










PREFACE 

T HIS is a study of one of the few purely competitive 
industries in the United States today. Its primary pur- 

pose is to provide empirical evidence that may assist in the 
evaluation of public policies which have as their goal the re- 
construction of a purely competitive economy. 

Much of the information pertaining to the cost of drilling 
equipment was compiled for the Bureau of Mines by the 
Petroleum Research Project of the Rice Institute Department 
of Economics as part of the input-output research program 
sponsored by the United States Air Force. The cost data used 
in the study are averages selected to be representative of the 
industry as a whole. The drilling contractor, therefore, should 
not view our findings as standards of expected costs, reve- 
nues, or profits which are necessarily relevant to his specific 
situation. 

Approximately ninety-two per cent of all footage is drilled 
with rotary tools; the remaining eight per cent is drilled with 
cable tools. We have, therefore, excluded cable-tool drilling 
from this analysis. We have also excluded off-shore drilling 
from barges. This type of drilling is quite specialized and is 
not important with respect to total drilling. 

We are indebted to the st& of the Petroleum Research 
Project and particularly to Mr. Wallace F. Lovejoy for his 
part in the equipment cost computations. 

JOHN E. HODGES 
L. COOKENBOO, JR. 

Houston, Texas 
April 1,1953 



I. THE MEANING OF "COMPETITION" 

a HE term "competition" is widely used in discussions of 
economic policy, especially anti-trust policy. However, 

it means many things to many men; the failure to understand 
that one person means one thing by "competition" while 
another means something quite different, can lead to endless 
and useless dispute. Furthermore, it can Iead to dangerous 
trends in public policy. For example, if the economist's con- 
cept of "pure competition" were to be substituted for the tra- 
ditional legal concept of competition in anti-trust cases, then 
the anti-trust statutes would become, not statutes "for the 
regulation of commerce," but an "attempt to reconstruct 
society."l This may well have been their purpose in the first 
place, but some who have of late endorsed the economic 
concept of pure competition in anti-trust prosecution may 
not fulIy realize the ultimate consequences of such a substi- 
tution. 

Before proceeding to the principal purpose of this paper, 
namely, an empirical examination of an industry which ex- 
hibits many of the characteristics of "pure competition," it is 
necessary that the various concepts of "competition" and 
"monopoly" be clarified and defined as precisely as possible. 
This will not be an attempt rigorously to exhaust the subject, 
since the matter is now well covered in the existing economic 
and legal literature;"owever, a review of the various defi- 
nitions is necessary. Unfortunately this review cannot be 
limited to a page or two; "competition" is no longer a readily 
definable term. 

"Pure competition'' is a term used to denote a particular 
form of industrial stsucture conceived of by the classical and 
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neo-classical economists. The important characteristics of a 
purely competitive industry are the following: (1) There are 
very many firms. (2) These firms sell a homogeneous product 
which is differentiated only by general physical grades, for 
example, the various grades of cotton. (3) Buyers of the 
product, therefore, have no particular reason for preferring 
one firm's output over that of any other firm, (4) No firm is 
large enough relative to the total output of the industry to 
be able appreciably to influence the price of the product; that 
is, all films are so small that any one could double or treble 
its output without increasing the total output of the product 
sufficiently to cause a price change of any significance. In 
other words, each firm can sell all it wants at the market price 
without appreciably influencing that price. (5) There is rela- 
tively free entry into the industry; that is, there are no serious 
legal (e.g., patent), economic, or technological barriers to the 
entry of new films into the industry. All firms have more or 
less equal access to the relevant resources. (6) The firms in 
the industry do not operate under conditions of decreasing 
costs; in other words, the production cost per unit of output 
does not fall as output increases, a t  least within the range of 
outputs which are liIcely to be produced. (7) There are no 
profits in excess of normal profits in the long run. (8) The 
firms act independently of one another; there may be no col- 
lusion-one thousand firms whose actions are controlled by a 
pool do not make a purely competitive industry. (9) There is 
a high degree of mobility of resources; labor, for example, 
can move in or out of the industry with ease. 

The sixth and seventh points may require some elabora- 
tion. If there are long-run decreasing costs per unit, that is, 
if there are mass production economies, pure competition will 
tend to break down. Under such conditions, the individual 
firm can increase its profits merely by expanding its output, 
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since a purely competitive firm can sell all it produces at the 
current market price. This expansion will be continued as 
long as the average production cost per unit is decreasing. 
If only one film expanded, there would be no appreciable 
effect on market price. However, if a number of firms should 
expand, the total output of the industry will increase appre- 
ciably. As total industry output expands, the market price 
will fall. The reason for this is that for all normal products we 
should expect that consumers will only be willing to buy 
larger quantities at lower prices, If price falls, then profits will 
fall. If profits fall, the small, less efficient firms will fail, since 
they have not expanded enough to realize as great benefits 
from the economies of scale as have the large firms. The num- 
ber of firms in the industry is thereby reduced, and pure 
competition ceases to exist, simply because the industry ends 
up with a few firms instead of many firms. 

The explanation for films' having only "normal" profits in 
the long lun is that there is free entry into the industry in 
pure competition. "Normal profit" is the minimum long-run 
rate of retuin that would be expected in an enterprise involv- 
ing some risk. (It should be noted that this concept is not in- 
tended to signify "reasonable" profit; it involves no value 
judgment about what profits shoz~lrd be.) If there is free entrv 
into an industry and firms are making higher than 'hormal" 
profit a t  some point in time, then new firms would be ex- 
pected to come into the industry in order to earn the higher 
profit rate. Under these circumstances (unless there should be 
a compensating increase in demand) the price of the product 
will fall, since more firms are offering a larger total output. 
(Existing firms would probably expand their output a1so.j 
This decline in price would be expected to continue until the 
industry's profits were brought in line with those of other 
industries. I t  could fall even farther, since too many new 
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firms might enter, thereby driving prices down to such an 
extent that profits disappear. 

This, then, is "pure competition." The classical economists 
also had an even more stringent concept of competition, viz., 
' '~erfect competition." This had all the requirements of pure 
conlpetition wit11 the addition of certain others: perfect 
knowledge by every firm of other firm's potentiaI sales at all 
prices; precisely the same cost curves for all films; con~plete 
mobility of the factors of production; equal managerial skills, 
etc. Some would assert that pure conlpetition has never ex- 
isted; perfect conlpetition has certainly never ex i~ ted .~  Its 
value as a concept, if any, was to permit the deduction of 
price behavior in a perfect market as a prerequisite to gem 
eralizing on market behavior in real life. Pure competition, on 
the other hand, may well serve as a valid description of the 
structure of actual industries. Once, before the industrial 
revolution of 1865-1900 and the concurrent dosing of the 
frontier, our agrarian society was predominantly purely com- 
petitive. This is no longer true. Those industries so character- 
ized in the American economy today are not by any means 
predominant; in addition to agriculture, only two, cotton 
textiles and bituminous coal, are generaI1y cited as examples 
of pure competition. 

In  economic terminology, the opposite of "pure competi- 
tion" is "pure monopoly." An industry is said to be a pure 
monopoly if there is only one firm producing its product. Of 
course, all proclucts are to some extent substitutes for all other 
products; but we may consider a unique industry to exist 
where there is a sufficiently wide "gap in the chain of substi- 
tution" of one product for another. How wide must this gap 
be? There is no definite answer. General Motors might be 
said to have a pure monopoly of the output of Chevrolets, 
but certainly not of the output of automobiles. To the driver 
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who will drive nothing but a Chevrolet, General Motors is as 
much a pure monopolist as was the Aluminum Company of 
America before World War 11, when it was our only pro- 
clucer of ingot aluminum. This company was the only impor- 
tant example in our economy of a pure monopoly in an in- 
dustry outside the public utility field. Even this company had 
competition from copper, steel, magnesium, imports of alumi- 
num, etc, 

Enough has been said to indicate that pure monopoly, like 
pure competition, is a fairly unrealistic concept. Today there 
is no important pure monopoly in the United States economy 
except in the public utility field, or in certain local markets. 
If there is one grocery store in an isolated Western commu- 
nity, it nlay be purely monopolistic to the inhabitants of that 
community, even though its share of total United States 
grocery sales is infinitesimal. 

Pure competition and pure monopoly may be thought of as 
limiting cases on either end of a spectrum of industrial struc- 
tures, the one having a very large number of firms, the other 
only one firnl. What lies in between? This is the area of 
"monopolistic" or "imperfect" competition, as it has been 
called in economics since the early 11930'~.~ 

The essential characteristic of all the firms not a t  the ends 
of the spectrum is that they have some control over price. 
When there are a thousand firms in an industry, each of about 
equal size, then none can appreciably influence the price of 
the product; their industry may be said to be purely com- 
petitive. On the other hand, a pure monopolist has almost 
complete control over the price of his product; "almost" 
because the gap in the chain of substitutes is never infinitely 
wide-if the price of ingot aluminum had risen too much in 
the 19307s, then some customers would have substituted cop- 
per, or magnesium, or steel, or plastics. Firms operating under 
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conditions of monopolistic (imperfect) competition, however, 
have some price control. If there are twenty firms in an 
industry, then each can influence the price of the product to 
some extent. If there are three firms, then each can theoreti- 
cally influence the price to a still greater extent; whether they 
in actuality exercise this influence is something else again. 

In  imperfect competition, as opposed to pure competition, 
firms may operate under conditions of decreasing average 
costs. This is possible, paradoxically, because each firm can- 
not sell all it wants at the current price. If one firm is large 
enough to be able to influence the price of the product, then 
to sell more it must cut its price; conversely, if it raises the 
price it can expect to lose business. Under such conditions, if 
the firm increases output, it will not receive a constant incre- 
ment to its total revenue (as it would if price were constant); 
the increment to total revenue will decrease, perhaps to the 
point of zero. Such a firm would then find a point beyond 
which it wor~ld refuse to expand output, even with decreas- 
ing average costs. This point is reached when the addition to 
total revenue from adding one more unit of output is equal 
to the addition to total cost from adding one more unit of 
output. If the firm gets a lesser addition to its revenue from 
adding a unit of output than the addition to total expendi- 
tures which must be made in order to produce that unit, then 
it should clearly not produce that unit-even though its av- 
erage cost per unit may fall in the process. Why? Because a 
net decrease in total profit occurs if the incremental expendi- 
ture ("marginal cost'") for the last unit is greater than the 
incremental receipt ("marginal revenue"). 

Within the area of indastrial structures having less than 
very many firms but more than one, two important situations 
should be distinguished: (1) industries consisting of a fairly 
large number of firms and (2) those with only a few firms. 
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It  is again impossible to draw a sharp line; however, there is 
a principal differentiating characteristic between the two 
classes of imperfect competition. An industry having only a 
few h s  is tei-med in economics an "oligopoly" (this is simply 
a name, not an epithet). In such an industry each firm's 
actions influence appreciably the economic fortunes of the 
others. Consequently, when one firm plans a change in output 
or price, it must consider in advance the effects of this change 
not only on itself, but also on its competitors. Furthermore, it 
must consider the retaliatory action its new policy may pro- 
voke from its competitors, what it would have to do in turn, 
what the competitor would again do in turn, ad infiniturn. 
One economist has called this "conjectural variation"; another 
describes it less elegantly but more lucidly as a similar pro- 
cedure to attempting to find the last picture of a Pet Millc 
can on a picture of a Pet MiIk can on a picture of a Pet Milk 
can on a Pet Milk can. The characteristic of having to worry 
about his competitor's actions and reactions distinguishes 
the oligopolist from others in the imperfect competition 
range. 

The two types of imperfect competition also difEer in other 
respects. In pure competition we find homogeneous products, 
In imperfect competition with a fairly large number of firms 
we find heterogeneous or "differentiated products. For ex- 
ample, in retail food selling the physical characteristics of 
Swift's bacon bought in one store are the same as those of 
Swift's bacon (assuming the same grade) bought at another 
store. However, the former store may deliver, grant special 
credit terms, treat its customers more courteously, etc. Eco- 
nomically, then, it has differentiated its product and may be 
able to raise its price somewhat. A purely competitive firm 
which raised price above the market price would sell nothing, 
since it sells a homogeneous product and there are many 
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alternative sources of supply to a buyer. Our retail food store 
may be able to maintain a sligl~tly higher price simply be- 
cause it is selling personalized service along with its bacon, 
However, if there are a few firms in the industry, then prod- 
ucts may be either homogeneous (e.g,, steel) or differentiated 
to some degree (e.g., automobiles). In the former case, the 
oligopoIist will think even longer before changing price, since 
he may well lose all of his business to his competitors should 
they not decide to follow his lead; steel is steel. Chevrolet 
can, and does, vary its prices from those of its competitors 
because some peopIe prefer Chevl.olets regardless, and be- 
cause others have been convinced by Chevrolet advertising 
and/or performance that it is at the moment a more desirable 
automobile than a competing make, Even in this case, how- 
ever, extreme price discrepancies are not possible. 

Entry may be relatively free in imperfect competition 
where there are a rather large number of firms. To some 
extent this is a truism; if entry were not relatively free, there 
would not be a rather large number of firms. Entry would 
be expected to be considerably restricted in oligopoly, how- 
ever, by either legal, technological, or economic factors. Re- 
strictions on entry may be illustrated with myriads of ex- 
amples: the difficulties of the two companies which have tried 
to enter the automobile industry since World War 11; the fact 
that the major companies in such industries maintain their 
positions over time; etc. Since entry is restricted, there may 
be profits above "normal" in oligopoly in the long run. Profits 
in the automobile industry attracted the Tucker organization; 
however, it was singularly unsuccessful in entering, produc- 
ing more cars, driving down prices, and wiping out any 
above-average profits that may have existed. Where entry is 
free in imperfect competition, no above-normal profits would 
be expected, just as in pure competition. 
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These, then, are the characteristics of the various economic 

concepts of "competition," "n~onopoly," and those mixtures 
of the two termed "imperfect" or "monopolistic" competition, 
"oligopoly," etc. What does competition mean in the law? 

I t  is perhaps easier to talk about violations of legal "com- 
petition" than about competition itself. Such violations have 
been called "restraints of trade." Originally, in the English 
common law restraints of trade involved "restrictive cove- 
nants." A restrictive covenant is an agreement made upon the 
sale of a business that the seller will not engage in that type 
of business in the particular locality again for some specified 
period of time. (If he were permitted to do so, his accumu- 
lated customer good will would drive the buyer out of busi- 
ness, leaving the seller with the market and the purchase 
price and leaving the buyer in bankruptcy.) The concept of 
"restraint of trade" was expanded in American courts, es- 
pecially state courts, to cover agreements among competing 
films to fix prices, allocate markets, limit output, etc.-in 
short, to cover agreements among firms to remove an industrv 
from the rigors of competition. What does "competition" 
mean in this sense of restrained trade? In a word, business 
rivalry between firn~s. A moment's reflection will reveal that 
there is little rivalry in pure competition. The firm can sell all 
it wishes at the market price; it therefore has no reason either 
to cut price or to engage in any form of non-price competi- 
tion in order to get more business. Of course, it may try to 
differentiate its product in order to be able to make more than 
normal profits in the long run; if it succeeds in differentiating 
its product it is no longer a pure competitor. The firm in a 
competitive industry in the legal sense, however, actually 
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competes, where competition" means price and non-price 
rivalry among the firms for each other's customers and for 
customers new to the industry. Industries where there is such 
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rivalry would doubtless be classified as competitive in the 
legal sense, e.g., the automobiIe industry. The automobile 
industry, on the other hand, is distinctly not purely competi- 
tive, Any business actions to remove rivalry are classified in 
the law as restraints of competition, or restraints of trade- 
hence the illegality of agreements to fix prices or allocate 
various geographical areas to particular fimls in an industry 
for their exclusive use, so that they need not fear the rivalry 
of other films in those areas. 

"Monopoly" in the law derives from the ancient practice 
of English kings of granting to certain subjects the exclusive 
right to engage in a particular business; such rights were 
generally granted in return for a favor or a share in the pro- 
ceeds. Raleigh, for example, spread a cloak for his queen and 
received the sole right to license taverns and export wool. 
Monopoly in this sense means excluding others from the busi- 
ness. In time the concept was extended to private fim~s 
which excluded competitors from theis industry by one 
means or another. It is in this sense that "monopoly" came 
to be used in our courts. To monopolize was to exclude com- 
petitors, If the old Standard Oil Company saw fit to dig up 
its competitors' pipe lines, it was excluding competitors. 
However, exclusion need not be physical in nature. A large 
finn that entered the province of a small competitor and 
undersold him until the small film was forced out of business 
also "monopolized," since it had excluded a competitor. This 
concept is again somewhat different from the economic 
concept of pure monopoly, which describes an industry with 
one firm. This firm may have achieved its position by "mo- 
nopolizing in the legal sense, but it is only when aIl the 
competitors have been excluded that the firm becomes a pure 
monopoly in the economic sense. 

To confuse the picture somewhat more, in some American 
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courts the terms "monopolize" and ''restrain trade" appear 
to have become synonomous. In any event, both were made 
illegal by the Sherman Anti-Trust Act of 1890.5 Section One 
of this act makes illegal "every contract, combination in the 
form of trust or otherwise, or conspiracy, in restraint of trade 
or commerce among the several states, or with foreign na- 
tions." Section Two states that "every person who shall 
monopolize, or attempt to monopolize, or combine or con- 
spire with any other person or persons to monopolize any part 
of the trade or commerce among the several states, or with - 
foreign nations, shall be deemed guilty of a misdemeanor. 

>Y ..' 
Certain economists have been bothered by the fact that the 

economic concepts of pure or perfect competition are un- 
satisfactory as a goal for public policy toward monopoly. 
(One practical reason for this concern is that if all industries 
not purely competitive were declared to be in violation of the 
Sherman Act, then nearly all industries would be in violation 
of the Sherman Act-since there are only a Pew purely com- 
petitive industries.) These economists have introduced still 
another concept of "competition," viz., "workable competi- 
tion." The essential element in all definitions of '<workable 
competition" is that there be a number of real alternative 
sources of supply available to any buyer and a number of real 
alternative purchasers available to any seller. Note that the 
alternatives must be real; there may be fifteen firms in an 
industry nationally, but if each operates exclusively in one 
geographical asea, then there is no real alternative source of 
supply to buyers in that area. Two such definitions might be 
examined briefly. 

The first is that of Professor J. M. Clark. According to 
Professor Clark: 
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Competition is rivalry in selling goods, in which each selling 

unit normally seeks maximum net revenue, under conditions 
such that the price or prices each seller can charge are effec- 
tively limited by the free option of the buyer to buy from a 
rival seller or selless of what we think of as "the same" 
product, necessitating an effort by each seller to e q ~ ~ a l  or ex- 
ceed the attractiveness of the other's offerings to a sufficient 
number of buyers to accomplish the end in view.G 

The second is that of Professor George Stigler, who speci- 
fies a considerable number of fisms not in collusion in each 
market area, together with free entry.? 

Clark's "workable competitiony' is roughly equivalent to the 
legal definition and would encompass those industries in the 
imperfect competition group, either oligopoIies or others, 
which provide real rivalry and real alternative sources of 
supply to customers. The automobile industsy would be 
workably competitive; the steel industry might well not be 
since products are homogeneous and quoted prices, at least, 
are uniform. Stigler's definition would exclude oligopolistic 
industries, Note that there must be a large number of al- 
ternatives in each market area. Recently, Professor Eugene 
Rostow has extended Stigler's definition one step farther 
by specifying "no appreciable control over price" for each 
firm.' 

Other economists have been worried by the fact that the 
economy is not purely con~petitive. They believe that a purely 
competitive, or almost purely competitive, economy is desir- 
able. According to Professor Frank Knight, dean of the neo- 
classical school, economic theory should create an ideal to- 
w a ~ d  which public policy must strive-pure competition is 
that "ideal."g We should aim our anti-monopoly policies 
toward the re-creation of a purely competitive system, Pro- 
fessor Knight does not think that economies of scale are too 
important in the economy, but he does recognize that there 
may well be a tendency for the purely competitive society to 
break down because monopoly is the result of successful 
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competition. The firm which wins the competitive struggle 
dominates the industry. Therefore, we must not only create 
pure competition, we must be prepared to keep it pure by 
continued governmental action. Professor Friedrich Hayek 
would also endorse this view ("planning for competition" is 
permissibIe and essential; "planning against" it is not).'' 

Is pure competition an ideal? In one sense pure competi- 
tion probably is an ideal. In a purely competitive economy 
no one has great accumulations of wealth; this in itself is not 
especially objectionable so long as it does not mean that many 
other persons are therefore destitute. Our economy has many 
very wealthy persons, but this wealth has not meant poverty 
for others. However, there is a much more important political 
consequence of a lack of large economic units: no one has 
great economic power. Each industry is regulated only by the 
"invisible h a n d  of the market. In  our economy today the 
managements of giant corporations have a considerable 
degree of control over the economic life of the country and 
hence over all our livelihoods and lives. In a democratic 
society some would say that this is dangerous; persons having 
aggregations of political or economic power should be subject 
to elective recourse. One way to get this recourse without 
reorganizing industries is to nationalize industries having 
large firms. Socialism, however, is repugnant to most of us. 
Another way, also requiring extensive government interven- 
tion, is to break up the large firms into very small ones, in 
short to atomize the economy into one of small units. This 
also would be repugnant to some of us for purely political 
reasons. 

There are also several economic reasons for preferring pure 
competition to imperfect competition of one sort or another 
-reasons in addition to these socio-poIitica1 ones. The prin- 
cipal reason is that the optimum output for a purely com- 
petitive firm's own best interests gives the optimum social 
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allocation of resources and the output that the firm should 
produce for a social optimum. Why? In the first place, there 
is free entry and free mobility of the factors of production, 
so that abnormal profits attract new firms, thereby driving 
down price. When the price of one product becomes high 
relative to that of another (when society decides for some 
reason that it wants more of the first product), profits tem- 
porarily rise in the favored industry and fall in the other. 
Resources shift until profits and prices become normal once 
more. Furthermore, a pure competitor adds to his output 
until the incremental outlay for producing one more unit of 
his product equals the incremental receipts he gets from sell- 
ing that unit (until marginal cost equals price). These receipts 
are represented by the price of the product, which in turn 
represents society's evaluation of the product's worth in rela- 
tion to other products. This optimum output which max- 
imizes his profits is also the social optimum, since he has 
equated the value placed on the last unit of his product by 
society (its price) with the amount of money necessary to 
produce it (his incremental expenditures). He has therefore 
spent for the last unit just what society thinks it  is worth. 
Had he spent more, he would have lost money himself and 
at the same time wasted resources relative to society's evalua- 
tion of the product's worth. Had he spent less, he would not 
have made so much money himself as he could, and would 
have spent less on the last unit than society thought it  to be 
worth. Similar reasoning cannot be applied to the imperfect 
competitor. Like the pure competitor, he equates marginaI 
cost with the addition to total revenue from adding the last 
unit of output. Remember, however, that the incremental 
revenue in 16s case is less than the price of the last unit of 
output (see page 6); hence he has failed to produce enough 
to satisfy society's evaluation of the product, even though he 
has maximized his own profits. He has equated incremental 
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cost with something less than price, not with price itself, 

A further economic advantage of pure competition, it is 
asserted, is that technological changes will spread quickly 
and rapidly throughout the industry. Any &m has an in- 
centive to reduce costs, since profits are thereby increased. 
However, a pure competitor has a burning incentive to re- 
duce costs by introducing cost-saving inventions; his profits 
are at a minimum. Furthermore, in pure competition all 
firms have equal access to technological improvements. The 
expected result of the extra incentive to innovate and general 
availability of innovations would, i t  is said, be rapid, wide- 
spread adoption of new inventions. On the other hand, large 
monopolies might be less eager to innovate, not because they 
have no incentive to cut costs, but because they might be 
reluctant to scrap existing capital facilities or cease produc- 
tion of products on which they held patents or had spent 
large sums in advertising. 

Another economic advantage of pure competition is that 
an industry organized on a purely competitive basis will 
supposedly produce more at a lower price than if it were a 
monopoly. If an industry formerly having one firm were re- 
organized to have very many firms, without changing plant 
costs, then there would be an increase in output and a de- 
crease in price (assuming normal demand conditions that 
require a cut in price if more is to be sold)." Note that this 
is an argument of economic theory, not the fatuous argument 
that monopolists are able to cut output and raise price at will. 
This argument is of course invalid, since it assumes that the 
monopolist can do two mutually determinant things at once. 
Actually, if he decides on a price, then the amount he can sell 
is fixed by the demand for his product; conversely, if he 
decides on an output, the price he can charge is set by the 
demand for hi product. He cannot set both quantity and 
price where he would like them. 
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This, then, is the theoretical case for pure competition: 

widespread decentralization of econon~ic power and wealth, 
socially optimum level of output, no abnolnlal profits, wide- 
spread and rapid technological change, higher output and 
lower prices. How does pure competition perform in actu- 
ality? Are there, perhaps, disadvantages to pure competition? 
To some extent, the fate of firms operating under pure com- 
petition may be predicted on an a priori basis. However, 
empirical investigations of purely competitive industries, if 
there be any, would appear to be necessary in order fully to 
test the validity of the cIassica1 case for pure competition. 

There is an industry not heretofore discussed in the eco- 
nomic literature which would appear in many respects to fit 
the economic concept of pure competition. This is the oil well 
drilling contractor industry. This industry, which has an 
annual output valued at approximately $800 million, is made 
up of independent drilling contractors who engage in drilling 
wells for oil companies on a contract fee basis. There are over 
1,000 firms engaged in rotaly drilling alone in the United 
States, with almost that many more engaged in cable-tool 
drilling.12 (Since rotary drilling accounts for about 92 per 
cent of all footage drilled in the United States, this study will 
be concerned only with contractors operating rotary rigs.) 
An industry with over 1,000 firms of more or less equal size 
should approach the requirements of pure competition. It 
will be the purpose of the succeeding four sections of this 
study to investigate the structure, costs, prices and price 
policies, and profits of the rotary drilling contractor industry 
as an empirical case study in pare competition. The last 
section of the study will attempt to evaluate the economic 
consequences of organizing an industry on a purely competi- 
tive basis. 



11. STRUCTURE 

R ECENT surveys by the Oil and Gas Journall"rovide 
data which, together with certain other information, 

can be used to describe quantitatively the structure of the 
drilling contractor industry. 

The 1952 survey covered 1,026 colltractors who own 3,382 
rotary rigs. (These contractors also own 418 cable tool rigs, 
but these will be ignored in this discussion.) These contractors 
account for nearly all of the capacity of the industry. (A 
World Oil survey reported in February, 1952, that there are 
some 3,200 rotary rigs owned by contractors.") The capacity 
of the industry in terms of rigs will be assumed in this study 
to be 3,382 rigs. This would mean that the industry can drill 
about 37,400 wells per year at an average of 11 wells per rig 
per year,'" 

On the basis of 1,026 contractors owning 3,382 rigs, the 
average size firm in the industiy is 3.3 rigs per firm; in other 
words, the average size firm holds only 0.97 per cent of the 
industry's total capacity. These data, however, are on n 
national basis. In any given market area, a much smaller 
number of contractors would be expected to operate. Con- 
tractors in general attempt to confine their operations to one 
geographical drilling area in order to avoid long, expensive 
hauls of rigs from one location to the next. Not only is trans- 
portation expensive, the rigs are also idle for longer periods 
when they must be moved over long distances. Since the 
contractors try to keep rigs operating in restricted localities, 
anyone seeking a contractor to drill a well in a given area 
does not have access to all 1,026 contractors; there are not, 
in short, 1,026 real alternatives. 

Approximations of the structure of the industry on a geo- 
graphical basis can be made from other data collected in the 

17 
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Oil and Gas Journal censuses. The first such geographical 
approximation utilizes home office data. In 1951, 52 per cent 
of the rigs were accounted for by contractors having home 
offices in about 12 cities. Contractors operating out of Tulsa 
and Oklahoma City would in general be expected to operate 
in the Mid Continent area (Oklahoma principally, North 
Texas, and perhaps Kansas) and to some extent in the Rocky 
Mountain area. Contractors operating out of Dallas and Fort 
Worth would probably concentrate their activities in North 
Texas, Ark-La-Tex, and West Texas. Contractors having 
home offices in Shreveport would operate in the Ark-La-Tex 
region. Houston contractors concentrate their activities prin- 
cipally on the Gulf Coast. Contractors in the Midland-Odessa 
area are probably almost exclusively West Texas operators; 
those in Wichita Falls would conduct most of their operations 
in North Texas and Southein Oklahoma. Los Angeles con- 
tractors drill in Southern California and the San Joaquin 
Basin. 

There is considerable overlapping in the areas served by 
some of these contractors, e.g., Oklahoma City, Tulsa, Dallas- 
Fort Worth, and Wichita Falls contractors would all probably 
operate to a greater or lesser extent in North Texas, However, 
an approximation of the number of firms and average size of 
firm in each area can be had by investigating the number and 
size (in terms of number of rigs per firm) of companies having 
home offices in these areas, Because the regions overlap, these 
approximations of regional structures wilI result in a bias 
toward a number of firms that is too s~na2.l in any given region. 
Furthermore, 48 per cent of the rigs, many of which compete 
with those operated by these contractors, are owned by con- 
tractors having home offices in smaller cities. The percentage 
of the market held by an average size firm where the market 
is measured only by the capacity of the city contractors is 
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also overstated, since contractors in smaller cities also do 
work in these areas. (Percentage of the market will be meas- 
ured by the percentage of total rigs owned by a firm.) The 
average size of firm may or may not be overstated. If the 
average size of firms located outside of the cities is smaller 
than those located in the cities, then an average size based on 
cities is overstated; if the average size of firms located outside 
the city is larger, then the average size is understated by 
using the city firms as representative of the region as a whole. 

Table I shows for each city the number of contractors, 
number of rigs owned by them, average size of firm (number 
of rigs divided by number of contractors), and the share of 
the market held by an average size firm (average number of 
rigs per firm divided by total number of rigs). It will be noted 
that there are from 32 to 78 firms operating in each city. This 
in itseIf means that any area has a drilling contractor industry 
which is almost purely competitive insofar as the number of 
firms is concerned-especially since there are other firms op- 
erating in the various areas which do not have home offices 
in the cities. The average size of h m  ranges from 2.1 rigs to 
8.6 rigs, compared with the national average of 3.3 rigs per 
firm. On the average, then, the firms in each region are small. 
The average size firm accounts for a percentage of total rigs 
ranging from 1.3 to 2.9 per cent, In other words, the average 
size firm in the area having the largest firms (on the average) 
has only 2.9 per cent of the market. This is again, everything 
else being equal, a sufficiently small percentage to indicats 
that pure competition exists in each area, especially since any 
error in the approximation of average share of the market is 
oveq.stated. In  actuality, the average share of the market 
would be less than 2.9 per cent in the Shreveport area. (It 
should be noted that the larger number of contractors shown 
in 1952 does not necessarily mean that there were actually 



Per Cent of Per Cent of 
No' NO. of Av' ?' Total Rigs No' of No. of Total Rigs 

Rigs R18s IIeld by hv. Contrac- 
tors Rigs 

tors 
"lgs EIeld by Av. 

per Firm Size Firm per 'lrm Size Firm 

Tulsa 
I Iouton 
Oklahoma City 
13allas-Ft, Worth 
Shreveport 
Wichita Falls, Tex. 
Wicliita, ICansas 
Los Angeles 
&lidland-Odessa 

Total U. S. 

518 
374 
191 
304 
103 
169 
111 
158 
lee 
- 
3,094* 

Note: n.a.-not available. 
Source: Computed frorn data in Oil tfi Gas 1Ji~21~7tu1 censuses; see issues of September 20, 1951 (p. 233), and Septe~nber 89, 1959 

(pp. 170-171). 
*Iricluding minor areas not listed above. 
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more than in 1951; the reporting system may simply have 
improved.) 

A second approximate measure of the structure of the 
industry by areas is possible from the use of data on owner- 
ship by states. This would tend to understate the average 
share of the regional market held by an average size con- 
tractor in Texas-since West Texas contractors, in the normal 
course of events, stay in West Texas and do not send tlleir 
rigs to the Gulf Coast. However, in the states more isolated 
from other drilling regions, especially Illinois, Kansas, and 
California, the average share of the regional market should 
be closely approximated by the average share of the stat:: 
market held by contractors having home offices in those 
states. 

Table I1 shows the number of contractors having home 
offices in each of six states, in which some 85 per cent of 
rotary wells are drilled, together- with the total number of 
rigs operated by these contractors, the average number of 
rigs per firm, and the share of the market (number of rigs per 
firm divided by total rigs in the state) of an average size firm, 
The number of rigs owned by the average size firm in the six 
states range from 1.8 to 5.3. The average share of the market 
ranges from 0.2 per cent (Texas, which is too low) to 1.3 
per cent. These figures are again thoroughly commensurate 
with pure competition, insofar as the number and average 
size of firms is concerned. 

The share of the market held by an average size firm is not 
by itself a compIetely valid measure of the concentration of 
an industry. An industry with one hundred firms, three of 
which have 90 per cent of the market and ninety-seven of 
which have 10 per cent of the market, has a small average 
size firm, but it is not ~ u r e l y  competitive. Such an industry is 



Per Cent of Per Cent of 
No. of Av. No. T~~~~ No. of p ~ ~ .  of 

Contrae- No' of R i p  Ixeid by AV. Contrac- 
Av' No' Total Rigs 

Rigs Rigs tors per Firm size pirrn tors per Firm s k e  Pirm 
Of R!gs IIeld by Av. 

N Texas 410 
'W Oklahoma 155 

California 58 
Louisiana 56 
Kansas 89 
Illinois 61 
Other 115 - 

Total U. S. 944 

Source: Computed from data in Oil and Gas Joz~rnal censuses; see issues of September 20, 1951 (p. 233), arid September '29,1952 
(pp. 170-171). 
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effectively an oligopoly, since the actions of the three large 
firms dominate the industry. Consequently, it is necessary to 
inquire into the range and distribution of fiim sizes, as well 
as the average size. These data are not avaiIable on an area- 
by-area basis; however, sufficiently valid conclusions can be 
drawn from nation-wide data if the large finns are not shown - 
to be of appreciable size in relation to national total rig 
figures. 

Average 
Number Number Per Cent Total No. of Per Cent Cumulative 
of Rigs of of Rigs per of Total Per Cent of 

per Firm Firms Firms Firm Rigs Total Rigs 

1 310 33 310 1 .O 10 10 100 
2 to 10 591 63 1,949 3 .3  63 73 90 

10 to $0 31 3 433 14.0 14 87 27 
20 or more 1% 1 40% 33.5 13 100 13 - - - - - 

Total 944 100 3,094 3.3 100 

Source: Computed from data in Oil and Gas Jozrrnal, September 3, 1951, p. 230. 

Table 111 indicates the number of firms having one rig, 
those having two to ten rigs, those having ten to twenty rigs, 
and those having twenty rigs or more. This tame also shows 
the average size of fiim within each category, the total 
number of rigs owned by the films in each category, the per 
cent of total rigs accounted for by all the films in each cate- 
gory, and the per cent of total rigs accounted for by an 
average size firm in each category. The average size firm 
in the largest category has 33,s rigs, compared with a na- 
tional average of 3.3, but it only accounts for 1.1 per cent 
of all rigs. Even if such a large firm operated in an area where 
only one tenth of the total rigs were located, it would account 
for only 11 per cent of the total rigs in its area. Such a fiim 
could probably not exercise any degree of dominance 
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over the other firms operating in its area. Furtliermore, there 
would be many alternative sources of supply available to any 
one customer. Under such conditions, pure competition is 
probably still present, insofar as the number and average size 
of firms is concerned. I t  will be noted that by far the largest 
number of rigs (63 per cent) is accounted for by companies 
having two to ten rigs. The average size of rig in this cate- 
gory is equal to that of all firms, viz,, 3.3 rigs per firm. 

On a nation-wide basis, then, the industly is chiefly com- 
posed of firms (accounting for 63 per cent of rigs) which have 
an average size of 3.3 rigs per firm, with a range of two to ten 
rigs per firm. Ten per cent of the rigs are owned by one-rig 
contractors. Fourteen per cent are owned by firms having 
an average size of 14.0 rigs, with a range of ten to twenty rigs 
per firm. Only 13 per cent of all rigs are owned by firms 
having twenty or more rigs. The average size company in the 
two- to ten-rig category has 0.1 per cent of all rigs; that in 
the ten to twenty category has 0.5 per cent of all rigs; that 
in the twenty or more category has 1.1 per cent of all rigs. 

I t  may be concluded from this survey of the number of 
firms, average size of firm, and importance of firms of various 
sizes that this industry exhibits, insofar as the number and 
relative sizes of fil-nls are concerned, the conditions necessary 
for an industry to be classified as "purely competitive." 



111. COSTS 

PURELY competitive industry would not, as was noted 
above, be expected to operate under conditions of 

decreasing costs. If decreasing costs are present for techno- 
logical, marketing, financial, managerial, or other reasons, 
then pure competition would be expected to break down. I n  
this section of the study we shall examine the costs incurred 
by drilling contractors in order to determine whether this 
industry operates under decreasing costs. The costs de- 
termined in this section will also be used in a subsequent 
discussion of industry profits. 

Drilling contractor costs may be divided into three groups: 
(I) capital costs, which include outlays for items which are 
used on more than one well; (2) costs of expendable items, 
which i~lclude outlays for materials and labor entirely at- 
tributable to the drilling of one well; and (3) other costs, 
which include administrative costs (principally supervisory 
salaries, office expense, rent, etc.) and costs of major repairs. 
We shall proceed to discuss each in turn and then to combine 
them into a total cost curve for the drilling contractor indus- 
try. 

Capital Costs. The drilling "rig" is the nlajor item of 
capital equipment used in the drilling contractor industry. As 
used here, the "rig" includes a mast, steel platform, draw- 
works, transmission unit, turntable, mud pumps (for ~ i ~ c ~ z l a t -  
ing the drilling fluid or " n ~ u d ) ,  hoists, engines, tool houses, 
and other lesser items having a relatively long life. In addi- 
tion, there are other auxiliary items of equipment (e.g., wire 
rope, drill pipe, tool joints, drill collars, etc.'" which do not 
last so long as the basic rig equipment, but which are used on 
more than one well. 

25 



26 Oil Well Drilling Contractor Industry 
Costs of the basic rig equipment vary with the depth of 

wells expected to be drilled by the rig. For example, there are 
more feet of drill pipe, and hence more tons of steel, needed 
to reach down to 10,000 feet than to 4,000 feet. This means 
that more horsepower, and hence more expensive engines, 
will be required for large or heavy duty rigs used for deep 
wells than for small rigs. Masts and hoists must be larger to 
carry tlxe greater loads of drill pipe in deep holes. Larger mud 
pumps are required to circulate the mud used in a deep well 
than would be needed for shallow wells. The extent of these 
variations in initial costs with the rated depth capacity of the 
rig is summarized in Table IV. A detailed breakdown of these 
costs is shown in Table V. 

TOTAL INITIAL COSTS OE ROTARY RIGS-EXCLUDINQ ITEMS RAVING 
AN EXFECTED LIFE 03' LEES THAN SIX YEARS 

Rated Maximum Depth 
Capacity of Rig 

(feet) 

Initial Cost 
(1951 Dollars) 

Source: Table V. 

A contractor engaged in drilling nothing but 10,000-foot 
wells would, according to Table V, have to spend about four 
times as much initially for his rig as would a contractor 
engaged exclusively in drilling shallow wells. Of course, 
companies which have more than one rig probably have 
several sizes, except where depths are more or less uniform 
in their area of operation, Kansas for example, In any event, 
capital costs will vary from company to company with vari- 



~ I T I A I .  COST OF BASIC RIG EQUIPMENT 
(1951 Dollars) 

Rig Size (Mas. Drilling Depth in feet): 3,500 6,500 8,500 10,000 12,500 Weighted Avg. 
Drilling Depth Range (feet): 0-2,500 2,500- 5,000- 7,500- 10,000 and Initial Cost 

5,000 7,500 10,000 over Per Rig 

Skids, ladders, etc. $ 975 $ 1,846 $ 1,902 $ $  4,517 $ 4,517 
Guards, tool houses, etc. 700 1,565 2, 477 2,995 3,731 
Lighting fixtures 1,234 1,234 1,234 1,234 1,234 
Internal combustion engines 6,786 15,028 17,462 32,067 32,730 
Oil field machinery 32,042 79,811 101,718 141,431 181,329 
Pumps and compressors 9,711 12,454 17,214 29,837 44, 267 
Power transmission equipment 926 3,998 4,327 6,438 11,045 
Valves and fittings 182 183 183 368 368 
Wiring devices 394 394 394 394 394 
Generators 1,327 1,327 1,568 9,537 4,951 
Switchgear 210 210 310 210 210 
Electric wire 200 200 200 200 200 
Air brakes and controls + 418 525 628 628 
Guages, indicators 530 642 791 1,%45 1,245 ----- 
Totd  $55,217 $119,310 $160,195 $226,101 $286,849 

Source: See footnote 16. 
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ations in the size of the rigs (rated in terms of depth capaci- 
ties). In order to get an initial rig cost in 1951 dollars which 
is representative of the industry as a whole, it is necessary to 
average the costs of the various sizes of rigs. The proper way 
to do this would probably be to weight each of the total 
initial costs by the proportion of rigs of (or near) each size 
shown in Table IV which are in existence; however, no such 
data are available. An approximation of an average initial 

Drilling 
Per Cent 

Depth Range 
of Rotary 

(feet) 
Wells Drilled 

(1951) 

Max. Rated Big 
Depth Capacity 

(feet) 

Initial Cost 
Per Rig 

(1951 Dollars) 

0 to  8,500 84. 28 
2,500t0 5,000 45.56 
5,000to 7,500 19.41 
7,500 to  10,000 7,15 
10,000 and over 3.59 - 

Total 100.00 
Weighted Average Cost Per Rig 

Source: Well depth distribution computed from data in Oil and Gas Journal, 
January 28, 1952, p. 209. 

Rig costa from Table V. 

cost per rig can be had by weighting by the proportion of 
rotary wells drilled at various depths. This is the basis for 
the weighted average costs in Table V (total, $123,300 per 
rig). The weighting process is shown in Table VI. A rig size 
slightly larger than the maximum footage in t l~e  lower depth 
categories is used for several reasons,17 principally because (1) 
it would be a fortunate contractor indeed who could always 
find 6,500-foot wells to drill with his 6,500-foot rig and never 
be forced to use it on shallower wells, (2) rated capacities may 
not be precise, and (3) the contractor likes to have reserve 
capacity to meet unexpected conditions, 



Costs 29 
In addition to the $123,300 allowance for heavy, relatively 

long-life rig equipment, it is necessary to compute the costs 
of the auxiliary rig equipment mentioned above. All of these 
items have expected lives less than that of the basic rig 
equipment. Hence, the contractor must spend more on them 
than the initial outlay, if the basic rig equipment is to be 
depreciated completely. For example, if one such item has a 
life half that of the rig, the contractor would have to spend 
twice as much as the initial outlay for this item in order fully 
to utilize the basic rig equipment. 

In order to compute the amount which must be spent on 
the auxiliary rig equipment, it is first necessary to determine 
the expected life of the heavy rig equipment. This figure has 
been estimated to be six years on the basis of estimates sup- 
plied by several  contractor^.^^ These estimates involve a pre- 
diction of physical life of about 2,000 operating days (i.e., 
days spent in drilling and completion work, but not set-up or 
transit time). If the basic rig is to last six years, then it is 
necessary to compute the expenditures which must be made 
for auxiliary rig equipment over that period. The total ex- 
penditures over the life of the rig which are attributable to 
all rig equipment can then be determined by combining the 
initial expenditures on the long-life equipment with the total 
expenditures on the auxiliary equipment. Table VII shows 
the expected life of each item of auxiIiary rig equipment, to- 
gether with a dynamic projection by quarters of the necessary 
expenditures on auxiliary equipment over the fife of the rig 
proper. The total column of this table indicates the total 
expenditures for auxiliary equipment over the six-year period. 
These costs were derived1' from data provided by supply 
companies and equipment manufacturers on the life of these 
items in various regions, together with the necessary price 
data. (Tool joints, for example, wear out more quickly in 
regions having hard-formation drilling than in those where 
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Expenditures per Quarter Over a Six-Yenr Interval 
Estimated Initial 

Item ($;St Cost First Year Second Year Third 

First Second Third Fourth First Second Third Fourtll Firat Second 

Rubber Hose 1.50 $ 1,890 $1,806 
V-Belts 3.00 530 
Cnsin~ Protectors 0.i5 949 $ 9198 949 8 969 $949 8 949 8 9-19 
Drill Pipe 3.06 0,419 
Hand Tools 2.00 2,795 %,795 
Drilling Line 0.23 9,079 2,079 2,679 $2,679 2,079 2,079 2,079 2.079 2,079 
Sand L~ne 2.00 391 394 
Guy Line 6.00 297 
Drill Collars 5.00 7,790 
Tool Joints 1.77 8,092 8,ODQ 
Substitutes 1.69 171 171 
Lifting Plugs 3.50 110 - -- 

$32,194 $3,628 $3,698 $2,679 $3,098 $3,028 $4,740 811,720 $0,817 

Source: Computed from data in Rodges, Cookenboo, and Lovejoy, op. eif., Chnpter 11, pnrt B (forthcoming). 

there are principally soft foimations.) Typical costs for the 
various important drilling areas were computed from these 
physical life data and price quotations. Average costs and 
lives were then determined by averaging area costs, using as 
weights a distribution of the proportion of rotary drilling 
carried on in each principal area. The costs shown in Table 
VII, then, represent weighted average costs for the auxiliary 
equipment items which are typical of the United States as 
a whole. 

Table VIII is an aggregation of the totals of Tables V and 
VII; it shows the total capital outlays for basic and auxiliary 
rig equipment for an average-size rotary rig over a six-year 
period. 

Costs of Expendable Items. Costs of expendable items for 
this industry will be defined as those which can be associ- 
ated with the drilling of a particular well, e.g., the expendi- 
tures for rock bits used to drill the hole. Of course, this 
concept will not necessarily be precise when applied to some 
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VII 

CAPITAL ITE~EI HAYING A LIFE OF LESS TEAN SIX YEARS 

Expenditures per Qunrter Over a Six-Year Interval 

Year Fourth Year Fifth Year S i ~ t h  Year Total 

Third Fourth First Second Third Fourth First Second Third Fourth First Second Third Fourth 

items; but it will be a close approximation. For example, the 
smaller bits used in drilling most of the hole will be consumed 
during the drilling of one well. However, the large bit used 
to drilI for a short distance at the surface through relatively 
soft formations may be used on several wells. Bits have been 
classified as expendable items in this study, with some adjust- 
ment for the larger ones. Another important border-line case 
is wire rope. In  this study it has been classified as a capital 
item (see Drilling Line, Table VII), since one purchase will 
satisfy three wells on the average. (Drillers usually cllarge 
wire rope to the well being drilled when it is purchased, 

TABLE VIII 

Total initial outlay for rig proper $123,310 
Total initial outlay for auxiliary rig equipment 32,104 
Totnl subsequent expenditures for auxiliary rig equipment 103,149 

Total expenditures over Iife of rig $278,585 

Source: Tables V and VII. 
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since the number of wells served by one rope is not large.) 

The principal expendable items are rock bits and other 
drilling tools, fuel, lubricants, labor, minor repairs, insurance, 
hauling, etc, Other important drilling costs, e.g., mud, casing, 
cement, special contract services, etc., are usually borne by 
the oil company. Average costs per well for the expendable 
items are shown in Table IX. These costs are weighted 
averages of the amounts of the various goods and services 
which would be expected to be purchased for wells of various 
depths. Some costs do not vary with depth; but for those that 
do, weighting was carried out by the use of the percentages 
of rotary wells drilled in various depth ranges (see Table VI). 

Cost per Well 
(1951 dollaI3) 

Materials: 
Fuel $ 1,700 
Lubricants 464 
Drilling Bits 2,874 
&liscellaneous Special Drilling Equipment 112 
Paint, Lumber, Rope, and Other Materials 209 

Total Materials 

Services : 
Derrick Building and Dismantling 
Water Well Drilling 
Hauling 
Insurance 
Welding and Other Minor Repairs 
Labor 
Taxes and Payroll Insurance 

$ 595 
180 

1,398 
1,193 

327 
8,337 

eoo 

Total Services 

Grand Total 

Source: Hodges, Cookenboo, and Lovejoy, op. cit., Chapter I1 (forthcoming). 
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The total cost per well of expendable items is $17,449. Since 
these costs are quite important in relation to total costs per 
well (approximately 70 per cent), it is necessary to examine 
the method of computation of some of the more important 
items. Those to be discussed here are the ones costing more 
than $1,000 per wellz0 

The largest single item of material cost is the expenditure 
for drill bits, principally rock bits. Rock bits are toothed cut- 
ting machines which account for the great preponderance of 
rotary drilling. Bit costs are a function of the characteristics 
of the formation being drilled (the harder the formation, the 
less footage per bit), the weight on the bit, etc. In general, it 
may be said that harder formations are encountered at greater 
depths than at shallow depths within particular geographical 
areas; consequently, bit costs per foot should increase as the 
well gets deeper. 

Chart I shows total bit costs per well plotted against the 
corresponding depth of well. I t  is based on actual costs de- 
rived from bit consumption data in sixty well logs covering 
wells drilled in West Texas, the Rocky Mountain area, Okla- 
homa, Kansas, North Texas, Central Texas, and North Lou- 
isiana. These logs report the size and type of bits used. Costs 
per well were determined by pricing the reported sizes with 
standard industry prices. These observations were assumed 
to be representative for the United States as a whole with the 
exception of the Gulf Coast (83.5 per cent of rotary footage 
drilled outside of the Gulf Coast is accounted for by these 
areas). The relationship between bit cost per well and depth 
of well may be described by the equation 

y = 0,2237 - 0.3236 x + 0.1938 x2, 

where x is in thousands of feet and y in thousands of dollars. 
The corresponding index of correlation for these data is 0.977, 



CHART I

COMPARISON OF BIT COSTS AND DEPTH OF WELLS, UNITED STATES EXCLUDING GULF COAST
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Costs 
and the index of determination is 0.955. 

Bit cost per well in the Gulf Coast is lower, chiefly because 
formations found in this area are relatively soft a t  all depths 
in comparison with other areas. Consequently, it was neces- 
sary to determine separate costs for the Gulf Coast. A second 
degree curve was fitted to the bit cost per well for 25 Gulf 
Coast wells plotted against the depths of these ~e1l.s.'~ This 
equation is 

y = 2.0107 - 0.4511 x + 0.0702 xz, 
where x is in thousands of feet and y in thousands of dollars. 
The index of correlation is 0.818, and the index of determina- 
tion is 0.669. 

An average bit cost was determined for each of several 
depth ranges (see Table X) in both the Gulf Coast and the rest 
of the United States. The average cost within each depth 
range from 2,500 feet to 10,000 feet was determined by solv- 
ing the appropriate equation for the mid-point of the depth 
range. The average depth for the category Iess than 2,500 
feet was assumed to be 2,000 feet, since very few rotary wells 
are drilled in the 0 to 1,250 foot range. The average depth 
for the depth range of 10,000 feet and over for the United 
States excluding the Gulf Coast was estimated to be 11,250 
feet. For the Gulf Coast this average was estimated to be 
11,500 feet, since the Gulf Coast has a large number of very 
deep wells. 

These average costs for each depth range were then 
weighted by the co~responding percentages of rotary wells 
drilled in each range to give a weighted average cost for the 
Gulf Coast and for the rest of the United States. These two 
weighted average costs were then averaged once more and 
weighted by the proportion of drilling in the Gulf Coast and 
the rest of the United States, giving an average bit cost for 
the United States of $2,874 per well drilled. 
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COMPUTATION OF AVERAOB BIT COST PER WELL IN THE UNITED STATES 
(Weighted by Depth Distribution) 

Depth a t  
Depth Range which Cost is Per Cent 

of Rotary 
Bit Cost 

(feet) Calculated 
Wells 

Per Well 
(feet) 

I. Areas other than Gulf Coast* (83.73% of U. S. Rotary ~ 'e l ls )  
0 to 2,500 2,000 26.11 $ 351.70 

2,500to 5,000 3,750 49.55 1,735.50 
5,000 to 7,500 6,250 18.17 5,771 '50 
7,500 to 10,000 8,750 4.22 12,230.00 

10,000 and over 11,250 1.96 22,111.00 

Total 100.00 
Weighted AveragcU.  S. other than Gulf Coast 8 2,949.03 

11. Gulf Coast (16.27% of U. S. Rotary Wells) 
0 to  2,500 2,000 14.DO $ 351.70 

2,500 to 5,000 3,750 25.07 1,735.50 
5,000to 7,500 6,250 25.79 1,934.60 
7,500to10,OOO 8,750 22.24 3,440.60 

10,000 and over 11,600 12.00 6,110.90 
- 

Total 100.00 

Weighted Average-Gulf Coast only 8 2,484.90 

Weighted Average-entire U, S. 8 2,874.26 

Note: * Based on weighted average of West Texas, Ark-La-Tex, Rocky Moun- 
tains, Oklahoma, and Kansas. 

Source: See footnote 16. 

Fuel costs (and also lubricant costs) depend on the num- 
ber of days spent in drilling the well, since they are princi- 
pally a function of the time that the rig operates. The com- 
putation of an average cost per well of fuel necessitates a 
prior computation of an average drilling time. An average 
rotary drilling time per se, with no allowance for rigging up, 
completion services, dismantling, or transportation, can be 
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approximated from the series on rotary rigs running reported 
by the Hughes Tool Company to the American Association 
of Oilwell Drilling Contractors. This series indicates the 
number of rigs making hole at any particular time. Rigs are 
not reported as "running" while being moved, set up, or dis- 
mantled, while being used for completion work, or while 
undergoing extensive shut-down periods. When the number 
of wells drilled in a given year is divided by the average 
number of rotary rigs running, a figure is obtained which 
indicates the number of wells that could be drilled on the 
average by a rig which drilled continuously with no disman- 
tling and only insignificant moves from one location to an- 
other. The reciprocal of this figure gives the average time per 
well required for actual drilling operations, For the years 
1949-51 this average was 23.7 days per well. In order to com- 
pute fuel costs, it is also necessary to add to this figure the 
average time spent on location in extra day work (for example, 
setting casing) during which the rig operates. An average for 
this time was computed by averaging days of day work for 53. 
wells reported in an Oii! and Gas Jownal s~rvey .~"  This 
average was 7.2 days (the range was from 1 to 24 days). The 
total number of operating days applicable for computation of 
fuel and lubricant costs, then, is 23.7 plus 7.2, or 30.9 days 
per well, (In order to get the total time spent on location and 
in transit per well drilled, it is necessary to add an average 
moving time of one day and an average setup and disman- 
tling time of 1.5 days, giving a total time per well of 33.4 
days.)z3 

Fuel cost may be estimated by multiplying an average fuel 
cost per day by 30.9 days. For this study butane fuel costs 
were used as the most typical, although rigs also use natural 
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gas and diesel fuel. Cost data on fuel are not readily available, 
since fuel costs are often buried in accounting records with 
mud, water, lubricants, miscellaneous materials and supplies, 
etc. Consequently, it was necessasy to rely principally on 
engineering and contractor estimates for butane costs per 
day. According to West Texas contractors, an average con- 
sumption of butane for an 800 hp  engine (used on medium- 
depth wells) in West Texas would be 800 gallons per day at 
7$ per gallon (1951 prices) or $56 per day. Consumption for 
a 1,000 hp engine (for deep wells) would be 900 gallons per 
day at 7& per gallon, or $63 per day, Another contractor esti- 
mated Gulf Coast butane costs at  something more than $50 
per day. 

Another source has suggested an engineering estimation 
process. An engine shouId use about one gallon of butane for 
every eight horsepower I~ours run at fulI load. An 800 11p en- 
gine would account for 19,200 hp hours per day if run at full 
load. I-Iowever, it is estimated that 011 the average an engine 
on a rig will be run at only three-eighths of full load. The com- 
putation (96) (19,200) +- 8, gives 900 gallons per day, or $63 per 
day at 7$ per gallon. All of these estimates are at least of the 
same magnitude. They may be compased with an average of 
$52 per day based on a few actual costs for individual wells 
in West Texas and North Texas, 011 the basis of these esti- 
mates and actual costs, an approximate average fuel cost of 
$55 per day was chosen. For 30.9 operating days this would 
mean an average cost per well of $1,700. 

The other important expendable items are services. Of 
these, operating labor is the largest:* accounting for about 
one-third of totaI cost and about half of the cost of all expend- 
able items, Labor costs are also a function of drilling time, but 
in the case of labor it is the total time spent on location and in 
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transit which is relevant. While it might not be necessary to 
pay workers when the rig is in transit or when it is being set 
up  if these operations are carried on by special contractors, 
skilled drilling labor is not plentiful; consequently for short 
moves at least, the payroll would probably be maintained in 
order to keep the crew intact. 

Theoretical labor costs per well were computed by the 
following process. A crew of fifteen men, five for each tour 
(shift), was assumed to be typical of most rotary rigs (small 
rigs might use twelve men, and very large rigs might use 
eighteen men). The wages of each for the months of October 
and November, 1951, were determined from a recent study 
by the Bureau of Labor Statistics to be as follows: 

Worker 
Driller 
Derrick man 
Engine man 
Two floor men 

Dollars Per Houiq 
$2.20 

1.72 
1.64 . 
1.62 each 

Average per man $1.76 

Shift differentials are approximately 6& for the night tour and 
124 for the graveyard tour. For this reason, 6& per hour was 
added to the $1.76 figure, giving an average basic hourly 
wage of $1.82. 

This hourly figure was converted into dollars per day on 
the basis of a 56-hour week per man. This involves 600 man 
hours per week at the basic rate and 240 man hours per week 
at time and a half for overtime, giving a weekly operating 
labor cost of $1,747.20 and a daily cost of $249.60. This means 
a cost per well of $8,337, based on a total time of 33.4 days per 
well; this is the cost used in this study. 

A check on this theoretical computation is provided by a 
recent Oil nnd Gas Journal survey of labor costs." "is survey 
showed a cost of $231.50 per day on the average for a 56-hour 
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week per man in Texas, Louisiana, Oklahoma, and New 
Mexico. In some of the less important states, the figure was 
$235.94. These figures are somewhat less than our computa- 
tion, but should be close enough to serve as a check, espe- 
cially since there are no California costs included; California 
costs, which are applicable to about 6 per cent of rotary wells, 
run about one dollar per hour higher. 

In addition to wages, there are other labor costs for taxes 
and payroll insurance; these were computed by averaging 
actual costs (expressed as a percentage of total wages) in the 
major drilling states, using as weights the proportions of 
rotary drilling in each state. These states were assumed to 
be representative of the country as a whole. The average per- 
centages for workmen's compensation (which is high in this 
indusby), old age insurance, and unemployment insurance 
were applied to the average labor cost per well in order to 
determine costs per well for these tax and insurance costs. 

Per Cent Workmen's Old Age Unemploy- 
State of Eight Compensation ment 

States* ~nsurance Insurance ~nsurance 

Texas 
Oklahoma 
Louisiana 
New Mexico 
Wyoming 
Mississippi 
Nebraska 
Utah 

Total 100.0 

U. S. Weighted Average 

. . .Per Cent of Total Wages. . . . . . . . . 
12.2  1 . 5  0 . 6  
15.2 I . 5  I . 2  
10 .2  1 . 5  2 . 1  
16 .7  1 .5  0 . 6  
3 . 2  1.5 0 . 6  

10 .7  1 . 5  2 . 1  
8 . 6  1 . 5  3 . 0  
8 . 0  1 . 5  3 . 0  - - - 

Note: * Eight states have 67.4 per cent of United States rotary wells. 
Source: Computed from Oil and Gas Journal survey, Sept. 20, 1951, p. 186. 
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The process of determining the average percentages is shown 
in Table XI. 

There is one more expendable item which amounts to more 
than $1,000 per well. This is the expense of hauling the rig 
from one location to the next, an average of $1,398 per well 
drilled. The hauling of oil fieId equipment is done for the 
most part by trucking contractors who specialize in this type 
of moving. In  general, these contractors are licensed by state 
regulatory bodies and/or the Interstate Commerce Commis- 
sion. These governmental agencies establish rates which 
govern these trucking contractors. Since most rig moving is 
on a short haul basis, rates are hourly. Inquiries directed to 
oil field equipment haulers revealed that an average move 
would be about twenty miles and would take about twenty- 
four hours. Within this time the equipment is moved and set 
in place on the derrick floor, ready to be connected. Seven 
trucks and one caterpillar tractor (with operators) and two 
extra laborers would be needed for a typical moving job. 
Table XI1 indicates the process of computation of hauling 
costs. I t  shows the kinds of hauling equipment, number of 
hours each unit is used, and extra labor required, together 
with hourly rates (Texas Railroad Commission tariffs), total 
cost for each unit, and the total cost of the job as a whole. 
(Operators' wages are covered by the rate per hour for the 
trucks and tractor.) 

Other Costs. In addition to capital costs of the rig and 
appurtenances and costs attributable to individual wells, the 
drilling contractor also incurs other costs, for example, oEce 
salaries and expense, supe~visory employees' salaries, auto- 
mobile, telephone, etc.-in short the administrative costs in- 
curred in any business. These costs are partly Gxed; however, 
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Equipment Number 
of Hours Cost Per Hour Total Cost 

Size Type Used (1951 Dollars) Per Move 

94 ton 
Pipe 
Pipe 
5 ton 
5 ton 
7 ton 

15 ton 
45 HP* 

Truck 
Truck 
Truck 
Truck 
Truck 
Truck 
Truck 
Caterpillar 

Total equipment cost 

Cost of extra labor: 
2 men, 48 man hours, $1.50 per man hour 

Total Cost of Moving Rig $1,398 

Note: * Refers to Dram-bar Horsepover. 
Source: See footnote 16. 

they may vary to some extent with the number of rigs oper- 
ated by the contractor and the actual amount of drilling. 
They are not large in relation to total costs per well drilled; 
but any costs in this industry, no matter how small, are im- 
portant because of the small profit margin (if any) on which 
most contractors operate. In addition to administrative costs 
there are important expenditures for major rig repairs. 

(1) Administrative costs. Table XIII shows a breakdown 
of estimated annual costs for each of the above items, for 
firms having three, six, twelve, and twenty-four rigs respec- 
tively. These costs are based on actual cost data provided by 
several Gulf Coast contractors. The hypothetical costs for 
the various firms shown in Table XIII are based on actual cost 
records with adjustments based on advice provided by in- 
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ANNUAL ADXUNISTRATIVE COSTS FOR FIRMS OF V-UIIOUS SIZES 

3-Rig 6-Rig 12-Rig %-Rig 
Firm Firm Firm Firm 

Contractor's Salary $ 8,000 
Office Salaries 8,000 
Toolpushers 8,250 
Superintendent's Salary - 
i l~~tomobile Expense 5,800 
Telephone Expense %,' iOO 
Rent 1,300 
Legal Expense 900 ---- 

Annual Total $35,050 $69,800 $109,400 $190,800 

Cost per Well 
(capacity operation) $1,062 $1,058 $ 826 $ 723 

Source: Computed from contractors' cost data. 

dustry sources. Estimated total annual managerial costs for 
firms of several sizes are shown in Table XIV. 

The most important item in Table XI11 for each firm is that 
of salaries for office and supervisory employees. (A "tool- 
pusher" is a supervisory elnployee who looks after several rigs, 

T-~BLE XIV 

TOTAL ANNTT-~L ADZINISTRATIT'E COSTS FOB. FIRA~S OF VARIOUS SIZES 

No. of 
Rigs 

1951 
Dollars per 

Year 

Source: Computed from contractors' cost data. 
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usually two to four.) The basic office salaries are for a clerk- 
bookkeeper and office secretary; two more office personnel are 
added (at an average salary of $4,000 per person) for a six- 
rig firm, two more for a twelve-rig firm, and two more for 
the twenty-four-rig firm. One toolpusher has been assumed 
to be necessary for every three rigs, at $8,250 per year. The 
number of rigs that a toolpusher can supervise depends, of 
course, on the geographic distribution of the rigs. A company 
doing developmental drilling in one field might have five 
or six rigs operated by one toolpusher; a company doing 
scattered wildcatting might have some rigs so isolated that it 
would need one toolpusher per rig. The three-rig average 
per pusher, then, is an approximation. Companies having five 
to ten rigs may also have a drilling superintendent whose 
business it is to oversee the actual drilling operations, thereby 
leaving the contractor free to manage the office and negotiate 
contracts. Such a superintendent would earn about $9,000. 
Firms in the 10- to I s r ig  category would have a superintend- 
ent earning about $10,000. The large firm would probably 
have two superintendents. In the event that the conbactor's 
operations were widely scattered, still more superintendents 
might be needed. This is one more reason why contractors 
tend to keep their operations concentrated in one area. 
Finally, it is necessary to make some allowance for the pro- 
prietor's managerial services. The proper figure is the oppor- 
tunity cost on his services, that is, what his services could 
command elsewhere. It is, of course, impossible precisely to 
compute such a cost, since it would vary from individual to 
individual. Furthermore, non-monetary costs and benefits are 
involved, for example, lack of security, satisfaction derived 
from self-employment, etc. As a minimum approximation of 
this figure, $8,000 per year was chosen; this is about the salary 
of a toolpusher. 
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Automobile expense is computed on the basis of one car 

for the management at $2,800 per year (including deprecia- 
tion, gasoline, oil, repairs, etc.), one car for each superintend- 
ent at $2,800 per year, and one car for each toolpusher at 
$3,000 per year. Telephone expense, based on actual costs 
of a contractor operating in the Gulf Coast only, amounts to 
$75 per rig per month, or $900 per rig per year. Legal fees at 
$25 per rig per month have been included to cover expenses 
incurred in connection with contract negotiations and other 
legal matters. The rent item covers an office and lot for stack- 
ing rigs not in use; it begins at $100 per month and is gradu- 
ated upward. 

The total annual expenses for the 3-, 6-, 12-, and 24-rig Grins 
then become $35,050, $69,800, $109,400, and $190,800 respec- 
tively. The total administrative cost per well for capacity 
operation ranges from $1,062 to $723 for these firms; these 
costs are less than those of any of the important expendable 
items discussed above. (Capacity operation is 11 wells per rig 
per year, based on 33.4 days per well: 365 t 33.4 .= 11.) 
There are, then, modest decreasing costs per well in admin- 
istrative expense. However, it shouId be noted that the larger 
companies, especially, may have 'luxury" or convenience 
expenses for trucks and warehouse facilities, together with 
extra transportation costs made necessary by the negotiating 
of large numbers of contracts with many companies (a 24-rig 
company would drill 264 wells per year at 11 wells per rig). 
These expenses might well wipe out the modest economies 
of scale shown here and might, indeed, make managerial 
costs run over $1,000 per well. Furthermore, the larger com- 
panies have been assumed to have only one proprietor. In 
most cases there would be two or more partners. This would 
wipe out still more of the already modest economies of scale, 
since the spreading of the opportunity cost on the contractor's 
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salary is the single most important source of these economies. 

(2) Major Repairs. There is a final item of expense to be 
considered, viz., i l ~ a j o ~  repairs on the rig equipment. This is 
for maintenance of the heavy rig equipment and includes 
major overhaul jobs on the drawworks, engines, pumps, and 
lesser rig equipment items. (Other minor repairs were in- 
cluded in costs of expendable items.) Such major repairs 
usually occur at irregular intervals when needed, although 
some co~ltractors prefer to use periodic overhauls. In any 
event, such maintenance cannot validly be charged to the 
well being drilled when the repairs are made, since the repair 
expenditures will cover future wells. To spread this cost, 
contractors generally charge an average major repair cost 
per operating day to each well. This average is based on past 
expel-ience of total major repair bills on a rig in relation to 
the number of days during which it  was operated. For 
example, if over a period of 1,000 operating days, total major 
repais expenses on a rig were to amount to $50,000, the con- 
tractor would assess future wells $50 per operating day as an 
estimate of their share of total major repair expenditures. 

Upon the basis of estimates provided by several contractors 
covering Gulf Coast and West Texas rigs, an approximate 
major repair cost of $50 has been used in this study. This 
would mean $1,545 per well, for 30.9 operating days. 

Compzltation of the Cost Czcrue. I t  is now in order to com- 
bine the costs examined above into long- and short-run cost 
cusves. A 'long-run" cost curve shows the least possible ex- 
penditure for producing any given output. The long-run 
curve to be computed here will show the least cost of pro- 
ducing all outputs up to 264 wells per year. This means that 
it will cover firms of various sizes, specifically from one 
through twenty-four rigs per firm. Short-run curves, on the 
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other hand, show variations in cost with output for a firm of a 
given size, say six rigs. A long-lun curve is in reality an "enve- 
lope" curve of short-run cmves, showing which size firm can 
produce each output for the least amount. For example, a six- 
rig firm with a capacity of 66 wells per year can be used to 
drill 11 wells per year; however, a one-rig firm migllt do this 
at a lower cost per well, since i-t would have less fixed costs 
than the six-rig firm. If the one-rig firm gives a lesser cost per 
well of drilling 11 wells per year than any other firm, then its 
cost is the long-run cost per well. 

The annual costs attributable to the capital outlays may 
be divided into two categories: (I)  interest or opportunity 
cost and (2) depreciation. If the contractor uses his own funds 
for the initial outlay, then he must include in the cost of con- 
ducting this enterprise an 'bpportunity cost" or allowance for 
the return he might have earned elsewhere. The best way to 
treat this problem is to include an allowance for something 
more than tile certain return available from government 
bonds. Had the drilling contractor invested in government 
bonds he could have earned 3 per cent; consequently he fore- 
goes a certain return of 3 per cent when he enters the drilling 
business. This known foregone gain is as much a cost of drill- 
ing as is the purchase of a rock bit. Furthermore, it would 
be expected that anyone should be able to find an investment 
in a private enterprise, which involves some degree of risk, 
at  slightly more than the return available in governnlent 
bonds. There is, then, a reasonably certain foregone gain of 
something more than the return available from the safe 
investment. For this reason, as an approximation of the op- 
portunity cost charge, we have cl~osen a return of 4 per cent 
per year. This return on the initial outlay of $155,434 would 
amount to $6,217 per rig per year, or $565 per well if the rig 
is operated at capacity (11 wells per  ear). This is a fixed cost, 
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in that it is incurred regardless of the level of "output" of the 
firm, that is, regardless of the level of drilling casried on by 
the &m, If the firm drills one well per rig per year, it incurs 
an annual cost of $6,217 per rig per year; if the firm drills 11 
wells per rig per year, it incurs an annual interest cost of 
$6,217 per year. It is therefore to the firm's advantage to drill 
at capacity and thereby spread this cost which is a function 
not of output, but of time, over as many wells as possible. 

There are several points which should be noted about the 
opportunity cost charge. First, if the driller borrows money to 
buy the rig, or buys it on an instalIment plan, he may pay a 
higher rate of interest, say 6 per cent per year. This would 
make the fixed cost $9,326 per rig per year, or $848 per rig per 
well at capacity operation. Second, the opportunity cost rate 
might be higher to any individual who had some more profit- 
able alternative investment possibility; however, it is prefera- 
ble to include only a known opportunity cost rate in the cost 
computation. In this way, 4 per cent can be included by a 
potential investor in computing costs of each of several in- 
vestment opportunities; he may then choose the one giving 
the highest expected return over the costs so computed. To 
indude an opportunity cost of, say, 12 per cent would be 
irrational, since any business supposedly offering such a 
return would usually be highly risky; hence the return might 
well turn out to be zero or even negative. Third, it should be 
pointed out that no interest or opportunity cost need be 
applied to subsequent expenditures on auxiliary rig equip- 
ment items. The funds for such expenditures will be provided 
by stlbsequent drilling. If they are not, then the equipment 
wilI not be needed; hence, no more of the contractor's funds 
need be committed, nor need he borrow additional funds, 
(This point will be developed further in the discussion of 
depreciation below.) Finally, interest or opportunity costs 
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per rig do not vary with the size of the firm. A firm having 
three average size rigs incurs precisely three times the oppor- 
tunity cost of a film having one average size rig. Tllere are no 
economies of scale present in interest costs; neither do they 
increase per rig. (This comment ignores any increased bar- 
gaining power a larger firm might have with the suppliers of 
rigs; such power might gain it price concessions and there- 
fore lower initial outlays and interest costs.) 

The depreciation rate assumed in this study (see page 29) 
is based on estimated physical depreciation, as opposed to 
economic obsolescence. For this reason, depreciation is a 
variable cost, not a fixed cost. If the rig is not operated, there 
is no strain on the engine; consequently, the engine does not 
lose any of its life. (This assumes, of course, that it is not 
permitted to rust away while idle,) Should the expected eco- 
nomic life of a plant in a given industry be less than the 
expected physical life (e.g., the life of an oil refinery in the 
Middle East in a nation which is momentarily expected to 
nationalize its oil), then depreciation becomes a function of 
time-the time before nationalization is expected in this case. 
A more common cause of economic depreciation before the 
plant is worn out physically is obsolescence; this is also a 
function of time. In our case, depreciation is a function of 
the number of wells drilled. For purposes of simplification, 
we shall assume straight line depreciation; that is, when the 
rig has drilled six of its predicted sixty-six wells, it is one- 
eleventh depreciated, when it has drilled twelve wells, it is 
two-elevenths depreciated, etc. Furthermore, an average 
depreciation per well will be computed. This means that the 
sum of all capital outlays will be divided by the number of 
wells drilled, with no attempt to adjust for the dynamic 
pattern of expenditures for auxiliary equipment over the life 
of the rig. It is not, however, permissible simply to divide the 
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unadjusted sum of all capital outlays by the number of wells 
drilled. Some allowance must be made for any scrap value of 
the capital equipment. In the case of the rig proper, such an 
allowance after 2,000 operating days would probably be 
about 15 per cent of the initial cost; this allowance does not - 
apply to the mast, which lasts for many years and can be 
assumed to have a value at the end of six years which is 
approximately equal to the initial cost. 

X E ~ I ~ ~ I N I N G  USE VALUH OF AUXILIARY RIG EQUIPBIEST 

Per Cent 
Depreciated Amount 

Last 
Eupeliditure 

a t  End of Charged as 
Six-Year Ilepreciation Use Valuc 

Period 

Ill ill I'ipe $6,4s19 95.89 16,148 $ 901 
Drill Collars 7,799 90.00 l , $60 6,239 
Tool Joints 8,099 38.49 5,115 4,977 
Subs 171 7G. 94 132 39 
Plt~gs 110 71.03 78 3% 

Total $11,551 

Source: Computed fro111 Table VII. 

The depreciation cost of t l ~ e  auxiliary equipment is the 
total outlay less the remaining use value at the end of six 
years. I t  will be noted from Table VII that the final pur- 
chases of several items of auxiliary equipment are not com- 
pletely depreciated at the end of six years. Their remaining 
value may be computed by determining the percentage of 
their expected life already used, applying this percentage to 
the total of the last expenditure, and then subtracting the 
result fro111 the last expenditure. This computation is sum- 
inarized in Table XV. 

The computation of the depreciation expense for capital 
equipment is summarized in Table XVI. 
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TABLE XVI 

COMPUTATION OF DEPRECI.~TIOW EXPENSE FOR RIG EQUIPMENT 

Initial outlay for rig proper $123,310 
Less: Average cost of mast 18,687 

$104,603 
Less: Remaining scrap value @ 15% 15,690 

Depreciation expense for rig proper $ 88,933 

Total outlay for auxiliary rig equipment $123,149 
Less: Remaining use value 11,551 

Depreciation expense for auxiliary rig eqaipment $111,598 

Total depreciable expense $200,531 

On the basis of 66 wells per rig, the depreciation expenses 
per well are $1,347 for the rig proper, $1,691 for the auxiliary 
equipment, and $3,038 for all capital equipment. These costs 
also do not vary per rig with the size of the firm (again ignor- 
ing any increased bargaining power with size). 

No further adjustments need be made on the costs of 
expendable items computed above before combining with 
the other costs. These costs are attributable to a given well; 
in order to compute them on an annual basis, $17,449 per well 
(from Table IX) is mxrltiplied by tlle number of wells (11)- 
giving $191,939 per year for capacity operation. These costs 
are also independent of the size of firm. Since the major repair 
costs have also been computed on a per well basis, they may 
be treated in the same manner as the expendable items and 
the physical depreciation charges. They are constant per well 
(on the average, of course) and are independent of the size 
of firm. 

Finally, the administrative costs must be considered. These 
costs are to a certain extent fixed costs which are a function 
of time, e.g., supervisory salaries (in part at least), office 
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expense, etc. They also vary with the number of rigs. It has 
been assumed that telephone costs, for example, are constant 
per rig per month. If a rig were stacked in the yard for part 
of a year, these costs would not be so high for that rig, insofar 
as calls to the field are concerned; however, there would 
probably be more calls seeking business for the idle rig. For 
this reason it seems permissible to make a simplifying as- 
sumption that the telephone expenses are independent of the 
number of wells drilled per rig. Similarly, legal and tool- 

TABLE XVII 

~DMIN~STRATIVE COSTS PER  WE^ 
(Capacity operation) 

Total Administrative Administrative 
Size of Firm Cost Per Year Cost Per Well 

I rig 
3 rigs 
6 rigs 
9 rigs 

12 rigs 
15 rigs 
18 rigs 
21 rigs 
24 rigs 

Source: Table XIV. 

pusher expenses have been assumed to be independent of 
the number of wells drilled per rig. In any event, these costs 
per well are unimportant in relation to total. 

The cost per well per year attributable to administrative 
expenses for firms of various sizes is shown in Table XVII. 
It will be observed that this cost, unlike the others, decreases 
with the size of firms. There are, as was noted above, some 
economies of scale attributable to the spreading of adminis- 
trative costs over more rigs; however, these economies, as 
shown in Table XVII, are quite modest in relation to total 
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cost per well, especially for firms having more than one rig. 
Furthermore (see page 45), the economies may be overstated. 
The difference between the cost per well for the three- and 
twenty-four rig firms is only $339; this is not a large amount 
relative to a total cost per well of some $23,000. 

TABLE XVIII 

COST PER WELL OF DRILLING CONTR~~CTOR-TRRE?~- AND 

TWENTY-FOUR RIG FIRMS 
(Capacity Operation) 

. . . . . 3-Rig Firm. . . . . . . . . . .24-Rig Firm. . . . . . 
Dollars Per Cent Dollars Per Cent 

Per of Total Per of Total 
Well Cost Well Cost 

Opportunity Cost a t  4% $ 565 2 . 4  $ 565 2 .4  
Depreciation on Rig Proper 1,347 5 . 7  1,347 5 .8  
Depreciation on Auxiliary 

Rig Equipment 1,691 7 .1  1,691 7 .3  
Cost of Expendable Items 17,449 73.8 17,449 74.8 
Managerial Costs 1,062 4 .5  723 3 . 1  
Major Repairs 1,545 6 . 5  1,545 6 .6  - - - 

Total $93,659 100 .O $93,320 100.0 

Source: See pages 46-53. 

The aggregation of average costs per well, covering oppor- 
tunity cost, depreciation, expendable items, major repairs, 
and administrative costs is shown in Table XVIII for three- 
and twenty-four rig firms. 

In order to compute a long-run annual total cost curve 
showing the cost of drilling various numbers of wells per 
year, it is now necessary simply to add to the fixed costs (those 
vaiying with time) of firms of the various sizes covered, the 
total of the costs per well which are associated with indi- 
vidual wells. The latter are depreciation (since depreciation 
in this case is a function of use), all costs of expendable items, 
and major repairs. Opportunity cost and administrative costs 
are fixed. Since onIy one of these costs, viz., administrative 
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expenses, changes a t  all per well with output (and it changes 
very little in relation to total cost) the long-run total cost 
curve will approximate a straight line. In other words there 
are approximately constant costs in the long sun-constant 
average and marginal costs which are equal. The long-run 
costs per yeas and per well for capacity operation are shown 

TABLE S I X  

LOXG-RUN TOTAL a l ~ ~ ~ ~ ~  EXPENDITURES AXD COST PER WELL DRILLED 
FOR FIRMS OF VARIOUS SIZES-CAPACITY OI'ER.ITION 

Wells per Cost per 
No. of Year a t  Total Cost TJ7c1l a t  
Rigs Capacity per Year 

($000) 
Caparity 

Operation Operation 

Source: Computcd from data in Tal~les XVII and XVIII. 

in Table XIX and Charts I1 and 111. For purposes of sim- 
plicity, these data are shown (in the case of all films larger 
than three rigs) only for firms having rigs in multiples of 
three; actually, tlie "steps" in Chart I1 should occur after the 
addition of each rig, but the error involved is negligibIe. 

The long-run cost curves in these charts are, of course, 
envelope curves of a series of short-run curves for firms of all 
possible sizes. Since we have assumed that only the adminis- 
trative and opportunity costs are fixed, these short-run curves 
do not vary appreciably from tlle long-run curve, except for 
operations at very low percentages of capacity. Costs per 
well for most possible levels of operation of a six-rig firm are 
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CEIART I1 
ANNUAL LONG-RUN TOTAL COSTS FOR THE ROTARY DRILLING 

CONTRACTOR I~TDUSTRY 
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TABLE XX 

SFIORT-BUN COSTS FOR SIX-RIG FIRM-TOTAL ANNUAL EXPENDITURES 
AND COSTS PER WELL DRILLED 

No. of Welb Total Cost per 
Drilled Expenditures Well 

Source: Computed from data in Tables XVII and XVIII. 

shown in Table XX. This is the short-run cost curve drawn in 
Chart IV. Costs per welI in the short run at first decrease 
rapidly as the number of wells drilled increases and then 
begin to level off, reaching a minimum at capacity operation. 
This means that each rig should be utilized to capacity; it 
does not in itself mean that there would be a cost advantage 
from owning several rigs. A firm owning one rig would 
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achieve minimum costs per well when it operates at capacity; 
a firm owning two rigs wouId achieve minimum costs per 
well when both are operated at capacity, etc. There is no 
necessary implication from a decreasing short-rutz curve that 
the nlinimum cost per well for the second firm would be any 
lower than tliat for the first. In this industry minimum costs 
are not appreciably lower for Iarge than for small fi~ms. 

We may conclude from Charts 11 and I11 that, insofar as 
costs are concerned, the drilling contractor industry for all 
practical purposes meets the requirements of pure competi- 
tion, viz., no important economies of scale. 



IV. PRICES 

P RICE DETERMINATION. Prices received by drilling 
contractors are in general determined on the basis of bids 

which the contractors submit to the oil companies. The con- 
tract is usually awarded to the lowest bidder, although the 
oil company may give some consideration to the condition of 
the contractor's equipment and to its knowledge of his past 
performance. 

Production departments of the various oil companies main- 
tain records on established contractors operating in each 
region, These records show the type, capacity, and condition 
of equipment owned by each contractor, together with infor- 
mation on his financial position and reliability. When the oil 
company wishes to secure bids on a new well, it sends bid 
forms, sample contracts, and technical data (for exanlple, well 
location, geological fosmations, availability of water and fuel, 
etc.) to a representative group of contractors in the vicinity 
of the proposed well, together with instructions for bids to 
be returned by a specified date. The oil company will not 
necessarily try to get bids from every contractor in the area 
on each occasion. The number of invitations is influenced by 
knowledge of the type and availability of equipment owned 
by the contractor. For example, a contractor with equipment 
suitable for drilIing 5,000-foot wells would not be asked to 
bid on a 10,000-foot well. However, the companies try to 
rotate the invitations and give each contractor in an area an 
opportunity over a period of time to bid on wells suitable to 
his equipment. 

The list of eligible contractors is not closed, aIthough there 
are well-established relations between some of the oil com- 
panies and specific drilling contractors. New contractors just 

5 9 
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entering the field contact production departments and sub- 
mit information concerning their equipment. If they are able 
to meet the oil companies' general requirements with regard 
to equipment, financial position, insurance coverage, etc,, 
they will be given an opportunity to submit bids, Further- 
more, any contractors not contacted directly may submit 
bids should they hear about the opportunity. 

The bid (and the final contract) provides that the contractor 
will be reimbursed on the basis of a footage rate and a day 
rate. The footage rate represents the charge per foot of hole 
drilled. This rate may be an average applicable to the entire 
depth or it may be quoted as so much per foot in various 
depth ranges. For a given location, the oil company will care- 
fully specify the equipment, tools, materials, and services to 
be fu~nished by the contractor and those to be furnished by 
the company. The responsibility for various items may some- 
times vary according to location and the policies of the oil 
companies. (For the purposes of this study it has been neces- 
sary to assume a standard division of responsibility for the 
various items, following the most common practices, in order 
to be able accurately to match estimated industry costs and 
revenues.) A11 the bids on a given location are based on the 
same specified responsibility for the various costs on that 
location. For example, all contractors would either include or 
exclude mud costs in their bids. 

The day rates reimburse the contractor for the days his 
equipment is being used for setting production-string casing, 
coring, testing, electric logging, gun perforating, and other 
work performed at the request of the company. Day rates for 
a given well valy to some extent with the depth at which the 
work is performed. 

The footage rate is usually the most important factor in 
determining the cost of the well, but the oil company must 
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also consider the effect of the day rate on the cost of the well 
when awarding the contract. The company estimates the 
number of days of day work which it believes will be required 
and computes a composite footage-day work cost. The lowest 
of these composite costs would get the bid. This might not 
be the contractor who had submitted the lowest cost per foot. 
This means that if the oil company guesses wrong on the 
number of days of day work, it may have awarded the bid to 
the wrong contractor. Some other contractor's footage plus 
day-work charge computed with the correct number of days 
(determined by hindsight) would actually have given a lower 
cost to the oil company. If this contractor had correctly 
guessed the number of days while the oil company missed, 
the low bidder lost a contract through no fault of his own. 
In  short, the low bidder does not always get the contract 
because the inclusion of the day-work charge makes it im- 
possible precisely to determine the low bid until after the well 
is drilled. If footage bids are quoted in 25-cent spreads (e.g., 
$3.50, $3.75, $4.00, etc.), however, day-work differences 
would rarely be sufficient to offset the low footage bid. 

Since the bids are not made public, sufficient data are not 
available for a complete quantitative evaluation of the results 
of this pricing system. However, the bids received by one oil 
company on three recent wells are shown in Table XXI. Nine 
contractors were asked to bid on we11 number 1; only three 
bids were received, while the other six contractors reported 
that they had no rig available for the job. Ten contractors 
were asked to bid on well number 2; five bids were received 
and five contractors reported no rig available. Fourteen con- 
tractors were asked to bid on well number 3; twelve bids were 
received and two contractors reported no rigs available. 

The contract for well number 1 was awarded to the lowest 
bidder. The contract for well number 2 was awarded to the 
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second lowest bidder. In this case, the contract was not 
awarded to the lowest bidder because the oil company did not 
lcnow the condition of the contractor's equipment, and there 
was not sufficient time to make further investigation. (This 
was a contractor who bid on his own initiative.) The contract 
for well number 3 was awarded to the Iowest bidder after he 
was informed that he was considerably lower than the other 
bidders. Although he was given an opportunity to review his 
calculations and withdraw, he chose to enter into the contract 
and lost approximately $50,000 on the job. This is a policy of 
some oil companies. When the low bid is believed by the 
company to be too low, the company gives the contractor the 
chance to review his estimates and withdraw his bid if he 
wishes. (He is not allowed to raise his bid.) Note that all of 

TABLE XXI 

BIDS RECEIVED BY AN OIL COMPANY FROM BUILDING CONTR.\CTORS 
FOR TIIREE WELLS IN TEXAS GULF COABT--~!%~ DATA 

Well #l \lrell # i ~  Well #3 
7,500 Ft.  9,500 Ft. 10,500 Ft. 

Bid 
Footage Day Footage Day Footage Day 

Rate Rate1 Rate Rate1 Rate  Rate1 

$1, roo 
1,050 
1,100 
1,000 

840 
1,050 

900 
950 
880 

1,000 
1,050 

850* 

Day rate I\ it11 drill pipe. 
" Contract awarded a t  this rate. Lower day-work rate on $4.75 bid on Well #5! 

n~oulcl not offset the lower per-foot bid of $E.50. 
Source: De~ived from records of an  oil company. 
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the oil companies are not so altn~istic. Indeed, some oil com- 
panies do part of their drilling with their own rigs; one reason 
for this is to provide a "yardstick" by which to measure con- 
tractor performance in regard to costs, days of day worlc 
necessary, etc. Should these company rigs be high-cost rigs, 
this practice would not be an unmixed blessing to the oil 
companies. 

The distribution of bids in these three cases is about what 
might be expected in a series of independent bids. The vary- 
ing bids may reflect any or all of the following: 

(1) Actual differences in the costs of specific contractors 
resulting fsom the condition of equipment and historical costs 
of rigs. 

(2) Lack of uniform accounting for such items as deprecia- 
tion and major repairs. 

(3) Differences in the contractor's willingness to take con- 
tracts at less than "full cost" rather than to discharge crews 
or stack rigs (and hence have idle capacity), 

(4) A lack of familiarity on the paxt of contractors new to 
an area with either special drilling problems to be encoun- 
tered in the area or the drilling techniques best suited to 
these conditions. 

(5) Differences in their need for cash to meet maturing 
obligations to banks and/or supply houses. 

(6) The contractor's desire to get the bid on a specific well 
in hope of getting contracts for additional wells in the same 
area. (For example: the contractor who was awarded the con- 
tract for well number 1 also received contracts for three addi- 
tional wells in the same field without additional bidding.) In 
this case the contractor may use the first well as a sort of "loss 
leader" to get further profitable contracts. He could not vary 
the bid prices on the wells appreciably, but savings in trans- 
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portation costs on subsequent wells could easily give him a 
profit on those wells, 

There are other exceptions to the bid system. Probably the 
most important is that some contractors have a variety of 
personal or financial connections with the oil indust~y; as a 
result they may get preferential treatment in regard to drill- 
ing contracts. Indeed, some contractors actually have an 
established clientele. 

T l ~ e  system of bidding outlined above is the basic mechan- 
ism by which the general level of prices is determined in tlle 
drilling contractor industry. Is this pure competition? Such a 
bidding system clearly has more inlperfections than the classi- 
cal econonlists would have permitted in a perfect market. 
Indeed, it has more imperfections than would be found in a 
market such as an organized stock exchange, All of the possi- 
ble alternative sources of supply are not contacted by the oil 
company at any one time. Bid conlputations by the company 
are to some extent hypothetical. Some companies deal with 
contractors on a client basis. Others would generally con- 
tact the same group of contractors for each well; among these 
there would be competition, but other contractors might not 
be aware of the opportunity. In spite of these imperfections, 
the fact remains that the oil conlpany has a very large num- 
ber of alternative choices of drillers whenever it needs a we11 
drilled. True, it may only contact a few; fusthermore, it may 
deal regularly with a favored contractor on a client basis. 
I-Iowever, should the contractors contacted or the regular 
contractor deviate too far from what the oil company con- 
siders reasonable, then other choices are available. The 
cirillers without doubt recognize this; consequently, even the 
more favored contractors operate and bid under an ever- 
present threat of potential competition from any of a large 
number of alternative drillers. This threat of potential com- 
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Depth Range Per Cent Contract 
in Feet of Wells Pee 

I. U. S. less Gulf Coast and California (77.52% of U. S. 'Wells). 
0 to 2,500 25.64 $ 3.08 

2,500 to 5,000 50.23 3.90 
5,000 to 7,500 18.35 5.37 
7,500to10,OOO 4.01 7.20 

10,000 and over 1.77 9.30 

Total 

Weighted Average $ 4,19 

IS. Gulf Coast (16.270/0 of U. S. Wells). 
0 to 2,500 14.90 $ 1 . 8 0  

2,500 t o  5,000 25.07 0.50 
5,000to 7,500 25.79 3.50 
7,500 to 10,000 22.24 4.49 

10,000 and over 12.00 5.69 

Total 100.00 

Weighted Average $ 3.48 

III. California (6.21% of U. S. Wells). 
0 t o  2,500 31.93 $ 3.67 

2,500 to  5,000 41 .O% 5.49 
5 ,000to  7,600 15.97 8.09 
7,500to10,OOO 6.71 10.68 

10,000 and over 4.37 13 2s  - 
Total 100.00 

Weighted Average $ 6.01 

U. S. mTeighted Average: $ 4.19 

Source: Computed from data in Oil and Gas Journal. See footnote 26. 

petition should hardly be less effective than actual competi- 
tion, even though there are some imperfections and each 
transaction is conducted on an individual basis. I t  is safe to 
say that price in this industry is competitively determined 
with a minimum effect from the market imperfections noted. 
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Computation of Average Price. An average price per well 

drilled charged by drilling contractors has been computed by 
adding an average actual price charged on a per-foot basis 
to an average day-work charge. 

Actual price data on about 225 drilling contracts were ob- 
tained from two recent surveys by the Oil and Gas Jou9-rial."': 
These cover per-foot prices of drilling pel. se. Charges for 
extra time spent on location after drilling is h ished will be 
discussed below. Table XXII indicates the average contract 
fee (for each depth range used in the cost discussions above) 
for the Gulf Coast, California, and the rest of the United 
States, together with a United States weighted average price 
per foot drilled of $4.19. This would mean a total charge per 
well of $17,837 for an average depth rotary well (4,257 feet 
in 1951). 

The prices shown in Table XXII for the United States 
excluding Gulf Coast and CaIifornia (77.52 per cent of rotary 
wells) were determined from Chart V. This chart compares 
contract fees per foot with depth for wells of various depths; 
it covers drilling in West Texas, Arkansas, North Texas, North 
Louisiana, Oklahoma, Kansas, Illinois, and the Rocky Moun- 
tain states. I t  is apparent that the price charged per foot by 
contractors, even under the pressures of conlpetitive bidding, 
increases with the depth of ~ e l l - ~ ~ o b a b l ~  at an increasing 
rate. A straight regression line was fitted to these data by the 
method of least squares, The equation of this line is: 

y = 1.4549 + 0.6614 x, 

where y is in dollars per foot and x is in thousands of feet. 
The coefficient of correlation for this line is +.870, and the 
coefficient of determination is .757. A second degree equation 
was also fitted to these data in an attempt to improve the 
relationship. The equation for this line is: 

y = 2.3626 + 0.3019 x + 0.0287 x2, 
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where y is in dollars per foot and xis in thousands of feet. The 
corresponding index of correlation is .901, and the index of 
determination is .811. An "F" test showed that the decrease 
in unexplained variance obtained by using the second degree 
Iine is statistically significant. This second degree curve was 
therefore used to determine average contract fees per foot 
for the United States excluding the Gulf Coast and California. 
These are the prices shown in the first section of Table XXII, 
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The prices for each depth range were determined by solving 
the equation for the mid-point of each of the depth ranges 
between 2,500 feet and 10,000 feet. The corresponding figure 
chosen for the depth range from 0 to 2,500 feet is 2,000 feet, 
which was assumed to be the average depth in that interval. 
The average depth over 10,000 feet was assumed to be 11,250 
feet. An average price for all wells was determined by weight- 
ing these prices by the percentage of wells drilled in each 
depth range. The average so determined is $4.19 per foot. 

Prices per foot in the Gulf Coast area are generally lower 
(for wells of the same depth) than in the rest of the United 
States because of the softer formations in this region. A pro- 
cedure similar to that used for the major part of the country 
was used to compute Gulf Coast average prices, A straight 
line was fitted to forty-three Gulf Coast per-foot prices for 
wells of various depths. The equation of this line is: 

y = 1.0052 + 0.3987 x, 
where y is in dollars per foot and x is in thousands of feet. 
There was no indication of a curvilinear relationship in Gulf 
Coast prices. Similar mid-points were used to determine 
average prices within each depth range, except that 11,750 
feet was used as an average for wells over 10,000 feet, since 
Gulf Coast wells are deeper on the average than those in the 
rest of the United States. The average price for the Gulf 
Coast was determined by weighting the average prices in 
each depth range by the percentage of Gulf Coast rotary 
wells drilled in that range. 

Prices in California are appreciably higher than in the rest 
of the United States (labor costs, for example, are about $1.00 
per hour higher than in other areas). A straight line was fitted 
to thirteen prices lor California. This line was used to deter- 
mine the prices for various depths and the region as a whole 
in a manner similar to that used for the major drilling regions 
and for the Gulf Coast, 
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The composite price per foot for the United States as 3 

whole was determined by averaging the regional average 
prices for Gulf Coast, California, and the rest of the United 
States, using as weights the percentage of total rotary drilling 
accounted for by each of these sections. By coincidence this 
composite price is the same as that for the United States 
excluding California and the Gulf Coast-$4.19 per foot. The 
higher prices in California are offset by the lower prices in 
the Gulf Coast, when the relative proportions of drilling in 
those areas are used as weights in the averaging process. The 
total footage revenue for an average depth rotary well (4,257 
feet) would be $4.19 times 4,257, or $17,837. 

The computation of an average charge per well for day 
work involved two steps (I) determining an average time and 
(2) determining an average charge per day. In  order to deter- 
mine the average days of day work, an arithmetic mean of 
day work for 53 wells was c~mputed.~ '  The range of day work 
was from 1 to 24 days, and the arithmetic mean was 7.2 days. 
In order to determine an average price per day, prices from 
a sample of 202 wells from all areas of the country which 
have rotary drilling were averaged by regions.28 The average 
regional prices were then weighted by a regional rotary drill- 
ing distribution in order to get a composite price per day for 
the country as a whole. This process is shown in Table XXIII. 
The United States average price is $621 per day; the average 
price per well, using 7.2 days per well, would then be $4,471. 

The total average price per well for a rotary well of average 
depth, 4,257 feet, can now be computed by adding the total 
footage revenue ($17,837) and the total day-work charge 
($4,471)-giving a total fee per well of $22,308. (On a per foot 
basis, this total would be $5.24.) On the average, then, a drill- 
ing contractor would expect to get $22,308 per well for each 
well drilled-if the distribution of his individual well depths 
corresponds to the national average. 
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T>IBLE XXIII 

Region 
Number of Dollars per 

Wells Day 

West Texas-Nev Mexico 
Ark-La-Tex 
Gulf Coast 
Oklahoma 
Kansas-Nebraska-Missouri 
Rocky Mountains 
California 
Middle West 

Total 
Weighted Average 

Source: See footnote 26. 

The figure of $5.24 per foot is somewhat lower than those 
usually mentioned in trade journal discussions of drilling con- 
tract fees. For example, an officiaI of the American Associa- 
tion of Oil Well Drilling Contractors reported in late 1951 that 
the average revenue was $6.00 per foot,zg In their Primer of Oil 
Well DrilMng the same association reports an average footage 
revenue of $5.83 for 1951." In spite of these estimates, it is 
felt that the evidence presented in Chart V cannot be ignored. 
There is a tendency in the oil industry to use averages in- 
fluenced by deep well activity, not averages weighted by 
depths and regions. The unweighted average depth of the 
wells covered in Chart V, together with those for the Gulf 
and Pacific Coasts, is 6,113 feet, wfiiIe the average depth of 
all rotary weIls is 4,257 feet. The corresponding unweighted 
average of the per-foot prices (excluding day work) is $5.12. 
When this figure is added to the unweighted average day- 
work charge ($616 per day),31 quoted in teims of feet of an 
average depth well (i.e., $1.04 per foot), a total footage reve- 
nue of $6.16 is obtained. Such a figure is comparable with 
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those cited by the Association; but it is determined by the 
unweighted averaging of costs of wells having an avesage 
depth much deeper than that for the nation as a whole-with- 
out consideration of geographical variations in prices. It 
would seem, therefore, that the use of a figure such as $6.00 
cannot be considered valid, The data in C h a t  V appear, 
without further contrary evidence, much to be preferred. 



V. PROFITS 

T RE economic theory of pure competition would assert 
that in the long run there will be no abnormal profits in 

a purely competitive industry. There is free entry; should the 
industry begin to make abnormal profits, new firms will enter, 
prices will be driven down, and the abnormal profits will be 
erased. Consequently, if the drilling contractor industry be 
purely competitive, we should expect to find the contractors 
making normal profits, say 3 or 4 per cent, on their invest- 
ment; that is, if total revenue and total cost (including an 
opportunity cost allowance of 4 per cent) are plotted on the 
same chart, the lines should coincide. 

Chart VI shows total cost (determined from Section 111) 
and total revenue (determined from Section IV). In such a 
diagram, the firm makes "profits" where total cost is less than 
total revenue and losses where total cost is greater than total 
revenue. In  Chart VI, total cost is greater than total revenue 
throughout the range of output. This means that a firm 
entering the drilling contractor industry has no prospect of 
profit, only of perpetual loss-unless prices should rise rela- 
tive to costs. If these costs and revenues are correct, then the 
drilling contractor industry as a whole is showing a loss; 
under such conditions it  would be expected that some con- 
tractors would fail and leave the industry. After a sufficient 
number have failed (and industry capacity is reduced) prices 
would be expected to rise somewhat, everything else being 
equal. (The data in Chart VI, together with average and 
marginal cost and revenue, are shown in Table XXIV.) 

It must be remembered, however, that all of the spread 
between the total cost and total revenue curves shown in 
Chart VI is not absolute loss. The total cost curve includes an 

7 2 



TABLE XXIY 
SUMK~RY TABLE OF REVENUE, COST, AND PROF~TB FOR TIIE ROTARY DRILL~NG 

CONTR 1CTOR INDUBTRY-CAP~~CITY OPERATION 

No. of Total Total Total Average Average Average Marginal Margind 
Rigs Revenue Cost I'rofi t Revenue Cost Profit Revenue Cost 

. . . 1951 Dollars (Thousands) per Year . . . . . . . . . . . . . . . . . . . 1951 Dollars per Well . . . . . . . . . . . . . . . . . . 
1 $ 245.4 r$ 263.4 $- 18.0 $22,308 $23,9$5 $-1,637 

$28,308 $22,888 
2 490 .8 515.1 - 42.3 22,308 23,414 -1,106 

22,308 26,147 
3 736.2 780.8 - 44.6 22,308 23,659 -1,351 

22,308 D,650 
6 1,472.3 1,561.2 - 88.9 22,308 23,655 - 1,347 

22,308 9 ,177 
-l 
w 9 2,208.5 2,926.1 -117.6 22,308 23,496 -1,188 

22,308 23,217 
12 2,924.7 3,093.2 -148.5 22,308 23,433 -1,125 

22,308 23,008 
15 3,680.8 3,852.5 -171.7 22,308 23,328 -1,010 

22,308 23,556 
18 4,283.1 4,629.8 -346.7 22,308 23,383 -1,075 

2%,308 22,935 
21 5,153.1 5,386.7 -233.6 22,308 23,319 -1,011 

22,308 22,761 
24 5,889.3 6,156.5 -267.2 22,308 23,320 -1,012 

Note: All costa include 4% opportunity cost on initial mtlay and alIonrance for proprietor's salary. 
Source: Revenues computed from average revenue (per well) determined in Section IV.  

Costs from Table XIX. 
Profit equals revenue minus cost. 
Marginal revenue and marginal cost eclt~al change in total revenue and total cost respectiveIy. 
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estimate of normal profit which the driller should expect in 
order to be slightly better off than if he had put his money 
in a perfectly safe investment. The magnitude of the "loss" 
per well drilled is indicated in Table XXV for firms of several 
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TABLE XXV 

AVERAGE "PROFIT" PER WELL DRILLJED-CAP~ICITY OPERITION 

3-rig Firm 12-rig Firm 24-rig Firm 

Average revenue per me11 $22,308 $22,308 $22,308 
Average cost per nwll 35,659 23,433 23,320 

"Profit" per we11 -1,351 -1,135 -1,0la 

Total opportunity cost per n-ellY 807 626 595 

"Profit" excluding opportunity 
cost from cost per %.ell $- 541 $- 499 $- 417 

* At 4% per year on the initial outlay, plus $8000 per year for the contractor's 
salary. 

sizes. When the opportunity costs on the initial outlay and 
the proprietor" salary are subtracted, the losses are not large 
in relation to the cost per well (2 per cent of total for the 12- 
rig firm). I t  is possible that such a small di.fFe1-ence between 
price and average cost per well is not significant because 
of the approximations involved in computing some of the 
costs and in computing prices. For example, if the estimates 
for fuel and major repairs had each been $5 per day less than 
those used, then the cost would be $309 less per well; this 
would eliminate much of the loss remaining after subtracting 
the opportunity cost allowance. On the other hand, every 
effort has been made to keep the costs used in this study on 
the conservative side; we feel reasonably sure that these costs 
are not overstated. The valid conclusion to be drawn from 
Chart VI is that the drilling contractor on the average is not 
making any appreciable profit; and that, indeed, he is quite 
possibly suffering a small loss every time he drills a well. 

There are several qualifications which must be made to 
this general assertion: (1) If the driller were forced to buy his 
rig on time at  an interest rate of 6 per cent, then we could not 
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subtract all of the opportunity cost from the loss; rather we 
should have to add $283 per well. The opportunity cost on 
the initial outlay is now a cash cost. It would mean losses of 
$827, 782, $700 per well for each of the three sizes of firms 
listed above. These would be real losses, cash losses which 
must be paid out of the driller's pocket, not hypothetical 
opportunity cost losses. (If the rig were paid out before the 
end of six years, the calculation would revert to the oppor- 
tunity cost.) (2) Existing firms may well have bought most of 
their equipment in earlier years when equipment costs were 
lower; consequently they will be incurring lower interest and 
depreciation costs in relation to the 1951 prices than would 
a new firm. Since our costs are in 1951 dollars, the older firms 
may be making modest accounting profits, They are making 
enough to recoup their original investment but not to replace 
the equipment. (3) These costs represent industry averages. 
The fact that on the average the industry is losing money does 
not mean that all contractors are necessarily losing money. 
Contractors fortunate enough to be engaged solely in devel- 
opmentil drilling, those who have differentiated their prod- 
uct to some extent and thereby acquired a regular clientele, 
possibly all of those in certain areas-any of these might cur- 
rently be showing profits. However, it would not be expected 
that anyone would be making very high profits; there are too 
many alternative contractors for an oil company to pay prices 
too much over going rates, even to a favored contractor in 
whom it has confidence. (4) The losses shown above include a 
depreciation allowance based on something over 2,000 oper- 
ating days, with certain scrap assumptions. Should the driller 
get more than this life from his rig, he could wipe out the loss; 
he would, of course, have to get appreciably more in order 
both to eliminate the loss and cover even no~.mal profits. Since 
the initial outlay is a sunk cost, it may well be that many 
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drillers are existing only by consuming their capital without 
making sufficient returns to recoup the initial outlay. If we 
add the per-well depreciation figure on the rig proper ($1,347) 
to the negative profits (excluding opportunity costs) shown 
above, then the three sizes of firms would be making "profits" 
of $833, $888, and $960 per well respectively, assuming 
capacity operation. For the three-rig firm this would mean a 
"profit" of $27,489 per year on an initial investment of 
$466,302; this is a 5.9 per cent annual "return" on the invest- 
ment. The contractor who lives off his capital and pays him- 
self no salary, then, can "make" almost 6 per cent; however, 
at the end of six years he will have no more capital to live off 
of. There is some evidence that this is just what some con- 
tractors are doing. One small contractor reported to us that 
he operated "out of his hip pocket," bidding only on the basis 
of the costs of expendable items. If he could cover his current 
expenses, he felt that he was making money; to the extent that 
bids are made on this basis without regard to physical depre- 
ciation of the rig proper, the contractor is deceiving himself. 
The industry seems to realize this. The following illuminating 
quotation from an article written in 1947 illustrates the plight 
of the pure competitor: 

The historical trend of the drilling contractor industry has 
been cyclic in character, A cycle begins with a period of ac- 
quisition and progress and ends with a period of liquidation 
and stagnation. 

The large investments that are necessary to drill wells today 
must be amortized over several years. They are only possible 
when there is an incentive of unusual profits or the prospect 
of lasting stability in the business. The driIling business has 
been characteristically unstable throughout its history and it 
is the incentive of unusual profits that periodically attracts 
capital into the drilling contractor business. 

When the demand for drilling wells exceeds the available 
supply of efficient drilling equipment, sufficient profit incen- 
tives are developed to attract new and additional capital into 
the business. During this period of high profits, acquisitions 
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of new and efficient equipment are made, better equipment 
designed, and improved drilling methods are practiced. The 
increased efficiency resulting from improved equipment and 
methods progresses until the business is in a state of overex- 
pansion. This oversupply of drilling rigs marks the beginning 
of a period of Iiquidation and stagnation. 

W h e n  drillin rigs are in oversupply, intense conzpetition 
results and dril f ing prices are reduced to a minimum. Wells 
are then drilled at or b e b w  the margins necessary for de- 
preciation and overhead. The inevitable result is liquidation 
of physical assets into cash, and equipment becomes obsolete 
and worn 

This is merely another way of saying that when there is 
excess capacity in an industry, price is driven toward mar- 
ginal cost. This industry is apparently now in a period when 
price is less than marginal cost. The marginal (incremental) 
cost of drilling one more well (see Table XXIV) is about 
$23,000 (assuming all managerial costs to be fixed), the reve- 
nue obtained from that well is $22,308. This is precisely what 
economic theory would predict. 

I t  must be noted, however, that the consuming of capital 
may not be quite so extensive as would appear on the surface. 
The $50 per day allowance for major repairs used in Table 
XVIII represents an annual expenditure of $17,000. Over the 
expected life of six years this would mean a total outlay of 
$102,000 for major overhauling-only $21,000 less than the 
initial cost of the rig. To the extent that this large expenditure 
tends to offset the normal depreciation rate, there may be 
some double counting in the cost computation. This would 
serve to offset part of the loss. In the case of a three-rig firm, 
however, the firm would only make profits of $591 per well 
if the depreciation were assumed to be offset completely by 
the major repairs. This would mean an annual profit rate of 
4.2 per cent assuming capacity operation. Since a complete 
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cancellation is most unlikely, as is capacity operation every 
year, it is safe to say that the small- and medium-size contrac- 
tors do not make normal profits, even if there is some double 
counting in the major repair and depreciation accounts. The 
large firms would make somewhat higher returns, but the 
maximum, assuming complete cancellation of depreciation 
and full capacity operation, is only 6.4 per cent for the 24-rig 
firm. This figme, it must be remembered, may overstate 
economies of scale, and hence profits, for the larger firms. 

If the industry as a whole is showing aloss, or at best break- 
ing even, then how does it continue to exist? I t  may, in the 
first place, currently be in a period of squeezing out excess 
capacity. Remember that the current capacity of the industry 
(see page 17) is some 37,400 rotaiy wells per year. In 1951, 
36,800 rotary wells were drilled.33 Company-owned rigs ac- 
count for 15 per cent of the rotary wells drilled. 'Illis leaves 
some 31,300 for contractors, who had a drilling capacity as of 
mid-1952 of 37,400 wells per year. Furthermore, most con- 
tractors (84 per cent) are also in the oil business.34 Not only 
does this tend to make more common the practice of making 
bids which cover "out-of-pocket" costs without contributing 
to depreciation or fixed costs, it also provides revenue to keep 
the contractor in business when the drilling business is only 
breaking even or showing a loss. With this extra income "in 
kind" the contsactoss can afford to stay in the industry. There- 
fore, large scale exit from this industry may no longer be 
necessary if drilling profits per se disappear; indeed, if the 
prospects of oil income are sufficiently bright, it is even pos- 
sible that a net ifzcrease in the number of firms in the industry 
night be occui~ing in the face of excess capacity and drilling 
losses. I t  would be interesting to compute the profits of the 
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industry with its oil royalties included, but such data are not 
available. However, should there be a current net entry into 
the industry, it is safe to predict that drilling losses will in- 
crease and will probably at some future date also wipe out 
the income in kind. As long as there is excess capacity in a 
purely competitive industry, there is no reason to expect in- 
creased prices. 



VI, CONCLUSION 

HE drilling contractor industry corresponds closely to 
the industrial structure described in economic theory as 

'pure competition." We have shown that this industry has 
many firms (not only nationally, but in each drilling area), 
more or less constant long-run costs, prices set by competitive 
bidding with many alternative sources of supply, and no 
apreciable profits (if anything, losses). Furthermore, entry 
into this industry is free; there are no artificial barriers such 
as patents, and initial capital costs are not unduly high 
($150,000 per rig approximately). Anyone who has either the 
funds to cover the relatively small initial outlay or a suffi- 
ciently good credit rating can purchase a rig which embodies 
the latest equipment developments from a supply company; 
he is then in the business. Another condition of pure compe- 
tition is that there be mobility of the factors of production. 
While it is true that a drilling rig is good only for drilling, 
there is geographical mobility in this industry. Drillers would 
probably, as was noted above, prefer to operate in one area 
for cost reasons; however, when drilling activity shifts, the 
rig can be moved. This is a degree of mobility not found in 
most industries, which are committed to their plant locations 
once the initial outlay is made. 

There are two principal departures from pure competition. 
First, some contractors, especially the larger ones, have been 
able to establish a clientele through superior drilling prac- 
tices. Even so, prices cannot be varied greatIy by these more 
fortunate contractors, since there are so many alternative 
sources of the drilling service available to the oil companies. 
Second, many contractors, to be precise 84 per cent of them, 
have outside income from producing oil interests, some of 

8 1 
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which can be considered income 'in kind" from drilling 
operations which were conducted on an incremental cost, 
break-even basis, wit11 the hope of obtaining production 
interests. 

In general, however, this industry can be said to be about 
as close to the theoretica1 concept as any non-agricultural 
industry in the economy. How does the economic perfoim- 
ance of this industry compare with that of other purely 
competitive industries? What can we deduce from the dis- 
cussion above about the efficacy of such an industrial stl-uc- 
ture in relation to other such structures? 

Two other purely competitive industries, outside of agri- 
culture, have been discussed at length in the economic litera- 
ture. One is the cotton textile industry. The persistent de- 
pressed condition of this industry, in New Englafid especially, 
is common knowledge. Another is bituminous coal. As one 
commentator has put it: 

Pure competition in the bituminous coal industry has not 
brought a satisfactory working arrangement for consumers, 
for workers, for operators, or for the public. (1) Consumers 
have been plagued with periodic shortages and erratically 
fluctuating prices which make production planning and 
marketing extremely difficult, (2) Workers have faced seasonal 
and cyclical unemployment, unsanitary and dangerous work- 
ing conditions, and low annual wages. (3) Operators have 
experienced long periods of deficit operation. These conditions 
are not conducive to industrial peace, nor to strength in the 
national e c ~ n o r n y , ~  

The drilling contractor industry rates no such description 
insofar as its contribution to the economy is concerned; its 
economic performance clearly surpasses that of other purely 
competitive industries. There is no three-day week in this 
industry, as is sometimes necessary in the bituminous coal 
industry to prevent complete demoralization of the market. 
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There are no government subsidies, such as are used in agri- 
culture through the mechanism of price supports paid for by 
the consumer via taxes and high food bills. There is no per- 
sistent depression like that found in cotton textiles in New 
England. 

Wells are drilled, apparently in the quantities in which the 
oil companies want them drilled; there is apparently sf icient  
capacity in the drilling contractor industry for currently con- 
templated levels of drilling. Workers in this industry for the 
most part work a 56-hour week and live a transient life; but 
they could hasdly be described as living in penury. An aver- 
age wage for a 56-hour week is $113.64 ($1.76 per hour basic 
wage); for a 48-hour week, $92.02. Fluctuations in employ- 
ment comparable to those in the bituminous coal industry are 
of course unknown in any branch of the petroleum industry. 
The contractors do not themselves engage in research to any 
extent, but they have made important technological progress 
by lowering drilling times and are quick to adopt better drill- 
ing tools when these are offered by the manufacturers of oil 
field equipment, l l l e  rate of penetration averaged 173 feet per 
rig per clay in 1947; in 1952 this figure was 193 feet per rig per 
day. Through increased efficiency, the contractors now drill 
more feet per rig per day, and consequently more wells per 
rig per year, than in the past; this represents an important 
increase in the productivity of the industry, On the other 
hand, a considerable part of this increase is attributable not 
alone to increased contractor efficiency, but also to better 
drilling tools and rigs. Most of the research which has 
developed these tools is carried on not by the contractors, but 
by the oil field equipment industry and the oil companies 
themselves; the contractor's profits, if any, leave him little in 
the way of funds for re~earch.~' 

It is in this connection, lack of profit, that the drilling con- 
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tractor industry most closely resembles its counterparts, 
cotton textiles and bituminous coal. The contractors are sub- 
ject to periods of recurrent, perhaps persistent, deficit opera- 
tion. They are forced in these periods to live off their capital; 
however, it must be remembered that to some extent the 
capital is replaced over its life by the use of extensive main- 
tenance programs. Furthermore, some contractors succeed in 
establishing some, if a very little, product differentiation, and 
thereby survive. 

In sum, while the drilling contractor industry is subject to 
no such criticisms as failing to provide consumers (i.e., the oil 
companies) with continuous service, or failing to advance 
technologically (with the qualification that mechanical inno- 
vations in drilling arise from the supplying or purchasing 
industries), or failing to provide its workers with acceptable 
living standards, the industry does not provide its entre- 
preneurs as a whole with normal profits. Indeed, most of the 
firms are in all likelihood surviving only from their income in 
kind and/or from living off their initial capital outlay. 

Is such a situation what we would expect on an a priori 
basis from a purely competitive industry? If so, is pure com- 
petition a valid goal for public policy toward the industrial 
structure of the economy? Pure competition has, in the eyes 
of its advocates (past and present), many virtues (see Section 
I). I t  requires no government control, since the "invisible 
h a n d  of the market regulates the industry's prices and out- 
put. No one firm controls price. There are no abnormally high 
profits in the long run. Each individual who maximizes his 
own gain (profits) also automatically produces the social 
optimum output, since both require the equation of marginal 
cost with price. There are no restraints on technological 
progress; once introduced, innovations spread rapidly 
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throughout the industry. Output is higher and prices are 
lower than in monopoly. Resources are mobile; when one 
film's output falls, its workers move to another. Finally, from 
a social and political point of view it is, so the advocates of 
pure conlpetition say, better not to have great concentrations 
of economic power; an industrial organization of small inde- 
pendent units fits this requirement to perfection. 

This, in brief, is the case for pure competition. I t  would 
seem to be an ideal industrial structure for consumer, worker, 
and business man alike. However, we find in the rotary drill- 
ing contractor industry that while consumers and workers do 
not fare too badly, abstracting from the fact that the oil com- 
panies have to conduct some of the drilling research them- 
selves, the firms in this industry on the average seem to have 
considerable difficulty in keeping costs per well below average 
revenue per well. In  spite of the many alleged social and 
economic advantages of pure competition, this is precisely 
what one would expect in our economy. Indeed, it is a tribute 
to the ingenuity of the drilling contractor that his industry 
does as well as it does. 

Why are economic difficulties to be expected for firms 
operating under conditions of pure competition, a form of 
industrial structure potentially so beneficial to society? In the 
first place, pure competition only works where there are no 
decreasing costs of importance associated with the tech- 
nology of an industry. Otherwise, as was shown in Section I, 
pure competition tends to break down, since all firms have an 
incentive to expand output to the point of least average cost 
per unit if they can sell all they produce at the market price. 
In many (most?) American industries, then, pure competition 
would be expected to provide neither entrepreneurs nor 
workers with adequate returns. If all firms expand, then 
market price will fall (assuming that the demand curve for 
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the industry has a negative slope, the usual situation). If 
market price falls far enough, some firms lose money and 
eventually are forced to leave the industry. These are the 
smaller firms operating at higher average costs. Both their 
employees and owners suffer under such conditions. I t  is 
only when a sufficiently small number of large firms is left 
that stability can come to the industry. 

In the second place, pure competition in a world thereof is 
one thing; pure competition in a predominately monopolistic 
or oligopolistic world is something else. A pure competitor 
who buys from a concentrated industry and sells to a con- 
centrated industry has no basgaining power in either trans- 
action. He is at the mercy of the supplier and customer, who 
may be expected to squeeze him heartily if they are in busi- 
ness to maximize profits-as they sholJd be in a free enter- 
prise economy. I t  follows from this situation, by the way, 
that any public policy designed to create pure competition in 
industry must of necessity be prepared either to create pure 
competition in all industries or to institute some form of gov- 
ernment regulation of those not so altered. Indeed, it can be 
argued that a half-hearted public policy which attempted to 
create pure competition in only a few industries, without 
going the whole way, would serve to give a net increase in 
the economic power concentrated in the hands of firms not 
subject to elective control. When one or two big units are 
atomized, other big units, which have in the past been forced 
to deal with them on more or less equal terms, become 
supreme. What Professor Galbraith caIls the "countervailing 

of big business units bargaining with each other and 
with big labor unions becomes one-sided power in the hands 
oE the remaining large units.37 

Third, even though technological improvements might 
spread quickly throughout a purely competitive industry 
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once the improvement is discovered, which firms in the indus- 
try can afford to finance the research? The drilling contractor 
industry has its research performed by its suppliers and cus- 
tomers. If a11 industries were purely competitive, then there 
would be no firms having anything more than no17naI profits; 
consequently, there would be no customers or suppliers who 
could afford to do the research. Some would suggest inde- 
pendent research organizations, but these too require funds. 
The day of the back yard inventor is largely past; research 
today requires large outlays of capital. In  a purely competi- 
tive economy the only way to finance such outlays would be 
through government funds; indeed, even in the economy as 
organized today government funds account for a large part 
of total research expenditures. Furthermore, even if inven- 
tions should be forthcoming, they can only become economi- 
cally effective if there is innovation; that is, the inventions 
must be put to use. Whence will come the funds in a purely 
competitive industry for large new capital expenditures if 
the industry is already living off its capital? 

Fourth, there is the problem of mobility of the factors of 
production. The classical concept of pure competition as- 
sumes free mobiIity of the factors of production. If p~.ofits are 
high, new firms would enter the industry. If profits are low, 
some firms would leave the industry, and their resousces 
would be transferred to other industsies. But what can a 
rotary rig be used for besides drilling wells? The capital 
equipment of most industries is not readily mobile. (Note 
that mobility does not necessarily imply the ability to be 
moved geographically; shifting of a plant from one product 
to another would mean mobility in the economic sense, as 
well as moving a worker from a depressed area to a booming 
area.) Once funds are sunk in capital equipment, they cannot 
easily be recovered should there be a decline in the demand 



88 Oil Well Drilling Contractor Industry 
for the product. But how is pure competition any different 
from any other industry in this respect? Somewhat para- 
doxically, i t  is the fact that there is mobility into the industry 
(i.e., free entry) which causes the pure competitor's difEculty. 
An increase in demand provokes entry, quite possibly too 
much enby. Then there are too many firms in the industry, 
but the mobility is one-sided; the new films cannot get out 
so easily as they entered. The result is excess capacity and a 
tendency for price to remain below average cost for some 
time, specifically until enough firms have become bankrupt 
and the restoration of equilibrium is possible. These may be 
either new or old firms, most likely the old if the new firms 
have more modern capital facilities. If the older firms are 
continually failing, then the industry is a continual state of 
disruption. The pure competitor, then, finds mobility into 
his industry and a lack of mobility out of it; this can cause him 
grave difEcuIties if demand for the industry's product 
changes. In addition, lle is not only worse off than a firm in 
an industry where entry is restricted for one reason or an- 
other, he is also in a much more precarious position than 
firms which have succeeded in differentiating their product: 
somewhat, but are in industries where there are no major 
barriers to entry, For example, there is no legal barrier, such 
as patent protection, to keep new firms out of the automobile 
business; anyone having the large amount of money necessary 
to build a plant can enter. If there were several such entries 
in response to an increase in demand, with resultant excess 
capacity in the industry, which firms would best be able to 
meet the situation? Clearly the existing firms, which have 
backlogs of liquid assets derived from previous ~rofits to tide 
them over such periods-something a pure competitor cannot 
very well have if he only makes normal profits. Furthermore, 
the existing firms have customer good will (a form of product 
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differentiation), more skilled sales forces, etc. None of these 
things exists in pure competition which has homogeneous 
products, no control over price by the individual firm, and 
nothing more than normal profits (if those). 

There are lesser difficulties associated with pure competi- 
tion, but these four are the most important. In summary they 
are: (1) pure competition cannot work where there are ap- 
preciable economies of scale; (2) the prospects of a pure com- 
petitor dealing with oligopolists are something less than 
bright; (3) there is little chance for technological advance 
from new inventions or innovations which require large sums 
of capital; and (4) where there is free entry coupled with 
limited mobility out of the industry, no financial reserves from 
past profits, and no product differentiation, there will be 
hardships for a11 firms in the industry-and especially for the 
older firms. The plight of the drilling contractor then, can 
hardly be said to be unexpected. 

Indeed, it may be safe to say that if tile drilling contractor 
cannot make a go of it in pure competition, then no one can 
in our economy as it exists today. This purely competitive 
industry is about as well prepared for pure competition as an 
industry can be. First, there are only minor economies of 
scale. For all practical purposes firms in this industry (see 
Chart 111) face constant long-run costs per well drilled. Con- 
sequently, there is no tendency for competition to break 
down, since there is no great cost advantage to the contractor 
from having many rigs. There is, in other words, no driving 
economic incentive for combinations of firms; five contractors 
operating individually should make or lose about as much 
money (in total) as if they were to combine. On the other 
hand, the drilling contractor industry might well be better 
off in this respect if there were incredn'ng average costs per 
well with increased size of firms instead of constant costs. 
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Constant costs for each firm may well lead to perpetual 
instability in a purely competitive industry, or at least to 
persistent profits which are less than normal profits. If there 
is free entry into an indusby, then any profits greater than 
normal will attract new firms. When pdce becomes equal to 
the cost per unit of producing the product, wllere "cost" 
includes an allowance for normal profits, then entry would 
be e'xpected to cease. However, where both the price and the 
cost per unit are constant throughout the range of output, 
sonle firms in the industry might well be tempted to expand 
output even when price equals cost-since they couId still 
realize normal profits. I t  would be a question of indifference. 
Should the owner earn normal profits in his own or some other 
industry? It is not likely that there would be new entrants 
seeking only normal profits, but films already engaged in the 
industry might well expand to earn them. As a result, profits 
would be driven below normal, perhaps below zero. The only 
way that a level of normal profits could be maintained in a 
purely competitive industry in which the 61ms have constant 
costs would be: (1) for the firms to cease expanding at pre- 
cisely the point where all were equating price and cost per 
unit and (2) for no firms to expand further in quest of normal 
profit. On the other hand, if cost per unit increases with size 
after a point, then no films would expand beyond that point, 
since price would then be less than average cost; either profits 
less than normal or losses would be incurred. 

Second, not only does the drilling contractor not face de- 
creasing costs, he is also fortunate in that he sells to the crude 
producing industry, one which is less concentrated than manv 
other industries in the economy. The nineteen largest firms 
in this industry account for only some 63 per cent of crude 
production; the largest single firm has only about 9 per cent 
of total crude p r o d u ~ t i o n . ~ ~  In addition, these nineteen firms 
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probably originate a still smaller percentage of total drilling 
activity, since many independent crude "producers" actually 
are only engaged in looking for oil; once they bring in a well 
they are inclined to sell out to a major oil company, taking an 
immediate capital gain while the major uses the oil over a 
period of years. This is not to say that the crude producing 
industry is also purely con~petitive, but the driller does have 
more alternative potential customers than if he were selling, 
say, to the steel or aluminum industries. Furthermore, as was 
noted above, at least some oil companies permit contractors 
to withdraw from low bids if they (the oil companies) think 
the bids are so low that the contractor will lose heavily. The 
oil field equipment supply industry is somewhat more con- 
centrated, but there are alternative sources of supply avail- 
able to the driller for most items. For example, rigs can be 
bought from several large manufacturers and a good many 
small ones-about 25 in total. In  short, the drilling contractor 
industiy is probably more fortunate than some other industry 
might expect to be in the degree of concentration of its sup- 
plying and selling markets. 

Third, as has been pointed out, even though the drilling 
contractor himself cannot conduct his own research, the oil 
companies and equipment manufacturers do conduct ex- 
tensive research. The oil companies, for example, do some of 
their own drilling and are naturally interested in cutting all 
drilling costs. Consequently, the drilling contractor is not 
doomed to tecl~nological stagnation. 

Fourtll, the contractor can move his capital facilities from 
one region to another if necessary, a degree of mobility which 
few other industries have, The shift of the cotton textile 
industry from New England to the South has been the cause 
of major social and economic problems in both regions; a 
driller simply puts his rig on a truck and moves. 
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Fifth, and finally, there are the two points of departure 

from pure competition, viz., income "in kind" in the form of 
oil royalties and to some extent the establishment of a regular 
clientele by the larger firms. 

In spite of these favored circumstances the contractor on 
the average can still not make normal profits in this industry. 
Some firms do, of course, but most do not. If this pureIy 
competitive industry cannot provide its entrepreneurs with 
even normal returns, what could we expect from a purely 
competitive industry where there are, say, only a small 
number of customers? Pure competition as a form of indus- 
trial structure may be all well and good from a social point 
of view in that economic power is not concentrated. On the 
other hand the creation of a purely competitive system would 
almost certainly involve economic difficulties such as those 
found in this industry. 

The reader may object that no one really seriously contem- 
plates the re-creation of a purely competitive society in the 
United States, that the most which is sought is "workable 
competition." For example, Professor Stigler has asserted that 
perfect competition has never existed in the United States 
and cannot be attained. In  its place he suggests a concept of 
"workable competition": 

An industry is workably competitive when: (1) there are a 
number of firms selling closely related products in each im- 
portant market area, (2) these firms are not in collusion, and 
(3) the Iong run average cost curve for a new firm is not ma- 
terially higher than for an established firm. . . . The first two 
points serve to eliminate not only monopoly and explicit collu- 
sion but also tacit avoidance of price competition for fear of 
retaliation of close rivals. The necessary number of firms is 
relevant to such questions as "trustbusting," but it has no 
bearing on the measure of departure of an industry from 
workable competition. The third point excludes direct and 
indirect controls of entry of new firmsS3" 
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This is offered as a standard for evaluating the competitive- 
ness of the economy in order to serve as a basis for public 
poIicy.*O It is not perfect competition, but is it not close to 
pure competition? The only significant difference between 
perfect and pure competition is that all firms, suppliers, and 
customers have perfect knowIedge of everything under per- 
fect competition. Stigler's goal for public policy would be an 
industry where there is free entry, where there are so manv 
firms in each market area that none has to worry about re- 
taliation of rivals if it changes price, and where there is no 
collusion. This sort of economic organization, while not pre- 
cisely equivalent to pure competition, would still face the 
difficulties of a pure competitor that were set out above, 
There could be no economies of scale of importance. Indeed, 
Professor Stigler has said that he "retains the view that 
beyond a relatively modest scale of output the economies of 
large scale production are in general quantitatively unimpor- 
tant."" The problems arising from free entry into an industry 
and the almost inevitable state of something (much) less than 
free entry out of it still remain. There could be no more than 
normal profits; hence the problem of research stilI remains. 
Finally, firms in this industry would be at just as much of a 
disadvantage in dealing with firms in a more concentrated 
industry as would small firms in a purely competitive in- 
dustry; of course Professor Stigler proposed this as a goal for 
all industry, but any other half-way measure would be no 
better than a half-way measure toward pure competition. 

I n  short, the only real d8erence between this concept of 
"workable competition," which is seriously advocated as a 
goal of public policy toward monopoly, and pure competition 
is that this concept would peimit each film to have some 
small degree of control over the price of its product, perhaps 
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about as much as the drilling contractor who has a clientele. 
This price control cannot, however, be great, lest the firms 
become large and therefore have to worry about retaliation. 
In all fairness to Psofessor Stigler, it must be pointed out that 
he has apparently retreated considerably from his position of 
ten years ago. He seems now to be interested principally in 
public policy directed against companies which are very big, 
sinlply because they are very big and therefore have too much 
economic 

Others, however, still endorse this concept of workable 
~ompetition?~ Indeed, some have made i t  a bit more stringent 
by stipulating that there be a sufficiently large number of 
firms in each market area so that each has no appreciable 
price control.'' This is pure competition pure and simple. 
Still another observer insists on an economy where the "indi- 
vidual producer has to adapt himself to price changes and 
cannot control them."4This is the situation faced by firms 
in purely competitive industries. 

Furthernlore, the current trend of anti-trust decisions may 
well be leading us toward the point where pure, or near-pure, 
competition will become the criterion of legality insofar as 
the size of firms is concerned. Agreements among several 
firms to fix prices, allocate maskets, or otherwise restrain 
trade are illegal per se under prevailing interpretations of the 
first section of the Shemman Act, and have been with only a 
very few exceptions for many years.'Wn the other hand, 
from the Standard Oil case in 1911 until 1945, large firms 
were found to be in violation of the Shernlan Act only if they 
n~onopolized or restrained trade tn~renso~~nbly ."~ In 1945 a 
distinguished jurist pointed out that if a loose combination of 
firms to fix prices were illegal, be the prices reasonably or 
unreasonably fixed, why should not large individual films 
having much greater and more efficient price-fixing power 
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also be illegal, be they reasonable or unreasonable monop- 
ol ie~? '~ This decision began a tendency to substitute for the 
legal definition of monopoly the economic definition of 
"mo~lopolistic conlpetition," involving the ability to control 
price. If this tendency is carried to its logical conclusion, then 
any appreciable power to control price may become illegal 
peT se. The only permissible form of industrial organization 
would then be pure competition, or perhaps workable compe- 
tition as defined by Professor Stigler. Indeed, in one case a 
company which held 7 per cent of its Iocal market was found 
to be in violation of the Clayton Act because it was sub- 
stantially lessening c~mpe t i t ion .~~  

Either pure competition or something near to it is, then, 
seriously proposed by many as an alternative to our present 
industrial structure. The political choice which must be made 
necessitates a balancing of the alleged social and economic 
gains to be had from instituting a society of small economic 
units against the economic costs involved. It is hoped that this 
analysis of one of the best (if not the best) of the purely 
competitive industries may serve to assist the reader to some 
degree in evaluating the desirability of public policies de- 
signed to re-establish pure, or almost pure, competition in 
this economy. 
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