer Florence Robinson, of the Fair- 
banks laboratory of the Geological Survey, and Tl~olllas 
G. Roberts, tlie l~eacl of tIlat laboratory, liacl studied and 
interpreted the geology of tlie Sirnpson seepage area 
based on all available data i~lclnding information from 
the Sin~pson core tests. The results were presented a t  
the meeting. Thomas G. Payne had ailalyzecl the past 

and proposee'l drilling in Pet  4 in tei-1~s of llis interpre- 
tation of fncies zones. 

,It the nleeting of the tecllilical coinnlittee in Fair- 
1:alilts ill Srptei~~lori., tlie Snrvev was requested to pre- 
pare l)llotogeologic :tnalyses of the Ilriftn-ootl, , \~v~ma,  
:tnd ('arbon Creek anticlines (see fig. 12) before tlle 11th 
ineeting of tlie operating conlnlittee in Sorelilber. This 
\\-as done a i d  reports were presented at  the 11th meet- 
ing by IYilliain ,\. Fischer, b ~ ~ t  the precisioll of the 
analyses Tvns limited because at  that time only tri- 
n~et rogoi~  pliotograplly 71-:IS available for  n~os t  of the 
three anticlines. 

13y the time of tlie Sovember meeting, Ralph 1,. Jlil- 
Ier, chief of the 2;:rvy Oil 1,-nit. Geolopic:tl Survey, re- 
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viewed the geological information that  had been ac- 
cumulated to that date and stated several salient con- 
cepts relative to the geologic environment that  by that  
time were well understood : 

1. Structure is not the most important factor in the accumula- 
tion of oil in the Reserre. * * *. 

2. Farorable ftlcies, that is, favorable sedinlents for the ac- 
cumulation of oil, has beell our inajor stumbling block in pro- 
specting to date * * *. 

3. Undrilled and relatively unknown sequences of Jurassic ( ?) 
and of Paleozoic ( ?) age 1)robabl~ exist within the Reserve, 
* * *. 

4. The Lisburne group is our best Bnown Paleozoic formation 
that ir~iglit possibly be favorable for oil, where i t  is under corer. 
* * *.,, 

The Fairbanks laboratory of tlie S ~ ~ r o e y  operated 
throughout the year. A t  the laboratory, samples from 
the drilling and from surface outcrops were processed. 
Porosities and permeabilities were determined, micro- 
paleontologic studies n-ere made, and a wicle variety of 
related services were performed. 

During the summer of 1940, six Geological Survey 
~ a r t i e s  were in the field. (See pl. 3.) The prelinlinary 
results of the work of those parties were made avail- 
able both a t  the September meeting of the technical 
committee and a t  the 11th meeting of the operating com- 
mittee and were used in  making plans for 1950. 

Par ty  1, under JV. P .  BrosgB, assisted by A. N. Icover, 
was assigned the study of the Titaluk anticline (see fig. 
12) that  lies north of Maybe Creek. The main purpose 
was to define are areas of closure along the axis of the 
anticline. The 6-man party was transported by 3 
weasels. The season was from 5 June, \\-hen the party 
left Umiat, until 28 August, when i t  returned there. 
Two high places along the axis were contoured-one, 
just east of the Ikpikpuk River has a closure of about 
3'70 feet; and the other, near the head of Maybe Creek, 
a closure of about 50 feet. 

C. I,. Whittington, assisted by A. S. Keller, led party 
2, which worked the Carbon Creek anticline by weasel 
between 9 June and 27 Ju ly  and the upper Meade River 
area during August. I n  the Carbon Creek area the 
sedimentary rocks seen totaled about 6,000 feet in  thick- 
ness. No closures were proved, but it mas thought that  
there might be some minor closures in the eastern part 
of the area. 

I n  the Meade River area a zone of reverse faults was 
found to extend for the total length of the area studied. 
Some sands were found that  fulfill minimum require- 
ments for potential reservoir beds. Structural traps 
nlay occur adjacent to the zone of reverse faulting. 

Par ty  3, under A. L. Bowsher, included also J. T. 
Dutro and, for  a part of the season, Allen Feder. The 
party was supported by bus11 aircraft on skis i n  tlie 
early part of the season and on floats after the snow 

and ice had gone. The party studied an area along the 
north front of tlie Brooks Range and east of Anak- 
tuvuk Pass and k n o ~ ~ n  generally as the Kanayut Lake 
area. The primary objective of the project was to 
attempt paleontologic and stratigraphic zonation of 
the Mississippian rocks and the structure of that part 
of the Brooks Range. 

Among the conclusions were that tlie Lishllrrie gr.oup 
is about 2,100 feet thick in the area and has initial 
porosity that  niakes i t  a fnvorable reservoir rock, that 
recognition of thin stratigraphic units ~ ~ ~ i t h i i i  the Jlis- 
sippian rocks is possible but difficult, and that the north- 
ern part of tlle Brooks Range was deformed by intense 
thrusting. 

Par ty  4, traveling by weasel, operated west of the 
Chandler River i11 tlle foothills close to the 13rooks 
Bange, in the Okpikrnak and Kirnktagiali areas. The 
p:irty was led by TTT. TV. Patton, Jr., and includetl 5 
other men, 1 a geologist, I .  L. Tailleur. A 220-foot rock 
sequence in that area is clark and has a definite oily 
odor. Oil shales are present in some parts of another 
scquence of rocks. Asphaltic material is common as 
fracture fillings in some of the rocks, and at  one place 
such material cements a conglomerate. Ko gootl 1.esrr.- 
voir sands were recognized. 

M. D. hfangus Tras the chief of party 5, ~vhich worked 
in the southern part of Pe t  4 in the vicinities of the 
Etivluk, Nuna, and Xigu Rivers, along the Colville 
River from the Kuna to the Ipnavik, in the headwaters 
region of the Iiillik, and around Howard Pass. The 
party included, in addition to the chief, two geologists, 
R. L. Detterman and A. H. Lachenbruch, and a third 
geologist, &I. C. Lachenbruch for  a part of the season. 
Work  as by foot, boats and bush plane. Poor ex- 
posnres, complex structure, and many thrust faults 
macle mapping difficult. The geologic structural fen- 
tnres did not seen? favorable; for tlie accumulation of 
oil and rocks of good porosity were scarce. 

Party 6 worked in and west of the western part of 
Naval Petroleum Reserve No. 4 along the Kokolik and 
tlie Kukpowruk Rivers. Most of the travel was on the 
rivers with three 18-foot folding canvas boats. The 
party was moved by bush plane to, and, on occasion, 
-\vithin the field. The party chief was R. M. Chapman, 
who was assisted by 33. G. Sable, geologist, and three 
temporary employees. Ralph Solecki, an archeologist 
of the Smithsonian Institution who was working on an 
ONE (Ofice of Naval Research) project, was attached 
to the party and assisted most conimendably in the 

work as well as carrying on his o1~i-11 activity. 
ve ry  few favorable coliclitions for  petroleum are 

indicated in  the area. Keither favorable porosity and 
l~ermeability nor structllral features were seen, except 
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that  some of tlle oldel rocks in tlle area m:Iy llare some the folcled zone is a zone of discordant dips about 2,000 
possibilities as soi~rce beds. feet thick a t  the nortll but lensiilg out t o  the south. 

Still farther down, a basin appears to  extend to a depth 
GEOPHYSICS of Illore than 20,000 feet ill the sonthmestern part  of 

Explorative geophysics stuclies \\-ere c:1r1.iecl 011 :IS a 
par t  of Pe t  4 in  1940 by tlle United (:eol,hysical Co. 
ant1 under tlle imn1edi:rte sl~perrision of W. IT. J l ~ e r s .  

Fonr  seis111ic crews shot a total of 7-1-0 miles of toll- 

t i n u o ~ ~ s  line. (See pl. 3.)  ,\I1 of the seisn~ic n ork 
(see fig. 57) that \\-as assigned at tlle 10th 111eeting of 
the operating conimittee in -\pril was nccom~)lislletl, 
ancl some additional detailed work was done in the 
J1e:lde Rirer  and Topagoruk :\J.eas. The l>roclnction 
\I as sllbst:ultially greater tllan in e:lrlier years. 

Tlle work included one air-transportetl pra\ ity- 
~rretr i  blll.rey. Tlle area conlpleted vaq 2,700 cqu;~re 

F~c:vlc~a 5'i.-Jiim~s\vay hu t s  mounted on  sleds for  u s e  of gcop11)-sical 
parties, 14 Novelnber 1949. I'hotopl.;l1111 hy U. S. S:IVI. 

the area. 
PARTY 45 

Seisnlic 1,:lrty 45, llentled by .\~.nold I'alr~iske, 
17-orkecl in tlle Jle:~tle River urea from the vicinity of 
the JIeacle E i r e r  PIS seel)age nortl~r\-nrd to tlle collfl11- 
elice of tlle Rleade and Kigiaktuvik Rivers. F r o n ~  the 
:rhore-nlentioned line, anotller 1i11e  as surveyed seis- 
~llically eastward across the Jleade River to ~ ~ ~ i t l l i i l  15 
llliles of Oumalik. S e v e r ~ l  loojx were cblosetl noltll- 
west of there. Four  seismic refraction profiles were 
nlatle. Total line length surveyed I T - T I ~  l(i0 rliiles; 1,284 
sillgle pl.ofiles we1.e 11~ed. 

S t ~ * o n g  ecllelo~l foltling \\-:IS found ~ r i t l l  several 
c*losnres \I est-rlol.th~rest of 011illal ilr. An unconformity 
sr~xwates a deep unt1istnrl)etl zolle fro111 an ltpper folded 
section. -\ iliscorelant zone of slow velocity overlies the 
nl~c~onfol-lllity. 

PARTY 46 

1-lrtler *\. 13. Siulclers pal.ty 46 cond~~ctet l  seismic 
operatioirs ill tlie Dense Inlet ancl Barro\~-  :Ireas from 
C, l larcll  to "3 ,\ujiast. Subsurface coverage was 145 
nlilei wit11 1,462 equivalent single profiles sliot. The 
I)eaw Inlet ailcl Barrow areas \rere tied to  the Sin~pson 
area 1 ) ~  a line across 0:trlock Island. Tlle I3arro\\ are:& 
TI-:IS corered ill tlle 1:ltter par t  of tlle season. 

1)et;liletl \\-orl; a t  TZarro~v sllo\recl :L circular zone of 
t l i ~ t ~ ~ r b a n c e  IT-it11 illtlicnted 1)eriplleral ant1 radial fault- 
. Selnitletailetl worl; on the north flank of the Itar- 
ran- s t rr~ctur;~l  feature hllo\\-etl l)illcl~outs t o ~ r a r d  the 
crest. 

PARTY 47 

miles, or  about two-tllircls of that  outlinecl for  accom- l'nrty 47 worked fro111 (i February to  3 September. 

plisllmellt. ~ ~ 1 1  accol,ll~~is~llllent inllibitecl by T"ro n101~tBs a a s  sllent in tlre discorery, and in rl~nkillg 

poor flying j\-eatller. ~ ) ? t : , i l ~ d  plonlltl gravity.llleter :I cletailecl seisrrlic surrey, of an anticline in  the 13:xrrow 

lvork \\-as clolle orel. abol1t 90 square miles ill tile 13al.- area. Three nlontlls was s l~ent  in :L reconllnissarlce of 
1.01~- area during the breakup seasoil 7rl1e11 tile aircr:lft tlle area of the Innr11 Eirer ,  tlle northerl~, lower course 
nsed for  transporting the gravity meter was lul:~ble to of tlle 3ieade River, and the area between the Meade 
fly until tlie ice was gone sufficielltlg to  pel-nlit oper:l- ;111d the r I ' ~ p a p ~ r ~ i l i  TZivers. Tlle remaining 2 montlls 
tion on floats. \r:~s spent on a sen~itletwilrtl seismic survey of an area 

PARTY 44 \vest of tlle Topagorl~li  Ei\-er. 11:ugene Wiancko \\-as 

Par ty  44 was directed by Calvin Post. Tlle season 
started 011 7 March and lasted through 7 Septenlber. 
Both reflection and refraction work was done-176 
trliles of tlle former and 34 iililes of the latter. The 
area covered lies between the Topagoruk and Ikpikpuk 
Rivers and north of the Ounlalik test site. The work 
revealed a shallow zone, considerably folded, that  ex- 
tends to  a depth of approximately 3,000 feet. Reneath 

chief of party 47. 
,\ltogetller tlle p:irty ran 259 miles of reflection line 

;~lltl abolit 12 n~i les  of ref ractioil coverage. The anti- 
cline in the 13arrow area llas from 100 feet t o  300 feet 
of coloslue. regional ~mconforinity appears to  be 
present in the Rar ro~~-- Inarn- lo~rer  Meade River area, 
but no arlticlilles were found. The detail in the Topa- 
gornk River area revealed :I series of folds in the deeper 
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deformation, and heat transfer. The preliminary test- 
ing indicated that special precautions should indeed be 
taken. The precautions were of 2 types-to attempt to 
retain tlie strength of tlle foundat,ion by keeping i t  
frozen and to prevent so far  as possible the transfer of 
heat to the ground fro111 the hot mud coming up the hole. 

The crew arrived at  the site on 16 February. Steel 
piling made froin 8y8-inch casing was designed as the 
foundation piling. They were fitted so that a refriger- 

I ant could be circulated through them. Three 4-inch 

I surface refrigeration pipes were installed near the hole, 
I 
I and the tundra mas retaineel so fa r  as possible undis- 

turbed. The piling was all set by 15 May, and the 
erection of the derrick began. (See fig. 62). The hole 
(see fig. 63) \\-as spucldecl in on 12 June. By November 
i t  w:~s 6,000 feet deep. 

ral \-it:\\- , , f  can111 a t  L i i ~  attempt was niacle to isolate an air space for in- 
1949. I'tiotogml~ - snlation between tlle surf:rce 22-inch casing and the 

~t was to be stratigrapllic test. 13.?.;i-inch casing and to a depth of 150 feet in order to 
~l~~ location Ivas about; 17 miles south of Atigaru I-'oint keep heat from the drilling 17111d from spreading into 
and about 16 miles west of the  veste ern most mouth of the grouncl. The foundation was fully equipped with 

the Colville niver. temperat111.e-ineasuring devices in order to keep track 

Construction a t  the site (see fig. 60) b e g ~ i i  011 16 of the safety of the r ig ancl tlle hole. A great deal was 
hfarcl~, and the n-ell  as spuddecl in on 17 May. h learnetl from the applied research at  Olnnalilc relative 
National 60 r ig  was used. (See fig. 61.) By tile ellcl to fonntlations in permafrost. I t  was an esl>ei~sive job, 
of June the drill had reached allnost to 5,000 feet, allcl nllcl it seeins likely that greater t l ia~l  necessary precau- 
by 1-1- ilugust the fllll cleptl' of 7,020 feet \vas attained- tiolls were taken, but that coulcl not have been predicted. 
The fom~datioiis for both camp and r ig  lvere of driven 13)- 1 hllunry ~ ' J S O ,  c ~ ~ ~ ~ l i ~ ~  test 1 n-2,s 9,622 feet 
timber pilings, and there was no indication of ally deell oli. n-as being 
instability because of perinafrost in spite of lreary loads, ill tile alld piling nearest hole. 
severe ~~ibrat ions,  and illucl temperatures as high as 
102°F. 

Some oil and gas sho~vs were seen but were not con- 
sidered worthy of much further testing. A formation 
test  as made of the section from 2,925 to 3,060 feet. 
There 11-as a moderate gas b l o ~ ~ .  The drill pipe con- 
tainecl 180 feet of lieary black slightly gas-cut oil ancl 
380 feet of mud ~ ~ - i t h  gas ancl oil. The porosity of the 
sands  as rouglilp tested as between 25 ancl 31 percent. 
The hole mas tested between 10 September and 23 Oc- 
tober, and tlie total oil recovered was 444 barrels. 

OUMALIK TEST WELL 1 

Ouinalik test  ell 1 was to be drillecl with the TVilson 
Super Titan r ig  ancl was expected to be n deep hole. 
There was g m r e  concern that the foundation in the 
permafrost lnight not last if the hole >\-as long in drill- 
ing unless special precautioils were taken. COT, G. IT'. 
Rathjens was retained by tlie contractor to consult on 
the foundation. testing station TI-as established at 
Barrow to test such features of the frozen gromid as 
tensile and compressive strengths, points ailcl kind of 
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Data on the remaining core tests drilled in 1949 are 
shown in  the table below. 

Gort, tc'st data ,  1949 
-- 

I I I I 

Core test Remarks 

I5 
I h 
1 i 31 Aua 
18 10 Sep 
19 
m 
21 13 Oct 
22 29 Oct I 

900 23 Aug 
800 30 Aug 

1,100 8 Sep 
1,4M) 21 Sop 
1,061 29 Sep 
1,002 11 Oct 
1,502 27 0c t  

903 5 Nov 
1.035 16 NOV 

901 28 Nov 

Some oil showings. 
Some Gas and gas. a. little oil. 

Tlle 1:tter holes (see fig. 64) were spot cored only at  
:tppropri:~te places. Difficulty TI-as encountered in using 
tlle nlxnunlly operated Sclllumberger, and a Widco log- 
ger therefore 11-:1s purc11:~secl for use in lioles up to 2,.500 
feet deep. The Silo1)son core tests were all clrilled ~ ~ i t l l  
w Failing 1500-S rig. (See fig. 65.) 

On the completiorl of Sinlpson core test 24, tlie ecll~ip- 
nlent was rnoved to 1lig;li ground and blocltetl up. aucl 

SIMPSON CORK TESTS the project lvxs abandoned for 1949. 

Thirteen core tests were drilled in 1949 i l l  the gen- SUPPORTED ACTIVITIES 
era1 vicinity of the Sinlpson oil seepages. Tliehe lioles 

-1s il l  earlier years, Pet 4, by its presence and f:tcili- 
ranged in depth from 290 feet for Simpson core test 14A 
to 1,502 feet for Sinilxon core test 21. Tlie tests \\-ere ties in the ,lrctic, inade possible inany otlier activities 
numbered 13 14, 14Ai, alld tilrougli Tile lille not relxtecl, or only sliglltly related, to the oil explora- 

of seepages and a, gravity aliomnly ill tlie \.icillity lec1 tion project. Pet 4 colitinned to lend every effort to 

to the special interest in tile Cape SilllpsNi :are;t. T ] ~ ~  """it ~ t ~ c l i  other activities ill :tll reasonable ways. I t  

total footage drilled 11-as 13,660,of \~-liicl~ :I little more 
t2lan 2,100 feet mas corecl. Even ~vllen all tlie work 
11-as done in 1949, it n7as genera1l-y agreed t11:tt neither 
an acceptable intei.pretation of tlie geology IWI. a deter- 
rnination of the petrolenin pote11ti:tl of tlie vic,i~~ity conlil 
yet be made. 

Core test 13 Tvas spuclcled on 9 ,Ttule and abantloliecl ill 
July. It was 1,438 feet deep. Sonle difficulty  as lixcl 
\\-it11 loss of circulation during d~'illiilg, :tlicl tlle llole 
was cored only to 1,212 feet, but an electric log \\xi 
run :tlI the way. A cable equippecl ~vitll  t1ierniisto1.s for 
temperature measurenlent n7:-:rs left in the hole \vhel\ it 
was abandoned. 

Core test 14, ~ ~ h i c l i  was spuclcled on 21 .July, \\-as cored 
only intermittently. Droppecl illaterial was a1)ancloned 
in tlle hole a t  1,214 feet, although the hole v a s  drilled 
to 1,270 feet, and an  electric log was run to tlie dept l~  
of the dropped metal. Between 310 feet ant1 61.5 feet 
xere some minor shon-ings of oil and g:~s. ('ore test 
14A mas drilled only 70 feet away from 14 and was 
designed to intersect a near surface fossil zone tli:\t llad 
not been cored in 14. I t  n->ts 290 feet deep :t11(1 II~:IS 

spudded on 14 August. 
FIGI lln (i::.--Derrick floor scene a t  On~iialik test well 1 on 7 F(3t)ri~:lrx 

1!).3O. Pliotogmph 1 ) ~  U. S .  NHTJ-. 
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I\-ould be impracticable to list all persons and organiza- 
tions that  were assistecl in any way by Pet  4-the list 
would be too long and would t h r o ~ r  out of balance the 
main purpose of this report. Some of tlle principal 
outside orgs~nizations so assisted, however, inclncled 
the following-the National Bureau of Standards, the 
TT. S. Air  Force, the Sara1 Ordnaiice T,aborato~.]v, tlle 
U. S. Army Corps of Engineers, the Bureau of 17ards 
and Doclcs, tlle Office of Sa ra1  Research, the -1r11iy'h 
Aim-ays :tilt1 Air  Conimnnications Services, tlie ('iril 
Aeronal~tics ,Idministratioa, tlle -1lwskn Comiiinnic.:r- 
tion System of the Arilly Signal Corps, the S. Coast 
ant1 Geodetic Surrey, and the U. S. Tenther  Bnrrnl~.  

Some of the above activities were finnncrtl 1)- 
acls7ances or transfers of funcls from the agencies co~i-  
cerned to tlle Bureau of Yards and Docks :1nd \\-ere 
then blaiiketecl uncler the contlbact throngll appropriate 
change orders. Some of these in 1049 were inclncletl 
i11 change order P, issued in L\~~gust ,  and 1x.ovitlrtl 
$57,580 for a radio-propagation field station for tlie 
Bureau of Standwrtls aiid certain construction ant1 
services for  the Air Force at Barter Islaiid at a cost of 
$94,500. Facilities for  seismic obse~*vations at 1-nliat 
for tlle Kaval Ordnance Laboratory estililatetl to cost 
$81,000 were covered by change order Q, dated 3 Octo- 
ber. Change order R of 8 November providecl for 
support of the Arctic Test Station of Bullocks for. 
$17,000 and for the Arctic Research Laboratory of the 
Office of Kaval liesearch estiiliated to require $60,900. 

Soirle illention is made belov of a few of the con- 

I'rar-RE 64.-(ins rislrig fro111 Sin~pson core tcst It:. I ' l ~ o t o g r ~ ~ ~ ~ l ~  h r  
U. 8. Nary,  7 Srpttxmber 1940. 

sti.uction p1-ojects for soiile of the supporteel activities. 
but tlie tlesc~.iptioils :we by no rrleails incll~sive. 

Tlie r:~dio-propagation field station for the P\'ation:ll 
131u.r:111 of Stand:~rtls, Del)artiile~lt of Commerce, con- 
sisted of :ti\ operatiolis bnilcling, anteiin:~ system, 
ant1 ~~liscellaileous accessory facilities such as a garage 
2111~1 p l u ~ ~ ~ b i n g  ilist:~llations. The work was corripleted 
early ill December. 

The ,\rctic Research Laboratory of the Office of 
Saval  Research IT-as supported tlirougho~it the year. 
I11 aclclition to tlle continui~lg support, 1 ~ o r k  for the 
-\RIA included the virtual completion of a new family- 
quarters quoilset hut by the end of the year ancl bv the 
Aiddle of October the construction of a connecting 
building b e t ~ ~ e e n  O N E  buildings 250 and 231. 
-1 new power ho11se ancl other construction for the 

.\ir Force a t  Barter I s la~ld  were finished in November. 
Two or three 71-eeks earlier ,\rcon hacl completed tlie 
construction of 6 obserration facilities and appurte- 
nant 11-orks including barometric gear and power fa- 
cilities for the Naval Odnance Laboratory installation 
at  Urniat. I n  November a butler hut ( a  specialized 
:trctic-type shelter) 11-it11 n concrete floor slab was conl- 
pletecl for  the -1rctic Test Statioi~. Earlier, in Sep- 
teniber. a power line and cable hacl been i~lstallecl for 
tlie Weather Bureau. 

-1 magnetic-absolute and a magaetic-variations build- 
ing were built for the Coast and Geodetic Survey. Tlie 
painting of the Skull Cliff tower was completed. 

Earlier plans for tlie building of ailother 625-foot 
IAor:tn to\\-er a t  Barter Island were finally abandoned 
after study of foundation conditions and the costs in- 
volved. Similarly, it  as decided to postpone the 
coilstruction in I949 of additional radar to\vers as aavi- 
gation aids along the Arctic coast. 
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SUMMARY OF 1949 SEVENTH YEAR-1950 

I n  year 1949 the greatest activity in Pet 4 up  to that GENERAL PLANNING AND ADMINISTRATION 
time mas seen and, i n  fact, not much below tlii peak 2 
years tliat were to follow. The size of Pe t  4 in 1949 
can be roughly measured by the money spent-approxi- 
mately $7.5 million including f ~ l n d s  received hy the 
contract from others for services performed. 

The average number of Arcon employees in 1049 was 
528 : 330 a t  Barro\\-, 16 a t  Umiat, 114 in the field, 40 a t  
Fairbanks, and 19 a t  Seattle. There were 309 em- 
ployed during the first n-eek of January ; this increased 
to a peak of 683 in early July. 

The base plant a t  Barrow T T ~ S  enlar.gecl steaclily 
through the year to accommodate the expanding drill- 
ing program and the increasing requirements of otliers 
for services. Four seismic and six geologic parties 
were supported as part of the 1949 prograni. A series 
of core holes u7as drilled in the seepage area near Cape 
Simpson, and South Barro~v test well 2 \\-as bl-oi~glit 
in as a gas well. 

Outstancling among the personnel cliaiiges during 
the year was the leaving of Bart  TY. Gillespie, 1~110 hat1 
been associated with Pet  4 since its inception. Other 
inlportant personnel changes n-ere the appearance on 
the Pe t  4 scene of E. 177. Reltz as tlie first chief of 
exploration, E. L. Davis as  project manager, and CDR 
M. H. Aubey as OICC. 

Special effort was macle bp the operatiilg conlmittee 
and the involved personnel to coorclinate nncl focus 
more closely the rapidly incrensiiig bocly of basic ill- 

forn~ation tliat ~ v a s  beconling arailable through the 
efforts of the United Geophysical Co., tlie Geo1ogic;ll 
Survey, and otliers. Tlie creation of the positioii of 
chief of e ~ p l o ~ a t i o i i  in 1918 was indicatire of this trend. 

The drilling footage in 1949 was substantiall? greater 
than in any previous year. It ~ r a s  espected tllat even 
niore drilling coulcl be accomplislied in later Teal's 
because of preconstructecl rigliousings, stanclardization 
of layouts, ancl increaseel experience. 

-iinong tlie notable specific nccomplislimeiits of 1049 
were- 

1. Winter freigliti~ig in the total amoimt of 1.3 
illillioll ton-miles. 

2. Greatly increased information aiitl experience in 
the design of safe, Iiear>--rig fonncl a t '  1011s. 

3. Tlie coinpletioii of South Barrow test well 2 as 
a gas well and the bringing of gas service to the Barrow 

By  the beginning of the seventh year of Pe t  4, in Jan-  
uary 1950, the plant, facilities, and equipment had very 
largely been acci~mulated and installed. Henceforth, 
the accomplisliment of the job itself mould be the main 
item of business with fewer activities tliat were part  
of getting ready to do the job. (See figs. 66, 67, 68.) 
As the year began, one test hole-Ounialik test well 
1-had already been drilled to a little more tllail 9,600 
feet ; winter freighting was nncler\~ay ; and Barrow 2 
gas \re11 ~v:ls s~ipplying an arerage of about 430,000 
cubic feet of gas a day to tlie camp. 

1 11.1 l i r  t,tt.-Colictrllction of floiit-1)lnnr dock in lagoon a t  Ilarro~v. 
Hole< are being Steamed t l ~ r o u g l ~  lagoon ice ; piles \\-ill later be driven 
t l i r o u g l ~  tlie holes in to  the mud bottom. Pl~otograph by U. S Kav) .  

On 9 Jnn11nl.y tlie OICC (CDR 31. 11. Aubey) ancl 
the assistant project manager for A R C O S  (Tecl C. 
Mathews) went to ,\ncllorage to attend a conference 
relative to t~ survey for a petroleuill pipeline fro111 the 
coast to interior Alaska. For  tlie purpose of obtaining 
fil-stliand inforrriatioii :rbout Pet  4, a party headed by 
the Chief of Staff, Con1 17, clepartecl for 13arl.o\~, along 
with the OICC on 20 Jailnary and returiiecl to Fair- 
banks and left for  Rotliak on 20 Jaliu:~ry. 

Ever sirice the 11th meeting of tlie operatiiig com- 
mjttee, i t  liatl been generally Icno~rn that E. 7V. Beltz 
\could probably ilot be continuing as chief of esplora- 

camp. tion for ARCON after the termination date of llis con- 
1. Tlie establisliment and use of bull< fuel storage tract, \Tllicll ~ r a s  31 January 1950. TIlere collsicler- 

at Barrow. able discussioli as to ~rliether a replacement 11-oulcl be 
5. The succe~sful experiments \ ~ ~ i t l l  LT'T and boat sought or the position abolished alld its duties reclis- 

freighting ~vithin Sara1  Petroleum Reserve No. 4. tributed. It was deterilli~led to continue the position, 



SEVENTH YEAR-1 9 5 o 113 

and oil 28 .January, R. G. Reese, formerly of tlie Stand- 
nrcl Oil Company of California, reported in Fairbanks 
to take orer the position. ,llso on 28 January, IIugll 
13. Pate, 31. D., reacliecl Fairbanks on his way to Barrow 
to take up  his new clnties as the cloctor for ARCOX in 
the Reserve. 

The OICC on 20 January sent a memorandnm to the 
Director, Karal  Petroleum Reserves requesting sub- 
stantial changes in the 1950 program as :~pproved at  
the November meeting of the operating coinriiittee be- 
cause of lie-w data t l ~ t  liatl become nr:rilable between 
the Norember meeting ant1 late .ianuar- 10.50. Tliese 
changes were recommended by tlle conlbined teclmical 
staff in Fnirbanlrs. I11 essence they consisted of post- 
poning tlie drilling of x deep test at  East Sinil)son 1 
(Simpson 2 as recorded in tlie minutes of the 11th meet- 
ing of the operating committee) anel substituting :I 

shal1011- test to be design:lted Sort11 Sirripsoil 1 nncl n 
deep test at  the Topagornli site-the location to be 
based on new seisinic data. The Fairbanks staff ecti- 
mated that the change IT-onlcl cost an additional $336,000 
but ~voulcl aclvance the exploration I-ery substantially. 

The Director, h'aval Petroleu~il Reserves pollecl the 
operating committee by inail on receipt of the abore- 
mentioned inemoranduill mlcl, after i.ecei\-ing tlie mem- 
bers' indiridual reactions, on 2 February made the fol- 
lowing decisions : 

1. East Simpson 1 will be deferred. 
2. ,I decision on the clrilling of Yortll Simps011 1 

will b~ llelcl up until the 12th meeting of tlle 
operating comi~littee in April. 

E'IGUKE 67.-Interior of 11eary-duty-cquipmcnt sllop at  Barro\x-, S a t e m -  
ber 1950. Photograph hr U. S. Kavg. 

FII;LKE (is.-1t;rils being placed i n  c o n c r ~ t e  to form floor of sled shop 
a t  Dnrrow, September 1030. I'hotogra~rh by U. S. Savy .  

:',. Geophysical work a t  Topagoruk will proceed. 
Selection of location will be made a t  a conference 
i i ~  Los ,lngeles, Calif., as soon after 15 March 
as the additiollal geophysical data are available. 

I t  will be recalled that at  tlie 11th illeetiilg of the 
operating committee i t  was cleterniined that a subcom- 
mittee would worlr \ ~ i t h  the chief of exploration ill the 
derelopi~1ei1t of a geological field prograin for 10.30. 
This s~~bcorrimittee ]net in TT':~shinyton, D. C., on 20 
February. I n  attendance were Lewis JIacNxixghton aiid 
Earle Taylor, of the firm of DeGolger and MacNaugh- 
ton; Glen Ruby, A. A. Cnrtice, and Rex Townsend, of 
Exploration Contractors, Inc. ; Walter English, tecllni- 
cal advisor to the Director, Naval Petroleunl Reserves; 
TV. E. Jlrratller, Ralph Miller, George Gryc, and John 
C. Reed, of the Geological Survey; the Deputy Direc- 
tor, Naval Petroleuin Reserves ; and the Director, Kaval 
I'etroleunl Xeserves. 

Tlie subcoinmittee recommended that- 
1. Party 1 map the Driftwood anticline. The use 

by Par ty  1 of a light-weight portable drill woulcl 
be investigated. 

2. Party 2 make stratigraphic studies in the vicinity 
of the Siksilrpuk and the Nanushuk Rivers. 

3. Party 3 make stratigraphic studies and appraise 
the reservoir characteristics of the Lisburne 
group in the following areas: Sagaranirktok 
Lake, Hanayut Lake, Chandler Lake, Kurupa 
Lake, and Feniak Lake in the headwaters of the 
Noatak. 

4. Party 4 make structural studies of the western 
part of the Carbon Creek anticline and of the 
Hetik anticline. 
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5. Party 5 make a detailed study of the Aupuk anti- 
cline and then work south and west as fa r  as 
possible. 

6. Party 6 make structural and stratigraphic studies 
between the Kirnlitagiak and the Kuna Bivers. 

7. Par ty  7 work in the area of the Kuguroruk and 
Nimiuktuk Rivers as fa r  downstream as the 
Xoatak River. 

Tlle subconlmittee also discussed the current drilling 
situation and recomniended that- 
1. Arcon be authorized to proceed with plans for  and 

the drilling of North Sinipson 1 as proposed. 
2. Arcon be authorized to freight necessary equipment 

and supplies for  two Cardwell tests in the vicinity 
of the Simpson seepages. 

3. The  1,200-foot hole in the center of Lake Minga to 
test permafrost conditions be drilled and equipped 
~ v i t h  thermistors. 

On 2 March the OICC visited Ladd Air  Force Base 
in order to brief 21 visiting officers of the Royal 
Canadian S i r  Force on Pet  4 operations. On 13 
March the OICC held a conference with LTJG R. B. 
Carleton ; LT Norman Jackson ; Messrs. Mathews and 
Spaulding, of Arcon; and T. G. Roberts, of the Geo- 
logical Survey, to discuss helicopter support in the 
Reserve. 

As agreed a t  the 11th meeting of the operating com- 
mittee, another subcommittee of the operating commit- 
tee to consider the drilling program and related matters 
niet in Los Angeles, Calif., on 16 March. The sub- 
coninlittee was under the chairmanship of COL 0. F. 
Kotick, Deputy Director, Naval Petroleum Reserves. 
Also in attendance were Messrs. Lewis MacNaughton, 
of DeGolyer and MacNaugllton; E. L. Davis, project 
manager, Arcon; R. G. Reese, chief of exploration, 
Arcon ; Glen Ruby, Exploration Contractors, Inc. ; 
Howard Myers, United Geophysical Co.; and R. I,. 
Miller, Geological Survey. Herbert Hoover, Jr. ,  at- 
tended a part of the meeting. The first conclusion of 
the subcommittee was ~ulanimous to the effect that the 
proposed Topagoruk test be drilled in 1950. Next a 
specific location was selected for the test. A majority 
of the subcommittee was in favor of closing do.1~11 
Oumalik 1 in time to move the r ig  to the East  Oumalik 
site. The subcommittee discussed the desirability of 
further exploring the Barrow "high." Finally, i t  
recommended that  a light drill r ig not be sent with the 
geologic party to the Driftwood anticline. 

The 1950 drilling program was further discussed in 
Fairbanks on 22 March by the OICC ; E. I;. Davis, Ted 
C. Mathews, Drex Spaulding, Howard Myers, E. C. 
Hamilton, R. G. Reese, of Arcon, and T. G. Roberts, of 
the Geological Survey. 

On 19 s p r i l ,  the operating committee and others 
connected with Pet  4 again assembled in building T3, 
Navy Department, JITashington, D. C., for the 12th 
regular meeting of the committee. The meeting con- 
tinued for  3 days-19,20, and 21 April. This was an 
important meeting; for, in addition to approving cer- 
tain inodifications of program that  had been suggested 
since the l l t h  meeting the previous November, the 
committee was to appraise the program to date and 
present recommendations for  the future to the Secre- 
tary of the Navy. 

All members of the operating committee were pres- 
ent, including Commodore Ill. G. Greenman, Director, 
Naval Petroleum Reserves ; COL 0. F. Kotick, Deputy 
Director, Naval Petroleum Reserves; JV. E. Wrather, 
Director, Geological Survey ; A. A. Curtice, vice presi- 
dent, Exploration Contractors, Inc. ; L W. MacNaugh- 
ton, DeGolyer arid AlacNaughton; and CIIR G. E. 
Fischer, CEC, USS. Among others present were 
Walter A. English, technical advisor to the Director, 
Naval Petroleum Reserves ; Herbert Hoover, Jr., presi- 
dent, Exploration Contractors, Inc., and United Geo- 
physical CO.; Richard Reese, chief of exploration, 
Arctic Contractors; and Ralph L. Miller, geologist in 
charge, Navy Oil Unit, U. S. Geological Survey. 

The following is a brief resume of the salient features 
of the meeting: 

Drilling 
1. East Sinipson test well 1 (Simpson test well 2 as 

reported in the record of the minutes of the 11th meet- 
ing) would be deferred. This test had been approved 
a t  the l l t h  meeting. It was felt that  further explora- 
tion of shallow horizons in  the area should precede 
another deep test and that  the National 125 rig would 
be of illore immediate value a t  the proposed Topagoruk 
site. 

2. Topagoruli test well 1 would be drilled with the 
National 125 r ig  to a depth of about 12,000 feet. The 
site was to be the location selected by the subcommittee 
when it met in Los Angeles, Calif., in  March. I n  addi- 
tion to being in a strategic location to yield much needed 
geologic information, the hole would test a suspected 
unconformity a t  about 10,000 feet and 150 feet to 200 
feet of structural closure in the deeper horizons. 

3. North Simpson test well 1 ~vould be drilled to a 
minimum depth of 3,600 feet to explore a seismic re- 
versal of about 400 feet between a depth of 3,500 feet and 
4,000 feet. The committee agreed unanimously to drill 
North Simpson 1 to a minimum depth of 3,600 feet in 
order to penetrate any reservoir rocks, to establish a cor- 
relation with Simpson test well 1, and to determine if 
an unconformity existed at  approximately 4,000 feet. 



SEVENTH 1 

4. The committee appro\-ed tlie recoliimendi~tio~lc of 
a subconlniittee that provided for the fol lo\~ing clrilliiig 
in the Simpso~l seepage area with the Cardn-ell r ig  : 
a. The drilling of a test due east of core test 22 :~nd  due 

south of core test 20 to about 2,500 feet to determine 
if the oil-bearing sand at  the seeps also carries oil 
down the dip. 

b. The drilling of 3 core tests to a inaxiinum depth per 
hole of 1,500 feet and including about 3,000 feet of 
coring in the vicinity of seepage 3 in order to deter- 
mine tlie structure of the beds unclerlging the 
seepage. 

3. The co~iinlittee decided to snspencl the drilling of 
Oumalik test well 1 a t  its depth a t  that time-11.872 
feet. That  liad been 1.ecommended by the subcommittee 
that met in lSlarcli in Los Angeles, Calif., and was 
occasioned by the need of moving the r ig to tlie East 
O~unalik site by 15 April, by the poor condition of tlie 
Ounialik test -well 1 hole because of sticking of tools at  
3,600 feet and of constricted hole a t  5,000 feet, ancl by 
the poor outlook for  any substantial oil finds k l o ~ v  tlie 
depth already reached. The gas zone between 2,672 
feet and 3,600 feet liad been tested with ilegatire results, 
and a velocity surrey of the liole had slio\rii a constant 
velocity of the rocks penetrated as 10,700 feet per 
second. This latter information permitted a new inter- 
pretation of the section a t  the Topagoruk site that 
would place the basement there a t  about 10,000 feet. 

6. The earlier decision to drill Umiat (Ruby) test well 
1 to test the practicability of drilling the permafrost 
zone in the TJmiat field with cable tools, using a brine 
drilling fluid, was confirmed. 

7. The committee confirmed the decision to drill x liole 
under IJake Minga to find out the permafrost condit io~~s 
there. Tlle seismic work sl~o\~-ed a seisn~ic sap nllder 
the lake, and i t  was felt that tliat might be due to an 
unfrozen condition under the lake. The answer was 
required to help interpret tlie structure of the Cape 
Sirnpson area and as a generality for use in interpreting 
seisn~ic conditiolls near other lakes. 

Unitieation of second Cn7 clu~e77 ?~ir/ 
After a discussion of the possibilit~ of more s h a l l o ~ ~  

drilling to search for condensate reservoirs in the B i ~ r -  
row area and elsewhere, the committee authorized the 
purchase of the necessary materials to unitize a second 
Card~vell r ig and ship them to Bnrro\~- during the 
s111n1ner of 1950. The coillmittee felt tliat po~sihle 
reqniremelits for the nse of such R lnobile r i g  -\\-ere great 
eilougli to fully justify its procurement. 

Geophysical wurve?/s 
Howard Myers, chief geophysicist, described the 

progress of the geopliysicnl a c t i ~ i t p  up  to the date of 

the ~ileetiiig. H e  nniio~mced that the United Geo- 
ph>sical Co. liad employed 1). H. Iluhrs to reevaluate tlie 
gravity ancl magnetometer work done during the sum- 
iner of 1950. H e  also noted that the gravity project, 
to be transported by helicopter, would start about 1 
June. The 13ureau of Yards and Docks had authorized 
Arctic Colitractors t o  subcontract with the Bell IIeli- 
copter Co. for  the helicopter support. The committee 
reco~niilencled tlint tlle Director, Naval Petroleum Re- 
serves request funds for 2 geophysical parties in the 
field in 1031 and 2 in  195%. 

Geologic aurceys 

Jlenlbers of tlie Geological Surrey reported on the 
results of recent geologic work and made some new 
iliterpret:ttioiis of older work. The committee decided 
that  tlie Surrey's laboratory should continue its studies 
of porosities and permeabilities froin outcrop aild well 
s : l e s .  I t  \\-as agreed to  suspeiicl pl~otogeologic ~\-ork 
t l u r i ~ ~ g  tlie smnmer of 1930 in order to permit \I;. A\ 

Fischer to \-isit the field for  studies that \\-ould aid in 
later 1)llotog~~ologic interpretations. George Gryc 
pointecl out tliat the planiii~etric map compilations were 
no\1- being m:~cle by the Surrey's Trimetrogon Unit in 
W:~shington, D. C., mther than in  Denver, Colo., as in 
tlie 11:lst. Soine quadrangles, about 16, T T - O L I ~ ~  hare to 
Le reconipilecl b tnuse  of the poor control available 
earlier. Tlie Director, Naval Petroleum IZeserves in- 
dicated that lie could not provide funds for  geologic 
ivor1i outside Sa ra1  Petroleum Reserve No. 4 tliat dicl 
not contribute to the Pet  4 progani .  The committee 
reconimended four geologic parties for the season of 
1931 and none for  1932. 

Alqco?z w y o r t  
Tlie contractor rerien-ed various aspects of Pet 4 op- 

erations including personnel, costs, rate of accomplish- 
ment, aiiiount of drilling, and related items. It w:ls 
pointed out-and the cmln~ittee agreed-that i t  ])rob- 
ably ~vould be more economical to spread the reniaining 
11-orli tlirougli calendar year 1953 than to add additional 
c:~pability to finish in 1952. I1 n a s  estimated that  the 
\ ~ o r k  coulcl be clone in tlle longer period for  about 
S350,000 less. I t  was decidecl tliat the timetable mould 
be g i ~ e n  further consicleration at  the close of the 1951 
season and after a report 1i:~d been subiiiitted by a conl- 
mittee to be appointed by tlic Secretnry of tlie Navy to 
evaluate results. 

Ternz i~~nt ion  o j  Pet 4 und future planning 
The Director, Naval Petroleum Reserves pointed out 

that it had been visualized previously that the objective 
of Pet  4 could be xttainecl by tlie end of 1952. This 
lint1 been accepted by the Secretary of the Navy and 
endol.~cd by the Depnrtinent of Defense, the Bureau of 
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the Budget, and the interested committees of the Con- 
gress. He insisted that any extension of time would 
have to be justified by substantial evidence. The clis- 
cussion that followed showed that, as Pet  4 had pro- 
gressed, the increasing evidence of the presence of petro- 
leum over so vast an area was so pronounced that suc- 
cess always appeared to be just around the corner. 
This situation, in the absence of a discovery, was bound 
to make a decision to terminate a t  any given time in- 
creasingly diflicult. The committee did not wish to  
recommend any extellsioii of time at  the meeting then 
underway but proposed that the Secretary of the Navy 
designate a special group to evaluate results. The Di- 
rector, Naval Petroleum Reserves stated that he would 
have to cliscuss the matter x-ith the Secretary before 
recommending any change in the timetable of Pet 4. 

I t  was decided to hold an interim meeting of the com- 
mittee on 13 September in Fairbanks. The meeting ad- 
journed at  1100 on 21,4pril. The minutes and recom- 
mendations were approved by Assistant Secretary of 
the Navy, John T. Koehler on 1 June. 

On 2 May, CAPT Foster I;. White, USAF, petroleum 
engineer, was detached from duty in Naval Petroleum 
Reserve No. 4. On 24 July Sam R. Broadbent, of the 
Bureau of the Budget, spent nearly the entire day at  
the Arcon offices in Fairbanks studying the procedures 
used in budgeting the contract. The next day Mr. 
Broadbent flew via linehaul plane to Barrow to observe 
operations in the field. W. Wain Gifford reported to the 
OICC on 4 August to become his technical advisor re- 
placing Mr. Hamilton, who had previously resigned. 

During the summer of 1950, it was agreed to consti- 
tute a Fairbanks joint staff to be made up of the heads 
of the various units at  the Fairbanks level. These of- 
ficials included the OICC, the head of the Navy Oil 
Unit of the Geological Survey, in Fairbanks, the head 
of the geophysical activity under the United Geophys- 
ical Co., the project manager, the chief of exploration, 
and any representatives of the Director, Naval Petro- 
leum Reserves or members of the operating committee 
who happened to be av~ilable. The function of the 
Fairbanks Joint Staff was to review the program and 
operations as might be desirable to expedite study and 
action by the operating committee at its regular or in- 
terim meetings. 

.The Fairbanks Joint Staff met in Fairbanks on 11 and 
12 August. Present mere COL 0. F. Kotick, Deputy 
Director, Naval Petroleum Reserves; CDR M. H. 
Aubey, OICC; W. Wain Gifford, technical advisor to 
the OICC; Walter A. English, technical advisor to the 
Director, Naval Petroleum Reserves; Howard Myers, 
head of the United Geophysical Co. operations ; T. G. 
Roberts, head of the Navy Oil Unit in Fairbanks ; Ralph 
L. Miller, head of the Nary Oil Unit; R. G. Reese, 

chief of exploratioa; Ted JIathews, assistant project 
manager; and E.  1). Davis, project manager. Marvin 
Heany and Harold W. Hoots were present as observers. 

Ralph L. Miller described the operations of the Geo- 
logical Survey field parties and some of their tentative 
conclusions. Howard Myers reported on the operations 
of the geophysical parties, including the gravity-meter 
party. Some modifications of the geophysical work 
were recommended, and these  ere considered to be 
within the authority of the joint staff. Mr. Miller also 
described the present interpretation of the Unliat struc- 
ture. I n  response to a request from Colonel Koticlr, 
Mr. Reese reported that Marvin Heany was assembling 
available data for making more refined facies maps. 

The agenda for the forthcoming interim meeting of 
the operating committee in September was discussed. 
The following locations for possible test wells were 
mentioned: a shallom test at  the Topagoruk site, a deep 
test at  the Topagoruk site, shallow tests on the Gubik, 
Weasel Creek, West Meade, and Utukok-Kuk anti- 
clines, and on the northeast part of the Oumalik anti- 
cline. 

Mr. Miller described some of the geologic situatioils 
in the foothill belt near the mountain front, and Ted 
Mathems commented on some of the operational prob- 
lems in that region, including the requirement for a 
landing strip. The foothill region was dismissed as an 
area for the operation of a mobile geophysical party. 
The joint staff did not concur in a proposal by Walter 
English that the Meade test well 1 be redrilled to obtain 
satisfactory cores of sandy zones. Ted Mathews re- 
viewed the proposal to convert LVT7s (landing vehicle, 
tracked) to diesel power and estimated that such re- 
vamping of 5 LVT's mould cost roughly $100,000. 

On 12, 13, and 14 September an interim meeting of 
the operating committee was held in the offices of 
Arcon in Fairbanks. The purposes of the meeting \%-ere 
to review exploration during 1950 and to outline a tenta- 
tive program for 1951. Committee members and alter- 
nates present included Commodore Greenman, Colonel 
Kotick, Mr. Wrather, A. A. Curtice, Earle Taylor for 
Lewis TV. MacNaughton, Commander Aubey, and Wal- 
ter A. English. Others present were CAPT R. H. 
Meade, CEC, USN, prospective relief for Commodore 
Greenman; LCDR J. C. Bomke, prospective relief for 
the fiscal officer in the Office of Naval Petroleum Re- 
serves; Herbert Hoover, J r . ;  Glen W. Ruby; Rex 
Townsend, vice president, Exploration Contractors, 
Inc. ; James Tullp, secretary, Exploration Contractors, 
Inc. ; Ralph Green, president, Green Construction Co. ; 
W. W. Gifford, petroleum advisor to OICC; M. J. 
Lebsack, Office of Naval Petroleum Reserves; E. L. 
Davis; R. G. Reese ; T. C. Mathews ; J. M. Adams, gen- 
eral superintendent for Arcon at  Barrow ; R. B. Block, 
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chief of drilling and production : Karl Vonder-Ihe, 
chief petroleum engineer : 1st TJT G. H. Oosting, US-4 : 
C. A. Everett, John Rollenbocher, and 31. Heany, geol- 
ogists of hrcon;  Horn-ard Myers, J. R. Woolson, and 
L. Luhrs, of tlie United Geophysical Co. ; John C. Reed, 
Ralph L. Miller, George Grgc, T. G. Roberts, Harlarr 
R. Bergquist, C. L. '\Thittington, Floreilce Robinson, 
2nd Florence Rucker, of the Geological Survey. 

CAPT R. H. Jieade, CEC, USN, was introduced 
formally by Commodore Greenman as his prospective 
relief as Director, Sara1  Petroleum Reserves. 

Commodore Gree~li~laii outlined several policies that 
~ rou ld  be follo\ved daring the rest of Pet 4 : 

1. Pet  4 will terminate a t  the close of 19.52 escept for 
necessary closeout work thereafter. 

2. All usable material will be returned to the States 
in the summer of 1993. 

3. I n  the event of a major oil discovery, the project 
will be restudied as to the desirability of continuance. 

4. E3xpenses are to be kept to a minimum to permit 
clrilliilg of test ~vells in all promising areas. 

5. A minimum amount of drilling 11-ill be employed 
to indicate the productive limits of the Umiat and 
Simpson fields. 

6. Oil sands of consequeilce will be given drill-stem 
tests as a basis for production estimates. 

7. No  ells will be completed for production tests 
unless a major discovery is indicated. 

8. Geologic and geophysical -\-vorl< will be limited to 
detailed delineation of areas selected for drilling that 
can be completed before the end of 1952. 

9. No shallow drilling outside the Reserve \\-ill be 
considered until those possibilities inside are tested. 
The Gubik anticline may be an exception. 

Commander Aubey presented general comments on 
the operation. Mr. Davis, with the help of Messrs. 
Busing, JIatl~ews, and VonderAhe, gave a general re- 
view of 1050 operations, including a financial discus- 
sion. After a review of the Barrow gas situation, it 
was decided that  the contractor should make a study 
to  deternline \vhat steps should be taken to insure a gas 
supply for the camp until the end of 1952. The 1950 
geologic fielcl1vork was reviewed by Ralph Miller, 
George Gryc, and others of the Geological Survey's 
Navy Oil Unit. A review of the geophysical activity 
was presented by Howard Myers. 

L4rcon \\-as asked to prepare by the November meet- 
ing a regional map outlining the areas considered most 
favorable for  future exploration. After detailed dis- 
cussion the committee formulated a tentative future 
program as follows: 

1. The productive limits of the Umiat oil field mere 
to be further delimited by drilling up  to 3 additional 
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~vells. These would cost about $30,000 each. -41~0, 
the contractor was to estimate by the Noveinber ineet- 
ing the cost of 2 additional wells. Tlle esact location 
of tlle 3 IT-ells  as left to the Fairbanks joint staff. 
I t  \\-as hoped that the wells proposed ~ ron ld  indicate 
whether the oil is inorecl by gravity, w:-ater pressure, or  
gas pressure. 

2. U p  to $60,000  as authorized for additional core 
holes in the Siinl~son area. Arcon TTLIS requested to 
prepare a program for coi~sideration at  the November 
meeting for esploratioil south of tlie area that had been 
drilled a t  Simpson. 

3. Mr. English's proposal to test anticlines siillilar 
to Ulniat and farther west for about 80 miles was ap- 
proveci. llrcoll -\~-t-as asked to prepare by Korenlber a 
program with cost estimates including comparisons in  
tlle use of the Cardn~ell, Failing, and cable-tool rigs. 

4. The contractor by A-ovember was to have estimates 
for testing tlle West JIeade anticline, and i t  was agreed 
that all data on tlle JVest Meade area should be re- 
viewed and discussed a t  the November meeting. 

5. Because of the possibility that the rocks in the 
Kaolak area may be lower stratigraphically than in 
the Jieade area. ,Irc011 was iristructed to prep:u-e esti- 
mates for a 3,000- to 5,000-foot test in that area. The 
Survey was to restudy all data, especially ally strati- 
graphic information, that  might be gained from sliot- 
hole cuttings. 

6. The contractor was requested to make estimates 
for  a test in the vicinity of tlle petroliferous outcrops 
on tlle ICokolik River. Drilling there was to be further 
considered a t  the November meeting. 

7. Further drilling in the Barrow area, including 
the previously authorized Elson test, was deferred be- 
cause of the slight possibility of finding ally substanti:tl 
oil field. 

8. By November the contractor was to provide cost 
data for  drilling the Gubik anticline to a depth of 
3,500 to 5,000 feet. Drilling is to be further considered 
and will require seismic work early in the spring of 
1951. 

9. Agreement was reached to consider testing further 
the shallow Topagoruk structural feature about 25 miles 
southeast of the deep Topagoruk 1 test. Such drilling 
could be considered in lieu of the Elson test mentioned 
in 7 above. 

10. Any decision regarding the Topagoruk deep test 
mas deferred until November. 

11. The same decision as above was made regarding 
the North Oumalik test. 

12. Approval was given to Mr. Curtice's recommen- 
dation that  seismic work be performed in  search of west 
plunge on the Sentinel Hill  anticline north of Umiat. 
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Arcon was asked to estimate on that as well as on depths 
and equipment for  a drill test. 

13. Approv:ll was given to Colonel Kotick's sugges- 
tion to do additiorlal seismic work to delineate further 
an anticline in the TVaii1~1-right area. 

14. Colonel Kotick 17-as designated to meet wit11 rep- 
resentatives of the Geological Survey to study the whole 
Lisburne problem wit11 a vieIT to selecting a drill loca- 
tion to be tested before the close of Pet 4, if a suitable 
location on the Drift~vood or other anticline can be 
found. 

Also approved for final discussion a t  tlie November 
meeting were proposals that- 

1. All available illforination be marshaled for tlie 
Square Lake anticIine about 20 miles northwest of 
Umiat. 

2. A core test ba clrilled bet~veeii core tests 10 and 
12 on the Simpson Peiliiisula to substantiate the theory 
of submarine erosion. 

3. Three core tests be drilled to about 1,500 feet across 
the seepage a t  Tom Brower's place on Admiralty Bay. 

4. I f  the core tests at  Simpson i~iclicate hopeful sands 
in the upper E horizons, a seismic program be initiated 
in February 1951 north of Teshekpuk Lake and else- 
where south and east of S in~psol~ .  

5. A geopliysical program be started for the follow- 
ing:  Gubik anticline, TVaii11~-right, in the area of tlze 
Lisburne group, and for 1 4  just above. 

6. The Navy Oil Unit of the Geological Survey sug- 
gest a geological field prograin keyed to the rest of pro- 
posed exploration program. 

7. Gamma-ray logging be considered. 
Immediately after the interim meeting, Admiral 

Moeller and Captain J\Tesanen traveled to Pet 4 ~ ~ i t h  
Captain Meade, Commander Aubey, and others to look 
over the project on tlle ground. Most of the party re- 
turned to Fairbanlis on 19 September. On 4 October 
the OICC was visited by the Senate Subcommittee for 
Alaskan Defense. On 6 November LCDR J .  V. Jones 
and LTJG H. J. McGarr reported in to relieve LCDR 
S. C. Gill, ROICC and to become technical assistant to 
the OICC, respectirely. The Secretary of the Air  
Force, Mr. Finletter ; the Assistant Secretary of the 
Army, Mr. Johnson; General Kepner, CINCAL (Com- 
mander in  Chief, Alaska) ; General Armstrong; Gen- 
eral Baker, and staff members visited the OICC for a 
briefing on Pet  4 on 12 November. 

The 13th meeting of the operating committee con- 
vened in building T 3  in TVasliington, D. C., on 27 No- 
vember. The meeting lasted through 1 December. The 
purpose of the nieeting mas to recommend a program 
for  1951. Operating committee members in attendance 
included Commodore Greenman, who chairmanned his 

last meeting as Director, Naval Petroleum Reserves; 
Captain Meade and Colonel fiotick, Deputy Directors 
of Kaval Petroleum Reserves; W. E. Tirather, A. ,4. 
Curtice, L. W. MacNaughton, and Commander Fischer. 
Also present Rere about 50 others representing various 
segments of the Pet  4 organiz a t '  ion. 

On the first day of the meeting, discussio~ls of the 
results of fieldwork in geology were presented by 9 
party chiefs of the Geological Survey, each one report- 
ing on the area covered by his party. 

The  first day of the meeting was closed with a review 
by George Gryc of the geologic situation as then uncler- 
stood based on the past season's work and previous 
work. Mr. Gryc's review 15-as supplemented by a short 
discussio~i by I+'. A. Fischer of certain structural fea- 
tures as revealed by plzotogeologic work. 

011 tlie second day of the meeting, 28 November, the 
results of some of the special studies by tlie Geological 
Surrey were presented to the committee. A t  tlle start 
of the afternoon s~ssion, the geophysical aspects of the 
1950 season's work were presented by Howard Myers, 
of the United Geophysical Co. First  he briefed the 
results of the field parties as follows : 
1. Fish Creek-Colville River-Titalul; area, party 144. 

Party chief, A. B. Sanders. 
2. Middle Meade area, party 145. Par ty  cliief, Arnold 

Polenske. 
3. 77'ain\vrigl1t-Utukok area, party 146. Party chief, 

H. B. Chalmers, Jr. 
4. Topagoruk-Simpson area, party 147. Par ty  chief, 

F. E. Wianko. 
5. Driftwood refraction survey, party 148. Party 

chief, Samuel Allen. 
6. Gravity-meter survey, 1950 season, party 249. Party 

chief, L. B. Luhrs. 
Mr. Myers then discussed general interpretations of 

uiiderground conditions in  the liglit of all the geo- 
physical data to that time. Next lie interpreted the 
situations a t  several local areas of interest in  terms of 
the general interpretations. There was substantial dis- 
cussion that is fully recorded in the transcript of the 
meeting. 

The chief of exploration, R. G. Reese, reviewed the 
1950 drilling operations including Oumalik test well 1, 
South Rarrom test well 4, Minga velocity 'hole 1, Meade 
test well 1, North Sirnpson test well 1 , 3  test wells in tlie 
Umiat area (Ruby 1, 2, and 3) ,  4 core tests in the 
Simpson area, Topagoruk test well 1, and East  Oumalik 
test well 1. E. L. Davis, project manager for Arctic 
Contractors, presented a report entitled "Review of 
1950 Operations"; the report was followed by discus- 
sion. Next Mr. Reese discussed "Favorable Areas for  
Exploration"; this was followed by detailed technical 
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discussion, especially as to application of tlle develo11- 
jng geologic understmding to drill sites or areas under 
consideration. 

LCDR J. C. Bomke, of the Office of Ku'aral Petroleum 
Reserves, then outlined the fiscal situation. The t o t d  
estimated cost of the 1950 program \\-as a little illore 
than $9.1 million. Captain Meade, ~\-llo was taking 
over as Director, Xaval Petroleum Reserves outlined 
his philosophy for  the remainder of Pet 4. 

Next the operating committee got do1~1-n to the inail1 
task of the meeting-to develop an integrated Pet 4 pro- 
grani for  1951. Mr. Davis led this discus~ion by the 
presentation of the program recomnlended by the Fair- 
banks Joint  Staff. 

The  Umiat area %\-as taken up first. -4 location was 
proposed to test the Ruby sands immediately south of 
the zone of steep surface dips zmd then to drill deeper 
to intersect a suspected south-dipping fault and deter- 
mine if the Ruby sands are present in  the f o o t ~ ~ x l l  
block. A cable-tool hole would be located near Uiliiat 
test well 1 in the thought that Umiat 1 was not an 
adequate test. 

Tentatively, the comillittee accepted the proposals as 
regards the two locations a t  an estinlatecl additional 
cost of perhaps $130,000. The nleetillg was recessed 
until the next day. 

The next morning, 29 Noveil~ber, the committee 
tentatively approved a relatively shallow test drilling 
program in the Maybe Creek area and a production test 
and research program a t  the Umiat field. There was 
full discussion of other areas where drilling \\-as pro- 
posed by the Fairbanks Joint Staff, including the 
Knifeblade, Aupuk, Titaluk, and Gubik anticlines, the 
East  Topagoruk area, and the West IIeade, Simpson, 
Barrow, Driftwood, ancl other areas. This discussioll 
went on into and through the nest  day, 30 Xoreinber. 
The major items of the prograin to be recommended for 
1951 were evolving by the end of this session. 

These items were conclucled on 1 December as 
follows : 

DrilZing 
Test wells reco?mended included- 

A p p r o s i m n t e  
d e p t h  ( f e e t )  . . 

Umiat anticline, crestal area ------------------ 2,000 . . 
Wolf Creek anticline ........................ 1,500 . . 
Weasel Creek ant~cline . . . . . . . . . . . . . . . . . . . . .  1,500 
Knifeblade Ridge, north ..................... 1,500 
Knifeblade Ridge, south -------------------  1,500 . . 
West Titaluk anticline . . . . . . . . . . . . . . . . . . . . .  4,000 . . 
Gubik anticline ............................. 5,000 . . 
Kaolak anticline ............................ 7,000 
Brower seep core tests (3) .................... 1,500 

By a later directive an additional shallow hole a t  
East Topagornk W:IS approved. 

-\dditional tests in knon-n oil-bearing structural fen- 
tures were recomnleilded as f o l l o ~ ~ s  : Umiat (Ruby) 
4, 8, and 6, which had previously been approved a t  the 
Septeniber aieeting-1,500 feet each; six tests in the 
Simpsoil nrea with an expendi t~~re  limitation of $100,- 
000-800-1,300 feet each. 

I t  was reconlmendecl that  $1.3 rrlillion be set aside to  
clrill one or  illore deep tests if results of the Topagoruk 
or  East Oum:llili- wells, then drilling, or early 1951 
seisiliic TI ork indicated that such XT-ells should be drilled 
in 1951. 

Groph ysics 

Three seisillic field parties were recommended to 
\\-orli-- 

1. On the Gnbik ailticline, starting about 15 De- 
cember 1050, to seek the best location for  the Gubik test 
well ancl to proceed to the area east and southeast of 
Skull Cliff after about 6 weeks for reconnaissance to 
locate a possible later South Barrow test. 

2. On the ICaolak anticline, beginning about 15 Feb- 
ruary 1931. This project to include also a refraction 
survey across the highest part  of the Carbon Creek 
anticline. 

3. On tlle Driftn-oocl anticline, beginning about 1 
April 1951, for about 1 n~ontll  to locate a possible deep- 
test site on the south flank of the anticline. 

Geology 

Four field parties \\-ere recon~nlended. The projects 
were to be clloseil by tlle Geological Survey with the 
adrice of the Director, Saval  Petroleum Reserves, the 
operating committee, and Arctic Contractors. The  
masimtu~n expenditure to 31 December 1951 to be 
8145,000, in addition to funds allotted to date. 

The Slurrey program also T T - ~ S  to include- 
1. ,\ geologist to work with the Arcon geologist rela- 

tive to the drilling a t  Wolf Creek, Weasel Creek, and 
Knifeblade Ridge. 

2 .  -1 geologist to work \~-ith tlle United Geophysical 
C'ompany's crew on the Driftwood anticline. 

Pt3oduction tests 

Sixty- to ninety-day production tests in the Umiat 
field were recoinmended. 

The fiscal outlook as seen a t  the close of the meeting 
was about as fol lo~rs : 
Cash available 31 Dee 1950 $8,350,000 
Appropriation expected 1 Jul 1951 ------------- -- 6,800,000 

Total ------------------------------------ $15,150,000 
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C a l e n ~ l ~ r  19<i1 progri1111 : 
Ii'ised costs --------_---_-------------------- $4,665,000 
Drilling progralll_--_------_--------------- 1,580,000 
Conditional ch.illi~~g progralil--------------- 1,300,000 
Geopliysical progrnlil---_----------- .-------- 790, 000 

Calender 1952 progrz t~~~ : 
Fixed costs s3.35G,iT,O 
I'rospectire drilling. progr;inl------___-------  3, 136, 000 
I'rospectire geophysical l>roerirni .------------ 322, "0 

I t  was nnticil~ated that tiscal yenr 1953 flurtls in the 
alnolu~t of $2,075,000 \vonlcl br retrl~estetl to fi11:tnc.e tlie 
closeout program. Closeol~t l)la~is were tli~c~lssed in a 
special meeting in tlie : t f t r ~ . ~ i o o ~ ~  of I 1)eceiliber at- 
tended by C:tptnin J1e:ltle: CIII; G. I<:. FiscI~er. of 
I3uDocks; (:DR 31. 11. ,\ltbey, ()I('('; ('Ill< 1'. TV. 
Roberts, of 13uI)ocks; I+:. L. 1):tvis; Tetl J l : t t l ~ e ~ ~ - s ;  :1nd 
11.1,. Webb, of RnDocks. 

0x1 12 Deceinl)er, LT K. 31. Jackson ]\-:-as relierecl as 
assistant OICC a t  F:~irbanks 1)y I,T Joliir F. 13eaver, 
CI4;(>, USR. 011 the same day 1st TJieutenant C'rordon 
Oosting, petrolemil engi~leer, was det :~cl l~d f r o ~ n  drlty 
wit11 NI'R 4 and departed for t l ~ e  ITnitetl States. 

OPERATIOSS 

AIR TRANSPORTATION 

During 1950 tlie linehaul mored 1.680 ton.; of freight 
into Harrow from Fairbanks in 358 fliplits. -1lso dur- 
ing the year the air-snpl)ort contract c1i:tngecl froin 
Alaska Airlincs to Transoce:ul Llirlines. Tlie A1ask:t 
Airlines contract 11-as to expire :kt the end of ,June, 
but i t  finally Tvas continued until the first of ,111gust 
in order to allow time for  Tr:~nsocean to prepare for the 
job. This cll:~ngeorer caused sorue delay in air service. 
As an example of linelianl ol)er~tions, it is noted that 

I<'I( .LIO' fi!t.-a\irstrip on froze11 1;1hr at East O r ~ m a l i k ,  April  1030. 
l'lrotograpl~ 114 U. S. K a r y .  

1,'lauI:l: TO.  S l c i - ( ~ ( l r r i l ~ l l ~ v l  ( '17 : I I I ~ ~  I:(,11 I~( , l i ro r~ t (v '  011 I ~ o ~ I ~ P ,  I:nl.roW 
airstrip, 1 h l ; ~ ) -  l!l510. I'liotojir;~l)h by U. S. Stlvy.  

during tlle week eiltling 15 January there were 8 north- 
bouilcl fligllts that car~.ied 30 passengers and 97,120 
po~~n i l s  of cargo. 

,\t the close of Alaska ,1irlines' service the OICC 
relmrted oficially tll:tt the company's operations "" ': * 
\\-ere considered highly acceptable and during periocls 
of I I I R X ~ I I I I I ~ ~ ~  work demand performed airlift opera- 
tio~is wllicll c:tn riglltfl~lly be classed as outstanding." 
Ire  assigned ,il:tskn Airlines' success to "* * * (1) A 
sincere interest in their morlr ; (2) Excellent pilots and 
niecli:~nics ; and ( 3 )  A large reserve of planes of various 
types togetller wit11 standby pilots." 

The yemu 1950 was exceptional for the large amount 
of air freighting witllin the Reserve. Under certain 
conditions and \vhen the planes were used on the long- 
est Ilauls, i t  was formd that the cost of air freightiilg 
was compar:tble to that of moving freight by sled 
trains. This fact was thereafter useful in planning 
freighting operations. Tlle operation dubbed "Riglift" 
during April resulted in 081 tons of supplies being 
flow11 into 1':ast Ounralili and Driftwood in 376 flights 
of C46's and C54's. The freight was landed on a 
lake 3 miles from the Enst Ouiilalik 1oc:ltion. (See 
fig. 69.) 
h ski-equipped C47 llauled 330 tons in 456 flights 

to make caches for geologic parties and to support 
drilling operations. Altogetller 2,775 fligllts of single- 
engine aircraft to all parts of Pe t  4 moved 315 tons of 
supplies and materials. ,I few bottlenecks developed 
from time to time in the bush-plane work because of 
damage to aircraft. 

Tlie Bell Compaily supplied and operated helicopters 
in coilnection with tlre gravity-meter work. (See fig. 
70.) The following is quoted from the official Pe t  4 
Project History for 1950 in regard to that 11-ork. 
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LAND TRANSPORTATION 

Iltu.ing tlle \\-inter of 1019-50, i t  \\-:IS ilecess:llBy to 
stil~ple~llellt sletl-t~-:tin 11auling (see figs. 71, 12) h y  air- 
l ift  as tlescribrcl above brcnuse of tlie extei~sire drilling 
progranl ill tlie slunnier of 1950. This ~nennt ,  of course, 
tlint tlie winter slrtl fl.rigliti11g was pnhhed to the l i i ~ i t  
of nrail:\blr eqnil)~~rt.l~t. T l ~ e  \\ inter sledding season 
started on 3:) 1)eceiiibrr 1!)49 \\hen the first train left 
12arro1r for Omiinlik ci\rrying R1r1, luhric:ll~ts, :~ncl oil- 
field sl~pplie<. 111 gel~eritl, the \\-e:ltlier contlitions for 
tractor-train ol)rr:~tioilr \\-crtl poor, aiitl t 1 1 ~  se:lron 
st;trtecl late brcaase of :L late freezeup. Severtlielrss, 4 
tl':liili hn~lletl 12,.58G tons of freight 11,378 ~~ i i l e s ,  arernp- 
ing 2.844 iniles e:~c.li. for :I total of 1,432,029 ton-miles. 
(Sre figs. 72, ;-I-.) TI\ o cl~aiigei in ti,iriu 01)er;ltio11 were 

Tlle Bell helicol~ters, o11er:ttetl Iry 1)ersollnrl of the 1:rll ('o111- 
pally performed a very l~ote\vorthy operation wit11 the flyil~g 
gravity-meter progranl. T l ~ e  three helicol~ters fnr~risl~etl Ijy this 

flev a total of S i 4  11onr~s n11t1 visitcd ::,!)SO statiol~s a t  a 
rate of 4.59 stations per oprratilrg lrol~r. Not a11 :~c.c*itlelrt or 
lliechanical difficulty was recoriletl ;111tl the rrl;~i:l~i~~es \\ere :1l11e 
to operate in weather that  gronlidrtl other I)usl~ aircraft. 

The helicopter is not to 11e co~~siclrrtvl :III etticiel~t freight 
111ori11g airl~lane. The cost per 111rit of 1vo1.1~ is 11igl1, ~ I I I ~ I I ~ I I J S  

about $134.00 per hour. However, tlrtbre :Ire ninlry times \\hen 
other o1)erations are d e l ~ e ~ ~ d c l ~ t  I I ~ I O I I  sl~clr tr:~~ial?ort;~tion, :~ntl 
tlelays resulting from lack of it :Ire very c.ostly. 

The success of this operation lrns let1 tlre (,"o~~tr;tc.tor to reco111- 
lllelltl that a helicopter be st;~tio~rrtl  \vitlri~l the Itrserve ns a part 
of the air  contract for logistic* snlr~lort of o1)er:ltiolrs. 

011 10 May an Alaslia i2irlilirs S o i . s e ~ ~ i ; ~ u  l)ltliie, I'ilot 
Galbrnith, mas lost soine\vl~ere east of 12arrow wit11 
Roger D. Hnlniltoil of tlie ART, aboard. Se:lrc.ll ~n i s -  
sioils continued until 23 May, but 110 t18:lce of tlie plane 
or  occupants ever was found. 
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1il;tcIe over preriol~s ye:lrs-nn aclclitioilal tractor alitl 
operiltor were :tssigned to eacli train. ant1 the oiler 
accolr1p:tiiying tlie train was eliminated. 

LVT's were increasingly nsecl as freighting relliclrs. 
They were usecl for  odd local freighting jobs; ancl, in 
addition, 90 tons of miscellaileous freight ~-i-as carried 
by IJVT (landing vehicle, tracked) froin Barrom- to the 
Aleacle and Topagoruli locations. 

A typical freighting report is that made by the 
coi~tractor for  the week eilcliilg 10 JIarcll: 

A total of 96,624 pounds of freight were receired yin line- 
haul. Cat Train #I is still out and is due to :ll.rire at  Icy 
C;tpr 3Iarch 20. (:at Train #2  should arrive at Ullliat hy ;lIarch 
21. Cat 'Cmin #3 is out 1.5 miles soutll~\-est of the Rltk River. 

Train #4 made a tril) tllirinq the ~verk learing tllr 13th. re- 
turnir~g the 19th deliveri~~g fuel ant1 oil-field rclnil,nient to the 
Topagoruk Site. 

Tlle Arctic Test Station of BuDocks su1)plied some 
assistance in the sled freighting. Three of the four 
sled trains were retired for the seasoil before 13 May. 
The other kept operatiilg between Oumalik ant1 East  
Oumnlili until 20 JIay \vlie11 i t  startecl for Barrow, 
where i t  arrived on 23 J l ay  to eilcl the n-inter freight- 
ing season. (See fig. 73.) 

RIVER AND LAKE TRANSPORTATION 

Water transportation was usecl to a rery lilllitecl es- 
tent in Petroleum Reserre No. 1 dnrilig the sum- 
mer of 1950. A11 LC31 (laading craft, medium) \\-as 
used to ship 314 tons of freight froin Barrow to points 
]lear Fish Creek, Sinlpson, :uld Topagoruk. Fro111 these 
points the loads were talteil to the sites by LT'T's. That  
type of tr:lnsportation proved to be cheap and expedi- 
tious, but its use is practicnble only uadel* exceptional 
colitlitions. 

BARROW EXPEDITION, 1950 

Bnrex '50 was, as usual, an  improvement over the 
expedition of the preceding year. This large and com- 
plex operation, after 6 years, was becoming routine. A 
very substantial amount of experience was being ac- 
cumulated for operations in the Arctic Oceaa, and the 
experience of tlie past was used in each year's Barex. 

Tlle CSO on 5 Deceirlber 1949 designated BuDocks 
to coorclinwte preliminary arrangements for Barex '30. 
On 20 J1arch the CNO assigned the operating respon- 
sibility for Barex '50 to the Commander in Chief, Pa- 
cific Fleet. A11 operation plan (see fig. 76) mas issued 
by tlle Commander, Amphibious Force, Pacific Fleet 
on -1 ,lpril, and was inodified by a substitution of ships 
on 10 April. The plan clesigilated Commander, Trans- 
port Dirision 11, CAPT 11. D. S l~a rp ,  as CoinBarex 50 
(Cominander, Barex '30). Later Captain Sharp was 
replaceel by C A P T  G. B. Helmiclr. 

Captain Sharp held a conference in Coronado, Calif., 
on 26 -1pril attended-by many interestecl in the espetli- 
tioil, including the OICC, tlie ItOICC i11 Seattle, the 
:tssistant project manager of Llrcon, and the procure- 
illeilt officer of A~COII. The operation orcler was issuecl 
on 13 &lay by the Commander, Transport Divisioil 11. 

Loading and delivery to proper debarkation points 
was planned alicl carried out by LCDR R. Eicher, tlie 
loading officer, in close coordirlatiol~ with the ROICC 
in Seattle. Lieutenant Comn~ander Eicher performed 
his duties so well that lie earired a cominei~dation from 
the OICC after n:trex '50. 

On 12 and 13 J ~ ~ i l e ,  Captain Helmick, tlle Commander 
of Bares '30; C1)R ,Johil TZackluncl, \T-110 :\gain ~\-:ls ice 



pilot; and the assistant OICC;  made a reconnaissance 
of ice and unloading conditions a t  Point Barrow (see 
figs. 77,78,79), Barter Island, Icy Cape, and Tigrariak 
Island. 

The value of cargo and supplies for  Barex '50 and 
for Pe t  4 alone n-as $2.5 million and approximatecl 
25,000 measurement tons. Cargo was received and in- 
spected a t  the debarkation points of Por t  Hueneme, 
Sail Pedro, ancl P o i ~ ~ t  Jlolnte, Calif.. xiid at Sr:~ttle i~ll(l 
Rangor, Wash. 

The ships involved includecl the follo\ving: 

A 0  ~ ----------- .4s71trt h~clrc FIGIJRE 78.-Ice on beach at P C ~ ~ I I L  I:nl,!,i~n, ;l . I I I I I~ .  I!#:II. ~ ' I I C ! ~ ~ I Z I ~ ; I ~ ~ I  
AGB - - _ - - _ -  . _ _ _ - _ _ _ - - - - ~ - - -  B III.~OII Z.YIIIII~ by C.  S. Savj-.  

-- I ~ ~ I , I J I ~ I ~  1 i .  - 1 ~ -  .111,\t,l I I ~  1111 111  , I <  11 I T  l'tt11~t I : < I I I ~ L \ \  2 \!811l 1'170. 
Photoyral)ll b? U. S. Sax ? .  

l\forenlent group Able, consisting of the tllree -iIiA\'s 
departed Pnget Sou~nd on 26 .July. 011 R I ' ~ ~ T R ~  at I< i l~-  
row the Ser~zinole ~unloacled in an elapsecl t i m ~  of 71 
hours, ancl the other ships finisllecl \I-itllin a few Iloiu-s 
thereafter. ,111 boats were hoistecl. nncl tlle sllilji reatiy 
to proceecl at  0800 on T -2ugu.;t. The 8 q ~ ~ ~ l i ~ , o l ~  slid 
Washburn were delayed until 1030 to replenish the 
fresh-water supply of LST 11 46. Tlle 0 7 ) e ~ o n  sailed 
a t  0800 with orders to proceed to Some for cargo for 
the States. The It7urhbur71 ancl Ren7ino7~ ?wiled at 10SO 
and proceeded to Puget Somlcl. 

Movement group Baker co~lsisted of the icebreaker 
Burton Island a i d  the 3 IdST7s. They depxrtecl l'uget 
Sound on 17 July and arrived at  I'oint Lay and loadecl 
U. S. Coast and Geodetic Survey cargo for P i t t  Point. 

They tllen proceeclecl to Point Barrow and arrived t1le1.e 
a t  0200 on 31 Jnly. The earlier arrival of the LST7s 
at I<:~~.ro\r  permittee1 thein to he unloadecl (see figs. 
80. 81) before tlle ar1-irttl of the L\l<-i's. 

-1ccompa11ied by the B u ~ t o n  Islnnd, on 1 August 
TAT 1146 departed Barrow for Barter Island with Air  
Force c:~rgo. Both s11ips reaclled Barter Island on 3 
- \ I I ~ I I S ~ ,  the LST run~ling inside the barrier islailds a i d  
the icebreaker reinaininp outside. The LST was 
bon~itl oil the return tr ip for Tjgrariak Island lrith 
U. S. ('oast a:ld Geodetic S u r ~ e y  cargo. The ship in- 
cnrretl ice damage on the \lay, ancl one coinpartme~lt 
\v:15 flooded. but she TT: I~  able to proceetl. TJnloading 
at 'I'ipvariak I n s  col~~pleted, and slle left for I'itt Point 
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011 4 ,iugnst. More c:trgo TJ-:IS 11nlo:tded at I'itt l'oint, 
and on ti -1ugust the LST 11 it11 tlie Dut . fo t~  / . ~ / O I ~ / /  re- 
turned to Barro\\- wllere emergency repair. of tlie ice 
clamage were made. 

Tlle 3 LST's left Uilrro\r a t  1030 oil 7 - \ u p s t ,  tlle 
1146 boulid for  I'uget Sotuntll, 1110 for I'ort J-lne~iellie, 
:ulcl 11$6 for  San  Diego. Tlir I>'/rrtot~. 1.57io~t7 r eu i a i~~ed  
in  the Arctic for otlier operations. 

Movemel~t group ('ll:~rlie \ I - ; I~  tlle -1 ( h  f/17)117// ( 1 
51). After fueling 2 U. S. Coast and Geodetic. S u r ~ e y  
ships on tlie way, she arrirecl at  13arrow at O(i30 on 2 
August. Ih loading  was coalpleted a t  1012 on 3 -1u- 
gust (see fig. 8 2 ) ,  and the sliil) s:~iletl : ~ t  2300 tll:~t (lay. 
Lif ter  :~g :~ in  topping off tlie 2 Coast Snrre?; ships :tt 
Port  Clt~reiice, ?he stopped at 1)lltcli Hal-ho~. to t~~ni l s -  

fer fuel to tlie tallli fnrrri there and left for  tlie States 
a t  1630 on 8 August. 

Beach operatioils a t  Barrow ran  smothly-the ex- 
perience of previous years was most valuable. Arcon 
provicled for  beach use 16 cranes, 1 tractor train, 4 
forklifts. 9 tractors \vith bullclozer blacles, 3 other trac- 
tors, mid 82 A t l~ey  wagons. Also provicled vere 1 
beacli forem:in, 2 assist:~nt be:~ch foremen, 70 equipnieat 
ol'elxtors, and  180 laborers. 

C:~l)tain Hellnick received the commendatioi~ of the 
OICC for his contribution as commander of Barex '30. 

1 . 1  I :  2 I ~ l l l ~ > ; l ~ ! i i l i :  t l l . ~ i ~ ~ ~ i n ( l ~ i  fli('1 : i t  I I I - : I ( .~ I  4 t111rilig 1:;1r(,k ':O. 
Photogra~)h h y  U. S. Navy. 

CONTRACT CHANGES 

to :rutliorize tlie prograln as appro~ecl.  Tlie rarious 
itellis wit11 estimated costs were as fo l lo~rs :  

Cash ailrl Goue~,i tn;r ; i t -  
P ~ ~ o j c c t  So. Y'itle of p ~ o j e c t  f1r1'11is7rcA n~o t e r i n l  
31_- - -_ -_ -_  C o n t i n n ~  drilling O u n ~ n l i k  test well 1 to 

1X000 ft --------_------_----_---------- $420, OC80 
44 - - - - - - - _ _  Drill East O u n ~ a l i k  trrt well 1 to 6,000 f t  - _ _ _  623, 000 
4li -------_- Drill S o n t l ~  Rarro\v test ~ v e l l  4 to 2.500 f t  ---- 175, 000 
4 7  - - - - - -__-  Drill Elson test \\-ell 1 to 2.500 f t  ----_------ 175. 000 
4s -------_- Drill JIeade tf2st well 1 t o  6,000 f t  ------_---- 642. 000 
49 - - - - -_-_-  Geopli?sir:~l optSrntions ..................... 2, 277, 000 
50 _--------  Maintain and ogt>rate camps ---------_-_---- 1, TOO, 000 
31 - - - - - - - -  Logistic planning ---_--------------------- 275,000 
32 ------_-- S u ~ ~ p o r t  other activities .................... 209. OCO 
*?:{---- ----- m r Q X  '50------- ---- ---- ---- ---- --------- 1, 900, 000 
-54 --------- Drill North Simr~son test well 1 to 3,500 f t  ---- 215. 000 
55 --------- Drill Topugoruk test well 1 t o  12,000 ft 944. 000 
-56 --------- Ilrill Urnitit (Rnl)y) test well 1 to 1,000 f t  - -_ -  30. 00'1 
57 --------- Drill Lake bIinga velocity test t o  1,200 f t  ----_ 17.000 
58--- ------ Ilrill 3 wells at  Sinq)son seepages ------_----- 141. 000 
59 --------- Temperature surrey ----------------------- 16,000 
60 --_-_-_-- Spc.ci:rl enginrering project _-- - - - - - - -__-- -  13, 000 
61 --------- Ilrill Umiat  (Huh?) tcst wells 2 and  3 --_----- 33, 000 
1 6  --------- St~r)l)ort Arctic Trst Station _--------__------ 150, 000 
18 - - _ - _ - - _ _  S l i ~ ) ~ ) o r t  Arctic Hesearch Laboratory - _ - _ _ - _ - -  50, 9:::) 
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usual type was illade of 12- by 12-inch sills laic1 on the 
ground ancl uilderlaicl wit11 1-incli steel pipe tllrougli 
whicll a refrigernlit was circu1:tted. 

Pipeline stuclies \\-ere continuecl tln.oug11olut the year. 
COIJ G. llr. liatlljei~s served :is c o r ~ s l l l t ~ ~ l t  to  L l ~ ~ o l l  ill 
those studies. Test inst:~llntions \\.ere inacle : ~ t  IIxc1d &i i r  
Force Base, at  Gnlka~ia, and at  I3sirrow. 

Quonset and ja rnes~~~ay huts and \I-anig:~ns \\*ere pre- 
fabricated (see figs. 87, 88) a t  13:~r1.ow for sucli outlying 
callips as Simpson, Bleacle, East O~urlalik, and Titaluk. 

The mlitization of the srcolld (':~rcl\~ell rig \I-as large- 
ly completed (see figs. 80, 90), a n d  tlie ~~nitizatioil  of 
tlie first Carcl\~-ell rig was completecl. The ~ui~itization 
of the second differed ill soiiie respects from t11:~t of the 
first, l)a~-tly bec:lnsr of the experiellc~r \\-it11 So. 1. 

CONSTRUCTION 

By 1950 the fncilities required for Pet  4 were 
virtually complete. (See figs. 83, 84.) Tllerefol-e, new 
coristructioil and m:~jor changes were relatively small. 
Additions to tlle base c:~nip at LZarro~\y coilsister1 of a 
theater, an adclition to the dry-cleaning plant, a gy111- 
nasiuin, :-I tent \\-areho~lse. a beachmaster's Irnt, and :lu 
airport \~ t \ r i l~np  vehicle storage. A new family-qnals- 
ters hut was completecl for tlie l r c t i c  Research 1,abol.a- 
tory, a i d  onilding 2.51 was remoclelecl for the A\r\I~. 
family-quarters hilt IV:IS built at Umiat. study was 
made of the settling of tlie concrete floor of the 1lnng:ir 
at  Barrow, and remedial measures mere taken. 

Refriperated rig founclations (see figs. 85, 86) had 
proved practicable and reasoilably inexpensive. Tlie 



126 HISTORY OF ESPLORATIOS. SAI-AL PE :TROLEUM RESERVE S O .  4 .  1944-53  

Tests of the coi~version of LVT's fro111 gnsolille to  
diesel power coiitiiiuecl through the summer of 1950. 
Test runs indicated less fuel coilsunlption rnld more 
power, hut on long hauls difficulty was eiicou~lterecl in 
performance owing to overheating of engines and 
trouble with traiisinissions. 

F I R E  RECORD 

About 10 fires occurred in Pet 4 i lur i~lp 1!)30: all 1)nt 
one of these was in or near the Barrow cc:tinp. ;\lost 
of the fires were nii~lor, am1 110 persons \\-ere injllrecl, 
and the causes of niost of the fires conltl be tlete~.minetl. 
Fo r  ex:~mple, there was a flash fire in the camp street 
o ~ ~ i n g  to igl~ition of pas :~ccumulatecl froill :I leal; in 

E(I(:T.I~E S!I.-F'IIIIII) s1'(.1ioli (11' (:;~r(l\vrlll nlohile rig nll{lvr (.onstrllc.tion. 
l'uinps and tanks arc ~nonnter l  in position, 23 Janunry  1030. 
Photograph by U. S. Saw. 

~ 1 1 ~ 1 L l : l :  ~ ' . ~ - ~ S ~ , , ~ I I I I ~ I I ~  l io l< ,  [or . ~ , I I ~ I I ~  ;I ] , O I Y ~ T  1,01{> ; i t  ];:lrr,,j, v:~uip, 
1.5 Julie 1'3.70. I ' l~otogr;tl , l~ 1)y U. S. Nary. 

FIGURE 90.-I'rllrrp section of l l r o h i l ~  rig on nrore fro111 South B:rrrow 
test ~ v e l l  4 t o  l i ;~rro\v  c;ilnp, 10 .il>ril 19311. Photogwpli by U. S. 
ZRV.. 

the ilistribution system, nncl there was ;I slliall fire in 
tlie pon-er llouw caused by \~eliling-nlnclliiie sparks. 

The niost serious fire resulted in  the coinplete de- 
~ t r r~c t io i i  of the gas well wild ~xodnct ion  iilstallatioli 
of Sorltll IS:~rrow test well 2. (See figs. 91, 02.) This 
occlured on 5 April  niicl w:ls probably clue to the strik- 
ing of :t spurk froill at bulldozer blade hitt ing tlie 
bleetler line froni the \\-ell house. The tractor ~ v a s  
cle:11-i11g tlle area of sno\~- in preparation for  repairs to  
the well. The fire was brought under control ancl 
finally exti~iguislled by closing the valves on the "Christ- 
inas tree" aliil puinpilig lliucl into the cellar. 34ucl was 
then pumped into the  ell and. the well killed. 
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FIGURE 91.-Fire a t  Solit11 H:irro\\- test \v\.~11 2 n h o u t  3 hours after s tar t ,  
3 April  1030. Photogrnl~ll  by U. S. Sary. 

I BARROW GAS S U P P L Y  

11-ell 2 before the fire, and 70,031 mcf was produced 
aiicl used froin South Barrow test well 4. 

I 

GEOLOGY 

Appraisals of tlle 13arrow gas sup1)ly by tlle DSl'Ii 's 
technical staff' and by DeGolyer alicl JlacSaughton in- 
dicated a sufficient reserve for all requirements of I'et 4 
for  many years. The t r ap  is believed to be rather 
small, but sufficient data as to size, tl~icliiless of gas- 
bearing strata, and porosity and pemleability were not 
available, and therefore satisfactory estinlates of re- 
serves coulcl not be made. 

The casing of South Harron- test well 2 I ~ a d  co1l:ll)setl 
ever1 before tlie fire, and  it  as felt that other \\-ells 
in the field niiglit also collapse unless so111e mealls was 
found to  inhibit casing collapse 1)y freezing il l  tlle 
permafrost zone. 

Some water is present \\-it11 the gas, and, because of 
the low temperatures in  the pernlafrost zone, care must 
be taken to prevent freezing of the moist~rre as it  
comes up with the gas. Such freezing coulcl completely 
stop procl~~ction. As at South Barrow test well 4 care 

1)nring 1950 there was substailtial increase i11 the 
l)ersonnel of the Geological Sur-rey engaged in photo- 
geologic interpretation. ,\lso during the sunilller of 
1930, the S:try Oil Unit  of the Geo1ogic:ll Survey car- 
rietl out the litrgest geologic field program of iuly year 
of Pe t  4. Tlle geologic activities are  discrlssed below 
under three headings-field projects, special investigl- 
tions, and Fairbanks laboratory. 

I was taken in design of the well to  protect against freez- 

! ing. The plan TI-:-as to produce alternately througll the 
annulus betweell tlle 7-inch and the lO+L-inch casiilgs 
and the aiinnlns bet \~een the 2?/i,-illch and the 7-iiicll 
casi~igs. Ethylene glycol ~ ~ o u l d  1)e injected into II liicll- 

I ever annulus was not being ~ s e d  for  11rocl11ction. 
Because of the uncertainty of the Earrow gas supply, 

1 a sufficient reserve supply of diesel fuel had been kept 
continuously a t  Barrow. TT'hether or not the diesel 
reserve ~voulcl be needecl because of possible failure of 
South Barrow test well 4 was not kno\\-n in 1950. 

I n  1950 a total of 40,205 mcf (thousands of cubic 

FIELD P R O J E C T S  

Repol.ts on the fieldwork in the summer of 1949 were 
prepared cluriiig the early par t  of 1950 and mere pre- 
sented for use by the operating conlmittee at the April  
meeting. 

The 1950 program comprised '7 field parties, 6 entirely 
fina~lcecl and supported by the ONI'R (Office of Naval 
Petroleum Reserves), the sevei~th financed by the Snr- 
vey but ~vi t l l  logistic support by Arcon. I11 addition, 
1oc:ll geolocic inr-estipations mere made by sillall gl.oul)s 
of geologists \\-orking o11t of Thnint. I+~xaii~ples of st~cll 
itudiei :we :I traverse of the geologic section on the Can- 
11ing River and a special s t l ~ d y  of the G~ tb ik  anticline. 
The 1930 field program resulted in  n ~ u c h  ral~lable  new 
information on the petroleum potential of nortllern 
Alaska, especially in the southern part  of the foothills 
hell ne:t~- the front of the I3rooks Range. Tlle work mas 
clirecated 1:11.gely tliroug11 a fielcl h:tse a t  1-nii:~t (see figs 
93, 94) wit11 plane and ~xclio coi1t:lct to  the fielcl pxrtiec;. 
Tllere was a subsidiary base a t  Soluk Tlake to facilitate 
the her\-icing of parties in tlle western p:trt of the area. 

Tlle spriilg caching for  the p:~rties \\-as carried out 
nnder tlle clirection of -1. S:unuel ICeller : I I I ~  I rvin 1,. 
T:tilleur. 

Fr(:r-l i t :  92.-Condition of gas mr:ll on n ~ o r n i n g  of 6 April, a l ~ o ~ ~ t  1 \  I ~ o i ~ r s  
af ter  fire started. P11otogrn~)ll hy U. S. S ; i ~ y .  feet) of gas was procluct~d from Soutll Barrow test 
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I'arty 1, ~u ide r  the Ieadersllip of Ed\v:~rd G. S:lble, 
traveled by weasel. Tlie party spent par t  of tlie season 
mapping the Drift\\-ood anticline, near Drift~l-ood 
Creek in tllc soutl~\\-estern part  of the IZrserve, nncl tlie 
remaincler along tlie upper parts of tlie I'tokok and the 
Kokolik Rivers. S o  p1-oof of closure of tlir D r i f t ~ ~ o o d  
allticline (see fig. 12) \\-:IS f o n ~ ~ t l  :~ltliongli tlie rritlence 
indicated that  closure is likely. Tlie distance tlo~vn to 
1,isburne group along t l ~ e  asis of tlie :~liticlille 1)robaI)ly 
is 5,400 to 6,500 feet. 

TVeasels were also 11sed 1)y piwty '3. \\-liicll 11 as led by 
\ i i :  1 .  I ' t t o ~ ,  J .  'l'lle ljilrty cond~~c ted  stl'llc- 
tural  ancl stratig1.nl)liic stndieq in the area of the Silcsi1;- 
pule ant1 tlie S: l~~r~sl inI t  Eiver.;. Four  strlli~tui.nl belts 
were definecl ill tlie area, but ~.oclis \\-it11 gootl 1,eservoir 
cllaracteristics \\-else not folu~tl. 

Par ty  3, under 1T'illi:~m 1'. 121-osg6, stutlietl the Lis- 
burne group ill tlie footl~illh :111(1 i~ortlieril ~ l ~ o l ~ l ~ t : ~ i l i s  of 

r 7 tlie Brooks R:ti~ge. 111i~ :I lielicol)te~- l):~rt>-, ~ 1 ) -  
ported by S a r y  l~elicopterq. T)nril~g t l ~ e  ilunllner :ti1 ac- 
cident resultecl ill tlie loqi of olle of t l ~ e  Ilelicol,trls :nltl 
i n  the clro\vni~ig of one of the geologists, Tinceilt 
Sllainin. 

Par t s  of the C:libo~l Creelr ant1 Iietilr a i~t ic l i i~es \\-ere 
nlapped by \re:~pel-tianilsl)ortecl ~ i l r t y  4 lultler Cllarles 
1,. TVhittingtoil. The Carbon Creel; aiiticliiie (pee fig. 
12) , in the riciiiity of Cnrbon ('reek, a ti.il)lrtai*g of tlie 
Utokik River, is probably filultecl. Tlie ICetik anti- 
cline is :t lo\\- foltl oli \~llit.li no ~ ) l t i i~pe  i +  i~rdicnted. 
Tlie s:liiclstoi~e+ that crop o11t 11:lr-e lo\\- porosities. 

l'arty 5,  Ird by G. I)oi~:~ltl I.:l)ei.lein, u\etl \\ensrls in 
trnrersing tlir soutliern footliills fl.onl tlle ICillik I" \lver 
t o  the E t i ~ ~ l u k  Iiil-er :~ild in 1iii1ljl)ing tlie ,iupul< anti- 
cline, \\-hicIl lies aloilg the ('ol\ille l<ivei. above tlie 

I :  4 .  - I , o : L , ~ ~ I I L :  ( ' - I + ;  :11  l ~ l l l i i ~ t  ~ y i t l l  t;f.olo'.i~:ill S111~YI1$ ~ l l l ~ l l l i e ~  
for  ~ ~ ; r r ; ~ c l ~ r ~ t i r ~ g ,  1!1,?0. I'lrotogm1111 by I.. S. Xavy. 

111out1i of t l ~ e  ICillik. 'I'l~e area is structurally complex, 
aiid tlle ,\upul; :~nticline is poorly exposed and could 
not be colito~~l.etl. 'I'llere is no evidei~ce of \\7estern 
closrlre, but :L I ~ I ~ ~ I ~ I I I ~ I I I I  of 1.000 feet of eastelan closure 
was infei-red. 

I rvin I,. ?':rillrt~i~'~ \\ei~+rl-trni~sported party ti oper- 
ated in a structnr;llly c.ol~~ljles area ill tlle soutliern foot- 
liills bet\\eell tlle +:tivlnlc ;ri~d ICilig\\-a Rivers. 

.J. Tl1om:tr: 1)utl-o let1 1):lrty 7 clo\\~r~ tlie Nimiuktuk 
:111il tlrr K ~ ~ g n r u r o l t  l:i\-n's ill boats to their confluences 
\\-it11 t l ~ e  Sont:tli River :lntl tlieilce clo~vli the Koatak to  
its 11101itl1. The tlo111i11:tnt structural featme notecl \\-as 
imbricnte thrust f:tultilig. Petroleum possibilities are 
considelwl ~~nf:l\,or:ll)le ill the area. 

tion of the stutlies to t l ~ e  esl)lor:ltion progr:liri. 
Micropaleo~ltologir stl~clies \vent on c o n t i i l ~ ~ o ~ ~ s l y  i11 

Fairbanks ant1 ill IT'i~sliii~gton, I). C. I n  Fnirhailks. 
ITi1rl;ln 13ei.gq11ist el~ll)li:~sizetl the est:~blisllnient of 
f:lu~lal zones, cor1.r1:1tions for cnrrei~t  \\-ells, and corre- 
lations bet \~een current wells, earlier ~vells, and outcrop 
sections. I11 1T'~tshii1gton, n. C., IIelen Tappan Loeb- 
licll nl:~de tasono~llic studies of faunas and \\-orkeel on 
regional correlations in : ~ n d  near Pe t  4. H e r  mark Tas  
closely coordinatetl \\-it11 that  of Mr. Bergquist. 

JI;~crolj:tleo~~toIogic sel.vicrs were rendered as re- 
quired by sl)eci:~lists of the Branch of Paleontology : ~ n d  
Strat igrapl~y of t l ~ e  (feological Survey. 12m011g the 
specialists \\-ere 12:tlp11 Inllay, Jurassic and Cretaceous 
niollnsks; ,J. 13. lZeesitle, .TI.., Cretaceous faunas; Ar thur  
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L. Bov-slier, Sr., J1ississippi:in f:l~ui:~s; IIelen Dtinc.an, 
Mississippian corals ; I. G. Sohn, ostracodes ; and Roland 
Bro-wn, plant fossils. 

Prof. P. I). Krynine, n part-tinie employee of tlie 
Geological Survey, carried on iilteiisire 1)etrologic 
studies of the Lisburiie group its ;r potei~ti;~l oil reser- 
voir rock. The work suggested that zones of appreci- 
able thickness in the Lisburne m ; ~ y  indeed constitute 
adequate reservoirs. 

Investigation of tlie lleary mi11er;lls contaiiiecl in tlie 
sediments froni Pe t  4 was stepped up  a ~ i d  niovrd into 
an interpretive stage during 1930. Robert II. l lorr is  
carried on that 11-ork that then al)l)eilretl to have real 
possibilities eventually as an nit1 in str:~tigrapliic 
correlation. 

I11 tlle fall of 1950 certain systeniatic porosity and 
permeability studies \\-ere ~uidertalren in an i ~ t t e ~ i ~ p t  to 
determine trends ancl patterns of reservoir beds. I11 

spite of certain inadequacies of nlaterial wit11 \~llicll to 
work, the studies seemed to intlicate certain favorable 
and unfavorable trends. 

Basic facies patterns for I'et 4 we1.e originally 
worked out and presented by T. G. P:lgne in 1947. 
Facies studies continued, ant1 tlle accumttlating data 
made possible certain refinrnients in understantling of 
the facies patterns. The basic pattern of favorable ancl 
unfavorable belts remained about as propouiicled by 
Mr. Payne in 1947. 

Subsurface correlatiolls \\-ere coiltillllolxsly itttenipted 
by the Geological Survey. Because of the nonclistinc- 
tive nature of the Cretaceous sedi~nentary rocks, the 
paucity of diagnostic fossils, and the relative uni- 
formity of the rocks througliout great thicknesses, the 
subsurface correlation apparently ~ ~ o u l d  continue to be 
difficult and tentative. 

I n  the fall of 1949 tlle Surrey began a project to map 
photogeologically all the area north of the Brooks 
Range. By November 1949 five quadrangle liiaps on 
a scale of 1 : 96,000 had been completed. By April 1950, 
47 additional quadrangle maps mere conipleted and 
printed. The work was drastically curtailed in fayor 
of fieldwork in the summer of 1950. A series of photo- 
geologic maps on a scale of 1 : 250,000 j ~ 2 - a ~  prepnred for 
use in regional studies and planning. A few special 
photogeologic jobs were done, such as a restudy of the 
western end of the Umiat anticline and a restudy of the 
Torok anticlinorium north of the field area of party 6. 

FAIRBANKS LABORATORY 

The Fairbanks laboratory of the Geological Survey 
continued under the leadership of Thomas G. Roberts. 
Indicative of the laboratory's activities is the following 
list from a report of the laboratory's work fron-~ Noveni- 
ber 1949 to April 1950 : 

Cores described_-__---- --_-_------------------- 98 
Cores described--_--_---_------------------feet 800 
Ditc.11 samples described ----_---_----------- feet-- 13,671 
Saniples picked for microfossils ------------------- 1,603 
Simples washed and prepared ---_--_------------- 5,184 
Porosity determinations - - - - - - - - - - - - - - - - - - - - -  147 
Perniei~bility deterliiinations - - - - - - - - - - - - - - - - -  133 
Quantitative tests for c:~lcareous cement----------- 92 
Qualit:ttire tests for oil saturation ---------------- 43 
Henry-lnineral sal~lples prepared and separated---- 191 
Written and grapl~ic logs distributed -------------- 6 
IVritten and graphic logs distributed---------feet-- 7,530 

A t  tlie end of the year the persollnel of the laboratory 
consistecl of 4 geologists, 1 niicrofossil preparator, 4 
laboratory assistants (2 part time), and 1 clerk. A new 
wing \\-as addecl to the core shed during September. 

GEOPHYSICS 

The follo\ring sunlinary of geophysical operations in 
1950 is condenseti from a suiilnlary report by 7V. l1. 
Myers, the geopllgsical supervisor of the United Geo- 
pliysical Co. for Pet  4, prepared for the 13th meeting 
of tlie oper:lting comnlittee in November. 

I11 tlie T)rift\~ood area approximately 900-miles of 
colltinuous line alld n, refraction profile \\-ere shot by 4 
seislnic crev-s. The work included detailed work in tlle 
Topagoruk and Jleade liiver areas and reconiiaiss:ulce 
\vork in the eastern and western parts of tlle Reserve. 

The significant data obtaiiled by each geopliysical 
party is briefly summarized. 

PARTY 144 

Seis~ilic party 141 under A. B. Sanders worked in  
the Fish Creek-Colville River and Titaluk areas. There 
is an east- to soutlieast-pl~ulgillg nose in a shallo\ver 
llorizoll a t  Fish Creek, and the location of Fish Creelr 
test ~vell 1 is well up on the north flank of the anticline. 
East~vartl  to\=iard the Colville River the regional dip 
in shallon- llorizons is west, indicating that  the lo\v 
point of the basin is near the river. Deeper zones in tlie 
Fish Creek area are complex \ ~ i t h  considerable faulting. 
Tlle gravity anoinalies south of tlle Fish Creek location 
:~pl~arently are not clue to strnctture altllougl~ tlle one a t  
Sentinal I-Ii11 probably is clue to structure. Tlle Senti- 
nel Hill anticline has about 400 feet of reversal along 
the 152d llleridian and has east plunge to tlle Colville 
River. The core test near the river is several hundred 
feet below the high point of the axis. The Gubik anti- 
cline has good reversirl to  a depth of 5,000 feet. A 
~ i i i l l i l i l ~ l ~ ~  of 150 feet of nest plunge was niapped by 
seismic work. The Selltinel Hill and G~tbik  snticliiles 
are about 3,200 structurally lower than Umiat test 
e l  2. Deeper llorizons dip uniformly south with no 
expression a t  Uiniat, Sentinel Hill, or Gubik. The 
Titaluk anticlii~e has a n~iniiiluin of 150 feet of west 
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plunge. A reversal of 400 feet was mapped 10 miles 
n0rt~11 of the Titaluk aiiticline on what may be the west- 
ern extension of the Wolf Creek anticline. 

PARTY 145 

Party 145 was led by Arnold Palenske. It operated 
in the middle Meade Itiver area. The survey between 
Meade test well 1 and Oumalik test well 1 with the 1950 
seismic work indicated that the Meade well is about 250 
feet stratigraphically higher than the Oumalik well in 
the s h a l l o ~ ~ e r  horizons. I n  the deeper horizons the 
Meade well may be 1,100 feet higher than Oumalik. 
Still  deeper, in a zone of considerable faulting, no 
expression of the Meade anticline was detected. The  
West Meade location is about 100 feet stratigraphically 
above Meade test well 1 and has about 450 feet of 
closure. The  two anticlines are connected by a saddle 
of approximately 300 feet. West of the Meade anti- 
cline the regional dip is west to southwest; east of the 
anticline i t  is east to southeast. Between the Meade 
and the Kaolak areas the shallower horizons thicken 
from 2,000 to 2,500 feet. 

PARTY 146 

Par ty  140 worked in the Wainwright-TJtokok area 
under the leadership of 13. B. Chalmers, Jr. The seis- 
mic sections resemble those in  the Topagoruk area. 
There is a southeast-plunging nose in all horizons in 
the Wainwright area. All horizons thicken southward 
from Wainwright. There seems to be no correlation 
between structure and gravity anomalies in the area. 
There are several east-trending folds south of latitude 
70" N. and west of the Icaolak River in the shallower 
zones. The northernn~ost of the folds has a minimum 
closlve of 200 feet, and i t  may be as much as 400 feet. 

PARTY 147 

The chief of party 147 was F. E. Wiancko. The party 
worked in  the Topagor.uk and Simpson areas, where the 
first job of the season \\.as t o  detail the area where Topa- 
goruli test \yell 1 was being drilled. Other structural 
features \\-ere found to the northeast and appeared to 
be related to faulting. The  faulting appears to die out 
upward in the section. The deep faults in the older 
strata appear to be large. An anticline with a closure 
of 100 feet \%-as found in  the younger strata about 12 
miles east of Topagornk test well 1. 

PARTY 148 

Party 148 under Samuel Allen did refraction work 
on the Driftwood anticline. The results were negative. 
The highest recorded velocity was 16,400 feet per sec- 
ond, and no high velocity refractions sufficiently thick 
to give positive results were found. 

PARTY 249 

Party 249 \?-as a gravity-meter party and was led 
by L. B. Luhrs. The gravity survey covered 7,000 
square miles between 1 June  and 1 September. The 
spacing of roughly 2 miles was accomplished by heli- 
copters using aerial photographs for control. Vertical 
control was by electrorecording altimeters. The opera- 
tion was very successful. 

There is a broad anomalous area of the so-called 
Meade River arch. I t  extends to the western boundary 
of the Reserve, and it is bounded on the south and west 
by a U-shaped geosyncline. The sharp gravity gradient 
in the vicinity of the Kaolak River probably indicates 
older horizons nearer the surface and may indicate ex- 
tensive faulting. The geosyncline mentioned above is 
crossed by the folds in  the Meade and Kaolak areas. 
The gravity cbnditions in the Wainwright area are 
similar to those in tlie area from Simpson to Barrow. 

COMPILA4TION OF GEOPHYSICAL DATA 

By the November operating-committee meeting, tlie 
results of all seismic data to that  time had been com- 
piled on structural contour maps of four different levels 
of acoustic horizons. B t  that time, a similar compila- 
tion of the results of regional magnetometer and of 
gravity surveys m-as underway. A general correlation 
of regional trends as revealed by the gravity and mag- 
netic surveys seems to hold. The  relation of the trends 
to structure was not clear. 

DRILLING 

Drilling problems continued to be encountered in 
1950, and these mostly had their origin in  the isolation 
of the area and the arctic operating conditions. I n  spite 
of the difficulties, a total of 36,316 feet was drilled at 
16 sites during the year. Oil \\-as produced from five of 
the wells. 

Deficiencies in communications caused substantial de- 
lays. Further delays arose from lack of all year- 
round dependable transportation. Shortages of readily 
available materials and services resulted in further de- 
lays and in  use of substitute methods of operations in 
some instances. 

Trouble was encountered in some of the deeper drill- 
ing because of caving shale and the sticking of drill 
pipe and bits. Several expensive and time-consuming 
fishing jobs resulted. The  collapse of the casing in  
South Barrow test well 2 at  600 feet proved the necessity 
of guarding against collapse by refreezing of the mois- 
ture in  the permafrost zone. Sufficient cement was not 
at hand to  completely cement the casings through the 
permafrost zone of all wells. A plan was devised to 
use brine and oil in the annular space as a preventative. 
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Oil was nsed near tlle surface \I-here it was impractical founcl in South I<arro\\- 2, ailcl the gas-bearing zones 
to use brine of high enough salinity to prevent freez~iig were found as expected. The -\\-ell mas drilled as a 
at  esceptiolially lo\\- temper:itures. Brine \\-:IS nsed be- standby  ell for South B:lrrov- 2 and was completed a t  
tween the top of the celllent and the oil. just about the tinie South Barrow test \veil 2 was 

Production from the permafrost zone. ant1 below destroyed by fire. 
that, introduced many probleins not prerionsly en- 
countered in oil-field practice. These problems are gen- 
erally of two types : first that of casing collt~pse alrei~dy 
mentioned; a d  secontl, the formation of ice and 
hydrates in flow strings alicl lilies because the fluids 
originate in forniations that are belo\\, freezing or llillst 
pass through sucll formations to reach the surface. 
Where no water \\-as present, no speci:~l procluction 
problems were enconnterecl. 

Cable-tool drilling. as reconimendecl b? Jh. Ruby. 
was triecl a t  Uiniat ancl was foullcl to be rery satisfac- 
tory. TT'llen brine \\-as usecl in the mucl, there \\-:-as no 
difficulty ~7-itli freezing of the fluid in the bottolll of the 
hole, and only a little ice built up  on tlle walls. Danlape 
to productive sands \\-as reduced because allnost no fluicl 
penetrated the sands to freeze ailel seal off' tlle oil. 

The drilling a t  each of the holes during 1930 is 
described very briefly belo~y-. 

OUMALIK T E S T  WELL 1 

OumaliB test well 1 11-a~ started early i l l  1949. and by 
1 January 1060 i t  was 9,622 feet deep. Tlie hole \\-as 

'1 an- completecl to its final cleptli of 11,872 feet and d b 
doliecl on 23 -1pril. I\ good cleal of difficulty 1 ~ : ~ s  inet 
in the drilling of that deep test. Some of the casing 
usecl was badly 11 or11 ancl llacl to be replaced. On one 
occasion the drill pipe partecl: once tlie clerrick girts 
were bent; the drill pipe stuck several times. 80111e of - - 

the fishing jobs were difficult aiicl time cons~ui~ing. 
Gas was found at  sereral levels in the hole, occasion- 

ally under high pressure. but the poor reserroir char- 
acteristics of tlie sands indicatecl tlie likelilioocl of only 
a small volume. Most of the gas s l i o ~ ~ s  seeiiiecl to be 
from abore 3,853 feet and tliat ~ v a s  a coiisiderable 
factor in the clecision to clrill East Ouinalik 1. 

I t  was tllougllt that  Oumalik test well 1 sllor~ld be 
deepened if tlle clrillillg at  Topaporuk test well 1 re- 
vealed a cleeply buried reservoir rock. Before tlie well 
was abando~lecl. u thermistor cable \\-as installecl in i t  
for later temperature cleterminations by a. Geological 
Survey project being carried on at  the Arctic Research 
Laboratory. I~iifortunately, i t  \\-as possible to clrop 
the cable into the hole to a cleptll of 730 feet only. 

S O U T H  S A H R O W  T E S T  WELL 4 

South Barrow test well 4 was spudded in 011 9 Jlarch. 
Drilling progressed n-ithout special difficulty, and the 
final depth of 2,538 feet was reaclled in less tllall a 
month. Tlle sectioil pelieti-ated mas similar to that  

JIISGA VELOCITY T E S T  1 

Tlle 3linga velocity test was to be drilled from t l ~ e  
ice in Ilake Alinga, n relatively large lake in the general 
Silnpsoil area. The objective was to obtain informa- 
tion on tlie seismic ancl permafrost conclitions under a 
typical lake. There was evidence that  large zones un- 
der at least sorue lakes were not frozen, hence Iiad dif- 
ferent seismic characteristics, and therefore resulted in 
confr~sing interpretations of seisnzic survey clatn. 

The hole was spuddecl in on 29 April ailcl reaclled its 
fili:tl depth of 1,283 feet before the middle of May. No 
oil 01. gas she\\-ings Rere lloted, but the cuttings and 
coi-es dicl yield fossil an(! litllologic inforillation that 
was very useful in  regional geologic interpretation. 
-1 velocity survey was made of the hole, and a therm- 

istor cable was illstalled in tlie hole by the Geological 
Surrey. Unfortunately tlie cable leads were carried 
:II\-:I~ when tlie ice broke up in tlie lake later in the 
su111111er. 

MEADE T E S T  WELL I 

,I piece of metal tliat fell into Rleacle test \\re11 1 coulcl 
not be removecl ancl preveiited further testing, and tlius 
tlie amouilt of infornlation ok)taiiied from the well \\-as 
disappointingly sniall. Tlle hole was spuddecl in on 
2 May. (See figs. 96, 96.) A nonmarine section con- 
taining coaI was penetrated to a little lviore than 1,000 

FIGURE 96 . -C;rm~ n t  %lex<lc Kircr t e s t  1\.(~11 1, 1950. Pliotograpl~ by 
U. S. Nary. 
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f ed .  (;as sho\vs, sonie of tlleiil very substailtial, were 
fonild at  several places clo\~n to a cleptll of about 
4.600 feet. The filial depth of 3,303 feet I T - ~ S  rcaclled 
tlle niicldle of .July, but inconlplete testing ::~ttelnpts, 
plagued by lxtcker failures ant1 other clif'iiculties, IT-ent 
on until about 20 ,Iugust \rllen it JJ-:IS decaidecl to dis- 
mantle and abailcloii the \\-ell. The favorable gas iii- 
clicatioils from JIeatle teqt  ell 1 let1 to the recolniiiencla- 
tion tliat llrest Jleacle teit m-ell 1 be tlrilled. 

N O R T H  S I M P S O X  T E S T  W E L L  1 

Sort11 Simpson test veil 1 \\-:IS ~pucltlecl in on (i May. 
Drilling was stopped on 3 June a t  a total depth of 3,774 
feet. For  all practical purposes, the drilling pene- 
tr:~ted sliale only, a i d  no oil or g:ls s l lo~~-s were fouacl. 
The data froin tlie hole were useful in geologic inter- 
l~retation, especially in developing a inore adequate un- 
derstanding of tlie geology of the petroleunl resrrloir 
in the Cape Simpson area. 

U M I A T  T E S T  W E L L  4 

Uiniat test \\-ell 4 (formerly U n ~ i a t  Ruby 1) was 
drillecl wit11 cable tools to see if that type of drilling 
\ ~ o u l d  result ill better yields from the Uliliat sands. 

I t  1 ~ : ~ s  spuddetl in on 26 ;\lay ancl re:lclled its final depth 
of 840 feet about the encl of June. Material was 
clrol~ped in the well, and tlle hole  as finally abandoned. 
Ho\rever, the upper lJniiat sands were found as ex- 
pectecl ancl, as expected, were oil-bearing. The upper 
zone w;ts from about 332 feet to about 427 feet belolv 
the surface. Tlle top of the lower zone \\.as identified 
at about 748 feet. Various bailjiig tests and pumpi~ig 
tests ~vere matle, ancl tliese 11-ent on until the n~idtlle 
of -\ugust. Tlle report of -1rcon for  the week euding 
20 -1ugl~st recortls that tlze pumping tests inclic:~tecl a 
steady prodnc.tion in excess of 75 barrels per day. 

U M I A T  T E S T  WELL ti 

1-miat test  ell 5 (formerly TJrriiat Ruby 2) was 
drilled ~ ~ i t l l  cable tools to a total depth of 1,075 feet 
bet\veen 5 ,July ancl the iilidclle of September. Both 
1-11li:it oil-sand zones \\-ere penetratecl. Drilling was 
snspendecl for  testing of the upper zone during the 
latter part of August. The average production mas 
about T O  barrels per clay. Water was found in the 
deeper sands as well as  oil. Fo r  a short time the well 
flo~vecl oil a t  the rate of 23 barrels per honr: but, be- 
cause of the water present, the tllbing iced 1111, and tlle 
tests were inclusive. 

U M I A T  T E S T  W E L L  6 

Uiniat test IT-ell 6 (formerly Uniiat Ruby 3) was 
:unother shallonr hole to test further the size and capa- 
bilities of the Ulniat anticline. I t  was drilled to a 
depth of 829 feet b e t ~ ~ e e n  14 August and 3 September 
but was soon plugged back to 783 feet. The liole made 
a goocl cleal of water x~ i th  the oil, which caused icing 
lji~oblenls. ,is a result tlie \\-ell was not satisfactorily 
tested but on n 13-hour pumping test l~roduced 28.5 
barrels of oil and 11 barrels of water. Tllere was 
some gas. 

-1fter \rinterizing t11e rig, Umiat test JT-ell 6  as re- 
entered about micl-Koveniber to production 
testing of the upper sand. Operational difficulties de- 
veloped, and no satisfactory test resulted. 

U M I A T  T E S T  W E L L  7 

Ulniat test well 7 (forilierly Uiniat Ruby 4) was 
spudded in on 14 December and a t  the end of tlle year 
was a t  827 feet, and drilling continued. Oil and vater  
sands were found a t  several llorizons as was expected. 

The drilling of the "Ruby" wells a t  Umiat demon- 
strated that oil co11lc1 be produced from within the 
permafrost zone and that, under the conditions tliere, 
cable-tool drilling is superior to rotary drilling. This 
inforrnatio~l 11-as used in appraising the possibilities of 
structures similar to the Ulni:~t anticline. 
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T O P A G O R U K  T E S T  WELL 1 E A S T  OUMALIK T E S T  WELL 1 

Great hopes \\*ere held for the possibilities of Topn- 
goruk test well 1. Unfortunately, the oil aiicl gas sho~r -  
ing were very minor, but tlie hole did yield a 1-ast 
amount of useful information for the better inter- 
pretation of a large part of the geosynclinal basin of 
deposition. Furthermore, several difficult jobs of re- 
covering material dropped in the hole developed ancl 
resulted in expensive and time-consuming delays. 

The liole was spudded in on 15 June with a 12%-inch 
bit to 111 feet; i t  was reamed with a 26%-inch bit to 
107 feet; and 185/8-incli casing was set to that depth. 
A t  5,193 feet, the drill pipe stuck a t  1,710 feet on 27 
August. About tlie middle of September tlie pipe was 
recovered. On 18 September tlie hole reached 5,268 
feet; the hole diameter there was 1234 inches. little 
gas showed a t  5,959 to 5,988 feet; and some oil, a t  6,140 
to 6,144 feet. A t  about 6,100 feet there 11-as another 
recovery job. By 26 October the dropped material was 
recovered, and the hole was a t  6,490 feet. A t  7,154 feet 
the hole was sidetracked. 

S I M P S O N  C O R E  T E S T  25 

Simpson core test 25 \\-as drilled to 1,510 feet bet~reen 
3 July and mid-August. There were some oil and gas 
showings to  about 905 feet. 

S I M P S O N  C O R E  T E S T  26 

Difficulty mas eiicouiitered in drilling Simpson core 
hole 26, which was spudded on 13 August and reached 
1,171 feet in the latter part of September. There TT-:LS 

a good oil flow, 110 barrels per day initially, from be- 
tween 300 feet and 500 feet. 

S I M P S O N  CORE T E S T  28 

Simpson core test 28 \\-as started 011 5 September, ancl 
it was abandoned on 24 September at  2,505 feet. S o  
oil or gas slio\vs were found. Thermistor cables were 
placed in tlie hole. 

S I M P S O X  C O R E  T E S T  29 

East Oumalik test  yell 1 TTRS spudded on 23 October. 
I3y the end of the year i t  liad reached a depth. of 6,034 
feet, ancl preparations were being made to abandon 
it. There were occasional niinor oil and gas showings 
from 1,693 to 3,S73 feet but nolie below that depth. 

SUPPORTED ACTIVITIES 

Pet 4 continued to supply support and assistance to 
several Fecleral actirities both military and civilian 
other than those that \\-ere integral segments of the 
exploration pl-ogranl. Sollie of them, such as the U. S. 
Coast and Geodetic Survey, tlie CAA, the ACS, the 
,lACS, and tlle Weather Bureau, were engaged in work 
that \\-:IS of direct or indirect assistance to Pe t  4. 
Others were of no special concel.11 to Pet  4. I n  the lat- 
ter category were certain actirities of the Naval Ord- 
nance IJaboratory, tlie Sara1  Electronics Laboratory, 
tlle Arctic Research TJaboratory of the Office of Naval 
Rese:ircl~, the Arctic Test Station of BuDocks, the 
Beetle project of the Air Force, radio propagation re- 
search by the Sational Bureau of Standards, the U. S. 
Fish and IT'ilcllife Service, the St. Paul District of the 
Corps of Engineers engaged in permafrost work, Wien 
illaskn Airlines, tlie Bureau of the Census, and others. 

I11 soine instances charge ~ r a s  made for tlie services 
or supplies renclered ant1 in others not, depending on 
tlle estimated interest of Pet  4 in the activity. 

Tlie services consistecl of a 1-ariety of help such a s  
perinission to use the airfields, receive gasoline, messing 
and billeting, receiving and transportation of freight, 
local transportation by aircraft ancl tracked vehicles. 
Soine construction work was clone for  the ARL such 
as revision of building 251 and the placing of shelving 
in the laboratory. 

,111 example of the service rendered is the caching of 
some gasoline for the Fish ancl Wildlife Service, use 
of facilities of the camps by visitors, and permission 
for a plane of that Service to land a t  Barrow and a t  
Umiat to carry out certain observ t' Simpson core test 29 I\-as spudded on 31 October. a ions. 

There were a few minor oil slio~rs belolv 300 feet. The Activities directed toward non-Pet 4 use were not as 

hole reached its final clepth of 700 feet in the latter extellsive in 1950 as in some previo'ls years. 

part  of November. 

S I M P S O N  CORE T E S T  30 

Siinpson core test 30, about 1,500 feet K. 75" E. of 
test 20,  as started on 30 Xovember. Sereral oil sands 
were encountered below 300 feet. The liole a t  tlie encl 
of the year had reached 630 feet, and drilling continued. 

The Simpson core holes yielded much information 
about the size, nature, and capabilities of the Cape 
Simpson area. 

SUMMARY OF 1950 

The sel-enth year of Pe t  4 was notable for  its accom- 
plishments in terms of actual drilling-more than 
36,000 feet Tas  drilled a t  16 sites. The camps a t  Barrow 
ancl Uiiliat hacl been largely completed before 1950, so 
that construction work was mostly on improvements, 
additions, ancl n~aintenance. Construction connected 
specifically with the increased drilling was greatly 
incrensecl. 
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During the year 5 seismic parties, 1 gravity-meter 
party, and 7 geologic parties were maintained. The 
information gained from the 1950 program was exten- 
sive and generally favorable as regards oil possibilities. 
Both Umiat and Silnpson showed possibilities of major 
discoveries, and gas and oil sho~vings were revealed in 
several other localities. 

The whole program operated more economically in 
1950 than ever before. This was believed to be clue in 
part  to  improvements resulting from increasing expe- 
rience and in par t  to greater integration of various 
segments of Pe t  4. 

Rig-foundation costs \\-ere notably reduced; the suc- 
cess of the unitized Card~vell r ig was realized, and 
more careful plailning of sled-train loads minimized 
costly interim air and L V T  freighting and substantially 
reduced shutdowns while waiting for needed parts or  
equipment. The helicopter had proved to be a useful 
piece of equipment for certain specialized arctic jobs. 
Such savings as those indicated are difficult to measure, 
but the program in 1950 actually cost about $900,000 
less than had been originally estimated. 

The Navy had col~tiilued to  insist on better com- 
munication services between Point Barrow and Fair-  
banks. I n  1950 the ACS provided a continuous work- 
day instead of scheduled service. This  was an im- 
provement but still not as good as a voice channel. 

The peak of Arcon employees was 658 in  August; 
the low was 443 in January. The yearly average mas 
516, of which 453 were in Pe t  4, 48 in  Fairbanks, and 
15 in Seattle. The percentage man-hours lost due to 
accidents was 0.0086 ; this was the highest accident rate 
that had occurred in Pe t  4. 

EIGHTH YEAR-1951 

GENERAL PLANNING AND ADMINISTRATION 

On 22 December 1950 the Assistant Secretary of the 
Navy sent to the Director, Naval Petroleun~ Reserves a 
statement of policy relative to Pe t  4. That  statement 
had an immediate effect on the trend of the program 
and was the guiding principle for Pet  4 from the time 
of its issuance. The two pertinent paragraphs are 
quoted as follows: 

2. A program for the exploration of this Reserve during 
calendar year 1951 has been approred, based upon recommenda- 
tions of the Operating Committee appointed for the purpose of 
advising the Secretary on this subject. This program will be 
executed under the direction of the Director, Naral Petroleum 
Reserves, who may make ~nodifications in the approved program 
within the limitations of available funds. The Director, Naval 
Petroleum Reserves, \17ill keep continuously under review the 
necessity for continuation of all or any part of the exploration 
progranl, and make such reductions in the program a s  he nlay 
consider appropriate. 

3. Decision a s  to the continuation of the exploration program 
beyond 21 December 1951 will be made on 1 July 1951, or on a 
date a s  near thereto a s  practicable. Unless very favorable 
results a re  obtained prior to 1 July 1951, the exploration pro- 
gram will be terminated on or about 31 December 1951; there- 
after, the activities under the direction of the Director, Naval 
Petroleum Reserves, in Petroleum Heserve &'o. 4 will be reduced 
to the extent required to close-out the exploration program, 
salvage materials, write a full report, and exercise custodial 
function. 

The OICC officially passed on the new policy to 
Arcon by memorandum on 15 January 1951. The 
following quoted paragraph is of interest as regards 
the program : 

b. Inasmuch as  a decision cannot be reached relative to the 
continued exploration program for 1952 until 1 July 1951, i t  
will be necessary to plan procurement on the basis that  such a 
program will be carried out. I n  the event that the 1 July 
decision dictates that  there will be no exploration program 
carried out during calendar 1952, i t  will then be necessary to 
ship on Barex '51, only those items which will be required dur- 
ing the closeout portion of the Contract. Accordingly, this 
means that the Contractor, a t  a n  early date, must arrive a t  two 
separate lists of items of supplies for  Barex '51, namely, (1) 
that for a full 1952 program, and (2)  that to be segregated out 
to keep Barrow Carnp supplied under minimum personnel con- 
ditions during the closeout period of the Contract which will 
take place during the latter par t  of 1951 and the first few 
months of 1952. I t  is essential that  these two lists be made 
up a t  a n  early date to assist the procurement office in  Seattle in 
spotting materials awaiting shipment, a s  well as  to allow for 
planning for disposition of those items which may not be 
shipped. 

On 19 February representatives of Arcoii met with 
the D N P R  in Washington, D. C., to discuss Pe t  4. 
Among other items discussed and decisions made, i t  was 
agreed that  estimates of petroleum in the ground 
should be made on the basis of discoveries made up to 
that time. The DNPR undertook to have such an esti- 
mate made by the U. S. Bureau of Mines. A. A. 
Curtice agreed to have one made by one of the major 
oil companies. The group was told by the D N P R  that 
Assistant Secretary of the Navy John T. Koehler ex- 
pected to attend the June operating committee meeting 
in Fairbanks. 

The results of the meeting on 19 February and other 
information were passed on to  members of the oper- 
ating committee by memorandum from the DNPR.  
His  memorandum pointed out that i t  had been decided 
to plan the Barex '51 procurement on the basis of a 
10-hole drilling program i n  1952. These are assumed 
to be shallow holes that can be drilled a Cardwell 
or smaller rig. Four of the holes are estimated at  3,500 
feet, one a t  2,000 feet, and the rest a t  1,500 feet. Such 
assumptions as  outlined were necessary in order to give 
a rcon  some basis for  procurement. The DNPR re- 
minded the committee that, if the decision was finally 
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made to continue Pet  4, the progralli ~ o u l d  have to be 
limited by the materials that caille up on Barex '51. 

I n  January the ROICC in Seattle, LCDR 1,. I-'. Frate, 
was relieved by LT N. 31. Jackson. LCDR R. E. 
Sparks, ,ikssistant to the D S P R ,  arrived in Fairbanks 
on 12 March to work with the OICC in regarcl to close- 
out plans for  Pet  4. 011 13 March a group of officers 
and civilian scientists left Fairbanks by liliellaul for 
connection with an arctic oceanographic project spo11- 
sored by OKR and termecl "Operation Skijmnp." 
TV. G. Harris, Assistant Engineer in Chief of the Brit- 
ish Admiralty, arrived in Fairbanks on 1 May: Ile 
traveled to  Barrow* by linehaul on 5 hlay to study Pet 4. 
H e  returned and left Fairbanks for Seattle on 12 JIay. 
On 2 May JIr .  Eggleston, chief petroleum engineer of 
tlle Union Oil Co., arrived in Fairbanks. Mr. %:zgle- 
ston had been requested by the D N P R  to estjinate the 
petroleum potential of the Umiat field. H e  departecl 
for Barro~v the next day. Retween 8 and 10 JSa- the 
OICC guided around IJet 4 a party includjng Eobrrt 
Hooper, mayor of Fairbanks ; Maurice Johnson, presi- 
dent of the Fairbanks Clian~ber of Commerce; Terris 
Moore, president of the University of Alaska; and 
C A P T  C. R. Howard, USA. 

Again on 25 May the DNPR reminded the members 
of the operating corninittee that at  the .Jmle nleeting 
the prime question would be \rhether or not to continue 
the exploration program. 

On 18 June  the 14th regular nleeting of tlle operating 
committee convened in  Fairbanks. I n  attendance as 
members or alternate members of tlle coninlittee mere 
C A P T  R. H. Meade, DNPR and chairman ; C01, 0. F .  
Kotick, deputy DNPR ; CDR G. E. Fischer, BuDocks; 
John C. Reed, U. S. Geological Surrey and alternate 
for  W. E. Wrather; 11. TV. JlacSauglito~i, DeGolyer 
and MacNaughton; A. A. Curtice, Exploratio~l Con- 
tractors, Inc. 

Captain Aleade made an introductory statement out- 
lining the objectives of the meeting. The project 
manager for Arcon, E. L. Davis, outlinecl tlie cliscov- 
eries that had been made. There follon-ed a consider- 
able discussion of the productive possibilities of the 
Umiat field. Estimates of reserves in tlle field were 
presented in submittals from TIT. S. Eggleston of the 
Union Oil Co.; DeGolyer and AlacKaughton: 11. ,J. 
Lebsack, of the O N P R ;  U. S. Bureau of JIines ; Andrew 
Milek; and LT H. J. McGarr, of the office of the OICC, 
Fairbanks. 

The average of 6 informed opinions is that about 70 
million barrels could be recovered from the Umiat field. 
The transcript of the meeting contains the follo\~-iiig 
summary of this item : 

Tlie question of the number of such fields which would justify 
the operation of NPR 4 a s  a whole, remains open for discussion. 
Opinion has been expressed that  the daily output of approxi- 
mately 60,000 barrels through a pipeline inight be considered 
commercial for esport. The riewpoint has been espressed that 
further testing of the field in its present state of exploration, 
particularly production tests, are  necessary for a more accurate 
eraluation of the field. 

Next, the Simpson seepages were discussed; and, in 
view of tlle poorer quality of the oil and the small ap- 
parent reserve, i t  was agreed that  no further work in  
that area was then justified. It was reported that  the 
Soutll Barrow gas field contained a gas reserve of about 
10,000,000 mcf. Other discoveries, including the Meade 
gas reserves, were evaluated and discussed. 

Aircoii sumniarized the history and status of the test 
 ells then clrilling and a few that  had recently been 
abandoned. T. G. Roberts, head of the Geological Sur- 
rey laboratory a t  Fairbanks, interpreted the subsurface 
geology as revealed by the test holes mentioned above, 
anel George Gryc outliiled the surface geology as thus 
fa r  fo~uid  by the four parties then in the field. Howard 
Myers presented the results of the season's geophysical 
work up to the time of the meeting. There was long 
cliscussion from various viewpoints of the potential for  
petroleum of the Reserve and surrounding areas and of 
the best way of determining the nature and extent of 
the reserves if the Pet  4 program continued. 

I t  was announced that Ralph L. Miller had been pro- 
inotecl in the Geological Survey to Chief of the Fuels 
Branch and that  he would therefore be leaving the di- 
rection of tlie Navy Oil Unit. H e  was to be replaced by 
George Gryc. 

Tlle financial status of the contract was reviewed 
by E. J. Rusing. Captain Meade noted that about $1.5 
lilillion would be available for  closeout a t  the end of the 
year if i t  was decided to suspend Pet  4 and an acldi- 
tional $750,000 might be recovered from refunds on 
Bares '51 purchases. 

COL 0. F. ICotick presented an economic review of 
tlle TI-hole Pet 4 operation and its outlook. His  views 
\rere discussed by inany of the con~mittee and others but 
lwimarily by Mr. Davis. It was finally decided to pro- 
ceed wit11 tlle agenda and to postpo~le formulation of 
conclusions until after further discussion. 

Sext  was taken up tlle proposecl program of opera- 
tions for the remainder of 1950. A l r .  Davis and Mr. 
Reese presented a proposed drilling program. Ralph 
1,. JIiller sunimarizecl the geological program that was 
uiicler~~ay. Howard Myers, for the United Geophysical 
Co., reviewed tlle geopllysical work underway and said 
that that  as all his company could accomplish except 
perhaps some refraction work a t  Driftwood as proposed 
by Ralph Miller. Mr. Hoover estimated that  that  Kould 
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cost about $75,000. E. L. Davis reviewed production 
testing to date. Finally Mr. Rusing presented a chart 
showing the estimated cost of the drilling program out- 
lined by Arcon. 

After considerable discussion the operating commit- 
tee made the following unanimous recommendations : 

1. That Topagoruk test well 1 be continued as 
planned whether or not Pet 4 continues beyond 1951. 

2. That the Kaolak well be drilled as scheduled. 
3. That Gubik test well 1 be completed to 6,000 feet or 

until the objective sands have been penetrated. 
Regarding the 1951 program the committee recom- 

mended as follows : 
1. Against drilling at the proposed Elson Lagoon 

location. 
2. Unanimously against the drilling of South Barrow 

test well 5. 
3. Approval of a well at the so-called Volcano loca- 

tion in the South Barrow area. 
4. IJnanimously for conipleting Titaluk test well 1 

as planned. 
5. Retaining on the drilling schedule, as conditional 

and subject to further recommendations and review, the 
use of the Cardwell No. 2 rig for a second well at Titaluk 
or Square Lake. 

6. The moving of the rig on Umiat test well 5 to a 
new location for Umiat test well 9, thence to Weasel 
Creek test well 1, and thence on to Knifeblade test 
well 2. 

7. The drilling of Weasel Creek test well 1 as 
planned. 

8. The location of Umiat test well 9 on the same con- 
tour as Umiat test well 5, due north of previously deter- 
mined position, and that it be completed. 

9. The drilling of South Knifeblade as planned. 
10. Approval of North Knifeblade. 
11. Against further drilling in the Simpson area. 
12. Continuation of the testing of Umiat test well 

8, to be pumped for about 2 weeks, then deepened to 
2,000 feet as scheduled. 

13. That the Cardwell spudder be moved to Gubik 
test well 2, south and east of Gubik test well 1, as soon 
as Umiat test well 8 is completed. The depth of Gubik 
test well 2 was estimated at 2,000 feet. 

14. That the production testing of the Umiat field be 
given the highest priority for the remainder of the 
year. 

15. Completion of the geological and geophysical 
programs as previously approved. 

All of the above took from 18 June through 21 June. 
On 22 June, John T. Koehler, Assistant Secretary of the 
Navy, and his party joined the operating committee 
meeting. The Assistant Secretary's party included : 

John Tyssowski, special consultant: CDR W. 31. 
Huey, Office of Asst. SecNav; MAJ D. J. Mallory, 
USMC, Office of ,4sst. SecNav; VADM W. M. Cal- 
laghan, Commander, MSTS ; RADM J .  F. Jelley. Chief, 
BuDocks; RADM L. N. Moehler ; CAPT L. K. Rey- 
nolds, and CAPT W. F. Wessanen. 

At  the DNPR'S request, A. A. Curtice reviewed Pet 
4 to date for the Assistant Secretary and his group. 
Mr. Koehler then commented in general terms and es- 
pecially stressed the byproduct value of the Pet 4 ex- 
perience. He said, "We have obtained byproducts out 
of this (Pet 4) \I-hicll were touched on by the speaker 
and which are important. At  the inception of the pro- 
gram, we had no idea that the byproduct, with the trend 
that history has taken, ~vould assume such importance. 
People have learned to work in the Arctic the year- 
round and a lot of valuable exploration morlc has been 
done * * *." 

Considerations in favor of continuing Pet 4 were 
presented by the chief of exploration, R. G. Reese, and 
by Herbert Hoover, J r .  It was stated that Umiat al- 
ready could assure a production of 20,000 barrels per 
day. Next the Deputy DNPR, COL 0. F. Kotick, dis- 
cussed the arguments against continuation. 

Mr. Koehler stated that he 1%-ould like to defer a de- 
cision until he had gone into the matter more 
thoroughly, both in the field and in Washington, D. C., 
but Captain Meade indicated that some decision was 
necessary because of the imminence of the sailing of 
Barex '51. 

Mr. MacNaughton, of DeGolyer and MacNaughton, 
then presented considerations, conclusions, and recom- 
mendations of the operating committee as already out- 
lined above. Following this the DNPR summarized by 
saying that the majority of the committee recommended 
continuing. One vote was to close a t  the end of 1951. 
Two votes were to continue only to the extent of what 
could be done with $8 million. 

On 23 June Mr. Iioehler, along with Vice Admiral 
Callaghan, RADM J. F. Jelley, Captain Reynolds, 
Captain Meade, Commander Huey, Major Mallory, Mr. 
Tyssowski, Herbert Hoover, Jr., A. A. Curtice, Glen 
Ruby, L. W. MacNaughton, W. A. English, John C. 
Reed, and Commander Aubey, traveled to Barrow in 
the Assistant Secretary's aircraft for an "on-the- 
ground" review and returned on 24 June. 

On 25 June the meeting reconvened, with repre- 
sentatives of Arcon not in attendance, and the discus- 
sion continued. The Assistant Secretary stated that he 
had determined not to take action that would close Pet 
4 at the close of 1951. He  stated that his final decision 
had to be deferred, pending discussion with the Secre- 
tary of the Navy and the Chairmen of the House and 
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Senate Armed Services Committees. H e  pointed out 
that  i t  followed that  he authorized the full Bares '51 
shipment. EIe said that  where Pet  4 goes after 1931 will 
depend on what happens between the present and the 
close of the year. 

On 3 Ju ly  the Assistant Secretary of the S a r y  and 
the D N P R  met with Carl Viiison, Cliairnian of the 
House Armed Services Cormnittee. I t  was deciclecl that 
Pet  4 should continue until a reasonable evaluatioli had 
been made of the Reserve's oil-producing potential, con- 
tinuation would be on a year-to-year basis, tliat $5 inil- 
lion additional would be requested for 1952 if tlie re- 
sults in the remainder of 1951 justified such a recluest, 
and tliat an operating co~nniittee meeting to appraise re- 
sults ~voulcl be lielcl in Denver before Sovember. 

I n  June the OKPR in TVasliington, D. C., \\-:-as closed 
and reopened in July in the Mining Exchange Build- 
ing in Denver, Colo. 

On 19 Ju ly  the D S P R  wrote to the Chief, BuI>oclts 
concerning IJet 4. H e  pointed out the dsst.  SecNav's 
clecision nncl indicated that if tlie program in the rest of 
1951 was favorable, the DNPR ~ o u l c l  sponsor a request 
for additional funds after 1 J a n n a r ~  l!l52. Because i t  
~ v a s  expected that drilling would be empllasizecl in the 
renlainder of Pet 4, lie requested that BuDocks add to 
the contractor group a contracting ol*gauization espe- 
cially skilled in drilling oil wells. H e  further requested 
that the operating comnlittee be abandoiled ancl in its 
place an advisory comniittee be instituted on 11-liicll 
there IT-ould be no Arcon representation. BuDocks 
concurred. 

I n  June  of 1951 CDR 9. C. Morris relieved CI>IZ 
George E. Fischer as manager of Radio, Coast Guard, 
and Petroleum Reserve Facilities Branch of BuDocks. 
He therefore assumed the BuDocks cognizance of the 
contract and became a member of the oper a t '  ing com- 
mittee. I n  the same inonth R. G. Reese \\*as replaced 
by C. L. Mohr as chief of exploration. 

Fergus Hoffman of the Seattle Post Intelligencer 
went to Barrow by linellaul on 7 July. His  visit was 
sponsored by the Kavy. On 14 July CDR L. T. RIc- 
Quiston went to Barrow to relieve the aviation technical 
advisor to the OICC, CDR G. K. Ebbe. CDR R. C. 
,Tensen, hsst. DNPR, ~ v e i ~ t  to Barren- 011 18 hugust.  
H e  returned on 25 August. On 21 August, R. E. JIain, 
H. &I. Tietel, and F. T. Icitze, of the Permafrost Divi- 
sion, Corps of Engineers, USL4, went to Barrom on their 
way to I17ainwright and Point Lay to study ground 
temperatures. TIT. W. Gifford 11-as replaced in October 
by LT H. J. McGarr, USNR, as technical advisor to tlie 
OICC. 

Early in October a new group that came to be called 
the executive operating committee inet in Fairbanks to 

discuss a possible program for presentation to the Ko- 
veniber meeting of tlie operating committee. The exec- 
utive operating co~ilmittee was responsible to tlie OICC 
and \\-as made up of the responsible heads of all the 
various operating segments of Pet  4. 

On 5 November, the 15th regular meeting of the 
operating coiiimittee was convened in the offices of the 
D S P R  in Denver. The meeting lasted through 8 
Sorember. Committee members present included the 
DSPR, 1,. 7Y. JIacKaughton, CDR A. C. Morris, TVal- 
ter A. English, and John C. Reed (alternate for W. E. 
TTr:ttller). About 35 others were present, and the 
group was made up of representatives from various 
part" of Pet  4 and special advisors and consultants. 
The r l l de r  Secretary of tlie Navy was represented by 
1Y:tlter JI .  ,\tree, Jr. 

Cnl~tain RIeade opened the meeting with a general 
state~llent that liiglllighted its special importance. H e  
said : 

The r)arpose of this meeting is, of course, to review and evalu- 
ate the results of the exploration since our last opportunity to 
do so in June, and to make recommendations with respect to 
f~lr ther  exploration (luring the calendar years 1962 and 1933. 
The lrarticular reason for so doing a t  this time is to enable 
Ine to make representation to the Congress for the necessary 
funds for those two years. I have just been to Washington for 
the past two weeks and I have consulted with the Under Secre- 
tary. \\-it11 the financial people of the Navy, of the Secretary of 
Defense, and the Bureau of the Budget. I find no disposition 
for them to cut us off. In  fact, the way has been cleared for 
a supplemental appropriation so fa r  as  they are  concerned of 
approximately $6,100,000 for the completion of our calendar 
year 1952 work. I have tentatively advanced the lead for 
$8.5 nlillion for the calendar year 1963. The Secretary and 
others that I mentioned a re  attaching considerable importance 
to the recon~~iiendations of this meeting. I am sure that  they 
are prepared to accept the recommendations, but they're await- 
ing the action on the $8.5-million itresentation until I go back 
wit11 the formal recommendations of this meeting. So this be- 
comes a very iniportant meeting, and the Secretary, as  I say, 
has indicated that  he would take no action last week; but all  
his future actions would be guided by the advice which is 
formulated a t  this meeting. 

After full discussion the operating cornmittee- 
1. Confirmed the presence of an oil field in the Umiat 

area with estimated recoverable reserves of 30 to 100 
million barrels of oil within the presently lrnovin limits 
of the field. 

2. Felt tliat natural gas finds, particularly in the 
Gubik area, indicate that gas reserves in NPR 4 may 
prore to be of commercial or military value. Katural 
gas reserves at G~tbik have been estimated to be of the 
order of 900 billion cubic feet. 

3. Found that many untested prospects exist, some 
similar in age to the Umiat and Gubik anticlines, and 
others of different age which should be tested before 
R'PR 4 can be reasonibly evaluated. 
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4. Recommended for 1952 the following program: 
a. The drilling of 5 wells, each to be about 4,000 feet 

deep-Weasel Creek 1, Grandstand 1, Umiat 11, Wolf 
Creek 3, and the completion of Square Lake 1. 

b. The  operation of 3 seismic parties for  5 months 
each and an office interpretation crew for  a full year. 

c. The operation of a G-man geologic party in  the 
Colville-Chandler area, a 6-man party a t  Survey ex- 
pense in the Sagavanirktok-Shaviovik area, and a 
3-man party for selected locations of Lisburne group. 

5. Concluded that a program for  1953 could be better 
determined a t  the April 1952 meeting but that  such a 
program might include the drilling of such structural 
features as the Sentinel Hill, West Big Bend, Hawk, 
Awuna, and Carbon Creek anticlines. Seismograph 
work might include work not completed in 1952, areas 
of large amlticlines in regard to which the surface geo- 
logic results need to be supplemented, and areas where 
previous seismic work sho~vs folding that deserves more 
shooting. Tentative geologic work was not outlined. 

6. Recon~n~ertdeti that the exploration program con- 
tinue until a reasonable evaluation of the oil-bearing 
potentialities of the area, including public land ad- 
jacent t o  the Reserve, has been determined. 

7. Agreed and recommended that a 1953 prograin on 
the order of previous years I\-onld be practicable and 
that an appropriation for fiscal year 1953 of $8.5 million 
together with a supplemental appropriation for fiscal 
year 1952 of $6.1 millioil ~ ~ o u l d  provide for  the orderly 
continuation of Pe t  4. 

Even before the November meeting of the operating 
committee, i t  was generally liilo\vn that  contract NOy- 
13360 ~vould be closed out by BuDocks at  the end of 
1951. This required certain closeout procedures, such 
as the preparation of conlpletion and technical reports, 
even though a new contract was to be negotiated with 
the same company, Arctic Contractors. The new con- 
tract, NOy-71333, was, in effect, a continuation of the 
old. It went into effect on 1 January 1952. 

OPERATIONS 

LAND TRANSPORTATION 

The 1950-51 minter freighting was a bigger job than 
ever before. A total of 15,054 tons of freight was 
moved ; the total miles traveled was 16,082, and the ton- 
miles, 1,860,194. The fall of 1050 in Pe t  4 was extra- 
ordinarily mild; as late as 26 Kovember, ice thickness 
on swamps and ponds near Barrow was as little as 4 
inches. Therefore, the start of tractor-train freighting 
 as solnewhat delayed. ,111 equipment-sleepers, gal- 
leys, shol~s, tractors, and weasels-had been put in ex- 
cellent condition for  the big job ahead. A11 freighting 
equipment used, except the weasels, was commercial 

equipment and had been modified only slightly to adapt 
i t  to arctic use. Similarly, all petroleum products used, 
with the exception of the fuel ~ v l ~ i c h  was special, were 
of coinmercial grades. 

The job to be done is set forth below to illustrate the 
size and complexity of such a. freighting task. 

1. Move geophysical party 144, consisting of rig, 
camp, equipment, and supplies, from 1950 season coni- 
pletion position near the head of the lkpikpuk River; 
latitude 69'30' N., longitude 154'30' W., to Umiat for 
recoilditioiling and resupply, and thence to the mouth 
of the Chandler River for work required for l oc  (1 t '  1011 
of proposed 5.000-foot \\-ell on the Gubili anticline. 

2. Move four geol>hgsical parties consisting of rigs, 
camps, equipment, and supplies as follows: 

a. Par ty  45, from l iuk Inlet area; latitude 70'22' N., 
longitude 159'50' W., to Point Barrow. 

b. Par ty  46 from Kaolak area, latitude 69'48' N., 
longitude 160'29' W., to Point Barrow. 

c. Party 47, from Topagoruk area, latitude 70'31' N., 
longitude 155'15' W., to Point Barrow. 

d. Par ty  249, camp \vanigans only, from the Utolrok 
area to Point Barrow. 

3. Cache fuel, lubricating oil, powder, and miscel- 
laneous supplies for party 4-1 in vicinities of Teshek- 
puk Lake, Square Lake, and Sentinel Hill. 

4. Move National 50 Rig No. 1, including camp, 
equipment, and supplies from Meade River site to loca- 
tion a t  Kaolak test well l. Transport fnel, additional 
equipment, and miscellaneous supplies to drill 6,000- 
foot well froin Point Barrow to the Kaolak site. 

5 .  Move National 50 Rig  No. 2, including c:unp, 
equipment, and supplies from Fish Creek test well 1 
to the Gubik site, to be picked after party 44 completes 
its geophysical 11-ork. Transport fuel, equipment, and 
supplies for a 6,000-foot \yell to same site. 

6. Move Cardwell Portable Rig  No. 1, including 
camp, equipment, and supplies from Simpson core test 
28 to a site 16 miles east of Topagoruli. Transport ad- 
ditional fnel, equipment, and supplies for a 3,400-foot 
well froin Point Barrow to that  site. 

7. Move Cardwell Portable Rig No. 2, including 
camp, equipment, fuel, and oil-field supplies for a 
4,000-foot well, from Point Barrow to the Titaluli 1 
location. 

8. Return TVilson Super Titail rig, including camp, 
equipment, and supplies froin East Oumalik test well 1 
to Point Barro~v. 

9. Move fuel, caillp structures, equipment and sup- 
plies from Point Barrow to the Maybe Creek area in 
order to : 

a. Drill t11-o 1,600-foot test wells with the Bucyrus 
spudder a t  Wolf Creek. 
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b. Drill four 1,500-foot test wells by Failing 1300 
r ig at  Weasel Creek aiid Knifeblade. 

10. Resupply Kational 125 r ig  at  Topagoruk test 
well 1 with fuel, equipment, aiid supplies required to 
continue drilling until the end of 1951. 

11. On completion of East  Topagoruk test well 1 
move C a r d ~ ~ e l l  Portable Rig  No. 1, iiicludiiig camp, 
equipment, and unespended materials ancl supplies to 
Point Barrow-. 

12. Move 4,000 barrels of diesel fuel froill Sk~ i l l  Cliff' 
to Point Barrow. 

13. Move materials for r ig foundation, fuel, ancl oil- 
field supplies for a 4,000-foot \\-ell from Point Barrow 
to a site 7 miles 11-est of Titaluk test \\-ell 1. 

Because of the mild fall and early winter, iliiti:il 
trails had to be clear of water bodies. Trail scouting 
and staking were done by DC 3 and Norsenla11 air- 
craft and by 2 LVT-\\-easel combinatio~is. Initial trails 
were staked to the Aleade, Topagoruk, and Kuolak areas 
over land. Ice-bridge locations were made at lrey cross- 
ings. Six men led by S. Harlan ancl D. Buclr consti- 
tuted the surface-scouting force. Each scouting party 
used a weasel and an LVT. Tlie weasel hacl an e s t r : ~  
large cab, gyroscopic compass, ancl raclio receiver nntl 
transmitter. The LVT contained compass, tools. spare 
parts, cooking and sleeping gear, 800 gallons of gaso- 
line, 60 mail-days supply of food, mld trail flags sufii- 
cierlt to stake 50-300 miles of trail. About 1,300 niiles 
of trail was stakecl to the various field locations. 

Four complete tractor train crews of nine nlen eilcll 
were employed during tlie freighting season. Loading. 
unloading, and construction crews were maintained in 
the field a t  the Meade River, Icaolak, East Onmalik, 
East Topagoruk, Fish Creek, Titaluk, and Gubik loca- 
tions. C. S. Lawson directed train loading a t  Btwro~v. 

The first train departed Barrow on 15 December 1030, 
sllthouglr everytlliiig was in readiness by 30 Soreiiiber. 
All trains IT-ere in operation by 30 December. 

The follo~~*iiig ~a rag rap l i s  are quoted directly from a 
report on the 1051 freighting operation as subniitted to 
the DNPR by the OICC on 18 Ju ly  1951 : 

With the exrcption of the late freeze-ng, few abnormul freight- 
ing conditions were encoll~~tered during the entire season. S110\~ 
depth throughout the reserve was consideretl to be some~vhat 
less than average, causing the trail5 to be a trifle rougher than 
usual during tlie early part of the season and causing more 
time to be spent in building snon- fills across entrenched cross- 
ings and steep banks on trails between East Oumalik and Titaluk 
and between the Simpson area and East Togagornk. The last 
trips out of TTmiat to Cache So.  34, and the Maybe Creek area 
completed by Train Ko. 1, were made over terrain that  was 50 
percent bare of snow. 

A major segment of the overland Driftwood trail between 
I'oint Barrow, Skull Cliff, and Kaolak $taked along the route 
traversed by Lawson and Buck, September 1949, and the cut- 
off fro111 same, from a point sixteen miles east of Kulr rrossing 

to Aleade location, were the routes orer which the National 50 
Itig S'o. 1 n-as mored to Haolak and supplied out of Point 
Barrow. r. G. C.  (United Geophysical Go.) parties No. 45, 
So.  46 and So. 249 were returned to Barrow along this trail by 
trains freighting between Barrow and Kaolak. 

The Oumalik trail, overland from Point Barrow to East 
Oumalik, was extended to Titaluk and from that  point on to 
Umiat. Leaving East Oumalik, this trail  bears southeasterly 
across an area comprisir~g low rolling hills, traversed by several 
deeply incised left limit tributaries of the Ikpikpuk, some 35 
luiles to the Ikpikpuk River, which i t  follows southward about 
12 miles to a point west of Titaluk No. 1. Leaving the river a t  
thi5 point, the trail proceeds along the ridge between Ikpikpuk 
and Maybe ('reek drainage systems, into Titaluk, a distance of 
about 13 miles. 

The Neade cut-off, leaving the Oumalik trail about 35 miles 
south of tlie 31eade crossing, was used only in returning some 
Sntional 30 rig equipment into Barrow for repair, and for 
moring "loading-tearing out crew" camp and equipment to the 
JIeade site. 

The Tol~agornk cut-off, l e a ~ i n g  the Oun~alik trail  a t  a point 
1 G  miles solltli of the lleade crossing, bears about 16 miles in 
a n  easterly direction into Topagoruk. Traffic to Topagoruk, 
East Topagornk, and Simpson areas was routed over this trail  
between 30 December and 7 &larch, a t  which time sufficient 
thickness of sea ice permitted trax7el to latter areas via Elson 
Idagoon anil Admiralty Bag. 

The Oun~alik Trail and its branches was as  in former years 
the main a r te r r  orer which supplies were moved from Point 
Barrow to outlying facilities. Considerable time spent during 
the early part of the season in clragging and grading this route 
between Jleade River and Point Barrow furnished a wide road 
bed that was nlaintained in good condition throughout the 
fl.eighting season. 

The trnil between Uniiat and Titaluk approxiluates the route 
taken by Party Xo. 44 between these places during their more 
of August 1030. Bearing easterly from Titalulr the trail follows 
a series of ridges and connecting saddles that form the water- 
shed betneen >laybe Creek and Ikpikpuk drainages on the 
eaqt, and Ilil~ilipnk and Colrillr River-Prince Creelr drainages 
a t  i ts 11-e.tern end. The trail leaves the ridge country a t  Umiat 
range station-no streams are  crossed en route ant1 the terrain 
for the nlost part provides good t r a ~ e l i n g  conditions, except 
where hlo\\n clear of snow by prerailing ~vintis. 

I$ranching from the Titaluk-Umiat trail are  turnouts to East 
Titaluk. \ITolf Creek, Weasel C'reek and Knifeblade locations 
and Cache No. 33. These are  less tlian 12 miles in length except 
in cakes of Weasel Creek anti Knifeblade which are  17  and 52 
mile. respectively from the main trail. 

Over-ice freighting n-a? startell u i t h  n trip to Topagoruk 7 
Jlnrch. a t  which time 111illiin~l11 thicline>\: of ice found on Elson 
Lagoo11 n a s  $2 inches. 

The I'oint Rlrro\v-Unriat orer-ic.e trail n-as .takeil via Elson 
I.agooll. J,ake 3Iirlga. Teshekyuk Lithe. S~ni th  Kaj, Harrison 
R : I ~  mltl the C'ol~ille River. Portage. of ahout i and 8 nliles re- 
>lrecti~ely n r r e  loc.ated between Lake ;Llingn and Smith Hay, 
a11d I,et\vren Smith I3ay nnd Teshelrpuli Lake. 

Brai~cliing fro111 this trnil were the following cut-offs : 
Christy Point to Topagoruk and East Topagor~lli r i a  Ad- 

lniralty Bay, Teshekpuk Lake to Caches No. 30 and Xo. 31, Har- 
rison Bay to R'ational50 Rig KO. 2, Fish Creek. 

Over-ice freighting conditions mere excellent this season : the 
sea ice was usually sn~ooth and pressure ridges were less ex- 
tensile and smoother where crosseil tila11 in other years. 
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Occurrence of overflov7s on Colville River, chiefly between 
Sentinel Hill and Umiat was of normal incidence. There were 
no break-throughs of tractors or personnel on any river or on 
the sea ice. 

AIR TRANSPORTATION 

The airlift contract for  Pe t  4, including both the line- 
haul and bush service, that  mas entered into as of August 
1950 by Transocean Airlines, as mentioned in the chap- 
ter for  1950, ran  until 30 June 1951. A11 extension of 
the contract was negotiatecl for another 6 niontlls 
through December 1951. Thus Transoceaii Airlines 
supplied the air service throughout all of tlle eighth year 
of Pet  4. 

During the year an average of about 8 lii~ehaul flights 
a week went from Fairbanks to Pe t  4. The most flights 
per week were in the suiiiiner months. Those flights 
carried an average of about 6 passengers each. The 
same trips moved almost 3 million pounds of freight 
to Pet  4 or  an average of about 56,000 pounds per week 
and 7,000 pounds per flight. 

Because of the size of tlle freighting job to be done 
in the winter of 1950-51 and because of the lateness of 
the freezeup in tlle fall of 1950, i t  mas decided to 
augment the tractor-train freighting with an airlift 
from Point Barrow to Umiat and elsewhere in  the 
southern part of Pet 4. The freight consisted largely 
of oil-field supplies, drilling mud, chemicals, cement, 
and powder. 

Tonnages hauled from Point Barrow and from Fair- 
banks to outlying camps primarily as s~ support to 
winter sled freighting were as follows: From Point 
Barrow to Topagoruk, 54.14 tons, to Kaolak, 3.96 tons, 
to Titaluk, 39.76 tons, to party 44, 0.75 tons, to Umiat, 
2,338 tons, to Simpson, 2.87 tons; and from Fairbanks 
to Topagoruk, 98.33 tons, to Gubik, 19.75 tons, and to 
Umiat, 28.6 tons. 

George Gryc, head of the Navy Oil Unit  of the 
Geological Survey, reported a t  the November meeting 
of the operating committee that  bush-plane support 
of the geologic parties in the summer of 1951 was 
especially good and mas notable for the nuniber and 
variety of aircraft available as required. 

On 30 December 1951 one of Transocean's linehaul 
planes returning from Barrow to Fairbanks p s s e d  
over Fairbanks and crashed on Chena Dome about 35 
miles northeast of the city. On board were the pilot and 
first officer of Transocean and a pilot and mechanic of 
Wien Alaska Airlines as passengers. A search under 
the auspices of the 10th Rescue Squadron and includ- 
ing both air and land search, the latter by weasel and 
dog team, resulted in the locating of the wreckage on 
3 January and in reaching i t  by helicopter on 5 Jan-  
uary. There were no survivors. The only freight 
aboard was some mail that  was recovered. 

Linehaul operations during 1951 gradually fell be- 
hind on freighting from Fairbanks to Pe t  4. A t  the 
end of the year there was a backlog in Fairbanks of 
approxiinately 300,000 pounds. The backlog was the 
result of some intervals of poor flying weather and a 
shortage of available aircraft during good weather. 

SEA TRANSPORTATION 

Barex '51 was, like the earlier expeditions, a most 
successful operation. I t  mas not as large as some of tlle 
previous expeditions and, by 1951, a substantial back- 
ground of experience had accumulated to aid in plan- 
ning and effecting such an exercise. 

Rack in November 1950, the Chief of Naval Opera- 
tions designated BuDocks to coordinate preliminary 
arrangements. On 10 January 1951 a CNO amend- 
ment indicated that, for planning purposes, Barex '51 
would be the last Barex except as might be required to 
bring out salvageable materials. BuDocks on 13 
December 1950 requested all Government agencies 
interested in shipping via Barex '51 to provide s~ list of 
their requirements by 12 January 1951. 

CNO on 14 February directed that  Con~n~ander  in  
Chief, Pacific Fleet arrange with CINCAL (Com- 
mander in Chief, Alaska) as to Slaskan operations in 
regard to long-range ice reconnaissaiice and other 
assistance. Commander. TVestern Sea Frontier, would 
coordinate preparation, assembly, and loading of cargo. 
Chief, BuDocks would act as liaison to other Govern- 
ment agencies in regard to shipment via Barex. CINC- 
PAC (Commander in Chief, Pacific) was assigned 
overall responsibility for the operation. 

As has already been described, the doubt as to the 
continnation of Pet  4 in 1932 required the preparation 
of two plans for  Barex-a nliniml~m plan based on the 
assumption of closingont and a plan based on normal 
continuation. h prelinlii~ary conference was held in 
Coronado, Calif., a t  the Naval Snipllibious Base on 23 
and 26 April. Most of the interested groups -\Irere rep- 
resented. 

On 1 May the task organizatioi~ was formed as fo l -  
lows: 1 AKB,  U, S. S. Sen~ino le ;  1 AO, I T .  S. S. 
Monongahela; 1 AGB, U. S. S. Bur ton  Island; TST's 
1110,1126,11.& (and later 1138) ; a Seabee detachment, 
an Underwater Demolition detachment, and an Ice 
Reconilaissance group. C A P T  G. B. Helmiclr, USN, 
was detailed as COMBAREX (Commander, Barrow 
expedition). 

All cargo was to be ready for loading a t  tlle S n r v  
Fuel Depot, Point Molate, Calif., or at  the Naval Ad- 
vance Base Depot, Port  Hueneme, Calif., by 15 June. 
By 1 ,July cargo to be loacled in Seattle, TTash., \V:IS to  
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be reacly. I t  was not until 25 June  tliat the larger 
Bares  \r:xs :~ntliurizeil by ,Isst. SecSav John T.  Koeliler. 

Bares  '31 carried cargo for Pe t  4 ralnecl a t  nh~iost 
$1,373,000 aiitl comprising about 20,000 measnremeiit 
tons. 

The Rurtox IsZaud left San  Diego, Calif., on !) .Tnly 
and, after several stops. nrrired off 13:trrow on 22 .Jr~ly. 
LST's 1110 and 1146 clel>:t~*tecl Seattle, Wasli.. oil 19 
Ju ly  and proceeded directly to  Point I<arro\~-  tvliicli 
they reacl~ecl on 30 .Jnly. LST's 1126 and 1138 left 
Seattle on 16 .July. L S T  1136 tlelireretl fuel to tlie I-SC 
and G S  ship I ' i o i / ~ r ~ z  near St. La\vreiice Isl;ti~(l :liid 
l:tter, at  Cape I'rince of 1T:tles. u11loatled cargo for tlie 
Sava l  IClectronic.: 1,:lboratory. Those two sliil)s ;~lso 
reached 13arron- on 30 , J I I ~ ~ .  

Tlie IT. S. S .  AILoiio~tqc/crhrla departecl Long I3eacli on 
23 July n~icl sailed tlirectlv to 13ar1w~1- and ;118rive(l 011 

4 ,iugust. Tlie U. S .  S. , \'f~ii~iilol~ left Seattle 011 " .Jt11y 
aiid reached Poilit I<:t~.ro\v on 5 A\upnst. 

L S T  11.26 beacliecl at lxacli 5 at 1200 on 30 July,  ancl 
by 1000 on 31 Jrdy slip was conil~leted offloadetl. -1fter 
111llo:tding over tlie side on 30 .Jnl~-, tlie 1137 ~iiatle a 

tlry-r:u~ip landing on 31 Ju ly  ant1 finisllecl lulloatli~ig a t  
0400 on 1 -ingust. 

The JIST7s 1146 and 1110 \\-ere mlloadecl :me1 departeel 
at  1800 on 31 ,July for  P i t t  I'oiiit, Oliktok I ' o i~~ t .  :tlld 
ISarter 1sl:tnd. Tliey were accoml>nnied by tlie J ! / r ~ t o i ~  
Island.  T l ~ e  LST's returnetl to  Burrow on 5 ,it~g!.nht. 
LST's 11,26 and 1110 departed I 3 a 1 , r o ~ ~  for tlie States on 
/- 
( Alugust, and 11.38 and 1146 follo~red on 8 , \ ~gus t .  
,\fter completion of all nnloading ancl backloi~di~ig at  
Bal.r.o\~~ on 8 Liugust, tile U. S .  S .  Nttr-toil Ic7nnd \\-as 
cletachetl from d t ~ t y  \\-it11 I<;tres, 1951 and resunled lirr 
~ iormal  organizatio~l. 

FI(;I-I<F: 9i.--T~-pii':ll ~ ~ 1 1 0 1 i s ~ ~ ~ - t y ] 1 ~  1ivi11g ~ I I ; I ~ ~ I T S  in I* ' ;~ i l .b :~r~ks  C O I ~ I -  

11orln~l in  winter, Jn11ll:lry 1!)31. IJ1~otogl.ap11 by T. (:. Robrrts.  

I I I S  ( ; I ~ I I I ~ I : I ~  I ~ I , \ \ -  0:' I . ' i ~ i ~ ~ l ~ i l l i l ~ ~  CI I I I I I !OI I I I ( I  ill 13 : l l . l f  f;1I1. 'I'TVO- 
story b ~ ~ i l i l i n g  in I ~ a c k g r o u n ( l  I I I ~ I I S ( ~ S  general otficrs of tllc U. S. 
Smplting, Kefining, and Jlininp Co., Fai rbanks  Department. I'hoto- 
ern1111 by Harlan Hergquist, Sr l~tr inhrr  1953. 

Tlie Llfononga?~ela was unlo:xdecl by  6 August ancl re- 
1)ortetl to Commander JISTS (;\lilitary Sea Transport 
Sri.rice) for  ol)eratio~ial colitrol as she headed back to- 
\\-a~.tl I<eri~lg Strait .  Tlie ,qrii/i7~olr left 13:trrolr 011 

b A l ~ i g l ~ 5 t  bo11iic1 for S:~II Diego. 
Oftloatliiig \\:IS li:~~itlletl nit11 :I s~nal ler  personnel 

:r~rtl less e q ~ ~ i l ~ ~ ~ i e i i t  tliixil in foriner years. Tlle longer 
intervals bet11 eel1 ruiit arr i \  :(Is at I<arro\v a l l o ~ ~ e d  time 
tc, clear tlie t)eaclles. Tlie I)eacli personnel iilcludecl 2 
I,e;tcli forenie~i, 46 eqnil~ment operators, aiicl80 laborers. 

13:ll.e~ '31 \\-as h ig l~ ly  successfnl in spite of the  cliffi- 
c l~ l ty  of p l : l ~ l ~ ~ i n g  l~ecauie of tlie late decision for  a full 
esljetli t io~~. 

MAINTENANCE 

Tittle lieu- constl.uction n-:is 1.eq11iretl in 1931 :IS nl- 
~iiost everytlriiig needed was on Iiancl. There were, of 
course, :tn abnnclaiice of regnlttr cliores such as laying 
o11t Ije\\- r i g  fol~~itlatioiis, improvements such as  the 
1jouriilg of celnent sitle~vxlks around the Fairbanks 
lieadquxrters (see figs. 97, 98),  the design and installa- 
tion of :t new electrical dis t r ibl~t ioi~ system a t  Umiat, 
inrentory, and so on. 

I11 :xtltlition to tlie niore routine items, a second Card- 
\\-ell rig IT as l~~litizetl  for  :trctic nlore~nent, airport f:xcili- 
tie3 :lt B : ~ r r o ~ r  were espaiided, and a new llanpar floor 
\\-:IS put in :tt Barrow. 

-i very substalltial ~itunber of outside activities, either 
110: related or  oiily reniotely related to  Pet 4, were sup- 
ported as i11 the past, and the list of them would be 
alnlost idelltical with that  already given. 

The gas used from South Barrow test well 4 totaled 
131,513,000 cubic feet d~lr i i lg  tlie year. The  lowest 
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consumption was 8,143,000 cubic feet in  Ju ly  arid the 
highest 14,664,000 cubic feet in January. 

Several fires occurred in Pet  4 during 1951. Most of 
these were serious. An incomplete list of the fires 
follows : 
10 Jan Explosion and flre in living-quarters hut 144- Damage, considerable. 
31 Jan Insulation ignited in Arctic Test Station by Damagr, minor. 

blou7 torch being used in thawing frozen 
pipes. 

30 Ape IZeat-pak wanigan at TJmiat test well 5. Damage, total loss. 
Spread to mud wanigan and Failing 1500 
drill rig. 

16 Aug Jameway hut at Umiat. Probably caused Damage, hut and contents 
by faulty oil heater. destroyed. 

20 Sep Riqhouse at I(aolak test well I... ...- ----.. Daniage, not serious. 
6 Dec Gubik test well 2 .............----------... Damage, very s~lbstantinl. 

Of the above the Gubili fire was the most s~ectacular  
and the most noteworthy as fa r  as the overall program 
is concerned. The f o l l o ~ ~ i n g  extracts from a report of 
investigation made by the ROICC a t  Barrow, LCDR J. 
V. Jones ; the technical advisor to the OICC, LT H. J. 
McGarr, Jr. ; and the project manager of Arcon, E. L. 
Davis, appear to indicate reasonably well wllat actually 
happened : 

* * * a cement plug had been set a t  about 2200 feet-about 
2230, 5 December. When the midnight to noon tour came on, 
the rig was circulating mud. The driller's instructions were 
to continue circulating, then come out of the hole to pick up a 
drill collar and bit, then go back in and feel for  the top of the  
plug, so that  i t  could be reported by 0745, 6 December. The mud 
weight was checked by the clerricknlan (Blackwood) a t  88.5 
pounds, viscosity 55 seconds. No water-loss was taken. All 
personnel agree that  there was no undue cement contamination 
of the mud; * * *. Sornetin~e about 0100, they started coming 
out of the hole. After about the ninth stand, the hole was 
fflled. The nineteenth or twentieth s ta~ ld  came out wet. * * * 
Then mud came up through the rotary table and two men were 
sent below to close the blow-out preventer. By this time the 
well was blowing gas and mud that  blinded the driller, and the  
interior derrick lights failed. All personnel successfully 
scrambled for safety. Between five and ten minutes after the 
first blow, the gas caught fire, destroying the derrick in about 
three minutes. Apparently the rig settled and fractured the 
fill-up line, which caused a fire dam-n below and destroyed the 
substructure. * * *. 

It is the opinion of the Board that  the column of drilling 
mud in the hole was in  some manner lightened so that the pres- 
sure exerted by the column was less than that  of the gas sand 
which blew out. * * *. 

* * *. Because of the rapidity with which the gas blow came ; 
the spray of mud inside of the derrick and the blacking out of 
the interior lights, there was no practical means available to the 
drill crew to shut off the flow of gas and mud through the drill 
pipe. I t  is believed that the crew did everything possible from 
this time on to minimize the loss of rig equipment. 

GEOLOGY 

On 15 December 1950, the DNPR wrote the Director, 
Geological Survey, requesting that the geologic work 
recommended a t  the 13th meeting of the operating coin- 
mittee be done by the Geological Survey according to 

the administrative agreement dated 1 July  1945 be- 
tween the Departments of Navy and Interior. The 
work was planned as part  of a closeout program and 
consequently was designed to obtain as much informa- 
tion as possible to fill the gaps in  the geologic lmowl- 
edge of Pet  4 in order to make possible a more complete 
final report. When i t  was decided a t  the 14th meeting 
of the operating committee in June  1951 to continue 
the Pet  4 exploration, i t  became necessary to reorient 
the geologic effort a little toward investigations that  
would be useful in  selecting drill sites. This resulted 
in a slight slowing down of final report preparation. 

The first proofs of Geological Survey Oil and Gas 
Map 126 appeared in 1951. Copies \rere distributed a t  
the 15th meeting of the operating committee in Novem- 
ber. The map contains much of the geologic informa- 
tion on northern Alaska that  had been accumulated to 
that date. 

FIELD PROJECTS 

Four  regular geologic field projects went on. (See 
pl. 3.) In addition, spot jobs of short duration were 
performed by small groups working out of Umiat. 
Such short jobs were done by back-packing or with 
boats, and with air support on the Toolik and upper 
Colville River and in  the vicinity of Cape Thompson. 

The regular projects went on in the Shaviovik-upper 
Sagavanirktok Rivers area, and the Driftwood-Noluk 
Lake area. 

Par ty  1, with geologists A. S. Iceller and R. L. Det- 
terman, worked in the Shaviovik-Sagavanirktok Rivers 
area. The  northeastern part  of the area studied is be- 
lieved to be more likely to coiltain oil accumulations 
than the southern part. The party traveled by weasels. 

Par ty  2 traveled by weasel and small boats. The 
work was in the Brooks Range in the vicinities of the 
Okokmilaga and the John Rivers. The party was led 
by W. W. Patton and included geologists XI. D. Man- 
gus and W. P. BrosgB. Oil accumulations in  the Brooks 
Range are believed unlikely, but the party accumulated 
much structural informatioil valuable for  interpreta- 
tions in  potential petroliferous areas farther north. 

Party 3 was led by I. L. Tailleur. B. I-I. Kent and 
H. N. Reiser were also assigned to it. The party 
worked south from the Colville River to the south side 
of the DeLong Mountains. Most of the movement was 
by weasel but included also was a boat traverse down 
the Ipnavik River to its mouth in the Colville. 

Par ty  4 worked in the general area of Driftwood 
Creek, the headwaters of the Colville River, nncl the 
Nuka River. Porosity and permeability of all the 
rocks seen are low. A major anticline on the Colville 
River may be the eastward exteilsion of the D r i f t ~ o o d  
anticline. (See fig. 12.) The head of party 4 was 
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E. G. Sable, and he was assisted by J. T. Dntro. Jr . ,  
and R. H. Morris. 

Parties 2, 3, and 4 reached or  crossecl the Brooks 
Range divide in weasels by four different routes. That  
was the first time that self-propelled land vehicles had 
reached the divide. Party 2 crossed the crest by way 
of the Okokmilaga River and tlle Hmlt Fork of the 
John River. The 11-easels then returnecl to Umiat by 
way of the Anakturuk River. Party 3 crossecl the crest 
of the range from the headxaters of the 1iilip~1-a into 
the Noatak River drainage and returnecl by tlle same 
route. Party 4 reached the crest of the range at the 
head of the Utukok River. 

S P E C I A L  S T U D I E S  

Special studies in paleontology were continuecl with 
members of the regular Kavy Oil Unit l)ersonnel ancl 
with the help of other Survey paleontologists in spe- 
cial fields and of pleontologists of the U. S. Sational 
Museum. Harlan Bergquist in Fairbanks and Helen 
Loeblich in IVashington, D. C., continuecl to stucly :nld 
interpret the microfossils. 

R. H. Morris continuecl tlle stucl- of heavy nliilerals 
as an aid in geologic correlation, but that aspect of tlle 
work was somem-hat slowecl to a l lo~r  Jlr. JIorris to 
participate in the fieldwork a i d  thus gain firsthand 
experience with the rocks uilcler study. 

Sedimentation analysis, facies studies, ancl slloreliile 
trends went on as part  of the fieldll-ork. I11 acldition, 
T. G. Payne continued as a consultallt on sedilnentation 
problems. 

Under the guidance of IT. A. Fischer, the study of tlle 
geology of northern Alaska tllrough the use of aerial 
photographs increased during 1931, ancl tecluliques also 
improved greatly. By the end of tlle year tlle TI-hole 
area of concern to Pet  4 n-as essentially covered photo- 
geologically on a scale of 1 : 96,000. Tlle coi~lpilations 
on a scale of 1: 250,000 were more than half done ancl 
were to be completed by the spring of 1952. 

Rase maps for Pet 4 had been made over the years by 
the Geological Survey from aerial photographs. Ade- 
quate maps on a scale of 1: 48,000 were completeel for 
the whole area of concern by the end of 1951. Special 
maps had been macle as requirecl. Some l~hoto~nosxics 
had been compilecl by the Geological Surrey and sollie 
by the Kavy. 

F A I R B A S K S  LABORATORY 

The Survey's Fairbanks laborator? colltiiluecl strati- 
graphic micropaleoi~tologic studies mlder tlle gr~idance 
of T. G. Roberts. 

GEOPHYSICS 

one was sent into the field in order to conserve funds so 
that the drilling program could be emphasized. The 
party worked about 6 months in the eastern and south- 
eastern parts of the Reserve and in adjacent areas. 
(See pl. 3.) The party produced the following results : 

1. Established east closure on the Gubik anticline. 
West closure had already been established both by sur- 
face geology and by geophysics. 

2. Proved closure of tlle Square Lake anticline and 
surveyed it in detail by seismic shooting. 

3. Searclled uilsuccessfully for closures west of Fish 
Creek test well 1. 

4. Surveyed along the Sentinel Hil l  axis. West clo- 
sure could not be found. 

Jolin R. Woolson, of the United Geophysical Co., in 
1931 completed interpretive reports on a large part  of 
tlle geophysical XT-ork that had been done as a part  of 
Pet 4. These included papers on- 

1. Regional interpretation of gravity results. 
2. Regional and stratigraphic discussion of seismic 

results. 
3. Correlation of Simpson test well 1 with Topagoruk 

test \\-ell 1. 
4. Gravity-meter interpretation of the Barrow com- 

plex. 
*4 well relocity survey of Topagoruk test well 1 was 

made 011 17 September to determine- 
1. The accurate velocity in order to correct the 

Topagoruk area cross sections. 
2. The position of the seismic horizons in the geologic 

section. 
The seisinic studies in 1951 were summarized by 

\I7. H. JIyers a t  the 15th meeting of the operating corn- 
mittee in November. 

DRILLING 

During 1951, 48,710 feet was drilled by Pet  4. This 
drilling  as a t  20 r ig sites (see pl. 3 ) .  Tlle total foot- 
age includes 979 feet of redrilling in 1 hole and 1,066 
feet duplicated in 2 holes on which the rigs were skidded 
because of difficult jobs of recovering material dropped 
in the holes. Four of the holes were believed capable 
of producing oil and four (including one of the oil-bear- 
ing holes) of producing gas. TITO of the gas wells in- 
dicated a lnajor gas-bearing anticline. 

Transl>ortation problems were especially difficult a t  
some of the locatioils in the foothills area, such as Wolf 
Creek, because there \\-ere no close lakes for float-plane 
landings ancl no nearby areas where an airstrip could 
be inacle for ski or \\~lleel landings. 

Less trouble was encountered with caving than pre- 
viously because of more careful mud control. On two 

Originally, tlle operating conllnittee had recoin-  el ells tlle bottom joint of casing broke off after cement- 
mended four seismic parties in 1951. However, only ing the string. Little difficulty was had with collapse 
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of surface casings. Oil and brine were used where 
available; and, in some instances where they were not 
used, the casings were cemeilted solidly to the surface. 

A t  Umiat test wells 5 and 9 electric heating was tried 
by using the casing as the heating unit. That  seemed 
to solve the icing problem in those holes. 

Some difficulty was made by the formation of hy- 
drates in the tubing a t  South Barrow test well 4 during 
the coldest weather, but gas production was continued 
through one anilulus or the otlier while the tubing was 
left open to atmospheric pressure and triethylene glycol 
and alcohol were poured into the tubing and some forced 
into the annulus. That  treatment cleared the hydrates, 
and the well thereafter was blown more frequently to 
keep the accumulation of bottom water to a minimum. 

T O P A G O R U K  T E S T  W E L L  1 

I11 the report on the seventh year i t  was noted that  
Topagoruk test well 1 was spudded on 15 June  1950. 
A t  the end of 1950 the well had been drilled to 7,154 feet 
but had to be redrilled from 6,275 feet a t  the beginning 
of 1951. The hole was completed on 28 September 1951. 
I t  had accomplished its objective of yielding a large 
amount of useful geologic data from a critical location, 
but i t  did not not tap  any substantial reservoir of gas 
or  oil. The hole reached pre-Permian rocks, but no 
Lisburne group was found. The final depth was 10,503 
feet. 

The hole was left full of thinned drilling mud, and 
no casing was pulled. Thermistor cables were run into 
the hole to depths of 5,800, 2,200, 1,340, 980, and 325 
feet. 

E A S T  O U M A L I K  T E S T  W E L L  1 

A t  the end of 1950, East Oumalik test well 1 was 
being prepared for abandonment. The job was finished 
by 7,January 1951. The hole cut rocks containing some 
gas at  several horizons, and some cores gave an oil cut ;  
but, in general, porosity and permeability are 10117, and 
oil and gas showings were insignificant. A n  electric 
log was run of the hole, and five thermistor cables were 
installed before i t  was left. 

S I M P S O N  CORE T E S T  30 

Simpson core test 30 was completed on 23 January. 
From the first of the year i t  was drilled from 630 to 
693 feet, the final depth. 

S I M P S O N  C O R E  T E S T  30-A 

Simpson core test 30-,4 is only 100 feet from 30. I t  
was drilled because of the loss of 30 owing to a tool- 
recovery job. The hole was started on 23 January and 
completed on 6 February a t  a depth of 701 feet. Oil 
sands sucll as those found in No. 30 were also found in 

No. 30-A. A t  a depth of 350 feat the hole was bailecl 
dry. Continued bailing for 24 hours yielded 5 barrels 
of oil. Gas was found a t  423 feet but mas not gaged. 
A t  the final depth the hole was bailed dry, but 110 oil 
or  water entered. The hole made a lit,tle gas. 

S I M P S O N  C O R E  T E S T  27 

Sinlpsoi~ core test 27 was drilled to investigaie the 
cause of the seepages in  the Cape Simpson area. I t  is 
1,500 feet deep and \\-as drilled between 8 February 
and 14 March. Serer:d sand layers were fomid, and 
the sand cored from 324 to 371 feet was partly saturated 
with oil. A t  580 feet the hole was bailed down, and 
subsequent bailing for 36 hours yielded oil a t  3 bmrels 
per day. 

S I M P S O N  C O R E  T E S T  31  

On 21 March, Simpson core test 31 mas spudded in. 
While coring a t  355 feet the well started flowing oil. 
LT H. J. McGxrr conducted tests that indicated a flow 
of about 125 barrels per clay wit11 some gas. The hole 
was abandoned on 2 April a t  355 feet. 

U M I A T  T E S T  W E L L  7 

I n  the previous chapter i t  was pointed out that Umiat 
test well 7 was drilling ahead a t  827 feet a t  the end of 
1950. The well mras completed on 12 April 1051 :tt a 
depth of 1,384 feet. I n  no. 7 the upper sand is water- 
bearing, 15-1lereas in No. 6 i t  is oil-bearing. No. 7 is 170 
feet structurally lower than No. 6. The contact of the 
oil and water in the anticline is somewhere between 725 
feet and 870 feet below sea level. Umiat test well 7 de- 
fines the extent of the oil reservoir on the south flank of 
the Umiat anticline. I t  does not preclude the possi- 
bility of oil in higher sands farther down the flank. 

U M I A T  T E S T  W E L L  8 

Umiat test well 8 was drilled with a Cardre11 ca1,le- 
tool spndder. Drilling began on 2 May, and the hole 
was completed on 28 August at  a total depth 01 1,327 
feet. The test cut the upper sands from 860 to 030 
feet and the lower sands from 1,230 to 1,327 feet. I t  
is believecl that about 200 feet of the lower sands was 
not penetrated. 

A t  1,080 feet a pumping test averaged 60 barrels per 
day. A t  total depth, and with tubing hung a t  1,250 feet, 
after swabbing clean, the well flowed for 64 hours, start- 
ing a t  2.5 barrels per hour and declining to 1 barrel per 
hour chiefly owing to the formation of ice in the tubing. 

A t  total depth, with casing cemented a t  1,231 feet, 
all fluid was removed, and a flow test for gas gave an 
estimated 5,858,700 cubic feet per day through a 1%- 
inch orifice. The shut-in pressure was 260 pounds. 
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UMIAT TEST WELL 9 

On 25 June Umiat test well 9 \\-as spnclded in. A 
Failing 1500 rotary r ig and oil-base drilling niucl were 
used. The well was esseiitially completed by tlie end of 
the year, but certain testing went on until 15 January 
1952. The total depth of the hole was 1,257 feet. The 
upper sands lie a t  466 to 525 feet, and the 1011-er sands, 
from 866 to 1,096 feet. 

The hole was successively tested a t  various llorizoiis 
as the drilling progressed. A s ~ ~ a b b i n g  test was made 
a t  533 feet and resulted in the recovery of 2 barrels of 
mud. Alnotlier test \r-as made froni 866 feet to 901 feet; 
no fluid entered. A swabbing test fro111 959 to 1,017 
feet yielded no oil. 

A t  final depth of 1,237 feet aiid with tubing at 1,324 
feet, oil started entering, and by the follov-ing day, 
the fluid level had risen to 280 feet. The well was put 
on a 11~1nil1, and a 45-day test yielded oil a t  the 1111liip 
capacity of around 200 to 250 barrels per day. 

The hole was plugged back in stages to determine 
the horizons from ~vhicli the oil was catering, but the 
results were inconclusive. Casing \\-as set and per- 
forated a t  the inferred correct horizons; no further 
oil entered. 

UMIAT TEST WELL 10 

Umiat test well 10 was drilled, 117itli a Carclwell 
spudder, to test further a new productive area north 
of a fault tliat had been disclosed by Umiat test well 8. 
The \\-ell was spudded on 9 September, and oper a t '  ions 
were suspended on 10 January 1952 a t  a final depth of 
1,573 feet. An oil-stained sand was found between 410 
and 498 feet, but it yielded no oil, perhaps because of 
the slight pressure. A new oil sand was found between 
650 and 740 feet. I t  yielded oil a t  tlie rate of 96 bar- 
rels per day. The upper sands are bet\\-een 1,060 and 
1,112 feet; the top of tlie lower sands is at  1,535 feet. 

Railing tests with the hole open to 1,120 feet indi- 
cated a potential of 200-250 barrels per day. TJTith 
casing set at 1,339 feet aiid a depth of 1,573 feet, so 
much caring difliculty was met tliat drilling n-it11 tlie 
spudder n-as cliscontinued. The  intention was to deepen 
the hole later with a small rotary. 

EAST TOPAGORUK TEST WELL 1 

East Topagoruk test well 1 was drilled to test the 
oil possibilities of sands found in Topagoruk test well 
1 beheen  300 and 3,320 feet. Drilling was with the 
Cardwell No. 1 rotary. The hole was spudded on 18 
February aiid completed on 17 April a t  a depth of 
3,589 feet. No oil was found, and only one sand \\-as 
found to contain a little gas. The sand seems to carry 
gas from 2,212 to 2,220 feet and water from 2,220 to 

2.276 feet. Tell sands or more were listed as potential 
reser~oirs,  but tlie anticline probably has inadequate 
closure. 

TITALUK TEST WELL 1 

Between 22 April and 6 July, Titaluk test  ell 1 was 
drilled with the Cardwell No. 2 rotary to a depth of 
4,020 feet-the rig's limit. 

Betn-een depths of 1-15 and 3,400 feet, the electric log 
shou-etl 12 probable sand layers ranging in thickness 
from 20 feet to 93 feet. Most of the sands are too im- 
permeable to have much merit as oil or gas reservoirs. 
A sand at  2,660 to 2,717 feet is permeable enough for 
productio~i and yielded an odor and cut of oil. I t  was 
not tested for  productivity. On a drill-stem test a 
siinilar sand at  2,958 to 3,032 feet yielded gas. A sand 
at  3,140 to 3,233 feet probably carries gas or oil but \\-as 
not tested. 

WOLF CREEK TEST WELL 1 

Wolf Creek test well 1 was drilled with a Bucyrus- 
Armstrong cable-tool drill designed to drill to about 
1,500 feet. Drilling went on between 29 April and 1 
J w e ,  aiicl the total depth reached was 1,500 feet. The 
objective of the well was to test the Wolf Creek anti- 
cline tlirouph tlie sands that are oil bearing a t  Umiat. 

The Uniiat sancls were not found above the depth 
drilled, ancl further drilling was prevented by the loss 
of tlie tools in the hole. Nevertheless, a sand horizon 
a t  863 feet yielded gas ~vit l i  a shut-in pressure of 70 
pouncls per square inch, aiid one from 1,491 to 1,500 
feet tested 1,300 through a 1%-inch orifice. 

WOLF CREEK TEST WELL 2 

Wolf Creek test well 2 was spudded 7 June  and 
completed on 3 July. It mas drilled with the same 
r ig as Wolf Creek test well 1. The hole was designed 
to test the possibilities of the north flank of the anti- 
cline, especially in sands that  were gas bearing or im- 
permeable a t  No. 1 on top of the anticline and in the 
Umiat sands that were believed to be lower in the section 
than was penetrated a t  So.  1. Tlie section proved to 
be about 200 feet lower structurally a t  KO. 2, and the 
hole reached only 1,618 feet; hence, even the better 
sands found in NO. 1 \?-ere not quite reached. No oil 
showings were found, but a little gas appeared between 
'760 and 768 feet. 

GUBIK TEST WELL 1 

Gubik test well 1 was drilled near the top of the 
large Gubik anticline about 16 miles east of Umiat. It 
was planned to  test the possibilities of the better sands 
that were also founded a t  Umiat. I t  was commenced on 
20 May and completed on 11 August a t  a total depth of 
6,000 feet. A National 50 r ig was used. 
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,I shon-iiig of gas was observed in the 11111d tlitc.11 at  
1,205 feet. A drill-stem test s h o ~ ~ e d  gas bet~veen 1,438 
and 1,495 feet. Slight fluorescence of cores ~~-:-ns ilotecl 
from 1,445 to 1,495 feet. ,4 little oil and gas were seen 
at  3,443 to 3,445 feet. A cut of oil was obtainecl \vitll 
ether from a sand core at  3,502 feet. Odors of g:ts \\-ere 
yielded by cores at  3,519 to 3,702 feet. Shale cores bled 
gas and oil fro111 fractures at  4,261 to 4,343 feet and 
5,209 to 5,646 feet. 

Several drill-stem tests iiiclicated pas prodncable in 
excess of 2 million cubic feet per day f~.om s:~nd. of 
good thickness and porosity. Tlie extent of  tlie s;~n(ls 
may be great, and the anticline is large. 

GUBIK TEST WELL 2 

Gubik test 11-ell 2 is spproxiiiiately -1.000 feet south- 
east of Gubik 1. I t s  purpose ~ v a s  to find oil in sands 

A .  

that mere gas bearing in Gubik 1, and i t  is s~~o t t e i l  clo~vn 
the flank from KO. 1 about 240 feet structtu.:~ll\- lower. 
The well was spudded on 10 September. Tlie \\-ell was 
4,620 feet deep w11e11 i t  blew out, caught fire, :111d hurnecl 
011 5 December. The site was abaaclonetl on 14 
December. 

No oil was found in Gubik test I\-ell 2 except :I few 
sho~vings, such as finding a little oil in tlie core barrel 
and occasionally in mud recorerecl on clrill-stem tests. 
Some of the sandstones seem oil s:ltnrated I)nt hare 
little permeability. Gas was found at several Iiorisons. 
and the bulk of i t  that causecl the blo\~ont  m:ly have 
come from between 1,810 and 1.838 feet. 

KAOLAK TEST \\'ELL I 

liaolak test well 1 (see figs. 99, 100) I\-:IS clrillecl 
about 65 miles west of JIeatle test \yell 1. Tlie objec- 

FICUI:E !+!,.-Knc11;lk c';ln~p from derrick location. Photog1.;11)11 by C. S. 
Sary,  28 .4pril 1951. 

tives n-ere to explore for reservoir rocks in the hitherto 
l~ntested 11-ester11 part  of Pe t  4, to  determine the oil 
and gits ~ossibilities of the Kaolak anticline which had 
beell found by seislilic ~x~ork, and to determine the fluid 
coiite~it of any reserroir rocks to a depth of 6,000 feet. 
77'hen that tleptll was reached, the conditions xTere fa- 
vorable enongh, so that the decision was made to drill 
on to :~bont 8,000 feet. 

The \\-ell \\-as co~l l~~~ei iced  on 21 .July and abandoned 
on 12 Sorember. A few sand layers were found and 
a1)pe:tred to bear water. Using solvents cuts of oil were 
obtained froill saiiclstone cores a t  3,191,4,805, 5,054, and 
6.385 feet, but tlie saturation TIW sligl~t,  ancl the sand- 
stones are thin and only slightly permeable. 

Tlie \yell was shut down a t  6,952 feet to await faror- 
able co~lditions to freight in 3%-inch drill pipe that 
IT-:IS neeclecl to go deeper. 77Tliile shut clo~vn, the derrick 
I)le\v over in a high wind and was destroyed. Tlie 
project 17-as abandoned. 

KNIFEBLADE TEST WELL 2 

Knifeblade test well 2 was spudded on 26 Ju ly  and 
abandoned because of a drill recovery job a t  a depth of 
373 feet on 5 August. The drill used was the Bucyrus- 
, \nnstro~ip spudcler. 011 abandonment, two thermistor 
c:lbles were installed in the hole. 

KNIFEBLADE TEST WELL 2-A 

After the loss of Knifeblade test well 2, the r ig was 
skidded over 28 feet, and No. 2-A started on 6 August. 
It u7as completed a t  n depth of 1,805 feet on 7 October. 
The well revealed the presence of a sandstone zone 
with thiclcness, permeability, and porosity sufficient to 
constitute a good oil reservoir. The fact that the sands 
carried only water may be due to the well location being 
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too low 011 the anticline. Some of the sands were oil 
stained and yieldecl cuts. 

KNIFEBLADE TEST WELL 1 

On 13 October, Knifeblade test well 1 was spudded 
in about a mile north-northeast of Knifeblade 2. I t  
was drilled with the same spudder and was conlpleted 
on 22 December a t  a depth of 1,805 feet. Water-bear- 
ing sandstones were found a t  884 to 910 feet and at  
1,379 feet. There n-ere no significant showings of oil 
or  gas. 

AVAK TEST WELL 1 

The Card\\-ell r ig No. 1 was used to drill h r a k  test 
well 1. The well n-as designed to test a gravity and 
seismic high in the Barrow vicinity. The \yell was 
spudded on 20 October, and by the end of the year 
was being drilled a t  3,890 feet. Under the new contract, 
the well was completed a t  a depth of 4,020 feet 011 14 
January 1952. Some of the shales penetrated gave 
slight oil cuts. 

A thermistor cable was installed to 200 feet in the 
well before i t  was left. 

SUMMARY OF 1951 

The eighth year, 1951, was the final year of contract 
NOy-13360. Pet  4 continued thereafter wit11 the same 
contractor, Arcon, under contract NOy-71333. The 
year was one of decision as to whether or  not Pet  4 
would be closed out forthwith. The necessary delays 
in reacliing the required decision had a nlarkecl effect 
on the programs, in some ways goocl and in others not. 

I n  the early part of the year, i t  was felt that  Pe t  4 
probably would be closed at tlle end of the year. There- 
fore, all efforts were nlacle to carry out as large a drill- 
ing program as was possible in a final effort to prove 
or disprove as many anticlines as possible. This in 
turn made necessary a very heavy freighting scliedule. 
I t  also resulted in a much smaller than normal geo- 
physical program because it was felt that there \\-as no 
need of searching for  structural features that could 
not be drilled \I-ithin the expected life of Pet 4 and be- 
cause the funds \\-ere needed for the drilling. Tlle geo- 
logic program was planned and started in order to fill 
in as many as possible of the gaps in the geologic 
knowledge of the region for the purpose of a ~vell- 
rounded final report; but, when it \\-as found tliat Pet  
4 would continue, i t  n-as reoriented in part  toward selec- 
tion of future drilling possibilities. The effect of the 
delay in the decision relatire to the continuation of 
Pet  4 was most critical in regard to Barex '51, for i t  
involved procurement, the devising of two separate 
Barex plans, and proceeding on very short notice with 
by f a r  the larger and more complex of the two plans. 

The authorization for the full-scale Barex was not 
made until 25 June, and the first ship sailed from the 
States on 9 July. The final decision on the continua- 
tion of Pet  4 was made on 3 July after discussion with 
the Cllairnlan of the House of Representatives Armed 
Services Committee. 

Tlle book cost against contract NOy-13360 for 1951 
11 as about $8.2 million. This did not include transfers 
fro111 Pet 4 funds to other Federal agencies to carry 
on Pet 4 vork  such as the Geological Survey and the 
CA1,l, nor did it include tlie cost of the airlift contract. 
Freighting over the tundra by slecl train totaled 1,860,- 
194 ton-miles. Drilling at  about 20 sites aggregated 
47,710 feet. The employment peak of 536 was reached 
in ,lt~gust,  and the low of 406 WLS ill December. The 
average for the year was 496. 

Daring the year, an oil field at  Cape Simpsoil m-:ls 
p r o ~ e d ,  ancl sufficient data became available to appraise 
tllr field as being sinall and of little significance. 

The I-miat field was better defined during 1951, and 
nincli ~ilore was learned about producing oil froni such 
a structnral feature. Keither the full extent nor the 
potential of the Uilliat ailticline is sufficiently known 
nltl~ougli :tt the end of 1051, on incomplete data, it was 
estiiiiated as being capable of producing between 30 and 
100 niillioii barrels of oil. Gas in  substantial amount 
was found in one hole on tlle Umiat anticline. 

Tlie Inrge Gubili ailticli~le during 1951 was proved to 
coiltaiil large quantities of gas, but much more informa- 
tion is needed to even roughly appraise the potential of 
the anticline. 

,111 i11 all, 1051 was a year of accomplishment under 
difficult co~iditions brougllt about largely because of the 
doubt as to tlie future of Pet  4. 

NINTH YEAR-1952 

GESERAL PLANNING A N D  ADMINISTRATION 

The assun1ption a t  the start of 1952 was that  Pet 4 
\\-ot~ld continue until its defined objective of a reason- 
able appraisal of the oil possibilities of Naval Petro- 
letuil Reserve KO. 4 and adjacent areas had been reached. 
This was a substantially different situation than had 
existed a year before a t  the start of the eighth year. 
Contract NOy-'71333 had been negotiated with Arcon to 
replace contract Soy-13360. 

Early i11 January Walter Fillipone replaced W. H. 
Myers as superrisor for  NPR 4 work for the United 
Geophysical Co. L T  H. J. McGarr, technical advisor 
to tlie OICC, was detached from duty in that  capacity 
on 7 March and returned to the States. The position 
was not refilled until 5 May when A. J. Armell assumed 
the responsibility. 



148 HISTORY O F  EXPLORATION, XAVAL PETROLEUM RESERVE NO. 4, 1 9  44-53 

Because he did not expect to be present a t  the 16th 
meeting of the advisory committee in April, Walter A. 
English called on the DNPR in Denver on 25 and 26 
February and went over the TI-hole Pet 4 operation in 
substantial detail. 

On 11 March and extending into 13 March, a meeting 
of the executive operating committee was held in Fair- 
banks to review progress since the 15th meeting of the 
operating committee in November 1951, to recommend 
any modifications in the 1952 program, and to formulate 
recommended programs for 1953 and 1954. 

The key personilel of Arcon, Bunocks, Geological 
Survey, and United Geophysical Co. in Fairbanks mere 
present as well as representatives from the States of 
the DNPR, DeGolyer and MacNaughton, Arcon, Geo- 
logical Survey and the United Geophysicar Co. 

The progress of Pet  4 since November 1951 was care- 
fully studied. Avak test well 1 was unsuccessful; the 
National 50 KO. 2 rig at  Gubik was destroyed by fire; 
the derrick of the Kational 50 No. 1 rig at  Kaolak was 
damaged beyond repair in a windstorm. The program 
prepared for recommendation to the advisory commit- 
tee (formerly the operating committee) included- 

I. Continue drilling Square Lake test well 1. 
2. Wolf Creek test well 3 to be drilled with the Card- 

well r ig No. 2 from Square Lake. 
3. Grandstand test well 1 to be drilled. 
4. Umiat test well 11 to be drilled with the Cardwell 

KO. 3 rig. 
5. Weasel Creek test well 1 to be drilled with the same 

r ig  as Umiat test well 11, after completion of the latter 
test. 

6. Testing of Umiat test wells 9 and 10 to be deferred 
for economy reasons. 

7. Continuation of Gubik test well 2 to remain 
tentative. 

Recommendations for the geophysical and geological 
programs were essentially the same as had been recom- 
mended by the operating committee in November 1951. 

Proposed drilling for 1953 includecl- 
1. West Big Bend (western part of Big Bend an- 

ticline, see fig. 12) test well 1 to be drilled to 
4,000 feet. 

2. East Titaluk test well 1 to be drilled to 3,900 feet. 
3. Umiat test well 10 to be deepened from 1,573 to 

1,860 feet. 
4. Gubik test well 3 t o  be drilled to 2,000 feet. 
5. West Meade test well 1 to be drilled to 4,300 feet 

or  Oumalik test well 2 to be drilled to 4,000 
feet. 

6. A conditional well, to  be located after the 1952 
seismic data are available, to be drilled to be- 

tween 4,000 and 8,000 feet. 
A tentative drilling program for  1954 included- 

1. A pre-Cretaceous test t o  be drilled to  between 
9,000 and 12,000 feet. 

2. One or more of the 2,000- to 4,000-foot tests not 
drilled in 1953. 

3. Two or three 4,000- to 6,000-foot tests on struc- 
tural features to be chosen. 

In  addition, the executive operating committee 
studied a progress report of a subcommittee of the ad- 
visory committee on geologic correlations in northern 
Alaska. The  subcommittee was chaired by L. JV. Mac- 
Naughton. 

A subcommittee of the executive operating commit- 
tee prepared a Pet  4 program policy statement that at- 
tempted to  elaborate the general defined objective of 
Pe t  4. That  statement follows : 

Exploration for petroleun~ in NPR So. 4 will be based upon 
a long range program formulated for the purpose of evaluat- 
ing the petroleum potentialities of the Reserve and adjacent 
areas. This evaluation will be based primarily upon data ob- 
tained from test wells which mill penetrate the complete sedi- 
mentary section and will be drilled and tested to provide the 
maximum amount of geological, engineering, and production 
data. Locations for test wells will be determined on the basis 
of detailed studies using all  geological, photogeological, geo- 
physical and core drill information a s  may be applicable. Ad- 
vance planning will attempt to take logistics into consideration 
to permit smooth field operations approximating the physical 
capacity of available facilities. 

Another subcommittee appraised the accomplisl~- 
ments of Pet  4 to that date against the defined objective. 
The whole region was divided into five areas (see fig. 
101) for appraisal purposes. It was concluded as fol- 
lows : 

Area 1. (Coastal plain west of the Colville River) Require- 
ments essentially complete. 

Area 2. (Coastal plain east of the Colrille River) Additional 
surface geological studies contemplated. Geophysical and drill- 
ing operations will be required if evaluation is to be made. 

Area 3. (Northern foothills west of the Anaktuvuk River) Ad- 
ditional geological structure mapping and seismic detailing 
planned for several party seasons. Approximately five to ten 
shallow to medium tests coutemplated for 1952 and 1953 sea- 
sons should provide the information required for a n  eraluation 
of this area. 

Area 4. (Northern foothills east of the Anaktuvulr River) 
Additional structural geological mapping planned. Seislnic sur- 
veys recommended to begin this year. Test well drilling will 
depend on results of surface exploration. 

Area 5. (Southern foothills) Additional geological struc- 
tural mapping recommended. Seismic surveys beginning this 
year and contemplated for future years. Test well drilling 
should s tar t  in 1954 or sooner dependent upon availability of 
suitable locations. Estimated that a t  least four years' drilling 
deep to medium wells required. Seven or eight wells required 
to obtain the data necessary. 
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Tlle subcolnmittee sumlliarizecl its ailalysis b!. con- 
cluding that "Based on the foregoing, a full scale ex- 
ploration program ~ v i t h  emphasis on drilling must be 
continued a t  least through 1957 to achieve the objec- 
tives set forth herein." 

As of 30 March 1952 tlle Arcon 13ersonnel was 263 
a t  Barrow, 212 a t  Umiat and elsewhere in tlle Keserve, 
42 in Fairbanks, and 16 in SeaC~le. 

On 4 April RADM Cruise, Commanclant 17th Sn- 
val District and COMALSEAFRON (Con~mnntler, 
Alaska Sea Frontier) called on tlle OICC in Fairb:nlks 
and also made an official visit to Barrow. 

Allotments for drill pipe and casing for 1092 were 
supplied by the P B D  (Petroleum Administration for 
Defense). After the allotment was macle, i t  \\-as dis- 
covered that P A D  llacl overallotted tlle nlarliet, ailel i t  
was impossible to place orders for delivery of tub111:lr 
goods in time to meet the Barex '52 sailing dates. Tl7it1l 
tlle help of PAD, orders were finally accepted, only 
to meet another delay owing to the general steel strike. 
Eventually an emergency priority was issued, ancl a 
part  of the materials \\-as wit11dra~1-n from emergency 
stocks in the Los Angeles area, Calif. 

The 16th meeting of the advisory conlnlittee asr;em- 
bled in Denver on 14 April, ancl meetings \\-ere llelcl 
on that day and tlle next. As  a record of concerned 
persons at  the time, the follo\~-ing listing of those pres- 
ent is given : From the advisory committee were C-$IT 
R. H. Meade, D N P R ;  7V. E. 7Tmther, Director, Gee- 
logical Survey; 1;. 7V. JIacXaughton, DeGolyer and 
&facNaugllton; and CDR A. C. Morris, CEC USN. 
Others included James H. Tully, president, Explora- 
tion Contractors; A. A. Curtice and TV. H. Myers. Ex- 
ploration Contractors; Earle F. Taylor and ,I. 7V. 
Watson, DeGolyer and MacNaughton; E. C. Peterson. 
C. 5'. Lytle Co.; TV. R. Fillipone and E. G. Schempf, 
United Geophysical Co.; CDR 11. H. iiubey, OICC, 
contract NOy-71333; E. L. Davis and C. L. Mohr, Arc- 
tic Contractors; John C. Reed, George Gryc, ancl IT .  
A. Fischer, Geological Survey; and CDR 31. TI. Car- 
son, Jr., CDR R. C. Jeasen, LCDR J. C. Bomke. R. 
G. Tracie, and R. L. hfagnie, ONPR. 

On 14 April C. L. bfollr, chief of exploration, ,ircon, 
reviewed pertinent parts of the 1951 operations. H e  
discussed drilling operations, the status of drilling rigs, 
seismograph operations, and geological data. George 
Gryc, chief, Kavy Oil Unit, Geological Surrey. re- 
viewed geological work since November 1951 ancl gare 
a new tentative interpretation of the Umiat anticline. 
Earle 3'. Taylor of DeGolyer and MacNaughton re- 
ported for  the committee on correlatioils in NPR 4. 
The committee was requested to continue and to report 
further at  the next meeting. 

Mr. JIolir presented the 1952 program along wit11 
revisions that were recommended by the executive op- 
erating committee that hacl held a meeting in Fairbanks 
in Jlarch. The proposed drilling program is set forth 
in the part of this report that  records the meeting of 
the executi~e operating committee. One further 
change 11 as recommended-that, because i t  had taken 
longer th:~n anticipated to convert the Cardwell spud- 
der to a rotary, the r ig a t  Wolf Creek, after tlie com- 
pletion of that test, be used a t  Weasel Creek instead 
of the Card\\-ell r ig that was expected to be used after 
the conlpletion of Ulniat test well 11. The proposed 
drilling program was approved by the advisory com- 
mittee. 

The seismic program approved was essentially the 
same as that proposed a t  the 15th meeting of the ad- 
visory committee in November 1951. It provided for  
3 seismic parties for 5 months each and an interpreta- 
lion crew for the full year. Work was to include re- 
flection snr re js  in the Castle Mourltain area, a tie line 
from Castle Jlountain to the Grandstand anticline, 
:L clet:liletl survey of the Sc11r:tder anticline, a tie line 
from the Sclirncler anticline to the work already done 
southeast of Uiniat, a search for closure on the east 
elid of the Umiat ailticline as fa r  east as the Kuparuk 
River, a line from the Kaolak area to Carbon Creek, 
a line f m n  Carbon Creek to the Driftwood anticline, 
and cletailecl s h o o t i ~ ~ g  a t  the Driftwood anticline. Re- 
fraction sllooting ~ x ~ a s  to be done east of the Chandler 
River opposite the Hawk anticline and a t  the Driftwood 
anticline. 

Comnlailcler Allbey presented an analysis of the 
status of the exploration by the committee designated 
for  tliat pllrpose. The work of tlle committee has 
previously been outlined under the record of the biarcll 
nleeting of the executive operating committee. E. L. 
Davis sultmittecl tlle statement of exploratio~l policy 
that was slightly modified from the one previously 
quoted in this report and that  was prepared a t  the 
executive operating conlmittee meeting in Rfarch. 

George Gryc presented a proposed program of 1952 
geological projects. The program would iilvolve con- 
tinuation of the Kavy Oil Unit  without significant 
moclificatioll in size. The advisory committee approved 
tlie Ijrogram, 11-liich included a field headquarters unit 
at  Unliat for special short geologic duties, a party in 
the Canning-Shaviovik area, a party in the Chandler 
River area, :ind a party in the Brooks Range to continue 
tlle study of rocks of Paleozoic age. One party would 
be supyorted with Geological Survey funds. The 
Fairbanks laboratory would be continued, and photo- 
geologic and other special studies would proceed as 
required, much as in the past. 
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Mr. Mohr presented in detail for discussioil a pro- 
posed program for 1953, and Mr. Davis indicated that 
4 tractors and 1 National 80 rig would be needed for 
the proposed 1953 program and would cost about $325,- 
000. The whole program would cost a little more than 
$10 million. Five substitute programs were discussed 
that would be somewhat less expensive, but also less 
informative, than the recommended one. 

I t  was agreed to start the executive operating wm- 
mittee meeting on 1 October in Fairbanks in order to 
precede the advisory committee meeting to be held in 
Denver starting 18 November. 

A discussion was held in general terms of a possible 
program for 1954 to cost about $12 million. 

A copy of the minutes of the 16th meeting of the 
advisory committee was sent on 6 May to the Munitioi~s 
Board with a request that a staff study be niade to de- 
termine whether or not tlie discoveries in Pet 4 had any 
military value. Such :L study was niade by the Oflice 
of Petroleum Programs of the Munitions Board and is 
dated 31 July. The study concluded that owing "to ex- 
cessive costs and difficulties of developnient, operation 
and transportation, the Umiat oil field and Gubik gas 
field have no military value." 

I n  June 1952 a Navy survey board investigated the 
concept of Naval Petroleum Reserves as such and all 
aspects of the operation of Naval Petroleum Reserves. 
This survey a7as conducted as ordered by the SecNav 
and according to instructions from the Uncler SecNav 
to the Inspector General. The board was made up of 
a group of distinguished officers and representatives of 
industry. The chairman was RADM J. B. Pearson, 
J r .  

The recominendatioils of the board iilcluded two rela- 
tive to NPR 4 as follows : 

That NPR 4 is of questionable ralue. due to the difficulty and 
extreme vulnerability of any practical means of transportation, 
a s  a Navy or national defense petroleurn reserve. It is there- 
fore the least desirable of all existing reserves for use in emer- 
gencies, and should be transferred to another Government 
agency for administration a t  such time as  feasible after the 
completion of the present exploratory program * * *. 

That  the Alaskan reserve exploration coiltinue a t  its present 
level in order not to  lose current extensive investment, but that 
i t  be considered only a s  an exploration of natural resources and 
not as a reserve. 

On 20 May, L T  ,John M. Daniels, CEC, USN, relieved 
LCDR J. V. Jones as ROICC in Barrow and on 5 May, 
A. J.  Armell became technical advisor to the OICC in 
Fairbanks. 

On 9 May, the OTCC, CDR Ambey, reported to the 
DNPR that the Chamber of Coninierce in Fairbanks 
was becoming interested in tlie possibility of the com- 

mercial development of gas from tlie Gubik field for 
use in the Alaska Railroad belt and specifically in the 
Fairbanks area. This apparently was the first publicly 
announced interest in the possibility of the use of the 
gas. Since then there has been iiicreasing interest that 
culminated after Pet 4 was finished. 

On 24 June, CDR M. 11. Aubey, CEC, USN, was re- 
lieved as OICC, contract NOy-71333, by CDR Albert 
J. Seeboth. Thus ended a long tour of duty for Com- 
mander Aubey, who had guided the closiiig years of 
contract NOy-13360 and the opening months of con- 
tract NOy-71333. Corninander Aubey llacl been the 
responsible officer for some of the most difficult parts of 
the contract intervals. Commander Seeboth in~niedi- 
ately began to apply a much tightened policy iii regard 
to contract supervision reflecting a continuing review of 
the situation by the D S P R  and rapidly changing con- 
ditions of labor supply and operations, sucli as the 
greatly increased need for egecting all possible 
economies. 

Glen Ruby, of the advisory committee, studied the 
progress of Pet 4 from 14 July to 22 July in Fairbanks. 
On 21 July, LCDR Fred S. Card, Jr.,  USN, relieved 
CDR I,. T. AlcQuiston as ariation technical advisor to 
the OICC. On 14 August LCDR J. F. Beaver was de- 
tached from duty as Asst. OICC. He was relieved by 
L T  H. T. Johnson, CEC, USN. 

Two Eskimo employees of Arcon, while traveling to 
work in their own boat 12 August, overturned between 
the native village and the Srcon camp and lost their 
lives by drowning. The Navy was represented at  the 
burial by the ROICC, Barrow. On 15 August an 
Alaska Airlines Super Cub bush plane crashed near 
Umiat, and Pilot Spernek sustained a badly fractured 
ankle. Tlie only passenger, E. P. Erickson, Arcon as- 
sistant superilltelldent at  Umiat was slightly injured. 
The injured men were evacuated to the hospital in 
Fairbanks in about 6 hours. 

GEN Omar Bradley was briefed on the mission of 
Pet 4 at  Ladd Air Force Base by the OICC on 19 Au- 
gust. On 28 August, A. J. Armell was assigned duties 
as safety engineer in addition to his regular responsi- 
bilities as technical advisor to tlie OICC. 

On 14 June, E. 1,. Davis terminated his position as 
project manager of Arcon. His energy, experience, and 
general competence had contributed much to the prog- 
ress of the contract work of both NOy-13360 and NOy- 
71333. Tlie vacancy left by his leaving was ably filled 
by Ted C. Mathews, the former assistant project man- 
ager, as acting project manager until the position of 
project manager was filled by J. Ralph Coleman on 26 
August. Mr. Coleman had previously been associated 
with Pet  4 in its earlier days. Mr. Coleman also 
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brougl~t n high degree of co111l)etence and many years of 
oil-field experience to  the project. 

The OICC went to Lacld Air Force Base on 13 Sep- 
tember and discussed Pet  4 wit11 a slibcoininittee of the 
House Armed Services Committee. The snbcoinmittee 
was especially interested in inrestipating coastrnction 
costs. CDR R. C. Jensen, Asst,. D N P R ;  John C. Keecl, 
Ilirector's Office, Geological Surrey ; and Earle Fennell, 
Topographic Division, Geological Survey, trarelecl to 
Barrow on 27 September to inspect operations and re- 
turned to Fairbanks on 30 September. 

The fall preparatory meeting for the 17th meeting 
of the advisory committee was held in Fairbanlis on 1 
through 3 October. About 25 persons attended repre- 
senting the Navy, the contractor, the United Geophysi- 
cal Co., and the Geological Survey. Among those pres- 
ent were CDR Albert J. Seeboth, OICC ancl Cliairinan ; 
CDR R. C. densen, Ssst.  DNPR ; John C. Reed. Geo- 
logical Surrey: Earle Taylor and James 1T7;itson of 
DeGolyer and MacNaughton; James Tully and -1. -1. 
Curtice, Exploration Contractors, Inc., Ralph Colein:~n 
and C. L. Mohr, Arcon; and Walter Fillipone, 1-nitecl 
Geophysical Co. 

I n  April the advisory co~liillittee had recornillended 
a program for 1953 that 11-as estimatecl to cost a b o ~ ~ t  
$8.6 million. After a full discussion of the accomplisli- 
ments during 1952 the priine consider a t '  ion was an at- 
tempt to curtail the program in 1953 to fit the $4,003,000 
that was estimated to be available for the work. Em- 
phasis was placed on the best possible pre-Cretaceous 
test in tlie southern foothills belt. 

The resultant proposed program for 1953 I n s  the 
drilling of a 10,000-foot pre-Cretaceous test on the 
Shaviovik anticline and a 5,000-foot test of the Iiemili 
anticline a little farther south. The  ells ~ o n l d  be 
completed in 1954. Nine party months of geophysical 
work was recommended for authorization for 1933. A 
geologic program involving three field parties and a few 
special service tasks mas recomnlended. Several clioices 
for  the specific locations for geologic fieldwork were out- 
lined. 

A 1954 prograin was discussed in very general terins. 
I t  was to inclucle a 7,000-foot test in the Brady anticli~le 
area. 

The 17th meeting of the advisory conimittee was held 
in the ONPR (Office of Naval Petroleum Reserves) in 
Denver on 18 and 19 November. -1pproximatel;v 50 
persons representing organizations participating in Pet 
4 were in attendance. The  DNPR, C S P T  R. 11. 
Meade, was chairman. Organizations represented in- 
cluded the ONPR, the Geological Survey, DeGolyer 
and MacNaughton, BuDocks, the office of the Asst. 
SecNav, the office of CNO, the Munitions Board, the 

Office of the Director of Budgets and Reports of the 
Navy, the office of the OICC, NOy-71333; Arcon, Ex- 
ploration Contractors, Inc., Union Oil Company of 
California, Office of the Comptroller, SecDef (Secre- 
tary of Defense) ; the United Geopllysical Co., the 
Green Coiistructioii Co., the C. F. Lytle Co., and the 
I3nreau of the Budget. 

J70ting meinbers of the advisory committee present 
were the D S P R ,  the Director, U. S. Geological Survey, 
Earle F. Taylor, alternate for L. W. MacNaughton of 
DeGolyer and hIacNaughton, CDR A. C. Morris of 
13uDocks, and IValter A. English, chief techrlical ad- 
visor to the DNPR. Also present was Herbert R. 
-Iskins, Asst. SecNav. 

The coininittee confirmed, as the result of accomplish- 
~ ~ l e n t s  since April, the existence of substantial reserves 
of gas in the Square Lake anticline, the presence of oil 
~ ~ I ~ T T - S  in sands of Cretaceous age a t  Wolf Creek, evi- 
dence of tlirnst faulting in the foothill belt of NPR 4, 
\\-1iicl1 indicates a similarity to Canadian thrust-belt 
oil fields. 

-1fter ve r -  careful consideration of the whole pro- 
gr:~m to clate ancl of the second report of the subcommit- 
tee ~rppoiiited to evaluate results in terms of the objec- 
t i v e ~  of Pet 4, it was the consensus of the committee 
that 6 to 10 adclitioiial wells, principally to test the 
(leeper pre-Cretaceous rocks, ~vould be required for a 
~.eason;~ble eraluation of the petroleum resources of 
S P R  4 :rnd acljaceilt areas. (See fig. 101.) 

Tlle drilling program agreed on for 1953 would con- 
zist of 2 wells-1 on the Shaviovik anticline and 1 in 
the Bratly :area. I t  was expected that the Shaviovil; 
test \~-ot~ld  not exceed 10,000 feet and the Brady, 7,000 
feet. 

One seismic crew was to operate for about 4% months. 
I t  \~ou ld  do a liinited amount of work on the Shaviovik 
and Brady anticlines prior to the drilling ; run a seismic 
line from the Brady anticline to the East Carbon Creek 
:~nticline, and detail the latter anticline. I f  funds were 
t~vailable, a mobile crew mould work on the Hawk anti 
-1ufeis anticlines. 

Sluface geologic work in 1953 would consist of :', 
~-egular field parties-one to study the Brady area, the 
second to work in the Iiuparuk-Aufeis area, and the 
third to investigate the Katakturuk area. 

Pllotogeologic mapping was to be suspended on the 
Sort11 Graiidstailcl and Big Bend anticlines. Previ- 
ously autllorizecl pliotogeologic mapping of the Iiillik, 
Big Bend, West Titaluk, ancl East Gregg anticlines 
11-oulcl not be undertaken. 

Tlle Eex and Brady anticlines, the Kuparuk and 
,Iufeis anticlines, and the Cape Lisburne area would 
be mapped photogeologically. 
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A possible progranr for 1954 was discussed in general in mileage covered from 33 to 2,703 miles. Significantly, 
terms. It was agreed that  the previous estimate for the range in  direct ton-mile cost for  all 17 projects 
funds for 1954 C O L I ~ ~  llot be reduced if the objective were ranged only betweell $0.29112 per ton-mile to $0.29484 
to be attailled. I t  was thought that, barring substant i~l  per ton-mile. 
discoreries, a program that \ V O U ~ ~  closeout in 1956 Train 1 had no mecllallical failures on any of its trips. 
might permit the making of a reasonable evaluation of ~t left umia t  on 22 october bound for z a s t  ~ i t ~ l ~ l ~ ,  
the petroleum potential. Square Lake, Titaluk No's. 1 and 2, and seismograph 

(IDR Seeboth, CEC, USN, and 'ICC at- party 144 and returned to &iat on 9 December. The 
17t11 lneeting the committee train made allother trip to SqLIare and 

Denver, Colo. To return to Fairbanks, he then boarded to Umiat between 31 and 13 January. It 
a MATS On 22 November at McChord Air Force started for Barrow on 10 February and returned to 
Base, Wash., but the aircraft did not arrive a t  Elmen- Umiat on 19 FebrLIary. It then serviced seismograpll 
dorf AFB, Anchorage, and was later found to have 144 and 145 March whell it reached Bar- 
crashed in the Clrugach Range near Anchorage with all row. The train illen made tao trips to Gralldstand 
hands lost. and went to Umiat and cache 52 aiid returned to Bar- 

His place was taken b~ CDR R. C. Jensen, CEC, row 011 1 May. It made one more k i p  to Umiat 
TJSN, T T ~ O  reported in Fairbanks on 16 December. Topagoruk and back to Barrow aiid completed its sea- 

Commander Jellsen was Assistant DNPR in son with a short trip to SklIlI Cliff tlnd returned between 
charge of Pe t  4; so he n a s  intimately familiar with the and 4 J ~ ~ ~ .  
oper a t '  ion. Train 2 worlted out of Barrow entirely. It went twice 

On xoveinber CNo of Opera- to Topagoruk, twice to Umiat, once each to seismograph 
tions), directed that all Naval activities provide Op  145 and caches 50, 51, 53, 54, 55, and t,,,ice 
0303 (a  ne\v , to G1-andstand 1. Its season started late on 27 January 
arctic il~formation. On 26 November the D N P R  sent and ended at B ~ ~ ~ . ~ ~  on 22 M ~ ~ .  ~~~i~ 2 had two 
a long ~nemorandum to CNO, expressing satisfaction mechanical failures-a brokell water pump and a 
with the estabIishment of O p  0303, outlining Pet  4 and broken 
the of that had resulted and Train 3 operated from 2 Felr,rLrary to 15 Mag betweell 
stating his plan for OP 0303 &ppropri- Barrow, Umiat, Grandstmd, and some of the caches. 
ate data. I t  had no serious mecliaiiical difficnlties. 

On 31 December DNPR informed the Co, NPR Train 4 began its season 011 15 December 1951 and 
4  omma mall ding Officer, Naval Petroleum Reserve No. operated until 20 May. I t  operated out of Barrow to 
4) that  discussions were planned in the near future with ~ ( ~ ~ l ~ k  and caclles. m i d - ~ a r c l l  i t  ran be- 
Congressional committees that might require the pres- tween and ~ ~ ~ ~ ~ ~ ~ ~ k ,  t@ certain caches, to 
entation of closeout alternatives. As  of 31 December, Umiat, and from umiat to wolf creek and square 
however, there was no change in the budget Lake. It ended its season a t  Umiak. Train 4 broke two 
year 1954. tractor main springs and a tractor engine head. 

OPERATIONS Train 5 hauled b e t ~ e e n  Barrow and East  Oumalik 
LAND TRANSPORTATION from 24 April to 24 May. It broke do~vil several times 

The orel-lilrld and overice tractor train freighting in with a total of 8 days delay. Train 6 made one trip in  

tlle willter of 1951-52 was a normal operation that  has May from Umiat to the mouth of the Etivluk River. 
been described for earlier years but was somewhat more SEA TRANSPORTATION 
effectire than in the past because of increased general 
experience in the operation and the much greater in- This summary of Rarex '52 is taken largely from 
dividllal experience of the crew members. The season the report on contract  NO^-71333 dated 1 ~ c t o b e r  1952 
started early-on 22 October 1951 and ended on 8 June by the OICC. 

1952. AS in  the past few years, 4 regular sled trains On the request of the DKPR to the CNO, the CNO 
were operated. I n  addition, 2 other trains made 1 t r ip  on 20 December 1951 authorized Barex '52 and desig- 

each. I n  all 12,357 tons was hauled a total of 2,411,865 nated BuDocks to coordinate ~ r e l i m i n a r ~  arrange- 
toll-miles. This was by far  the greatest ton-mileage of ments for the assembly and loading of cargo. RuDocks 
any year of Pe t  4 and was exceeded only during the fol- was required to determine cargo requirements by 1 Feb- 
lowing freighting season, 195533. The average direct rual-y in order that ship requirements could be deter- 
cost for the TI-hole freighting season was $0.29399 per mined. BuDocks instructed all concerned agencies 011 
ton-mile. There were 17 major hauling jobs ranging 28 December 1951 to submit the necessary data. 
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By letter of 3 January, tlie C S O  stated tliat tlle 
primary purpose of Barex '5.2 \\-as the support of Pet 4 
but that secondary purposes were the support of all 
U. S. Government activities in nortliern Alaska and 
the furthering of training in cold-weather opere a t '  1011s. 
The CN07s letter assigned the planning ancl carry- 
ing out of Barex '52 to CINCPAC. CISCP-IC was 
instructed to arrange with CINCAL for ice recon- 
naissailce and other assistance; with COJIIT'EST- 
SEAFRON (Commander Western Sea Frontier) to 
coordinate preparation, assembly, and loacling; and 
with RuDocks to continue liaison \\-it11 other G o ~ e r n -  
ment agencies in 1Trashiagton, D. C., to ascertain final 
cargo requirements, including backllaul ; to arrange de- 
tails regarding packaging ailcl shipineilt ; ancl to keep 
appropriate commnnders aclvisetl. 

COMPHIBPAC on 21 January was designated by 
CINCPAC as llis representative to conduct the expe- 
dition. COMPHIBP-IC clesignated CAPT G. 1;. 
Heath, USN, as coniiiiai~der of Barex '52 to plan and 
carry out the operation. 

On 6 February, the Chief, BuDocks reported that 
the total short toris to be shipped north was 23,936. Tlie 
backload was estimated at 510 short tons. On 23 April 
representatives of all interested agencies conrenecl a t  
the Naval Amphibious Base at Coronado, Calif., to clis- 
cuss tlie expedition. Among those present were rep- 
resentatives from BuDocks, tlle OICC, for contract 
NOy-71333, the ROICC, Seattle, tlle ROICC, Barrow, 
the Alaska Cornniuiiications System, Port Directors 
from the ports concenled, tlie U. S. Signal Corps, and 
tlie U. S. Naval L4dx-ai~ce Depot, Por t  Hueneme, Calif. 

By that time BuDocks hacl issued instructions for 
packaging arid ~ilarkiiig of cargo and had designated 
the Naval Advance Base Depot, Port  Hueneine, the 
Naval Supply Depot, Seattle, and the Naval Fuel Sup- 
ply Depot, Point JIolate, Calif., as loading ports. On 
28 April COMWESTSEAFRON set the folio\\-ing 
deadlines : 15 May, subn~ission of complete cargo lists ; 
15 June, placement of cargo ready for loading at Point 
Itlolate or Port  Hueneine; 1 July, placement of cargo 
ready for loading a t  Seattle. Cargo not meeting the 
deadline elates I\-oulcl be accepted on a space-available 
basis. 

Generally no special difficulty \\-as encountered in 
procuring materials for Pet  4 by tlie deadlines set. ,I 
representative of Arcon had to be sent to TVashington, 
D. C., in February to obtain a National Production 
Authority rating for the procurement of oil-field sup- 
plies. A steel strike prevented the delivery of casing 
before the sailing date of Rarex '52. Some substitute 
casing was procured tl~roligll efforts of the PAD (Pe- 

troleuln -1dministration for Defense). Additional cus- 
ing not meeting the specifications was located a t  Elk  
Hills; and, by rethreading 10,000 feet of casing, i t  m-as 
usable ; nerertl~eless, it was necessary to ship i t  by truck 
frail1 California to Seattle. Through contacts in in- 
dustry, Arcon was also able to obtain some of the 
clesirecl casing. Altogether, all but about 8,000 feet 
of tlie clesirecl casing was shipped and even some of 
that deficit was made up by shipping some smaller casing 
tliat had been helcl in Seattle since Barex '51. Tractor 
spare parts were delivered too late to meet the dead- 
lines. Tlie parts were held a t  Seattle. 

Materials were packaged so far  as possible for easy 
11:indling a t  Barrow. Ammunition cans were used ex- 
tensively for dry, loose, cargo. Cement was boxed a t  
Port IIuenewe. A t  Seattle, cargo was received by Arcon 
ant1 packecl and crated a t  the Naval Supply Depot. 

The ships that made up the Barrow contingei~t in- 
cllided 1 icebreaker, AGB-1, the Burton Island; 4 
LSM's, 175, 268, 419, and 46.9; 1 AL, the Taluga; 3 
AKA'S, tlie Se?ninoZe (flagship), the Washburn, and 
tlie A?zdronzeda; 1 LST, the l lg6.  The Barter Island 
contingent was made up of 2 LST's, tlle 1110 and the 
11.4~. 

At  Point Jfolate were loaded 15,001 sliort tons (16,- 
930 nleasurenlent tons) ; a t  Por t  Hueiien~e 1,016 short 
tons (1,161 measurement tons) ; and a t  Seattle 4,963 
short tons (6,809 measurement tons)-a total of 20,980 
sliort tons (24,920 measurement tons). 

Tlle Burton Island was the first ship to arrive a t  
13arrov-. reaching there a t  0730 on 26 July. Ice con- 
ditions \\-ere favorable before the arrival of the LSM7s. 
Tliey were off Barrow a t  0130 on 3 August and left on 
6 August. The LSM's made dry-ramp landings with- 
out difficulty. Limited headroom and lack of shipboard 
cranes nlade unloading difficult. Mucli cargo, such as 
railway ties, piling, and steel plates, were dragged off 
the ships with tractor towing winches. 

The LST's reached Barrow with the LSM7s. LST's 
1110 aiid 1146 had to beach in order to load 373 tons of 
Xarston matting for Barter Island. The LSRf7s and 
T,ST 11% were compietely unloaded by the t h e  the 
AKLl's arrived at Barrow. The TaZqcga arrived a t  1200 
on 3 -Ingust, and lier diesel fuel, 46,623 barrels, was 
shuttled ashore by L S T  1126 by 0600 on 6 August 
11-lien the lhlugu left. 

Tlie ,11iA1's reached Barrow at 2100 on 4 -1ugust. ,111 
unloading was complete by 1400 on 6 August. To  
assist in the unloading operation, all available men 
were brought in from outlying camps bringing the 
camp complement during unloading up to 368 as com- 
pared with the 265 there before Barex arrived. About 
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450 tons of cargo was shipped from Barrow back to the 
States. 

During Barex '52 the icepack remained 10 to 20 miles 
offshore, resulting in  good ice conditions. Tho weather 
also was exceptionally fine, except for heavy fog a t  the 
start of the operation. During Barex '52 a PBYGA 
flew daily ice patrols. Before the P B Y  arrived, ice 
patrol was flown by two P2V7s operating from Nome 
and Fairbanks. Short-range ice-reconnaissance flights 
were flown by two helicopters from the Burton Island. 

The report of Barex '52 by the OICC for  NOy 71333, 
contained several recommendations for  future opera- 
tions. Significant recomn~endations have been selected 
and are recorded below : 

To permit greater flexibility in the nlovements of the advance 
contingent to meet changing ice conditions, it is recommended 
that a representative of Commander of Barex be ordered to 
Barrow in advance of the first ships' arrival and be authorizecl 
to direct ship movements into the area a s  local conditio~lr 
warrant. 

I t  is recommended that  information on task group organiza- 
tion and movements be widely disseminated in advance of Ex- 
redition. This would enable ROICC, Point Barrow to intel- 
ligently schedule shifts in anticipation of ships' arrivals. 

It is believed appropriate to revise the fundamental thinking 
behind the Barex operation. I t  appears that  the primary mis- 
sion of the expedition should be to supply the material to the 
Navy Camp, Barrow. This may be best accomplished by splitti~ig 
np the expedition into several small groups which ~vould depart 
from the States a t  widely spaced intervals. The entire project 
would permit unloading during regular camp work schedules 
wit11 the personnel available and wolild aroid peak personnel 
loads with the attendant high costs. 

I t  is recommended that load lists of individual vessels be 
forwarded to Point Barrow in advance of ships' arrival. This, 
too, would permit better distribution and utilization of unload- 
ing crews and equipment. 

AIR TRANSPORTATION 

As in tlie past, air support for  Pet  4 in  1952 coiisistecl 
of so-called linehaul flying of freight and passengers 
fro111 Fairbanks to Barrow and Umiat and return aiid 
bush flying in and near tlie Reserve in support of all 
operations-supervision and administration, geological 
parties, geophysical parties, drilling, and other support 
operations. Tlie linehaul flying was all with multi- 
engine aircraft;  and the bush flying, with both multi- 
engine and single-engine aircraft, the multiengine ac- 
counting for somewhat niore weight transported. 

From 1 January through 30 June  the air support \\-as 
by Transocean Ai~l ines  under contract N406s-27086. 
From 1 July through the rest of the year, the flying  as 
by Alaska Airlines under contract N406s-31650. 

Tlie follomii~g table indicates tlie extent of tlie total 
air support. 

Amount of air freight transported during 1952 

Linehaul Multiengine Single-engine Total weight 
hush plane bush plane carrird 1 1 (pounds) 1 (pounds) 1 (pounds) 

(pounds) 

Alaska Airlines 

Transocean Airlines 

J a  ...................... 529,118 
A ....................... 292,882 
e ...................... 263.981 
0 ...................... 193,239 
N o  ..................... 145,196 

...................... Dec 187,506 

Jan ...................... 
Feb ...................... 
Mar ..................... 
Apr--. .................. 
May ..................... 

...................... Jnn 

Tlie cost of tlie Transocean contract through June 
was $210,381 for linehaul flying and $150,851 for  bush 
flying. The cost of the Alaska Airlines contract for  tlie 
rest of the year was $203,915 for  linellaul and $319,640 
for bush flying. 

CONSTRUCTION 

It is evident by now that construction relative to Pet 
4 15-as largely of semipern~anent and temporary types. 
The se~nipern~anent cainps a t  Umiat and Barrow liad 
facilities for  housing, messing, recreation, manuf actur- 
ing and overhaul equipment and buildings, bulk-fuel 
storage, heated storage, communications and power dis- 
tribution, medical aid, sales store, outside ~varehousiiig 
yards, etc. Temporary construction in the field in- 
cluded everything required for oil exploration such as 
foundations, fabricated rigllouses, portable camps, and 
auxiliary portable structures for drilling and geophysi- 
cal exploration. 

By 1952 almost everything needed was a t  hand aiid 
available ; so little lienT construction mas required except 
Ihat necessary to keep the program going. Existing fa- 
cilities TI-ere ample to support all phases of Pet  4. 
Some expansion was required a t  the Umiat camp and 
was accomplished by new construction in 1952. A tem- 
porary canvas-covered shop was built in which slecl- 
mounted drilling and geophysical equipment could be 
repaired. The  shop \\-as 32 by 90 feet and was supple- 
mented by a lean-to 12 by 90 feet. The frame was 
wood, and the foundation of tlie main building ~ v a s  
a gravel pad. A concrete slab was laid under the lean- 
to. The  building was heated. 

A canvas-covered oil-field ~varehouse was also built 
a t  Umiat. I t  ~ 5 - a ~  40 feet wide and 100 feet long and 
was designed for  the storage of muds, cements, ancl 
chemicals. I t s  fou~ldatioii was a gravel pad, and tlie 
building mas unheated. A snidler (20 by 48 feet) 

-- 
529,615 
878,680 
849,928 
854,697 
528,076 
594,713 

376.817 
10,390 

.............. 

........... 
263,073 
12,550 

50,569 
155,987 
143.762 
395,941 
277,538 
319,808 

957,001 
1,045,057 
993,690 

1,250,638 
1,073,687 
927, Oil 
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parts warehouse of steel coiistruction on timber sills mas 
also built. It was heated. 

Two airstrips were built in 1952 as acljuncts to the 
exploration activity. The Grandstand airfield was 
built in June on tlie gravel of the Chandler River near 
the Grandstand test site. It took 14 days to grade a 
4,000-foot strip with one bulldozer and a scraper. 

The Driftwood airfield mas built in 6 days, also in 
June, with 2 D 9 tractors with hydraulic blacles and 
one drag. I t  was 4,000 feet long and 120 feet wicle 
and was on tlie gravel flood plain of the Utukok River 
a t  the niouth of Driftwood Creek. Both of the airfields 
were used by C46 planes. 

MISCELLANEOUS SUPPORTING ACTIVITIES 

During 1952 the various supporting activities for 
Pet 4 went on much as in earlier years. Comm~mica- 
tions  ere by the Alaska Comn~ui1ications Systeli1 of 
the U. S. ,lrrny Signal Corps, the U. S. Air  Force, 
Airways ancl Air  Comm~~nications Sen-ice for Air  
Force use only, Civil Lleronautics Authority with fmlds 
made available by tlie Savy, and Arcon. Tlie -\,YCS 
also operated some narigational aids for Air Force 
use, and the C A B  maintained airway facilities and 
navigzztional aids. 

Arcon continued to supply food, housing, ancl spe- 
cial iteiils of arctic clothing to tlle Pet 4 persolillel. 
Dry cleaning and launclry facilities also were pro\-itled 
by Arcon. Recreational opportunities inclucled a 
gymnasium, theater, and Armed Forces radio st:xtion. 

Labor relations generally were good. There \\-:-as no 
difficulty in 1952 in  recruiting labor as required. The 
personnel obtained was satisfactory. The overall pro- 
ductirity of labor \'\-as estin~atecl a t  about ti0 percent 
of that in inore temperate climates. The average iilml- 
ber of employees during the year 11-as 364. but tlle 11~1111- 
ber at the encl of March \\-as 521; 1.178.550 man-lionrs 
was 11-orked. Thirty-nine accidents resulted in tlie loss 
of 3,969 m:ln-hours. TIie percentnge of ul:ui-lio~~l.s lost 
through accidents was 0.34. 

The total cost of lnaintenance and operation of the 
Barrow cainp in 1952 was $1,922:424. Tlle following 
items are inclucled : 

Messing and billeting 
Laundry and dry cleaning 
Dispensary and first aid 
Welfare and recreation 
Camp transportation 
Powerhouse operations 
Boilerhouse operations 
Electrical distribution 
Camp heating 
Camp ~ v a t e r  supply 
Camp radio 

Fabrication of ~i11e sleds :ind 
freighting sleds 

Fabrication of miscellaneous 
appliances 

\\.'arehouses and outside stor- 
age areas 

Fire protection 
Maintenance and operation of 

gas systen~ 
hlaintenawe of caml~ build- 

ings 

Maintenance of roads and base 
area 

Maintenance of airstrip 
Airport operations 
Repairs of nonmobile equip- 

ment 
Rehabilitation of clrill pipe 
Disnlaiitling of Gubik test 2 

Dismantling of Topagoruk test 
1 

Dismantling of Ournalik test 1 
Fabrication of aanigans 
Depreciation of buildings 
Depreciation of equipment 
Overhead 

On comparable bases, the operation of the TJnliat 
camp cost $792,241 and of the Fairbanks headquarters, 
$105,180. 

GEOLOGY 

The principal geologic operations in 1052 \%-ere con- 
clucted by tlle Geological Survey. Arcon was called on 
to supply the necessary logistics support including 
transport:~tion of tlle personnel, cacliirig of supplies, 
nlaintenance of equipment for field parties, ancl essen- 
tial base facilities. 

A limitecl amount of field geology in  special cases 
was clone by the chief of exploration and assistant chief 
of exploration to espedite choice of drill sites and to 
obtain data for planning. 

Tlie follon-ing structural features were examined by 
~ l r c o n  in reconnaissance flights (see fig. 12) : Umiat, 
Big Bencl, Grandstand, Hawk, Shnviorik, Iiemik, 
Kupar~tlc, Tl'est Big Bend, Kurupa, Rex, Brady, 
Meridian, Drift~vood, Kokolik, Blizzard, TVest Carbon 
Creek, East Carbon Creek, A\v~~iia ,  ICnifeblade, Tl'easel 
Creek, and Wolf Creek. Reconnaissance checking on 
the ground was done a t  the IIam-k, Grandstand, Drift- 
~ ~ ~ o o c l ,  Blizzard, Brady, and Rex anticlines; and the 
Rokolik anticline was checked for  closure by reconnais- 
sance and by some detailed mapping. 

A well geologist was assigned by Arcoil continuously 
a t  each well, except; Wolf Creek test well 3. Because 
Wolf Creek 3 was drilled near another test 1,500 feet 
cleep, no geologist was stationed there until a depth of 
1,400 feet \\-as reached. 

Ofiice geologic \vork by ,Yrcon was chiefly the prepa- 
ration of reports ancl il1ustl.ations of the drilliiig results 
anicl tlie al~plicatioii of geologic:~l and geopllgsical clnta 
to tlle orerall prograin. &I11 iniportant activity ~x-as 
tlie preparation of reports, maps, aiicl proposecl pro- 
gralns for the colisicleration of the executive operating 
colnn~ittee ancl tlie aclvisor?- committee. 

ORGASIZATION OF GEOLOGICAL SURVEY FOR PET 4 

Geological Surrey n-ork for Pet  -1 conti~lued to be car- 
ried out tllrough the S a r y  Oil Unit. Tlie \\-ork JI-as 
lianclled fro111 a liead office in TTashington. I). C., and 
an ofice ancl laboratory in Fairbanks. 

I11 the Washington, li. C., oflice, or operating from 
there in tlle field, were 10 fr~ll-time persons on Xary 
funds-16 geologists, 1 admi~listratire assistant, and 2 
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clerks. The services of 5 additional geologists were 
used part time. 

I n  the Fairbanks office \\-ere 3 full-time geologists, 3 
disaggregators, 1 physical-science aide, and 1 clerk. 
One additional geologist was used part time. All Fair-  
banks personnel was supported by Navy funds. 

WORK O F  T H E  GEOLOGICAL SURVEY 

The operations and plans of the Geological Survey 
were changed some~vliat during the sumrner. Inimedi- 
ate exploration problems consumed more time than was 
anticipated and correspondingly less time was avail- 
able for the compilation of final reports. Personnel 
changes ancl the change in emphasis from Cretaceous 
to pre-Cretaceous testing required some adjustment in 
the schedule of the Fairbanks laboratory. 

The field program was completed about as planned. 
Airlift support and other logistic support were excel- 
lent. The late spring cut down the number of working 
days, but this mas i11 part made 11p by good weather and 
good bnsh-plane support during tlie season. New 
weasels were used, ancl the need for  parts, especially 
tracks, was greatly reduced. This in tun1 released 
plane time for other logistic support. 

FIELD PROJECTS 

The bulk of the field program consisted of three 
projects. Two of tl~ese were financed by tlie Navy, 
and one by the Geological Survey. They were in the 
Canning-Shaviovik area, the Chandler River area, and 
the eastern Brooks Range area. 

I n  addition, spot jobs were completed in the Awuna 
River area, along the Utokok River in the vicinity of 
the Archimedes anticline, and near Wild Lake in the 
Brooks Range. Microfossil samples were collected in 
the B ~ ~ - u i i a  and Utolcok areas as part of the general 
problems of stmtigraphic correlation and litholigic 
changes. Work in the 7ITild Lake area was part  of the 
mapping project in the central Brooks Range that was 
begun in 1951. 

C A N K I N G - S H A V I O V I K  PROJECT 

Party 1 worked in the Canning-Shaviovilc area. The 
party consisted of 6 men, including 2 geologists. It 
was led by A. Samuel Keller. The party moved with 
the use of 3 weasels, and the season was from 9 June to 
22 August, when work was stopped by early snow. The 
party also worked an area a. little farther south in the 
vicinity of Icemik Creek and including tlie IZemilr anti- 
cline. 

The primary objectire of the project m-as to study 
the nature, extent, and petroleum possibilities of a 
structural high near the West Fork of the Shaviovik 
River and the Canning River. A secondary objective 

was to obtain information on the correlation of the 
rocks of upper Paleozoic and Mesozoic age betn-een tlie 
West Fork of the Shaviovik and the area west of the 
Itkillik River. 

The minimum closure on the Shaviovik anticline \\-as 
estimated to be 000 feet. The depth to the Lisbnrne 
group of Mississippian age was calculated to be be- 
tween 6,500 aiid 9,300 feet. 

The Kemik anticline has a i~lininiuni closure of 300 
feet i11 ail area about 31/2 miles long aiid 1h mile wide. 

C H A S D L E R  ILIVER PROJECT 

Approximately 2,500 square miles xTas studied geo- 
logically by party 2, 15-hich operated in an area fi.onl 
]lear the Chandler River eastn-arc1 to the Anaktnruk 
River. The area is in the northern foothills. Of the 
total area about 200 square miles was contoured 
structurally. 

Party 2 led by R. L. Detterinan and traveling in 
three weasels, included geologist R. S. Bickel and four 
other men. Work started on 9 June and continued 
until 27 August; 11 main camps and several additional 
camps were established. 

The area includes the Hawk, Rig Bend, and Grand- 
stand anticlines, but only about 2 weeks a t  the end of 
the season were available for work on the 13ig Bend 
anticline. The main objective of the project was to 
test in the field the photogeologic structure-contour 
map prepared in the Washington, D. C., office by W. P. 
Brosgi5 and H. N. Reiser. The party \%-as slowed some- 
what by tlie unanticipated large amount of strati- 
graphic work required. The  photogeologic maps were 
found to be accurate in areas uncomplicatedby faulting 
and where there was good vertical control; they mere 
less accurate i11 areas geologically more complicated. 

The Hawk anticline has a t  least 1,000 feet of closure. 
The Grandstand anticline is conlplexly folded and 
faulted, and the maximum closure near the Chandler 
River is 300 feet. Grandstand test well 1 is on the 
north side of a thrust faul t ;  the Big Bend anticline also - 
is complex structurally. There appears to be a reversal 
of plunge on tlie Big Bend anticline east of the Chandler 
River resulting in a closure of between 200 and 500 feet. 

EASTERN BROOKS RANGE PROJECT 

Party 3, supported wit11 Geological Survey funds, 
covered about 5,000 square miles in tlie eastern part of 
the Brooks Range from latitude 68'30' N. to 69'20' N. 
and betxeen longitude 142' and 149' W. Tlle party 
chief was 7V. P. BrosgB, assisted by Geologists J .  T. 
Dutro, Jr., 31. D. Mangus, aiid H. N. Reiser. 

Base camps were on the upper Echooka River, Wahoo 
Lake, Porcupiile Lake, Lakes Peters and Schrader, tlie 
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upper Sheenjek River, and Elusive Lake, all accessible 
by Norseman plane. All travel bet\\-een fielcl stations 
and camp n7as on foot. 

On 11 June, four il1e111bers of the party were lailcled 
on the ice a t  party 1's "Cache One Lake.': Csiilg party 
1's weasel, the party mo~-eel on 13 June to the Ecllooka 
River, where it worked until late June. On 25 and 26 
June, camp was ii~o<ecl by boat 6 miles domnstrenm to 
x gravel bar large enough to acco~~lllloclate a Sorseni;~n 
on wheels. On 27 aild 28 June all of the persomlel was 
returned to Umiat by plane. 

011 2 July  the party was flow11 by Sorsenlan on floats 
to Wahoo Lake. On 12 July the party was shuttled to 
camp 3 at  Porcupine Lake, where malq~ing  was done 
and more sections measured. 

Bet\veen 18 July and 4 August, work was clone near 
Lake Schrader, tvhere the party had beell inoved by float 
plane. Work extenclecl to the south end of Lake Peters. 
011 5 August a move \\-as made by float plane across tlie 
Brooks Range divide to S tar  Lake on the Slleenjek 
drainage where a coiii~ection was made to tlle ~ ~ - o r l i  in 
the 1920's by the Geological Survey. On 9 Augnst, 
hlangus and Dutro made a boat traverse (10~1-11 the 
Slleenjek about 17 iililes to the mouth of Olcl TYoman 
Creek. On 15 August seine of the group were flov-11 to 
camp 5A at a larger lake. By 21 ,knpnst all illeinbei-s 
of the party hacl been returned to Thliat. 

Party 3 was in tlle field $1 clays: 31 were spent in 
actual field~vork, and the rest were taken up by moring, 
bad weather, ancl ~ ~ a i t i n g  for planes. 

SPECIAL STUDIES 

The special stuclies program includecl tlle full-time 
efforts of several specialists ancl the p:~rt-time \\-ol.li of 
several others. Tlle studies incluclecl both currelit ex- 
ploration proble i~~s  ancl backgro~uicl and intei-pretive 
investigations. 

Paleontology.-llaily of the specialists of the Sur- 
~ e y ' s  Brancll of Paleontology and Stratigraphy 11-orked 
on the numerous and difficult problell~s of tlle age and 
relations of tlle rocks of ilortller~l Ailaslia ; some of tliein 
1~110~11 only fro111 deep drilling. I n  addition two full- 
time n1icropaleoi~tologists-H:1r1ai~ R. 13ergqnist and 
Helen T. Loeblicll-11-orked on the Pet  4 program. 

Pltotogeo7ogy.-By the end of 1062, compilation of 
pllotogeologic maps of northern Alaska 011 :I scale of 
1 : 630,000 was well advancecl. Tlle coastal-pl:~in areas 
were not corerecl by these maps, but virtually all tlle 
foothills area was as f a r  east as longitude 147" I\'. I n  
addition, structure-contour maps llad been made by 
photogeologic n~etllods of many of the principal anti- 
clines. I n  the latter part of the year, such structure- 
contour maps were nearly completed of the Awuna, 
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Discorery, and Icurupa anticlines. For  those maps the 
planimetric bases, with many elevations noted, were pre- 
pared by the Special Maps Branch of the Topographic 
Division of t11e Geological Surrey. The photogeologic 
work was under the direction of William A. Fischer. 

Xtratigraphic zonation.-During the year George 
Gryc reviewed earlier geologic work and a t  the fall 
meeting of the advisory comnlittee presented a report on 
Cretaceous stratigraphic zonatioil and correlation prob- 
lems ill Pet 4 and surrounding areas. H e  carefully 
traced tlle history of the studies that had led to the 
interpretntion at  the time of the meeting of the correla- 
tion of the Cretaceous sedimentary rocks over the Arctic 
slope and outlined some of the problen~s that  still 
remained. 

Fair6a~zk.s Zuborutory.-The Fairbanks laboratory 
continued tllroughout the year to process cores and cut- 
tings from the drilling, as well :IS surface samples col- 
lected by the field geologists. ,I continuing important 
activity was tlie micropaleoiltologic studies that went 
on in the Fairbanks laboratory. 

I n  June  the chief of the laboratory, Thomas G. Rob- 
erts, transferred to an assignnleilt in the States. From 
then until 6 October Harlan R. Bergquist acted as chief 
of the laboratory, and froin 6 October until late in the 
year, Robert 11. Chapmall acted as chief. Sear  the encl 
of 1952, Arthnr I,. Bowsher ]\-:IS placed in charge of the 
laboratory. 

GEOPHYSICS 

Tliree seismograph parties of tlle Unitecl Geopllysical 
Co. operated in the field froin approximately the fii'st 
of l la rch  until the encl of Ju ly  (See pl. 3.) T l l ~ s  
15 cre~~--niontlls of work were clone. The ~vorli was in 
charge of Walter R. Fillipone, geol~l~ysical supervisor, 
from \\-hose report inost of this section is condensed. 
The seismic \I-orli in 1032 was in arens some\vllat more 
conil)lex geo1ogic:~lly tllail areas of prerious seismic 
surveys. I n  general, the results were of tlle kind ex- 
pected and mere useful in nlakinp appraisals of petro- 
leum possibilities. Tlle principal acconlplishment was 
the extensioil of the geileralizecl subsurface picture 
southward froill the latitude of Uilliat to the north front 
of the Brooks Range. 

I n  the Castle Mouiltaill area ailcl n o r t l ~ \ ~ a r d  to U n ~ i n t  
are coii~plex tllrust faults overlain by shallow folds. 
TJ7orli was clone in  that  area by party 114, led by E. ,J. 
Jlunns. Tlle party completed several seisnlic profiles 
over the -\jigali ailticlii~oriuil~ in tlle vicinity of tlle 
Ayiyak River in an attempt to determine its structure 
aiid as a test of the effectiveness of seismic surveys in 
such a conlplex area. 

The work yielded insufficient data to explain the con- 
trast between the gentle structural features north of 
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Tuktu Bluff and the complex folding and faulting south 
of there. St  the Scl~rader anticline 400 feet of east 
plunge was mapped on the east side of the Chandler 
River. High water prevented the crossing of the river 
to determine whether or not there is west plunge. From 
the Schrader anticline, a tie line was carried on north- 
ward to the survey line of party 145, coming southeast 
from Umiat. Party 144 also did some refraction shoot- 
ing on a line east of the Chandler River opposite the 
Hawk anticline. 

Party 1-15 was led by 7V. S. Howard. The party 
worked eastward from Uiniat along the general Umiat 
structural trend. Tlle tie to the Umiat anticline was 
not good because of the difficulty of drilling shotholes 
through tlie gravel deposits on extensive terraces south- 
east of the Colville River. Nevertheless, the survey 
east from Uniiat established 2,000 feet of east plunge 
on the Umiat anticline. 

About 40 miles east of Umiat was found a closure 
of 500-700 feet. This closure, from surface geology, 
seems to be separate froill the Kuparuk anticline but 
on the same trend, and both are on the same trend as 
the Umiat anticline. The western part  of the Kupar~ tk  
anticline was also surreyed by reflection seismology, and 
the anticline appeared fairly complex and somewhat 
faulted. I n  this eastern area no velocities were found 
to indicate pre-Cretaceous rocks a t  a depth less than 
14,500 feet beloll- sea level. 

Party 146 was headed by G. C. Donahue. The party 
worked f a r  to the west in the general longitude of the 
Utukok River. -1 seismic profile line was run from 
the Kaolak area to  the Carbon Creek area, a line across 
the Carbon Creek anticline, a line from the Arcliimedes 
Ridge anticline to the Driftwood anticline, and several 
short detail lines on the Driftwood anticline. 

Between KaolaB and Carbon Creek were found sev- 
eral ilnportant ailticlines. One has 1,500 feet of rever- 
sal over a distance of 12 miles; another has approxi- 
mately 1,100 feet of reversal. The Elusive Creek anti- 
cline as defined by surface geology is represented by a 
reversal of 300 feet. Over part  of the distance from 
Kaolak to Carbon Creek, the data were poor and dis- 
cordant. 

Between Carbon Creeli and Driftwood is a conlplex 
area of thrust faults. Surface anticlines are the result 
of the thrust faulting and do not persist in depth. The  
Driftwood anticline was surveyed in some detail reveal- 
ing that the anticline is underlain by a large thrust 
fault corresponding to  the surface axis. Attempts to 
determine the depths to high-velocity beds by refraction 

Carbon Creek to Driftwood. This was largely because 
of the impossibility of correlating seismically across 
the large thrust faults. More data are needecl for a 
complete seismic interpretation. 

DRILLING 

During 1952 efforts were made to improve coring 
and testing techniques. Experience had shown that 
some of the sands lost some of their permeability on 
coiltact with water from the drilling fluid, pres~ulllably 
from the s\velling of some of the clay minerals and by 
freezing of moisture in pore space in the permafrost 
zone. 

A total of 15,142 feet of hole was drilled in 1952 a t  
5 r ig  sites. (See pl. 3.) The Avak test 11-ell 1 on 
the so-called Barrow high was described in the section 
on Drilling for 1951. The hole was startecl in October 
1951 and was abandoned on 14 January 1952. Umiat 
test well 9 \\-as also described in the section on 1951 
although testing of the well was going on at  the start 
of 1952. Testing continued until 13 January 1052 
when orders \\-ere received to abandon. It was still 
undetermined why production shut off by casing the 
XI-ell could not be restored by perforating the casing. 
Similarly Umiat test well 10 was drilled to coinpletion 
depth of 1,573 feet in 1951. The first weel< of 1952 was 
spent in cleaning out tlie hole, which caved continually, 
to a depth of 1,520 feet. The intention IT-as to deepen 

01's were re- the hole later with a Failing rig, but ord- 
ceived on 8 January to abandon the hole immediately. 

The remaining holes described below were all started 
in 1952. 

SQUARE LAKE TEST WELL 1 

Square Lake test well 1 is approximately a t  latitude 
6g034', longitude 153"18' on the Square Lake anticline. 
The well was drilled with tlie Cardwell No. 2 rig. The 
objectives were to test a t  all horizons to approximately 
4,000 feet from tlie surface. The well was started on 
26 January 1952 and was completed on 18 April at a 
total depth of 3,987 feet. 

Gas was found between 1,640 and 1,675 feet. A 
short test of this zone indicated a gas yield of 112,000 
cubic feet a day. The electric log sho~ved the top of 
the sancl to be a t  1,660 feet and the base, at  1,692 feet, 
with the contact of gas and water at  1,676 feet. 
According to the seismograph map, 1,600 acres has 32 
feet of sand in the gas zone, and 900 acres has an aver- 
age of 2+ feet of sand in  the gas zone. Tlle volume of 
recoverable gas is estimated a t  12.8 to 21.4 billion cubic - - 

nlethods failed. feet. 
I t  was necessary to use all available illformation on Another gas-bearing zone was found a little below 

the stratigraphic section to interpret the area from 1,800 feet. The electric log indicated the sancl to lie 



between 1,835 and 1,880 feet and the contact of the gas 
and water to be a t  about 1,860 feet. The shut-in pres- 
sure was 800 pounds per square inch. h drill-stem test 
revealed a strong flow of gas estimated to be a t  the rate 
of 1 to 3 million cubic feet per day. From the seismo- 
graph map, about 1,600 acres has 45 feet of sane1 in the 
gas zone and 900 acres an  average of 33 feet of smld in 
the gas zone. Recoverable gras is estimated a t  22.2 to 
37.0 billion cubic feet. 

Before the hole was abandoned, a thermistor cable 
was set at  from 200 to 540 feet. 

GRANDSTAND TEST WELL 1 

Grandstand test well 1 was started on 1 May about 31 
miles south of Umiat on the west bank of the Chancller 
River where i t  crosses the axis of the Grandstand anti- 
cline. The  hole was completed on 8 August a t  a depth 
of 3,939 feet. The well was drilled with the Carelwell 
No. 1 rig. 

The five principal objectires of the hole were- 
1. T o  discover oil and gas in sands in the lower part 

of the Nanuslluk group. 
2. T o  determine the reservoir characteristics of the 

sands and the presence of shale layers that woulcl con- 
stitute cap rocks over any such sands. 

3. T o  gain information on the lateral extent of sancls 
found a t  Umiat and in outcrops in orcler to evaluate 
better the possibilities of other structural features in 
the vicinity. 

4. T o  determine more definitely the thickness of the 
lower part of the Nanushuk group ancl the relation of 
the thickness to drilling depths on other structural 
features. 

5. To obtain adclitional paleontological data for use 
in correlations. 

No permeable sand was cletectecl in the llole, ancl the 
base of the Nanushuk proup was not reacheel. High- 
pressure gas in slnall voluine was noted repeatedly froin 
the surface to tlie bottom, especially in fractured shale 
at  about 3,900 feet. 

The  objectives of the test were only partly realizeel : 
1. No oil or gas was discorered. The sancly section as 

k n o ~ ~ n  from outcrops to the soutli is dominantly slialy 
at  Granclstand. 

2. The reservoir cllaracteristics of the few sands 
found were very poor; permeability was yery low. 

3. Stratigraphic relations were clarified. 
4. The drilling did not establish the thicliness of the 

Nanushuk group. 
5. Useful paleontological data were obtained. 
6. The estimated depth of 2,000 feet to the top of a 

thick shale sequence was fouild to be f a r  too little. 

,\ctually i t  was proved that the depth is in excess of 
4,000 feet. 

The lack of permeable sand to the depth drilled a t  
Grandstand reduced the attractiveness of the Big Bend 
and TT'est Big Bed anticlines to the north and north- 
west, but clicl not affect the possibilities of the Hawk 
anticline to tlie southwest. Unusually steep dips, up  
to 3j0. found in the lower part of the hole intlicated 
the possibility that tlle drill went through a fault a t  
some17-liere below 3,500 feet. 

UMIAT TEST WELL 11 

Uiniat test well 11 was designed to determine \vhether 
or not production mas obtained from tlle Uriiiat xnti- 
cline from the north side of the axial fault, to  test the 
possibilities of sands younger than the producible sands 
on the south flank, and to yield information on the size 
of any producible area north of the fault. The test ~v:xs 
on tlle nortll flank not f a r  from Umiat test well 8. The 
test was clrilled wit11 the Cardwell rotary r ig No. 3. It 
Kas spliclded in on 3 June  and completed and aban- 
doned at 3.303 feet on 29 August. 

- i t  804 feet. free oil appeared in the ditch, but a drill- 
stein test failed to recover any oil. A slight showing 
of gas \\-as observed in tlie ditch a t  2,081 feet and in a 
s:uicl core from 2,060 to 2,077 feet. A 3-inch core sec- 
tion at 2,128 feet bled a little oil, and the section from 
2,128 to 2,131 feet fluoresced. A sand core from 2,444 
to 2,448 feet had an  odor of oil and gave a cut with 
solvents, and the same was true of a core from 2,833 to 
2.837 feet. Sane of the tests indicated any possibility 
of oil or gas production. 

W-OLF CREEK TEST WELL 3 

Wolf Creek test well 3 was drilled with the Cxrd- 
TI-ell rotary r ig No. 2. The  hole was spudded in on 
20 -4ugllst and completed a t  a depth of 3,760 feet on 
3 Soyember. The  location is 485 feet west of Wolf 
Creek test \\-ell 1. The objectives of Wolf Creek test 
\re11 3 were to test the oil and gas possibilities of any 
sancls below the 1,500-foot gas sand of Wolf Creek test 
\\-ell 1, to throw further light on facies changes as tliey 
iliigllt influence petroleum possibilities of adjacent 
areas. ancl to correlate tlie stratigraphy tliat in 
~ieipliborinp areas. 

Using solvents some cuts were obtained froin sand 
cores at  several depths. Cores from 2,585 ; 2,602 ; 2,645 ; 
ancl 2.660 feet bled a little oil, but permenbilities were 
too low for proclnction. Sinall volumes of gas were 
found a t  interrals. 

Six sandy zones were penetrated in the upper 600 feet 
of the test TT-ell. 7JTolf Creek test \%-ell 3 provided a good 
set of samples and a good electric log. 
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SUPPORTED ACTIVITIES 

I n  1952 Pet 4 continued to provide various forms of 
support to a wide variety of outside activities, some of 
which were related to Pet 4 in one way or another, such 
as those for the CAA and the Coast and Geodetic Sur- 
vey, and others that had no relation to Pet 4 except to 
use the facilities there. 

Taken together, such partly related and unrelated 
activities included the following: The Alaska Com- 
munications System, U. S. Army ; the Airways and Air 
Communicatioi~s Service, U. S. Air Force; the Arctic 
Research Laboratory, Office of Naval Research; the 
Civil Aeronautics Administration; the National Bu- 
reau of Standards ; the Geological Survey ; Transocean 
and Alaska Airlines; the U. S. Coast and Geodetic 
Survey; the U. S. Weather Bureau; the 1150th Field 
Detachment, U. S. Air Force; the Arctic Test Station, 
Bnreau of Yards and Docks, U. S. Navy; the Optical 
Research Laboratory, U. S. Air Force; and Project 
Lincoln operated under contract with the Navy by the 
Massachusetts Institute of Technology. 

Tlie types of facilities afforded by Arcon to such ac- 
tivities included one or more, in some instances all of 
the following : 
1. Messing and billeting. 
2. Laundry and dry cleaning. 
3. The provision and maintenance of equipment and vehicles 

a t  Barrow and Umiat and in the field. 
4. The handling and storage of cargo shipped to and from Pet 

4 by airlift and Barex. 
5. Sales store participation. 
6. Winter freighting. 
7. I'ro~~ision, operation, and maintenance of portable camp 

facilities. 
8. The prorision of equipment, parts, and maintenance personnel 

for field parties. 

The priilcipal s ~ ~ p p o r t  load imposed by these outside 
activities was in the summer. I n  total, the number of 
persons supported ranged from about 80 in the winter 
to as many as 190 in July. 

The activities related to the exploration effort made 
a wide range of important contributioris to Pet 4. 
Others, although important to the Government, were a 
hindrance to the effective prosecution of the oil explora- 
tion program and increased the operational and over- 
head expense greatly beyond the requirements of Pet  4 
itself. 

Typical of expressions of appreciation arid also of 
some of the responsibilities occasioned by assistance to 
such activities is illustrated by the following memo- 
randum to the DNPR from the Navy Representative 
of Project Lincoln, dated 5 December : 

1. Project Lincoln is  a joint Army-Navy-Air Wrce research 
and development project operated under a contract by Massa- 
chusetts Institute of Technology for the purpose of improving 

the a i r  defense of continental United States. One of the 
numerous phases included in this program is  the development 
and engineering of a network of warning sites in  fa r  northern 
latitudes. 

2. Mr. M. M. Hubbard, Assistant Director, recently returned 
from one of his trips to Alaska and sent us  Enclosure (1) 
which we wish to forward to you for your information. I n  
planning establishment of sites in  the fa r  North we feel that 
the extensive experience your organization has had would be 
most helpful to us. At  present, we would like information 
on the following questions : 

a. The annual operating cost of Pet  4 for Fairbanks, Umiat, 
Point Barrow and others. 

b. The number of survey and drill parties that  can be sup- 
ported by Point Harrow; i. e., the total men in the field. 

c. Total annual tonnage of Barex. 
d. Any available construction capacity that we might use 

from the Arctic Contractors, Inc. 
3. We appreciate the cooperation the Naral Petroleum Re- 

search organization has given Project Lincoln. 

A copy of Enclosure (1) follows : 
During my recent trip for Lincoln Laboratory to Fairbanks 

and Point Barrow I received very material assistance from 
Naral Personnel and contractors connected with Naval Pe- 
troleum Reserve No. 4 (Pe t  4). Lt. Johnson, acting OICC 
a t  Fairbanks was most cooperative and helpful a s  indeed 
were Lt. Daniels, ROICC (Resident Officer in  Charge of Con- 
struction) a t  Point Barrow, and Mr. Larson, the superintendent 
for Arctic Contractors. I might say that  the capability of this 
establishment was very impressive. I should also like to point 
out that  Dr. Wiggins' staff of the Arctic Research Laboratory 
and his assitant, Mr. Johnson, were most h e l p f ~ ~ l  and rendered 
much assistance, making a great difference in the success of 
our operations. 

I have singled out a few individuals who were my principal 
contact. I would like to say, however, that  all  the personnel 
connected with Pet 4, ARCON, and ARL mere niost friendly 
and sympathetic in  giving our group much more than per- 
functory assistance. I feel that the whole organization is  a very 
capable and useful one. 

The services rendered to Mr. Hubbard won for the 
Naval staff and Arcon the official commendation of the 
DNPR. 

SUMMARY OF 1952 

Contract NOy-13360 was terminated on 31 December 
1951 and was immediately resumed under contract 
NOy-71333 on 1 January 1952. The operating plan 
for 1952 was confirmed by the advisory committee in 
November 1951 and was carried out with some minor 
and one major change. The plan visualized the drill- 
ing of 5 wells, 15 crew months of seismic fieldwork, 
and the use of 3 geological field parties. The major 
deviation from the plan was that only 4 wells were 
drilled instead of 5. The reduction in drilling was to 
conserve fuel for the drilling of 2 deep tests planned 
for 1953. 

I n  1952 the high point of employment was 534 in 
April, and the low was 251 in November. Only 0.34 
percent of the man-hours was lost because of accidents. 
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One fatality occurred when a workman fell from a moxT- 
ing truck. 

A. successful Barex reached Pet  4 in 11 ships. I11 

,211, 20,980 tons was unloaded on the Barrow beach, 
and an additional 827 tons mas loaded a t  Barrow for 
delivery elsewhere. Winter freighting aggregated 
2,411,865 ton-miles a t  a cost of $709,000-not inclncliilg 
overhead o r  a direct cost per toil-mile of a little Inore 
than $0.29. A total of 15,142 feet of hole was drilled. 

A large number of outside operations were supported 
in a variety of ways as in earlier years. The air- 
support contract was changed a t  the end of June from 
Transocean Airlines to Alaska Airlines. Tlle total 
weight lifted by air, i~icludillg both linehaul froin 
Fairbanks to Umiat and Barrow, and bush flying, was 
9,878,225 pouilds, includii~g passenger weights. 

I t  was decided that in 1953 emphasis \vould be placed 
on pre-Cretaceous tests a t  localities that generally are 
nluch inore remote and farther south and east than in 
the past. 

THE LAST YEAR-1953 

ADMINISTRATION 

Pe t  4 moved into 1933 ~v i th  espect;ltion that the 
project -\l-ould continue for sever:ll years until its full 
objective had been acconlplished. I t  h:td been long 
recognizecl that a cllange in policy might result in the 
sudden cessation of Pet  4 and substantial preparation 
for such a situation l~acl been made. ,111 esanl1)le of 
the recognitioii of the possibility of n more or less 
abrupt closeout order was a request b~ the DSI'K for 
closeout estimates that was inatle on 31 Deceiilber 195.2.. 
On 29 January 1953 rather detailed closeout esti~nates 
on sereral postulated bases were m:lde by ,1rcon a i d  
submitted to the DNPR by CDR .Je~lsen, the comnland- 
ing officer for Pet  4 in Fairbanlrs. 

Nevertheless, the year st:rrted wit11 plans, prepara- 
tions, procurement, and fina~lcing for a full year of 
activity. 

On 6 lllarch a hearing v a s  held before the Comniittee 
on Arnlecl Services of the IIouse of Represeiit:iti\-es, 
and one of the items considered was Pet 4. .It tliat 
hearing tlle SecSar suggested the closure of l'et 4 j11 

an expeditious but orderly manner. This Ira3 con- 
curred in by the colnmittee. Tlie colnmittee liad toll- 

siclered testimony and opinions of informed experts. 
Captain Meade, tlle DNPR, gave a brief but coinpre- 
hensive sumillary of Pe t  4 and submitted a statelllent 
on his own behalf and another prepared by Dr. TT. E. 
Wrather, the Director of the Geological Survey. 

On 6 March the closeout was announced. T l ~ e  Chief 
of BuDocks and the coinmailding officer, NPR No. 4, 
were informed by the following meniorandum of that  
date from the D N P R :  

1. At a hearing before the House Committee on Armed Serv- 
ices today the Secretary of the Na\y stated his intention to 
cease the exploration program in Naval Petroleurn Reserve NO. 
4. This intention was concurred in by the Committee. 

2. You are therefore requested to consene expenditures in 
connectiol~ with that project to the mininll~in consistant with 
a cessation of the program and to avoid obligation of any funds 
for the purpose of continued exploration. 

3. There is  a definite commitment not to drill any more wells. 
IIowerer, the close-out is to proceed in an orderly manner, and 
an informal ~neetinq of the Advisory Committee is to be con- 
vened in the immediate future to forinulate a course of action 
in that  regard. lncluded in that course will be a determination 
as  to what geophysical and geological work should be performed 
wit11 funds already available. There will be no funds requested 
for the program in the fiscal year 1954 budget. In addition, i t  
is expected that  a substantial amount of the money already 
made available by prior appropriations can be returned to the 
treasury. 

As the year started and as agreed at  the advisory 
coln~nittee meetiiig in  November 1952, the program in 
1933 was to include- 

1. Tlie clrilling of Shaviovik test well 1 to 10,000 
feet. 

2. The drilling of Brady test well 1 to 7,000 feet. 
3. Four and one-half party-months of seismic work 

wit11 the 1)ossibility of doubling the amount of seismic 
~vorlr if more funds became available. 

4. Geologic 11-ork to the total of 12 party months' 
\voi,lr 1)y 3 fielcl parties in the Brady, Aufeis, East ICu- 
1)al'i11<, ant1 I<atalitnruk areas. 

A t  the first of the year there TI-ere 200 Arcon em- 
l)loyee+ at 12arro\v, 30 at  Umiat, and 11 at  rztrious 1)l:lces 
in tlle field. Other than the Arcon personnel, there 
\\ere ($4 persons at  Barrow including 7 dependents, 6 
at Unliat, and 2 in the field. 

On 13 .J:lnnnry a, fire broke out in the large ware- 
house :tnd garage in the Navy compound a t  Fairbanlzs. 
The fire x-:ls put out, ancl tlle loss was tririal. A more 
serious fire occtwred on 8 February 1~711ei1 the heavy- 
duty-equiprr~ei~t sl1op at  Gmiat n-:IS conlpletely de- 
stroyed. I n  addition to t l ~ e  loss of tlie shop facilities, 
4 tractors, 1 cherrypiclrer, ant1 2 ~veasels were destroyed. 
The commanding officer of I'et 4 immediately xp- 
l)ointecl an investigation board to stntly the circum- 
\t:~nces that resultetl in tlir fire. Tlle total estimated 
lo+s 11-:1s al)lwoxililately $40,000. 

0 1 1  28 eJi~llll:lry J .  ,1rinell. tecl~nical advisor to tlle 
OICC. termin;lted his eniploynieiit. 

On the receipt of the closeout order, the ~\711ole aspect 
of Pet 4 changed rapidly. On 9 March the OICC 
formally notified Arcon of the closeout order. The 
contractor 17-as directed to cease all work preparatory 
to drilling and to cancel all subcontracts and rental 
agreements relative to drilling. Arcon was also 
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directed to review the personnel with a view to making 
reductions consistent wit11 an orderly closeout. 

On 10 March the DNPR requested the SecNav to 
i~ot i fy  the National Security Council of the decision 
to suspend Pet  4, and on 16 March the SecNav re- 
quested the SecDef to notify the National Security 
Council. On 11 March the DNPR met with repre- 
sentatives of the advisory committee in  Washington, 
D. C. I n  attendance were the D N P R ;  CDR h1. T. 
Carson, the Deputy D N P R ;  CDR M. H. Aubey of 
BuDocks; John C. Reed and George Gryc, of the Geo- 
logical Survey; and J. TV. Watson, of DeGolyer and 
MacNaughton. A t  that meeting i t  was agreed that- 

1. A drilling rig, pipe, casing, cement, mud, and 
machine-shop items necessary to support a deep test 
would be placed in  storage a t  Barrow for  use in the 
event that  the Navy might a t  some future time wish to 
drill such a test. 

2. Other items, subject to a conference to be held on 
16 March with interested Federal agencies, that  could 
be economically salvaged would be returned to the 
States on Barex '53. A tentative limit of 60,000 tons 
\\-as set for such material. Any items desired by any 
Federal agency would be left a t  Barrow or elsewhere 
in Pet  4. 

3. A mobile geological field party would be used in 
the summer of 1953 to check several structural features 
to obtain information necessary for  the final report. 

4. Two and one-half years would be needed for  tlie 
Geological Survey to complete its reports, as estinlated 
by Mr. Gryc. 

5. The Fairbanks laboratory of the Survey would 
close sometime in July 1953. 

6. Cores and cuttings would be classified ancl stored 
a t  Fairbanks for future reference. 

7. The seismic party a t  Shaviovik mould continue 
uiltil a satisfactory interpretation of the anticline was 
obtained, but in any event the party would discontinue 
in time to return with its equipment and vehicles before 
terrain and weather conditions forced abanclonment in 
the field. 

8. The funds required by the Geological Survey by 
transfer from the Navy would total $575,000 and the 
work would extend through calendar year 1955. - 

9. Necessary instructions would be given by Bu- 
Docks to the OICC, contract NOy-71333 and that Mr. 
Reed would inform the Geological Survey of the fore- 
going. 

One day earlier, on 9 March, the OICC met i a  Pair- 
banks with the project manager of Arcon ; the AOICC ; 
the Navy auditor ; the ROICC, Barrow ; and Arcon's 
general superintendent. The following is briefed 
from the record of that meeting: 

A. After general discussion of procedures to be fol- 
lowed in effecting an  orderly closeout, the follow- 
ing determinations were made as to specific actions 
to be placed in immediate effect: 

1. Tractor train to be routed to Brady location for 
purpose of moving material to  safe location on 
site and to pick up for  return to Barrow items 
of equipment and selected materials. Such 
materials as lumber, drilling, mud, chemicals, 
cement, and fuel will remain a t  location. 

2. Mr. Dalton, general superintendent, charged with 
responsibility of reviewing tractor-train load 
lists with view of selecting materials and equip- 
ment to be returned to Barrow. 

3. Decision to route tractor trains to Shaviovik for 
purpose of returning selected materials and 
equipment in same manner as from Brady. 

4. Inventory of materials a t  Topagoruk to be re- 
viewed with view of selecting items for return 
to Barrow. 

5. Any materials or equipment a t  Grandstand, Wolf 
Creek, or other drilling camp locations to be 
abandoned. 

6. With regard to the Umiat camp : 
a. Complete inventory to be made. 
b. All oil-field material (other than mud, chemi- 

cals, and cement) and equipment with excep- 
tion of those items used in connection with 
cable-tool rigs to be returned to Barrow. 

7. General superintendent and ROICC to furnish 
estimate of date of completion of freighting 
program not later than 13 March. 

8. Imperative that  complete and accurate inventories 
be prepared of all materials and equipment 
abandoned a t  field locations. 

9. Every effort in Barrow to be pointed toward early 
completion of work. Estimated date of coin- 
pletion of all fieldwork is 1 October. The esti- 
mated date should be shaded if a t  all possible. 
Materials returned from field to be returned to 
inventory stocks ; warehouses to be prepared for 
physical inventory. All inventories to be re- 
viewed with view of recommending materials to 
be returned to the United States. 

B. The OICC indicated the possible desire of BuDocks 
to complete winter freighting to Shaviovik with 
view of establislling complete cache with thought 
that  drilling might be started a t  some future date. 
OICC recommended against this procedure and 
suggested that materials and equipment be stored 
a t  Barrow. BuDocks concurred with OICC recom- 

a 1011. mend t '  
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C. Subject to approval of ROICC, -%rcon was chargecl con, Coast and Geodetic Survey, Geological Survey, 
with routing of freight trains to complete expecli- Weather Bureau, CAA, Bureau of Indian Affairs, Bu- 
tiously remaining program. Total scope of re- reau of Standards, ONR, and Navy Office of Budget 
maining freigl~ting ~ o u l d  probably include 2 and Reports. Only a little interest was indicated in 
trains froin Brady, 2 trains from Shaviorik, and soille of tlle materials to be available. 
possibly 1 train from Umiat. 

D. Considerable discussion ensued regarding relative 
merits of returning oil-field equipment ailcl mate- 
rials to tlle States as against leaving in Barrow. 
Project manager pointed out that if drilling is not 
res~mied within 5 years all equipment would be ob- 
solete and therefore more economical to r e t ~ u n  at 
this time. Decision must await furtller iiistrnc- 
tioils f roili BuDocks. 

E. The OICC ad~ i sed  that the Air Force llacl been 
contactecl about taking oyer of all equipment in tlle 
field and facilities. General Smith, of L ~ d d  A F B  
(Air Force Rase), had advised OICC of Air Force 
interest ancl lists of equipnlent 1la1-e been furnished 
to Air Force for review. Complete equipment lists 
are being assembled for transmittal to Coin 17 for 
inforin a t '  loll. 

F. It IT-as tlle consensus that equipmeilt a i d  tools would 
be ~nluable  in the United States for defense 11-ork. 
OICC recorllmended that illinimuin shop facilities 
be left in Barrow if the facility is transferrecl to 
the Air Force or other Goverilment activity. 

G. The OICC charged Arcon wit11 proper packing of 
items to be returned to the United States. 

H. The ROICC indicated the required cllanges in t ~ p e  
of coi~lplenient in Barrow camp. Some shops will 
be closed, others will operate on a reclucecl scale, 
but increases \%-ill be needed in certain classes of 
personnel, especially carpenters and typists. Ar- 
con advised that an immediate reduction would be 
macle in the machine and welding shops to about 
t \~-o 111e11 and that there would be a recluction in 
the heavy-duty-equipment shop. 

I. Arcoii is to submit a new cost estimate in order that 
fillancia1 statements may be prepared for OICC 
and DNPR. 

On 13 March the DNPR, wllo was in TVaslliagton, 
D. C., at tlle time, notified his Denver office of the like- 
lihood that substantial assistance under contract NOy- 
71333 ~ ~ o u l c l  be required by the Air Force. H e  stated 
that ally extra cost n-ould of necessity be borne b ~ -  tlie 
Air Force. 

A meeting \\-as called by the DNPR in ~Tashington, 
D. C., on 16 March to discuss the requirements of Fed- 
eral agencies for supplies, materials, and equipment 
that 11~ould be available because of the closeout of Pet 4. 
A t  the meeting were representatives of the ONPR, the 
CNO, tlle USAF,  Army Signal Corps, BuDocks, Ar- 

I n  tlie early spring, negotiations were started for the 
traasfer of the whole Umiat facility to the Air  Force. 
After considerable correspondence this transfer was ef- 
fected on a temporary basis as is indicated by memo- 
randum dated 6 July from tlie commanding officer, 
XPR So.  4. to tlie commander, 11th Air Division (De- 
fense), Ladd Air  Force Base, as folio\\-s : 

1. In accordance with authority granted * * *, prr~nission is 
hereby granted for the U. S. Air Force to enter, occupy and 
ol)er;~te certain facilities and improreinents colnprising a Sal-y- 
o ~ r ~ ~ e d  camp located a t  Umiat, Alaska in Petroleum Re- 
serre Ko. 4. 

2. This right of entry is issued on a temporary basis pending 
n forlnal per~ni t  of occupancvy and t~.ansfrr of facilities, which 
will \be ibsnrd hy the Bnrean of Yards  and l>ocks, S a \ y  De- 
partment when all arrange~ne~lts  hare beell made firm. 

long series of negotiations bet~veen the Depart- 
ment of the Inteiior and the S:try Departinent cul- 
minated on 5 ,Tannary for tlie tnriiing over to the Geo- 
logical Surrey of the Fairbanks llousing, offices, ware- 
Ilouse, and appurtenant facilities as they \\-ere vacated 
by the S a r y  ancl Arcoa. This arrangement was cleared 
wit11 the Alaska Railroad because that agency coiltrols 
the land oil wIlich the facility is establisllecl. The Navy 
withheld a small part of the facility for the continuing 
use of the new inspector for NPR 4. The transfer was 
finally coinpletecl on 31 December. 

Authority was receiveel from the Office of Naval 
Material to transfer materials, supplies, and equipment 
to Federal agencies, giving priority to the military es- 
tablishments, without the ilecessity of formal screen- 
ing of such supplies as outliilecl in Navy Property Re- 
distribution and Disposal Regulation No. 1. On 30 
March the OICC proinulgatecl a multiple addressee let- 
ter advising activities of the availability of NPR 4 in- 
ventories for transfer 11-itllout exchange of funds. 
Upon receipt of requests for transfers of tlle inventories, 
the OICC on 7 May establisllecl a priority list which 
governed the allocation of supplies to requesting activi- 
ties. Arcon, upon receipt of specific instructions from 
the ROICC a t  Barrow, proceeded with the transfer of 
inventories. 

On 19 March Tony Sch~vamm, Director of tlle Alaska 
Department of Aviation, a i d  Dick Webb, of JVien 
Alaska Airlines, called on the OICC about the construc- 
tion of an airstrip a t  Barrow rillage. On tlle same clay 
R. B. Merridity and J. E. Hamilton, of Drake-Puget 
Sound Co., and V. B. Bagnall, of the Western Electric 
Co., discussed with the OICC tlie possibility of using 
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Navy equipment and personnel in support of their Air  
Force project in Arctic Alaska. 

The ROICC a t  Barrow sent a memorandum on 2 
April to AACS, the ARL, tlie CAA, the Ionosphere De- 
tachment of the ACS, the Bureau of Standards, and the 
Coast and Geodetic Survey, all a t  Barrow, to  the ef- 
fect that support of tenant activities a t  Barrow would 
be coi~tinued only until 15 September and giving specific 
instructions about the relation of the closeout of Pet 4 
to such activities. 

On 13 May an Arcon letter of 29 April, and enclo- 
sures, setting forth closeout recommendatioiis in great 
detail, was approved with a fen* modifications by the 
OICC. 

LCDR Donald G. Storey, CEC, USN, reported to the 
OICC in Fairbanks on 10 April to relieve LT John M. 
Daniels, ROICC, Barrow. Lieutenant Daniels, lio\v- 
ever, was not relieved until 7 May. LCDR N. M. Jack- 
son, CEC, USN, was detached as ROICC, Seattle, on 
1 May. 

On 1 June the SecNav instructed the DNPR to make 
tentative arrangements for an inspection party to visit 
Barrow and Pet 4 a t  his invitation to review closeout 
plans. A memorandum to the SecNav froin the DNPR 
dated 11 June informed the Secretary that tentative 
plans had been made. Plans developed rapidly for tlle 
inspection that was to be led by L T  G E N  E. 0. Thon~p-  
soil of the Texas Railroad Commission. Other mem- 
bers of tlie inspection party were 78. E. TVrather, Di- 
rector, Geological Surrey;  J. S. Abercrombie, Robert 
Abercrombie, William A. Smith, 7JTesley West, George 
It. Brown, RADRl John R. I'erry, and the DNPR. 
Gordon Edn~ards  and Julius Gorcloii accompanied the 
party, and the group was guided from Fairbanks 
through Pet 4 and back to Fairbanks by the OICC. 

A special Navy plane left Washington, L). C., with 
meinbers of the party on 30 Juile and proceecled to Aus- 
tin, Tex., where other members boarded. On 1 July the 
party proceeded to Denver and there 17-as fully briefed 
on Pet 4 and tlle inspection. 011 2 July the flight mas 
inacle to Fairbaaks. Tlle party was at Barrow on 3 
and 4 July and made a thorough investigation. Tlle 
plane reached ,\ustin on the returrl trip on 5 July. 

Lieutenant General Thonipson's report to the SecNav 
was dated 8 July. The inspection party concurred fullv 
in tlle decision to recess the exploration. 

I n  view of tlie recessing of Pet  4, the ONR was faced 
with a decisioil as to whether or not to close the ARL. 
A t  the request of the CNR another inspection party was 
sent to the ARL to review its work and plans and to 
advise on tlle above decision. The party consisted of 
John Field (chairman) University of California a t  1 ~ 0 s  
Angeles; RAIIM E. H. Smith, USCG (retired), direc- 

tor, Woods Hole Oceaiiographic Institution; Jo1111 C. 
Reed, Geological Survey ; J. Glenn Dyer, U. S. Weather 
Bureau ; Ear l  G. Droessler, Department of Defense; 
COL A. E. IZrieger, Jr . ,  U S A F ;  L T  COL A. I. Kar- 
stens, U S B F ;  LT COL G. P. Jones, U S A F ;  CAPT 
Roy Hansoii, U S A F ;  James E. Gillis, Jr., S I P R E ;  
Keith Boyd, S I P R E ;  Evelyn L. Pruitt ,  ONR;  F. H. 
Quimby, ONR; George Sprugel, ONR; Norman -4. 
Maier, ONR;  W. B. Girkin, ONR;  and L T  J. St. M. 
Rates, USN, ONR. 

Some of the party left TVasliingtoii, D. C., in a spe- 
cial Navy plane on 29 June. Additional members of 
the inspection group were picked up in Seattle, and 
on 30 June the plane reached Fairbanks. The next day 
was spent in F a i r h n k s ;  on 2 Ju ly  the party went to 
Barrow. Thus, parts of the 2 inspection groups were 
in Barrow at the same time. The ONE party strongly 
recomniended to the CNR that  tlle A R L  be continued 
because of the need for  arctic research in spite of antic- 
ipated higher operating costs. This recommenclation 
was accepted, and tlie ARL TTas continued after the eiicl 
of Pet 4. 

On 15 July C. L. nlollr, Arcoii chief of exploration, 
terminated his appointment as part of Pet  4. James TIT. 
Dalton, Arcon general superintendent a t  Barrow re- 
mained until 7 October; a i d  Ralph Coleman, project 
manager, uiitil 31 October. 

,4 small caretaker stafT v a s  employed to carry on 
custodial functions a t  Barrow after tlle close of Pet  
4. The camp a t  Barrow was closecl on 1 October, but 
the A R L  and necessary appurtenant facilities had been 
turned over to tlle ONR. The airfield was reli~iqnishecl 
to the CAA which thereafter continued its operation by 
a contract with Wien Alaska Airlines. Office ~vork  in 
coi~iiection with completion of reports continued until 
12 December. On that date the last Arcon employee 
was terminated. The final conipletioii report was sub- 
mitted to BuDocks on 10 December and was accepted on 
23 December. On 26 October CDR R. C. Jensen, the 
last OICC mas detached. Subsequently the Navy office 
for Pet 4 in Fairbanks mas under an inspector for NPR 
4 \vho was CDR I). G. Storey, previously the ROICC at 
13a r ro~~ .  

The average number of Arcon einployees from Janu- 
ary to October was 166. During that time 738 man- 
lio~xrs was lost through accidents from a total of 457,590 
man-hours worked. A t  the close of Pet  4 the efficiency 
of the labor used was judged satisfactory. Contract 
NOy-71333 was staffed with a large carryover force 
from contract NOy-13360, and many of tlie less de- 
sirable workers had already been weeded out. The 
OICC reported that relations with Arcoii hacl been 
satisfactory. 
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Transfer of inveiltories to other Federal agencies 
totaled $5,311,732, of which $4,007.932 m-orth was trans- 
ferred to the Air Force. Residual inveiltories valued 
at $7,020,097 xere trailsferrecl to the inspector SPB 
No. 4. 

On 25 September an inspectioil was ~ n a d e  of South 
Barrow No. 4 gas well by ,4. A. Curtice, J .  TIT. I)alton, 
Hugh Saltsman, and J. R. Coleman. The well was 
found to be in goocl order. All control valves had been 
closed and all handles removed. The C h r i s t m ; ~ ~  tree 
and landing head had been cleaned ancl painted. 
Everything was secured for  the 11-inter. 011 tlle de- 
parture from the well, the building was locked, and the 
keys were turned over to Mr. Saltsman, tlle caretaker 
who was to remain a t  Barrow. 

OPERATIONS 

Because the closeout orcler canle before any drilliiig 
was started in 1953, there was no drilling in that year. 
General operations consisted largely of tlle nolnlal 
rnainteilaiice of Umiat, until i t  n-as turnecl over to the 
Air  Force, and Barrow, and of field facilities in support 
of closeout activities. During tlle early part of tlie 
year, before the recessing of Pet 4 \ras kno\vn, there \T-:IS 

considerable preparation of what was expectecl to be a 
niore or less normal year. Even after the closeout order 
some of these operatioils had to continue a t  alniost the 
san~e  scale, but, of course, ~v i th  :x closeout objective. 
For es:unple, tlie overland freighting was converted to 
an oper:~tion to return materials ancl equipnlei~t to Bar- 
row- or Umiat, or other points, rather than to disperse 
then1 according to tlle plans for nen- I\-orli. 

After the closeout order, there \\-as a greatly increased 
workload in inventorying, packaging for return to the 
States, ~varelionsing, storing, and preparation for trans- 
fer of materials to other Fecleral agencies. 

A11 equipmel~t stored with Pet 4 was given miiiininili 
protection against the elements. Xost equipment IJ-~IS 

placed in covered storage in shops or  rareh house^. Pri- 
ority was given to the inside storage of tlie draw ~rorlis 
of the K:~tional 123 rig. JIaclliiie tools \\-ere renioved 
from their foundations and placecl oil timber sleepers 
to prevent damage from settling or heaving of founda- 
tions. Priority for storage inside n-as give11 to ite~ils 
IT-hich ~170~1cl be most likely to be pilfered or wonld be 
damaged by long outside storage. 

An inventory and location map was macle of all ecluip- 
n ~ e ~ l t  and materials cached in field locations. Tlle same 
m7as done at  Barrow after transfer of materials to other 
agencies. To reduce danger to persons, all explosives 
in f eld caches were destroyed. 

LAND TRANSPORTATION 

Tlle 1953 sled freighting season started on 15 October 
1952. Before the close of the season on 14 May, a total 
of 2,308,822 net ton-miles had been hauled. With the 
closeout orcler in early March, the character of the 
freighting changed markedly to a strong emphasis on 
returning equipment and materials to selected centers, 
principally Barrow. The freighting was done princi- 
pally by 4 sled trains and by 3 field crews. I n  addition, 
a special train liauled geo1)1~ysical party 144 to 
Shaviovik. 

Field crew 1 worked n~ostly in and near the south- 
eastern part of Pet  4. I t  made a t r ip from Grandstand 
to 1-niiat in October 1952. I n  the latter part of October 
1932 and until 11 November, i t  made three trips to the 
Chandler River from Umiat. I11 the rest of November 
three short hauls were made to Umiat test well 11. 111 

the latter part of February, the crew made a t r ip from 
E;lrio\v to Skull Cliff; and in early April, from Umiat 
to a point called Colville Junction. A final t r ip was 
niade in tlle first half of March from Barrow to Topa- 
goruk. Two tractors broke down on one of the Chan- 
dler I<iver trips ill October and November, and there 
mTas trouble with an injector and fuel pump of a tractor 
in April. Field crew 1 liauled total of 50,187 ton- 
miles. 

Field crew '3 inade 1 haul froin Barrow to SB11ll Cliff 
fro111 '38 Sorember to 5 December 1952 with a total of 
1,564 ton-miles. Field crew 3 freighted 9,750 ton-miles 
fi,onl Shaviorili to Bullen Point bet~veen 8 and 10 April 
1933. 

Traiii 1 operated out of Barrow. From 13 Deceinber 
l!).32 to 14 JInrch 1953, i t  niade 1 tr ip to Brady, 2 to 
lirady and IZaolak, aiicl a fourth froin Barrow to Umiat 
~ r i t l l  Coast and Geodetic Survey caches. From 19 
Jlarcli to 12 April, a haul was made froin Barrow to 
Ih r t e r  Island. Tlle last t r ip was froin Barrow to 
I-mi:~t fro111 29 April to 12 May. I n  spite of a number 
of nlecliaiiical clificulties, the train accunlulated a total 
of 71 1,043 net ton-miles liaulecl. 

Trail1 2 niacle a trip from Barrolv to Brady from 14 
1)eceiilber to '7 January, 2 trips from Barrow to Brady 
:uid IZaolak from 9 Jalluary to 2 February, 3 from Bar- 
i.o\t7 to rZrac1y and East Ol~r~~al i lc  from 21 February to 
13 JI:~rcll, 3 from Barrow to Brady fro111 14 R1:trch to 1 
-1l)ril; 1 tr ip from Barrow to Barter Island from 5 to 
2l llpril, 1 from Barter Island to Barrow from 26 April 
to 6 Jlay, and a final trip from Barrow to Umiat from 
8 to 14 May. The ton-mile total of train 2 was 678,239. 

The record of train 3 is tabulated on page 166 below 
as i t  appears in the project history for 1953. 
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Numbcr Trip 

of t r ~ p s  From- 1 To- I 

1 Barrow- - - - -  Project 22 -------. 1 
2 Barrour- -_-..--. I Urniat- _ - - - - _ _ _ _ _  1 i Total .-.-..- ---------.---..--- 1 

1 
1 
1 
2 

Depsrted- 

Umiat _- - . . - .  Brady- _ _  __._.--- 

Umiat ........ - - I  Caches 51, 52 ..... 
Barrow- - . - - I  Shaviovik- ...... - 1  
Barrow-. - - - - - I Umiat Bradv- . _ _ - 1  

I 

-- 

23 Dec 
12 Jan  
11 Feb 
4 Mar 

2 Apr 
5 May 

Record of train 9 

11 Jan 
20 Jan  
2 Mar 

28 Mar 

Mechan~cal fallures 
1 
S e t  ton miles 

Train 4 worked out of Umiat until near the end of Week ending 5 Apr: 

Two tractor generators ..................... 
Trouble with one tractor valve_- ............ 
Two tractor generators _ _ _ _ _  - . - _  

February. I t  made 1 trip from Umiat to Weasel Creek Linehaul : 

and Wolf Creek No. 4, starting on 23 November; 3 Northbound: 2 flights from 20 passengers, 9,791 lb 
Fairbanks to Umiat to Bar- of cargo, 15 hr 59 min 

trips from Umiat to Grandstand; 1 trip from Umiat to row and 6 flights from flying time. 
cache 55, Shaviovik, and Gubik ; and 3 trips from Umiat Umiat to Barrow. 

76, 341 
9 ,592  

1'73,042 

to Shaviovik and Barrow. reaching. there on 28 Pebru- southbound: 2 flights froin s.5 passengers, 43,128 lb 

Four broken winch lines, 4 tractor generators, 286, 801 
1 cylinder head. 

One tractor head, 3 winch lines, 1 nlain spring-_ 201, 066 
?;one .................................... 107,046 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
, 
1 853, 888 

a 

ary. It then freighted from Barrow to Shaviovik Barrom to Umiat to Fair- of cargo, 14 hr  39 min 
banks and 6 flights from flight time. (canceled en route) and from Barrow to Topagoruk. 
Barrow to Umiat. 

I t  also made a haul from Barrow to Bagnall Beach (on Bush flying: 31 flights ----__---- G i  passengers, 45,056 lb 
the Arctic coast in Canada) and Barter Island and from of cargo, 3s  hr  49 mln 
Barter Island to Bagnall Beach, returning to Barter 
Island a t  the elid of the season on 2'1 April. I t s  total 
was 441,374 net ton-miles. 

The special trip from Umiat to Shaviovik left Umiat 
on 6 January and reached Shaviovik on 11 January, 
having hauled 23,714 toil-miles. 

The freighting experience was normal except for 
more mechanical difficulties because of older equipment 
and less attention to equipment condition owing to the 
impending close of Pet  4. 

AIR TRANSPORTATION 

During 1953 the air support for contract NOy-71333 
continued to be supplied by Alaska Airlines. This in- 
cluded both linehaul flights and bush plane service. 
The service was operated much as in previous years. 
The last linehaul flight was made on 30 September, and 
the last bush flight on 28 August. Cost figures for air 
support are available for tlle period 1 July 1952 to 31 
May 1953. I n  that 11 months, linehaul flying cost 
$203,915 ; and bush flying $319,540. 

Some air-support data for typical weeks are set fort11 
below as samples of the flying service required. 

Week ending 8 Mar : 
Linehaul : 

Northbound: 2 flights from 15 passengers, 13,299 lb 
Fairbanks to Umiat to Bar- of cargo, 12 hr 37 min 
row and 4 flights from flight time. 
Umiat to Barrow. 

Southbound: 2 flights from 26 passengers, 37,764 lb 
Barrow to Umiat to Fair- of cargo, 14 hr 19 min 
banks and 4 flights from flight time. 
Barrow to Umiat. 

Bush flying: 20 flights ---------- 26 passengers, 33,222 lb 
of cargo, 24 hr  11 inin 
flying time. 

flying time. 
Week ending 31 May : 

Linehaul : 
Northbound: 3 flights froin 23 llassengers, 8,430 lb 

Fairbanks to r m i a t  to of cargo, 9 hr  50 ~ n i n  
Barrow and 3 flights from flying time. 
Umiat to Barrom. 

Southbound: 2 flights from 16 passengers, 40,973 lb 
Barrow to Umiat to Fair- of cargo, 10 hr  17 min 
banks and 3 flights from flight time. 
Barrow to Umiat. 

Bush flying: 15 flights ---------- 1.3 passengers, 23,777 lb 
of cargo, 20 hr 45 nlin 
flying time. 

There f o l l o ~ ~ s  a summary of tlle 1953 air operations 
as recorded in the project history of Pet  4 for 1953 as 
prepared by the OICC : 

Summary of air opercctions, 1953 

Month 

( I.inehs.1 I Bush fligi~h-Weight lifted 
fliqhts- 
wiight lifted ' 

(in pounds) 

Jan ...................... 
Feb.. ................... 
Mar. .....--.-----........ 
Apr ...................... 
May. .................... 
Jun ...................... 
Jul ...................... 
Aug ..................... 
S ~ D .  .................... 

T o t a l  ............. 1,158,318 946,692 133,342 2,238,352 i--I-- 
One inconsistency appears in the record in that it is 

reported that the last bush flipllt was on 28 Angust, 
whereas the table above, from the project history, sllo\vs 
no weight lifted in bush flying after July. The incon- 
sistency probably is not significant. 
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SEA TRANSPORTATION 

I n  1953 there was no Barex as such. The sliip eupecli- 
tion that year was organized differently and ~ v a s  de- 
signed primarily for returning material froill Barrow, 
not for  northbound shipping. It was therefore called 
Barchange Expedition for  Barrow exchange. There 
was no procurement for  contract NOy-71333 because 
of the recessing of Pe t  4. 

The backhaul from B a r r o ~ r  consisted of 3,731 toils 
of miscellaneous equipment and parts for various Gov- 
ernment agencies and 70 tons for Barter Island. Pack- 
ing ancl crating of spare parts, equipment, and niis- 
cellaneous material was performed by drcon personnel. 

Pet  4 personnel in 1953 dicl not attencl the initial 
planning conference for  Barchange, and therefore the 
expedition did not have the advantage of Pe t  4 espe- 
rieiice. Such participation in the planning probably 
would have resulted in a inore effective and successfnl 
operation. 

Air  recoi~naissaiice for  Barchange was conductecl by 
1 Navy and 1 Coast Guard PBY. Tlle ice patrol cov- 
ered an area southwest from Barrow as f a r  as Icy 
Cape and eastward to Barter and Herschel Islands. 
The Navy P B Y  under command of Lieutenant I-Ien- 
ning, USK, arrived a t  Point Barron* 011 2 July and flew 
ice patrol until 25 Ju ly  when the crew was relierecl by 
a crew headed by Lieutenant Hessey, USN. The Coast 
Guard PBT ~ v a s  comlnanded by Ensign Fraser. I t  
arrived a t  Barrow on 13 July aiid flew patrol until 31 
July when a new crew under Lieuteilailt Hustable 
took over. No short-range ice reconnaissance mas per- 
forn~ed by lzelicopters. Another Navy P B T  arrived 
on 1 July  for the purpose of aerial photography of 
ice patrol and photo reconnaissance. That  flying boat 
departed 8 July. 

The commanding officer of Barchange was RADJI 
F. S. Withington, USN. CDR J. Backlund and Jfr.  
Swanson were ice pilots. The ships includecl the 
U. S. S. Es te .~  (flagship), the 17. S. 8. S'X.ngif niid 
Electra (AKA'S), LST's 11~6,1110,9?5. and 914. Belle 
Grore (LSD), and Grcrpple (ARS)  . 

The LST's, the Grapple, and the Belle Grore arrived 
off Barrow on 28 July. Because of ice off the cainp, 
the ships, with the exception of the Belle Grove, ~ e n t  
to emergency landings off beaches east of Point Barrow. 
The Belle Grove remained a t  einergencp anchorage off 
Point Barrow. The Electra, the Xkayit, and the E8te.s. 
arrived off Barrow on 2 August. A t  1300 a coiifereiice 
was called aboard the Estes by Admiral TTithington. 
All key personnel, both shore and ship, attended. 

Ice and wind made loading extremely difficult. Load- 
ing operations from beach to LCM's and LST's were 
conducted by Arcon personnel. The norinal beaches 

were closecl by ice floes, and the cargo for the first 2 
days was loadecl from the lagoon. Later the LCM's 
and barges mere able to load from the beaches, but tlle 
AB-1's remained about 5 miles offshore northeast of 
Point Barrom. Freight had to be boated to the ships; 
ant1 a ro11nc1 trip, not including loading and unloading, 
took 2 hours. 

After tlie loadiag of the LST's, they continued east- 
ward to Barter Islaiicl i n  support of Counterchange, 
the clesignation of tlie support t r ip to that island. The 
Electpa, Skagit, ancl Estes had anchored 7 miles east 
of Poiiit Barrow to await favorable ice conditions, 
~~-1licli never materialized ; and the loading of the 
-11<-1's took place a t  that  anchorage. 

Unloacliag of supplies for  various agencies a t  Barrow 
was accoi~~plisliecl without difficulty with tlie exception 
of the long haul to reach shore. A total of 184 toils 
\\-as offloaclecl as follo~vs: Fo r  the Weather Bureau, 161 
long tons; the Bureau of Standards, 17 tons; the CAB, 
3 tons ; and the BRL, 331 pounds. 

Tlle LST's that  hatl returned froin Barter Island left 
for tlle south first. 011 14 August the Estes, Belle 
Grove, Electru, ancl Xkagit departed. 

Barcllaiige enco~uitered poor weather and ice condi- 
tions throughout. Not a single day showed conlpletely 
open water. -1 fen- clays after the ships had left, the ice 
nloved 30 miles offshore, and the ocean a t  the point was 
coalpletely clear of ice. 

Coilli~luiiicatioils from ship to shore were very poor. 
Savy-type restrictecl messages received a t  the camp 
coultl not be deciphered because no code was held by the 
*1CS or -iACS. There was considerable pilferage of 
cargo, incll~ding clothing clesignated for  the Alaska 
Kt'atil-e Ser~ice .  

On one day, 3 August, the boat crews, officers and 80 
illell were stranded, aiid their mere boats caught in the 
lag0011 by ice. About 10 officers and men of UDT7s 
\\-ere ~ulable to pay messing and billeting charges be- 
cause they liad no pay accounts as their destii~atioll 
was Earter Island. 

The -1GB U. S. S. Xor,thzoind, an icebreaker, not con- 
nected with Barchange arrived off Barrow on 20 July. 
IIyclrographers, pliysicists, and various technicians, 12 
in all. were taken to the Xorthzuind by the A R L  boat. 
The sliip returned  restw ward the same day and came 
bacli again on 2 dug i~s t .  The LI'ortlru*i~zd finally \vent 
soutli~~-arc1 11-it11 tlle other ships on 14 August. 
-1 siiiall custodial force was organized to remain a t  

Barrow. Large stocks of supplies and equipment n-ere 
transferred to tlie Western Electric Co. for  use by i t  and 
its subcontractor, tlle Drake-Puget Sound Co. on an Air  
Force contract. Much of this inaterial was freighted 
to Barter Island. Original closeout plans assumed that 
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all of the oil-field equipment and most of the construc- 
tion and transportation equipment and supplies would 
remain stored a t  Barrow. A s  soon as the requirements 
of other Government agencies were known, i t  was ap- 
parent that most of the construction equipment, spare 
parts, and supplies a t  Barrow would be required for use 
on other Government projects; the bulk of them were 
needed by the Air  Force. 

I n  about 14 days in January and February, an air- 
strip mas constructed in the Shaviovik area by grading 
a large bar on the Sha~ iov ik  River near F inn  Creek. 
The strip was 4,000 feet long and about 100 feet wide. 

SEISMIC SURVEYS 

Party 144 of the United Geophysical Co. started a 
seismic survey in the Shaviovik area on 1 January. 
(See pl. 3.) It was decided to conlplete that work in  a 
somewhat limited fashion. The surveys were completed 
on 8 April for a total of 3% party-months. 

The objective of the survey was to attempt to check 
the relation between the subsurface structure and the 
Shaviovik anticline as mapped on the surface. The re- 
flection data were much better than those from the 
Castle Mountain and Driftwood areas. The work 
showed that the anticline as i t  shows on the surface ap- 
parently does not have a similar deep counterpart. Only 
a limited nllrnber of data were obtained from the first 
7,000 feet of section. Tlle reflections showed a complex 
of thrust faults between 7,000 and 10,000 feet. A deeper 
reflection at  about 13,000 feet shows a north-dipping 
monocline. Insufficient work was done to indicate the 
regional dip. 

GEOLOGIC SURVEYS 

I11 order to bring the geologic surveys to a logical 
stopping place and to collect sufficient information for 
the final report, several Geological Survey parties col- 
lected data on specific geologic problems. The parties 
TI-ere in the field from early June to early September 
and worked on a variety of problems as indicated below. 
(See pl. 3.) A11 of the work was staged from Umiat. 
The Navy financed projects 1 through 6, and the Survey 
fin:ulced projects 7 and 8. Arcon supplied some or all 
logistic support for all of the projects. 

Project 1 was a traverse by weasel in  the vicinity of 
the Kiligwa and Nuka Rivers. The work completed 
the geologic mapping of the area and yielded further 
data on the trend of the Brady anticline. Two geol- 
ogists with one field assistant spent approximately 5 
weeks on the project. 

Two geologists assigned to project 2 spent 6 weeks 
in  the area of the Killik and Colville Rivers. The party 
moved by boat. The area was selected for restudy in 
an  attempt to solve several problems pertaining to the 

dating and correlation of Cretaceous rock units. Sev- 
eral sections were resampled for  microfossils. Addi- 
tional spot examinations were made on selected out- 
crops along Maybe Creek and the Anaktuvuk, Nanu- 
shuk, and Etivluk Rivers. A small plane on floats \\-as 
used to reach the outcrops. 

Project 3 was a resampling of Cretaceous sections 
in the vicinity of Carbon Creek and the Utokok River. 
The project personnel included 1 geologist and 1 field 
assistant. The Torok formation and Nanushuk group 
sections were resampled. The project took 4 days, and 
bush planes mere used for  transportation. 

One geologist and one assistant studied the structure 
and stratigraphy of the Carter Creek anticline. This 
was project 4. Transportation was by bush plane, 
weasel, and foot. Office studies of aerial photographs 
previously had indicated folding of Pliocene strata 
near the axis. I n  the 5 days allotted to the worlr, the 
folding was confirmed, but the amount of closure could 
not be determined. 

Project 5 involved structural and stratigraphic map- 
ping in  the Corwin-Cape Lisburne area. The study 
added greatly to the knowledge of the late Paleozoic 
and Mesozoic rocks of that little-known area. Two geol- 
ogists spent about 6 weeks on the project; and, in addi- 
tion, 1 geologist worked 3 days near Cape Lisbmrne. 

A geologist, wllose work was designated as project 
6, spent 5 weeks along parts of the Korlgakut and Fir th 
Rivers. Most of the travel mas by boat. The project 
was of a reconnaissance nature and was cooperative 
with a project of the Arctic Research Laboratory and 
the National Park  Service. 

Project 7 was a resampling by t ~ v o  geologists and a 
restudy of selected Paleozoic and Triassic sections in 
the central Brooks Range. The sections are on the 
Kiruktagiak River, Tiglukpuk Creek, and Kevik Lake. 
The project occupiecl about 1 month. 

The two geologists assigned to project 8 were flown to 
Wild Lake to start a boat traverse do\vn the Wild 
River to the Koyukuk River. The Wild River proved 
too low to permit the use of a boat; so the men were 
moved to Wiseman and from there traversed the Koyu- 
kuk River to the molith of the Hogatza River. Struc- 
tural and stratigraphic mapping were done. 

SUPPORTED ACTIVITIES 

Outside activities only partly related or completely 
unrelated to Pe t  4 were supported in  1953 in a manner 
comparable to earlier years up to the time Pet  4 was 
finally recessed in the fall. This support, while sup- 
plied gladly, had continued to grow in  size and com- 
plexity; and, although work unrelated to Pe t  4 was 
generally paid for, the total effort for such activities 
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became a substantial drain on time, space, and per- 
sonnel of Pe t  4. I n  the winter of 1958-53 support \\-as 
supplied to about 80 persons not connected with Pe t  4. 

The  project history for  1953 prepared by the OICC 
contains tjhe following list of supported activities with 
a note that  some may hare  been inadrertently omitted: 
a. Supported by change order to the contract : 

1. Arctic Test Station 
2. Arctic Research Laboratory 
3. 1930th Det-6 AhCS 
4. Optical Research Laboratory (Keys project) 
5. Sational Bureau of Standards 
6. Air Force Barter Island project 
7. S i r  'orce Umiat and General Project 

b. Supported other than by change order to contract : 
1. Alaslra Communication System, U. S. Army 
2. Airway and Air Communications Ser~ ice ,  U S d F  
3. Ciril Aeronautics Administration 
4. Sational Bureau of Standards 
5. Air support contractor 
6. Geological Survey 
7. Coast arid Geodetic Surrey (Coastal) 
8. Coast and Geodetic Surrey (Magnetic) 
9. Weather Bureau 

10. 1130th Field Detachment, USAF 
11. Office of Naval Research 
12. ARL (Boston University) USS 
13. Alaska Sa t i re  Service 
14. Fish and Wildlife Service 
15. Arnmy Signal Corps 
16. Blnslra Sational Guard 
17. UShF 
18. nepar t l i l e~~t  of briation, Territory of Alaska 
19. Coast Guard 
20. Savnl Station, Kodiak 
21. C'o~nnianclant, 17th Sara1  District, Kodiak 
22. Xational Park Service 
23. Fairbanks Ciril Defense 
24. DirPacAlDocks, San Francisco, Calif. 

SUMMARY OF 1953 

The outstanding feature of 1953 was the decision to 
recess Pe t  4. This resulted from a series of stuclies ancl 
decisions that  required, starting in Alarcli, a rapicl 
cessation of exploration activities and a program de- 
signed to effect an efficient closeout before late fall. 
Much time and effort went into moring selectecl equip- 
ment and material t o  central points, its inrentol.yinp, 
storing or packing for  return shipment, ancl the transfer 
of many supplies, illucll material, and equipment to 
other Federal agencies, i~iostly to tlle Air Force. S o  
drilling mas clone, but some geology and geophysical 
work were continued to logical stopping places designed 
to result in reasonably complete infornlation for  use 
in the final report. 

The cessation was accomplished in an effective nian- 
ner and one that reflects credit on all concerned. Gen- 
erally satisfactory provision was made for  closing out 
most supported activities and for  the continuation of 

those that  were destined to go on. The fact that  the 
Air  Force was just getting well into a major Arctic 
project was fortunate in  that  that  Department required 
a large part  of the equipment and supplies that  vould 
no longer be needed. 

S U M M A R Y  A N D  CONCLUSIONS O F  
E X P L O R A T I O N  

For  10 years a program had been carried on that  
was unique for the American Arctic in size, complexity, 
and accon~plishment. What  did i t  mean to the Ameri- 
can in tlle street that some of his tax dollars over all 
those years had gone to support such an ambitious 
venture in a vast region unknown and of virtually no 
interest to most of the people? It is probably too soon 
to ans~~-e r  this question in  anything like an adequate 
fashion, but the question can be taken apart  and an- 
swered in par t  in terms of certain specific accomplish- 
ments, of trends, and of a variety of groups, individuals, 
and organizations. Fo r  example, what did Pet  4 mean 
to the Eskimos, t o  the oil industry, to the Navy, to the 
Territory of Alaska, to modern concepts of national 
defense, and so on?  It is the purpose of this final sec- 
tion of this historical report to explore some of those 
questions and to attempt some sort of qualitative 
appraisal. 

Tlle answers are satisfying ones to anyone who par- 
ticipated extensively in Pe t  4 over the long, hard years 
:tnd ~vho  sliared in the difficulties, discouragenients, 
and tlisappoiiitments that were faced contiiluously and 
for  the most part were overcome. Tlle record is one of 
hart1 IT-ork and accomplishment of ~vhich the Navy can 
be pr01~1 indeed. Conimendation is due the key Naval 
officers througl~out the undertaking. Sharing in the 
"well done" are hrcon and numerous other orgmliza- 
tions, both Federal and private, including the United 
Geophysical Company, the United States Geological 
Surrey, the United States Coast and Geodetic Survey, 
Wien -1laska Airlines, Alaska Airlines, Transocean 
-lirlines, and many others. Special mention is due the 
operating committee (later the advisory committee) 
that aclvisecl the Navy on policies, operations, ancl all 
other pliases of a colnplex but closely integrated oper- 
ating organiz;ttion. The outstanding inell of that com- 
mittee. chaired by tlie D S P R ,  gave freely of their time 
and advice, stucliecl the countless problenls from their 
cliverse baclrgro~mds and specialized aptitudes, and de- 
veloped counsel and advice that  resulted in an effective 
operation in spite of staggering problems of organiza- 
tion, administration, budget justifications, arid many 
others. 

Perhaps the best way to appraise Pe t  4 in terms of 
results is first to  review some of the accomplishments 
in  terms of the defined objective-to appraise tlie pe- 
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troleuin possibilities of Xavnl Petroleum Reserve No. 4 
and adjacent areas. I n  all, 36 test wells (135,677 feet) 
and 44 core tests (33,873 feet) were drilled. The total 
footage drilled was 160,250. The 44 core tests ranged 
in depth from 115 feet in Siinpson core test 1 to 2,505 
feet in Simpson core test 28. Test wells ranged in 
depth from 373 feet in Knifeblade test well 2 to 11,872 
feet in Oumalik test well 1. Two  ells exceeded 10,000 
feet in depth, and eight were clrilled to depths between 
5,000 and 10,000 feet. The distinction between holes 
classified as core tests and test wells depended not on 
depth reached but on the type of r ig used in  drilling. 

Oil or gas, or both, were discovered in several geo- 
logic structural features, and tlle drilling in some was 
sufficient to yield data adequate for at  least general 
appraisals of the producible oil or gas. The data on 
some of the more important of these structural features 
are summarized and generalized below. 

UMIAT FIELD 

The most extensire oil field cliscovered was the Umiat 
field in the southeastern par t  of Pe t  4. Eleven holes 
were drilled in that  field, and there is substantial in- 
formation on the reserres i t  contains. Xe~e~theless ,  
the various estimates made by a half dozen authorities 
range widely. I n  general, the reserves appear to be 
disappointingly small north of a fault that passes 
through the 'IJmiat anticline about parallel to  the axis. 
I11 part, the wide divergence in reserve estimates is 
because of differing opinions as to the amount of oil 
that could be produced from the permafrost zone that 
includes a substantial part of the field. 

Four sandy zones have been shown to contain pro- 
ducible oil. Keeping in miilcl the fact that  reserve 
estimates range widely, the most generally accepted 
estimate at  the close of Pe t  4 was about 70 million bar- 
rels of recoverable oil. 

Significant gas was discovered in one of the wells. 
The size of the gas reserve is not knon~n, but the gas - - 

apparently is confined to a fault block in the anticline 
and is not present in most places. I t  is not under higli 
pressure and presumably ~ ~ o u l d  not provide appreci- 
able gas drive for oil production. 

SIMPSON FIELD 

A t  the Simpson field, drilling discovered paraffin- 
base oil of 19" A P I  gravity. I t  has a high pour point 
arid cannot be readily handled a t  low temperatures. 
The seismograph work in the area rerealed virtually 
no departures from tlle regional east dip. The  Geo- 
logical Survey postulated an interpretation of oil ac- 
cumulation under an unconforn~ity that was the result 
of submarine erosion of unconsolidated sediments. 

The field mas tested by 35 wells, 33 of ~ ~ ~ h i c h  were 
core tests near the Simpson seepages. The core tests 
ranged in depth from 115 feet to 2,505 feet. Simpson 
test well 1 \$-as drilled to 7,002 feet; and North Simpson 
test si ell 1, to 3,774 feet. 

Reserves were difficult to estimate and highly specu- 
lative. Near the end of May 1951, the assistant chief 
of exploration estimated the field to contain around 
12 million barrels of recoverable oil. 

Only a little gas was fo~lnd  a t  Simpson. Core test 16, 
when bailed down, flowed enough gas to prevent the 
filling of the hole with water to stop the flow. I t  is 
known that this flow continued for a t  least a year. The 
pressure was relatively low, and the volume is believed 
to have been small. 

FISH CREEK FIELD 

The regional dip of the strata in the Fish Creek area 
is east a t  about 500 feet per mile. The Fish Creek xvell 
seems to be on a structural terrace. The oil seems to 
have accumulated in a stratigraphic or an uilco~lfo~mity 
trap. Because of the absence of a definable structural 
feature, the extent of the accumulation cannot be 
estimated. 

Only one well was drilled a t  Fish Creek, not sufficient 
to explore the field adequately. The well was drilled 
to 7,020 feet, and oil was found near 3,000 feet. A 
pumping test yielded only 12 barrels per day, and that 
soon decreased to 8 barrels per day with a little water 
and gas. 

BARROW FIELD 

Tlle Barrow gas field was discovered in 1949, ancl the 
camp was subsequently gradually converted to the use 
of gas instead of fuel oil. The  gas lies a t  about 2,500 
feet below the surface. The pressure has continued for  
years a t  about 1,010 pounds per square inch. The field 
since discovery has continually produced between one- 
fourth to one-half million cubic feet of gas per day. 
Because the pressure has not fallen off, i t  is assumed 
that the field has a water drive. Available data indi- 
cate that the field contains between 5 and 7 billion cubic 
feet of gas. 

GUBIK FIELD 

The  Gubik gas field is of major size. It was tested by 
two wells, and production tests were made on 3 sands 
in Gubik test well 1. A t  least 10 other sands of similar 
characteristics were not tested. Gas from one sand blew 
out in  Gubik test well 2 with a flow estimated at  near 
50 million cubic feet of gas per day. Only one sand 
tested in Gubik test well 2 had gas in  commercial qnan- 
tities. Arcon has estimated a reserve of 22 billion cubic 
feet of recoverable gas in tested sands and a possible 
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295 billion cubic feet if untested sands of similar char- 
acteristics are included. 

WOLF CREEK FIELD 

The TTolf Creek gas field is relatively small. F i r e  
sands were tested. and the maxinlunl flow from :lily 
sand was 881,000 cubic feet per day. Tlle field TI-onld 
be valuable apparently for  local use only. 

OUMALIK FIELD 

Gas under high pressure is present in the Oli~~lal ik 
anticline, but the sands were not located accurately or 
tested. L4ppareiltl~ tlle pas sands are above 2,762 feet. 
A t  one point during clrilliag, high-pressure gas threat- 
ened to blow out the well. T\Tell-l~ead pressure at one 
time built up to 1,360 pounds per square inch. S o  esti- 
mates of reserves were made, but presumably the rol- 
urne is not large enough for commercial production. 

31EADE FIELD 

Substantial gas is present in the hleade anticline in 
several sandy zones. KO satisfactory tests were made, 
and there are insufficient data for a reliable estimate of 
reserves. On the basis of a few data and illany ass1111ip- 
tioils, a possible reserve of 10 billion cubic feet of gas 
was estimated. 

SQUARE LAKE FIELD 

Gas \\-as found at 2 lerels in the 1 well drilled on 
the Square Lake anticline. Data are insufficient for 
quantitatire estimates, but the volume ancl pressure 
from the lower level at  about 1,850 feet indicate that 
the possibilities of the field may be substantial. 

OTHER EXPLORATION ACTIVITIES 

I n  brief summary. exploration activities, other than 
drilliag that has already been cliscussed, inclndecl over- 
all the following : 

1. The coverage of about 67,000 square miles by seis- 
mic shooting, nlostly reflection shooting. 

2. The  geologic mapping of 21,000 square nliles by 
reconnaissance, seinidetailed, and detailed methods. 
plus many related studies. 

3. Tri~lletrogoil photography of all of Pet  4, about 
37,000 square ~niles. Vertical aerial photography of 
about 70,000 square miles. 

4. Coverage of about 75,000 square miles \\-it11 the 
airborne magnetometer. 

5. Grarity-meter coverage of about 26,000 square 
miles. 

STATUS OF EXPLORATION 

the pi-ogram as briefed above in terms of the defined 
objective. This appraisal is a systematic review of just 
\That Pet 4 has meant as an oil-exploration project. I n  
short, i t  is a thumbnail sketch of what the taxpayer 
received for  his money. 

Tlle subco~nlnittee reported tn-ice; the second time 
was in Kovember 1952. After that  the subcomlnittee 
revised its report slightly and turned in a final report 
in January 1953 after aln~ost all exploration activity 
had ceased. -1 little geologic and seismic work was 
done in 1953 after the report was submitted. 

The subcoinn~ittee considered the program in terms 
of 5 areas and then studied the status of Pet  4 for each 
of those areas. 

Area 1 (see fig. 101) included the coastal plain within 
the boundaries of NPR 4. Coverage by surface geology 
was considered as 100 percent because there are vir- 
tually no outcrops, and little could be done. Seismic 
corerage \\-as estimated at  about 30 percent, and no fur- 
ther work of that type was considered necessary. Cov- 
erage by airborne magnetometer and by gravity meter 
was 100 percent. Drilling in area 1 included 10 test 
wells and 36 core tests. The subcommittee agreed that 
tlle likelilloocl of usable petroleunl deposits in the area 
are poor but that  i t  does contain usable gas accumula- 
tions. The s~lbcommittee felt that  the obiective of 
Pet  4 for area 1 had been attained. 

Area 2 was the coastal plain east of the Reserve. 
Bedrock exposures are rare and about 90 percent of 
~ v h a t  could be done by surface geology had been accom- 
plished. Only about 5 percent of what could be done 
by seismic methods had been done and no gravity-meter 
coverage had been made. Airborne magnetometer cov- 
erage was 100 percent. The petroleum potentialities 
are unknown; no drilling had been done, but the area 
is known to contain anticlines similar to those in area 
3. A. little geologic work, substantial detailed seis- 
mic corerage, and 1 or 2 wells at  least would be needed 
to test the Tertiary and the Cretaceous rocks. 

Area 3 was defined as the ilortllern footllills within 
S P R  4 and the northern footllills eastward to the 
Anakturuk River to include the Gubik anticline. 
Surface geology was consiclerecl as about 95 percent 
complete. This included 90 percent coverage by re- 
connaissailce mapping ancl soille detailing of selected 
geologic structures. Seismic ~ ~ o r k  embraced only 
about 5 percent of the area. The area was about 60 
percent corerecl by gravity surveys and entirely by the 
:iirborne magnetometer. Twenty-five test wells and 
five core tests had been drilled in area 3. The area is 

Near the close of tlle program, a subcommittee of the known to contain small- to  medium-sized oil and gas 
advisory committee carefully appraised the status of fields. Some more seismic n-ork and more drilling, 
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especially into the pre-Cretaceous rocks, \~oulcl be 
needed to attain the objective in area 3. 

Area 4 \\-as the northern foothills east of area 3. 
Geologic lTork n-as consiclered as 70 percent complete. 
Airborne n~agnetoineter surveys had covered about 00 
percent of the area. There had been no seisn~ic work, 
but some \\-as done after the report was submitted. 
There had been no drilling. The possibilities of the 
area mere considerecl unknon-n, but there was tliought 
to be a fair possibility that  the Lisburue group migllt 
be petroliferous in favorable structural features such 
as the Shaviovik anticline. More geologic mapping, 
more seismic surreys, ancl a t  least three test wells I\-oulcl 
be needed to reach tlle objective in area 4. 

Area 5 was defined as the southern foothills all along 
the north front of the Brooks Range. About 73 per- 
cent of the surface geology had been mapped. Several 
structural features had been mapped in detail. Only 
a little of the area hacl been covered by the seismograph 
or by the airbor~le magnetometer, and there hael been 
no gravity surreys. S o  test  ells had been drilled. 
The possibilities of area 5 are unkno\\-11. Geologic sur- 
veys, seismic coverage, ancl at  least two tests of file pre- 
Gretaceolis rocks would be needed. 

I n  summary, it \\-as estimated that 6-10 test wells and 
prelilninary geologic and seismic surveys 11-oulcl be 
necessary for a reasoilable appraisal of the oil possi- 
bilities. Arcon estimated that the work visnaliaetl 
\~ou ld  require 3 to  5 additional years. 

FISCAL SUMMARY 

11 subject of proper concern to the citizen interested 
in  Pe t  4 is what did i t  all cost. This is s o m e ~ ~ l ~ a t  diffi- 
cult to answer because certain costs were not cllargecl 
directly to tlle project. For  example, the cost of send- 
ing Uarex to the lieserve each sunlmer \\-as carried as 
an operational cost by UuSllips ancl not as a direct cost 
to be paicl from funcls appropriated or mncle available 
other\\-ise specifically for Pet  4. I t  is not withili the 
scope of this history to recorcl tlle details of cost. but 
a few salient cost figures are inclicative of tlie clirectlg 
cllarged cost of Pet  4. 

The recorded cost from the start of Pet  4 to tlie encl 
of itlay 1953 is sumnlarized below. 

Drilling 36 test wells, 44 core holes ---------_----- $11, 233, 0!)8 
Geophysical exploration . . . . . . . . . . . . . . . . . . . . .  8, S i l ,  963 
Geological exploration ----------------_--------- 2,176,646 
&Iaintena~~ce ant1 ol~eratiol~ of canllls -----_------- 13, 786, 000 
lLIiscellai~eous snpporting expenses (Burean pro- 

curement, spare parts, consult:~rits, travel, etc.) _- 5,261, 605 
Airway facilities ------------------_---__- 813,723 
Airlift, hush and lineI~aul------------------------ 3,469,218 

-1s of 30 June 1953, the value of the Barrow camp, 
inclncling structures, utilities eqnipment, shop equip- 
ment, and other installed equipment was estimated as 
$896,993. The  Fairbanks installation wtts worth 
$09,000. ,In in\~eiitory of noninstxllecl equipment on 
the same date was reported as- 

Oil-field equiplnent : 
Rigs, cementing equipment, blow-out prevent- 

ers, boilers, logging units, etc -_-------_---- $1,013,000 
Oil-field consulnable supplies : 

Drill ~ i p e ,  casing, tubing, lin'pipe, fittings, bits, 
mud, cement, etc .......................... 2,376 ,  0')0 

(>ener:tl constrnction equipment : 
Bulldozers, draglines, truclrs, ~~interi;rls, han- 

dling equipment, shovels, hthey wagons, 
sletls, diesel electric generators, etc ----_-_-- 2, 882, OUU 

Gener;tl stores and food 5,473,000 

Total-_-----------_---------------------  11,944,000 

A KEY TO ARCTIC OPERATIONS 

111 atlditioil to tlle direct results of Pe t  4 as related 
to its tlefiilecl objective, innch inforn~ation and experi- 
piice and mucll in terms of operating techniques came 
out of Pet 4. 

Pet 4 \\-as one of the largest, longest, and most dificult 
,1rctic operations of all time, anywhere-it certainly 
\\-:is by far  the greatest developlnent and most complex 
activity ever undertaken in the Alaskan Arctic. I t  
yielded a rich harvest indeed of byproduct da t t~  and 
experience on all manner of operatioils and environ- 
mental facts about the 70,000 square miles, more or  less, 
that lie between the drainage divide of the Brooks 
Range ancl the polar sea. I n  this section of the liistory 
of Pet 4 is set don-11 an analysis of the kinds of infor- 
m:ition that  may be useful for  many purposes both 
military and civilian. 

The northern part of Alaska is iinport:lnt to the de- 
fense of the United States. It is the only United States 
segment of the perimeter of the Arctic Ocean ; i t  is rela- 
tively close to the great Alaskai~ Air  Force bases such 
:is Elmendorf, Ladd, and Eielson; i t  faces across the 
Cllnkclli Sea directly a t  the easternmost part of the 
TTSSR ; it is crossed by many potential great-circle air 
rontes between major population centers in the north- 
ern hemisphere; i t  contail~s natural resources of coal, 
gas. ant1 petroleum, but the full extent of those resources 
is not k n o ~ n ;  and i t  is the area in which for 10 years 
\\-as played out a great saga of the Arctic, Pet  4. 

JIa11-y iilfornled persons feel that  the experience and 
kno-\~ledge gained were worth the total investment from 
the standpoint of defense and Alaskan development- 
entirely aside from the primary objective of Pe t  4 itself, 
nainely a reasonable interpretation of the oil possibil- 
ities of NPR 4. This was the first United States ex- 
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perience in a truly arctic operation involving large num- 
bers of men, up to more than 500 a t  times, engaged in 
all sorts of construction, iilcluding the building and use 
of airfields, many types of structures, and drilling deep 
test wells down to a depth of about 12,000 feet; all kinds 
of transportation over long distances and carrying 
heavy loads, summer and winter, by land, sea, and air ;  
all sorts of arctic living conditions a t  all seasons with 
the attendant problems of human relations, medicine, 
food, water supply, shelter, and morale; close relations 
with the native Eskinios and their maximum use in  the 
project; and the close coordination and operation of a 
master plan with its infinite aspects of contractual re- 
lations, programming, and supply and logistics ; as well 
as many other problems. 

Excellent and detailed records were kept through- 
out the entire operation. Many volumes would be re- 
quired to record in systematic fashion all the data that  
were accumulated, and that  is fa r  beyond the scope of 
this paper, which presumes only to indicate some of the 
salient types of infor~liation that should be digested and 
used in military thinking about northern Alaska spe- 
cifically and about the Arctic generally. 

PLANNING, ADMINISTRATION, AND DIRECTION 

The planning, adniinistration, and direction of an 
operation such as Pet  4 is complex. The pattern of 
these aspects of Pet  2 contains much of value in con- 
sidering future Arctic projects. Several Navy offices 
were involved, as mere sereral civilian Federal agencies 
and a basic contractor, ~T-itll an additional group of 
subcontractors. 

The appropriation iteills for the project were made 
available to the Office of Naval Petroleum Reserves, 
which was then an arm of the office of an Assistant Sec- 
retary of the Navy but is now under the office of the 
Under SecNav. The Director of Naval Petroleum Re- 
serves, therefore, xi-as primarily responsible for Pe t  4 ;  
and he, with assistants generally selected by him, pre- 
pared the justifications and defended the proposals be- 
fore the Bureau of the Budget and the congressional 
appropriation subcommittees. I11 addition, the Direc- 
tor of Naval Petroleum Reserves continually kept the 
Armed Services Coinmittees of the House and Senate 
fully informed about Pet 4. 

Pet  4 started before the close of the war, and for a 
little more than a year, until early in 1946, the operation 
was carried out by a Seabee detachment. The first ship 
expedition to Point Barrow in the fall of 1944 was dur- 
ing that  interval. The Seabees built the nucleus of the 
very substantial perillanent camp that followed, con- 
structed the airstrip on the beach, drilled the first major 
test hole on the U n ~ i a t  anticline, and gained the first ex- 

perience in Arctic oil-field operations. By early 1946 
a basic contract had been negotiated by BuDocks with 
Arctic Contractors, a company formed for the purpose. 
I n  the first year also, a transportation office for air  trans- 
port to Pe t  4 was established in Fairbanks, roughly 500 
miles to the south in the heart of Alaska and on the rail- 
road and highway to the Pacific coast and also on the 
Alaska Highway to the States. 

It was soon recognized that the most practicable air 
support would be by contract, and appropriate contracts 
were made successively with several airlines iiicludi~lg 
TVien Alaska Airlines, Transocean Airlines, and Alaska 
Airlines. Arctic Contractors entered into several sub- 
contracts for  certain aspects of the total job. The most 
important of these was with the Unitecl Geopllysicnl 
Co. for the geophysical exploration that  was contern- 
plated. 

Early in  Pet  4 an arrangement was n~acle by the Di- 
rector of Naval Petroleum Reserves with the U. S. Geo- 
logical Survey for the geological aspects of the opera- 
tion. Similar arrangements were made wit11 the U. S. 
Coast and Geodetic Survey for  hydrographic work ancl 
geodetic control and with the Civil ,~eronautics Ad- 
niinistration for flight control. 

The fuilds were received by the Office of Kaval Petro- 
leum Reserves. Transfers, advances, and repayments 
mere made from that office to other Federal agencies. 
The remaining funds were transferred to BuDocks fnr 
the payment of costs of the basic contract and subcon- 
tracts and to BuAir for  the cost of air support. 

The Director of Naval Petroleum Reserves estab- 
lished an operating committee under his ov-11 chairn~aii- 
ship to advise on the scale, scope, and accomplishnlelit 
of Pet  4 toward its basic objective that had been defined 
by the Congress in  the language of the appro~wia t io~~  
item. This group consisted of the Director of Naral 
Petroleum Reserves and his alternate the Deputy Di- 
rector of Naval Petroleum Reserves; a ineinber of the 
oil-exploration and operation firni of DeGolyer and 
BLacNaughton, which at  that time lVas :~clvisor oil 
petroleum matters to the Secretary of the Savy ; a mem- 
ber of the oil-exploratioa firm of Hoover, Curtice, ancl 
Ruby (later reorganized to form Exploration Con- 
tractors, Inc.) ; the Director of the Geological Survey ; 
a tecl~iiical advisor to the Director of S:t~.al Petroletun 
Reserves; and a representative of the Bureau of Y:trcls 
and Docks. The constitution of the conllllittee charlgecl 
slightly from time to time and in the later years of Pet  
4 was renamed the advisory committee. 

The operating committee deteriliined policies, blocked 
out the program to be carried out, critically obserrrtl 
the course of Pe t  4, and measured progress froin time 
to time toward the defined objective. I t s  real responsi- 
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bility was advisory only, and its recommendatioils in 
order to be validated required and received the approval 
of the Secretary of the Navy or  the appropriate h s -  
sistant Secretary of the Navy. 

When Arcon (Arctic Contractors) took over, a head- 
quarters and operating office was constituted in Fair-  
banks; another office was opened at  the main operating 
base a t  Point Barrow; and a smaller office was opened 
in Seattle to expedite such things as hiring ailcl ship- 
ping. The officer in charge of construction from the 
Bureau of Yards and Docks ~vit l l  an appropriate staff 
was established in  the same building with Arcon in 
Fairbanks. A resident officer in charge was placecl at 
Barrow and another in  Seattle. 

As  Pet  4 progressed, a need for on-the-spot coordi- 
nation of plans and operations became apparent and 
a technical operating committee was formed in  Fair- 
banks for that purpose. I t  consisted of tlle project 
manager for Arcon, the chief of exploration (an -1rcon 
employee), the Fairbanks head of the Nary Oil 1-nit 
(a  unit formed ~ ~ i t l l i n  the Alaskan Geology Brancll of 
the Geological Surrey for the Pet  4 work), the officer 
in cllarge of construction, and tlle Fairbanks repre- 
sentative of the United Geophysical Co. 

Other advisors and special consultants were called in 
at all levels many times on illany topics, as required. 

Both the Geological Survey and tlle 1-nited Geo- 
physical Co. 11acl ofices ancl laboratories as required in 
Pairbanlts; the Geological Surrey facility included a 
small but complete petroleum laboratory. 

Admiilistration and clirectioil of sucll a coml~les team 
as htlcl to be organized for the Pet  4 job is a difficult 
matter. The pattern that ero1~-ecl was found to be satis- 
factory ancl 15-orkable. The problems in general \~-el.c 
not unlike those to be expected in any large teclinical 
operation. The special problenls that arose I)ec:Iu>e 
Pet  4 was an Arctic operation were not especially un- 
~ ~ s u a l .  Planniilg ailcl programming, llo~vever, v-ei.e 
different a i d  much illore clificnlt matters. Tlle -\rc.tic 
location of the job made a great difference. So did the 
fact that the whole region was virtually m l k n o ~ ~ n  es- 
cept in a very general and fraglnentary f:~sllioil. Tllese 
aspects require a little cliscussion even ill sucli :I slull- 
mary as this. 

Tlle Arctic slope of Alaska has a tru1)- Arctic enri- 
ronment-only tundra vegetation, perpetnally frozen 
ground, an ice-bouncl ocean for most of the year, long. 
clark winters and continual summer daylight, clouds 
of mosquitoes in the summer, no access by usual means, 
no local supply points, and great extremes of tempera- 
ture. A411 these and many other factors had to be en- 
couiltered and operational solutions found. Pla~lniilg 
hael to done precisely and a long time in advance. Con- 

sider, for example, the drilling of a 5,000-foot test well 
perhaps 200 miles from Point Barrow, and many such 
were drilled during Pet  4. First  the decision had to 
be made to drill the hole at  a specified location. Be- 
cause of the scarcity of information on the area both :L 
geological and a geophysical survey were comilloilly 
required. These operations in  themselves posed opera- 
tional and logistic problems. Finally, sufficient data 
were judged to be ill hand. The proposal would be de- 
bated by the operating committee perhaps in November, 
after the summer field season was over and the field in- 
vestigations had been made, and the decisioil to  drill 
the hole would be made. Any equipment and supplies 
needed and not on hand would have to be listed and 
procured during the 11-inter and gotten to a shipping 
point, either Por t  Huenen~e, Calif., or  Seattle, TVash., 
to  get on tlle ship expedition the following July. I n  
August the material ~ ~ o u l d  be landed on the beach a t  
Point Barrow. I t  11-oulcl then have to be organized, 
perhaps TI-interized or other\vise modified and prepared 
for shi1>ment. I t  would irlove by tractor train, perhaps 
in Febru:lry \~-lleil tlle tundra surface is llard enough to 
bear lleary loads and ~vould be delivered a t  the drill 
site; there i t  TI-ould remain uiltil Apri l  wlreil i t  coulcl be 
assembled aild the well started. Note that a year and 
llalf llncl passed between the decision to drill tlle hole 
ailcl tlle date on ~ ~ h i c h  i t  was spudded in. 

CONSTRUCTION AND MAINTENANCE 

E\-er\-thing that lvas used in Pet  4 had to be talteil 
there from tlle States or elsewhere. There was essen- 
tially no local source of supply of labor, materials, ina- 
clliilery. or anytlling else useful in such an operation. 
Tlle t11-o exceptions to the above were the presence in 
the area of a tllousaild or so Eskimos, a few tens of 
11-1lom were used in Pet  4 in capacities where they could 
be nsecl, or for ~vhicli they could be trained, and the 
bringing in of a sinall gas field a few miles from the 
caillp a t  Barrow that  was used part way througll Pe t  4 
as a gas source for  power generation and space heating 
at  a very substantial saving. 

Eilrironinental factors hacl a profouncl effect on all 
construction and maintenance cluring Pet 4. Arcon 
llacl llacl a considerable previous experience wit11 foun- 
clatioil problems, excavation, and use of piling in 
per~nafrost areas. Generally no design data were 
available for constructioa of facilities of tlle kinds 
needed. Most buildings were of the qnonset type. 
Frequently it was necessary to work out new clesigils 
basecl on general kno~vledge of environmeat. Struc- 
tures based on these new designs and structures built 
on designs for lower latitudes mere modified as re- 
quired. Most constrnction was of a temporary nature 
as the length of the project was not definitely know11 
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and tlie locations of specific activities were continually 
changing. This resulted in high maintenance costs. 
Some basic research  as performed for  structures in- 
volving large investments ; an example of this was the 
research performed in a small soil-test laboratory to 
detern~ine the mechanical properties of piling frozen 
into permafrost. This was preliminary to the founda- 
tion plan for  a deep-hole r ig (Oumalik test well 1 )  
that was expected to be in place for 2 years and which 
would have warm drilling mud coming up  the hole 
being drilled for long periods. The conductor pipe 
was arranged so that  i t  could be refrigerated, and the 
pilings also mere designed to be refriaerated when 

b. 
temperatures approached the melting point of water. 

Because projects to be undertaken in a given year 
usuaIly were not definite until the winter of the previ- 
ous year, i t  was necessary to maintain an unusually 
large inventory of materials that 1%-ould be available 
for almost any project that might come up. This was 
expensive but less expensive than the delivery by air of 
large quantities of materials that might not be a t  hand 
when needed. 

The facility a t  Fairbanks requires only brief mention 
here. It included an office and laboratory building 
about 13,000 square feet in area, a warehouse and shop, 
a car-storage shed, a laundry, large fireproof storage 
vault, a building to accommodate around 17 transients, 
and 17 quarters for  families. 

Barrow was the largest and best developed camp. 
I n  all there were about 80 buildings, including 53 
quonsets for dormitories and a few family living quar- 
ters, a hangar, an administration and office building, a 
theater, a gymnasium, 15-arehouses, shops, powerhouse, 
laundry, galley and messing quarters, the Arctic Re- 
search Laboratory buildings, and others. The Barrow 
camp was built on the coarse-sand beach of the Arctic 
Ocean, but the rear of the camp area overlapped the 
tundra a little. 

The main subsidiary camp was Umiat on the Colville 
River about 180 miles southeast of Barrow. The whole 
camp was built on a thick pad of river-bar gravel. It 
included several a~arehouses, 18 quonsets 20 by 48 feet, 
a galley and messhall, shops, a CAA building, a power- 
house, and a few other buildings. 

Arcon built another substantial camp for the Air  
Force a t  Barter Island about 300 miles east of Barrom 
on the Arctic coast. Other camps a t  various drill sites 
were more temporary although their constructioii and 
operation also presented many problems and resulted 
in much information. 

Buildings for  long use were placed on pilings frozen 
into permafrost. Most of the quonset huts were on 

beach grzzvel where possible or  on gravel pads placed 
on frozen silt. Difficulty was encountered with heated 
buildings with concrete floors. One of the large build- 
ings of the Arctic Research Laboratory gave much 
trouble through differential settling. No clifficlxlty was 
had with tlie hangar building at  Barrow for  4 years- 
then the building was heated, and the floor sailk 4 feet 
in the central part. The Barter Island buildiiig~ \\-ere 
on gravel mats. Those with concrete floors settled 
badly, and piling foundations had to be installed. It 
was discovered that  much of the trouble was due to a 
clay layer under the silt that mas plastic at  temperntnres 
as low as -6°C but was firm a t  -12OC. 

When practicable construction schedules were estab- 
lished to take full advantage of the seasons. Exca- 
vating can be best done in late summer. Fraiiies. roofs, 
aria closing of exteriors should be completed before the 
cold weather. Fo r  example, roofing paper is too brittle 
lo use a t  temperatures below 10°F. Snow readily slides 
off roofs with a pitch of 1 to 3. Quonsets used for liv- 
ing quarters had 8-foot additions built for storin en- 
trances. Doubledeclc bunks were not used because it was 
found that  inside temperature gradients in winter re- 
sulted in the lower decks being too cold for coil~fort 
and the upper decks too hot. 

Four 10,000-barrel fuel-storage tanks were con- 
structed a t  Barrow on a 4-foot gravel pad oil frozen 
silt. One such tank was put  on a piling f ouiiclatioil for  
comparative data. No settling occurred of ally of the 
lanks. 

Drilling-rig foundations were studied vi t l i  special 
care. The Oumalik test well 1 foundation has already 
been mentioned. Foundation designs varied with the 
estimated load, the length of time the hole was expected 
to be drilling, and the season during ~vliicll drilling 
would go on. With experieiice i t  became possible to 
provide simpler, cheaper, and better fotuldations. Fo r  
rigs to be set up on gravel flood plains, i t  mas found 
that timber sills were sufficient and no concrete pedes- 
tals were needed. Rigs on silt were usually placed on 
piles frozen into the silt. Sills that  could be refriger- 
ated were used in some foundations and were sntis- 
factory but required a larger ~ersonnel  to operate the 
refrigerating system during the summer. 

A special problem was the foundation of a @%-foot 
Loran tower that  mas built by Arcon for the Air  Force 
a t  Skull Cliff, about 30 miles southwest of Barrow. No 
settlement could be tolerated, and the fouilclation not 
only had to support the tower but also to act as an 
anchor to prevent overturning during high winds. 
Excavations were drilled rather than t l i a ~ ~ e d  to mini- 
mize the heating of surrounding permafrost. Each 
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tower leg rested in a massive concrete block that ex- 
tendecl 15 feet below the surface. Under each of tlleze 
piers was a gravel pacl. Steel 11iles 10 inclies in clialn- 
eter \\-ere placeel beneath the piers and extencled illto 
the concrete blocks wliere they were tiecl into the re- 
inforcing steel. TITater liad to be kept out of the fomlda- 
tion holes by pumping for 4 niontlis. There lias been 
no settling. 

Tlie airstrip at  Barrow \\-as constrnctecl by the Sea- 
bees. Pierced steel pl i~nk ~ r a s  laicl on levelecl coarse 
sand of a strip of the beach. Into the sane1 to partially 
stabilize it \\-as mixed peat ancl silt. Later the strip JT-as 
leilgtlleilecl by Arcon. The runway has been satisfac- 
tory and has taken repeated landings by C14 nncl CT,4 
aircraft. Each year sand had to be sifted through tlle 
piercecl plank in low places to maintain grade. Hear? 
aircraft 1:lndings were liinitecl as nlucll as possible dur- 
ing tlle summer. 

R~nl\rays on river bars were constructed in ordinary 
fashion, hut any silt areas had to be first excaratecl to 
a depth of at  least 8 feet. 

The arctic climate preserves structures l~aturi~l ly.  
The low temperatures inhibit corrosion and rot, but 
wind damage required some maintenance ~rorlr. The 
heating srvstems required much maintenance. ITater 
was llaulecl from a lake near the Barro\\- camp that 
was deep enough that  i t  clid not freeze to the bottoiii 
in winter. This required mucli inanpo\rer, :tiid tlle 
quality of the \rater \\-as not good. I t s  nattwally liigh 
chlorine content caused nluch corrosion of boilers, pipes, 
arid other fixtures. 

The experience of Pe t  4 has resulted in the recoglii- 
tion of several "do's" and "don'ts" of arctic operations 
that have to do with construction and maintenance. 
Only a few of these are selected for listing below: 

1. For foundations on frozen silt use pilings rather thml 
concrete footings. 

2. Use slow-burning powders for effectire blasting of frozen 
fine-grained materials. 

3. Use higher velocity dynamites for shattering frozen 
gravel with high moisture content. 

4. Remove frozen silt by hydraulicking whenerer possible. 
6. Make maximum use of favorable seasons. 
6. Relnove silt from beneath concrete foundations and 

floors. 
7. Heat nails before use in estremely cold weather. 
S. Use quick-setting cements for most concrete work. 
9. Design buildings with insulation above ceiling joists 

and roof space open to air  to prevent icing of eaves. 
10. Break up temperature stratification in buildings by 

small circulating fans. 
11. Provide space for a ir  circulation under buildings wher- 

ever possible. 

Don'ts 

1. Backfill with frozen material. 
2. Gmde roads or runways ~vithout removing sufficient 

frozen silt. 
3. I'our concrete against frozen gravel. 
4. .i1101\- moisture to accu~nulate under footings. 
5. Use wet lumber a t  below-freezing temperatures. 
6. Use rer~niculite or similar types of insulation in  walls 

as  it brcon~es soggy with moisture. 
7. Vse fan-exhausts in  buildings because it pulls cold air  

through moisture-laden insulation chilling it. 
8. Allow runoff water from roofs to accumulate around 

builrlings. 
CAMP OPERATIONS 

-It Barrow water v a s  hauled from the lake by nleans 
of a tractor-drawn Athey wagoil on whicll enclosecl 
tanks \\-ere built. The water T V ~ S  filtered and cliloriu- 
ated and then piped to tlle n~essl~all and hauled as drink- 
ing water to tlie quonset huts. Wash bowls were placed 
in e:1cl1 11nt and coi~nected to a hot-water tank above the 
space heater. This water was not chlorinated. A 
sen-age line ~ r a s  run from the messhall to tlie beach 
to carry \\-ash water, and another such line served the 
Arctic Research Laboratory. The lines were kept free 
by steal11 pipes laicl with the waste lines. Sewage was 
disposetl of in 50-gallon drums froin lntrines. The 
clrruns \\-ere eml~tied directly oil the ocean ice. 

Mess \\-:IS in a central hall with 4 wings-2 for work- 
meii's niess, 1 for hot lunches for Eskimo employees, 
1 for tlie supervisory and military personnel, and I for 
mnrriecl couples. Complete laundry and dry cleaning 
services were provided, and barracksmell cleaned tlie 
huts daily. 

Large inrentories were maintained of all kinds of 
material. Separate warehouses, each under a head 
storekeeper, were used for various classes of materials. 
A running inventory was maintained, and cost account- 
ing followed issue of each item. A sales store was 
:trailable where the personnel could purchase personal 
neecls such as nonissue clothing and toilet articles. 

Corrl~lete shop facilities \?-ere establislied a t  I3arro~r. 
Tliese iilcluded a well-equippecl inachiiie shop. Orer- 
lleacl cranes were provided tl~rougliout tlie shop. A 
light-duty-equipn~eilt shop v--as used for overhauling 
and rebuilding \\-easels, jeeps, LTT's, and trucks. A 
heavy-duty-equipnleilt shop orer1i:tuled cranes, trac- 
tors, ,ithey wagons, aild cherrypickers. There was a 
carpenter shop. a slecl shop, a r ig shop, a sheet-metal 
sliop, a plumbing shop, and an electrical shop. M~lch  
attention ~ r a s  giren to fire protection with extinguisllers 
and \rater tanks located in heated buildings at  strategic 
locations. Fire protection  as under a fire marshal, 
and a 24-hour fire match w:ls maintained. A11 LVT 
was modified as a fire engine. 
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TRANSPORTATION 

Transportation is almost certain to  be one of the 
most critical aspects of any large Arctic operation. 
This is likely to be true whether the operation requires 
transportation by land, sea, or air or any combination 
thereof. Arctic transportation is a large and complex 
subject and only a few of its aspects relative to Pe t  4 
can be touched on in this summary. Access to Pe t  4 
was by ship during the short open season in  August 
and September and by air, generally from Fairbanks. 
Transportation within the area of operation of Pe t  4 
was by land, by means of several types of vehicles ; by 
air, by means of aircraft on wheels, skis, or pontoons; 
and by water, by various craft along the coast and on 
the rivers. This discussion focuses on some of the 
transportation problems and the information resulting 
from Pet  4, but in so doing some information is in- 
cluded on certain kinds of vehicles and equipment. 

SEA TRANSPORTATION 

Each year of Pe t  4 a ship expedition proceeded from 
the States to Barrow and a few other points on the 
Arctic coast bringing all types of supplies, equipment, 
and material. 

The  Arctic Ocean in the Barrow vicinity is generally 
reasonably ice free in August and September. There 
is a considerable variation in the length of the open 
season from year to year, and the ice pack may move 
in a t  any point along the coast a t  any time. Thus an 
ice patrol by air, usually by P B Y  and helicopter, was 
generally used. It was also found that  i t  was most de- 
sirable for Barex to be accompanied by an ice breaker. 

The ships were loaded in stateside ports in a manner 
to exepedite unloading. The  beach a t  Barrow was 
marked out carefully for the handling of various types 
of cargo in certain sections with a view to reducing 
later movement as much as possible. 

The  standard LCM's have been used for some trans- 
port along the Arctic coast. The cost was low but the 
risk from ice was great, and such operations are pos- 
sible only during a small part  of the year. 

AIR TRANSPORTATION 

Air operations consisted of two distinct types of sup- 
port:  transportatior~ of workers and materials to and 
from Pet  4, the so-called linehaul, and bush flying 
in northern Alaska. 

The linehaul planes a t  various times during Pet  4 
used both the Ladd Air  Force Base and the commercial 
fields a t  Bairbanlrs as the Fairbanks end of the line- 
haul. The principal landing points for this service in 
Pet  4 were a t  Barrow and Umiat. The bush flying was 

usually from Barrow or Umiat to a few temporary sub- 
sidiary strips and to many spots in and south and east 
of the Reserve. 

A n  attempt was made throughout Pe t  4 to encourage 
careful planning and long-range ordering to keep the 
plane cost as low as possible. Where large tonnages 
had to be moved by air, the use of the largest possible 
aircraft was the most economical. Landing strips for 
the planes used had to be about 5,000 feet long. well 
marked, and lighted. Winter strips were available in 
any size desired by simply clearing the snow from a 
nearby lake. March and April were found to be the 
best months for using such strips because of the greater 
ice thickness by then and the better visibility. Efficient 
maintenance and unloading crews must be provided to 
effect the quick return tr ip desirable for  such opera- 
tions because of the low temperatures. 

Satisfactory operation of large aircraft in the Arctic 
requires hangars. Operation is possible, but very dif- 
ficult, with the use of simple nose hangars and portable 
heaters. Planes parked to the windward of runways 
cause serious drifting on the runways. Blowing snow 
is likely to fill parts of parked aircraft with tightly 
packed snow that is removed with difficulty. There is 
also danger of such packed snow fouling controls. 

DC 4's (C54's) were the best planes regularly used 
in Pet  4 for carrying heavy loads over long distances. 
Some hauling was done with C124's by the Air  Force 
for  Pe t  4. I t s  large capacity and ability to use a 5,000- 
foot strip are very desirable. The C46 was efficient 
for  flights up  to about 1% hours. The C47 (DC 3)  
was an excellent large bush plane, especially when 
equipped with skis for winter operation. Norseman 
bush planes were efl'ectively used on wheels, skis, and 
pontoons, and there was a variety of uses for  even 
smaller aircraft. such as the Stinson, Cessna, and Super 
Cub, for scouting, geologic work, delivery of mail, 
lransport of supervisory personnel, and others. 

Helicopters were used to some extent during Pet  4 
and were very suitable for a certain few jobs such as 
gravity-meter surveys that require many landings close 
to specified points but with light instruments. They 
were not as satisfactory, as was anticipated, for  support 
of geologic parties because of the difficult maintenance 
problem a t  any but short distances from repair and 
maintenance facilities. 

The CAA supplied Pet  4 with personnels, on a reim- 
bursable basis, for the operation of control towers, 
navigational aids, and weather observations a t  Bettles, 
Umiat, and Barrow. The CAA also furnished tech- 
nical personnel to assist in the installation of electronic 
equipment for navigational aids. 
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LAND TRANSPORTATION 

The heavy freighting of Pet  4 was performed by 
sled trains pulled by tractors. The experience gained 
in these sled train operations mill have many applica- 
tions in future Arctic operations. Generally, tlle trac- 
tor trains illoved fro111 December through May. Land 
transportation is most difficult during the freezeup 
periocl of September and October  hen tlie i i e ~ ~ l y  
frozen surface is too thin to support equipment ancl 
the layer tlram-ed the previous summer has not yet 
frozen clo~rn to the permafrost. 

Routes to be followed by the trains followed trails 
previously flagged by scout weasels. After the ,iretic 
Ocean was frozen to sufficient depth its surface was 
found to provide the best sled-train conditions and was 
used as much as possible. The trains were self-sup- 
porting and usually were outfitted ~ i t h  a 2-TI-eek sup- 
ply of food, fuel, spare parts, and other items. The 
trains included a mess wanigan, a sleeping ~ ~ a n i g a n ,  
and a shop ~vaiiigan with light plant, electric welder, 
gas welder, Herman-Nelson heater, and other items. 
Radio contact with Barrow was establislled generally 
twice a day. Any emergency items were delivered to 
the train by bush plane. 

The tractors carried ice cleats, special cab with 
escape hatch, winter hoods, and where necessary 
snow plows. The lead tractor towed the mess, sleep- 
ing, and shop vanigans, and cleared the trail. The 
follo~ving tractors, sometimes up  to five, pulled tlze 
payload of up to about 80 tons per tractor. hfaxinluin 
daily distances covered were about 80 miles. 

From the whole freighting experience, the follow- 
ing are a few of the principles that were developed : 

1. Use proper fuels and lubricants for  subzero 
oper a t' ions. 

2. Malie every effort to keep engines, transniissions, 
and gear boxes operating at  recommended 
temperatures. 

3. Preheat engines prior to starting in subzero 
temperatures. Herman-Kelson heaters are 
recommended. 

4. Use qualified and experienced personnel. 
5. Be prepared adequate mairltenance by conl- 

petent mechanics. 

HEAVY EQUIPMENT 

Many large and small items of equipment were useci 
in Pe t  4. A large proportion required some sort of 
alteration or modified operational practices for  effec- 
tive use in the Arctic. Attention is given here to  a few 
of the larger items that were widely and effectively 
used. The ones discussed are selected because i t  is 

believecl that they are pertinent to tlie consideration of 
any Arctic project. Specialized items such as oil-field 
equipment are omitted. 

The era\\-ler or track-type tractor was the most use- 
ful  single item of mechanized equipment required by 
Pet  4. I t  proved a most versatile prime mover and was 
used for such jobs as airfield construction and mainte- 
nance; hauling water, fuel, and supplies; the motive 
pol\-er of sled trains; and moving self-contained geo- 
l>llgsical parties. As required, tractors were equipped 
wit11 a hydraulic bulldozer lolacle, a cable bulldozer 
blade, a towing winch, ancl a snow plow. 

Cabs were fabricated of I~arcln-ood wit11 angle-iron 
framing. Shatterproof g l a ~ s  and plexiglass were used 
in windows. Cabs liad sliding doors, a heater using 
engine lieat, and an escape Ilatch for use in the event the 
tractor broke through ice. I n  TI-inter tlie top track- 
carrier rollers, whicll freeze solid in  very cold weather 
ant1 do not turn, were replaced with llard~vood blocks. 
These c:tilaot be used in sunliner because of the rthrasive 
action of loose sa id  and gravel. Sno~v  tracks were 
used in winter. These had ice cleats and holes cut 
in the pads to prevent builclnp of snow on the track pins 
and sprockets. 

I n  winter some clifficulty was experienced in keeping 
the oil warn1 enougll to lubricate properly. I n  such 
weather the oil coolers were removed. Plywood panel. 
bolted to frame ancl belly pa11 ellclosed the crankcase. 
The engine air intake was placed inside the winter hood. 
Iiatliators were covered \\-it11 canvas. Tlle standard 
coolant was 50-50 Prestone and water. 

Cranes were modified for subzero weather by install- 
ing cabs, using Prestolie in radiators, adding radiator 
covers, enclosing cranlicases, and installing heavy-duty 
batteries. The Nor t l i~~es t  Model 25 cranes used came 
froin Navy surplus. Cranes that  could be boomed up 
or  dawn while traveling a~icl swinging would have been 
more useful as ~voulcl a some~vllnt greater lifting capac- 
ity for very heavy oil-field equipment. Hystaway 
dragline cranes Model HW on a D 6 Caterpillar \+-ere 
satisfactory on hard ground but not in loose sand and 
mud. Smaller tractor cranes were useful around base 
camps and r ig sites. A tractor crane with high clear- 
ance is needed around r ig  sites ill summer because of 
the deep mud. 

Of special use Irere fork lifts for  loading and unload- 
ing aircraft and for  ~varehousing. The units used were 
Hughes Keenan Fork Lifts mounted on TI39 tractors. 

Tlle LVT (landing vehicle, tracked) was designed 
for  assault landing but was appropriate for certain jobs 
in the Arctic. They were useful when thawed ground 
inhibited sled train transport and lack of airfields in- 
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Activities supported b y  Pct 4 1. Messing and billeting. 

Directly or indirectly related to Pet 4 : 
U. S. Army: 

Signal Corps 
Snow, Ice, and Permafrost Research Establishnlent 

U. S. Nary: Arctic Test Station (BuDocks) 
1:. S. Coast and Geodetic Surrey 
U. S. Geological Surrey 
U. S. Weather Bureau 
Civil Aeronautics Bdmi~~istration 

Not related to Pet 4 :  
U. S. Air Force: 

Airways and Air Serrice Communications 
Beetle projects 
Project Keys 

National Bureau of Standards 
U. S. Bureau of Indian Affairs (,ilaska Katire Serrice) 
U. S. Army 

Alaslra National Guard 
Ionosphere project 

U. S. Fish and Wildlife Serrice 
U. S. Kavy: 

Arctic Research Laboratory 
Project Lincoln 
Operation Ski Jump 

The participation in Pe t  4 of the units listed above 
as related to Pet  4 have a11 been mentioned previously, 
except the Arctic Test Station of the Bureau of Yards 
and Docks. That  unit made development studies of 
Arctic honsinp, strength of foundations, sno~v compac- 
tion tests, airfield construction on sea ice, performance 
and modificatioil of certain equipment, and other 
studies, many of \~l i ich were applicable to improve- 
ments in Pe t  4 techniques. I n  addition to geodetic 
control and hydrographic surveys, the Coast and Geo- 
detic Survey made studies of magnetic properties of 
the earth in the Barrow area. 

Under those listed as not related to  Pet  4, the Beetle 
projects had to do with the construction of the Barter 
Island camp and runway and with the construction 
of certain Loran elements such as the to\ver at  Skull 
Cliff. The Bureau of Standards made upper atmos- 
phere and radio propagation studies. 

Operation Ski  J u m p  of the Office of Naval Research 
was an Arctic oceanographic project that used Barrow 
as a staging point. One of the very important sup- 
ported activities was the well-equipped Arctic Research 
Laboratory of the Office of Naval Research in which 
went on many research projects related to the arctic 
environment. Much of interest and value came out of 
those research efforts that will be useful in the future. 
The BRL is continuing under its own support. 

The kinds of support furnished outside activities by 
Pet  4 included, but was not limited to  the following, al- 
though not all of the services listed were supplied to 
every activity : 

2. Laundry and dry cleaning facilities. 
3. Provision and maintenance of equipment and vehicles. 
4. Handling and storing of cargo shipped to and from 

Barrow by air and by Barex. 
5. Sales store participation. 
6. Winter freighting. 
7. Provision, operation, and maintenance of portable camp 

facilities. 

The personnel attached to outside activities reached 
at  one time a total of 190 persons. Some of the activi- 
ties were supported a t  the cost of substantial effort and 
expense. Sdditional inconvenience resulted from the 
unpredictability of the amount and kind of support to 
be required. I n  any future comparable situation, niore 
advance notice should be given to the main project. 

ENVIRONMENTAL ASPECTS AND MILITARY 
IMPLICATIONS 

The foregoiiig discussion indicates some of the as- 
pects of some of the segments of Pe t  4 that have far- 
reaching applicability to military thinking. I t  is 
apparent that tlie arctic environment was the source of 
most of tlie problen~s that arose in the course of Pet 4, 
Tlle environment will also give rise t o  many of the 
problems of military operations in Arctic Alaslta or 
elsewhere in siinilar arctic areas. The lessoi~s to be 
learned from Pet  1 car1 contribute significantly to the 
TJnited States' appr-aisal of arctic difficulties and of 
arctic possibilities. I t  has shown that  normal men can 
live, work, and acconlplisll all sorts of objectives in the 
Arctic. The importance of advance planning and 
special administrative effort have been stressed. Cori- 
struction and maintenance problems were met and sur- 
mounted and can be again. Transportation and com- 
munications have been emphasized and a few indications 
were given of the kinds of equipment problems that 
arise and of the kinds of solutions that can be found. 
Personnel problems were found to  be less than antici- 
pated. They yielded readily to knowledge and experi- 
ence. The Eskimos' intelligence and native talents due 
to environment proved to be of great use in the Pet  4 
activities that  were beyond the capabilities of stateside 
workers. Activities supported by Pe t  4 have made 
great contributions to the general store of arctic 
knowledge. 

Pe t  4 also cast light on other environmental aspects 
that are of direct benefit t o  military concepts, and 
some of these are mentioned in this section. 

Pet 4 required aerial photographs and maps f a r  
superior to anything that was available when the 
project started. The photographs were taken, mostly 
by the Navy, and the maps were compiled by the Geo- 
logical Survey. These are now available for  most of 
the Arctic slope. To be sure, the maps are not up to 
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the standards applied in other, better known areas ; but 
they are, and long will continue to be, very useful. 

A large store of knowledge has been accumulated 
about the oil and gas resources of the region. Inci- 
dental data were collected on other resources that have 
military significance if operations in the area are ever 
required. One such resource is coal, which is present 
in vast quantities, although of generally low quality, 
over much of the Arctic slope. Another is construction 
materials of many types. 

The geologic surveys, both surface and subsurface, 
have resulted in a reasonably adequate knowledge of 
the rocks of northern Alaska and the thickness and 
types of surface cover. Similarly the geophysical sur- 
veys yielded much information on subsurface condi- 
tions as well as some facts about permafrost including 
its distribution, thickness, and variations from place 
to place under different conditions. The geophysical 
surreys included seismic surveys, airborne magnetonze- 
ter surveys, and gravity surveys-all covered large 
areas. 

The geologic and geophysical parties in particular 
learned and reported much terrain information includ- 
ing topography, relief and drainage, geomorphology, 
vegetal cover, formation of pingoes (frost mounds) 
and other premafrost features, kinds and distribution 
of animals, and many other data. Knowledge of the 
terrain and its hazards and helps to surface travel 
under winter conditions was collected abundantly dur- 
ing winter freighting operations. 

hIeteorologica1 data were collected by almost all op- 
erating units and in total constitute a considerable store 
of knowledge of weather conditions. A work feasi- 
bility chart was developed by Pet 4 and summarizes 
some of the information in various categories. 

A GLIMPSE OF THE FUTURE 

Pet 4 was closed out toward the end of 1953. 
Already some of its experience and some of its facilities 
are being used for military and other purposes. The 
Arctic Research Laboratory is continuing, and good use 
is being made of some of the old buildings, the gas well, 
one of the smaller power plants, and equipment such as 
weasels and tractors. Also, supplies and fuel left at 
Barrow are being used. The CAA has taken over 
the airstrip, and i t  is being operated under CAA con- 
tract by Wien Alaska Airlines, which now provides 
comnlercial air service to and from Barrow from Fair- 
banks at least twice a week. The Fairbanks facility 
has been taken over by the Geological Survey. There 
is (end of 1954) also a watchman for Naval Petroleum 
Reserves at Barrow with a few Eskimo assistants. 

The Air Force is embarking on a large project in 
northern Alaska (winter of 1954) and is taking over 
many of the facilities. It has taken over the Umiat 
camp and airstrip completely. The Air Force project 
is said to require a ship expedition, as it did in the fall 
of 1953, and the experience of Barex will be most help- 
ful. Additional drafts on the Pet 4 background will 
be made through the individual experience of members 
of the Arcon personnel who have been employed by 
the Air Force project. 

I n  Fairbanks, and to an undetermined extent in the 
oil industry, a keen interest has been stimulated in the 
possibility of the commercial development of the oil 
and gas possibilities of Arctic Alaska, especially the 
gas possibilities. A large gas field, the Gubik anticline, 
was found in the course of Pet 4 but was of no interest 
to the Navy. It lies just outside NPR 4 not f a r  from 
Umiat. The idea would be to pipe the gas south 
through the low Anaktuvuk Pass through the Brooks 
Range and across interior Alaska to Fairbanks. 

I t  would seem that every bit of pertinent information 
that came to light through Pet 4 should be organized, 
set down in useful fashion, and used in military think- 
ing. An appraisal of the data available would reveal 
certain gaps in available knowledge and certain defi- 
ciencies in data that should be corrected through addi- 
tional research, development, and testing. Most of these 
gaps are in the knowledge about the environment and 
how to deal with it. I f  the Arctic is important because 
of its geographic location or for other reasons, the mili- 
tary should insure itself against deficiencies in eizviron- 
mental knowledge and operational capability. More 
kno~vledge is required about the ocean, the land, and 
the air. 

The remaining few paragraphs deal in speculations 
about some of the problems that might arise in any 
military activity in or over the Alaskan Arctic and the 
type of information that would result in greater operat- 
ing ability and might save lives. 

There would surely be survival problems for those 
unfortunate enough to become isolated from supplies 
and transportatoin. First might come the problem of 
location to occupants of a downed aircraft. Still 
better maps I\-ould be useful. How can one best travel 
on foot across the tundra of the foothills or coastal 
plain? The simple knowledge that many of the lakes 
are oriented 15' or so west of north might help. What 
arctic plants are edible and capable of yielding nourish- 
ment to humans? What animals and birds can be 
caught, and how? Where and how does one find nests, 
and at what season do they contain eggs? Is  i t  better 
to follow this old beach line with its better footing or 
to strike out across the summer swamps of the coastal 
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plain? How can one improvise protection against 
clouds of vicious mosquitoes ? Which way does the wind 
generally blow, and what are the weather signs? How 
reliable is a hand compass? Should a rifle be kept and 
carried, o r  should i t  be left behind as a useless weight? 
How does one cross streams? 

I n  planning operations, both more meteorological 
data and more terrain information are needed-here 
again is the requirement for  maps. What  are the local 
variations in climate, and how can they be used ? How 
reliable are the meteorological records from the few 
stations where records have been obtained? What  is 
the habit of the sea fog that  appears t o  lie near the 
edge of the ice pack? Why does it so frequently blanket 
the coast, blotting out airfields but also providing con- 
cealment? Why does the snow leave the interior before 
i t  melts from coastal areas? What  does this mean in 
terms of transportation ? 

How difficult is i t  to build airstrips on sea ice? What  
is the best season for such a job ? How long will i t  take ? 
What  equipment is needed? How long will it last?  
Which way will i t  move ? Are airfields best located on 
the open tundra, ocean beaches, old beach lines inland, 
glacial outtvash from the Brooks Range, or river bars? 
What  will floods and ice do, to river-bar landing areas? 

What  are the shore processes, and what is their rela- 
tion to beach landings for assault, or for tlle unloading 
of supplies and freight? Can shore cleposits be stabilized 
for  foundations and for transportation? Can a dock 
be made that will stay in place, if so how ? HOTT rapidly 
will i t  silt u p ?  How long will a dredged channel from 
the ocean into the protection of lagoons behind lom- 
lying bar islands reiliain open? What are the acoustics 
of the solidly frozen sea and of tlle pack ice, and what 
may ice noises mean to under~vater navigation of sub- 
marines? What can be learned about coastal and river 
navigation, and what equipment can be used or de- 
veloped ? 

An obvious requirement is the improvemeilt of ve- 
hicles for  both summer and winter use. Especially 
needed is a freight or towing vehicle capable of travel 
over the tundra during tlle freezeup and breakup pe- 
riod. How feasible is road construction; how should 
roads be built? I s  an east-treading road along the north 
front of the Brooks Range possible using the glacial 
outwash both as a location for the road and as road 
metal for construction? 

Further attention should be given to improved arctic 
clothing. Katire-type clothing is impracticable for 
large numbers of inen because of insufficient supply of 
skins and difficulty of manufacture. Lightness, im- 
proved body and especially hand and foot movement, 
and better provisioil for seeing and hearing should be 

stressed. How can the personnel be indoctrinated 
against the traditional fear of the Arctic? 

The Arctic holds many camouflage problems. Ve- 
hicle tracks are likely to  remain easily visible for years 
because of the slow recovery of tundra vegetation. 
Even winter tracks may long be visible because the com- 
pacted snow affects the following summer's growth. 

Water supply, especially in winter, is a difficult arctic 
problem. Must reliance be placed on melted snow or 
ice? How prevalent are places i n  streams o r  lakes that  
are deep enough to inhibit freezing to the bottom ? Can 
year-round water supplies be had from unfrozen zones 
beneath present or past deep lakes or  from alluvial de- 
posits? What  is the quality of underground water? 
Pet  4 data indicate that  it frequently may be of very 
poor quality. What  can be done about sewage dis- 
posal? Burning is likely to be difficult because of in- 
sufficient fuel. 

Much more needs to be learned about permafrost. I t  
affects transportation, construction, water supply, waste 
disposal, and almost every military activity in one way 
or another. What  are the possibilities of using perma- 
frost zones for uilderground cold storage, for various 
types of openings such as amm~ulition storage, living 
quarters, gun emplacements, mine fields, etc. ? 

What  can be clone to improve radio propagsztiorl and 
reception ? 

The implications of the above questions are many, 
and they represent the brief speculation of but one man. 
Many other questions could be asked, and the answers 
could be of large military application. Pet  4 has pro- 
vided a consiclerable foundation. I t s  experience should 
be utilized and used as a springboard to more knowledge 
of possible military value. 

Thus ends the story of Pet 4-truly an arctic epic. 
All material contained in this history, and much more, 
can be found in the files of tlle Office of Naval Petroleum 
Reserves, the Bureau of Pards  and Docks, and the Geo- 
logical Survey. Many technical and scientific details 
and interpretations mill follow in  published form as 
other reports in the series of which this is one. 
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