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Figure 17. Simplified diagram with useful terminology.
(Source: The Why and How of Undersea Drilling,
1974; with permission of American Petroleum
Institute).
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Production wells differ from test wells in that produc-
tion casing is installed in the well to control the flow of
fluid, confine the production to the specific layers indi-
cated to contain petroleum, and permit installation of the
equipment necessary to regulate pressures. Additional holes
will then be drilled to delineate the producing field. As
the information from each well is obtained, estimates of
field production can be revised and refined. It should be
stressed that such estimates early in the production phase of
a field are quite unreliable. More accurate estimates are
made after the field has been in production for four to six
vears. Such estimates will take into consideration the
field's productive history and reservoir characteristics.

It should be pointed out also that exploratory drilling will
continue even after the development of a field has begun,
and will be carried on for many years simultaneously with
development work.

Getting Petroleum Onshore

While production platforms and wells are being installed
the producing company will be making arrangements to transport
and market the o0il or gas or both. If gas is produced off-
shore by an o0il company it will generally arrange with a gas
company for transportation and marketing. 0il in small quanti-
ties may be transported by barges or tankers if conditions
are suitable. Larger quantities are usually transported
through pipelines. Natural gas transportation requires the
installation of a pipeline from platform to shore.

If pipelines are used, they are laid down from the pro-
duction platforms to various gathering stations and from
there to shore. The basic procedure is for barges to lay
concrete-coated pipes on the sea floor (Fig. 14). The pipes
may range up to more than 50 inches in diameter and each
section is about 40 feet in length. The sections are welded
together and the joints are examined by x-ray instruments
for possible flaws. Then they are guided from the barge to
"the sea floor by a special device called a stinger (Fig. 18)
which also keeps the pipes from excessive bending. Before
the pipes are actually positioned on the sea floor a trench
may be dug to accommodate the pipeline. If trenching is
used,sea currents eventually cover the pipeline with bottom
sediments. These pipelines may terminate either at special
gathering platforms where 0il and gas are separated or they
may lead to storage facilities onshore for shipment to
refineries, or to tanker terminals for further transport
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Figure 18. Pipe-laying barge with stinger shown on

‘ the left. (Reprinted from: Lamp, Vol. 56,
No. 1., 1974; with permission of Exxon
Corporation.)

by tanker. Gas pipelines terminate at gas processing plants,
generally located onshore, from which further distribution
is made.

As pipelines originate in offshore federal territory
and lead into nearshore and onshore areas under State juris-
dictions, attempts to coordinate the actions of the several
governmental units involved are conducted under a program
sponsored by the Department of the Interior.

Probability of 0il Spills

The best way to determine the probability of an oil spill
that may result from either drilling or transportation is to
study past occurrences. Table 1 gives data on oil spills in
the Gulf of Mexico Outer Continental Shelf for the period 1971-
1975. Total production during the same period of time
exceeded 1.8 billion barrels.

A study conducted by the National Academy of Science (1975)
concluded that petroleum in marine environments is due to: °
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Million metric

tons/year Percentage

Marine transportation 2.13 34.9
River and Urban Runoff 1.9 31.1
Coastal Refineries & Waste 0.8 13.1
Offshore 0il Production 0.08 1.3
Atmospheric Fallout 0.6 9.8
Natural Seeps 0.6 9.8

Total 6.11 100.0

A U. S. Coast Guard study (1977) of oil pollution inci-
dents in and around U. S. waters also concluded that marine
transportation is the main source of pollution.

What are the chances of having a large oil spill in the
Mid-Atlantic region? Bureau of Land Management estimates of
probable o0il spills for lease areas #40 and #49 are shown in
Table 2.

TABLE 2. Estimate of Probable 0il Spills for
Lease Areas #40 and #49, Mid-Atlantic

Region.
Size Range Expected Number! Size? Volume
(barrels) (barrels)
< 1,000 bbl. 3,398 2.4 8,155
> 1,000 bbl. 4 37,500 150,000

Total 158,155
! Based on Slack and Wyant, 1978.
2 pased on Devanney and Stewart, 1974.
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PROBABILITY OF FINDING PETROLEUM

To appreciate the complexity of the search for petroleum
it is necessary to look back at past experience and predict
future trends in the context of that experience. To fulfill
the U. S. energy needs it is essential to find new large
fields containing at least 50 million or more barrels of
0il or the equivalent in gas. Figure 19 shows how success-
ful petroleum explorationists were in the past in discover-
ing such large fields. In the period from 1949-1968 it was
necessary to drill more than 1,000 wildcat wells both on~ and
offshore to discover one field with 50 million barrels or
more of o0il or 300 billion cubic feet or more of gas. The
success rate of finding such fields declined at 75 percent
from 1949 to 1968. At the same time the cost of drilling
has increased.

It is much more costly to drill offshore than onshore.
For example, on the average the 1978 drilling cost of an
offshore well (9,800 feet deep) was about $2.1 million as
compared to about $230,000 for the average onshore well
(4,800 feet deep). In view of the trend shown in Figure 16
it is apparent that at the present rate of petroleum con-
sumption the known resources are being rapidly depleted
while the odds of finding new petroleum resources are
declining.

As of January 1, 1979, proved reserves of crude oil in
the United States were about 30 billion barrels and of
natural gas about 209 trillion cubic feet. Worldwide,
proved reserves of oil were about 642 billion barrels and
of natural gas, 2,500 trillion cubic feet.

Response of domestic production to increased activity
resulting from higher crude oil prices will be slow initially
because of a long lead time between discovery and signifi-
cant production. For example, the average worldwide time
lead between intial exploration and significant production
is seven years and from initial exploration to peak produc-
-tion about thirteen years. In the United States only, the
lead time is somewhat shorter; about six and eight years,
respectively. The response time between discovery and peak
production in the offshore areas ranges between five and
15 years. '

Exploration for petroleum is becoming more expensive,

not only because of inflation, but also because it is
necessary to drill deeper and to expand exploration into
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less hospitable areas, such as the Alaskan North Slope and
the North Sea. In offshore areas the drilling is being
conducted in deeper and deeper water. M. King Hubbert, in
his presentation at the Annual Meeting of the American
Association of Petroleum Geologists held in 1979 in Houston,
Texas, pointed out that the United States has produced 52.4
billion barrels of crude o0il. The ultimate amount of o0il to
be produced in the lower 48 States is believed to be 150-
200 billion barrels and about 1,000-1,100 trillion cubic feet
of gas. These are the estimates made in the mid-1950's and
they appear to be still valid. However, discovery rates and
production have been consistently declining more than these
estimates and, if this trend continues, the ultimate quantity
of o0oil and gas may be less than estimated. Most of the
principal sedimentary basins remaining to be explored lie
offshore. 1In spite of the difficulties and higher expenses,
it appears likely that exploration offshore will continue
for many years. These efforts will almost certainly con-
tinue to involve the Mid-Atlantic area near Delaware and
familiarity with the processes described herein should be
helpful to the citizens of our State.
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