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ABSTRACT

Exploration of the North Slope began with the Navy's 
program in 1944> and reached a high point with ARCO-Humble's 
discovery of the Prudhoe Bay field. At the present time, 
reserves of 4.11 billion bbl of oil and 900 billion cu ft 
of gas are in Cretaceous rocks, 9*61 billion barrels of 
oil and 26.4 trillion cu ft of gas are in Triassic/Jurrassic 
rocks, and 100 million bbl of oil are in Mississippian/Penn- 
sylvanian rocks. Ultimately, 82.4 billion barrels of oil 
and 150 trillion cu ft of gas could be discovered.

Alaskan oil and gas taxing policies instituted in Nov
ember of 1973» call for a 20 mill property tax on all oil 
and gas exploration, drilling and production property and 
equipment. The taxing policies also put into effect a pro
duction tax of 5 percent on the first 300 bpd of production, 
6. percent on the next 700 bpd of production, and 8 percent 
on all production in excess of 1000 bpd. Gas is taxed at 
4 percent of the gross value of gas and liquids.

To produce a 20 percent rate of return, a hypothetical 
eight-well field must have wells that produce at an initial 
rate of 745 bpd for a life of 5 years, 592 bpd initial rate 
for 10 years, and 572 bpd initial rate for a 15 year produc
tion period. The flow rate required varies considerably when 
factors unique, to a given company and a given prospect are 
considered. ...
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INTRODUCTION

The purpose of this study is to estimate the ultimate 
quantities of oil and gas resources yet to be discovered in 
the part of Alaska known as the "North Slope”. Tax regula
tions of the State of Alaska, and other economic factors 
have been considered in an attempt to define the minimum 
production rate of an ^il well that will be required to 
justify field development. Resource estimates are made on 
the basis of exploration history to date; the volume of 
sedimentary rocks explored, and the volume of sedimentary 
rocks as yet unexplored.

Of the premises upon which this study is based, one 
of the most important is that the North Slope, in terms 
of cost and drilling difficulty, is best ..compared with off
shore conditions, and probably with offshore areas in for
eign waters. Information on climate and exploration history 
is presented to give some information on the problems in
countered. It is unlikely, in the authors* opinion, that 
the North Slope will ever be exploited as easily as the 
other land areas in the United States.

The tax rules of the State of Alaska are still evol
ving. A review of Alaska's tax rules indicates that Alaskan

1
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oil and gas tax rates are high, but not unusual when com
pared with rates of other oil-producing states.

Given the indication of a major oil province, shown 
by the resource estimate, sin economic analysis indicates 
that to be an attractive investment, a producing well on 
the North Slope must be a high production rate well. This 
is a characteristic North Slope wells share with offshore 
ventures. The investigation of the North Slope will begin 
with what is probably the most significant aspect; that is, 
what oil and gas resources are yet to be discovered in this 
area?
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ESTIMATION OF PETROLEUM RESOURCES ON NORTH SLOPE

Described here is the area and the exploration history 
of Alaska, with emphasis on the North Slope. Fields dis
covered on the North Slope are examined in some detail, and 
potential reserve estimates are made of oil and gas resour
ces which may ultimately be discovered on the North Slope.

Historical Background 
Secretary of State William Seward may not have realized 

how history would vindicate his decision to purchase the 
Territory of Alaska from Russia. The purchase on October 
18, 1867, added 586,^00 square miles (and immense mineral 
wealth) to the United States. Recognition of Alaska*s value 
was delayed many years, granting of statehood not coming 
until July 7, 1958, when Dwight Eisenhower signed HR7999» 
granting statehood to the then approximately 200,000 persons 
living in Alaska (Frohlicher, 1958, p.11). '

It has been said that, allowing for discounting of the 
value of today’s dollar, the value of Manhattan Island to
day is not as great as today*s worth of the $26 in beads 
that paid for Manhattan Island.

In the case of Alaska, the North Slope lease sale of 
1969» brought about $900,000,000 and returned the original
purchase price of the entire state, along with a 5-percent

3
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annual rate of return.
This study is limited to the North Slope of Alaska; 

the area north of the Brooks Range. The region as shown in 
figure 1, and in greater detail in figure 2, includes only 
those areas of Alaska north of the Arctic Circle.

North Slope Geography
The North Slope is a treeless plain, about 130 miles 

wide by 500 miles long. The North Slope is the size of the 
state of Oklahoma, but only about a third of it is available 
for exploration today by commercial ventures. Land available 
for private exploration is found west of 162° longitude, 
and to the east of Naval Petroleum Reserve No. 4. Withdrawn 
from private exploration are Naval Petroleum Reserve No. 4, 
an area of 35»000 square miles, established in 1923» and the 
Arctic Wildlife Refuge, an area of 13,000 square miles, es
tablished in i960 by an executive order of the Secretary of 
the Interior (Brown, 1972, p.140). The area of the Arctic 
Wildlife Refuge is equal to the combined areas of Massachu
setts and Connecticut. The Naval Petroleum Reserve, slightly 
larger than the state of Louisiana, is bounded by the Col
ville River on the west. The Arctic Wildlife Refuge is 
bounded by the Canning River, Red Sheen Creek, and Monument 
Creek on the west.
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Climatic Conditions 
Extremes of temperature and the problems of permafrost, 

are the main reasons for comparing drilling problems of the 
North Slope with offshore areas. Although temperatures on. 
the North Slope are generally higher in winter than those 
in the interior of Alaska, near Fairbanks, the prevalent 
high winds induce a chill factor usually equivalent to a 
much lower temperature than that found in the interior. A 
temperature comparison of the Arctic with Anchorage and with 
Denver, and the standard wind-chill chart, are shown in fig
ure 3.

The Arctic receives very little precipitation. The 
average annual precipitation is only ^ inches, compared with 
2 inches in Death Valley. It is a desolate land of eerie 
beauty, harboring few human inhabitants, but an incredible 
variety of insect and animal life.

Major Structural Features 
Two subsurface structural features (fig. 2) dominate 

the geology of the North Slope. One of these is the Barrow 
arch, which extends approximately through the Prudhoe Bay 
field and plunges to the southeast. The other feature is 
the Colville trough, in which the thickness of sedimentary 
rocks exceeds 30,000 feet above the lower Paleozoic base
ment (Morgridge and Smith, 1972, p.489)« These features 
are examined in greater detail in the section on potential 
resource estimates.



t -1611
7

>CJ fl)

•H
r—1

+>
CM

4»

rH 7 >H /

O



MO
NT
HL
Y 

WE
AT
HE
R 

CO
MP
AR
IS
ON
 

- 
AN
CH
OR
AG
E 

& 
BA

RR
OW

T-1611 8

*Ho
<DtiD
au0><

m0 toU
3•p
a  -p  U cd 0)
f t  0) 6 ft o> B EH <1) EH
t*D £ 

•H  O

GQ
0 mU3
-Pcd -p cd 
a> uft 0 
S f t  (D B Eh a> EH
M £ •H o

0Qa> 03u
-pcd -P Sh cd 
0 k 
f t  a> 6 ft <d BEH 0 

EH
'£  £ 
•H  O

oa>P
o o-
CM

-=3- Cs*
I rH  I

v a o o  -=3- H

>o25
-POO
-Pft0
z/i

to
<

>>
rH3»"3
0G3►o
>>cd

uft<!
UcdS3
<1)

§>3

o w o CAVO •
CM rH l *ACM -p•H<D

X
c a o v CM CM VO JN- G^  CM CM rH vo ca a>

U
Xcd

VO O -=3* IN- l>-00
v a-3- CA CM -̂=3* GQa>©Sh-=J* JN- -3- ca 'AIN W) OvO-=}* -3- ca CO *A 0 O

•d PQ
TJ•H rH

v a o v vo ca C^CO uvOJ: ca oo va £ o0
>•H ••
tt) 0

c a v \ OvOv rH CM ovO -3- cacm 00 'A 0 u
u 3cd o

U1
vp\vO -3- ca OVCA ra
v a c a CM i—1 VO it 0

U3-p•=}■ O- 0-00 H-d* 0CM i VO CA u0
&€-=3-vo CO CM rH *A 0H H  . 1 CM 1 VACM EH

C ^ O i—1 -3" VAOVCM H rH CM rHt t

O V O Ov CM CM VOCM 1 CM rH

c a

wO-<05oAo25

25o05
05
PQ

05

2;wQ

Fi
gu

re



EQ
UI
VA
LA
NT
 
WIN

D 
CH
IL
L 

TE
MP

ER
AT

UR
ES

T-1611 9

o
VO

I

o\0|
I

o-a-
I

o
ca|
i

<u o
U CM
2 I
■Pcdua)
P i °
a) i E-«
U

•H
< o
-p
<D

•rHrO O  
£  rH +

O
CM

O
mi+

•d &  C Pi 
•H  g

CO
VO

I

'A
I

I

VO
CAI

VO
CMI

VAi—I I

VA
I

VO

VOi—I

CM

VA
Ov
I

CA
CO
I

o
o-
I

CO
VA
I

VO
-3"

I

CA
CAI

i—I 
CM I

OvI

VO
rH

-3-
CMHI

iHI

VO
OvI

CM
COI

voI

CA
VAI

ov
CAI

VA
CMI

O
rHI

Ooffl
•di—lUo
25

0)oudo
Ul

<\VA OrH o
CM

Fi
gu
re
 

3 
(C
on
ti
nu
ed
)



T-1611 10

Exploratory History
The possibility of oil accumulations in Alaska was 

known for many years, beginning with reports of oil seeps 
along the Gulf of Alaska as early as 1853 (Frohlicher, i960). 
In the early 1900fs, several shallow wells were completed, 
and a refinery was built at Katalla, on Alaska’s southern 
coast, not far from the present city of Cordova. In 1933* 
the refinery was destroyed by fire and was never rebuilt.

Modern exploration began in Alaska with the exploration 
at Naval Petroleum Reserve No. during the period from 
1 9 W  to 1957* In 1958, the discovery of the Swanson River 
field on the Kenai Peninsula by Richfield began a period of 
intense activity leading to discoveries in Cook Inlet in 
the I960*s, and culminating in the major Prudhoe Bay dis
covery by ARCO-Humble in 1968. The following discussion is 
limited to the Arctic area, and is divided into sections on 
Naval Petroleum Reserve No. the area between Naval Pet
roleum Reserve No. and the Arctic Wildlife Refuge, the 
Arctic Wildlife Refuge, and the offshore areas. The area 
west of Naval Petroleum Reserve No. k, is included with 
Naval Petroleum Reserve No. despite the fact that this 
area is open to commercial exploration.
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Naval Petroleum Reserve Number Four 
The Naval Petroleum Reserves were established at a 

time when the United States Navy was in the process of con
verting from coal-powered ships to oil-powered ships. The 
reserves were intended to supply a secure source of petro
leum in an era when sea power was of utmost importance.
Naval Petroleum Reserve No. 4 was established in 1923* and 
withdrew about 35*000 square miles from exploitation by 
private oil companies. It was chosen mostly on the basis 
of oil seeps in the Cape Simpson area and remained undrilled 
until 19^. The Reserve consists of the area north and west 
of the Colville River, and east of 162° w. longitude, as 
shown on the index map of Naval Petroleum Reserve No. **, 
(fig. *0 (Robinson, 196*0.

During the period from 19*J4 to 1953» "the U. S. Navy 
drilled 35 test wells and kl core holes on 18 separate 
structures in Naval Petroleum Reserve No. 4 (fig. *0 • These 
holes ranged in depth from *J7 to 11,872 ft, and discovered 
oil fields at Umiat and Simpson, and gas fields at Barrow 
and Gubik (Robinson, 1956, p-3)»

Wells in Naval Petroleum Reserve No. ^ penetrated rocks 
of Quaternary, Mesozoic, and Paleozoic age. Most of the 
drilling, and all of the oil and gas discovered in the 
southern part of the reserve, was in Cretaceous rocks (Mes
ozoic). In the northern part of the reserve, Jurassic rocks
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were penetrated , but only gas shows were recorded, A gen
eralized example of the relationships of these rocks is il
lustrated in figure 5*

In the following sections, a brief description of the 
geologic section of the Naval Petroleum Reserve No. 4 area 
will be discussed, and the electric log and geologic data 
for those fields will be presented.

Barrow Gas Field
The Barrow Gas field was discovered on a structure de

fined in 19^6 by a gravity survey (Collins, 1961). In the 
course of exploration, 5 test wells and 5 core tests were 
drilled. Gas was discovered in South Barrow No. 2. Other 
producers were South Barrow Test Well No. k, and South 
Barrow Test Well No. 5* South Barrow Test Well No. 5 was 
drilled in 1955 "to replace South Barrow Test Well No. 3» 
which was destroyed by fire in 1950• The Barrow Gas field 
is not praticularly prolific; wells are in the 500,000 cu- 
ft-per-day range, but are sufficient to supply the needs of 
the village of Barrow. In 1969 * the Navy drilled another 
well in the South Barrow gas field to augment the gas sup
ply to Point Barrow and to supply gas for the Arctic Research 
Laboratory.

The South Barrow No. 2 discovery well was drilled to 
a depth of 2505 ft and was completed in the section from 
2282 to 2^02 ft. It produced 500*000 cfgpd of gas at 1020



t-1611

llllSSi* ''/'// ■v//:V'////y/W/y

' w s H M i b .
dnoao 3111MOD anoao unHsnnvN

E cl0 Jd1 s 
* <s41— M

VOinov

co03£•H,QOPd
nou(X*

in
<D

•Hpt«



T-1611 15

psi flowing pressure. A diagram of the geologic section 
penetrated in the South Barrow No. 2 well is shown in fig
ure 6.

Gubik Gasfield
Gubik is an Eskimo word meaning big river; in this 

case, the big river is the Chandler. Two wells were dril
led on this anticline, which was discovered by a field re
connaissance party in 194-5 • Seismic studies indicated a 
structure about 12 miles long and 2.5 miles wide (Robinson, 
1958t p.208). The structure is 180 miles southeast of Bar
row and about 16 miles northeast of Umiat.

Gubik Test Well No. 1, was drilled to a depth of 6,000 
ft. From the interval 1681-1738 ft, it produced 2,060,000 
cfgpd through a 3/4* in orifice, with a shut-in pressure of 
4-50 psi. From the 34-88-3519 ft interval, it produced 
2,440,000 cfgpd through a 3/4* in orifice, at 178 psi flowing 
pressure. From the 3521-3608 ft interval, it produced 823» 
200 cfgpd at 50 psi flowing pressure, through a 3/4- in ori-

U-9-.
fice (Robinson, 1958, p.228). A diagram of the formations 
encountered is shown in figure 7«

Simpson Oil Field
Oil seeps in the Cape Simpson area were one of the 

main reasons Naval Petroleum Reserve No. 4' was established. 
From 194-5 to 1951» 33 holes were drilled in the area of
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SOUTH BARROW TEST WELL NO. 2
9

/ System
)

Formation
Depth from 
Kelly 
Bushing
(feet)

Productive
Interval

Quaternary Gubik

.*

80

\

Lower Topagoruk
Cretaceous

-
-2328 2282kiddie . Jurrasic 2^02W 5

«••••••••••••••••••«*•*• «4

Pre-Mesozoic
TD=2505

Summarized from Collins (1961) 
Figure 6
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GUBIK TEST WELL NO. 1

System Formation
Depth from 

Kelly 
Bushing 
(feet)

Productive
Interval

Quaternary

Cretaceous

Lower and 
Upper 

Cretaceous

TJubTF

Schrader
Bluff

Prince
Creek

Seabee

Chandler 
& Ninuluk

Grandstand

Lower
Cretaceous Topagoruk

65

890

1765
16811738

3305
3735

4 3 1 5

3408

V

■ j'v i  v  f r r iT T

td=?6ooo
Summarized from Robinson (1958) 

Figure 7
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Cape Simpson, ranging in depth from 115 to 2505 ft. Simpson 
Oilafield was discovered by Core Test No. 26. The field was 
further delineated by Simpson Core Test Nos. 29» 30, and 31 
(Robinson, 196 ,̂ p.650).

Simpson Core Test No. 26, was completed in an interval 
between 289 and 3^5 ft* and produced 110 barrels of oil and 
a little gas. This 20-degree-API-gravity oil was produced 
at 47 psi casing pressure. Analysis of seismic and core
hole data indicates that Simpson is a stratigraphic trap 
(or traps). The oil is only 300 ft below the surface, and 
the seeps are probably the result of leaks through fissures 
in the ground. A diagram of the beds encountered is shown 
in figure 8.

Umiat Oil Field
The Umiat anticline is about 10 miles long and 3 miles 

wide. Seismic data indicated a closure of 800 ft (Collins, 
1958)* During the Naval drilling program, 11 wells were 
drilled on the structure, 7 of which produced oil. It is 
believed that an eighth well (Umiat Test Well No. 2) would 
have produced had it been drilled with a different mud sys
tem. The fresh-water mud reacted with montmorillonite in 
the producing section, resulting in loss of permiability 
(Collins, 1958, p.71)*

The discovery well, Umiat Test Well No. 3* produced 
53 Upd from the zone 25^ to 27^• The oil was light green
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SIMPSON CORE TEST NO. 26

System Formation
Depth from 

Kelly 
Bushing 

(feet)
Productive
Interval

Pleistocene Gubik
-  90

Upper Nunuluk

y

Cretaceous & 28QSeabee 325-

-lt-20

V#W*V*V/*V*%WV«V*V*V*Vi

t

» ;

■j Lower

•

Cretaceous
Grandstand

:• .

4 n

*

TD=il71
Summarized from Robinson (1959) 

Figure 8
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and could be burned in deisel engines. Test Well No. 3 
was the shallowest hole drilled in the Umiat area; for 
this reason, the diagram shown in figure 9 is of Umiat
Well No. 2, which is l/k mile away. The well shown here
would have produced had the well been drilled with other 
than a fresh water mud system.

Area West of Naval Petroleum Reserve No. 4
The western boundary of Naval Petroleum Reserve No. ^ 

is at 162° w. longitude. West of this line is a land area 
of about 6,000 square miles which has become prospective 
for petroleum because it contains the same stratigraphic 
section as that at Prudhoe Bay.

The Alaska Native Claims Settlement Act of 1971 inclu
ded a provision that allows the Alaska natives to select as 
much as 6 million acres west and east of Naval Petroleum 
Reserve No. k, subject to the provision that the selection 
be made by December 1975* Standard Oil Company of Calif
ornia recently signed an agreement with the Arctic North 
Slope Regional Corporation to do exploration work on about 
11 million acres in northern Alaska. The agreement includes 
land east of Naval Petroleum Reserve No. as well as areas 
on the west. Under the terms of this agreement, the results 
of the local drilling will be used by the natives in choos
ing acreage, and Standard Oil Company of California will
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UMIAT TEST WELL NO. 2

System Formation
Depth from 

Kelly 
Bushing 

(feet)
Productive 
Interval *

Quaternary ii. « inn. ir n  i

- 80 225 H l l l l ' K i l  i'. ... . . T'.“J

Lower &
Chandler 365 25^

Upper GrandstandCretaceous
? - 1160

Lower
Cretaceous Topogoruk

A700
Oumalik *

-5100

Topogoruk

TD=6212
♦In this well, this interval did not produce, but probably 
would have if a better mud system had been used. See text.

Summarized from Collins (1958)
Figure 9
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have first choice on certain undisclosed leases (Oil and 
Gas Journal, Sept. 17, 1973» P-51).

Prudhoe Bay
The Prudhoe Bay field is in the north-central portion 

of the land put up by the state of Alaska in 1965* The 
Prudhoe Bay Field Unit is shown in figure 10. The location 
of the Barrow Arch, the Colville Trough and the various oil 
fields discovered so far on the North Slope are also shown 
in figure 10. Prior to the drilling of Prudhoe Bay State 
No. 1, Atlantic Richfield and Humble drilled a wildcat (Susie 
Unit No. 1) on Federal acreage, to a depth of 13»508 ft, 
that tested Upper Cretaceous rocks (Morgridge and Smith,
1971» p.^9^)« Because of the existing Federal lease prac
tices, and because the pre-Cretaceous sections were closer 
to the surface at Prudhoe, ARCO and Humble elected to drill 
the second well at Prudhoe Bay.

They discovered the largest oil field and the largest 
gas field on the North American continent. Prudhoe Bay is 
estimated to contain between 10 and 20 billion bbl of oil, 
and 26 trillion cu ft of gas. These reserves are contained 
in a structure that has a .closure area of 125,000 acres (Mor
gridge and Smith, 1971).
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Prudhoe Bay Structure
The Prudhoe Bay discovery was found in a large anti

clinal nose that plunges to the west. This structure is 
severely faulted on the north. Although the southern side 
also is faulted, that side of the structure is well defined 
by dips ranging from 1.5 to 2 degrees. On the east, the 
productive intervals are truncated by an unconformable 
overlying Cretaceous section (Oil and Gas Journal, May 24,
1971. P'v57).

Source Rocks
Cretaceous marine shales are the most likely source of 

the Prudhoe Bay oils. Geochemically, they are rich in hy
drocarbons, and stratigraphically they contact each of the 
major reservoirs in the field (Morgridge and Smith, 1971» 
p.500). A map showing where the productive intervals in 
Prudhoe outcropped during the deposition of the Cretaceous 
shales is shown in figure 11.

Sediments that became reservoir rocks were transported
0->:from north to south and were eroded from an ancient positive 

area which is now below the Arctic Ocean. The source of 
petroleum in the reservoir rocks is most likely marine 
shales overlaying these rocks. The shales were transported 
from south to north during the Cretaceous Period when an up
lift occurred in the area of the present Brooks Range (Mor
gridge and Smith, 1972).
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Outcrop of productive intervals 

at beginning of Cretaceous, Prudhoe Bay
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From Alaska Division of> Oil and Gas Statistical Report 
for the years 1970 and 1971
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Within the Prudhoe Bay field, oil reservoirs are in 
the Kuparuk River sanstones of Early Cretaceous age, in 
the Sag River sandstones of Early Jurrassic age, in the 
Sadlerochit sandstone and conglomerate of Early Triassic 
age, and in the Lisburne carbonates of Pennsylvanian- 
Missippian age. By far the most prolific of these is the 
Sadlerochit oil pool. Generalized north-south and east- 
west cross sections of the Prudhoe field are shown in fig
ures 12 and 13. A stratigraphic section of Prudhoe Bay is 
shown in figure 14, and a detailed section of the Triassic- 
Permian section, of which the Sadlerochit is a member, is
shown in figure 15•

\
Calculation of Resources 

Reserve information on known oil and gas fields has 
not been made available to the public. An example is the 
Kemik field, for which data are still classified as confi
dential and will remain so until 1974;. however, table 1 
presents a list of oil and gas fields as compiled by the 
state of Alaska (Hartman, 1973» and Harrison 1973)* The 
information is presented by geologic age and by type of 
resource (oil or gas).

For the purpose of estimating ultimate reserves, the 
Arctic North Slope is divided into 4 areas, as follows:



27

North-South cross-section, Prudhoe Bay field
7~t-

Arco-Humble 
..Put River St. 32-11-14
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SANDS __
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' r■ t~

From The Oil and Gas Journal, May 24, 1971
Figure 12
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Prudhoe Bay stratigraphy _ _
.Formation Approximate
(Informal) Age -t

— 1,000 -  

2,000 -  

3,000 -

4.000 - 

5*ooo -

6.000 _

7.000 

8,000 _

9.000 _

10,000 _

11,000 

12,000 _

13.000 _

.14,000 _

From Oil and Gas Journal, May 24, 1971
;Figure 14
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> Section expanded in Fig.
15.
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Prudhoe Bay stratigraphy- expansion of Triassic/Permian section
Age Formation Lithology
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1) The area west of Naval Petroleum Reserve 
No. ^ and north of 68 latitude. The west
ern boundary of Naval Petroleum Reserve No.
4 is at 162 longitude.

2) The area enclosed in Naval Petroleum Reserve 
No. 4.

3) The area between Naval Petroleum Reserve No. ^ 
and the Arctic Wildlife Refuge.

4) The Arctic Wildlife Refuge.

Area West of 162° Longitude and North of 68° Latitude
This area is included in the lands covered by the agree

ment between SOCAL and the native's Arctic North Slope Reg
ional Corporation; it is described by most Alaskan oil men 
as an area of great interest. It is also an area in which 
there is no well control today. Surface geologic studies 
and work done by the Navy, indicate that sedimentary rock 
thicknesses in this area are very great. The proposal by 
the Navy to drill a deep test to 25>000 ft (Oil and Gas 
Journal, Sept. 1?> 1973) is an indication of the depth of 
possible producing zones. The Navy estimates that this ap
proximately 5-mile deep well will cost nearly 11 million 
dollars. If the geothermal gradient found in the Prudhoe 
area (22° farenheit per 1000 ft) exists in this area, the 
bottom-hole temperatures encountered in a 5-mile deep test 
will be 5^6° farenheit.

The 5-mile depth and the 566° temperature today repre
sent the outer limits of technology. Some investigators 
contend that hydrocarbons will not be found at temperatures
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in excess.of 500° farenheit, because any hydrocarbons in
itially present will have disassociated at such temperatures. 
This theory seems b o m  out by the observation that practi
cally all high-temperature production in the U. S. today is 
gas and not oil. Disassociation of oil into gas is the first 
step in this thermal process.

Because of the limitations of drilling technology and 
the potential temperatures involved, the limit of a 5-mile 
maximum depth will be used in this report as the maximum 
depth of interest.

Surface geology studies indicate that in this area 
there should be 17,500 to 32,500 ft of Cretaceous rocks over- 
lying Jurrassic rocks. Seismic studies indicate a depth to 
the bottom of the Cretaceous of about 20,000 ft (Chapman 
and Sable, i960, p.69)« For the remainder of the 6,400 ft 
required to drill to the 5-mile depth, I assign 3*200 ft 
thickness to Jurrassic and Triassic, and 3*200 ft thickness 
to Mississippian-Pennsylvanian.

In addition, the areal extent is about, 10,000 sq miles. 
Using these data, the quantities of rock shown in table 2 
are determined.

Naval Petroleum Reserve No. 4
The depths of wells proposed by the Navy vary from 

about 25*000 ft to a shallow test of about 4,000 ft. The
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target of all of these tests would be the Cretaceous and 
Triassic-Jurrassic sanstones (Oil and Gas Journal, Sept.
17i P»38). The Lisburne limestones that underlie the Prud
hoe Bay area are missing under much of Naval Petroleum Re
serve No. 4, and Triassic rocks rest on Devonian (Alaska 
Geologic Society Stratigraphic Cross Section, 1971)• For 
the purpose of resource estimation, it will be assumed that 
there is an average of 12,000 ft of Cretaceous rocks and 
1,500 ft of Triassic-Jurrassic rocks. These numbers were 
chosen as a compromise between the 25»000 ft (plus) section 
in the Colville Trough, and the 2,500 ft depth to basement 
rocks, present in the Navy's South Barrow No. 2 well.

In their drilling program, the Navy drilled l69»250 ft 
of hole (Oil and Gas Journal, Sept. 17» 1973)* The strati
graphic cross-sections of the Alaska Geological Society in
dicate that about 15 percent of this footage was in pre- 
Cretaceous rocks. The great expense of building a drill 
site in the arctic makes it unlikely that any two wells will 
be drilled closer together than 2 miles, and it assumed that 
each well will test a rock volume with a 2-mile radius. Us
ing this parameter, the data shown in Table 3 is derived.

Area Between Naval Petroleum Reserve No. 4 and Arctic 
Wildlife Refuge

The region between Naval Petroleum Reserve No. 4 and 
the Arctic Wildlife Refuge includes the giant Prudhoe Bay
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field. At the beginning of 1973* there were 97 wells in 
the Prudhoe Bay field unit (Alaska Div. of Oil and Gas, 
Statistical Report for 1972, p.77)» all of which were in 
a suspended status awaiting the completion of Alyeska pipe
line. The Prudhoe Bay field unit has such a profound impact 
on any attempt to estimate the hydrocarbon resources of the 
area, that this bias must be considered; but that same bias 
is one of the most exciting things about the North Slope. 
Prudhoe may be anomolous it is true, but it is also true 
that there is a chance that Prudhoe is not the only giant 
field to be found on the North Slope. The Prudhoe Bay field 
unit contains about 420 sq. miles. Wells in the field aver
age 10,172 ft deep, and are directionally drilled from gra
vel pads. The true vertical depth of these wells is probably 
about 8,700 ft. The Lisburne limestone section and its' 
associated oil pool is not penetrated in these wells. 
Nevertheless, this limestone section of about.8,785; to 
10,450 ft has been explored during the wildcat phase, and 
for the purpose of this study, it is assumed that the Prud- 
hoe Bay field unit has been explored to a depth of 2 miles 
or 10,560 ft. As of June 13, 1973* Petroleum Publications 
Inc., showed information available on 39 exploratory wells 
drilled outside of the Prudhoe Bay field unit, but in the 
area between Naval Petroleum Reserve Nov 4, and the Arctic 
Wildlife Refuge, these wells ranged in depth from 3»34l ft
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to 17,118 ft, and averaged 9»917 ft. The Alaska Geologic 
Society cross sections show that the thicknesses in this 
area vary greatly, but an average of 2 miles deep to the 
bottom of the Lisburne Group would not be unreasonable 
with the information available. Using this information, 
and the 2-mile radius of investigation used earlier, the 
information shown in table 4 is derived.

Arctic Wildlife Refuge
The Arctic Wildlife Refuge was originally established 

in I960, by then Secretary of the Interior, Fred Seaton, 
and today is, for political and ecological reasons, clearly 
out of reach of commercial oil interests. A major part of 
its* 17»000 sq mile area consists of the spine of the 
Brooks Range, as it extends into the sea; however, a strip 
on the northern edge is suitable for oil development. It 
is considered here for completeness, and because it is be
lieved that as technology progresses and the importance of 
oil and gas increases, ecologically and politically accep
table methods of drilling and production will be found.
For this section, which has no well control, the Prudhoe Bay 
stratigraphic section is used. It appears that there are 
about 2,500 sq mi of the Arctic Wildlife Refuges* 17»000 
sq miles that are suitable for oil exploration. This in
formation, coupled with the Prudhoe Bay section, yields the 
information in table 5«
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• Ĉ- so VOX «.O o CAoft

>„x
••rl6
a*

V

OQ O o Oo o O*A VA VAcd -» -» «0 CM CM CM

>ico • CM -3- -3*cd 03 •H VA CM CM-p 0 e > m •C 5 i—10 5a fiC3•H «H • O o O0 E-t -p o CO COm <H o CM CM
00 rH rH

•
ra

m O §4-i ra 3 N\*H 0o ±4 o O  03 fto 0 •h  ra0 o o ra 0Mft cd ra< -p cd b ra0 •H 3 raU k ̂ •Ho EH s

rH

-P

'A

Ta
bl

e



T-1611

Summary of North Slope Sedimentary rocks
Age of Rocks SedimentaryThickness Area (sq. mi.) Rock Volume Area explored Rock volume explored cu. mi.ft. mi. cu. mi. sq. mi.

W162N68Cretaceous 20,000 3-79 9,000 34,110 0 0Tri.-Jur. 3,200 0.61 9,000 5,490 0 0Penn.-Kiss. 3.200 0.61 9,000 5.490 0 0
NFR-4 9

Cretaceous 12,000 2.27 24,000 54,480 1005 342Tri.-Jur. 1.500 .28 24,000 6,720 1005 60

Prudhoe BayCretaceous 8,000 1.52 11,000 16,720 925 1406Tri.-Jur. 1,280 .24 11,000 2,640 925 222Penn.-Kiss. 1,280 .24 11,000 2,640 925 222
Arc.Wild.Ref.Cretaceous 8,000 1.52 2,500 3.790 0 0Tri.-Jur. 1,280 .24 2,500 610 0 0Penn.-Kiss. 1.280 .24 2,500 610 0 0

TOTALS 
Cretaceous 
Tri.-Jur. 
Penn.-Miss.

46.500
46.500
22.500

109,100
15,460
8.740

1.930
1.930  

925

1,748 (1.60#) 
282 (1.32#) 
222 (0.25#)

Table 6

Exploration Results to Date

MMBbl oil4  mi rock MM cu ft gas4 m . rock

Cretaceous 2.351 514.87
Triassic-
Jurrassic 34.043 93,688

Pennsylvanian- 
Mississippian 0.45 -0-

Table 7

North Slope Petroleum Resources Estimates
Oil Resources 
Million BbL Gas Resources 

Billion Cu Ft
Cretaceous 25,688 5,625
Triassic- 
Jurrassic 52,748 -145,164
Pennsylvanian- 
Mississippian 4,000 —

TOTAL 82,436 150,789

Table 8
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Summary of Resource Estimation Data
For the ^ areas discussed, the totals are represented 

in table 6.
In a 1970 study of natural gas resources in the Rocky 

Mountain area, Haun, Barlow, and Hallinger (1970* p.1709) 
determined that in this mature area of exploration, only 
about 10 percent of the potential rocks have been explored. 
It seems unlikely that the North Slope, which bears more 
similarity to offshore areas than to land areas, will ever 
exceed the density of drilling that exists in the Rockies 
today. For this reason, it is assumed that 10 percent of 
the sedimentary rock volume will eventually be tested.

To date the overall results of North Slope exploration 
in terms of reserves discovered per cu mi of rock drilled, 
and in terms of geologic age, are shown in table 7*

Combining the exploration results shown in table 7» 
and the volume of rocks that may be tested ultimately, the 
expected resources of oil and gas are estimated in table 
8. 1/

1/ Methods used by other researchers, and other resource 
estimates are discussed in appendix 1.
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ALASKAN OIL AND GAS TAXING POLICIES

The state of Alaska, in 1972, passed legislation rela
ting to the regulation of pipelines and to the taxation of 
pipelines and oil and gas production in the state. This 
legislation contained extremely objectionable provisions 
to the oil industry resulting in legal action by the indus
try to have the bills declared unconstitutional. Probably 
the most objectional provisions were those that would re
quire any pipeline company to grant an option for the state 
to buy 20 percent of the pipeline, and a taxation provision 
that was geared to the level of profits of the pipeline com
panies involved.

Since that time, the oil companies and the state have 
been negotiating a suitable agreement to the conflict. On 
October 24th, the Governor of Alaska called a special ses
sion of the legislature to consider six bills representing 
a compromise between the state and the oil industry. These 
bills now represent the oil and gas taxation policies of 
the state of Alaska.

Tax on Property Used in Exploration, Production or 
Pipeline Transport of Gas or Crude Oil

Under AS43.55* the state of Alaska will leyy a 20-mill
tax on all property connected with production, exploration,
and transportation of oil and natural gas. In addition,

43
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political sub-divisions (boroughs, in the case of Alaska) 
can levy property taxes of their own. The value of prop
erty taxed would be limited to their choice of: 

j_ 1) $1000 per person living in the borough
or

2) 2.25 times the number of persons living 
in the borough, times the per capita prop
erty value of the entire state of Alaska.

Not subject to the 20-mill levy are:
1) oil and gas lease properties
2) oil and gas in the ground
3) produced oil and gas
b) intangible drilling development or 

exploration expense
5) property assembled prior to the 

beginning of construction
6) property to be used in construction 

prior to the starting date.
These taxes are in place of all other taxes levied by 

political subdivisions. The enabling legislation also pro
vides for the establishment of a state assessment review 
board.

Oil and Gas Regulation and Conservation Tax 
AS43.57 levies a tax of one-eighth of one cent per 

barrel on each barrel of oil produced in the state. Al
though these monies are to be paid into the general fund, 
the intent of the tax is to fund the activities of the Div
ision of Oil and Gas, especially as it concerns the regula
tion of drilling activities and the collection of reservoir 
engineering data. Income to the state from this legislation
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is expected to be $75»000 per year until North Slope pro
duction begins, at which time it will increase to about 
$700,000 per year.

Oil and Gas Production Tax 
In addition to the state*s 12.5 percent royalty on 

the value of oil and gas at the well-head, prior to 1972, 
the oil production tax was about 7 percent of the value of 
the oil at the well head. The present production taxes, 
based on the total production from each lease or property, 
are calculated according to the following schedule:

1) Five percent of the first 300 barrels 
of average daily well production.

2) Six percent on the next 700 barrels of 
average daily per-well production.

3) Eight percent on all production in 
excess of 1,000 barrels of average 
daily well production.

4) Gas production is taxed at the rate 
of ^ percent of the gross value of 
the gas and liquids produced.

In addition, the statute provides a floor to the am
ount of income in the form of a cents-per-barrel tax rate.
The intention'of this provision is to guarantee a minimum
income to the state in the unlikely event that the well
head value of crude should drop below $2.25 per barrel.
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The tax per-barrel provision is based on*
1) $0.16875 on the first 300 barrels of 

average daily per-well production.
2) $0.2025 on the next 700 barrels of 

average daily well production.
3) $0.2700 on all production in excess 

of 1,000 barrels of average daily 
per-well production.

This tax schedule is based on 27-degree API oil. Prud- 
hoe Bay oil is about 27*6 degrees API (Oil and Gas Journal, 
May, 1971)« For every degree above 27» the tax rate increases
by 2-percent up to ^0 degree oil; any oil above ^0 degrees
will be taxed as 40 degree oil. Conversely, the tax rate on 
lower than 27 degree oil will be reduced by 2-percent for 
each degree API less than 27 degrees API.

One of the more interesting provisions of the bill is
that which requires the state to pay $0.05 per barrel up to 
$500,000,000 dollars into the Alaska Native Fund, as part 
of the Alaska Native Claims Settlement Act.

Other Bills Introduced at Special Session
In addition to the legislation mentioned above, the 

Governor introduced bills that would:
 Allow non-competitive sales of state lands where compe
titive jsales were not believed to be in the state’s best 
interest, but which could enrich speculators considerably.
 Clarify the requirement that pipelines- be common purcha
sers of any oil offered for sale.
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 Remove the tax based on pipeline profits, and the re
quirement that the state be allowed to buy up to 20-percent 
of any pipeline. In its place, the state substituted a re
quirement that owners negotiate with the state in the event 
that any disposition of any interest in the pipeline is con
sidered by any owner, either voluntarily or through economic 
or legal compulsion.
 A bill to ammend and clarify the role and composition
of the Alaska Pipeline Commission.
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EVALUATION OF AN ECONOMIC NORTH SLOPE 
DRILLING AND PRODUCTION PROGRAM

In keeping with the contention that exploration and 
development conditions on the North Slope are more akin 
to those bffshore, or to new foreign development, it is 
the purpose of this section to estimate the wildcat well 
production rate necessary to economically justify field 
development of North Slope discoveries.

Cost Model
Originally two major cases were to he explored in this 

section* 1) determination of the per well flow rate needed 
to justify field development, and 2) flow rate required to 
justify only the investment in the casing string and surface 
facilities required to complete a well smaller than field 
size. Discussions with oil men in Alaska dictated a modi
fication of this approach when it was pointed out that none 
of the discovery wells drilled in the Prudhoe Bay field 
are slated for conversion to production wells. As usually 
happens offshore, wildcat discovery wells are only used for 
delineating the structure before a platform (Gravel pad on 
the North Slope) is built in an optimum location. For this 
reason, only one case will be considered; that of a discov
ery large enough to warrant development.

^8
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Parameters Chosen
Every prospect has to he studied considering its 

unique features. The number of possible variations on the 
exploration and development theme are almost limitless, 
depending on the attitude of the companies involved toward 
risk, joint ventures, acceptable rate of return, and many 
other factors. It is believed none-the-less, that some 
generalizations and simplifying assumptions are^worthwhile. 
The ones made here arc:

1) Produced oil will sell at a posted price of 
$13.00 per bbl. In light of the trend in the 
Middle East and Venezuelan oil prices, that 
does not seem unreasonable. 80 million barrels 
of Iranian crude was recently auctioned at prices 
ranging from $l6-$17-^0 per bbl.

2) Gravel price delivered to the site will be 
$5*00 per cu yard.

3) The cost of a wildcat well is $2,000,000
k) The discovery well will not be a producing 

well.
5) The cost of development wells will be 

$1,500,000 per well.
6) The minimum sized field well will be developed 

by 8 wells on one pad. This is about the 
size of the drilling program from the drill 
sites used in the Prudhoe Bay field.

7) Minimum acceptable rate of return will be 
20 percent.

8) Beyond 5 years the wells will be considered 
part of the capital assets of the company.

Well-Head Value of Oil
Several estimates of the costs of pipeline and tanker 

transportation have been made, ranging from as low as a
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total pipeline plus tanker cost to Los Angeles of $0.75 
per-barrel (Norman, 1970, p.2499)» to a high of$1.26per- 
barrel (Cicchetti, 1972, p.57)» For the purposes of this 
study, the median price of $1.00 per-barrel is used as the 
transportation cost from Prudhoe Bay to Los Angeles.

There is a similar diversity as to the expected pro
duction costs. These range from $0.18 per-barrel (Cabinet 
Task Force, 1970), to $0.45 per-barrel (Norman, 1970, p.2499)* 
In as much as the minimum economic field will operate closer 
to the upper limit than the lower limit, we will use $0.45 
per-barrel for production costs.

Taking our posted price of $13*00 per-barrel, and de
ducting the $1.00 for transportation to Los Angeles, yields 
a well-head price of $12.00 per bbl. Deducting production 
costs of $0.45 per bbl leaves $11.55 per-barrel. The state 
royalty and production tax wilx amount to about 18 percent, 
leaving a well-head value to the oil company of about $9*47 
per-barrel. This will be treated in greater detail later 
in the economic calculations, but this price is considerably 
more attractive than what would have resulted from the 
posted price of about $3*50 per-barrel that prevailed for 
so long in the U. S.. Similar calculations using the $3*50 
per bbl price, yield a value of about $1.64 per-barrel at 
the well head.
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Cost of Pad
Discussions with oil men in Alaska suggest that a 

drill site for production wells should have the following 
characteristics:

1) One-hundred fifty foot spacing between 
individual Christmas Trees.

2) A minimum drill pad width of 300 ft.
3) A drill-pad thickness of 5 ft.

Applying these parameters to a hypothetical eight- 
well field, such a pad would have a volume of 75*000 yards, 
which at a $5 per yard, would cost $375»000. Each mile of 
20-ft wide road will cost about $100,000.00. It is assumed 
that 5 miles ($500,000) will connect the new field to an 
existing supply road; total cost of gravel therefore is 
$875,000.

Lease Costs
It is unlikely that the value of the leases on the 

North Slope will again be as great as the bids received in 
the 1969 lease sale, which exceeded $7,000 per acre. In 
reality, it is not possible to predict these prices. It 
is assumed that lease costs prior to commencement of dril
ling will amount to $500 per acre for wildcat leases. For 
a hypothetical 8-well field, and a spacing of 640 acres, 
this will amount to a minimum of $2,560,000 per lease.
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Investment Schedule
In the following calculations, all investments will 

be considered as having been made at the beginning of the 
year. For a five-year production period, investments will 
be made and payments received according to the following 
schedule:

Year Os Purchase of 10 leases; one of 10 
will be a producer.

Year Is Completion of one discovery well and 
nine dry holes.

Year 2s Completion of road, 8-well development 
program and pad.

Year 2-7* Production at X bbl per-well per-day.
Assume no production decline over the 
five-year period.

Some ot-: the other factors considered in the analysis
ares

1) An initial investment of $25>600,000 is 
made to purchase ten leases. One of 
these will result in a discovery, while 
nine will be abandoned after drilling 
nine unsuccessful wells. Abandonment 
losses are taken in year one.

2) Dry hole money is the name given revenues 
resulting from the sale of information 
obtained in the process of drilling un
successful wells. For dry hole money, 
the contributors get mud logs, electric 
logs, and samples of well cuttings from 
dry holes. Such information is espec
ially valuable to holders of adjacent 
leases. In this example, each dry-hole 
drilled results in one million dollars
of dry hole money to the company drill
ing the well.

3) The nine dry holes are expensed, as is 
the discovery well. In the case of the 
discovery well, it is abandoned because
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the drill pad will be located else
where .

*0 The tax rates used are those quoted 
earlier and are the rates put into
effect by a special session of the
Alaska legislature in November of 1973*

5) Wells will produce at a constant rate 
for 5 years, after which a 15 percent 
decline rate occurs.

Cash Flow Calculations
The per-well production rate that generates a 20 percent 

rate of return using 5-year, 10-year, and 15-year production 
periods was calculated using the costs given earlier. A de
tailed solution for a net present value of zero with a 5-year
production period, is given in table 9* Cash flows for a 10-
year and 15-year production period are given in table 10.
Wells in the hypothetical field would have to produce at an 
average of 7^5 bpd in the 5-year case, 592 bpd in the 10-year 
case, and 572 bpd initial rate in the 15-year case. It is 
recognized that many things would change this result, making 
smaller wells attractive, especially changing the success 
ratio and initial investment. These figures do represent 
valid cost ranges however, and sqrve to show that small fields 
or low flow-rate wells are not going to be economical on the 
North Slope.
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Cash Flow
10-Year Productive Life 15-Year Productive Life

Yr. Yr.
0 -25,600,000 0 -25,600,000
i.l 6,020,000 1 6,020,000
2 -8,625,000 2 -8 ,625,000
3 10,076,857 3 9 ,685,920
if 10,076,857 k 9 ,685,920
5 10,076,857 5 9 ,685,920
6 10,076,857 6 9 ,685.920
7 10,076,857 7 9 ,685,920
8 8,601,536 8 8,255.154
9 7.346,627 9 7,042,635

10 6,278,582 10 6,018,187
11 5.376,185 11 5.138.767
12 4,595.935 12* 4,384,878

\ 13 3.74if,073
iif 3.199,388
15 2,736,406

' .16 2,342,870
17 2,008,366

NPV = + $ 21,198 NPV = - $ 22,910

Decline Rate 15^/yr Decline Rate 15%/yr
Prod. Rate = 592 bpd Prod. Rate = 572 bpd

Table 10
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CONCLUSIONS

The resource estimates of* 82.kjG billion barrels of 
oil and 150.8 trillion cu ft of gas made in this paper, are 
impressive. If they become reserves, they will increase 
the reserves known to exist in North America by more than 
twice. However, given the high prices and the resulting 
production rate wells required to bring a 20 percent rate of 
return, it is questionable whether these resources will be 
sought aggressively.

In the course of the economic analysis, it became clear 
to the author that two major ways to encourage exploration 
for these resources ares

1) A way must be sought to reduce the 
amount paid for leases that are even
tually abandoned. The present system 
of competitive bids will probably cause 
a loss of interest in this or any other 
area, well before its* potential has 
been reached.

2) The state of Alaska should avoid the 
temptation to over-tax oil and gas 
properties. For a 750 t>Pd well, the 
present tax rate is 5*60 percent. The 
same well would have been taxed at the 
rate of ^.20 percent under the measure 
introduced by the Governor. The rate 
adopted by the legislature represents a 
33 percent increase. Tax policies should 
be made with the intention of turning sub
marginal wells into economic producers.

56
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The nature of the environment in which these potential 
petroleum resources exist dictates that the exploration 
for, and development of petroleum resources, will be high 
priced ventures. The high costs will result in wells being 
abandoned that would have been producers had they been found 
elsewhere in the continental United States.
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APPENDIX I

Many researchers’ have attempted to estimate either the 
resources of petroleum that will ultimately he discovered, 
or the future petroleum producing capacity of various re
gions. Some of these methods will he discussed in this 
section, and some of the estimates of petroleum resources 
made hy others in studies of the North Slope, or Alaska as 
a whole, will he given. The approaches discussed are those 
used hy M. King Huhhert, A. D. Zapp, and the Potential Gas 
Committee.

M. King Huhhert Approach 
Huhbert (National Academy of Sciences, 1969) uses an 

approach that the cumulative discoveries at any time must 
equal the sum of cumulative production and cumulative re
serves , or

^d = Qp + Qr *
Differentiating with respect to time gives the rates of 
discovery, or

dQd/dt = dQp/dt + dQ^dt.
A graphical representation of these relationships is shown 
in figure 16 By integrating the rate of discovery, we may 
find the total reserves discovered. Huhhert goes on to

58
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present data on rates of proven discovery in the U. S. 
versus time. This plot is presented in figure 17 which 
shows that the rate of increase of proven reserves peaked 
about 1957* Hubbert estimates that the time lag between 
discovery and production has been about 10.5 years. The 
implication of this study is that production peaked about 
1969 when 86.5 billion barrels of petroleum had been produced, 
and that another 86.5 billion bbl of oil were yet to be 
produced. Hubbert*s method was not used in this study be
cause of the lack of production history on the North Slope, 
and because of the relatively small geographic extent of the 
area involved.

o

Time

Relations between rate of production (dQp/dt), rate of proved discovery 
(dQ jdt ) and rate of increase of proved reserves (dQjdt) during a full 
cycle of petroleum production

From Committee on Resources and Man 
National Academy of Sciences-' 
National Research Council 19^9

Figure 16
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I A .

^ -

1900 1920 1 940
Years

I960 I960

Rates of proved discovery {dQjdt),  production {dQjdt),  and increase 
{dQjdt) of reserves of crude oil in the United States, exclusive of Alaska. 
Dashed line curves are analytical derivatives, solid linps are actual yearly data.

From Committee on Resources and Man 
National Academy of Sciences- 
National Research Council 1969

Figure 17

The Zapp Hypothesis 
Zapp does not attempt to derive numerical values for 

petroleum resources to be discovered in the United States; 
rather he addresses the question of predicting future pro
ducing capacity. He derived a figure of 5 billion feet of 
expiatory footage required to drill wells on a density of 
one well for each 2 sq mi of potential productive area in 
the contiguous states, and as a yard-stick of the state of
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development of the domestic oil industry, he states that 
less than 20 percent of this footage had been drilled 
through 1958. In support of his contention that productive 
capacity in the U. S. is a function of the number of wells 
drilled, Zapp presented the information shown in figure 18 

In the conclusions to his study, Zapp statess
"1. From study of the nature and probable 

accuracy of the several types of quan
titative data and estimates that have 
been used as bases for predicting future 
petroleum producing capacity of the 
United States, it is concluded that the 
recent rate of growth in producing capa
city itself is the most realistic basis.

2. From consideration of the large volume 
of geologically favorable rocks yet to 
be explored in the United States, and 
the recent record of success in explor
ing geologically similar rocks, it is 
concluded that the quantity of undisco
vered petroleum will not constitute a 
limiting factor on increase of producing 
capacity in the next 10-20 years at 
least, and probably for a much longer 
time.

3* The rate of increase in producing capa
city is governed primarily by the rate 
of completion of new wells. If economic 
incentives in the domestic petroleum in
dustry in the next 10-20 years justify 
an expansion in drilling effort compara
ble to the 19^5-58 expansion, a further 
increase in crude-oil producing capacity, 
comparable to that of the recent past, 
may be expected.
The outlook for future domestic supply of 
natural gas and natural gas liquids is 
even more favorable than for crude oil."
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When presented in 1962, Zapp's hypothesis attracted 
many adherants, however a comparison of his predicted rate 
of discovery with actual experience, shows that his pre
dictions do not match experience. Figure 19 gives a com
parison of the predicted reserves with actual experience.

100
1

o ~ 6.0
5 0

m m
D I S C O V E R E C  
%BY 1959/ 
/(LESS THAN
f 20%)Ll

OIL R E M A I N I N G  
T O  B E  D I S C O V E R E D  
MORE THAN 80%)xwwwwwww

Cumulative Footage of Exploratory Drilling (Billions of feet)

The Zapp hypothesis of the rate of oil discoveries per foot of exploratory 
drilling versus cumulative footage.

300 r

^  200 * Actual discovery rate

Zapp hypothesis 118 b b ls /f t

5 100 o
165 X 10* 590X10* bbls

Cumulative Footage h (10* ft)

Comparison of Zapp hypothesis with actual United States discovery data

From Committee on Resources and Man 
National Academy of Sciences- 
National Research Council 1969

Figure 19
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The Potential Gas Committee Approach
The Potential Gas Committee is an industry committee 

supervised by the Colorado School of Mines Research Founda
tion Incorporated. The approach used by this group is des
cribed in the November 1973 Potential Gas Committee Report, 
and is found on pages 65-67•

Alaskan Resource Estimates From Other Sources 
Several groups have attempted to estimate the resources 

of oil and natural gas to ultimately be discovered in Alaska 
or on the North Slope. Several of these estimates are pre
sented here:

Oil Resources
Source Estimate

50-100 Billion bblDeGolyer and MacNaughton 
(Cabinet Task Force 1970) on North Slope.

72.1 Billion bbl 
North Slope Land.

National Petroleum Council 
(National Petroleum Council 
1972)

U. S. Geological Survey 
(Theobald, P.K., Schwein- 
furth, S.P., and Duncan,
d.c;, 1972)

M. K. Hubbert, 1969 
(National Petroleum 
Council, 1972)

lllrBillion bbl total 
Alaska plus Continental 
Margins.

78 Billion bbl total 
Alaska.

Gas Resources

U. S. Geological Survey 
(Theobald, P.K., Schwein- 
f urth, S .P ., and Duncan, 
D.C* , 1972)

Potential Gas Committee, 
1972
National Petroleum Coun
cil, 1972

398 tcf total 
Alaska.
277.4 tcf total 
Alaska.
4,418 tcf total 
Alaska plus Continental 
Margins.



From Potential Supply of Natural Gas in the United States
(As of December 31> 1972)

T-1611 A Potential Gas Committee Report, November 1973 ^5
A. GENERAL POLICY STATEMENT

An appraisal of the long-range prospects of the 
natural gas industry in the United States —  an 
appraisal that is useful for financial, managerial, and 
government purposes —  requires scientific, authori
tative, and objective estimation of the potential 
supply’1' of natural gas which may become available 
to the industry, in addition to proved recoverable 
reserves of natural gas currently available. The Com
mittee on Natural Gas Reserves of the American Gas 
Association, an industry committee, is fulfilling part 
of this requirement by providing periodic estimates of 
proved recoverable reserves of natural gas immedi
ately available to the industry.

The Potential Gas Committee, an industry com
mittee, supervised by the Mineral Resources Institute 
of the Colorado School of Mines Foundation, Inc., 
will fulfill the remainder of this requirement by pro
viding periodic estimates of the potential supply of 
natural gas which may become available to the indus
try. This Committee, together with its several Work 
Committees, is comprised of more than one hundred 
and fifty individuals from the production, transmis
sion, and distribution segments of the natural gas 
industry who are knowledgeable with respect to the 
potential supply of natural gas.

The Potential Gas Committee and its Work Com
mittees discuss matters and data that are confidential. 
Fulfillment of the objectives of the Potential Gas 
Committee cannot be realized without the availability 
and utilization of information of a highly confidential 
nature. It is, therefore, the policy of the Potential 
Gas Committee and its Work Committees that every 
member, observer, and representative will respect 
such information and that there will be no disclosure 
of information or estimates, discussions, or other 
data, except as approved for release by the Potential 
Gas Committee.

A  diagram of the organizational structure for the 
estimation of the potential supply of natural gas is 
shown in Figure 2, Part II, page 13. A detailed 
description of the membership and duties of the 
several committees and of the Potential Gas Agency 
is presented in Sections D and E- of these Guidelines.

B. DEFINITIONS AND CONCEPTS OF 
POTENTIAL SUPPLY OF 
NATURAL GAS

1. DEFINITION OF NATURAL GAS
Natural gas, as used in this report, is any gas 

of natural origin that is composed primarily of 
hydrocarbon molecules producible from a bore
hole. Most natural gas contains some nonhydro
carbon components such as carbon dioxide, 
nitrogen, hydrogen sulfide, helium, etc.; however,

‘ “Potential supply o f natural gas” as used in this report 
means supplies of natural gas to be discovered in the future, 
sometimes referred to as undiscovered potential supplies, 
within the parameters and guidelines and does not include 
proved recoverable reserves or past production.

in estimating potential supply, it is not feasible 
to separate small volumes of these components 
from the hydrocarbons. Areas or formations that 
are believed to contain large volumes of such 
nonhydrocarbon components are not counted as 
potential supply.

2. DEFINITION OF POTENTIAL GAS
The phrase “potential supply of natural gas” 

as used by the Potential Gas Committee in mak
ing its estimates and in preparing its report, 
means: At a given date and underlying a par
ticular geographic area, that prospective quantity 
of natural gas yet to be found and proved (as 
the term proved is used by the American Gas 
Association Committee of Natural Gas Reserves) 
by all wells which may be drilled in the future 
under assumed conditions of adequate but rea
sonable prices and normal improvements in 
technology.

The definition of potential supply specifies a 
relationship to proved reserves because the Com
mittee’s estimate at any given date is not to 
include any proved reserves existing as of that 
date but is to include such volumes as may 
become proved reserves in the future. Potential 
supply is a volume of gas which is in addition to 
existing proved reserves. An estimate of potential 
supply must take into consideration the criteria 
used by the Committee on Natural Gas Reserves 
of the American Gas Association in preparing 
its annual estimates of proved recoverable re
serves. The Committee on Natural Gas Reserves 
defines proved recoverable reserves* as follows:

The current estimated quantity of natural gas and 
natural gas liquids which analysis of geologic and 
engineering data demonstrate with reasonable cer
tainty to be recoverable in the future from known 
oil and gas reservoirs under existing economic and 
operating conditions. Reservoirs are considered 
proved that have demonstrated the ability to produce 
by either actual production or conclusive formation 
test.
The area of a reservoir considered proved is that 
portion delineated by drilling and defined by gas-Oil, 
gas-water contacts or limited by structural deforma
tion or lenticularity o f the reservoir. In the absence 
of fluid contacts, the lowest known structural occur
rence o f hydrocarbons controls the proved limits Of 
the reservoir. The proved area of a reservoir may 
also include the adjoining portions not.delineated by 
drilling but which can be evaluated as economically 
productive on the basis of geological and engineering 
data available at the time the estimate is made. 
Therefore, the reserves reported by the Committee 
include total proved reserves which mav be in either 
the drilled or the undrilled portions of the field or 
reservoir.

The Committee on Natural Gas Reserves in
cludes in proved reserves all gas estimated to be 
producible from tested formations under existing 
operating and economic conditions without regard 
to the size, use, or disposition of any production. 
Proved reserves in an undrilled area, however, 
must be so related to the developed or tested 

‘ A.G.A. Proved Reserves Report, v. 27, p. 102, May 1973.
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leases and to known field geology that its pro
ductive ability is assured.

CATEGORIES OF POTENTIAL GAS 
SUPPLY

Accuracy of the estimates of gas volumes 
included in the potential supply of a given area 
are dependent upon geological conditions and the 
extent to which the area has been explored and 
developed. Using available geologic data and the 
American Association of Petroleum Geologists 
classification of wells (fig. 12), the Work Com
mittee divides the estimates into three broad 
categories. These categories are as follows:
a. Probable potential gas supply (associated with 

existing fields).
(1 ) Supply from known accumulations ob

tained by:
(a) Future extensions of existing pools, 

in known productive reservoirs.
(b) Future new pool discoveries, within 

existing fields, in reservoirs produc
tive elsewhere within the same held.

(2 ) Supply from new pool discoveries ob
tained by:
(a) Future shallower and/or deeper new 

pool d isc o v e r ie s , within existing 
fields, in formations productive else
where within the same geologic 
province or -sub-province, under 
similar geologic conditions.

(b) Future shallower and/or deeper new 
pool d isc o v e r ie s , within existing 
fields, in formations productive else
where within the same geologic 
province or sub-province, under 
different geological conditions.

b. Possible potential gas supply (associated with 
productive formations).
(1 ) Supply from new field discoveries ob

tained by:
(a) Future new field discoveries, in for

mations productive elsewhere within 
the same geologic province or sub
province, under similar geological 
conditions.

(b) Future new field discoveries, in for
mations productive elsewhere within 
the same geologic province or sub
province, under different geological 
conditions.

c. Speculative potential gas supply (associated 
with non-productive formations).
(1 )  Supply from new pool discoveries in for

mations not previously productive within 
a productive geologic province or sub- 
province.

(2 ) Supply from new field discoveries ob
tained by:
(a ) Future new field discoveries in for

mations not previously productive 
within a productive geologic prov
ince or sub-province.

(b ) Future new field discoveries within 
a geologic province not previously 
productive.

A geologic province is defined in Glossary of 
Geology and Related Sciences, by the American 
Geological Institute, as “A large area or region 
unified in some way and considered as a whole.” 
Hence, the Gulf Coast geosyncline and the Appa
lachian geosyncline often are referred to as prov
inces. Large provinces, such as those cited, are 
often divided into sub-provinces to recognize 
geological homogeneity. Examples of sub-prov
inces are the Mississippi embayment of the Gulf 
Coast geosyncline (province) and the Delaware 
basin within the Permian basin (province).

The term basin is avoided in the Guidelines, 
except in the preceding illustrations, because it 
has topographic and geomorphic meanings, as 
well as geologic. These meanings are often dif
ferent and can lead to misinterpretations.

It is evident from the above that, as drilling 
progresses, gas volumes estimated to be in a 
particular reservoir will move from one category 
to another as shown schematically in figure 13. 
Since any projection of potential supply lacks the 
accuracy of the proved reserve figures, particu
larly in ,the speculative category, it must be 
recognized that these estimates of potential sup
ply will also be subject to upward and downward 
revisions when new geological and engineering 
data are provided by exploratory drilling. When 
gas is finally classified in the Proved category, 
it will no longer be included in the estimated 
potential supply.

C. TECHNIQUE FOR ESTIMATING 
POTENTIAL SUPPLY OF 
NATURAL GAS

L BASIC APPROACH
The basic technique for estimating potential 

gas supply is to compare the factors that control 
known occurrences of gas with factors present 
in prospective areas. Known occurrences are ex
pressed as the volume of natural gas ultimately 
recoverable per unit volume of reservoir rock 
within an adequately explored portion of a geo
logic province. Such known relationship, with 
appropriate adjustment for variations in geologi
cal and reservoir conditions, is then attributed 
to incompletely explored sedimentary rocks in 
the same or in a similar geologic province.

A general outline of the attribution technique 
for estimating potential supply of natural gas 
follows.
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FOR PRODUCTIVE FORMATIONS

a. Within a active province or sub-province 
estimate ew volume of
(1 ) productive gas-bearing rock, and
(2 ) potential gas-bearing rock:

(a) associated with existing fields for 
estimating Probable Potential Sup
ply, and

(b) associated with productive forma
tions for estimating Possible Poten
tial Supply.

b. Add cumulative production and proved re
serves to obtain the total volume of ultimate 

.recoverable gas for the adequate^ explored 
portion of the productive gas-bearing rocks.

c. Divide this figure by the volume of adequately 
explored productive gas-bearing rocks to ob
tain the ultimate recoverable gas per unit 
volume of productive rocks.

d. Adjust the unit volume figure for variations 
in geological and reservoir conditions in the 
Probable and Possible gas-bearing rocks.

e. Using these adjusted figures:
(1 ) Estimate Probable Potential Supply in 

extensions and new pools associated with 
existing fields.

(2 )  Estimate Possible Potential Supply by 
applying these adjusted figures to the 
wildcat traps and structures estimated to 
be present in the inadequately tested por
tion of the province or sub-province.

FOR NON-PRODUCTIVE FORMATIONS 
AND  NON-PRODUCTIVE PROVINCES 
a. Estimate the volume of untested sediments 

in non-productive provinces and the volume 
of potential but non-productive sediments in 
productive provinces.
(1 )  Estimate the Speculative Potential Supply 

in these sediments by comparing them 
with similar sediments in other provinces 
or sub-provinces where their productive 
characteristics are known.

THE ROLE OF JUDGMENT IN  
ESTIMATING POTENTIAL SUPPLY

In proceeding from the known to the un
known, the judgment of the estimator is the most 
significant factor in making estimates of potential 
supply, particularly in the categories of Possible 
and Speculative supply. The appropriate adjust
ments referred to in Section C -l above are direct 
reflections of the estimator’s judgment. Only the 
estimator has the detailed knowledge and the 
experience necessary to select appropriate ad
justments for the geological provinces for which 
he is responsible. In all respects, the estimates

of potential supply by the Potential Gas Com
mittee reflect an objective, scientific approach 
to the problem. An attempt is made to use all 
pertinent geological and engineering data.

3. LIMITING CONSIDERATIONS IN 
MAKING ESTIMATES

At the present, no potential supply of gas is 
considered at depths greater than 30,000 feet or 
in offshore areas, where water depths are in 
excess of 1,500 feet.

Economic, technological and governmental 
policy considerations in estimating potential sup
ply also impose restrictions, and to that extent 
they are considered limitations of the estimates. 
Such limitations are indicated in Section C-4, 
which follows
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