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Foreword 
The long history of petroleum exploration in Arctic Alaska by 
Government and industry began in earnest in 1923 with the 
establishment of Naval Petroleum Reserve No. 4 and climaxed in 
1968 with the discovery of the largest oil field in North America 
at Prudhoe Bay. Geologists and topographers of the U.S. Geo- 
logical Survey played a vital role in this exploration. 

The administrative programs of and actions by the Federal 
Government in the development of this region have been driven 
by the Nation's needs for energy fuels, predictions of coming 
shortages, and actual short-term crises, such as the Arab oil 
embargo of 1974. The Nation's concerns for the environment 
and the well-being of the Native population in this remote Arctic 
wilderness have added to the complexities of such policy deci- 
sions. 

This book provides a graphic overview of the gradual 
accumulation of information on the geology and geography of 
northern Alaska, exemplifying the leadtime required for 
resource exploitation and the difficult environmental considera- 
tions involved. It should serve to illustrate how interagency 
cooperation and a good working relationship between Govern- 
ment and industry have functioned during a crucial period of 
resource expansion and ecologic awareness, in successfully 
dealing with the challenges that still face us for an uncertain 
energy future. 

Dallas L. Peck 
Director 

Alfred H. Brooks wntzng zn hbfield notebook. In 1903, the Dzulszon 
of Alaskan Mzneral Resources was establzshed wzthzn the USGS. 
Brooks was ztsjirst Geologzst zn Charge and contznued zn thzs capaczty 
untzl h u  death zn 1924. He was znstrumental zn plannzngsome of the 
jirst geologzc exploratzo~z. and the topographzc-mappzng program of 
the newly establzshed Naval Petroleum Reserue No. 4 The Brooks 
Range way named zn hzs honor. 

The Colvzlle River, frozen solid 8 to 9 month  out of the year, 4 m~anders across the Arctzc Coastal Plazn from the Brooks Range. 
Photograph by Jeep Johnson. 
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Recognizing the need for more complete infor- 
mation on the new Reserve, the U.S. Navy requested 
the USGS to map the area covered by NPR-4 and 
the assess the petroleum resources. The fieldwork 
was done from 1923 to 1926, and the results were 
published in 1930. From 1944 through 1953, the 
U.S. Navy undertook the first modern oil-explora- 
tion program in the Arctic. The USGS again worked 
with the Navy and, beginning in 1958, compiled 
and published all the available technical data in 
Professional Papers 301 through 305. Several non- 
commercial hydrocarbon accumulations were dis- 
covered by the Navy, and the feasibility of using 
modern petroleum exploration and production 
methods in the Arctic was established and docu- 
mented. 

In 1976, NPR-4 was renamed the National 
Petroleum Reserve in Alaska (NPRA), and the USGS 
was assigned the lead responsibility for further 
exploration. Additional gas accumulations were dis- 
covered in the NPRA but were of insufficient size to 
be developed for export. However, the knowledge 
of the geology of Arctic Alaska and its potential 
resources was expanded significantly. 

T h e  ear ly  USGS e x p e d i t i o n a r y  surveys 
(1901-261 as well as the more recent exploration 
activities (1944-82) in the NPRA have been in 
keeping with the Survey's charter to suwey and map 
the topography, hydrology, and geology of the 
Nation and to assess its water and mineral 
resources. To fulfill these responsibilities, the USGS 
is continually increasing its capabilities not only by 
collecting additional data but also by research in 
the basic principles of the earth sciences. Ongoing 
studies include the source of hydrocarbons (oil, 
gas, and coal); hydrocarbon maturation, migration, 
and accumulation over geologic time; and the 
structural and stratigraphic geologic factors that 
lead to accumulations of these vital commodities. 

"Sandy" Smith holds a mammoth twk  found in gravel beds of the 
Colville Rzve7, 1924. Photograph courtesy of Phzllzp S. Smith. 



theUSGSfrom 2901 toX984isautUnedInthe~s 
thattNlm. T h i s ~ t ~ ~ a s  acaehistoryof(1) 
the builBing of a $eol~@ data k h t  preceded 
discovery, ( 2 )  a good working relatiomhip 
bctwccn Gmmnmmt industry, and (31 inter. 
a g q  1 

S e w  ofthefirst explwatq we& in NPR-4 w e  drilled at the Urn& 
aiCj&ld, abmt 1945. Photograph by George GryF. 

Robert D e U e m a ~  a d  George Grqc discuss AEaskas p&oh%m 
resources. Tilted oil-7ich shali be& i r e  visible in tht bathground. 
Photograph courtesy of George C q c .  
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What and where is the NPRA established 
NpRA-afld how was it In 1923, Resident Warren G. Harding set aside, 

established? 
by Executive Ordeq a Naval Petroleum Reserve, 
later designated No. 4, in Arctic Alaska. His 
Executive Order reads, in part: 

"Whereas there are large seepages of petroleum 
along the Arctic Coast of Alaska and conditions 
favorable to the occurrence of valuable petroleum 
fields on the Arctic Coast and, 

WHEREAS the present laws designed to promote 
development seem imperfectly applicable in the 
region because of its distance, d~cul t ies ,  and large 
expense of development and, 

WHEREAS the future supply of oil for the Navy is 
at all times a matter of national concern, 

Now, THEREFORE, I, WARREN G. NARDING, 
President of the United States of America, by virtue 
of the power in me vested by the laws of the United 
States, do hereby set apart as a Naval Petroleum 
Reserve all of the public lands within the following 
described area not now covered by valid entry, 
lease or application: * * *" 

WARREN G. HARDING 

The White House, 
Feb. 27, 1923. 

The &st description of oil seepages at Cape Simp- 
son by A. H. Brooks was published in 1909 in USGS 
Bulletin 379. Eskimos had known of these seepages, 
as well as of oil shales that burned like wood; they 
had used both for fuel long before recorded history. 
Although these leads were in a remote and isolated 
region of the then Tkrritory of Alaska, oil prospec- 
tors were already following up on them. Crude oil 
had been discovered and produced in the con- 
terminous United States, but experts, including 
some prominent geologists, were predicting that 
resources were limited and soon could be in short 
supply. Oil was rapidly replacing other sources of 
energy (coal and whale oil), and oil for ships was 
considered critical to the Nation's welfare and 
defense. Thus, the establishment of a Naval 
Petroleum Reserve in Arctic Alaska was fitting. 

Oai seeps, such as thk ome near Simpsow, prozfdid ckar evidence to 
katb iq@Zorers that petrohm-rkh rocks were fn-esmt h a t h  the 
ATctiG CELndrai Photograph G e q  Gr3u&. 
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Eskimo canoe ozstJitted with a whale-darting p, ready for the hunt, 
abmd 1926. Photograph 6y Charles Brower. 

MIJ: f'@ & Pardbg Bqy. Many w81L @&we =re t h n  J,WO 
b % L  qEa%Ew day. Ph&p#i I?yi E u b t  h a z i i .  

I 

I EskrmOs (about 1924) ueed whale oil as wdd m ad shale for fuel long 
befbre recard& history. Photogaph by Charles Brower. 



Geographic setting 
The entire NPRA is north of the Arctic Circle. It 

occupies an area about the size of the State of 
Indiana-some 37,000 square miles. Its north 
boundary is the Arctic Ocean, and about half of its 
south boundary follows the watershed divide of the 
western Brooks Range, thence northward to the 
Colville River, and along that river to the Arctic 
coast. 

Northern Alaska and the NPRA are divided into 
three major physiographic provinces: the Arctic 
Coastal Plain, the foothills, and the east-west-trend- 
ing Brooks Range that cuts off this Arctic region 
from the rest of Alaska. The Brooks Range forms a 
major watershed, the north slope of which drains 
into the Arctic Ocean-thus the terms 'Arctic 
Slope" and "North Slope" of Alaska. The mountains 
form an arc, concave northward, of complexly 
folded and faulted rocks. Peaks range in elevation 
from 3,000-4,000 feet in the west to more than 
9,000 feet in the east. The foothills immediately to 
the north consist of low s);nclinal mountains sepa- 
rated by broad anticlinal lowlands that give way to 
long, continuous, east-west-trending ridges cov- 
ered by a green tundra mat. These ridges gradually 
blend into the vast, nearly treeless coastal plain 
dotted with literally thousands of shallow north- 
west-oriented lakes. 

T+al scents in the three phybgrapkdc provinces of northern 
Alaska. b 

P- 
IC" 

Frm no& tii SMftk, Eke NPRA emu& Of (1) ths Aretfc CaasEal 
Phin, a &&,jWaganm &tted with Wea; (2) dhejbothitls, m arm 
ofroIEiqi~ hiads; and (3) tk B r w b  Ramge, a ruggzd mmmhin r a g e  
with 8demtk-m BP high ( k ~  5~@2O~&t~'&ziP the NPE(rS d p z a k s  of 
8,000 to 9,OIIBfeet near & U W  Stab-Cadian 601.k. 

C6 THE NATIONAL PETROLEUM RESERVE IN ALASKA 





Who and what live 
the North S l o ~ e ?  

on Fewer than 4,000 Eskimos live within the NPRA. 
They are now concentrated in two coastal vil- 
lages-Barrow and Wainwright-and two inland 

I 
villages-Atqasuk and Nuiqsut-on the banks of 
the Meade and Colville Rivers. The NPRA lies 
entirely within the boundaries of the North Slope 
Borough. In Alaska, a borough is the political sub- 
division below State and replaces the county or 
parish subdivisions of other States. As such, the 
North Slope Borough is the largest "county" in the 
United States and actually is larger than most States. 
Other Eskimo communities in the borough are 
Anaktuvuk Pass, Kaktovik, Point Hope, and Point 
Lay. Some 2,000 oil-field employees and service 
personnel live and work in the Prudhoe Bay area. 
The total population of the borough is about 6,000. 
The borough headquarters are in Barrow, the 
largest community on the North Slope. 

Archeologic evidence from northern Alaska doc- 
uments the presence of early inhabitants, possibly 
the Eskimo's ancestors, for at least the past 8,000 
years. They were nomadic hunting people, follow- 
ing sea mammals along the coast and caribou and 
other wildlife inland. 

The most abundant member of the present ani- 
mal population is the brown lemming of migratory 
fame. The NPRA is also the home of the Arctic 
caribou, musk ox, moose, wolf wolverine, fox, and 
barren-ground grizzly. Dall mountain sheep live in 
the bordering Brooks Range and nearby hills. 
Numerous birds visit the area during the short 
summer months, and thousands of waterfowl, 
ducks, geese, swans, and loons nest in the many 
lakes and ponds. No list of wildlife would be com- 
plete without the ubiquitous mosquito, swarming 
in unbelievable numbers from early June to August! 

Although the  North Slope is commonly 
described as a flat treeless plain, small trees (willow, 
birch, alder, and poplar) grow in some of the river 
valleys, generally only a few feet high but, in favor- 
able places, as high as 15 feet. Flowering plants are 
abundant, blooming and fading quickly in the con- 
tinuous summer sunlight. The tundra, a thick 
spongy matlike growth, is made up predominantly 
of grasses, sedges, mosses, lichens, and prostrate 
shrubs or bushes. Walking on this spongy tundra 
mat can be very tiring for humans. 

Eskimos gather to celebrate a good whale 
1924. Photograph by Charles Brower. 

:atch near Barrow, about 
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When, by whom, and 
how was the NPRA 
explored? 

Early exploration 
Between 1800 and 1900, several hardy explorers 

sailed along the Arctic coast and described and 
named the major geographic features. Much of the 
sealane trafIic, however, was by enterprising traders 
and whalers. It is interesting to note that the oil 
business, in one form or another, has had the great- 
est impact on the North Slope and its inhabitants. 

The first big push to the Arctic was in search of 
whale oil, which, in the years before the Civil War, 
was the principal fuel for lamps and a common 
lubricant. The premium grade of fuel came from 
sperm whales, and the regular grade from bowhead 
and other species of whales. The rising indus- 
trialization of the United States and the heightened 
emphasis on education (requiring better light for 
evening study) created a rapid increase in demand. 
In 1823, sperm oil sold for 45 cents a gallon, but by 
1866 the price rose to $2.55 a gallon-the first "oil 
shortage." The relief for this shortage came through 
the discovery and development of a more abundant 
and cheaper source of fuel, petroleum. Ironically, 
the next several waves of exploration and develop- 
ment in Arctic Alaska focused on a search for "rock 
oil." 

In winter 1885-86, Lt. George M. Stoney partici- 
pated in expeditions sponsored by the U.S. Naval 
Institute that explored the Brooks Range from the 
south. Ens. W. L. Howard of the U.S. Navy crossed 
the Brooks Range in 1886, and continued overland 
across the Colville River valley and thence down 
the Chipp River by skin boat to Point Barrow. He 
described what were undoubtedly lumps and peb- 
bles of oil shale along the Etivluk River. His report, 
published in 1900, may have been the first recorded 
suggestion of the oil potential of northern Alaska. 
However, this material and seepage tars had been 
known and used by the Eskimos before recorded 
history. 

Frank C. Schrader, 1910. The first systematzc survey of the North 
Slope was made zn 1901 with Schrader as geologtst and W .  J .  Peters, 
an  experienced topographer and explorer, zn charge. The geography 
andgeology of an entzrely new section ofnorthern Alaska werestwl~rd 
by Peters and Schrader, much o f d  zn the NPRA area. 

Geologic and topographic 
surveys, 1923-26 

The first systematic topographic and geologic 
survey across the Brooks Range and the North 
Slope was by E C. Schrader and W. J. Peters of the 
USGS in 1901; the results were published in 1904 in 
Professional Paper 20. Schrader described thick 
marine sequences and noted broad anticlinal stmc- 
tures-both of prime importance in the search for 
oil. Thus, by 1923, when the lands were set apart, 
three of the prerequisites for the occurrence of 
petroleum were already known to be present: 
source rocks, such as organic marine deposits, 
including oil shale; potential reservoir rocks, 
including limestone and sandstone; and favorable 
structures, such as anticlines. In addition, oil 
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seepages were found along the Arctic coast. The 
region had already attracted the attention of the 
new oil industry, and several applications for pros- 
pecting permits were filed under the old mining 
laws on claims near Cape Simpson, Peard Bay, and 
along the Meade, Kulrpowtuk, and Kokolik Rivers. 

About 150 miles east of NPR-4, E. de K LefKng- 
well completed his classic work in the Caming 
River region. From 1906 to 1914, Ixhgwell map- 
ped the Arctic coast fram Barrow to the United 
States-Canadian Borde~. He named and described 
the now-f;rmous Sadlerochit Group, which includes 
the primary oil reservoir of the Prudhoe Bay field. 
His report, published in 1919 as USG Profkssiond 
Paper 109, is now a collector's item. The tegion 
mapped by LcBngwell from the Canning River to 
the border was set aside in 1960 as the Arctic 
National Range (ANWR). 

Progress afgmlogk investigath in d w e s t f f n  Alaska (dtw 
jam Smith and Mertie, 1930). 

Emat $L1 K. Le$&weEl. B e b m  1906 ancl14r14 LefirgweU mp- 
ped in % Canning Riuer reg imf im BarTow to bkc UMed StatRs- 
Camadian h&. His experlltion uws flrivwly J s c d ,  hay by his 
f a k .  T o e d  t& c h e  cifhisfiklwar4, the USGSpmkkd him wk% 
o&e spMce to wr& and cm* his maps, and eucntm&'y @bli&d 
his IkWR i~ 1919. Photopph by Gearge Grpc. 

U.S. Geological Suwey 

Shrader 

tiowad 
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ern area) and the vaverse by Sdwader and kters 
dong the Colvlile River-the east boundary of the 4 - . - . - - - = .  . . . . 
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In 1923, little was known of the interior of the 
new Reserve. The U.S. Navy recognized that more 
geologic and geographic information would be 
required for proper management, and so the USGS 
was asked to survey the region. From 1923 through 
1926, USGS parties traversed the Reserve along the 
major rivers and crossed the Brooks Range through 
Howard Pass and at the head of the Colville River. In 
1930, the results of these field studies and surveys 
by I? S. Smith, J. B. Mertie, Jr., and others were 
published in USGS Bulletin 81 5. This classic report 
includes the first topographic and geologic maps of 
the Reserve, as well as descriptions of the rock 
sequences and structures, and an analysis of the 
mineral potential of the region, including 
petroleum and coal. Although the authors could 
not identify the precise age or distribution of the oil 
shales, they concluded that these rocks were the 
most likely source of crude oil. They felt that 
sources in Paleozoic rocks were "extremely prob- 
lematic" and that, because the Cretaceous rocks 
were of shallow marine and terrestrial origin, oil 
deposits derived from them were "likely to be small 
and of extremely sparse distribution." Smith and 
Mertie noted the numerous anticlinal structures in 
the Cretaceous sequences, as well as the faulted and 
overthrust structures in the R~leozoic rocks of the 
Brooks Range, and concluded that the regional dip 
of the older rocks was monoclinal to the north. 
Thus, pre-Cretaceous rocks at Cape Simpson and 
along the Arctic coast would be below practical 
drilling depth. They recommended that the next 
steps in evaluating the petroleum possibilities 
should be drilling for stratigraphic and structural 
information in the vicinity of Cape Simpson, fol- 
lowed by geologic field studies, and then drilling in 
other areas that these studies might indicate to be 
favorable. 

I'h111p S Smzth, about 1915 S~nzfh rclas Chzr/Alrr~knn g~ologztt from 
1925 untd he rrtzrrd zn I946  At the requr\t of the Drf~artmenl of the 
h'ar~y, thr CISC;S roar zncluded zn the jrrt elcplomt~ons ofthr neroly 
~ctnhliclt~d N P R 4  

John Beaver Mertze, 1915 Mertze began h u  long geolopc career 
wzth the USGS zn 1908 andfintshed h u  last publzcatzon, a profes- 
szonal paper, zn 1979 Along wzth Phzltp S Smzth, Mertze led the 
expedztzon znto N P R 4  

W .  T ForanJirld party an Noatak, about 1924 From lrft to rzght, F. 
W .  Belgard, W T Foran, 0 L Wzx, and H G. Hughei In 1943,  
Lt. Fornn called attentzon to the prkolelcm potentznl c?f NI 'RI I  as 
World War I1 brought a n  zncreaszng d m a r ~ d  for prtroleum. Sparked 
by /LZF encouragement, the fin/ modrht syrtrmatzc ozl-rxploratzon 
p - o p m  begun zn NPR-4  (1 944 untzl 1953) 
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The Pet-4 exploration 
pmgiam, 1943-53 

Frm 1926 to 1943, little inmest was shown in 
the petdeum potentid of--4. There was then 
no shortage ofpetroleum dther h r  the US. Navy or 
for industry, and the remote and Erigid &tic was 
not an awactme target h r  eo-a srplomtioa 
HQW- World WPar II brought a new perspective 
and an increasing demand for ptroleum paoducts 
to fight a highly m-d m In 1943, Lt. W. T. 
Foran,afonnerUSGSgeo1ogMandaNavalBeserve 
a c e &  prepared a nzemomcfum to the U.S. Bureau 
of the Budget, calling att.enai,on to the p e h r h  
patential ofMPR-4. Consequently in 1943 the Sec- 
retary ofthe Interior issued Public Iand Order 82, 
wMch witMrewhm further entry all the possible 
pesolem areas af Abda, including lands north of 
the dmbge divide sf the Bmks Rmge. Later in 
1943, the U.S. Bureau of Mines fidded a party to 
inmw ~ f n d  sample the kmmn oil seepages and m l s 4 4 - 4 6  I 11947-48 1949-50 -1951-53 

to check on reported mepages elsewhere in north- 
ern Alaska, Including those on the Colville Rivet at SkctGk * sb~m'~gtnGp'~gvm ofmpparrg, ~ s ~ n t e y i n g ,  d 
the base of Umiat Mountain. In early spring 1944, Lt. U i - g M  1944 eo 1953 (lnodWPm Reed, 2958). 

Foran made a quick r e o a ~ c e  ofthe Resene, 
including the UmW anticline, and reported that in 
his opinion a petroleum p~tential of major impor- 
tance existed in NPR--4. On the basis of ForanS 
enthusiastic report and the petceived need for 
additional domestic oil supplies, a major q lora -  U& Cape Simpson, and Fish Creek, gas dqposits geophysical &a, an airborne magnetic survey, 
tion p r m  co~amonky called et-4, was started. at Umiat, Banulw, and Gubilt, and prospective gas interpretation of the geologic fkttnework, assess- 
This progam had o tremendous impact on not only deposits at Meade, Square Lake, and Wolf Creek. ment of potential resources, and production of the 
the h&ue of petroleum exploration but also m y  Operating bases were established (and still arist) at &st complete set of planimetric maps of all of 
asperts of life in the North American Arctic. Barrow and Umiat, the gas deposit at Barrow was northern Alaska. 

m e  kt-4 program estabLished the bsibility developed, and gas was produced for use originally A series of reports oa the Pef-4 program were 
and pra&callty of caqing out k g e - d e  modern by the US. Navy base and other Government prepared and published by rhe USGS as Professional 
oil-exploration operations in the Arctic, and htdktions and, in 1964, by the entire Batrow Rapers 301 through 305. They indude a historical 
developed many new tgxhiques for such opera- community. The Pet-4 Barrow camp facility account, description of logistics and operations, 
tions. Duing fhe perid 1945 through 1952, 45 evolved into the Naval Arctic Research Laboratory, well histories and descriptions, a geophysical 
shallow core tests and 36 test wells were drilled In which was the hub of U.S. Arctic scientific investiga- report, and geologic maps and descriptions of the 
and adjacent to NPR-4. Public land Order 82 and tions until it was decommksioned in 1981. exxensive m r k e  mapping. Thus, a general geo- 
the additim of dliqj appropsiation h q p g e  The USGS contribution to this program included logic framework for all of northern Alaska became 
permitted exploration in adjacent areas. This driil- surface geologic mapping of the Reserve and available far the first time. 
ing resulted in the discovery of oil d e p d s  at adjoining areas, study of subsurface samples md 
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The 1974-82 exploration of 
NPR=4/NPRA 

The discovery of oil and gas at h d h o e  Bay in 
1968, in combination with the Arab oil embargo of 
1974, stimulated the U.S. Navy to propose, and the 
Congress to approve, the next exploration program 
in the Reserve. Between 1974 and 1977, the Navy 
drilled seven test wells in the northeast corner of 
the Reserve, following the Prudhoe trend and hop- 
ing for similar results. The Navy also drilled four 
wells in the Barrow area and discovered the East 
Barrow gas field, thus providing an additional sup- 
ply of gas for local use. 

In 1975, the U.S. Navy signed a 5-year contract 
with Husky Oil NPR Operations, Inc., to manage 
and supervise all aspects of the exploration pro- 
gram- 

In 1976, the Naval Rtroleum Reserves Produc- 
tion Act (Public Law 94-258) authorized further 
development and actual production for sale of 
crude oil from NPR Nos. 1,2, and 3 in California and 
Wyoming, and redesignated NPR-4 as the NPRA. 
Thus, the purpose of these Reserves was redirected 
to augment domestic supplies of crude oil. The act 
also required studies of other resources and alter- 
native management systems for NPRA. Respon- 
sibility for these studies and for continuation of the 
NPRA exploration program was transferred to the 
Secretary of the Interior, who, in turn, assigned to 
the USGS three duties: ( 1)furthering of the explora- 
tion program; (2) continuation of the operation, 
maintenance, and production of the gas fields at 

harrow; and (3) cleanup of debris left from pre- 
vious activities in and adjacent to the NPRA. 

The USGS took over management of the program, 
including all contracts and facilities, on June 1, 
1977. The primary objective of the exploration 
program was defined as an assessment of the oil and 
gas potential of the entire Reserve. A secondary 
objective was the discovery of commercially pro- 
ducible deposits. Thus, all  tests were drilled "on 
structure," to the extent that this could be deter- 
mined. A total of 28 test wells were drilled in the 

period 1974 to 1982, of which 7 were under U.S. 
Navy management. One, the W: T Foran test well, 
and a followup, the J. W Dalton test well, penetrated 
a section of favorable rock similar to that at Prudhoe 
Bay, but only shows (indications) of oil were found. 
Apparently, oil had accumulated in quantity at these 
localities but had subsequently migrated 
elsewhere. 

EXPLORATION WEUS 1975-1981 
1. Cap Helkett 
2. S. Heniron 
3. E. Tsokkpuk 
4. At& 
5. W. M Creek 
8. W. T. Fnan 
7. S. Simpson 
8. Drew Mm 
9. S. Mead, 

10. Kug~w 
11. N. Kdikpik 
12. Ini@ 
13. Tudik 
14. 15. kpkpuk Psard 

16, E. Simpson No.1 
17. J, W. Dalton 
18. Lisburna 
19. Seaba 
20. Walakpa No. 1 
21. E. Simpson No. 2 
22. w. DaeM 
23. Awlma 
24. Walakpa Na. 2 
25. N. lnigok 
26. Kuyanak 
27. Tulalpak 
28, Koluktak 
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Several test wells were drilled on the flank of the 
Barrow structure, and a new gas field was dis- 
covered at Walakpa, 14 miles southwest of Barrow. 
This deposit may be useful to the Barrow com- 
munity but probably is of insufficient size to war- 
rant development for export to the "South 48." 
Farther south on the downslope of the Prudhoe- 
Barrow trend, test wells were drilled to explore the 
wedge edge of potential reservoir rocks, and two 
deep test wells were drilled near the center of the 
northern Alaska depositional trough. Additional 
test wells were drilled on anticlinal structures in 
the foothills, an area that had been drilled exten- 
sively in the Pet-4 program, but only for shallow 
horizons. One test well was drilled in the overthrust 
belt near the front of the Brooks Range. ~ e a r l i  all 
these test wells produced shows of oil or gas, but no 
commercial deposits were discovered. 

The congressional mandate to continue supply- 
Ing gas to the Barrow community required drilling 
additional production wells in that area. Six wells 
were drilled, and four were completed for produc- 
tion. 

The ,third duty of the USGS was to complete 
cleanup of the debris from earlier work within or 
adjacent to the Reserve. In addition, all the sites or 
"areas of operations" of the current program, as 
defmed in a memorandum of understanding 
(MOU) with the U.S. Bureau of Land Management 
(BLM), had to be rehabilitated and revegetated. A 
cleanup program was started by the U.S. Navy in 
1971 and was completed by the USGS in 1984. 
These sites have recently been returned to manage- 
ment by the BLM. 

The Lisburne No. 1 test well, located in the southern part o f  the 
NPRA, was spudded in June 1979 and conapleted in June 1980 at a 
total depth o f  17,000 feet. 
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Summary of significant 
events in the history of 
petroleum exploration in 
Alaska 

The history of petroleum exploratidn, develop- 
ment, and production in Alaska reflects an odd mix 
of Government exploration and assessment, Gov- 
ernment regulation and land management, oil- 
industry interest, and market fluctuations. Federal 
exploration in the NPRA was concentrated largely 
in the three periods 1923-26, 1944-53, and 
1974-82. In between, other events and publica- 
tions influenced the course of petroleum develop- 
ment. The USGS had, and continues to have, a major 
role in this story. Some of the more significant 
events are: 

1901 - Industry began petroleum 
exploration in Alaska. 

1902-33 - Oil discovered near seepages at 
Katalla; 1 54,000 barrels of crude oil 
produced. 

1910-20 - Industrial activities slowed by 
Federal land withdrawals. 

1923 - NPR-4 established by Executive 
Order 

1923-26 - First exploration of NPR-4 by the 
U.S. Navy and USGS. 

1920-40 - Industrial exploration intensified in 
southern Alaska; do major 
discoveries. 

1941 - USGS report on possible oil 
provinces in Alaska by I? S. Smith, 
American Association of Petroleum 
Geologists (AAPG) Bulletin. 

195 1 - USGS report on possible future 
petroleum provinces by George 
Gryc, D. J. Miller, and T. G. Payne, 
2nd AAPG Symposium. 

1944-53 - Pet-4 program. 
1953 - All Pet-4 data released in USGS open 

files. 
1957 - Swamon River, Cook Met field 

discovered by the Richfield Oil Corp. 
1958 - Alaska Statehood Act and Public Land 

Order 82 rescinded; USGS begins 
publication of series of professional 
papers on NPR-4. 

1959 - USGS Bulletin by D. J. Milleq T G. 
Payne, and George Gryc on possible 
petroleum provinces in Alaska. 

1960 - i4NWR e~tab1Ished. 
1963 - Industrial exploratory drilling begins 

on the North Slope near NPR-4. 
1964 - USGS report on mineral aad water 

resources d Alaska by iW. W. W o n ,  
Jr., and others suggests possible 
'Eiassic-Permian sandsrone reservoirs 
under coastal plain. 

g 3 0 r  GEOLOGIC SURVEYS 

Government activity 

E 'OF Industry ectivity 

uw 

- PNdhoe Bay oil &Id discovered by 
the Atlantic Richiield Corp. 

- Nation4 Environmental Policy Act; 
US= report on thermal effects of 
heated pipeline on permakkost by A. 
H. Lachenbruch has major aEect on 
design of the '@am-Almh Pipeline. 

- Alaska Native Claims Settlement Act. 
- Arab oil embargo; U.S. Navy renews 

exploration in NPR-4. 
- Naval Petroleum Reserves Production 

Act of 1976 (Public Law 94-258) 
transfers responsibility For the NPRA 
(formerly NPR-4) to the 
Department of the Interioq 
exploration program assigned to the 
USGS. 

1977 - Pans-Alaska Pipeline completed, and 
oil delivered to Valdez at the rate of 
1.2 million barrels per dsy 
Exploratory drilling new Prudhw 
Bay continues; additional discoveries 
madee . 

1982 - NPRA program terminated. 
1982-83 - Lease sales in the NPU; industry 

begins geophysid surveys. 
1983-84 - Geophysical surveys permitted and 

begun in the ANWR. 

Sumnzary q f p ~ t r d m  exg0oratim on  the North Slopefiom 1920 to 
19 79 .(modzfied&mn Bi~d ,  1981). 

. . 

I- 
- sale! !sale 1 sale - - 

Geologic reconnaissance P e t 4  program Exploration of NPRA 
of NPR-4 Creation of ANWR 

4 - 
"Land freeze" on federal acreage 

Creation of NPR-4 "Land freeze" (P.L.O. 82) Alaska Statehood - (native claims pending) 
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What are the 
geological, 
geophysical, and 
geochemical factors 
considered in 
petroleum 
exploration and 
resource assessment? 

Tilted sedimentary rocks of the Kukpowruk Formation form the 
backbone of east-west-trending ridges in the Arctic foothills. These 4 sedimentary rocks are part of a thick deposit of sandstone and 
shale derived from the uplifted Broob Range during Cretaceous 
time. Photograph by Darwin S .  Braden. 

In the late 1800's, during the early days of 
petroleum exploration, test wells were drilled only 
near obvious surface oil seepages. However, as the 
demand for oil grew and the dficulty of finding it 
increased, it became evident that a better under- 
standing of the origin and location of petroleum 
deposits was essential. This quest for knowledge 
led to many investigations, ranging from the 
molecular structure of oil, through computer anal- 
yses of sound waves in the Earth, to how far a sand 
grain must travel to become well rounded. The 
results of such studies form the foundation of our 
present knowledge of petroleum and dictate mod- 
ern exploration strategy. 

We have learned that oil and gas are formed from 
the remains of microscopic plants and animals bur- 
ied in sediment. Pressure and heat subsequently 
turn this organic material into oil and gas. For a 

valuable deposit to accumulate, porous rocks must 
be available to hold the newly formed oil and gas, a 
permeable layer must be sealed above by an imper- 
meable layer to prevent escape, and a trap, such as a 
fold or fault, must be present to concentrate large 
amounts of oil and gas. 

Thus, an exploration program must include a 
search for: (1) rocks containing organic source 
materials, (2) porous rocks to form a reservoir, (3) 
impermeable rocks to serve as a seal, and (4) oil or 
gas traps or stratigraphic trapping features. Before a 
drilling program is undertaken, the geologist must 
study the geologic history of the area and evaluate 
whether conditions are right for an accumulation of 
oil or gas. Such studies include geophysical and 
geochemical surveys, and evaluation of source 
rocks, reservoir rocks, and structural or strat- 
igraphic traps. 
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Geologic history 
In general, the geologic history of the NPRA 

corresponds to that of the North Slope. From Mis- 
sissippian through W s i c  time, most of the region 
was below sea level and consisted of a broad stable 
shelf The north border of this shelf yas a large 
landmass, which supplied great volumes of sedi- 
ment to the submerged continental shelf 

Theories abound concerning the origin of north- 
ern Alaska, but probably during Jurassic or Early 
Cretaceous time the Alaskan landmass rifted and 
pivoted around a point near the Mackenzie River 
delta. This rift created the Canadian Basin of the 
Arctic Ocean and caused the uplift of the Brooks 
Range mountain system. The northern source of 
sediment was thus eliminated, and a new sediment 
source was created-the Brooks Range to the 
south. 

About the same time as or shortly after the 
Brooks Range uplift, there was a broad subsidence 
of the lands immediately to the north that formed 
the submerged Colville aough. This sedimentary 
trough was partly closed to the north by a relatively 
stable border called the Barrow arch. This elongate 
bowl, the Colville Bough, rapidly filled with more 
than 6 miles of sediment derived from the newly 
formed and rapidly eroding Brooks Range. The 
trough was then uplifted, folded, and faulted during 
Cretaceous and early Tertiary time. 

Since the earIy Tertiary, basin filling and deforma- 
tion of that fill have shifted northeastward, so that 
the thickest Tertiary sedimentary deposits are in 
the northeastern part of the North Slope and off- 
shore. Earthquake epicenters just offshore from the 
ANWR and tilted Pleistocene terraces onshore indi- 
cate that deformation continues even today 

SOUTH 

* ~ * h r l u n a s h  

MISSISSIPPIAN-JURASSIC 

.-- 
Uplift b a g ~ ~ ~  

LATE JURASSIC-EARLY CRETACEOUS 

BROOKS RANOE Sediments from Sagging of continental 
Brooks Ranw mamln 

BROOKS RANOE 

BARROW ARCH 

- -m 

Franklinian Paleozoic sediments 

Ellesrnerian Paleozoic and sediments 

Brookian Mesozoic sediments 

Brookian Cenozoic sediments 

Oil and Gas 

% ge&& afdPrtien qfvcrtlmm Ahka is &&@d k+ iseJozlr Ths &d B& f w d  4 njcting of the once-s@z% 
mess sec8k-m. Tkgy +t a widely hsld that a seaaa*- c m ' d  hEJc @ tk C a d n  makm, and thGlt Qy pivoring 
@&% 6- sg& s* matun a& &t &z no&- ap9'mW11wf9~ 670 about a plboant rtcar tJw WcKbnzk Rkm &I& 
esn A l a s h ~ r d W s o z t & ~ r d  andwgstwwdto mea~e& Braoks whd cm~rak  ~ j f t - u ~ n ~  lot&ms is natfit4 undmstood. P d y ,  
Rawge, tk CoIw'Ifc Trough, a d  the B m m  arch (modwfim nab 1~rag~4e BRegb vitlan tk Earth mgcetss zaa 4 W&CWS 

Ridmood, 1970). h t h  the cmz$ilt6nts a& ecwns (nt+dfiom Taildetrr, 1983). 
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Eras Periods E~~~~~ Millions of years Dominant life forms 
before pmse~t 
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Environmental stipulations 
and monitoring 

The Naval Petroleum Reserve Production Act of 
1976 (Public Law 94-258) made specific reference 
to protecting the environment. Recognizing that 
the NPRA is underlain by permafrost and thus is 
most sensitive to any actions that alter the surface, 
the USGS and the BLM met together and drafted an 
MOU that defined the responsibilities of each 
agency. 

Because knowledge about the characteristics of 
permafrost is not widespread, it was decided that 
the USGS would draft a set of stipulations governing 
surface activities and movements which would be 
rigidly followed during the exploration program. 
Monitors representing both the USGS and the BLM 
were to continuously observe all activities. Under 
the provisions of the MOU, the USGS prepared each 
year an Annual Plan of Operations that specified the 
locations of all wells proposed for the year, their 
estimated total depth, construction designs, timeta- 
bles for all operations, and, possibly most impor- 
tant, the exact routes to be used by the 
construction crews. 

When the annual plan was completed, site-spe- 
cific environmental assessments and engineering 
surveys took place concurrently. Thus, the con- 
struction and drilling designs incorporated specific 
environmental considerations tailored to the con- 
ditions at each site. Environmental Surveys were 
conducted during the summer and included 
gathering soil and surface information, as well as 
locating water sources and borrow sites. The areas 
were also checked for potential conflicts about 
archeologic, fishery, and wildlife problems. For 
example, borrow sites were relocated ifa suspected 
archeologic site was involved, or the site was thor- 
oughly examined and recorded by archeologists 
before being disturbed. Furthermore, the opera- 
tional schedules were adjusted to cause minimal 
effect on wildlife-sensitive areas, such as waterfowl 
habitats, caribou-calving grounds, and falcon-nest- 
ing places. Such environmental factors were con- 
sidered at every site. 

ENVIRONMENTAL STIPULATIONS 

1. Heavy equipment may be transported on winter roads only after the tundra is 
seasonally frozen to a 12-inch depth, and must cease when daytime spring melt 
of snow begins. 

2. No bulldozing of tundra areas for roads or trails. 

3. Camps may be located on solidly frozen ponds or lakes, provided that no toxic 
or hazardous materials are allowed to be dumped onto the ice. 

4. Exploration activities will employ low-ground-pressure vehicles. 

5. No historic site, archeologic site, or camp, either active or abandoned, shall be 
disturbed in any manner. 

Some of the bmic environmental stipulations governing surface 
activities 2% the NPRA, taken from the MOU. 

Colville Delta 
Important f ~ s h  spawnlng habitat 
H ~ g h  concentratlon of foxes, polar bear, ground 
squ~rrels and b ~ r d  lhfe 

Colville River, bluffs and high shrub zone 
Critical nestlng sites for peregrine falcon and other 
birds of prey 
H ~ g h  concentration of moose 
F~sh  resources greatest of all North Slope 

Icy Cape 
H ~ g h  dens~ty of water fowl 
lrnportant to mlgratlng shoreb~rds 

Point Barrow 
Area exhib~ts a number of physical and b~ological 
extremes of Interest to researchers 
Protect~on of reoresentatlve research s~tes 

Teshekpuk 
Hlgh concentratlon of molt~ng geese 
Car~bou summering, wtnterlng, and calv~ng area 
Waterfowl and shoreb~rd feedtng area 

Utukok Uplands 
Major caribou calv~ng area 
Supports large numbers of grizzly bear and wolvertne 

Unique ecologic areas in the NPRA (modtjied from National 
Petroleum Reserve in Alaska Tmk Force, 1978). b 
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Subsurhce geology 

Geophysical surveys 
Geophyskal prospecring supplies important 

data about the mbsu&ce without drillkg a well. 
Three geophysical methods or surveys were used 
during the study of the NFRA-pity, magnetic, 
and seismic reflection. Gravity surveys measure the 
Earths gravitational W, which is modified by the 
thickness, variation, and distribution of rock types 
in the Earthkcrust. Very slight M o n s  in the 
gt-avhtionat field are commonly related to chang- 
ing subsurface conditions and may indicate a 
deeply buried fault or a n d o u s  body of rock 
Magnetic surveys measure the Earthb magnetic 
field. Wations in this field indicate the presence of 
rocks in the subsurface that have high or low mag- 
netic properties. Elecmse most sediment is non- 
magnetic, this survey provides information mainly 
on the wmposition of the underl@g basement 
rocks. Seismic-reflection m e y s  are based on an 
analysis of sound waves artificiklp generated in the 
Earth and then reflected horn various rock layers 
back to the surface. All three methods gather 
remotely sensed data; that is, geologic interpreta- 
tions about the submike are based on indirect 
evidence-the actuai rscks have not been seen. 

Of these three methods used in the NPRA, the 
data from seismic-refkction sumeys are the most 
spesific, are quantifiable, can be corroborated with 
drilled wells, and generally (or if structure i s  not 
too complex) provide a clear visual representation 
ofthe subsurface in the form of a cross section. This 
method, however# is also by fix the most expensive 
of the three. Gravity data, in contrast, were col- 
lected by the seismic surveying crews for only a 
small additional cost. Magnetic data were collected 
by towing a magnetometer behind a low-flying air- 
plane. This method was used mostly during the late 
1940s and has not been a major part of the recent 
USGS NPRA project, although in selected areas very 
bw l m l  aeromqgnetic surveys were flown. Their 
purpose was to detect near-surface magnetic anom- 
alies related to Ieaking oil or gas. 

small charge of explosives in a shallow drill hole 
(rarely more than 100 feet deep) or by large 
vibrators that send shock waves or "acoustic sig- 
nals" deep into the subsurface. These shock waves 
travel through sedimentary-rock layers and gradu- 
ally lose energy with depth. At certain boundaries 
where these rock layers have different acoustic 
properties, some of the energy of the shockwaves is 
reflected back to the surface. This returning acous- 
tic signal, or echo, is received at the surface by a 
series of geophones-sensitive detectors spaced 
along a straight line-and electronically trans- 
krred into a pllinted seismic record. 

Seismic "trains" work during the win& m& and g a t h  data 
about the szcbsdl.face rock layers. Photograph by John Schi,ndler. 

THE NATIONAL PETROLEUM RESERVE IN ALASKA 





The density and lithology dthe subwhce racks 
a&xt the velocity of the seismic shock wava and 
must be considered when correlating the seismic 
records with the ddled-well data. lttn general, these 
shoclrwnves81.avelf.;asterinde~rock.Vdocitiesin 
homogenous rock layers p e d l y  increase with 
depth became of increasing c0mp~u:tion dthe sed- 
iment. For example, in the Colville Group, the 
Naaushuk Group, and the Brok Farmation, tbe 
average she&-wave doci ty  regularly increases 

WEST 
272 m, 1" 

INtGOK NO. 1 

VELOCITY, IN FEET PER 
SECOND X 1 DQO 

from 8,000 feet per second at a subsur&ce depth of 
1,000 feet to about 13,000 feet per second at a 
depth of h t .  Layers of rock with large 
wdmity difkrences will cause a strong echo, 
which, in turn, will produce a strong signal on the 
seismic record For example, the 1-velocity peb- 
ble M e  unit an$ the reWvelp high velocity Sag 
River sandstone and ShubWr Formation produce 

S h i c - r + h p r @ l e  s h u w i ~  rock ~huctwzs w r b  3 milcs &a 
-n@y YU Earth. %i.spoj& ~r~11cs~ctcd the Inigak weU. A ~ m d  refi&m 
meed over large distances in the NPRA, in the seismic record are correW widh rock byersfmm tk w d .  Tk 

iwet i s  a lag 4th shoek-waw velocity fw daji&r& 7oek hyws 
m a t i l d  by 6Ws well. 

Colville Group-nonmarine and marine 
shale with coal and sandstone beds 

Nanushuk Group-marine sandstone 
with shale beds 

Torok Formalon -prodelta shale with 
turbidite sandstone at base 

Pebble Shale unit -~ta~ed-baSit i  

7 organic shale 
Kingak Shale-distal prodelta organic 

shale and siltstone 
Sag River Sandstone, Shublik Forrna- 

tion, and Sadlerochit Group C 
1 Lisburne Group-shelf limestone and 
- dolomite 

Endicott Group - nonmarine coal-bearing 
conglomerate, sandstone, and shale. 

I 
Franklinian sequence, commonly argillite 

...- 
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The seismic surveys were made along a series of 
straight lines that intersected at approximately 
right angles, forming a grid. Each seismic crew was 
supported by a --a series of tracked vehicles 
on which were mounted the seismic recording 
equipment, drills, hole-loading equipmemt, and so 
on. The train a h  had a series of trailers maunted 
on sleds, which contained kitchen, mess hall, 
bathroom, sleeping facilities, supplies, and an office 

in which the field records were inspected and crew line-miles of data. The total 16,500 miles of seismic 
records were maintained. The crews operated information and the resulting interpretations ham 
about 5 to 6 months out of each year, from been released to the public, have enlarged the 
December until late April or early May, and were off exploration data base, and have contributed greatly 
the tundra before spring thaw in mid-May to out general knowledge of northern Alaska, 

During the 10-year period of the Pet-4 program, 
the U.S. Navy acquired about 3,300 line-miles of 
seismic-refkction data; and from 1974 to 1982, the 
Navy and the USGS together acquired about 13,200 Laying cable with a w k d  geophms. Photograph by JeePJohwon. 

1 

Securing g e o p h  into the snow. Photograph by Jeep Johmm. 
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Exploratory wells 

The modem exploratory well is the ultimate 
device for @hering det ied  information about 
subsurface rock layers. Its main purpose, of course, 
is to discover oil and gas; but, in addition. factual 
information gathered on the deeply buried rocks is = 
extremely valuable, and analysis of such informa- 
tion may suggest future prospects. 

The main components of a drill rig ate the mast, 
engines, drawworks, drill pipe, and mud system. 
W~thin the mud system, specially formulated drill- 
ing mud is continuously pumped down the interior 
of the drill pipe; the mud leaves the bit in the form 
of a jet and returns to the surface. A properly con- 
trolled mud system is of critical importance; it is 
designed to cool and lubricate the drill bit, support 
the sides of the hole, keep the well under control, 
reduce friction on the drill string, and remove rock 
particles. These rock particles, known as "cuttings," 
range from sand to fingernail size and are sampled 
periodically at the surface during drilling. Auto- 
mated instruments continuously monitor the mud 
system for evidence of ail and gas shows. 
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In all wells, a detailed casing and cementing pro- 
gram is preplanned for specific depths and specific 
purposes. Casing is used to prevent cave-ins, migra- 
tion of fluids from one rock formation to the otheq 
and contamination of any oil and gas that are pro- 
duced. The casing also serves the important func- 
tion of preventing downhole sloughing of pieces of 
shallower rock formations that could contaminate 
the mud system and produce an inaccurate picture 
of the subsurface rock types. 

If good oil or gas shows are identified, a drill-stem 
test is run to determine how much petroleum will 
flow from a specific depth. All fluids and gases 
trapped in the subsurface are naturally pressurized, 
and the drill-stem test isolates a specific rock layer 

and measures the flow rate and pressure of these 
fluids and gases as they are released into the drill 
pipe and up to the surface. These tests help locate 
the potential petroleum-bearing layers. 

The cost of drilling exploratory (wildcat) wells 
in the Arctic is 5 to 10 times greater than in the 
"Lower 48"; a single test well may cost more than 
$100 million. The anticipated return must be con- 
siderably greater to attract investment capital. 
Thus, discovered deposits must be much larger in 
the Arctic than elsewhere to warrant development. 
An oil reserve of a few tens of millions or even a few 
hundreds of millions of barrels may not be 
developable profitably in the Arctic. 

r 

Kelly 

-4% ofa mud systane. MELd is m essentdiat G M ~ E ~ O ~ L P I E E  US& in 
ddhg WE?&. For 6Eae escpdwmvy we& in tha NPR4, mtmm&d 
a d p e r s  c o n h b w i y  m i f o r e d  the n e t 4  f ~ r  the presmce ojoil aad 

II 

lrill stem 

rnnulus 

Soft-rod drill bit. The type ofdrill bit used depends on the type ofrocks 
being drilled. For rock of the Brookkn a d  part of the Ellesnaerian 
sequences, soft-rock drills without embedded industrial diamonds 
were generally used. Photograph by John Schindler. 
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Small rock "cuttings" brought to thesurfiie b~ the circulating 
mud are periodically sampled and analysed. Photograph 
Johnson. 

drilling 
b Jeep 

( SEQ. I AGE I 
I 

AND Gubik Formation 
o g  TERTIARY 

TERTIARY 
Sagavanirktok 

U Formatinn 

DESCRIPTION 

Sand, silt, gravel, and clay, shallow marine and nonmarine 

Sediment derlved from the Brooks Range terranes pro- 
graded northerly and easterly to fill the Colville Sasln. 
When the basin was filled with four miles or more of 
sediment, the ancient delta system overtopped the 
Barrow arch and prograded northerly onto the Beaufort 
shelf. 

Sediment derived from a northerly source. Generally the 
sediments coarsen and the layers thin from bottom to 
top. 

Basal part of the End~cott G r o u ~  conslsts of nonmarlne 
coal-bearing sandstones and shales deposited in down- 
faulted basins on the Arctic platform. 

Low-grade metamorphic rocks 
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Source rocks 

Field and laboratory studies indicate that natu- 
rally occurring oil and gas are the products of 
heated organic matter, except for biogenic gas, 
which is formed by bacterial action. These studies 
show that certain types of organic matter are neces- 
saty, that these types must occur in certain mini- 
mum concentrations, and that they must be heated 
to a certain threshold but not too beyond, or the 
oil and gas will be destroyed or "burned up." A 
source rock is a body of rock from which oil and gas 
can be derived. Petroleum geologists can improve 
the chance of finding oil and gas by studying possi- 
ble source rocks before an exploration program is 
begun. If no organic-rich source rocks are 
obsemed, then the prospects of finding oil or gas in 
that area are diminished However, oil and gas can 
migrate great distances, and so that criterion must 
be used with care, and the regional geology must 
also be considered. 

Assessment of source-rock potential requires 
that four major questions be answered: (1) Is there 
a sutlicient amount of organic matter in the rocks? 
(2) What kind of organic matter is present? (3) Has 
the thermal history of the area been appropriate for 
generating oil and gas and subsequently appropri- 
ate for preserving it? and (4) Have oil and gas 
actually been generated? These four questions are 
answered by observations and by carrying out sev- 
eral types of geochemical analyses in the laboratory 
that evaluate the overall petroleum potential of the 
rocks. 

Organk matmid mast be heat.ed to a cetbakn &?pee to gL*n@Gte 
hydrombm.  This rross section s h s  tk &ph cLnd s b w ~ a l  
c d i h  under which wgaic &S *kt be t r a m f d  into 
ail M gas ( ~ ~ d f i m  Bird, 1981). 

The amount of organic matter in the rocks is 
determined by an analysis of their organic-carbon 
content (OCC); organic material, which originated 
from either terrestrial or marine organisms, is mea- 
sured in weight percent. The OCC by itself indi- 
cates the organic richness of the rocks but gives no 
clue as to the presence or generation of oil and gas. 
OCCS of 0.4 to 2.0 weight percent indicate a possi- 
bly fair source rock, and of greater than 2.0 weight 
percent a possibly good to excellent source rock. 

The kind of organic material present is deter- 
mined by studying samples under a microscope 
and by chemical analysis. Marine organic materials 
produce mostly oil, whereas terrestrial materials 

produce mostly gas. Thus, from howledge of the 
kind of organic material present in an area, the type 
of petroleum most apt to be found can be pre- 
dicted. This determination may be of critical impor- 
tance to the economics of production and 
marketing. For example, there is no gas pipeline out 
of the North Slope and thus no way of economically 
transporting gas to market. 

The the& history of the basin determines 
whether the rock has been heated to the appropri- 
ate degree and for the right length of time-not too 
long and not too short-for the generation of oil 
and gas. The thermal history is disclosed by several 
methods. One type of qualitative analysis is the 

NORTH 
A' 

Undermature for oil (biogenic gas) 

Thermally mature for oil 

- B 
Overmature for oil, mature for gas 

South to north cross section: Potential oil source rocks shown in red 
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"thermal-alteration index," based on the pro- 
gressive color change, or ~ ~ g ,  of specific fos- 
sil types with increasing temperature. 

The most recent studies show that four marine 
shale units have the appropriae complement of 
parameters to be considered as a source for oil: the 
Zbrok Formation, the pebble shale unit, the Kin&& 
Shale, and the Shublik Formation. These rocks we 
thermally immature along a relatively narrow zone 
parallel to the northeast coastline ofthe WPM (the 
Barrow arch), but as they thicken toward the south 
and become more deeply buried, the rocks become 
more mature and have produced oil and gas. The 

richest but thinnest source rwlq on the basis of all 
these analyses, is the 120-million-yeat-old pebble 
shale unit. 

Whether oil and gas k actually been generated 
can be answered by observatioa During drilling, 
m y  oil and gas &CPWS were penetrated in each of 
these fornations and related reservoir rocks. These 
shows lead to the conclusion that oil and gas were 
generated. However, they may not be present in 
su&cient amounts to form economic dq~s i t s  for 
some reason, such as the absence oftraps or migra- 
tion of tSre oil and gas to other areas. 

Bhotdcr~graphs 4thirs secbiom oftkc Torok F D W M Z ~ Z O ~ ,  the 
shale wait, dhe King& Shak, and tka Shublik Fot-rndms;-all irossi- 
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Reservoir rocks 

Any porous rock layer with interconnecting 
open spaces or holes is a potential petroleum reser- 
voir The proportion of open space is called poros- 
ity, measured in volume percent. Thus, 25 percent 
porosity means tha one-fourth of the rock consists 
of pore space. The interconnectedness of pore 
spaces, which provide the paths for circulating 
ids, is referred to as permeability, the ability to 
transmit fluids. The degree of porosity and per- 
meabmty is the result of the depositional environ- 
ment, the history of burial and consolidation, and 
secondary effects, such as fracturing and etching. 

Examples of sediment that may form goad reser- 
voirs are well-sorted beach or channel sand and 
limy sand derived from broken Eragments of coral 
reefs. Hard and brittle rocks may become porous by 
fracturing or etching by circulating fluids, so that 
open spaces are created. 

Predicting which rock layers may be good reser- 
voirs is one of the most important factors in 
petroleum exploration. Petroleum geologists spend 
considerable time and effort studying modern sedi- 
mentary or depositional environments as a key to 
understanding ancient environments as repre- 
sented by the rock sequence. Models and criteria 
are organized to identtfy palevenvironments and 
thus to predict the reservoir properties of the rocks 
that have been formed. The position and con6gura- 
tlon of ancient sedimentary-transport systems are 
also important in prediction. Coarse, well-sorted 
sandy and cobbly sediment derived from anancient 
river system or shoreline may grade laterally into 
finer sand from an offshore bar, through muddy 
marine-shelf deposits, eventually to an organic-rich 
deep-water clay. As the shorelines and rivers move 
and change, different kinds of sediment are deposi- 
ted, one on the other, to form a sequence with a 
complex sedimentary history. A specialist, a sedi- 
mentologist, may spend an entire career studying 
these sequences to predict where good reservoir 
rocks may be found. 

Locations ojfknownpetrolaurn rtsewoirs in the NPR4 (mod$edfrom 
Bird, 1981). 

STRUCTURAL TRAP 

STRATIGRAPHIC TRAP 
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the NPRA, good reservoir rocks are rela- 
tiveIy scarce in comparison with the adjacent b d -  
hoe Bay area. However, reservoir rocks containing 
small or residual accumulations have been found in 
rocks ranging in age from Mississippian to Cre- 
taceous. Sipilkant oil accumulations have been 
found within the Nanushuk Group of Cretaceous 
age at Umiat, Simpson, Fish Creek, and Umiat, and 
gas accumulations at Umiat, Gubik, Meade, Simp- 
son, Wolf Creek, and East Umiat. The Barrow gas 
deposits are in reservoirs in the Kingak Shale of 
Jurassic age. At  the W; 'I: Foran and J. W. Dalton test 
wells along the Arctic coast, residual hydrocarbons 
were found in rocks of Mississippian and kmian 
age, coeval with the reservoir rocks in the Prudhoe 
Bay area. 

Nanushuk Group 

Torok Formation 
Lisburne Group 

Nanushuk Group 6.7 MMCFIday 
Nanushuk Group 

Nanushuk Group Up to 120 bbhlday 
Nanushuk Group Up to 450 bblslday 

OO~tnafik 
0 East Oumalik 

~Sguare  Lake 

Titaluko ?so 

DriMrstm tests were made at several we& in Ehe NPBA. voil  andgas 
shows w e  detect&, a test was m d a  at a spec@ ficth to measure t b  
pssibkw rett. a d  prsssure ofthe oil OP gas. %SC tests venjj ths 
pgsgne~ of oil of gas resemoi~s Gut do not clekwninc tha total amount 
of  p e t r o k  tkat neigkt be tra@d. Map shows locahahm of28 wells 
drilled during ths most rwmt program. 
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How were oil and gas 
resources estimated? 

Although estimates of oil and gas resources were 
regarded as probably the most important economic 
contribution to studies of the NPRA, the Naval 
Petroleum Reserves Production Act of 1976 (Public 
Law 94-258) required much more. 'Zb satisfy all 
the requirements of the act, an interactive com- 
puter-based economic model was constructed. 
Estimates ofthe amounts of yet-to-be-discovered oil 
and gas in the NPRA were basic to this economic 
model. The model simulated the economic con- 
sequences of various development plans to satisfy 
theact, which specifically required a study to deter- 

mine the best overall procedures for the develop- 
ment, production, transportation, and distribution 
of any petroleum resources in the Reserve, and the 
economic and environmental consequences of the 
various procedures, The following paragraphs 
briefly describe the method of arriving at the esti- 
mates that were provided to the economic model. 
The reader interested in more details should con- 
sult the report by the US. Department of the Inte- 
rior, Office of Minerals Policy and ]Research Analysis 
(1979) 

OIL AND GAS APPRAISAL DATA FORM 

EVALUATOR: U.S. Geob$ical Survey PLAY NAME: CoIviIIe I 

DATE EVALUATED: 11/78 REVISED: 11 178,9/79 

ATTRIBUTE 
PROB. OF 

COMMENTS 
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The traditional USGS method of estimating oil 
and gas resources, though successfully applied to 
two assessments of the Nation's resources within 
the past decade, did not supply the input required 
by the economic model constructed for the NPRk 
A survey of other established methods turned up 
the play-analysis technique. The method employed 
in the NPRA was a modified version of this tech- 
nique, developed by the Geological Survey of Can- 
ada to assess Canada's oil and gas resources. "Play" 
is an oil industry term describing an area where the 
prospective oil or gas deposits have similar charac- 
teristics, such as the same reservoir rock or a similar 
type of trapping mechanism. 

In the play-analysis method, geologists make 
judgments on the geologic k to r s  necessary to 
form an oil or gas deposit, and a computer gener- 
ates the estimates. This arrangement utilizes the 
geologist's expertise with geologic factors and the 
computer's expertise with manipulation of num- 
bers. 

The geologist's judgments are recorded on a data 
form. An example of this form is annotated here to 
show how it answers the two fundamental ques- 
tions asked in any assessment: (1) are there any oil 
or gas fields in the area and, if so, (2) how much oil 
and gas is present? 

'Ib answer the first question, geologists enter on 
the form probability judgments as to the 
Eavarability of the several factors necessary fix an 
oil or gas deposit. These judgments are recorded on 
the upper half of the form (play attributes and 
prospect attributes) By multiplying all the proba- 
bilities together, an answer is obtained-the proba- 
bility that oil and gas deposits are present. Oil 
companies use the term "risk"-the chance of 
Eailure-which is simply this probability minus 
one. 

The lower half of the form addresses the second 
question. Here, geolaglsts estimate a range of values 
for each of the five geologic factors needed to calcu- 
late the volume of oil or gas in a deposit. 

In the NPRA assessment, a committee of 7 
geologists established and assessed 17 separate 
plays. In assessing each play, the committee 

VOLUME OF UNDISCOVERED RESOURCES, IN MILLIONS OF BARRELS 

reviewed extensive data summaries, representing 
many months of work by a team of geologists. A 
typical data summary for a play consists of several 
types of maps, cross sections, charts, and graphs. 
Such comprehensive data summaries are essential 
for an efficient and reliable assessment. 

The computer, running a program called RASP, 
generates the resource estimates by selecting and 
combining one possible value for each hydrocar- 
bon volume factor (from the lower part of the 
form) to give one estimate for the oil and gas 
resources of the play. This process is repeated 3,000 
rimes for each play in the assessment. The result is 
3,000 different answers reflecting various combina- 
tions of values randomly selected from the form-a 
procedure known as a Monte Carlo simulation. For 

each play, these answers are lined up from smallest 
to largest, and statistical values, such as the average, 
are calculated. From these calculations, the range of 
answers can be summarized on a single probability 
curve, such as the one shown here. By now, it 
should be clear that no single answer is possible to 
the question of how much oil and gas are present; 
instead, an infjnite number of answers are possible, 
each with its own confidence level. For example, 
from the curve illustrated above, one may expect a 
50 percent chance that at least 10 million barrels of 
oil are present. Larger amounts of oil correspond to 
lower probabilities-that is, less confidence that 
those amounts are present-and smaller amounts 
of oil to higher probabilities, or more confidence 
that at least those amounts are present. 
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For all 17 plays in the NPRA, the mount of 
un-vered inplace oil is estimated at 0.82 billion 
barrels at a 95-percent probability and 15.4 billion 
barrels at a 5-percent probabilty, for an mragr: 
value of 5.97 billion barrels. The totai amount of 
udscowred Iaplaex natnrr;tl gas is estimated at 2.4 
trillion cubic feet at a 95-percent probability and 
27.2 W o n  cubic Let at a t-percent probability, for 
an average value of 11.3 W o n  wblc fm.  The 
contribution of each play to the maage values for 
oil and $;is Is shm graphically here. 

Although use of a computer and a complex data 
form give the illusion of better or more accurate 
estimates, they may, in act, be no better than esti- 
mates by much stmpler methods. Only time and 
continbed exp1oration will tell the "correctnem" of 
the esthwks What this method does, however, 
which many others don", is to gumtee a sys- 
tematic consideration of each of the factors neces- 
sary for an oil or gas deposit, to record these 
considerations, and to report the estimates ol: vol- 
umes and pool sizes in tams of probabilities. 

ESTIMATED AVERAGE AMOUNT OF NATURAL GAS 
IN PLACE FOR ALL OF NPRA 
1 1.3 TRILLION CUBIC FEET 

The P'- qf& B?m-(fge a m &  ofw&ml gQs d&.bzdled by 
CQER 4th 17 pkys ms.esped (U arm]. 
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ESTIMATED AVERAGE AMOUNT OF OIL 
IN PLACE FOR ALL OF NPRA 

5.97 BILLION BARRELS 

@*@w 
dam @ r n f 8 *  *mJ. 
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What were some of the 
geotechnical, 
engineering, and 
environmental 
considerations in the 
exploration and 
development of the 
NPRA? 

Petroleum exploration in a remote wilderness 
area, such as the NPRA, requires not only consid- 
eration of the geologic factors but also special atten- 
tion to climatic, geographic, and environmental 
aspects. The congressional mandate specif~cally 
called attention to environmental and cultural con- 
siderations and required studies (Public Law 
94-258, secs. 105(a), 105(b)) of other resources, as 
well as of alternative management procedures and 
their economic and environmental consequences. 
These studies were completed by the U.S. Depart- 
ment ofthe Interior and submitted to the Congress 
as scheduled. 

In the light of these special mandates and the 
Arctic wilderness setting, the USGS and the BLM 
agreed on procedures to be followed to accomplish 
the exploration with minimal impact on the 
environment. These procedures required careful 
and thorough advance planning and monitoring in 
accordance with prescribed environmental stip- 
ulations. The final reports by the operating con- 
tractors describe these actions in detail, and only a 
few highlights are included here. 

Surficial materials 

Surficial deposits in the NPRA consist mostIy of USGS scientist mapping in th Kelly R i m  area, Brook Range. 
fine-grained deposits--clay, silt, and sand. Gravel, PhQtograPh b' Jeep J*h*a. 

the material required for constructing all-season 
drill pads, airstrips, and roads, is scarce and is con- 
fined to riverbeds along the slopes of the Brooks 
Range, the Colville River bed, and a few areas along 
the Arctic coast. In some places, long hauls were 
required to bring in satisfactory construction mate- 
rial; the same gravel may have been used repeatedly 
for drill pads in the Barrow gas fields, by moving it 
from one drill pad to the next. 

Sand dunes are common in an area of the North 
Slope between the Meade and Colville Rivers. 
Although most of these dunes are no longer active 
and have been stabilized by a cover of vegetation, 
their shapes reflect the present wind direction, and wmv s u ~ i a l  +&its and theirdkhbutim amass he Npm 
they are thought to be of relatively recent age. (mod$edfrom William and o t h s ,  1977). b 
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Qwimmry ;I$e m the N C  Slo@ m e  included hion, riu~~~ramne0, 
~ S E ,  wto$onI lym, and man9 other a n h b  a d  plants now 
exfimt, or gmew tlre North Slqpe. It laas been suggesdd thitt the 
jncreasteastng aumbers of e d y  bmzns living RsrG a@ the lQSt mjw 
ice age W to the h i r e  of many aftkgse 

Kkamc h o w  pit. Gavel, t k  material requirdd fm tb conrtmctien 
of r o d ,  drill pads, and airstrips, is very scarce in the NPRA. 
Photograph by Irvin TaiUeur. I 
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Because the NPRA lies north of the Arctic Circle, 
the extreme Arctic climate causes the formation of 
penmafrost. Ftmnafrost is present wherever ground 
temperature remains continuously below O°C for 
years. It can cover an entire region, such as the 
North Slope, or be discontinuous, as in southern 
Alaska. Nearly all of the NPRA is underlain by per- 
mabst, above which is the "active layer"-all the 
material that thaws in the summer and refreezes in 
the winter. The thickness of tbia active layer varies 
with local conditions but in the NPRA ranges from 
2 to 4 feet. The active layer forms a boggy, swampy 
surface during the summer thaw. The extreme 

Arc& climate of northern Alaska dates back to the 
pre-Quaternary (3 million to 2.5 million pears ago), 
and so permafrost has been present for a long 
period. 

There is little or no mineral cement or binding in 
the fine-grained surficial sediment. The individual 
grains may be surrounded by ice, resulting in ice- 
rich permafrost. Permafrost is said to be ice rich 
when it contains more water in the form of ice than 
the ground could possibly hold if the water were 
liquid. In general, the Arctic Coastal Plain is under- 
lain by ice-rich permafrost. If the ice melts, settling 
problems can be extreme and thus present a great 
engineering challenge. 

Permafrost is the dominant factor that influences 

Hill 

the design, engineering, construction, and trans- 
portation phases of any operation in the Arctic. 
Because ice is impermeable, there is no vertical 
drainage below the thin active layer: The base of the 
active layer is an irregular surface that ponds water 
during the thaw, and so in areas of steeper slopes, 
the water-saturated sediment is ready to start slid- 
ing downhill at the least disturbance, and mudsIides 
are common. During the warm months, the wet, 
soggy tundra is difficult to walk on and impassable 
for most ground vehicles. In the past, heavy tractors 
with "caterpillarn belt treads have been used in the 
summer, sometimes with the bulldozing blade 
down to remove soft tundra. Some tractor scars are 
still visible and still erodiag after 40 years, and so 

All ofthe NPRA is u d @ a i n  q3r a wady con$iwmcs zone of per- 
ma$&. This d+am s k u  thiz sff.66 of  sufme features an the 
dktTibUtwn qjwmzfmst. Only the arm Beneebh fake Teshekpuk, the 
b g e s t  & in h e  NPRA, lads a pgmdafrtnt doae (adapted f r m  
Femians and others, 1969). 
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alternative means have been developed for summer 
gt.ound transport. Large grand vehicles now use 
wide balloon tires that increase the area of the 
"footprint*' and thws decrease the pressure exerted 
on the tundra. 

Most activity in the NPRA involving heavy equip- 
ment takes place after the tundra hm ftbzen and is 
protected by a snow cover, The sutf.sce can then be 
used for tramportarion, and little or no damage is 
caused Ice roads can be built for the use of surface 
vehicles. large or permanent structures are placed 

- 
on pilings well above the mndra surface, so that Colder temperature 
they do not fonn a "thaw bulb" in the upper surface - 
of the permafrost and create engineering problems 
or unsightly reminders of human activities. 
However, ,drill pads and roads must be carefully 
located, so that natural drainage is disturbed as little 

possible, or else erosion will occut Aircraft run- 
ways are locilted on frozen lakes wherever feasible. 
Pamafrost af&cts all bets of Arctic operations, 
but, as demonstrated by this program, the problems 
can be solved. 

Freezing point 
o0 

+ 
Warmer temperature 

Tracks made by a tracked vehicle in tha tundra during the P e t 4  
program. 
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Rrmafrost contributes to the development of 
certain ground phenomena that are immediately 
apparent even to the most casual observer-such 
as polygonally patterned ground and oriented 
lakes. Patterned ground is the surface manifkstation 
of vertical ice wedges, The ice wedges are thought 
to form in contraction cracks in the tundra that fill 
with water during the summer thaw and refreeze 
and expand during the next winter. Thus, over time, 

the vertical ice body is enlarged until a condition of 
relative equilibrium is reached. The cracks inter- 
sect in irregular patterns, but the most common are 
five-sided polygons. 

Oriented lakes, strikingly evident on maps of the 
coastal plain, are believed to result from the inter- 
action of prevailing northeasterly winds and ice. 
The lang axes of these lakes are at right angles to the 
prevailing wind direction During the spring thaw, 

the lake ice melts along the shore first, leaving a 
moat of water surrounding an ice island. As the 
wind velocity fluctuates, this ice island mows back 
and forth in response to the windforce and wind 
direction. The water is forced around the ends of 
the ice and erodes the ends of the lake, and thus 
elongates the lake basin at right angles to the direc- 
tion of the prevailing wind 

"RmIfing''  an ice r o d  at South S b n ~ .  Using ice roartsjm 
tnawjmrmtg haay qwipmnt during tke winter modu p'ecreated 
htiug &p"agc ta tke hndra. Photapph $ J o h ~  Schindlm. 

Polygonal orpattemed p n d  res&fi~llt ground contr(1ctaOn dur- 
ingextremely low winter temperatures. Water adsnow that collect in 
tke conhactirm cracks eumhuclly turn to ice a- Ee  
wedges that surround each polygon. PhotograQh by Jeep Johnson. 
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What is the story of 
the Barrow gas fields? 

Gas was discovered at Barrow in April 1949, and 
the fields hold two records: the South Barrow gas 
field is the oldest producing field in Alaska, and the 
South and East Barrow fields are the farthest north 
in North America. Barrow No. 2, the discovery well 
for the South Barrow field, was drilled during the 
U.S. Navy's Pet-4 program. 

The base camp for the Pet-4 exploration pro- 
gram was located about 4 miles along the beach 
from the village of Barrow. This camp evolved into 
the Naval Arctic Research Laboratory (NARL). It 
was decommissioned in 1981 and was used only as 
a base for the gas-field operations, but it is still 
generally called "the NARL." The discovery well 
was located about 4 miles southeast of the village 
and approximately 5 miles south of the base camp. 
The camp was fueled by oil brought in by barge 
once a year, until gas was piped from the well into 
the camp. The camp was completely converted to 
natural gas by winter 1949-50. 

When the Pet-4 exploration program began, 
there were about 400 inhabitants at Barrow, a com- 
munity that consisted of a cluster of some 50 houses 
and buildings. The program provided oppor- 
tunities for the Eskimos to work for cash wages, 
many for the first time. Employment opportunities 
attracted additional inhabitants, and the population 
of Barrow increased rapidly. Good airport facilities 
and improved communications, byproducts of the 
exploration program, made Barrow easily accessi- 
ble and a rather desirable place to live, so far as 
amenities were concerned. 

The relative conveniences of Barrow, together 
with its burgeoning Native population, prompted 
several Federal agencies to establish offices in the 
village, generally in the form of compounds. These 
agencies requested the use of natural gas, and so, in 
1958, gas was piped into the village and connected 
to the various compounds, so that they, too, had the 
use of this superior fuel. The Native inhabitants 
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The 1977-82 exploration program was designed 
so that most action took place during the winter 
months, to minimize environmental disruptions. 
Because tundra, when frozen and protected with 
snow cover, makes a goad working surface, seismic 
operations and road and trall construction were 
largely restricted to the winter season and were 
rigidly controlled. 

A few environmental problems arose, but 
promptly corrected, at the 28 exploratory wells 
drilled during the 1977-82 program minor fuel 
leaks and spills at the drillsites and from the mobile 
uains, a instances of improper waste-mer Grazing caribou war the Lisburne wellsite. Phatagraph by Jeef 

Johmon. 
treatment, and insufficient protection for the 
tundra during the burning off i f  small amounts of 
waste oil. Only two problems were significant: one 
was the difficulty of reestablishing the vegetative 
cover in the coastzd marine environment, and the I 
other the seepage of fluids through the berm sur- 
rounding the reservoir pit at the Inigok site. This 1 
seepage resulted in some damage to the tundra 
vegetation, but it is recovering. It was found that 
planting tundra bluegrass, with plenty of fertilizer 
added, speeded the recovery. I 

The environmental impact of the program was 
minimal to both the land surface and the wildlife. 
Only about 250 acres was affected by drill pads and 
reserve pits, and another 168 acres by borrow sites. 
In addition, about 105 acres was co&red over with 
permanent runways, 15 acres was used as burial 
sites for old debris, and about 3 acres was occupied 
by all-season roads. The total acreage disturbed was 
about 540 acres-only 0.00227 percent of the 
23,680,000 acres afthe NPRA. About 95 percent of 
this 540 acres will be difficult to identify within 3 to 
5 years. Only the permanent runways and roads will 
remain in 20 to 25 years as a result of the 1974-82 
exploration activities in the NPRA. 
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lhflicability and movement 
of supplies and materials 

In the NPRA and elsewhere on the North Slope 
where no permanent roads exist, winter is the best 
time for overland movement. During the earlier 
petroleum-exploration program of 1944-53, cater- 
pillar-type tractors were the principle pieces of 
equipment used to transport large items. Today, 
they are supplemented by rolligons and other vehi- 
cles with rubber tires. Aircraft were used occasion- 
ally during the earlier U.S. Navy exploration but 
became the principle means of transportation dur- 
ing the exploration program described here. 

Land traffic was carefully restricted. Overland 
travel was allowed only after the ground was frozen 
and snow covered, and before the beginning of the 
spring thaw. Bulldozing was allowed to level snow- 
drifts, but the dozer blade was always kept above 
the tundra surface. Vehicles were selected for their 
low-ground-pressure qualities. The tundra was fur- 
ther protected by using only selected trails, and 
repeat runs were required to offset previous tracks, 
to avoid rutting. Frozen lake surfaces were used as 
much as possible, and banks were crossed at low 
angles to minimize damage. The challenge was to 
transport thousands of tons of machinery, drilling 
mud, pipe, fuel, and other supplies to remote drill- 
sites; to construct all the needed facilities; to drill a 
wildcat well; and then to move off the site, leaving a 
minimum imprint on the area. 

A&] view oflowlye the '%hub" oftha m@loratioa e p .  Photograpih 
$r]ohn Schwtdler. 

THE NATIONAL PETROLEUM RESERVE IN ALASKA 



l~cinet-ator 4 for besming$lu&e a d  soEd wastes at LrmeIy. 
Pbto@afh by J G E ~ J O J L ~ M E .  

Logistics 
The logistic problems attached to an exploration 

program of this size in the harsh, remote area of the 
NFRA were great and wee complicated by the 
penwive peaace  of permafrost on the m~iron- 
mentally sensitive kctic Coastal PW. An idea of 
the size of Eha: task is illusvated by the volume d 
materid that moved each yea Every pear that 
the W S  w in charge af the active ap1oration 
program [ 197 7 through 1982 ), mare than 50,000 
tons d Euel, equipment, and supplies was %ram- 
parted to Camp Lonclr, the "hub" of the explora- 
tion effort. 
The dbu- ear^-warning (DEW)-line sfte at Pitt 

&in& known as "Eonelp," was cb$en as the 10~1- 
tion for the central amp by the U.S. Nwy before 
transEet of thie exploration effort to the USGS. This 
loeation picked because it had a S,Q;00-foot dl- 
season gavel runmy, some fuel tanks &eady in 
place, a gmd beach fsr udortdine, barges, and a 
large wn(x:cupied grwe1 pad and It was ce-ntray 
fmated for the Navy.% explomtion pfm. 

Lonely w%s st Iwge camp. It was home for about 
100 men and ammen during the busy winter driu- 
1% sawas. They U v d  cornfon~blp, with heat, 
light* and' power suppUed by generam. They had 
hot W s ,  warm be&, bat ~ ~ s ,  flush toilets~ 
an$ gas$ r e e r e a n  and exercise facfllxia. Camp 
Loneiy equipped with water- and sewage-mat- 
mant plants, and an incinematar faf burning sludge 
and solid ww&s, The crugr was opcmkd \N.ixh the 
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The drilling camps were smaller versions of 
Camp Lonely. Locating a water source was the first 
job of the drillsite-construction crews. Then, small- 
scale waste-treatment systems were set up. Burn 
baskets were used to bum wood and paper prod- 
ucts. Metals and nonburnables were hauled from 
the drillsite to Camp Lonely or to one of several 
approved burial sites in the NPRA. Drilling muds 
was contained in reserve pits. 

Construction and seismic camps were mobile 
facilities, and their utilities differed slightly. Drink- 
ing water came from melting snow when lakes were 
unavailable. Wastes were either incinerated or 
hauled to Camp Lonely or a drillsite. The State 
permitted these small mobile camps to dispose of 
small volumes of oil and other burnables by open 
burning. 

Camp Lonely was also needed to stockpile drill- 
ing supplies. Almost all the wells drilled were Ear 
from any previous drilling, and little was laown 
about the subsurfkce conditions. Detailed drilling 
p h  were made before drilling each well-plans 
based on the best geologic knowledge obtainable. 
However, subsurface conditions seldom were pre- 
cisely as predicted, and the amounts of casing, 
cement, mud, bits, fuel, and myriad other neces- 
sities were either overestimated or underestimated, 
thus, a local stockpiling area was required. Unpre- 
dictable drilling conditions, such as overpressured 
zones and lost-circulation zones, could require 
extra amounts of drilling mud and additives, or even 
an unplanned string of casing. This unpredictability 
of wildcat exploration requires a nearby source of 
all kinds of drilling supplies. 

Most of the annual 50,000 tons of cargo went to 
Camp Lonely, where it was inventoried and 
assigned to a well; then, it had to be transported to 
the well location and, ifsurplus, transported back to 
Camp Lonely and put into the inventory again. 
During the exploration program, more than 
250,000 tons of materials was transported by air- 
craft alone! 

The bulk of the material txansported from the 
''Lower 48" to the NPRA came by barge once a year. 
The ice generally opens and retreats from the 
beaches long enough in early August to allow 
barges to land and unload along the Alaska shore of 
the Arctic Ocean. Ifbarges can get in, they are by far 
the cheapest method of shipping bulk cargo. 

Some rigs drilled as many as three wells during 
the drilling season-a situation that required close 

Lading ma the caast mar Camp Lowly. Shippng barge is 
the most kexjmsive W l w d  of&z?q%dng k g e  a m n t s  ofmate- 
rial to d& Arctic c m t  but is gemrally restdted to a short &+od in 
A w f  when the ice re@eats+ &shorelines. ~ h o l ~ ~ r & h  by S. 

WgMer at Camp Lonely. Photog7aph by Jee$ Jahmmz. Krogsw. 

THE NATIONAL PETROLEUM RESERVE IN ALASKA 





The construction and drilling season norinally 
was limited to the time between winter freeze and 
spring thaw. Overland travel was not allowed until 
the surface was frozen to a depth of 1 2  inches and 
the average snow cover was 6 inches thick. These 
regulations restricted the winter working season to 
about 170 days. Most ontundra ice airstrips could 
be operational more quickly than lake strips; the 
time saved might allow a well to be completed in 
one season instead of two. The necessary require- 
ments for building such an airstrip are a water 
source nearby and a large flat open area, as much as 
6,000 feet long, on which not less than 12 inches of 
water can be layered and frozen. Vehicles carrying 
insulated water containers are used to spread the 
water in thin sheets. The water is spread at a rate 
that allows complete saturation of the surficial snow 
and tundra before freezing. Pumping systems using 
insulated pipes were used to flood some airstrips to 

Reil lights NDB 
0 0 0 0 0 0 0 0 , 0 0 ~ 0 0 0 0 0 Q 0  0 0 0 0 6  

Runway lights 

-1 00 R-50 R runwav I 

hasten thickening of the ice. Using eithir method, Snow berms from 

the average ontundra ice airstrip required 7.4 mil- 
lion gallons of water (excluding any required main- l 

tenance of the strip) and was built in a few days. An 
airstrip of this type causes little damage to the 
tundra but has only a one-season lifespan. 

Snow barma fmm k-1- R. ruwy.--f 

Winter awslrd@ were cmtmted on lakes, sea ice, and adupkdm. Lake 
ice must be 48 inches thick, and brackish ice 54 k h e s  thick. In 
acididian* te p.a,ent tululra damage, a minimum oj 12 imhes o f  ite 
wm rcqui~ed an tap of *f;ozesn tundra (modifid fiwa MitckeltE 
1983). 
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advmage of every lake, pond, autd dver alang, the 
~ . ~ r n t a l a f 3 5 ~ 1 1 ~ ~ 1 g a l r o m o f ~ v a t e r ~ ~  
rqdrd to Porn the ice rod. 

h t _ & e ~ I r s n d a f m v o t b e r ~ t a , i t w a s  
e%&iltial  at the airstrips fernah opcra;tional 
thmu*oadre~er;so~thedslllingcauld 
cwtbue without ht;ermption. The Itli@ -aPell 
n ~ d r n ~ 3 ~ ~ ~ t o r e s b c h a  
~ I $ @ a $ " 2 0 , 0 0 Q ~  EckWagM takenph 
~ d p  w g  *e Pdatrt~, &- %%%NU e d  
been requ&&iaWvhg twice breaking camp, 

w i . t l r r ~ t h e : ~ h o i e d a ~ ~  
seaso& Despite the en*=- md ecfanamic 
6htwlxwIns ta gcmel-rua 420-tion, the lamer 
prfce and lowm risk 3sSW-4 with y&z%r-*d 

,-Crushed aggregate surfaoin~, 1 in. minus, 0.6 ft thick 

/ ,-Pitrun gravel base course. 1.25 ft thick minimum 

,-Protective membrane, joints sealed with silicone sealant 
1 155 R. I 

unway lighting 

3 3 

Cross section of a *a1 all-season airstrip. Gravel airstrips were 
mme expm've to comtruct but could be wed year-round V;m 

2 %  In. H.I. 60 polystyrene insulat~on I2 layers w~ th  staggered joints) Brookv, 1983). 
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Walakpa No. 2 w 

Emwpk of a m f d 1 y  pimned, envirorsfnsn~aIJy ~ m ~ t i w e  tramp- 
WWR rwte at tb Wakk@ .?do. 2 6est wEt. lw@ad ofa s~aigkt  road 
conm#ing the we# to dre airskzp, h e  c h e a  mute w W  dre lundra 
swface ar much as possible by taking Qdwtctge of eve7y U e ,  pond, 
and river ahng the auay. 
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If the thick-pad design was selected, the drill rig 
was located adjacent to the reserve pit, and the fuel- 
storage and camp areas were set back from the rig 
for safety. The pad area around the rig was used for 
storing drill pipe, chemicals, and mud. The reserve 
pit was large enough to hold all the spent drilling 
fluids. A flare pit was used when well fluids 
recovered during testing needed to be burned ofE 
The pad was elevated about 5 feet above the ground 
surface and consisted of sufiicient fill to prevent the 
summer thaw from reaching the original tundra. 
Thus, the subsurface beneath the drilling operation 
remained frozen. 

A s  the exploration program continued, the thick- 
pad design was modified to suit the conditions in 
the NPRA. Because most of the drilling was planned 
for the winter season, this design was modified to a 
two-layer pad to conserve the scarce gravel. The 
lower layer contained ice-rich material excavated 
from the reserve pit, and the upper layer was of 
relatively thaw stable material from a borrow site. 
Settling of the pad was expected when the ice-rich 
lower layer thawed. Such thawing was caused both 
by heat resulting from the drilling operation and by 
the summer melt. The drilling operation generates 
heat, and warm fluids are circulated in the hole, so 
that thawing occurs beneath the drill rig wen in 
winter. 

To avoid settling of the drill structure, NPRA rigs 
were supported by pilings extending into the 
ground well below the expected thaw level. From 
50 to 210 pilings were required, depending on the 
size of the rig. These pilings were set between 14 
and 25 feet below the surface, the deeper pilings 
were placed under the subbase and derrick areas. 
To set the pile, a 2-foot-diameter hole was augered, 
the pile put in place, and the hole filled with a slurry 
of water and soil that froze the piling in place. Thus, 
the drill rig was supported by pilings and not by the 
pad. 

I 

I 
*! 
s 

Reserve pit camp area 
*' 2 

Lined fuel -- bladder pit 
I 

PLAN VIEW 

=we pit 11 

plaoed betweenlayerad \ -from Borrow area 

\-Resenre pit material 

SECTION A-A' 

Plan view and cross section of a year-round w all-season drill pad. 
These padc were modified f iom the old design by addzng a layer of 
synthetic insulation between the lowa; ice-nch layer and the thaw- 
stable gravel surjikce @om Mitchell, 1983). 
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Soil conditions varied considerably in the NPRA, 
but, in general, they were unfavorable for drill-pad 
construction. Most drill pads were located on ice- 
rich mud or silt. These marerials were excavated 
from the reserve pit and used as the lower layer of 
the pad. The upper layer was constructed of h e  
sand that was found in dune areas or in banks along 
the rivers or lakes. 

The normal time to construct a thick drill pad 
was about 30 days. Construction usually started in 
Wovember or December, to allow enough time for 
the drill rig to be moved to the location, the well to 
be drille4 and the rig removed before the thaw in 
mid-Mulay. The drilling camp, fuel, and equipment 
were usually stacked on timbers and left until the 
foUowing winter's ice road and ice airstrip were 
again usable. 

The thick-pad design was abandoned &r the 
1977-78 season because of experience gained at the 
South Meade site. This test well was located in a 

swampy area, and the original design called for a 
borrow site about half a mile away. To save costs and 
with the geologist5 approval, the drillsite was 
moved to the borrow site. The reserve-pit acava- 
tion produced sufficient material for a thin ice-rich 
pad, assuming a one-winter operation. This pro- 
cedure eliminated hauling from a borrow site and 
building an ice road between the pad and borrow 
site, and thus reduced costs. It also reduced the 
environmental impact. The experiment was a suc- 
cess, and the South Meade site was used for a sec- 
ond season with only minor repairs. 

The thin-pad design provided a pad tblckness of 
about 2 feet and allowed the pilings to be cut oE 
above the original surface. The elevated pad also 
kept the drill rig relatively free of snow. The 12 thin 
pads consvzlcted were totally satisfactory 

The --pad concept had several advantages. 
The pads were less costly to commact than the 
thick or all-season pads. The need for borrow mate- 

rial, its removal, and hauling was not required. 
Fewer men, less time, and less equipment were 
needed to complete the preparation of a drillsite. 
Construction aad maintenance of an ice road 
between the site and borrow pit were also unneces- 
sary Furthermore, shortened construction time 
meant that more days were mailable to drill the 
well. 

The thin pads were also environmentally prekra- 
ble. Thin pads reduced the area of disturbance by 
eliminating a borrow site and made rehabilitation 
and rmgetatim easiec Use of the thin-pad design 
eliminated the need to break up and spread the fill, 
because it was not thaw stable. During the summer 
after the drilling, the thickness d the pad was 
reduced about 50 percent of more by ice melt and 
settling. In addition, the fiae-grained soils used in 
the thin pads were more suitable for revegetation 
than the gravel surfaces of the thick pads. 

Comttwtion of me-season thick pad at the Seabee wellsite. Pho- 
tograph 6y  Jeep Johnson. 

The ~~ No. 1 1 Z  well mu cm@ted in sz111)miw 1979. Pho- 
tograph by Jeep Johmun. 
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Ym-round drill pads 

The a~ploriaion program called for a& 20,000- 
foot-deep wells, requiring an estimated 350 days of 
drilling, testing, and plugging. This work would 
have required tbree winter-drill@ s~asans, two 
pad reconstructions, and about 500 standby days 
when the drill rig was idle. A total of 900 days was 
estimated to be required. In contrast, an all-season 
program could be completed in only 520 days. 

Another advantage of all-season drilling is the 
reduced risk. Risk is always associated with sus- 
pending and reentering a well. In permafrost areas, 
casing can collapse in inactive wells because of 
ground settling or hezing in the permafrost zone 
that blocks reentry. 

To prevent heat from penetrating the permafrost 
below an &-season drill pad, a very thick fill or an 
insulating layer within the pad was required. The 
NPRA all-season pads used Styrofoam for this 
insulation because gravel cost more, added to the 
environmental disturbance, and was scarce. The 
Inigok well is a good example of an all-season pad. 
The drill rig was supported by 218 timber piles 
slurried in place at depths of25 to 45 feet, depend- 
ing on the distance from the well. The piles closest 
to the wellbore needed to be set the deepest to 
withstand the most force from drilling and the heat 
generated by the drilling process. 

Several other measures were taken to ensure that 
the drill rig would be adequate for a year-round 
period. Heavy steel beams spanned the deep-set 

center pilings, and 12- by 12-inch timber beams 
over the outlying pilings were used to distribute the 
load. A 6-inch-thick layer of insulation was applied 
to the outside of the conductor pipe to prevent heat 
flow from the well. Other heat sources were con- 
tained by a 6-inch-thick layer of Styrofoam under 
the drill rig, which was placed at an angle and 
covered with a plastic liner to direct the flow of 
liquids into the reserve pit. The upper layer of fill 
was gravel from a borrow site. 

The NPRA expioration pad designs proved to be 
entirely satisfactory. The thin-pad design was the 
best choice for wells that could be completed 
within one winter season, and the all-season design 
was satisfactory for wells requiring several seasons 
to complete. 



How were cleanup 
and rehabilitation 
accomplished? 

Human concern with the deteriorating environ- 
ment has reached even to the remote areas of 
Alaska. Re-1960 construction and engineering 
activities in Arctic Alaska including the Pet4 pro- 
gram of 1943-53, the construction of DEW-line 
stations, and other military and industrial activities, 
were all conducted without much consideration 
for possible environmental impacts. The main con- 
cern was getting the job done. Although the 
amount of debris and the extent of damage to the 
North Slope environment were small and localized, 
they were starkly visible on the flat and otherwise 
featureless Arctic plain. Sites along the coast, 
including Barrow, had large accumulations ofaban- 
doned or surplus materials. 

Responding to growing criticism, the U.S. Navy, 
as NPR-4 managers, began a cleanup program in 
1971 that was continued by the USGS. The cleanup 
of old sites and the rehabilitation and revegetation 
of new drillsites were combined into one large 
pr0gr;un. 
The litter consisted mostly of empty 55-gallon 

fuel drums. During the Pet4  program and the 
ensuing operations, fuel of al l  kinds was supplied in 
drumsYbat were abandoned once the contents had 
been used. Metal deteriorates very slowiy in the 
Arctic. Tens of thousands of these drums were scat- 
tered throughout the Reserve, especially in caashl 
areas, at Wsites, construction sites, and along the 
trails followed by old tractor trains and geophysical 

Fish C m k  driUsite,bm t h  1949 seam,  as it appeared in 1977 
bef ie  cleanup. Photograph by John S c M I w ,  
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Ifelic@ters were used during Ihe cleanup program for transporting 
debris to the burial site at Grandstand. Photograph by John 
Schindler. 

Some incombu.~hb[e mnlgp.inl urn disposed of zn InndlJillS a p p r ~ r d  by A revegetation Rotolrller prepares the sod at the Wahkpa No. 1 test 
the Start of Alaska. PhoEopiph by John Schtnrller. well. Photograph by John Schzdler. 
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to ensure soivseed contact and prevent wind ero- 
sion. This method proved to be moderately suc- 
cessful in the inland loattiom but failed along the 
coast. After considerable experimentation, it was 
dewmined that tundra bluegrass was best for the 
coastal locations. This bluegrass is native to the 
North Slope and allows for other native mosses, 
lichens, and grasses to reappear The fertilizer was 
spread by a helicopter with a special hopper, then 
worked in to a depth of 4 inches below the surfiace 
with a cultiWot 

Damage by trafiic over winter trails was slight and 
mostly was confined to the heavily traveled trails 
near Camp Lonely and Barraw. A "cropduster" air- 
plane was used to distribute fertilizer in these dis- 
turbed areas. Both the ontundra ice roads and the 
runways disappeared with the thawing of the active 
layer in spring, but in some places the tundra would 

- - 

turn brown or dark green: The brown color was 
caused by freeze-burn of the vegetation through the 
ice, which did not insulate as well as the snow covet 
The green color resulted from a depression in the 
surface caused by excess weight, creating wetter 
conditions and more plant growth. Only a small 
percentage of the 15,000 line-miles of seismic work 
became green or brown trails. In any case, these 
colors were short lived and disappeared within 5 
yea= 

Borrow sites were judiciously chosen and care- 
fully mined, and thus required little rehabilitation. 
Most borrows were in areas flooded by the spring 
runoff, and so after a year the sites were indis- 
tinguishable from the surrounding areas. In select- 
ing a borrow site, a source was chosen where 
mining would have no e&cts that could not be 
corrected by natural processes within a couple of 
years. The site was excavated only to the normal 
water level to m i d  excess erosion. 

The cleanup and rehabilitation program restored 
the appearance of the NPRA. By the remod or 
burial ofdebris, followed by an intensive revegeta- 
tion program, disturbance to the environment has 
been minimaL 

B&e and after mews ofthe Oumlik wellsite. Vkw on the right was 
taken less than a year af& the cleanup. Photograph by John 
Schindh. 
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'What is the 
the Barrow 

story of 
gas field 

Gas was discovered at Barrow in April 1949, and 
the fields hold two records: the South Barrow gas 

.s? field is the oldest producing field in Alaska, and the 
South and East Barrow fields are the farthest north 
in North America. Barrow No. 2, the discovery well 
for the South Barrow field, was drilled during the 
U.S. Navy's Pet-4 program. 

The base camp for the Pet-4 exploration pro- 
gram was located about 4 miles along the beach 
from the village of Barrow This camp evolved into 
the Naval Arctic Research Laboratory (NARL) It 
was decommissioned in 1981 and was used only as 
a base for the gas-field operations, but it is still 
generally called "the NARL." The discovery well 
was located about 4 miles southeast of the village 
and approximately 5 miles south of the base camp. 
The camp was fueled by oil brought in by barge 
once a year, until gas was piped from the well into 
the camp. The camp was completely converted to 
natural gas by winter 1949-50. 

When the Pet-4 exploration program began, 
there were about 400 inhabitants at Barrow, a com- 
munity that consisted of a cluster of some 50 houses 
and buildings. The program provided oppor- 
tunities for the Eskimos to work for cash wages, 
many for the first time. Employment opportunities 
attracted additional inhabitants, and the population 
of Barrow increased rapidly. Good airport facilities 
and improved communications, byproducts of the 
exploration program, made Barrow easily accessi- 
ble and a rather desirable place to live, so far as 
amenities were concerned. 

The relative conveniences of Barrow, together 
with its burgeoning Native population, prompted 
several Federal agencies to establish offices in the 
village, generally in the form of compounds. These 
agencies requested the use of natural gas, and so, in 
1958, gas was piped into the village and connected 
to the various compounds, so that they, too, had the 
use of this superior fuel. The Native inhabitants 
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quieMy natural gas and peti- 
tioned the Congress for permission to use it. The 
Congress passed favor ably on their petition, and by 
I965 Barrow had completely converted to natural 
gas. The abundant cheap fuel attracted additional 
people, and the U,S. Navy slowly developed the 
South Bartow gas field to its present size (six pro- 
ducing wells) in response to the growing demand. 
$he gas produced from the Barrow fields is about 
9 5  percent methane. 

In 1974, dwindling reserves of gas in the South 
Barrow field caused the Navy to drill Barrow No. 12, 
an exploratory well located about 6 miles east of the 
original field The location of this well was based on 
a seismic survey of the area in 1973. The well 
penetrated the reservoir sand but did not produce 
at commercial rates. In early spring 1977, Barrow 
No. 14 was completed and proved to be a good gas 
well. It is about halfa mile east of Barrow No. 12 in 
what is now called the Eat Barrow gas field. 

P&mrmi%k view &the Bawm settlmmt, && suatmv 1924. Pho- 
fog7aph by Phillip S. Smith. 
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The role of the USGS at s w y m s u p p l y ~ ~ t ~ W e S y f t a b ~ e t s l ~ r r r  
to &M&IV- O ~ B W ~ O W & O ~ ~ ~ C O ~ U -  
nitia and F W  i l l s ~ o m  at ot n&lr mint Bau- 
m * A k s h * T k W ~ d t h e I n t d o r  ddqpted 
~ ~ b u i r y t o ~ ~ S ' T f i t ~ s w g p l i e d  
n a f f i p d i g ; t s m t b e B a n r a w ~ ~ ~ ~ ~ m ~ l ,  
1977, mtil October 1, 1984. 
me Corn gmcBed Public - !abw, the 

QfNfSM fbm the cd &e Navy €0 the: ZSlatr~&btfity~~Itdby&ePJorth30pe 
-ofthe uag 1,1977. That IWmugh on Oa&& 1, 1884, in iwum iEMr $30 
law d h e ~ e d  the the Interior to ~ O B  md title to fhe g;as fidds, The UKS is to 

I 
*deorielolp canthue to podace the South Bar- hrabh teehmial assistance to the bough on W@&-+ Pm stmd&m. Pbkllef+ 
mw fidd ar other such &ids as ma). be neces- req@m€ until C k X d x r  1,1989. qPI2lgbatJ&&. 
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Gas consumption 
All of the gas produced from the Barrow fields 

was consumed by Federal installations until 1964, 
when gas was also provided to the village. The 
volume of gas used by the viilage that first year 
(1965) was about 140,000 thousand cubic feet 
(MCF), or about 36. percent of the 388,846 MCF 
that was produced; the other 64 percent was used 
by Federal consumers. The U.S. Navy originally 
charged Barrow $0.50 per MCF but reduced that 
price to $0.324 per MCF in 1976, which is the 
current price. 

When the responsibility for the gas fields passed 
to the USGS in 1977, the village was using a little 
more than half of the gas produced and was just 
beginning a civic improvement program designed 
to elevate the standard of living in Barrow to that of 
a typical small town in the "South 48." The goals- 
running water, flush toilets, modern houses with 

modern conveniencesis near reality, powered by 
subsidized natural gas. More than 300 new homes 
have been buiIt in the past 5 years. Floorspace in 
Barrow is estimated to have increased more than a 
hundred fold since 1965 to a present 1.5 million 1 
square feet, In 1982, the town of Barrow consumed 
925,000 MCF of gas, which amounted to 74percent 
of the total volume of gas produced during that year. 
Gas consumption in B a r m  increased by 23 per- 
cent in 1982 over 1981 and has increased a total of 
660 percent since 1%5. 

Federal gas usage, which has remained relatively 
stable over the past 5 years, is divided among sev- 
eral instalktiom, the NARL, the DEW-line radar 
station at Barrow, the Public Health Service Hospi- 
tal, the Federal Avfation Administration, the 
Natfonal Oceanic and Atmospheric Administration 

Win& v k w  of  Barnow, b#ie the &vent of  the P e t 4  pagram. Observatory, the (Wee' and the Houw s b w v  arrp&bb typical afthe time. ffyou took closely, you 
National Guard Amow Of these fhe n i I 1  17 &ps hooked k, fie sled. & d m  have m w  calm& - - - -- - - . 
NARL is by fat the largest consumer: conzple&ly r " p ~  ~y snowmobiles. piobograph b~ Charles Brewer. 

Present-day whak hunting at Emow. Much ritual and e m m y  
are invotwd. Photogra?ph b~ John Schadler. 

E J h  bare  atB&vmin & 192D's. JZR the & E s U m ~ d w g * @ t  
d~ &*OW &*€@ COW&& ?~ZO&Y Qfdf%$W~@d, ~@i??ttd 02+ and 
mss, & h g k  c d ,  oil shale, and a i E h  the seeps werg wed (Zt 

W. F d w  &lbo s w d m l .  H m m  w e  d l .  T h e s w e e ~  
L& a d  &&A cad  stave and ofl Irmp-mm the raiders Q 
idom aend f d 3  &E bye. P h ~ ~ ~ p p k  Cbmks 
Brawr. 
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The 'MARL is a lwgc insMatim md rqulres 
cornidable mainkamce l;n the hru.chh climat~. The I 

a by necessity a smdalone ope 
I public utilities to furnish .F 

Gas production 
On October 1,1984, operation of the gas fields at 

Barrow was taken over by the North Slope Bor- 
ough. Before that date, the gas fields were operated 
and maintained by a contractor under USGS super- 
vision. This contractor was based at the old NARL 
camp that the U.S. Navy decommissioned in 1981. 

v e  treatment, ar electricity; dl such w&es 
must be hanaked within the cmp. The gs-fi& 
rrsac3 ~ ~ o r k  &o requires the almost c m m t  use 

rd pieces Of hemy equipment. 
a the USGS supervised the opa 

fields themselves were constantly watched by gas- 
field operators aided by a remote monitoring sys- , , tac-i* a '?** * &&kk'Ltdrijb_ 1 . 1  

ensure 
taslt, re 

an aninkhruptedflm ofw. It 
quit.ing a mrkfaeee sf a b u t  3 

casting about $6 mitb-n! a yeac 
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The Barrow gas fields themselves are rather typ- 
ical except for their location and the pervasiveness 
ofpermafrost. Emmifrost in the area of the produc- 
ing &1ds artends from the surface down to about 
1,000 feet. The annual mean temperature at Barrow 
is about 1O0F, and ice is a constant h a r d .  Waxer 
produced with the gas could accumulate in the 
wells, flowlines, or transmission lines, freeze, and 
cut off the flm of gas. The we& are not deep; the 
regervoir sand is above 2,500 feet, and the reservoir 
temperame is approximately a cool 60% The wells 
are produced in a peculiar manner to utilize the 
cold permafrost that surrounds the upper part of 
the wellbore, so as to minimize the amount ofwater 
produced with fhe gas, Batrow gas flm through 
the annular space between the 7-inch-diameter cas- 
ing and the 2%ininch-diameter tubing, In most wells, 
gas flows through the tubing, but beclulse the cross- 
sectional area d the  annulus greatly exceeds that of 
the tubing, a given volume of gas will travel much 
slower through the annulus. Thus, as Barrow gas 
flows slowly up through the freezing temperature 
of the permafrost, much of the water freezes out of 
the gas and falls Po the'bottom of the well. The 
tubing is only used to clean the accumulated water 
out ofthe wells. Alcohol is also injected into the gas 
stream to reduce sti l l  further the chances of ice 
blocking the flow of gas. 

"Blowzng" a well. Water vapor produced with the gas freezes out oJ 
the slow-movzng gas and accumulates zn the bottom 4 t h ~  uiell. To 
clean out the water, theflow ofgas u dzverted to the tubzng, and the 
well u opened to the atmosphere. The gas flowzng agaznst only 
atmospheric pressure through the small-dzameter tubrng atlazns a 
high veloczty and carries the water to the surface. The water w 
discharged into the air as vapor, forming a plume. Photograph by 
Robert Lantr. 

Detazled drzllzng, cementzng, and castng p ~ ~ g r a n t f o ~  n tvprcal Rar- 
row gas well A I3Vu-zncit-dzameier rondtrctor pzpr w trt a/  cieptli o/ 

about 8 0  firt and cemented to the sulfacr A 12'/J-mclt-dzn~tr&r holr 
w dnlled to appoxzmatrly 1,500 feet; 9%-znch-dzamrtrr rnslttg is re1 
zn the hole and cemented to the rur$ace An 8$$-znrh dzamr~trr h o l ~  kt 

drzlled t h r o u ~ h  the reservozr zn urhzcll 7-znrh dzamrtr? ((ttznc LI rut1 
n 

and cemented to the top of tlte renlent left at about 1 ,200-[re/ depth, 
ulhzch zr below the permafrott. ADol!e 1,200 fret, the zc~rll t\ nrttzr 
packed (arctzc pack u a nonfreezzng cement subttz/utr). TIte ~ % - Z I L C / I -  
dzameter tubzng zr hung znrtde the 7-znch-dzanvte~ carzng, zcrltzcl~ Lr 

perforated znto the resenjozr rock and thw allou~r the ga\ to rntrr tlte 
well. The gas w produced through the annular spare betu~rm thr 7- 
nnch-dzameter caszng and the 2%-inrh-dzamrter tubzng 

Heaters ad & East B m o w  gcrsjiroductkn fananIity, where cold gas 
Ji'BIR the is heated b.foi-e h e p e w r e  is reduced. Passage ofhzgh- 
p m u r e  gas through a restrictiue o@e ('kchoRe" in gas-fieEd lan- 
fwae] to reduce & Wlrrssszre resdtr in a h r ~ e  temkratvre dm@ that 
&&fieeze water Asociated with the gas a& ccrurt blockage bf tkp 
line. tleating the gas befoe choking prevpntr fieeuups. l'hoto~~qaph 
by Robert I.antz. 
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Gas from the individual wells goes through 
Bowlines to a central producing facility located io 
each of the fields, where the $as p r e m e  is reduced 
and regulated at a mamission pressure of about 
225 pounds per square inch. The gas is also 
metered beare entering the transmission lines that 
carry it to Barrow or the NARL. I 

w s U W  m ''Ch&mas tree"thr0ugh &&h the gm is poduced. Thr! 
w e k e s  am heated and prov& a aEativeb conyForhble mviron- 
mmt fin- the &s. Photograph by &bnz h n b .  

Manifold where tha flowlines enter the Eart B a r n  melPrsing and 
r e @ b  (MeR)  kekiing. Photograph @ Robert b n t z .  

Iterio3. of& e u e h  i the Eat Bawowgapfibd, shoving a qpiCa6 
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this positive information in hand, work 
began at once. Three additional wells were drilled, 
although one (Barrow No. 20) was damaged during 
cementing operations and could rn be completed 
as a gas welL An all-weather gravel road was con- 
structed to the gas fields to end the environmental 
damage associated with gas-tleld operations. A 
pipeline was built to carry the gas from the East 
field to the South field. The old South Barrow pro- 
ducing facilkty m inspected, and some needed 
safety features were added. A remote monitoring; 
system was installed. Larger well houses and 
flowlines were installed at East Barrow than had 
been used at the South Barrow field, for added 
safety and reliability. Emergency electrical genera& 
ing equipment was installed i31 the gas field as an 
additional safeguard against interruption of the flow 
sf gas. The East Barrow gas field was brought into 
production in 1981. 

While the gas fields were assigned to the USGS, 
the producible reserves of gas were increased sev- 
eral times ovet A road network was built to mini- 
mize environmental damage. Automatic valving 
and electrical generating equipment, as well as a 
state-of-the-art producing facility at the East field, 
were installed. Installation of a system that permits 
remote monitortng of all key points in the entire 
producing system and all well houses resulted in a 
much safer operation and a more reliable supply of 
gas. The Walakpa gas field was discovered-a field 
that could contain sufficient gas to supply the 
energy needs of the Barrow community well into 
the 2 1st century. 

The cuwmtstalus ofall ivzpmTantfumtions at 
each well a d  at each iM .I R statimt zs checked seue~al times each 
mih2ots by elechwiC devices (left] amddisphyed on a unnplter bmi- 
4 located in the o&o (right). The system aukmatically sou& an 
a h m ,  accom@nied by ra$k&ng light k t  ind&s what k woe, 
as s m  as it smes  jaltnzng well or potluction-SJS- p ~ ~ m d .  

Th4 mwsdt~l"t~ng system norntcl* operates bw@ te@hom Einss, kt& it 
haf a radio BacIrup shoal the &.!@hone lines j ~ i l .  AIdtmtiE shPltoJ 
valves have been iwix&d on tRe crpcmra~ission lines, and on welk 
where possible9 to narsk operatilng the gas f i tds  m u d  safer. P h -  
topa# by D a d  Feam. 
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What is happening 
with the leasing of 
NPRA lands? 

Leasing of lands in the NPRA commenced shortly 
after the Congress authorized private oil and gas 
exploration and development of the Reserve in the 
Supplemental Appropriations Act (Public Law 
96-5 14) ending fiscal year 1981. The provisions of 
that act have shaped the BLM's leasing policy. Five of 
these provisions are: 

( 1 ) activities in the NPRA will be environmen- 
tally sound; 

(2) bidding is to be based on the bidding sys- 
tems used for large offshore tracts; 

(3) the size of a tract may not exceed 60,000 
acres; 

(4) primary leasing term will be 10 years and 
will be extended so long as paying quantities 
of oil and gas are produced, and 

(5) half of the leasing receipts are to go back to 
the State of Alaska. 

Some of these provisions were unusual in com- 
parison with the regular leasing procedures set for 
other onland areas of the United States. Because of 
the vast size of the Reserve (the second lease sale of 
3.5 million acres was the largest Federal offering in 
history), the BLM was required to use the same 
leasing technique that is used for large offshore 

tracts. For offshore lease sales, private companies 
submit sealed bids; for onland sales, the BLM deter- 
mines a fixed price for each tract, and the names of 
private companies are drawn from a lottery Also, 
owing to the large tract size, the Congress deter- 
mined that the environmental-impact statement 
completed in 1977 for the entire NPRA satisfied the 
Environmental Protection Agency's requirements 
for the first two sales of as much as 2 million acres. 
In most cases, the private company is to provide the 
environmental-impact statement for each leased 
tract. 

The NPRA is an ecologically sensitive area, and 
the subsistence of many Native people is intimately 
tied to its ecology. In addition to developing regula- 
tions protecting the NPRA, the BLM staff gathered 
new information by visiting North Slope villages. 
Through public meetings and questionnaires, the 
BLM hoped to identify additional criteria of con- 
cern to the Native people. A list of possible leasing 
strategies, covering a broad range of environmental 
ideas, was presented for public comment. The BLM 
hoped that by working with the public, a manage- 
ment strategy could be devised that would "best 
mitigate impacts on the values of the reserve." 

What is the leasing Generally, the leadup to an NPRA lease sale is a fies any special environmental regulations for each 

program? four-part process. First, there is a period of explora- area. Finally, on a certain scheduled day, the actual 
tion and information gathering; then, private com- lease sale is held. 
panies are asked to submit nominations and Four lease sales have been offered to date: 
comments about interest areas. The BLM then December 1981, May 1982, July 1983, and July 
selects the location and size of the tracts, and identi- 1984. A fifth sale is scheduled for July 1985. 
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Summary of the USGS' NPR-4 was set aside in 1923 by Presidential 
order as a potential source of oil for the U.S. Navy. accomplishments in The petroleum potential of northern Alaska and the 

the NPR-41NPRA outline of the Reserve were based largely on early 
explorations by the U.S. Navy and the USGS, and on 

program information collected by other explorers (pri- 
marily E. de K Leffingwell) but published by the 
USGS. 

Between 1923 and 1976, the USGS worked coop- 
eratively with the U.S. Navy to further define the 
geologic framework, assess the petroleum and 
other mineral resources, and provide base maps of 
the Reserve. In 1976, the U.S. Congress transferred 
responsibility, renamed the Reserve, and redefined 
the role of the Federal Government. The USGS was 
assigned the responsibility of continuing the explo- 
ration program begun by the Navy, maintaining and 
operating the Barrow gas fields, and completing the 
cleanup and rehabilitation of the Reserve and 
adjoining areas. The Federal exploration program 
has now been terminated, and a leasing program has 
begun. Transfer of the Barrow gas fields to the North 
Slope Borough took place October 1,1984. The last 
stage of the cleanup program was completed in 
summer 1984. 

Throughout the history of NPR-4/NPRA, the 
USGS has carefully documented and made available 
to the public, largely through its own publications, 
all the geotechnical information gained through 
Federal programs. In addition, it has integrated this 
information with private-exploration results out- 
side the NPRA and periodically reassessed the 
petroleum potential and the geologic framework of 
the entire northern Alaska petroleum province and 
the adjacent Continental Shelf These are the only 
Arctic regions within the sovereign domain of the 
United States, and they are among the last frontier 
regions for mineral-resource exploration and 
development. Because of the Arctic climatic and 
geographic setting, the wilderness aspects, and the 
indigenous population, these studies present many 
problems that are unique. The mineral-resource 
and geotechnical-engineering information has been 
utilized by Federal agencies in the management of 

these public lands and by industry to explore and 
develop the resources. 

A vast amount of geotechnical information on 
which to base further exploration has been col- 
lected and is available in publications and in con- 
tractor reports released by the USGS. A few 
examples are listed in the bibliography that follows 
to illustrate some results of the program and the 
kind of information that is available. 

Exploration program and 
hydrocarbon assessment 

The USGS completed the systematic explora- 
tion program as mandated by the Naval Petroleum 
Reserves Production Act of 1976 (Public Law 
94-258). A total of 28 test wells were drilled, 7 
under U.S. Navy and 21 under USGS supervision; 6 
test and development wells were drilled in the 
Barrow gas fields. Nearly 15,000 line-miles of seis- 
mic surveys were completed and interpreted, in 
addition to the more than 3,000 line-miles com- 
pleted in the Pet-4 program from 1943 to 1953, 
which were reinterpreted and integrated into the 
flew Surveys. 

Subsurface samples, cores, and cuttings were 
collected systematically in both the 1943-53 and 
1974-82 programs. Because of the frontier nature 
of the region and the emphasis on a regional evalua- 
tion, a larger than usual number of samples were 
collected, curated, and made available for study in 
Anchorage, Alaska. 

These subsurface samples were studied by spe- 
cialists in geochemistry, paleontology, petrology, 
and core analysis. The basic data and interpreta- 
tions resulting from these studies are all available. 

An original program for an interactive com- 
puter-based data and graphics system was designed 
with the aid of contractors and is available to the 
public. This system includes files for base maps, 
daily drilling reports, digitized subsurface logs, seis- 
mic shotpoints, outcrop data, geochemical data and 
interpretation, and paleontologic information. 
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Models of the depositional paleoenvironment 
have been developed for sandstones of Jurassic and 
Cretaceous age that are the main prospective reser- 
voirs in the NPRA. 

The first test well in the Foothills thrust belt of 
the NPRA, the Lisburne No. 1 test well, was drilled 
to a depth of 17,000 feet. It penetrated five distinct 
thrust plates, confirming the structural interpreta- 
tions of the prospect, but no hydrocarbon deposit 
was discovered. 

llvo deep exploratory wells (at the time of 
drilling, the deepest anywhere in Alaska) were 
drilled at Tunalik and Inigok. The Xnalik well 
reached a depth of 20,335 feet and penetrated 
strong blows of gas in a thick section of Cretaceous- 
Jurassic rocks. The Inigok well, which was drilled to 
20,102 feet to test a deep basement structure, pene- 
trated an unusual and unexpected flow of sulfur and 
hydrogen sulfide. 

About 15 miles southwest of the Barrow gas 
fields and downslope from the Barrow structural 
high, the Walakpa test well penetrated a new gas 
deposit. A second well extended this discovery, but 
no additional wells were drilled. Thus, the size of 
this field has yet to be determined, although it is 
probably larger than the Barrow fields by a factor of 
10 or more. It could provide gas to the local com- 
munities well into the 21st century. 

Inasmuch as the exploration program was 
aimed at an assessment of the oil and gas potential of 
the entire NPRA, a new approach was developed. A 
total of 17 petroleum plays-areas of geologically 
similar prospects-were delimited, and a program 
to test each was planned and largely completed. 

For all of these plays, the amount of 
undiscovered crude oil in place is estimated at 0.82 
billion barrels at a 95-percent probability and 15.4 
billion barrels at a 5-percent probability, for an 
average of 5.97 billion barrels. 

The total amount of undiscovered natural gas in 
place is estimated at 2.4 trillion cubic feet (TCF) at a 
95-percent probability and 27.2 TCF at a 5-percent 
probability, for an average of 11.3 TCE 

The exploration program has extended and 
refined our knowledge of the geologic framework 
of Arctic Alaska and the adjoining Continental Shelf 
The geologic structural framework is described as 
consisting of three distinct structural provinces- 
the Arctic platform, the Foothills fold belt, and the 
Brooks Range thrust belt. The stratigraphic section 
is described as consisting of three sequences-the 
Franklinian rocks of pre-Mississippian age, the 
Ellesmerian rocks of Mississippian to early Early 
Cretaceous age, and the Brookian rocks of late Early 
Cretaceous to Holocene age. 

Interpretations based on plate tectonics sug- 
gest that the Canada Basin of the Arctic Ocean 
formed by rotational rifting of the Arctic platform 
away from the Canadian Arctic Islands during 
Jurassic to Early Cretaceous time, and that the 
southwestward drift of this platform created the 
Foothills fold belt and the Brooks Range thrust belt 
by underthrusting. 

Cleanup, rehabilitation, and 
environmental 
considerations 

Cleanup of debris left by earlier workers in the 
NPRA and adjoining areas was begun by the U.S. 
Navy in 1971 mainly in and near the Barrow and 
Umiat base facilities. The USGS extended this pro- 
gram, reaching out to the remote corners of the 
NPRA, and completed the cleanup in 1984. 
Although no precise records exist of the amount of 
debris collected, it totals tens of thousands of tons 

of noncombustible materials and hundreds of thou- 
sands of 55-gallon drums-the ubiquitous con- 
tainers for fuel throughout the remote areas of 
Alaska. 

For efficiency of operation, cleanup and 
rehabilitation of the earlier sites were combined 
with work on the sites of the 1974-82 exploration 
program. This program involved about 540 of the 
23,680,000 acres of the Reserve, and seismic sur- 
veys traversed nearly 15,000 line-miles. Except for 
permanent runways, these areas will return to a 
near-natural state within a few years. 

To maintain minimum environmental impact, 
the USGS agreed with the land managers-the 
BLM-on a system for advance planning, stipula- 
tions, and monitoring that set a standard for such 
cooperation on Federal lands in northern Alaska. 

Environmental stipulations mutually agreed 
upon by the BLM and the USGS have been carefully 
monitored by both agencies and by their con- 
tractor personnel, and impacts were maintained at 
an acceptable level. 

A thin-pad design for one-season winter drill- 
ing proved to be environmentally preferable and 
more cost effective than a thick-pad design. Thin 
pads are more quickly assimilated into the natural 
surroundings than are thick pads. 

Ice roads, properly constructed, proved to be 
practical and cost effective, and had little or no 
visible effect on the tundra. 

Ice airstrips on lakes or constructed by flood- 
ing on shallow ponds or marshes proved to be 
practical and cost effective, and had no adverse 
environmental impacts. 

Preclearance for environmental, cultural, and 
archeologic reasons was required and was carried 
out for all active sites. These surveys and studies 
contributed much valuable information on arch- 
eologic sites. 
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Operation and maintenance 
of the Barrow gas fields 

The USGS operated and maintained the Barrow 
gas fields for the benefit of the Barrow communities 
and Federal Government installations until 
October 1, 1984. 

The East Barrow gas field was discovered by the 
U.S. Navy in 1974, but it remained for the USGS to 
prove the development potential, complete the 
facilities, and bring the field into production. Both 
reserves and delivery are expected to meet antici- 
pated demand at least through 1989. 

The USGS discovery of a new gas field at Wal- 
akpa provides the possibility for extended use of gas 
as the main energy source for the Barrow commu- 
nities beyond the year 2000. 

The USGS completed a thorough testing pro- 
gram-the first in the history of the fields-to estab- 
lish reserve limits, individual well capabilities and 
characteristics, and maximum safe-delivery rates. 

A modernization program was begun to help 
reduce costs and to increase safety and efficiency. 
All-season gravel roads were constructed to vital 
facilities, not only to increase effective operation 
and safety, but also to reduce environmental 
impacts caused by repeated vehicular traffic over 
the surrounding tundra. 

Public Law 98-366, the Barrow Gas Field Bans- 
fer Act of 1984, relieved the Secretary of the Inte- 
rior (and, thus, the USGS) of the responsibility for 
supplying natural gas to the Barrow community, 
effective October 1, 1984. The entire gas system is 
now operated by the North Slope Borough. The 
USGS is to furnish technical assistance to the bor- 
ough until October 1, 1989. 

Termination of the NPRA 
program 

In 1982, the NPRA program of the USGS was 
terminated. The BLM now has the overall respon- 
sibility for management and protection of the land 
within the Reserve. In accordance with the MOU, 
the USGS has completed its responsibilities, and the 
area has been returned to the BLM. The project has 
exemplified how a good working relationship 
between Government and industry, as well as coop- 
eration of two larger government agencies-the 
BLM and the USGS-can serve to safeguard the best 
interests of all concerned. 
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