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The “Checkerboard Method”—
A New Way to Estimate the Numbers of Undiscovered
Hydrocarbon Accumulations in Sparsely Drilled Areas

By Richard G. Stanley

ABSTRACT

The “checkerboard method” is a simple and quick
way of estimating the numbers of undiscovered hydrocar-
bon accumulations in areas that are sparsely drilled but
have at least one discovered oil or gas field. The area to be
evaluated is partitioned into many sectors of equal area
(for example, 1 miz), and each sector is classified as pro-
ducing (P), drilled but not producing (D), or undrilled (U).
Then, a success ratio (S) is calculated using the equation
S=P/(P+D). The number of sectors with undiscovered hy-
drocarbon accumulations (A) is calculated from the relation
A=US. If one assumes that most undiscovered accumula-
tions are small and occupy surface areas smaller than one
sector, then the quantity A may be about the same or some-
what less than the number of undiscovered accumulations.
Alternatively, if one believes that there are several large
undiscovered accumulations that occupy many sectors
each, then the quantity A may be significantly larger than
the number of undiscovered accumulations.

The checkerboard method was developed during the
course of a U.S. Geological Survey assessment of the un-
discovered petroleum resources of oil and gas basins in
coastal onshore California. The method might also be use-
ful in other parts of California and the world where alter-
native techniques—such as prospect counting, statistical
analysis of discovered fields, and comparison with analog
basins—are inadequate or unsuitable.

INTRODUCTION

Periodically, the U.S. Geological Survey assesses the
undiscovered petroleum resources of the domestic onshore
United States (Miller and others, 1975; Dolton and others
1981; Mast and others, 1989). During the most recent as-
sessment (Gautier and others, 1985; U.S. Geological Sur-

Manuscript approved for publication December 30, 1994.

vey National Oil and Gas Resource Assessment Team,
1995), the nation was divided into 72 provinces. Each
province was assigned a geologist who was responsible
for dividing the province into oil and gas plays, and for
providing pertinent information on the geology and petro-
leum resource potential of each play.

The province geologists were asked, among other
things, to estimate the sizes and number of undiscovered
hydrocarbon accumulations larger than a minimum size (1
million barrels of oil or 6 billion cubic feet of gas) in each
play. Such estimates are essential to the assessment process
(for details, see Houghton and others, 1993), and various
methods were used to obtain them. In well-explored regions
such as the San Joaquin and Sacramento basins of California
(fig. 1), where many oil and gas fields have been found, the
sizes and numbers of undiscovered accumulations were de-
termined by extrapolation from statistical analyses of the

Eel Rivet basin 0 100 MILES

0 100 200 KILOMETERS

Sacramento basin

Salinas basin

Figure 1. Map showing locations of certain oil
and gas basins (shaded areas). SF, San Francisco.



2 “CHECKERBOARD METHOD”—ESTIMATING UNDISCOVERED HYDROCARBON ACCUMULATIONS

sizes and numbers of known accumulations. However, in
sparsely-drilled areas like the Salinas, Eel River, and Sargent-
Hollister basins (fig. 1), where only a few oil and gas fields
have been found, the available data are insufficient for statis-
tics to be helpful. In these areas, the sizes of the undiscovered
accumulations were estimated by analogy with previously
discovered fields in the same areas, and the numbers of
undiscovered accumulations were inferred using a simple
type of spatial analysis called the “checkerboard method.”
The purpose of this report is to describe the checkerboard
method, show how the method was applied to three examples
in central and northern California, and discuss the method’s
limitations and underlying assumptions.

PROCEDURE

The checkerboard method uses the following routine:

Step 1.—A map of the territory to be assessed is par-
titioned into many small sectors of equal area. In some
areas, it may be possible to use sections of 1 mi® from the
U.S. Public Land Survey Grid, as shown on published top-
ographic maps. However, in the three California examples
discussed below, I used an arbitrary grid with sectors of 1
mi? because the areas to be assessed include many surveyed
sections and townships that are irregular in shape and size.

Step 2.—The sectors are arranged into three categor-
ies with the symbols P, D, and U, according to the follow-
ing scheme:

P = Producing sectors, which are defined as those with
petroleum production from discovered accumula-
tions larger than a minimum size of 1 million bar-
rels of oil or 6 billion cubic feet of gas. In the
California examples discussed below, each accu-
mulation larger than the minimum size is assigned
at least one sector; smaller accumulations were
completely ignored. For large accumulations (for
example, the San Ardo oil field of the Salinas ba-
sin), I counted only those sectors in which at least
half the sector fell within the field outline shown
on maps published by the California Division of
Oil and Gas.

D = Dirilled sectors, including those with at least one ex-
ploratory well but no discovered accumulations
larger than a minimum size of 1 million barrels of
oil or 6 billion cubic feet of gas. In the California
examples discussed below, sectors assigned to this
category include several commercial oil and gas
fields smaller than the minimum size.

U = Undrilled sectors, with no wells or discovered accu-
mulations larger than 1 million barrels of oil or 6
billion cubic feet of gas.

I color-coded my working maps using red for produc-
ing sectors, blue for drilled ones, and white for undrilled

sectors. Some of the resulting maps vaguely resemble
checkerboards, suggesting the name of the method.

Step 3.—A “success ratio,” with the symbol S, is
calculated by dividing the number of producing sectors by
the sum of the producing and drilled sectors:

S=P/(P+D)

Step 4.—The success ratio is then multiplied by
the number of undrilled sectors to calculate the quantity
A, the number of sectors with undiscovered hydrocarbon
accumulations:

A=US

Step 5.—The number of undiscovered accumulations
is inferred from the quantity A. If one assumes that most
undiscovered accumulations are likely to be small and to
occupy surface areas of 1 mi? or less, then the quantity A
may also be nearly the same as the number of undiscov-
ered accumulations. However, in some sparsely explored
areas, there may be large undiscovered accumulations that
occupy more than one sector (for example, the San Ardo
oil field, which covers approximately 8 sectors). There-
fore, if the area being assessed includes one or more very
large accumulations covering several sectors, the number
of undiscovered accumulations could be smaller than the
quantity A.

In the California examples discussed below, I as-
sume that the checkerboard method provides the median
number of undiscovered accumulations. The maximum
number of accumulations is estimated by analogy with the
most densely drilled and productive parts of the Powder
River basin of Wyoming, where there is approximately
one discovered accumulation per 4 mi2, on the basis of
inspection of the map of DeBruin and Boyd (1990). Esti-
mates of the minimum numbers of undiscovered accumu-
lations in the California examples are outright guesses.

EXAMPLES

The following paragraphs describe application of the
checkerboard method to the Salinas, Eel River, and Sar-
gent-Hollister basins of onshore coastal California (fig. 1).
In these discussions, estimates of discovered field sizes are
very approximate and based on several sources, including
the sum of cumulative production plus estimated reserves
(California Division of Oil and Gas, 1993), an unpub-
lished database (NRG Associates, Inc., 1992), and infor-
mal communications from professionals in the oil industry.

EXAMPLE 1: SALINAS BASIN

The Salinas basin is located in central California,
about 240 km (150 mi) southeast of San Francisco (figs. 1,
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2). The area includes known and hypothetical accumula-
tions of oil and associated gas in gently to moderately de-
formed Tertiary rocks more than 5,800 m (19,000 ft) thick.
All commercial production to date has been from sand-
stone reservoirs of middle and late Miocene age. The pro-
duced oil is heavy (generally 10-19 °API), contains 1-2
percent sulfur and minor amounts of associated gas, and is
accompanied by very large volumes of water (California
Division of Qil and Gas, 1991).

Several commercial oil fields occur in the Salinas
basin, including the giant San Ardo field, with a size of
about 530-860 million barrels; the much smaller King City
field, with a size of about 2.1-3.3 million barrels; and five

3

fields smaller than 1 million barrels (fig. 2). In addition,
accumulations of very heavy oil and bituminous rock
much larger than 1 million barrels of oil occur southeast
of Lockwood, southeast of the Paris Valley field, and
southwest of Bradley (fig. 2; see also Durham, 1974, and
Hallmark, 1980). Attempts to obtain commercial produc-
tion from these deposits have been economically unsuc-
cessful (R.A. Brunetti, California Division of Oil and Gas,
oral communication, 1993).

Most of the commercial oil fields occur in a moder-
ately well explored tract along the northeastern side of the
Salinas basin, between Greenfield and Bradley (fig. 2).
However, much of the remaining area of the Salinas basin.
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is only lightly explored, with the potential for many more
field discoveries. Some geologists believe that one or more
very large accumulations (perhaps comparable in size to
the San Ardo field) may lie hidden in the sparsely drilled
area to the west and northwest of San Miguel (fig. 2). On
the basis of informal conversations with several oil indus-
try geologists, I conclude that there is about a 5 percent
chance of the occurrence of an undiscovered accumulation
as large as 500 million barrels of oil. The median undis-
covered accumulation size, in my subjective judgment, is
probably about 2 million barrels of oil, somewhat smaller
than the King City field.

I applied the checkerboard method to the part of the
Salinas basin that, in my opinion, is most highly prospec-
tive for oil and gas (fig. 2). I counted 14 producing sectors
(from the San Ardo, King City, Paris Valley, Bradley, and
Lockwood accumulations only), 245 drilled sectors, and
about 530 undrilled sectors. I calculated a success ratio of
0.052, and about 28 sectors with undiscovered accumula-
tions. Rounding upward from the latter number, I inferred
a median number of about 30 undiscovered accumulations,
which in my opinion may include about 25 conventional
oil fields and 5 subeconomic deposits of very heavy oil
and bituminous rock. The maximum number of undiscov-
ered accumulations is estimated to be about 130, or about
one accumulation for every four undrilled sectors, by anal-
ogy with the most densely drilled and productive parts of
the Powder River basin of Wyoming. The least number of
undiscovered accumulations is estimated at ten, an out-
right guess.

EXAMPLE 2: EEL RIVER BASIN

The Eel River basin is located on the California
coast about 350 km (220 mi) north of San Francisco (figs.
1, 3). The area assessed is mainly onshore, but also in-
cludes the adjacent state waters out to the 3-mi limit. The
Eel River basin includes discovered and undiscovered ac-
cumulations of nonassociated gas in Neogene strata more
than 3,300 m (11,000 ft) thick. All commercial production
to date has been from sandstone reservoirs of Pliocene
age. The produced gas is accompanied by very little con-
densate or water and is believed to be of thermogenic ori-
gin on the basis of unpublished isotopic evidence obtained
by the petroleum industry.

Three gas fields have been discovered in the Eel
River basin, but only the Tompkins Hill field (with a size
of about 112-139 billion cubic feet) has been commercial.
The much smaller Table Bluff field was originally be-
lieved to contain about 8.5 billion cubic feet of gas (R.A.
Reid, California Division of Oil and Gas, oral communica-
tion, 1994), but was abandoned in 1968 after producing
only 109 million cubic feet. The size of the third field,
Grizzly Bluff, is uncertain; unconfirmed oil industry ru-

mors suggest about 2-3 billion cubic feet of gas, much
smaller than the minimum size (6 billion cubic feet) con-
sidered in this assessment.

Away from the Tompkins Hill field, drilling density
in the Eel River basin is low (Hopps and Horan, 1983;
Horan and Hopps, 1987). Exploration to date has focused
mainly on structural traps, but there may also be strati-
graphic traps involving lenticular sandstone reservoirs
(Crouch and Bachman, 1987). Most undiscovered accumu-
lations are probably small; the median undiscovered accu-
mulation size is estimated to be about 12 billion cubic feet
of gas. However, there may be one or more larger accu-
mulations concealed by alluvium in the central part of the
basin, or hidden beneath the northeast-dipping Little Salm-
on fault. The largest accumulation expected at a 5-percent
chance in this play is estimated to be about 300 billion
cubic feet of gas, or about twice the size of the Tompkins
Hill field.

I applied the checkerboard method to the part of the
Eel River basin that, in my opinion, is most highly pro-
spective for gas (fig. 3). I counted 4 producing sectors
(from the Tompkins Hill and Table Bluff fields), about 40
drilled sectors, and about 280 undrilled sectors. I calculat-
ed a success ratio of 0.09, and about 25 sectors with un-
discovered accumulations. Assuming that at least two of
the undiscovered accumulations are comparable in size to
Tompkins Hill and large enough to occupy 2 or 3 sectors,
I inferred a probable median of 20 undiscovered accumu-
lations. The maximum number of undiscovered accumula-
tions is estimated to be 70, or one accumulation for every
four undrilled sectors, by analogy with the most densely
explored parts of the Powder River basin of Wyoming.
The least number of undiscovered accumulations is esti-
mated at ten, an outright guess.

EXAMPLE 3: SARGENT-HOLLISTER BASIN

The Sargent-Hollister basin is located in the south-
ern Santa Clara Valley about 130 km (80 mi) southeast of
San Francisco (figs. 1, 4). This area is unusual in the Cali-
fornia Coast Ranges in that commercial production is ob-
tained from accumulations of nonassociated, dry gas as
well as from separate accumulations of oil and associated
gas. These hydrocarbons occur in gently to moderately de-
formed Tertiary sedimentary rocks as thick as 4,900 m
(16,000 ft), and in fractured rocks of the underlying Fran-
ciscan Complex.

Nonassociated gas is produced from sandstone reser-
voirs of presumed Pliocene age in the Flint Hills area of
the Hollister field, which has an estimated size of about 8-
12 billion cubic feet of gas. The gas contains no CO, or
H,S and is produced with almost no condensate (R.F. Cur-
tin, California Division of Oil and Gas, oral communica-
tion, 1994). Oil and associated gas are produced from
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sandstone reservoirs of presumed Pliocene age in the Sar-
gent oil field, which is about 1-2 million barrels in size.
Oil from the Sargent field is 16-25 °API, about 0.62
weight percent sulfur, and is accompanied by large vol-
umes of water. In the Lomerias area of the Hollister field,
small amounts of oil have been produced from a reservoir
in fractured hard sandstone of the Franciscan Complex
(Wilkinson, 1963, 1967), but this accumulation is probably
much smaller than 1 million barrels.

On the basis of two commercial discoveries, general-
ly favorable geology, and generally light drilling density
away from existing production, the chances seem good for
the existence of undiscovered oil and gas fields in the Sar-

124’ 15'

gent-Hollister area. Future discoveries probably will be
small, owing to the structural and stratigraphic complexity
of the area. The probable median size of the undiscovered
accumulations is estimated at 1.5 million barrels of oil or 9
billion cubic feet of gas, about the same as the two known
commercial accumulations. The largest accumulation ex-
pected at a 5-percent chance is estimated to be about 10
million barrels of oil or 60 billion cubic feet of gas, by
very loose analogy with the Vallecitos oil field, which is
about 80 km (50 mi) southeast of the Sargent field.

I applied the checkerboard method to the area shown
in figure 4. I counted 2 producing sectors (from the Sar-
gent and Hollister fields), 41 drilled sectors, and about 180
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Figure 3. Checkerboard map of the Eel River basin.
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undrilled sectors. I calculated a success ratio of 0.05, and
about 9 sectors with undiscovered accumulations. Round-
ing upward from the latter number, I inferred a median of
10 undiscovered accumulations. These are presumed to in-
clude 5 nonassociated gas fields and 5 oil fields, consistent
with the distribution of known accumulations. The maxi-
mum number of undiscovered accumulations is estimated
at about 50, or somewhat more than one accumulation for
every four undrilled sectors, by analogy with the most
densely drilled and productive parts of the Powder River
basin of Wyoming. The least number of undiscovered ac-
cumulations is estimated at two, which is equal to the
number of discovered accumulations.

DISCUSSION

It is essential to recognize that the checkerboard
method is an attempt to measure an uncertain quantity—
specifically, the number of undiscovered hydrocarbon ac-
cumulations in a given area—that cannot be known until
the area has been thoroughly explored. The numbers ob-
tained using the checkerboard method are only estimates
and testable hypotheses, subject to revision or rejection as
more geologic data is obtained. In the three California ba-
sins discussed above, all such estimates are expressed in
round numbers (divisible by 5 or 10) to emphasize the fact
that they are merely approximations.
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The three California examples illustrate how the
checkerboard method requires the geologist to make many
subjective judgments, often on the basis of limited data. In
addition, the method relies on several assumptions, dis-
cussed below.

Assumption 1: Most undiscovered accumulations are
small and occupy surface areas of 1 mi? or less. This as-
sumption seems reasonable for many basins in central and
northern coastal California, where most (but not all) of the
discovered traps and corresponding accumulations are of
modest size, owing to the common occurrences of closely
spaced faults, tight folds, and rapid lateral changes in res-
ervoir quality and thickness.

Assumption 2: Large accumulations, if present, are
likely to occupy more space than small ones. An example
of a large accumulation is the San Ardo oil field of the
Salinas basin, which has an estimated size of about 530-
860 million barrels and occupies about 8 sectors. If large
undiscovered accumulations occupying two or more sec-
tors are expected in a basin, then the number of undiscov-
ered accumulations may be significantly less than the
quantity A, the number of sectors with undiscovered accu-
mulations. This requires a subjective judgment on the part
of the geologist; an example of how such an judgment can
be made and applied is given in the discussion of the Eel
River basin, above.

Assumption 3: Large sparsely drilled areas are likely
to have more undiscovered accumulations than small
sparsely drilled areas of similar geology, geologic history,
and exploration intensity. To me, this seems self-evident.

Assumption 4: A sector with exploratory wells but
no discovered accumulations is unlikely to have any undis-
covered accumulations. This is probably true for sectors
with several unsuccessful wells that drilled deep enough to
penetrate economic basement. However, it may not be true
for sectors that have been tested by only one well if that
well was located along one edge or near a corner of the
sector, was too shallow to test the entire thickness of pro-
spective strata, or was improperly tested or completed.

Assumption 5: Within the area being assessed, un-
drilled sectors have roughly the same potential for success
as did both the drilled and producing sectors prior to
drilling. This assumption is critical and relies heavily on
the ability of the geologist to draw the boundaries of the
assessment area in such a way that every sector has ap-
proximately the same potential for the occurrence of an
undiscovered hydrocarbon accumulation. In the Salinas
basin, for example, I drew the assessment boundaries to
include areas of thick Miocene strata and to exclude areas
where Miocene strata are thin, absent, or believed to lack
petroleum source rocks of sufficient thermal maturity to
generate oil. It can be argued that, in some areas, most of
the sectors that are geologically most favorable for petro-
leum—for example, sectors with large surface anticlines—
have already been drilled, while the undrilled sectors are

less favorable and of lower potential. However, experience
in coastal California shows that sectors with seemingly
unfavorable surface geology may harbor subtle traps
whose location cannot readily be predicted ahead of drill-
ing. Common examples of subtle traps in coastal Califor-
nia include many stratigraphic traps as well as old, deep
anticlinal structures concealed beneath buried unconformi-
ties, thrust faults, or shallow disharmonic folds. The San
Ardo field, for example, is a buried anticlinal trap con-
cealed by a younger surface syncline. Finally, many un-
drilled sectors may be in areas that are geologically
favorable but closed to drilling by landowners, govern-
mental restrictions, or difficult terrain. In the Salinas basin,
for example, a large but highly prospective area located
west and northwest of San Miguel has been almost entire-
ly closed to drilling because it is on the Camp Roberts
military base.

The preceding five assumptions seem reasonable for
several oil and gas basins in coastal California and may
also apply to basins elsewhere in the world. However,
even in seemingly favorable basins, the checkerboard
method should be used with caution. The method may
overestimate the number of undiscovered petroleum accu-
mulations in a given basin if there are unexpectedly large
fields that occupy more than one sector; if the assessment
area includes sectors with little or no petroleum potential;
or if it appears that all the “good” (geologically most fa-
vorable) sectors have already been thoroughly explored,
leaving only the unfavorable ones. Alternatively, the
checkerboard method may underestimate the number of
undiscovered accumulations if the boundaries of the as-
sessment area are drawn too conservatively or if many of
the drilled but nonproducing sectors are harboring undis-
covered subtle traps.

At least three alternative methods of estimating the
numbers of undiscovered petroleum accumulations are
available, but cannot be applied to any of the three Cali-
fornia basins discussed above. (1) Clearly, the most desir-
able approach would be to incorporate all available
geological and geophysical information into detailed maps
of surface and subsurface geology, and map all conceiv-
able prospects. Such mapping is time consuming and ex-
pensive, and clearly beyond the current capability of the
U.S. Geological Survey. (2) Statistical analysis of the
numbers and sizes of discovered accumulations, while
used with some success in well-explored areas like the
San Joaquin and Sacramento basins, is clearly not applica-
ble in the Salinas, Eel River, and Sargent-Hollister basins
because so few accumulations have been found. (3) Com-
parison with analog basins—in other words, well-explored
areas that are geologically similar to those in coastal Cali-
fornia and in which the sizes and numbers of hydrocarbon
accumulations are known to a high degree of certainty—
was rejected because appropriate analogs could not be
identified.



8 “CHECKERBOARD METHOD”—ESTIMATING UNDISCOVERED HYDROCARBON ACCUMULATIONS

CONCLUSIONS

The checkerboard method is a simple, fast way of
estimating the numbers of undiscovered accumulations of
oil and gas in sparsely drilled areas. However, the applica-
bility of the method is limited, for it is based on several
assumptions that may apply to some basins but- not all.
Additionally, the method depends heavily on subjective
judgments on the part of the geologist, who must exercise
care in drawing the boundaries of the area to be assessed,
guess the likely sizes of undiscovered accumulations, and
decide whether numerical estimates resulting from the
method are geologically reasonable. The accuracy of the
checkerboard method is uncertain, but could be tested by
analysis of the drilling and discovery histories of com-
pletely explored oil and gas basins elsewhere in the world,
or (over the long run) by thorough exploration of basins
that previously were assessed by the method.
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