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1995 National Assessment of United States Oil and Gas Resources: Province incremental
cost functions

By Emil D. Attanasi

Summary
This report provides the incremental cost schedules for technically recoverable resources 
in undiscovered conventional oil and gas fields, continuous-type oil and gas 
accumulations, and coalbed gas accumulations that were evaluated in the economic 
component of the 1995 National Assessment of US oil and gas resources. Previous 
publications presented only the regional cost functions or selected provinces. Discussion 
in this report is limited to defining the resources assessed, showing the locations of 
assessed provinces, and outlining the procedure and assumptions used to compute the 
province level incremental cost functions.

Introduction
The National Assessment of oil and gas resources by the US Geological Survey 

(USGS) postulates a set of scientifically based estimates of recoverable volumes of oil 
and gas that could be added to the proved reserves of the United States. The geologic 
component of the National Assessment (USGS Circular 1118, 1995, Gautier and others, 
1996) developed estimates of hydrocarbons that are producible using current technology 
but without reference to economic profitability, while the economic component (Attanasi, 
1998) presents costs of finding, developing, and producing the assessed resources at the 
regional level This report presents the complete set of province level incremental cost 
schedules or functions.

The functions show the unit costs required for transforming technically recoverable 
resources assessed in undiscovered conventional fields and unconventional oil and gas 
accumulations into producible proved reserves. The incremental cost functions show 
costs as a function of the cumulative volume of resources transformed. Costs include 
finding, development, production, and also a return on investment. The computation of 
the incremental cost functions requires that the "full cost" of the marginal unit of resources 
added to producible reserves equal well head price. 1 The cost functions show for various 
prices, volumes of resources that the industry is capable of adding to proved reserves or 
cumulative production rather than predicting what the industry will actually supply.

Actual additions and market supply are the outcome of optimizations of numerous 
supplier decisions over geographically diverse regions and hydrocarbon sources that 
assure market supply at lowest costs. This report provides a baseline to compare costs 
when examining alternative supply regions, alternative sources for oil and gas, and 
alternative technologies. Coalbed gas and conventional gas, for example, have different 
production technologies that characterize discovery, development, and production costs.

1 These functions are often referred to in the popular literature as marginal cost or price-supply functions 
or resource cost functions. However, they differ from the economist's marginal cost or supply functions in 
that resource quantities are not expressed in terms of rate of resource supply, that is, the number of barrels 
per year but rather in terms of cumulative barrels added to reserves or production.



These differences are accounted for as resources are put on a common basis by the 
incremental cost functions.

The methodology and results of the geologic analysis are described in USGS 
Circular 1118 and in Gautier and others (1996). The methodology and regional results for 
the economic component are described in Attanasi (1998)2 . Because the purpose of this 
report is to provide details of the province level costs, the discussion is limited to defining 
the resources assessed, displaying the locations of assessed provinces, and outlining the 
procedure and assumptions used to compute the province level incremental cost functions.

Resources Assessed
Geologists assessed the numbers and size distribution of undiscovered oil and gas 

fields of at least 1 million barrels of oil or 6 billion cubic feet of gas at the play level. 
Smaller fields were assessed at the province level with a statistical projection technique 
(see Root and Attanasi, 1993). Technically recoverable unconventional resources in 
identified continuous-type oil and gas accumulations and coalbed gas accumulations were 
also assessed by geologists.

Technology and costs associated with development and production of oil 
accumulations differ from those of gas accumulations so it was important to classify the 
source of hydrocarbons by type. Fields and accumulations having at least 20,000 cubic 
feet of gas per barrel of crude oil were classified as gas fields and accumulations; 
otherwise, they were classified as oil.

Commodities assessed were crude oil, natural gas (associated and non-associated), 
and natural gas liquids from associated and non-associated gas. All gas quantities are 
expressed as dry gas, that is, gas that has been stripped of natural gas liquids. Gas 
dissolved in geopressured brines, oil in tar deposits, and oil shales are excluded from the 
analysis. Gas from low-permeability "tight" sandstone reservoirs, oil and gas from shale 
reservoirs, and coalbed gas were assessed. Projections of future additions to proved 
reserves of discovered conventional fields (inferred reserves) were prepared using 
statistical extrapolations of historical trends.

The economic analysis evaluated the assessed technically recoverable oil and gas in 
conventional undiscovered fields at the province level because the small field assessment 
was prepared at the province level. The continuous-type oil and gas accumulations 
assessed by geologists were also evaluated as part of the economic component. Field 
growth projections (inferred reserves) were not part of the economic evaluation.

Undiscovered technically recoverable resources are volumes of resources 
hypothesized to exist on the basis of geologic knowledge, data on past discoveries, or 
theory, in undiscovered accumulations outside of known fields. Estimated resource 
quantities are producible using current recovery technology but without reference to 
economic viability. Posited undiscovered accumulation sizes include all components of 
field growth that might occur during field development and production. Conventional

2 For a detailed description of the methodologies for the economic evaluations of coalbed gas see Attanasi 
and Rice (1995), of continuous-type accumulations see Attanasi, Schmoker, and Quinn (1995), of 
undiscovered conventional fields in the onshore and State offshore areas of the lower 48 states see 
Attanasi, Gautier, and Root, and of undiscovered conventional fields in the onshore and State offshore 
areas of Alaska see Attanasi and Bird (1996).



accumulations are oil and gas accumulations that are typically bounded by a downdip 
water contact and from which oil, gas, and natural gas liquids (NGL) can be extracted 
using traditional development and production practices. Accumulations assessed by 
geologists as occurring outside of existing fields were considered for the purposes of the 
economic analysis as separate and discrete new fields. The onshore and State offshore 
areas of the United States were divided into eight regions and further subdivided into a 
total of 71 provinces (figure 1). For the 71 provinces, about 460 conventional plays were 
assessed.

Continuous-type hydrocarbon accumulations are pervasive throughout a large area 
or region. They do not owe their existence to the buoyancy of hydrocarbons in water as 
do conventional accumulations. Coalbed gas was assessed separately although it is also a 
form of continuous-type accumulation. Continuous-type accumulations have no downdip 
hydrocarbon-water contact whereas conventional accumulations have well-defined 
hydrocarbon-water contacts and seals that hold the hydrocarbons. A dominant 
characteristic of the reservoir rock of a continuous-type accumulation is that it is 
everywhere oil or gas charged. Other geologic characteristics include positioning of the 
accumulation downdip from water-saturated rocks, low reservoir permeability, abnormal 
(high or low) pressures, and close association of the reservoir with the source rocks from 
which hydrocarbons were generated. These accumulations are contained in sandstone, 
siltstone, shale, chalk, or coal but their areal extent and heterogeneity remain uncertain.

Figure 1 shows the locations, numeric codes, and boundaries of the USGS 
petroleum provinces and regions. Province numeric codes and names of each are 
provided in table 1. Table 1 also shows the mean value estimates of the assessed 
technically recoverable volumes of oil, gas, and natural gas liquids in undiscovered 
conventional fields, in continuous-type accumulations, and coalbed gas accumulations.

Incremental Cost Functions
Undiscovered conventional oil and gas fields

The geologic assessment provided undiscovered conventional oil and gas field 
size-frequency distributions from which quantities of economic oil, associated gas, 
associated gas liquids, non-associated gas, and non-associated gas liquids were computed. 
Incremental cost functions were prepared at the province level using the expected or mean 
value of the assessed size-frequency distributions of undiscovered accumulations grouped 
by 5000 foot depth interval. The size frequency distributions of new discoveries (by field- 
type and depth) were projected for successive increments of wildcat wells using a set of 
finding rate functions and the geologic assessment. A standard application of discounted 
cash flow (DCF) analysis determined commercial developability of newly discovered 
fields. The net after-tax cash flow consisted of revenues from the production of oil and/or 
gas less the operating costs, investment costs in the year incurred, and all taxes. All new 
discoveries of a particular size and depth class are assumed to be developed and added to 
producible reserves if the representative field is found to be commercially developable, 
that is, if it has an after-tax net present value greater than zero The discount rate 
included the cost of capital and the industry's required return.

Finding rate functions predicted, for each increment of wildcat drilling, a size- 
frequency distribution of oil and gas discoveries. Average sizes of successive discoveries



became smaller and/or were found in deeper horizons; resulting in increasing finding costs. 
Increments of 50 wildcat wells (or 20 wildcat wells for State offshore areas) were 
assumed drilled until the exploration cost associated with the wildcat well increment is 
equal to or greater than the after-tax net present value of the commercially developed 
fields discovered by that increment of wildcat wells. For each increment of wildcat 
drilling, the allocation or targeting of wildcat wells to specific depth intervals maximized 
the after-tax net present value of the oil and gas discovered. As prices/incremental costs 
are allowed to increase, additional increments of wildcat wells are economic to drill and 
the marginal economic field size declines, adding more commercially developable fields. 
Both effects add to producible reserves. The basis for expressing the estimates of 
recoverable undiscovered petroleum as a function of well head price is that incremental 
units of exploration, development, and production effort will not take place unless the 
revenues expected to be received from the eventual production will cover the incremental 
costs, including a normal return on the incremental investment.

Unconventional resources: continuous-type and coalbed gas accumulations
The geologic assessment began with the partitioning of the postulated play areas in 

to equal area cells. In continuous-type plays cell spacing corresponded to the median 
drainage area of production wells in the play. For coalbed gas plays cell area 
corresponded to well spacing set by the state regulatory commission. Geologists 
interpreted past drilling results and production records to assess technically recoverable 
resources in remaining untested cells.

The results of the geologic assessment were expressed in terms of a size-frequency 
distribution of productive untested cells, where "cell size " here means volumes of 
hydrocarbons expected to be recovered. For calculating incremental costs, the geologic 
play assessments were transformed into the expected size-frequency distributions of 
untested (productive) cells computed in 5000 foot depth intervals. To determine the part 
of the cell frequency-size distribution of each 5000 foot depth interval within a play that is 
commercially developable, a cash flow analysis was applied to each cell-size category. 
After evaluation of all the cell-size classes within a specific depth interval, if the computed 
after-tax net present value of the aggregate developable cells is sufficient to cover the 
costs of drilling all cells, that is, the cost of exploration, then the aggregate resources in 
the commercially developable wells are added to reserves Otherwise, drilling is not 
justified and resources are not added to reserves. Calculations were repeated assuming 
progressively higher well head prices and results were aggregated from depth intervals to 
the play level and then to the province level to arrive at incremental cost functions.

General Economic Assumptions
Listed below are the general assumptions common to the economic analysis of the 

assessed conventional undiscovered resources and unconventional resources in 
continuous-type accumulations and in coalbed gas accumulations. Additional details of 
the assumptions relating to the evaluation of specific resources are summarized in Attanasi 
(1998) and in open-file reports on specific resources and regions (Attanasi and Rice, 1995, 
Attanasi and others, 1995, Attanasi and others, 1996, Attanasi and Bird, 1996).



1. Economic analysis was applied to the mean or expected value of the hydrocarbons 
assessed.

2. Industry behavior was assumed to be rational, that is, investment will not be undertaken 
unless full operating costs, investment costs, and the costs of capital can be recovered.

3. A 12 percent after-tax rate of return is used as a hurdle rate or required rate of return 
for new investment to be undertaken. The cash-flow analysis was specific to individual 
projects and ignored tax preference items and minimum income taxes that might be 
important from a corporate accounting stance. Cost levels prevailing in 1993 were 
assumed. The analysis was prepared in terms of constant real dollars.

4. Federal taxes are based on the 1986 Tax Reform Act and the 1993 revisions. State tax 
rates are as of 1993.

5. For onshore areas assumed royalty payments to the resource owner amounted to 12.5 
percent of gross revenues and for State offshore areas the royalty rate was 16.67 percent.

6. Dry gas (gas without natural gas liquids) prices are assumed to be two-thirds the price 
of oil when expressed on an energy equivalent basis, where 1 barrel of oil is equivalent to 
6,000 cubic feet of gas. The well-head price of natural gas liquids was assumed to be 
three-fourths the per-barrel price of crude oil.

7. By-product revenues from associated gas and natural gas liquids are credited to the 
primary products of crude oil or non-associated natural gas in the calculation of 
incremental cost functions.

8. Resources evaluated for Northern Alaska are based on Lower 48 West Coast prices, ie., 
that costs included delivery to the US Lower 48 West Coast.

Province incremental cost functions
Table 2 presents the province level cost functions starting at prices levels of $9 

per barrel ($1.00 per thousand cubic feet of gas) to rising to $30 per barrels ($3.33 per 
thousand cubic feet of gas). Provinces evaluated but not shown because minimum 
incremental costs were higher than $30 per barrel and $3.33 per thousand cubic feet of gas 
included Eastern Oregon-Washington (5), Sonoma-Livermore (8)3 , Idaho-Snake River 
Downwarp (17), Western Great Basin (18), Southern Arizona-Southwestern New Mexico 
(25), Southwestern Montana (29), Park Basins (38), Palo Duro Basin (43), Marathon 
Thrust Belt (46), Cincinnati Arch (66), Blue Ridge Thrust (68), Piedmont (69). The small 
volumes of assessed technically recoverable resources assigned to Central Alaska (2) also 
did not warrant further economic evaluation. Data presented in table 2 for Southwest 
Wyoming province (37) for NGL in conventional oil fields correct Attanasi (1998).

3 The small amounts of economic technically recoverable resources are shown for this Sonoma-Livermore 
province (8) in Attanasi (1998) are incorrect and re-evaluation of this province shows no economically 
recoverable resources at or below $30 per barrel or $3.33 per mcf.
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Figure 1. A. Petroleum regions and provinces in onshore and State offshore areas in the 
conterminous United States. Heavy lines are regional boundaries; lighter lines are province 
boundaries. B. Petroleum provinces of onshore and State offshore areas of Alaska. Regions and 
provinces are listed by name and numeric code in Table 1.
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u
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l
u
e
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p
p
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i
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i
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u
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e
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n
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n
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t
u
r
a
l
 
gas 
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u
n
d
i
s
c
o
v
e
r
e
d
 
c
o
n
v
e
n
t
i
o
n
a
l
 
oil 

a
n
d
 
gas 
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in 

c
o
n
t
i
n
u
o
u
s
-
t
y
p
e
 
a
c
c
u
m
u
l
a
t
i
o
n
s
,
 
and 

c
o
a
l
b
e
d
 
gas 

a
c
c
u
m
u
l
a
t
i
o
n
s
 
as 

of 
J
a
n
u
a
r
y
 
1994 

in 
o
n
s
h
o
r
e
 
and 

S
t
a
t
e
 
o
f
f
s
h
o
r
e
 

a
r
e
a
s
 
of 

the 
U
n
i
t
e
d
 
States. 
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= 
b
i
l
l
i
o
n
s
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b
a
r
r
e
l
s
 
of 
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= 
b
i
l
l
i
o
n
s
 
of 

b
a
r
r
e
l
s
 
of 

liquids, 
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= 
t
r
i
l
l
i
n
o
s
 
of 
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u
b
i
c
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