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SYNOPSIS 

1l1C goal of the study described here is to develop objecti~. quantitative methods for est imating the outcome 
probabilit ies of exploratolY oil wells. The study employs the 're-experience' approach, in which historical dala 
arc used in a manner which attempts to recreate the past. Our past experience. of course, is tbe principal guide 
to the fu ture. To appraise p~n.I-day oil prospects, however, we must analyze prospects that have bun drilled in 
terms of how these former prospects were interpreted IHfore they were drilled. An analysis of how they ate 
interpreted after they were drilled is an inadequate guide to the fu ture because our ll indsiaht knowledge is superior 
to our foresi?ht knowledge. Objective calculation of future outcome probabilities, then

l 
requiI'e.'l that we attempt 

to treat past Informntlon tn a manner analogous to th llt in which we must treat present nformation in forecasting 
future outcomes. 

INTROD UCTION 

A pilot study whicb deals with aspects of quantita tive oil 
exploration decision-making is being sponsored by the State 
Geological Survey of Kansas. The goal is to develop o bjective 
methods by which wildcat well outcome probabilities can be 
estimated. While quantitative decision-making methods have 
been developed to guide petroleum exploration investments, 
as, for example, those expounded by Gtaysoll (1960) and 
Raiffa (1968), they have been employed relatively little by 
the petroleum industry because they require quantitative 
estimates of outcome probabilities. 

The problem is to develop an objective means for com
paring pre-<lriU geological interpretations with post.drill 
production outcomcs. TIle difficul ty lies in the fact that the 
geological interpretation of a forruer prospect after if bas 
been drilled is often greatly dilferent from tbe interpretation 
before it was drilled. The interpretation after drilling is more 
reliable because of the new geological information obtained, 
which was of course not available whell the decision to diill 
was takeD. It will not do, therefore, simply to obtain data on 
the geological configuration of existing oil fields and to use 
these as a basis for estimating outcomes of wildcat wells that 
will be drilled in the future. 

PILOT STUDY IN CENTRAL KANSAS 

The area corresponding to the study described in tbis paper 
has dimensions of 24 x 2A miles and is located in centra] 
Kansas. This a rea was choseo because it is a mature 
petroleum province. Most of the oil present within the 
boundaries of the area has been discovered. In addition, 
thousands of wells have been drilled in the area, permitting 
the subsurface structure to be interpreted with a relatively 
high degree of accuracy. Furthermore, much of the oil appears 
to be trapped by structural features, so that knowledge of 
the subsurface structure has been important during the 
exploration and development of the area iD the past 40 years 
{oil" was 'initially discovered!"n (he area I'n J930). ID interpreting 
surface structure in the area, the general practice is to portray 
the elevation of various stratigraphic horizons with contour 
maps (i.e., structure contour maps). Tho sequence of strata 
in the area consists of a sequence of Pa!eo%Oic rocks of the 
order of a mile thkk, overlain by Cretaceous and Cenozoic 
strata. The Palcozoic rocks range in age from Ordovician to 
Permian, and consist of alternating limestones, shales and 
occasional sandstones. Most of the strata are persistent 
laterally, and may be traced underground frolD well to well 
by meaDS of Schlumberger logs of the electrical properties of 
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the rocks. Oil production in the Area is entirely from 
Paleozoic rocks, and comes principaUy f{Om limestones. It is 
common prn.ctice to map the elevation o f several persistent 
limestones (top of the Ordovician Arbuckle G roup, top of the 
Pennsylvnnian Lansing Group, and top of the Permian Stone 
Corral Formation). Other strati graphic horizons may be 
mapped, but maps of the threo horil:ons listed above provide 
a representative picture of the underground structure. While 
the structures are gentle (rock beds have dips of only a few 
degrees), they are nevertheless exceedulgly complex. 

The problem is that our knowledge of the structure of these 
strata is derived largciy from well data. TIlese strata are 
entirely buried ill the area, and we can obtain relatively little 
information from surface exposure. As a consequence, the 
accuracy of our interpretations depends on the availability 
of wells thal penetrate to sufficient depth. 

Stepping through the past and consistently interpreting 
subsurface structural geology can be accomplished through 
·the use of uniform machine COlltOUt'UIg rm:thods and using 
only then-available data. The machioe-contoured maps are 
then aoalyzed to obtain wildcat well outcome frequencies and, 
in turn, estimates of outcome probabilities. Machine con
touring has IUl enormous advantage for this study in that the 
contouring 'rules' are consistent and results are repeatable. 
Furthermore, machine contouring, with its adherence to 
simplicity of fitted surface, avoids the highly subjective, 
imaginative interpretations that ofren creep in when lnaps are 
contoured manually. 

The technique is illustrated by maps of tlle pilot area. 
Figure I is a map for 1935 based on weUs drilled before the end 
of that year. Interpretations for the later times are similar in 
that t.hey use only the then-available data. For example, the 
1940 map, Fig. 2, is based on all information available through 
the end of 1940. 

Estimation of the outcome frequencies is based on a 
classification of the structures in a series of geographical cells 
defined by a grid superimposed over the area. A particular 
class of'geo1ogica:t sIructure can 00 assigned' to each cell and 
the structural classes then cross-tabulated with respect to 
exploratory well outcomes in the sUbsequent five years. For 
example, the 1935 map shows inlerpretations that could havc 
been made on December 31 , 1935. Outcomes to be associated 
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w:ith these interpretations were tabulated on a cell.by--ceU 
basis, treating all cells which had not yielded production prior 
( 0 the end of 1935, and which were tested by one or more 
exploratory wells during the 1936 through 1940 interval. TI1C 

outcome frequencies were expressed in terms of dry holes 
and an ascending progression of oil field sizes based on 
barrels of oil produced in the first five years cumulative 
production for each oilfield discovery during the interval The 
process was tben continued for subsequent five-year periods., 
culminating ill frequencies based Oil iuterpretation of the 1965 
map, and outcomes for 1966 through 1970. The 1970 map 
contains interpretations that are essentialiy forecasts for the 
future, most of which remain to be tested. 

MAP ANALYSIS 

Structure contour maps for one of the three straLigrapbic 
horizollS studied (top of the Lansing Group) are shown in 
Figs. 1 to 3. In this area, virtually all wildcat wells available 
were used, and, in addition, certain in·field wells were selected 
so as to provide morc or less equal geographical distribution. 
Approximately 1 350 weJls were used. The boundaries of 
these maps define an area 26 x 26 miles., since a band of 
one mile has been added to each edge so as to accommodale 
the printed characters and to avoid an edge effect in the 
subsequent machine contouring. All data points (i.e., well 
locations), however, fa ll within the 24 X 24 mile area. 

Fig. 1. Struclllre contour map 0/ top 0/ Lansf1ll in pilot area, usiflg well data available as of Deumbtr 31, 1935. 
Con/our Wlluu are r" /t!et IMlow SM kveJ. 
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Figures I to 3 represent the progressive changes that have 
taken place in the perceived structure of th~ top of tbe Lansing 
G roup. A t the eod of 1935 so few wells had been drilkxl that the 
structure could have been iI1t~rpreted objectively (on the basis 
of wcll data alone) only as a more or less uniformly dipping 
slope, with the only complexity of consequeuce being a broad, 
gentle tro ugh or syncline that plunges iu the direction of 
regional dip, toward the southwest. 

By the end of 1940, however, the well deCIs ity had increased 
considerably and the perceivcd structure (Fig..2) is much more 
complex, noses, troughs and small domes and depressions 
appearing locally. By J960 (Fig. 3), theslrooural inferprot3tioD 

appears e.xceedingly complex. The structures are gentle by 
conventional geological standards, but complox. By 1960 the 
complexity seems to have stabilized ; the maps for 1965 and 
1970 (not shown) are very little different from the 1960 map, 
an effect due nol only to the dense coverage already achieved, 
but nlso to a great reduction in wildcat drilling in the arca. 

Analyzing the sequence of maps, we are forced to conclude 
that our interpretation of the structure a t any stage is illusory. 
As more aud more wells are drilled, we move closer and 
closer to knowledge of the structure as it actually exists, 
but o bviously we can never reach a perfect understanding of 
the structure, for tbis would require ao infioity of wells. 

FIS. 2. fAns/fig structure based on data arallabfe at end 011940. 
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F/Z. J. Lansb/g' structure based on data amI/able at end 0/ 1960. 
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ESTIMATING WELL OUTCOME PROBABILITIES 

Estimation of outcome probabilities involved superimposing 
a grid over the area and classifying the interpreted structure 
in each cell of the grid, each cell being a mile square. The 
structural classes were arranged in a hierarchical classification 
which is employed in Tables I to Ill. The classification is such 
that all wells are accommodated, as illustmted in the following 
diagram: 
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In turn, the frequencies of occurrence of exploratory well 
outcomes (events) were tabulated. The outcomes are arranged 
by rows and are placed in five classes according to whether 
the wells were dry, or in four oilfield production magnitudes 
(the production magnitudcs relate to the fIrst fIve years 
cumulative production per field). The production classes 
increase exponentially, being set at 103 to 104 barrels, 104 to 
105 barrels, 105 to 106 barrels, and greater than 106 barrels. 

Tables I and II give examples of frequency tabulations. 
Theresults shown in thesetablcs were obtained by Rubio (1969) 
in an earlier study involving the manually-contoured structure 
of the Arbuckle Group in the northern half of the pilot area, 
an area 24 miles long in an east-west direction and 12 miles 
wide in the north-south direction. Table I contains frequency 

counts for outcomes of all exploratory wells drilled in this 
area through December 31, 1955. As of this date, 163 
exploratory wells had been drilled, of which 64 were dry and 
99 producers. Within the table, the counts are segregated into 
the structural classes as interpreted in the particular time 
increment 1935, 1940, 1945 or 1950, which was the closest 
in the sequence of time before the well was completed. For 
example, the outcome of an exploratory well drilled in 1943 
would be classed in the structural category interpreted for the 
cell in which the well was drilled, based on data available 
through the end of 1940. 

The hierarchical classification system has two principal 
drawbacks. Its bifurcations can lead to classes containing far 
too few wells for reliable estimation of outcome probabilities. 
Furthermore, the arrangement of categories in the hierarchy 
is arbitrary, and the categories themselves are arbitrary. 

The probability estimates are obtained simply by dividing 
each entry in the corresponding frequency tables by the 
column totals (compare Tables I and Ill). Many of the estimates 
thus obtained are not reliable because they are based on 
insufficient data. They are, however, illustrative of the method 
employed. The preliminary results suggest that the probabili
ties change with time. Table IV contrasts the probabilities at 
different five-year time increments, from 1945 to 1965. The 
results in this table imply that the probability of drilling a dry 
hole increased more or less steadily from 1945 to 1965. 
Furthermore, this table suggests that drilling synclines is far 
more risky (higher dry hole probabilities) than drilling anti
clines or noses. It is to be emphasized ,however, that the results 
presented here are preliminary, and will be replaced by results 
based on data over a larger area and which involve the use of 
machine·contoured maps, examples of which arc shown in 
Figs. 1 to 3. 

TABLE I 

TABULATION OF FRllQUENCIES OF EXPLORATORY WELL OUTCOMES (EVENTS) IN THE NORTHERN HALF OF THE PIWT AREA, BASED ON AIL EXPLORATORY 
WELLS DRIILED FROM 1930 THROUGH THE END OF 1955. FREQUENCY VALUES PERTAIN TO WELL OUTCOMES IN WHICH THE STRUCUTRAL CATIlOORlES 

(STRUCfURE OF TOP OF THE ARBUCKLE WHICH HAS BEEN MANUALLY CONTOURED) ARE TABULATED ON A CELL-BY-CElL BASIS, 
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TABLE II 

IIXPLORATORY WELL oorcOMB FREQUENCY TABLE COMPARADI.H TO TABLB I EXCEPT THAT IT CONTAINS ALL EXPLORATORY WIlLUl P1ULLED THROUGH 
THE END OF 1965, 
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TABLB III 

IifiIMATBS Of OUTCOME PROBABILmtIS BASED ON I'REQU.ENCY DATA Of TABL!! I, 
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TABLE IV 

C HoV-IOI!S IN EXPLORA TORY OOTCOM B PROBABILmES WlllI TT!>'!!!, B4SEO ON MANUALLY CONIOURP-D sml.lCn1RI! OF TOP OF ARB UCKU! IN 
MORTHt RN HALF OF PILOT ARI!A . WITH STRUcrURAL TYJ>fS CLASSIFIED IN CELLS 01' ONE SQUAIl.I! MILl!. DISCOVIlIlII'S PliRTAIN TO J>IRST FI V!! YEARS 

CU!>'!U LAl1VIi PRODUC110N. FROM ,WO IO ( 1969). 

Year 

Dry hole5 . . .. 1945 
19S{) 
1955 
1960 
1965 

Pools yielding 10~ to 10' barrels 1945 
1950 
1<)55 
1960 
1965 

Pools yielding IQ< to 10' barrels 1945 
1950 
1955 
1960 
1965 

Pools yicIdina W lo to" barrels . . 1945 
19'" 
1955 
1960 
1965 - -

Pools yielding more t ha n t oe barrels 1945 
1950 
1955 
1960 
1965 
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