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ABSTRACT

This study involves analysis of
historical changes in oil-field sizes in
Kansas, Wyoming, and California. It is
common knowledge that large oil or gas
fields tend to be found early in the
sequence of discoveries in a region, and
that the sizes of fields tend to diminish
progressively as exploration proceeds.
This study has found that populations of
oil fields (or oil and gas fields com-
bined) tend to be more or less lognormally
distributed; but in some regions or dis-
tricts, the populations of fields dis-
covered early tend to depart more severely
from an ideal lognormal distribution than
do populations discovered later. Compari-
sons between populations of fields dis-
covered early, intermediately, and late
were made by segregating the presently
known fields in each of the three states
into intervals representing the first 20
percent to be discovered, the second 20
percent to be discovered, and so on. This
method of segregating by discovery se-
quence also was employed for individual
districts within each state.

The results are presented graphically
and in tables, and may be used to predict
the population parameters of fields to be
discovered in the future. In most of the
districts, as well as for each state, the
forecasts of new-field discoveries are
pessimistic. This pessimism stems from
the rapid decline in population parameters
(median, geometric mean, and total volume)
with the progression of discoveries. It
is to be emphasized that these predictions
pertain to the discovery of new fields,
and exclude increases in oil and gas that
may result from extensions of known
fields, or from enhanced o0il and gas
recovery in existing fields. Furthermore,
the forecasts pertain to general regions
of already~discovered fields and exclude
provinces (such as offshore central and
northern California) that have been rela-
tively little explored.

In California, it is estimated that,
of the next 81 fields to be discovered
(within the established oil- or gas-bear-

ing regions of California), the total
volume of oil and gas (expressed as bar-
rels of o0il equivalent, or BOE) will be
about 0.6 percent of the total hydrocar-
bons that ultimately will be extracted
from California's total of 404 fields
discovered from 1861 through 1974. Fur-
thermore, this forecast population is
estimated to be approximately lognormally
distributed, with a median size of only
125,000 BOE. Given the graph of this
forecast distribution, probabilities
attached to individual field-size ranges
(in BOE) can be estimated. Within the
forecast population of 81 fields, for
example, the probability is only nine
percent that any particular field dis-
covered will be between 10 and 100 million
BOE. The probability of finding a field
greater than 100 million BOE is only a
small fraction of one percent.

In Wyoming, the forecast of the next
151 fields to be discovered 1is only
slightly less pessimistic. It is forecast
that this population of new fields will
contribute only about 1.6 percent addi-
tional BOE relative to the total BOE
extractable from the 754 fields discovered
in Wyoming from 1884 through 1977.

The data for Kansas exclude gas and
are based on cumulative production of oil
through the end of 1978 for all fields
discovered through the end of 1973. Thus,
the oil-field size distributions for
Kansas (in contrast to Wyoming and Cali-
fornia) are somewhat inadequate measures
for forecasting purposes because they
exclude estimates of remaining reserves.
Thus, because many Kansas fields are still
producing, the population parameters must
be revised upward. Nevertheless, the
forecast for new-field discoveries in
Kansas is pessimistic. By comparison with
the total of 2,992 oil fields discovered
in Kansas from 1890 through 1973, if 598
new fields are discovered (20 percent
more) they probably will contribute only
two or three percent more to the oil
discovered in Kansas through 1973.



INTRODUCTION

This study involves changes in the
characteristics of oil-field populations
with their sequence of discovery. It is
common knowledge that large oil and gas
fields tend to be discovered early, and
that the sizes of fields tend to diminish
progressively as exploration proceeds in a
region. If these changes are sufficiently
regular, they should permit the charac-
teristics of future oil-field populations
to be predicted, based on the historical
shifts observed to date.

One of the most important aspects of
any mineral-resource assessment is an
understanding of the statistical proper-
ties of the deposits that have been dis~
covered. Unfortunately, inadequate effort
has been expended in preparing an inven-
tory of United States oil and gas fields
and, paradoxically, almost no effort has
been spent in statistically analyzing the
data that do exist.

This study involves a comparison of
oil fields in California, Wyoming, and
Kansas. The data have been derived from
publicly accessible sources. We have
analyzed the oil-field populations for
each of these three states, as well as for
individual geographic districts or sedi-
mentary basins within each state. The
population of oil fields within each of
these states or subdivisions has been
segregated into five subpopulations ac-
cording to sequence of discovery. The
first 20 percent of fields to be dis-
covered defines the first subpopulation,
the second 20 percent discovered defines
the second subpopulation, and so on.

Comparison of the differences between

these subpopulations provides a basis for
prediction.

In California and Wyoming, data from
both o0il and gas fields have been used,
and the field sizes have been expressed in
barrels of o0il equivalent (BOE). The
field sizes in these two states involve
the cumulative production for each field
at the end of 1977 in Wyoming, and the end
of 1978 in California. The cumulative
production figure for each field is then
combined with the estimated remaining
reserves to yield an estimate of the total
recoverable BOE for each field.

In Kansas, only oil-production data
have been used, and the oil-field sizes
are expresssed solely as the cumulative
production (to the end of 1978). Data on
reserves remaining the Kansas oil fields
are not available.

It is important to realize that the
predictions in this study are derived
almost solely from historical changes and,
with one exception, do not incorporate
geological data other than the field
volumes. The predictions apply to new
fields to be discovered and do not pertain
to increases in estimates that may arise
from extension of existing oil fields or
from enhanced oil recovery. Furthermore,
the predictions apply, more or less, to
established provinces that have undergone
exploration. The area offshore central
and northern California, for example, is
not included in the prediction for Cali-
fornia because this area generally has not
been explored and has not contributed to

the existing resource base of proven oil

and gas fields in California.



PROCEDURES

The procedures employed involved
transforming the estimates of oil- and
gas-field sizes to barrels of oil equiv~
alent (BOE) for fields in California and
Wyoming. A conversion factor--5.7 thou~
sand cubic feet of gas equals one barrel
of oil--was used. 1In California, the size
tabulated for each field represents the
cumulative production through the end of
1978 plus the estimated reserves at the
end of 1978. In Wyoming, the cumulative
production was tabulated through the end
of 1977 and added to estimated reserves
remaining as of that date. In Kansas,
only oil production data were used (pro-
duction from gas fields and production of
gas associated with oil are not includ-
ed). In Kansas, the cumulative production
for each field through the end of 1978 was
employed.

The o0il- and «gas-field volumes,
expressed as the total producible hydro-
carbons in BOE in California and in Wyo-
ming, and cumulative o0il production in
Kansas, were segregated chronologically
according to year of discovery for each
field. Then, for each state, as well as
for selected geographic districts or
basins within each state, the fields were
segregated into five classes according to
discovery sequence. These classes are (A)
the first 20 percent of the fields that
were discovered relative to the total
population of fields that had been dis-
covered by a specific date (end of 1973

for Kansas, end of 1974 for California,

end of 1977 for Wyoming), (B) the next 20

percent of fields discovered, (C) the
third 20 percent discovered, (D) the
fourth 20 percent discovered, and (E) the
fifth 20 percent discovered.

The frequency distributions for each
of these five intervals were plotted, and
certain population parameters were com~
puted, namely the median, geometric mean,
and either the BOE discovered through 1978
(for California) and 1977 (for Wyoming) or
the cumulative production through 1978
(for Kansas).

The frequency distributions have been
plotted on log-probability paper, a form
particularly convenient because a perfect
distribution

lognormal appears as a

straight line. Figure 1 provides a com-
parison between a lognormal distribution
plotted in conventional form and the same
distribution plotted on log-probability
paper. Part a of Figure 1 shows the
lognormal distribution plotted as a histo-
gram, to which a bell-shaped curve (s) has
been fitted. The same distribution plot-
ted in cumulative form (c) has been super-
imposed. The cumulative curve is sigmoi-
dal; the cumulative percentage scale is
linear and ranges from 0 to 100 percent.
If we distort the cumulative percent-
age scale so those parts of the scale that
lie toward both the zero-percent and 100-
percent ends are progressively stretched
(log-probability scale), the cumulative
percentage scale can be made to compensate
for differences in the height of the
The normal curve is, of

normal curve.

course, asymptotic toward its two ends,




but if the cumulative percentage scale is
stretched to compensate for this, the
sigmoidal curve is transformed to a
straight 1line (Fig. 1-b). Under these
circumstances, 0 and 100 percent lie at an
infinite distance because the normal curve
is asymptotic. If an actual distribution
deviates from a straight line when plotted
on log-probability paper, the deviation
provides a graphic measure of the degree
to which the actual distribution differs
from an ideal lognormal distribution.

The procedure for plotting a popula-
tion on log-probability paper is simple.
The objects (fields in our examples) are
ranked in ascending order. A fractile
percentage is assigned to each field and
the percentages are progressively accumu-
lated. The fractile percentage is ob-
tained by dividing 100 percent by the
number of fields plus one. Thus, if there
are 24 fields, the individual fractile
percentage 1is 100/(24 + 1) = 4 percent,
and the sequence of cumulative percentage
values is 4, 8, 12, 16, « s « & , 92, and
96. Thus 0 and 100 percent are not repre-
sented because they cannot be accommodated
on log-probability plots. By convention,
the lower end of the cumulative percentage
scale is plotted so that it corresponds
with the lower end of the sequence of
fields as ranked by size. The resulting
plot thus extends from lower left to upper
right, provided that the cumulative per-

centage scale is plotted horizontally.

GRAPHIC PRESENTATION OF THE DATA
Most of the illustrations in this
report, with the exception of index maps

and several other figures, involve use of

a standardized graphic format. A single
explanation will suffice for Figures 3
through 6, 8 through 17, and 19 through
26, all of which employ this standard
format. Each of these figures contains
four boxes, labeled a, b, ¢, and 4, which
contain graphs. Box a in the upper left
is a log-probability plot of ¢the total
population of fields within the area
represented. For convenience, individual
points at 2, 5, 10, 15, 20, 30, 40, 50,
60, 70, 80, 85, 90, 95, and 98 cumulative
percent have been plotted, and a curve
then fitted manually. The degree to which
the plot approaches a straight line is a
measure of the degree to which the overall
population approaches an ideal lognormal
distribution.

Box b, in the upper right, is also a
log-probability plot, but pertains to
subpopulations that have been segregated
according to discovery sequence. There
are five such subpopulations, labeled &,
B, C, D, and E, which represent the first
20 percent of fields discovered, the
second 20 percent discovered, and so on.
These curves are based on points plotted
in a manner identical to that used in box
a, but the individual points are omitted
for simplicity.

Curves F and G in box b are shown
with dashed 1lines. F represents the
forecast populations for the next 20
percent of fields to be discovered, and G
the 20 percent of fields to be discovered
after that. The letters used to label
these populations have been used consis-
tently throughout. If we define the
"present" total, consisting of fields that

had been discovered at the end of 1973 in



Kansas, the end of 1974 in California, and
the end of 1977 in Wyoming, as 100 per-
cent, then the percentage ranges and

identifying letters are as follows.

Identifying Percentage range of
total fields
letter presently discovered

Subpopulations of fields
that have been discovered:

A 0-20
B 20-40
o 40-60
D 60-80
E 80-100

Subpopulations of fields
forecast to be discovered
in the future:

F 100-120
G 120-140

In fitting curves F and G, the medi-
ans for these subpopulations were employed
in manually fitting smoothed curves that
conform, more or 1less, with the general
trends in the progression of changes from
curves A through F. The method used is
shown in box c¢ in the lower left. Shown
is a plot of the medians of the subpopu-
lations versus discovery sequence. The
same letters are employed to label the
subpopulations, A being the oldest subpop-
ulation (the first 20 percent) and E the
youngest (the last 20 percent). A curve
has been manually fitted to the five
points and, in some plots, two or even
three curves have been fitted, represent-
ing "optimistic" versus "realistic" pro-

jections. The extension of the fitted

curve (the dashed portion) yields the
projected medians for subsequent subpopu-
lations F and G.

Box d, in the lower right, presents
the cumulative volumes in the subpopula-
tions and, as 1in box ¢, involves a
projection (dashed part of the fitted
curve) for the subsequent populations F
and G. Both boxes c and d use a log scale
along the vertical axis because of the
very large ranges of volumes involved.
The volumes may exhibit a range of as much
as two orders of magnitude, making use of

a linear scale impractical.

TABULAR PRESENTATION

Standardized sets of tables have also
been employed. Tables 1, 3, and 5 contain
data that pertain to the standardized
graphs described above as well as other
information. The subpopulation percentage
ranges are arranged in rows and labeled A
through G. By columns, information is
provided, including the range of years,
number of fields, median, geometric mean,
total quantity discovered, and percentage
of present total.

The geometric mean is computed by
finding the average of the logarithms of
the individual field volumes in a specific
population, and then taking the antilog of
this value.

Tables 2, 4, and 6 contain probabili-
ties estimated for fields that remain to
be discovered (subpopulations F and G).
The number of fields in each forecast
population is presented, as well as the
probabilities attached to different field-
size ranges expressed as a progression of

powers of 10. Seven columns of field-size



ranges are provided, from <103 (less than
1000 barrels or BOE), to 108 to 10% BOE or
barrels. These probability estimates are
read from the curves F and G in box b for

each population. They represent probabil-

ities attached to the discovery of new
fields within the specified area, dis-
trict, or basin. Table 7 provides a

summary comparison of the three states.



| | 1
5 50 15 100

CUMULATIVE PERCENT
9
10
8
IO} .
7
10 .
6
107} .
w
5
[O) of -
(@]
o
4 —
10
3|
IO
| b
A 1 L 1 [ 1 1 1 1 1 I}
|01 5 5 10 20 30 40 50 60 70&7 90 95 98 99
CUMULATIVE PERCENT

Figure 1. Diagrams illustrating forms in which a lognormal distribution may be plotted:
(a) Histograms and fitted curves representing perfect lognormal distribution plotted in
standard form (s), and same distribution plotted in cumulative form (c). (b) When same
distribution is plotted on log-probability paper incorporating distorted cumulative per-
centage scale, distribution plots as a straight line.



CALIFORNIA

The data for California used in this
study were taken largely from a report by
the California Division of 0il and Gas
(1979). This report contains information
on a field-by-field basis for all fields
in the State, and provides cumulative
production and estimated reserves of oil
and gas through the end of 1978. By
combining the cumulative production fig-
ures with the reserves and transforming
gas to its equivalent in oil (BOE), a
single figure was obtained representing
the estimated size (in recoverable oil and
gas) for each field.

The California Division of 0il and
Gas has established six administrative
districts in California (Fig. 2). These
districts do not necessarily coincide with
geologic province boundaries. District 6
essentially encompasses both the Sacra-
mento Valley and the northern part of the
San Joaquin Valley, which is a gas-produc-
ing province. Districts 4 and 5 combined
include the central and southern San
Joaquin Valley, which is both an oil- and
gas~producing province. District 1 in-
cludes the Los Angeles basin as a produc-
ing province, but also includes part of
the eastern extension of the Ventura basin
(Newhall area). For simplicity, we segre-
gated the fields into only four geographic
areas, namely District 1, Districts 2 and
3 combined, Districts 4 and 5 combined,
and District 6.

Frequency distributions for these
four areas, as well as for all of Cali-
fornia, were tabulated and plotted in

Tables 1 and 2 and Figures 3 through 8.

With the exception of Figure 7, the
results have been plotted with an
identical format for each area and for the
entire State, wusing the graphic format
described in the section entitled Graphic
Presentation of the Data. The preparation
of the tables is discussed in the section

entitled Tabular Presentation.

ENTIRE STATE

California's overall population (Fig.
3) of 404 fields approximates a lognormal
distribution, although there is some
skewness. The subpopulations, segregated
by discovery sequence, reveal a drastic
decrease in general sizes of the fields in
the progression involving the first four
discovery intervals (A, B, C, and D). As
Table 1-A indicates, the median size
decreased by a factor of almost 300 be-
tween subpopulation A and subpopulation D,
with corresponding large decreases in the
geometric means (over 100-fold) and in the
aggregate quantity of hydrocarbons dis-
covered (over 50-fold). These large
decreases are reversed, however, in the
last 20-percent interval (E), which in=-
volves a dramatic rise in the median,
geometric mean, and total quantity as com-
pared with interval D. The explanation
lies partially in a succession of discov-
eries of large gas fields in the Sacra-
mento Valley, in District 6.

Projections for California as a whole
are pessimistic. Of the population of the
next 81 fields to be found in the State as
a whole (this projection excludes areas

that are not part of the area of Califor-



nia that had been explored as of the end
of 1974), the population is forecast to
have a median size of only about 125,000
BOE and to yield roughly 185 million BOE,
or about 0.6 percent of the BOE contained
in fields discovered through the enﬁ of
1974 in the State. Probabilities attached
to individual field-size ranges for this
forecast population are shown in the first
row in the body of Table 2.

It is probably of marginal value to
consider California as a whole from an
exploration forecasting standpoint, al-
though the State's total outlook for new-~
field discoveries has strong relevance to
the nation's energy policy. Analyses of
the individual districts are, however,
more revealing from an exploration stand-

point.

DISTRICT 1

District 1 embraces fields of the Los
Angeles basin and the eastern end of the
Ventura basin (Newhall area). The plots
(Fig. 4) reveal an extremely large decline
in the medians and geometric means follow-
ing interval B (which ended in 1940). As
Table 1-B details,the medians and geomet-
ric means declined on the order of 100-
fold. Such a decline reflects the early
discovery of very large fields, including
Wilmington, Santa Fe Springs, Huntington
Beach, and Long Beach, discoveries that
were not duplicated in size in later
intervals.

The forecast for District 1 for new-
field discoveries is a guarded one. a
"realistic" versus a "pessimistic" fore-
cast 1is provided in Figure 4-b and c,

Table 1-A, and Table 2. Two sets of

curves, labeled F and G and F' and G' in
Figure 4-b, represent the "realistic"
versus "pessimistic" forecasts. The
"realistic" forecast distribution, how-
ever, will yield only about 0.5 percent of
the present aggregate BOE if 36 new fields
are actually discovered.

As Table 2 reveals, the probability
of finding a field greater than 100 mil-
lion BOE is only about ﬂé percent for any
particular field among the next 18 fields
to be discovered in District 1 (assuming
18 fields are to be discovered and using
the "realistic" curves for forecasting).
On the other hand a probability of about
10 percent is attached to a discovery of
less than 10,000 BOE for each field to be
discovered among these next 18 fields
using the "realistic" curve. Such small
sizes are absurdly uneconomic for most of
District 1 and may be discounted in ad-
vance as "non-discoveries." If we use the
"pessimistic" curves of Figure 4, the
forecast distributions of field sizes are

even less encouraging.

DISTRICTS 2 AND 3

Districts 2 and 3 combined are para-
doxical in that the initial interval A has
a substantially smaller median (and geo-
metric mean) than intervals B and C (Table
1-C). Thus, the usual sequence has been
reversed (Fig. 5). This is explainable,
in part, by the large geographic expanse
of the combined districts and their geo-
logic diversity. Major discoveries, such
as the Ventura field, occurred in interval
1, accounting for its large median and
geometric mean. Interval C, too, included

large discoveries (Santa Maria and San



Ardo fields, for example), accounting for
its intermediate median and geometric
mean.

Curves F and G of Figure 5-b repre-
sent the "realistic" forecast, and seem to

be in accord with overall trends.

DISTRICTS 4 AND 5

Districts 4 and 5 embrace the central
and southern San Joaquin Valley, which
forms a large and diverse petroleum—-pro-
ducing province. As Table 1-D reveals,
the discoveries during interval A yield a
population with an exceedingly large
median and geometric mean. This is read-
ily explainable by the early discoveries
of a number of giant fields (Buena Vista,
Coalinga, Elk Hills, Kern River, Kettleman
Hils, Midway-Sunset, and South Bel-
ridge). Although some major discoveries
were made in the next interval (East
Coalinga Extension, for example), these
subsequent discoveries did not keep pace
in size. The decrease in field-size
medians (Table 1-D) from interval A to E
is impressive (more than an 1100-fold
decrease) . The declines in geometric
means and in gross BOE discovered, though
less dramatic, are still very large.
Based on these trends, the forecast for
Districts 4 and 5 1is not encouraging.
Population F, consisting of the next 24
fields to be discovered, has a forecast
median of only 52,000 BOE, with only an
seven percent probability that any field
will be larger than 10 million BOE, and
only about a one percent probability that
any field will be larger than 100 million
BOE.

The population of 24 fields dis-

covered during the initial interval (A) is
strongly skewed, with a predominance of
large fields. This is demonstrated by the
extreme departure of the graph of this
population (Fig. 6-b) from a straight
line. A smoothed curve fitted to a histo-
gram of field sizes and plotted in conven-
tional form (Fig. 7) emphasizes this
departure from the lognormal. Populations
of fields discovered in later intervals, D
and E, more closely approach the lognormal

ideal.

DISTRICT 6

District 6 embraces the Sacramento
Valley and the central part of the Great
Valley (that is, the northern part of the
San Joaquin Valley). Virtually all of the
production is gas. The overall population
of 102 fields departs moderately from the
lognormal (Fig. 8-a), but the subpopula-
tions defined by the succession of discov-
eries do not reveal the abrupt decline in
medians (or geometric means) observed in
the other districts. Indeed, both the
medians and the geometric means decline
from A to C (Fig. 8=-c and Table 1-E), but
they rise again in the succession from C
to E. If we were to take a very optimis-
tic view of the future, we might envision
a progressive rise in the field-size
parameters, as represented by the curve
labeled "very optimistic" on Figure 8-c.
However, a more realistic view is that the
populations of fields to be discovered in
the future will progressively decline. An
estimated median of 900,000 BOE for the
next 20 fields to be discovered (F) seems
reasonable. Given the uncertainties in

projection, however, we can take a view



that an optimistic forecast also may be
justified. Table 2 provides probabilities
attached to different field sizes that
accord with an ‘"optimistic" projection

(which coincides, more or less, with the

10

curve labeled B in Figure 8-b), as well as

with the
yields the
Figure 8~-b.

"realistic”" projection, which

curves

labeleq F and G

in



Figure 2. Index map of California showing six districts established by California Divi-
sion of 0Oil and Gas for oil-field classification purposes.
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WYOMING

The six principal sedimentary basins
in Wyoming are outlined in Figure 9. Four
of the basins (Green River, Big Horn, Wind
River, and Powder River) have been ana-
lyzed in a fashion similar to that em-
ployed in California. In addition, fields
in the Powder River basin also have been
segregated according to whether they are
associated with structural traps or with
stratigraphic traps. The other two basins
(the Hanna-Laramie basin and the Denver
basin) contain an insufficient number of
fields to be analyzed in the same manner
as the other basins, although a frequency
distribution for each basin overall has
been plotted. The Denver basin is a very
large basin, but only a small fraction of
its total area lies within Wyoming. The

Colorado and Nebraska portions of the
Denver basin are not considered here.
Because the individual basins in
Wyoming are geographically separated from
each other, segregation of the oil-field
data by basins seems more desirable than
by arbitrary districts. Our objective in
this portion of the study has been to
determine whether the field-size statis-
tics differ from basin to basin, perhaps
reflecting underlying geological controls
on petroleum occurrence within individual
basins. The data for Wyoming were ob-
tained from an unpublished report prepared

by the firm of Barlow and Haun (1978).

ENTIRE STATE

Statistics for all of Wyoming are

presented in Figure 10, Table 3-A, and

Table 4. The distribution of field sizes,

22

expressed in BOE, closely approximates an

ideal 1lognormal distribution. When the

754 fields incorporated in this study are
segregated by discovery sequence into 20

percent intervals, there is a general

progressive decrease in medians, geometric
and total BOE discovered.

means, Although

there is some overlapping of the distribu-
tions (curves A through E in Figure 10-b),

the shifts are sufficiently regular to

allow forecast of future discoveries by
projection. The "realistic" projection of

the medians (Fig. 10-c) accords with the

curves representing forecast populations F

and G.

GREEN RIVER BASIN
The distribution of fields as a whole
for the Green River basin approximates the

lognormal (Fig. 11-a) but the subpopula-

tions, A through E, deviate considerably

from the lognormal ideal (Fig.11-b). The

subpopulation medians, geometric means,

and total BOE (Fig. 11-c and d, and Table

shift in a somewhat erratic fash-

11-b),

3-B)

ion. Curves F and G (Fig. repre-

senting the populations of fields to be
"realistic"

discovered, are based on the

projections of the medians. The probabil-
ities attached to size ranges of fields to
(Table 4)

be discovered surpass those of

the other basins in Wyoming, making the

Green River basin relatively attactive

from a statistical standpoint.

BIG HORN BASIN
The Big Horn basin (Fig. 12, Table 3-

C, and Table 4) has an overall population



that is virtually perfect in its lognormal

distribution. There 1is a very sharp
decrease in field-size parameters between
intervals C and D, with some improvement
from D to E. The overall field-size
population trends are not encouraging, and
populations F and G are forecast to have

small total volumes.

WIND RIVER BASIN
The populations of fields in the Wind

River basin display a somewhat erratic

pattern. The overall population (Fig. 13-

a) significantly departs from the lognor-

mal ideal. Subpopulations A, B, D, and E

also depart from the ideal lognormal,

although subpopulation C is essentially

lognormal (Fig. 13-b). The populations
to be discovered (F and G) offer some
encouragement, particularly in view of
their projected total volumes (Table 3-D

and Fig. 13-d), although the probabilities
attached to the discovery of large fields

are small (Table 4).

HANNA-LARAMIE AND DENVER BASINS

Frequency distributions for the

overall populations in each of these

basins (Wyoming portion only of the Denver

basin) are shown in Figure 14. Both
depart from the lognormal ideal, particu-
larly those in the Denver basin. Because

of the small overall population (33 fields

23

with recorded production in Hanna-Laramie
basin and 15 in the Denver basin), it is
impractical to divide the overall popula-

tions into subpopulations.

POWDER RIVER BASIN

Fields in the Powder River basin were
placed in three classes, namely all fields
(380 fields, 15),

structurally controlled (134 fields,

Fig. fields that are
Fig.
16), and fields that are stratigraphically
controlled (246 fields 17).

Figc The

structural field subpopulations (except

for the last interval, E) depart substan-
tially from the lognormal ideal, with a
pronounced tendency toward early discovery
(Fig.16-b).

of medium-large fields The

stratigraphic fields, on the other hand,
depart less from the lognormal ideal (Fig.
17-b).

Forecasts for populations of fields
to be

discovered in the future differ

markedly for structural versus strati-

graphic fields. The decline in field-size
parameters is much less for stratigraphic
fields than for structural fields. This
relationship is not surprising, and proba-
bly reflects the fact that stratigraphic
traps are much less obvious to explora-
tionists than structural traps and there-
fore the bias toward early discovery of
less for

large fields is stratigraphic

fields than for structural fields.



Figure 9.

Big Horn
Powder River
Green River Hanna- Denver
Laramie
0 miles 190

Index map of Wyoming showing principal sedimentary basins.
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KANSAS

Kansas has been arbitrarily divided

into seven districts (Fig. 18) for this

study. The districts do not coincide with
officially defined districts, as in Cali-
fornia. Districts 1 and 2 embrace much of
western and northwestern Kansas. District
3 includes part of the Hugoton embay-
ment. Districts 5 and 6 incorporate much

of relatively maturely explored south-

central Kansas. District 7 incorporates
the remainder of the State, and embraces
many older producing areas in southeastern
Kansas, as well as the Salina and Forest
City basins, which are relatively unex-
plored.

The districts are defined in terms of
aggregates of rectangles defined by the
following township and range limits:

District 1 T.15~-6S and R.16W-42W

District 2 T.75-155 and R.22W-42W, plus
T.165-20S and R.19W-43W,
plus
T.21S-22S and R.19W~24W

District 3 T.7S-15S and R.5W-21W, plus
T.16S-22S and R.5W-18W

District 4 T.215-35S and R.25W-43W

District 5 T.235-35S and R.5W-24W

District 6 T.14S-355 and R.5E-4W

District 7 T.15-6S and R.21E~-15W, plus
T.75-13S and R.25E-4W, plus
T.14S-35S and R.25E~6E.

The data presented for Kansas are

based on cumulative production of oil (gas

production is not incorporated, and the
production statistics are in barrels and

not BOE). The cumulative production data
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extend through the end of 1978 and include
all fields discovered before the end of
1973. Reserve estimates are not included,
so that the total field sizes (in barrels
of producible o0il) are necessarily less
than if presented as an estimate of total
recoverable oil. Thus, the data for
Kansas are not directly comparable with
those for California and Wyoming.

The data for Kansas were supplied in
magnetic-tape form by the Kansas Geologi-
cal Survey, which has published an equiva-

lent compilation (Beene, 1979).

ENTIRE STATE

The oil-field size distribution for
Kansas as a whole closely approximates an
ideal 1lognormal distribution (Fig. 19),
and the subpopulation parameters decline
when  the

consistently chronologically

segregated subpopulations, A through E,

are compared (Tables 5 and 6). The more
recently discovered fields have had less
time to produce, and therefore the popula-
tion statistics reflect this influence as
well as the bias toward early discovery of
large fields. The last 20 percent of
Kansas fields included in this study (the
598 fields that define subpopulation E as
segregated from the overall population of
2992 fields) were discovered from 1967 to
the end of 1973, and it is obvious that
they have had much 1less opportunity to
produce than fields discovered earlier as,
for example, those in subpopulation A
(1890-1947), many of which have benefited

from enhanced oil-recovery operations.



DISTRICTS 1, 2, AND 3

Districts 1, 2, and 3 are somewhat
similar in their statistics (Figs. 20 to
22). Because these districts have under-

gone extensive exploration in recent
years, the rapid drop in median, geometric
mean, and aggregate cumulative production
for the subpopulations (Table 5-B, C, and
D) may be somewhat misleading, since these
statistics will necessarily increase as
existing fields <continue to produce.
Nevertheless, it is instructive to compare
the percentages of the total production
(the last column of Table 5) with similar
for california

statistics and Wyoming

(where reserves remaining are incorpor-

ated). As a percentage of the total for
each district, those for subpopulations D

and E 1in Kansas, although varying from

district to district, do occur in the same
general range as in California and Wyo-
ming. This may imply that the bias toward
early discovery of large fields is less in
Kansas than in California or Wyoming, but
this possibility cannot be convincingly

determined unless reserve estimates are
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incorporated in the Kansas field-size

data.

DISTRICTS 4, 5, 6, AND 7

Districts 4 through 7 do not display
orderly reductions in population param
eters with discovery sequence. While the
overall populations of each district are
essentially lognormal (Figs. 23 to 26),
the graphs of the chronologically segre-
gated subpopulations cross each other in
an unpredictable manner. The medians and
geometric means, however, exhibit somewhat
more orderly arrangement {(Table 5-E, F, G,
and H) and seem to permit the extrapola-
tion of future populations (Table 6) with
some consistency.

Analysis of the Kansas data makes
clear that we are dealing with populations
of fields that have much smaller param—
those of California or

eters than

Wyoming. Table 7 presents a summary
forecast of new-field discoveries for all
three states, with the caveat that the
estimates for Kansas exclude gas (thus are
not on a BOE basis) and must be adjusted
accommodate

upward to continuing

production.
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Presentation of the Data for explanation.
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See section entitled Graphic
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CONCLUSIONS AND RECOMMENDATIONS

This study was undertaken to achieve

an understanding of the most elementary of

petroleum resource-base considerations,
namely, the frequency distributions of
oil-field volumes. Some generalized

conclusions may be drawn as follows.

(1)

(2)

(3)

(4)

The lognormal distribution is a very
useful general model in dealing with
populations of oil and gas fields.

Unless refuted by studies in other

regions, it seems appropriate to
assume that the populations of undis-
covered oil and gas fields in frontier
regions that have undergone little or
no

exploration will be essentially

lognormal, assuming that such popula-
tions exist at all.

The bias toward early discovery of
large fields is a major influence and
statistically seems to be greater than
realize. A

many explorationists

decrease in population parameters

(median and geometric mean) of from

one to as much as three orders of

magnitude (powers of ten) appears to
be common as a district or basin
approaches maturitye.

Subpopulations of fields discovered

early tend to depart more from the
lognormal ideal than later subpopula-
tions., However, these shifts in
population characteristics vary widely
from district to district, and gener-
alized statements about these changes
must await additional study.

The "actual" distribution of o0il and
gas field sizes may not be lognormal

and instead may have the general form
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(5)

(6)

suggested in Figure 27. The lower
size limits of fields that have actu-
ally yielded oil or gas are generally
set by either economic factors, or the
ability to detect small accumulations,
or both.

It is possible, and even

probable, that there is no definable
lower field~size 1limit and that the
form of the distribution is exponen-
tial with regard to very small accumu-
lations. Thus, the actual distribu-
tion may be bimodal in the sense that
there are +two peaks, one of which
represents the producing fields and
the other (the exponential extension)
a virtual infinity of accumulations,
some of infinitesimal size. Obvious-

ly, the definition of an "oil field"
becomes meaningless when extended to
this extreme. It will suffice to say
that we have almost no knowledge of
the lower limit of field-size distri-
butions. This shortcoming may be of
minor practical consequence, however,
since extremely small fields are of

negligible economic importance.

Studies of oil-field populations
should be conducted regionally.
Furthermore, populations should be
segregated geologically. The data

from the Powder River basin suggest

that the population parameters for
structural versus stratigraphic fields
may differ significantly in other
regions.

Extrapolation of parameters of chrono-
logically segregated oil-field popula-

tions is a useful predictive tool.
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Figure 27. Possible alternative forms of distribution of oil-field volumes. Observed
distribution is lognormal, but actual distribution may be bimodal with long exponential
tail toward lower end of individual volumes.
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Table 7.

Summary comparison of forecasts for the three states for the next 20 percent of

fields to be discovered, and the 20 percent after that.

Next 20%

Number Millions

of of

Fields Boe
California 81 185
Wyoming 151 140
Kansas 598 55

9

20% after that

Number Millions
of of
Fields BOE !

81 118

151 90

598 48

Volumetric estimates for Kansas exclude gas and involve predictions based on cumulative

oil production through 1978, exclude reserves, and must necessarily be revised upwards as

production continues.
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