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INTRODUCTION

Assembled by the Center for Climate Integrity, this collection of 36 documents provides an overview of the oil
industry’s 50-year knowledge of climate change, their role in causing it, the enormity of its impacts, and their
subsequent denial and deception campaign that continues to this day. CCl is grateful for the diligent work of independent

researchers, scholars, investigators, journalists, and non-profits who uncovered these documents.

Part One, beginning in 1963, provides documentary evidence, including public reports and internal company and

trade association documents, showing that the oil industry had a deep understanding of the science of global warming

and their product’s role in causing it more than five decades ago. This knowledge extended from the effect of CO; on

the Earth’s climate and the clear link between fossil fuel combustion and increasing CO, levels, to the “potentially
catastrophic” impacts that global warming would have for "at least a substantial fraction of the earth’s population.”

In fact, scientists at Exxon’s New Jersey Research and Engineering Division were among the leading climate change
experts of the era. As the documents reveal, Exxon’s climate modelers predicted today’s

global temperatures with an astonishing degree of accuracy. Exxon’s expertise in climate ~ EXxon touts its support
science in these early years is remarkable, and quite unsettling when one considers the ~ Of the Paris Agreement

massive denial campaign the company would go on to mastermind in subsequent decades. while at the same time
boasting to investors
Oil industry experts were not alone in their understanding of the impacts of fossil fuel that it will increase oil

combustion on the global climate system. But there is a critical distinction between the way — gn gas production 25%
that industry and other scientists responded to this knowledge. While government researchers by 2030.
sounded ever-louder alarm bells (although too often clouded in scientific caveats that were

easily abused by the industry), Exxon and the oil industry did exactly the opposite. They created and spearheaded the
most successful social influence campaign in American history, building a climate denial, deception, and propaganda
machine so persuasive that the United State remains to this day the only industrialized nation on Earth that fails to fully
accept climate science.

Part Two, beginning in 1988 and extending to the present, contains documents that lay bare this deception campaign.
Built on techniques perfected by tobacco and other industries, climate denial emerged as a highly sophisticated,
well-funded, decades-long strategy to manufacture doubt and undermine climate science in the minds of the public,
Congress, and the media. The campaign was manifest in many ways but is perhaps most distinguished by the blatant
and knowing duplicity of the companies directing it. Exxon and others spent tens of millions funding denier groups to
promote sham theories they had long since internally evaluated and debunked. Worse, the companies were
safeguarding drilling rigs and pipelines from climate impacts as they simultaneously worked to stall any action on
a problem that they characterized as “too uncertain” to justify significant government investments or policy change.
As early as the 1970’s, Exxon, Shell and others filed patent applications for oil rigs that could withstand rising seas

and stronger storms, and Arctic drilling equipment that would be most useful in a warming (and melting) world.

Even now, when oil companies have been forced to accept climate science, they continue to deceive the public and
undermine action. Exxon touts its support of the Paris Agreement while at the same time boasting to investors that
it will increase oil and gas production 25 percent by 2030, a scenario that would be game-over for the climate. Shell
was heralded in the media for its recent report on pathways to net-zero emissions, yet the fine print of the same report
contains a disclaimer that they currently have “no plans” to pursue these paths. ConocoPhillips has declared
renewable energy a priority while at the same time reporting to the Securities and Exchange Commission that fossil
fuels remain their sole and exclusive focus.

T has collection will be updated periodically as new documents come to light.
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Prior Knowledge




CHAPTER ONE

Consensus that Fossil Fuels Cause Global Warming
1963-1974

Scientific understanding of the effects of carbon dioxide on the global climate system dates back to 1896 with
the publication of On the Influence of Carbonic Acid in the Air upon the Temperature of the Ground by Swedish
physicist and Nobel Laurate Svante Arrhenius.

By the 1960’s, the scientific community firmly understood that CO, emitted by burning fossil fuels would intensify

the greenhouse effect and cause global warming. Exxon and other oil giants recognized the potential impact on their

industry and invested significant resources into cutting-edge research on the causes and consequences of global

warming. In the mid-1970’s, Exxon scientists predicted the exact atmospheric CO; levels that would occur in the year

2000, and began, along with Shell, Texaco, and Chevron, to prepare and adapt their

holdings and operations for a warmer world. “This generation has altered
the composition of the

atmosphere on a global scale

through... a steady increase

in carbon dioxide from the

burning of fossil fuels.”

Document 1 is a 1963 report by the Conservation Foundation summarizing the
conclusions of a scientific conference held on the Implications of Rising Carbon Dioxide
Content of the Atmosphere. The report, which explicitly links the burning of fossil fuels
to global warming, warns of melting ice caps, inundated coasts, and the “annihilation”
of “many life forms...both on land and sea” in equatorial regions. The 1966 edition of
the venerable World Book Encyclopedia, Document 2, references the Conservation PresidentLyndon 8. Johnson, 1965

Foundation’s conclusions—leaving no ambiguity as to the scientific understanding of global warming in the mid-1960’s.

Just two weeks after his inauguration in 1965, President Johnson gave a speech to Congress in which he warned,
“This generation has altered the composition of the atmosphere on a global scale through radioactive material and a
steady increase in carbon dioxide from the burning of fossil fuels.” His administration then commissioned a study
on the issue, which was cited by Frank Ikard, president of the American Petroleum Institute (API), in his 1965
speech at the trade association’s annual meeting, Document 3. In his speech, Ikard notes “One of the most
important predictions of the report is that carbon dioxide is being added to the earth’s atmosphere by the burning
of coal, oil, and natural gas at such a rate that by the year 2000 the heat balance will be so modified as possibly to
cause marked changes in climate beyond local or even national efforts.”

The oil industry, keenly aware of the potential ramifications, began to conduct their own research and produce world-
class reports. In 1968, API commissioned a report by the Stanford Research Institute, Document 4, which warns
that doubling the pre-industrial atmospheric concentration of CO, would bring about 3°C of warming and that, “there
seems to be no doubt that the potential damage to our environment could be severe...the prospects for the future must
be of serious concern.” Once again, the industry was clearly well aware that CO, from the combustion of their products
would play a significant role in global warming.

Oil companies did not simply sit on these predictions but began to prepare their own facilities for a warmer world.
Document 5 is a collection of patents filed by Exxon, Chevron, and Texaco in 1973 and 1974 for equipment and
methods that would help them to operate in areas of the Arctic that were previously unreachable because of polar ice
sheets.
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FOREWORD RN

On March 12, 1963, The Conservation Foundation
assembled a conference of scholars to discuss the problem of
rising carbon dioxide content of the atmosphere. The conferees
were ecologists, chemists, physicists and others with particular
experience and interest in the problem. The structure of the
conference was formulated with the help of Professor G. Evelyn
Hutchinson who serves on the Foundation's advisory council.
Unfortunately, illness prevented Professor Hutchinson from
attending the conference and participating in the discussions.

It is known that the carbon dioxide situation, as it has
been observed within the last century, is one which might have
considerable biological, geographical and economic conse-
quences within the not too distant future. What is important is
that with the rise of carbon dioxide, by way of exhaust gases from
engines and other sources, there is a rise in the temperature of
the atmosphere and oceans. It is estimated that a doubling of the
carbon dioxide content of the mmroduce an
avérage atmospheric temperature rise mgre Fahrenheit.
This could be ensuUgNto bring dbout an immeéense 1lodding of the
lower portions of the world's land surface, resulting from in-
creased melting of glaciers, So far, the increase of carbon
dioxide has been of the order of 10 percent, and the oceans are
| already experiencing some rise of temperature.

A principal purpose of the meeting was to discuss the
subject with a view to clarifying the minds of a small inter-
disciplinary group and crystallizing some ideas for future
scientific research. It is hoped that the publication of this
summary of conference discussions may contribute to further
examination of the carbon dioxide situation. The subject should
be one of considerable concern and controversy.

This paper is a statement of the consensus of the
conference. It was prepared by Noel Eichhorn of The Founda-
tion's research staff. Although the conclusions were those
reached by the conferees as a group, the wording of this paper
cannot be attributed to any conferee, but is the responsibility of
The Conservation Foundation.
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INTRODUCTION and SUMMARY

Carbon dioxide is not a pollutant in the ordinary sense.
It is colorless and odorless. It has no immediate nasty effects.
Even the largest amount likely to accumulate in the atmosphere,
if the entire reserve of fossil fuels were burned, would not be
detrimental to the existence of life; in fact, plant life would be
more luxuriant. It is an inevitable product of combustion and
cannot be filtered out or precipitated out, Ordinary pollutants
are washed out of the atmosphere after a month or so; carbon
dioxide will continue to accumulate as long as fossil fuels
continue to be burned at present rates.

There is a lack of exact knowledge of the carbon cycle
which is part of the general lack of quantitative knowledge of the
biogeochemistry of the earth. The increasing funds available for
general research and the improving coordination of research
effort should help to reduce the uncertainties about the implica-
tions of the rise in atmospheric carbon dioxide.

It seems quite certain that a continuing rise in the
amount of atmospheric carbon dioxide is likely to be accompanied
by a significant warming of the surface of the earth which by
melting the polar ice caps would raise sea level and by warming
the oceans would change considerably the distributions of marine
species including commercial fisheries.

The biogeochemical system of the surface of the earth
is, in general, very stable and has persisted with little change
over geologically long periods of time. However, the buffering
mechanisms which have been adequate in the past seem unlikely!
to be able to compensate fully for changes of the magnitude of
those now being effected by man.

The effects of a rise in atmospheric carbon dioxide are
world-wide. They are significant not to us but to the generations
to follow. The consumption of fossil fuel has increased to such
a pitch within the last half century that the total atmospheric
consequences are matters of concern for the planet as a whole. C(f.7
Although there is the possibility of capturing the CO, formed b
the burning of fossil fuels and storing it in the form of cﬁonat;s,
relief is most likely thioligh the development of new sources of

power, m———
—— e ot

-1-
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THE CARBON DIOXIDE SYSTEM

The carbon dioxide (CO) in the atmosphere is in
constant exchange with the oceans and the biosphere. The amount
of CO2 in the atmosphere is being increased by the burning of
fossil fuels; in addition a very small amount is added by volcanic
activity, Carbon is removed from the biosphere and indirectly
from the atmosphere and oceans by the accumulation of organic
remains in sedimentary deposits and from the oceans by the
precipitation of carbonate minerals. Carbon is removed from
the biosphere by forest fires and by the cultivation of virgin soils
and is added to the biosphere by such things as the production of
new forest,

Of all the changes in the distribution of CO, only those
concerning the atmosphere have been studied in any detail. In
addition to the average yearly increase in CO2 in the atmosphere
of 0.7 ppm there is a clearly defined seasonal variation of 2,0
Ppm in the northern hemisphere between 450N and 900N with a
winter maximum and a summer minimum. This seasonal varia-
tion decreases with increasing altitude and is related to the
seasonal changes in the transpiration rates of terrestrial plants.
The southern hemisphere with less land and a far smaller terres-
trial mass shows almost no seasonal variation. There is also a
poleward flux of CO2 of 5.0 ppm per year which is presumed to
be balanced by an equatorward flux of CO; in the oceans.

If all the CO2 added to the atmosphere by the burning of
fossil fuels were retained by the atmosphere, the CO2 content
mﬂﬂmﬁﬁ?is_lg at a rate of 1.6 ppm per
year., Studies of the distfibution of'fl‘gfalfoactive carbon have
shown that in fact an amount of CO, equal to about half of this
'mew'' carbon from fossil fuels is retained in the atmosphere
each year, This agrees very closely with the observed rate of
increase of 0.7 ppm. The CO;, content of the atmosphere in 1890
was 290 ppm, or 25 ppm less than the current figure., This again
is about half of the amount known to have been produced by the
burning of fossil fuels since 1890. It is assumed that the '"new"
CO2 not retained by the atmosphere has been absorbed by the
oceans, although no measurements have been made which dem-
onstrate this, It should be realized that the man-caused changes
when considered on a yearly basis are of smaller magnitude than
naturally occurring variations and are, therefore, very difficult
to distinguish,

The oceans contain 60 times as much CO, as does the
atmosphere and would seem capable 6f abBd¥bing most of any
Oz which might be added to the atin6gphieré, however, thousands

P
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of years will be necessa‘r§ for the system to return to equilib-
rium 1 2 continues to be added at present rates. ere are,
35 well, physical and chemical Iimitations to the amount of
CO2 which would be absorbed by the oceans and were a new
equilibrium to be reached, the atmosphere would have a greater

ercentage of the total CO2 than it does at the present time.

he oceans are considered to be divided into a mixed layer at
the surface (which is about 1/60 of the total volume and which
contains an amount of CO2 very nearly equal to that contained in
the atmosphere) and the deep sea. (For some purposes it is
convenient to consider, as well, an intermediate layer.) The
deep sea is assumed to be absorbing about the same amount of
the "new' CO2 as is being retained by the atmosphere but the
mechanism by which this CO2 might be transferred to the deep
sea is not known. The deep sea is considered to have an excess
of CO2 (over the value it should have at equilibrium) of around
10 percent which is maintained by the settling of organic remains,
The deep sea, in addition, has a greater potential for storing
CO2 than the mixed layer because of its lower temperature (a
circulation effect due to the presence of polar ice caps). Knowl-
edge is limited by the difficulty of measuring the amount of CO2
in the oceans, at least on a scale grand enough to provide a
world-wide balance sheet.

The role and importance of the biosphere is less well
understood than that of the atmosphere or the oceans. It has
been postulated that the marine biota is quite stable in size and
is probably nearly unaffected by the current increase in CO2;

however, there is considerable disagreement about this, The
terrestrial biota, on the other hand, must be of considerable
importance. Productivity of plants is known to be higher ina CO2
.. | rich atmosphere. Presumably forest productivity is rising with
~ | the increase in atmospheric CO2. This could have the effect of
reducing the amount of CO2 by locking it up in tree trunks. On
the other hand, a decrease in the terrestrial biomass, due to

the cutting of forests and the cultivation of virgin land, would add
CO2 to the atmosphere and at the same time destroy one of the
Km—_echanisms by which CO2 is removed from the atmosphere.

<.
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STABILITY

The CO2 system is no exception to the general rule that
any large natural system which has persisted for a long time is
a very stable one. Even rather large changes in temperature or
large additions of CO, (from fossil fuels) are compensated for
with little immediately noticeable change. A warming of the
oceans would increase atmospheric CO) at a rate of about 5. 8
percent Tor 4 one dégree rise in temperature, buf theTargest
changé which'might be anticipated Withifi'd reasonable Tange of
temperature is about 50 Rfercegg, ‘A reduction in the volume of
the oceans of the order of that during the maximum extent of
Pleistocene glaciation might increase atmospheric CO;, by about
10 percent but this would be partly compensated for by the lower
temperature of the sea. Associated with higher temperature and
the accompanying higher absolute humidity would be increased
cloudiness which would probably have the effect of reducing the
amount of any increase in temperature.

The burning of fossil fuel which adds CO; to the atmos-
phere also adds enough sulphur dioxide so that one third of all
atmospheric sulphur (and one quarter of the total sulphur in
oceans and atmosphere together) is now man-made. Sulphur
dioxide eventually becomes sulphuric acid in the oceans; it is
quite possible that the resulting change in alkalinity is enough to
enable the surface layer to absorb about 0.5 ppm per year of the
atmospheric COp, or approximately one third of the yearly
addition of CO; to the system. This, of course, depends upon
the sulphuric acid being retained in the surface layer. Sulphur
is also an important fertilizer of the biosphere and the increase
in atmospheric sulphur might cause an increase in biologic ac-
tivity which would further reduce atmospheric CO,.

Another check is the increase in biologic productivim
which accompanies a rise in atmospheric CO,. An increase in
the amount of carbon in the terrestrial biomass would remove
carbon from the atmosphere. (If the mixed layer of the oceans
is actually taking up 0.5 ppm of CO; from the atmosphere each
year, then the increase in atmospheric CO; could be due to
destruction of part of the biosphere.) A considerable part of the
addition to the biomass would be wood in trees, and this carbon
would, in effect, be unavailable for quite a long time. However,>
the ratio between carbon in the terrestrial biomass and carbon;
in the atmosphere is not likely to change much; and, therefore,:
the biosphere can absorb only a part of any CO2 added to the
atmosphere. If CO is fertilizing the terrestrial plants we should
be able to see larger seasonal oscillations in the atmospheric
CO2.

14

C
0
N
C



A further possibility of a biologic check is the increased
rate of accumulation of organic remains in oceanic sediments
which might accompany an increase in marine biological produc-
tivity and which would remove CO2 from the biosphere.

In general, many of the changes in the CO2 system that
have been investigated are believed to be compensated for, at
least in part, by some other change (often triggered by the initial
change which was being studied). Even though the checks and
balances are numerous there are not enough data available to
evaluate them with certainty. The present liberation of such
large amounts of fossil carbon in such a short time is unique in
the history of the earth and there is no guarantee that past buf-
fering mechanisms are really adequate. It is not a cause for
complacency that nature seems to have a lot of checks and that
these checks seem thus far to be controlling any artificial
imbalances. There may be processes presently going on which
are due to man's activities and which will eventually be alarming.

15
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THE INCREASE OF CARBON DIOXIDE AND ITS EFFECTS

i

Three of the minor constituents of the atmosphere -
carbon dioxide, water vapor and ozone - are very important in
the heat balance of the earth because they absorb radiation in a
critical part of thé spectrum. Any large change in the amounts
of these in the atmosphere (even though the overall composition
of the atmosphere remains nearly the same) will affect the
surface temperature of the earth., An increase in CO2 is partic-
ularly effective since the warming it causes increases as well
the amount of water vapor. A doubling of the atmospheric CO,
is calculated to increase the average surface temperature by
3.80C. under clear sky conditions and about 2°C, under condi-
tions of average cloudiness. (These estimates can be question
ed; however, they are unlikely to be wrong by a factor of more
than two or three.)

The recent systematic atmospheric analyses for CO2
which began during the International Geophysical Year show
consistent increases each year for all parts of the earth, The
current rate of increase averages 0.7 ppm per year or about
0.2 percent. The combustion of fossil fuels at current rates
adds the equivalent of 1. 6 ppm of CO2 to the atmosphere each
year and must therefore be considered to be contributing to the
net increase. However, there may be other large sources of
CO2 which are not so easy to distinguish and which are masked
by the increase due to the burning of fossil fuels.

If all known reserves of fossil fuel were used within the
next 500 years, a very reasonable assumption, and if the CO?
system reaches CaCO3 equilibrium (reducing atmospheric CO2
to a minimum - a condition not likely to be reached for several
thousand years) then the CO2 content of the atmosphere would be
four times what it is at present and the average surface tempera-
ture of the earth would have risen by 7°C. (The possible change
if CaCOj3 equilibrium is not reached is 12.2°C.) A change even
half this great would be more than sufficient to cause vast
changes in the climates of the earth; the polar'ice caps would
almost surely melt, inundating many densely settled coastal
areas, including the cities of New York and London, If the
temperature of the equatorial regions were to rise by this amount
many life forms would be annihilated both on land and in the sea.
The average temperature of the oceans, now maintained at 4°C
by the ice caps, would rise by at least 15 or 20 centigrade
degrees, largely wiping out the world's present commercial
fisheries. There has been a well documented warming of oceans
of the northern hemisphere (about 2°C in the North Atlantic)
during the twentieth century, the period of rapidly growing use
of fossil fuels, but the temperature rise is too large to be

-6-
16


mm
Highlight


attributed entirely to the concurrent 10 percent rise in atmos-
pheric CO2. How much the rise in CO2 may have contributed is.
not known (or even whether there has been any temperature rise
in the Tropics or in the southern hemisphere). In any case, the
changes in marine life in the North Atlantic which accompanied
the temperature change have been very noticeable. The abun-
dance and distribution of a number of important commercial fish
species have shifted northwards, These include cod, mackerel,
lobster, menhaden, whiting and yellowtail flounder. The green
crab has spread far enough north to cause a serious diminution
of the soft clam which it feeds upon, The moths and butterflies
of England have changed so drastically that descriptions of ranges
and habitats done at the end of the nineteenth century are now
invalid.

-7-
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American continent, forests are being cut faster than they grow.
To be effective in controlling the rise in CQO,, plants would have
to be accumulating organic carbon at the same rate that we are
burning fossil carbomn.

. The increase in land in agriculture which is accompa-
nying the increase in the world's population is almost surely
decreasing the total terrestrial biomass, Terrestrial biological
productivity is most probably concentrated in the tropical forests
which are known to be decreasing markedly. The tropical
forests has developed to such a complexity and stratification that
the degree of efficiency in photosynthesis is far beyond what any
single plant could achieve. The tropical forest is one of the
great reserves for making the earth habitable. Its removal and
the attempt to grow a mono-crop result in impoverishment. We
lose not so much so0il, in a tropical forest there is often no soil
at all, but the structure of the community in doing the job of
photosynthesis -- CO2 consumption and oxygen regeneration.

19
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PROBLEMS AND NEEDS

The most alarming thing about the increase of CO, is
how little is actually known about it, Part of this lack is the
general absence of detailed knowledge about the surface of the
earth and the changes taking place there. We should know what
is happening to the physical environment both as a result of
man's activity and of natural causes., There has been very little
consideration of the biological consequences of man's manipula-
tion of the environment or of the biological changes which result
from climatic change. For example, the distributions of most
marine organisms, including many species of commercial impor-
tance, are not known. There is evidence that the warming in the
northern hemisphere during the twentieth century has drastically
changed the ranges of many fish, but these changes have been
little studied or catalogued.

The Continuation of the CO2 Monitoring Program

It might be argued that there is little immediate danger
in a rise in CO2, that the world can afford to sit back for a few
decades to see what happens; measurement of CO2 could be aban-
doned for a while because sufficient information could be obtained
from a comparison of present values with those 25 or 30 years
from now. However, careful measurements have been made for
a period of less than ten years in only three places in the world.
(CO2 has been measured in other places for short periods.) This
is too short a time to be sure that there are not occasional sudden
changes of much greater magnitude than any observed so far.

Our knowledge is not advanced enough to be sure that there is no
immediate cause for alarm. (In addition, many things could be
learned about the relationships among atmosphere, hydrosphere
and biosphere.) ‘

The question was asked: Who is to make the measure-
ments and at how many places should measurements be made ?
The U. S. Weather Bureau, which has maintained the CO2 station
in Hawaii, and has provided a man to do some of the routine work
at the Scripps Institution, has limited funds for research and
seems to feel its money might be better spent in other areas
(artificial earth satellites). The director of the program atthe
Scripps Institution in San Diego has been working on this one
problem for seven years and cannot be expected to continue much
longer, even though adequate funds seem assured. The third
study group at the Institute of Meteorology at the University of
Stockholm may not have enough money to go on.

-10-
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It would probably be sufficient to have one permanent
station, The present station high on Mauna Loa in Hawaii, which
has been in operation since 1958, would be ideal because it is
isolated and therefore well insulated from local effects, There
would be value in occasional testing at other locations which could
then be compared to the record from Hawaii, The new Institute
for Atmospheric Research in Colorado might be persuaded to
include CO2 measurements among its activities, It does not seem
to be worthwhile to have the World Meteorological Organization
add CO to its list of things to measure at the present time; how-
ever, if it becomes necessary, it should be easy to develop a
procedure which could be followed at a large number of stations,

There is a real need for more comprehensive data on
the composition of the atmosphere, including the medically and
physiologically important components. The Office of Meteor-
ologic Research of the U, S, Weather Bureau should continue its
studies in atmospheric chemistry even if it is no longer able to
afford a continuing program of CO, measurements.

There are important parts of the CO; problem which
will continue to be studied. Most oceanographic institutions will
continue to have CO, determinations in sea water made as a
routine part of their work., There is considerable interest now
in the radiation flux of the earth and in the general circulation of
the atmosphere and active research in these fields should con-
tinue for a long time,

There is a need for a watchdog, The effects of the con-
tinuing rise in atmospheric CO2 while not now alarming are
likely to become so if the rise continues. A committee of the
National Academy of Sciences, National Research Council, might
be charged with exploring the problem of the changing components
of the atmosphere,

Arousing public interest in the effects of the increase in
atmospheric CO, is as much a problem as the lack of adequate
data, Without the support of informed public opinion funds for
research will not be available, Even a limited monitoring pro-
gram has value as a constant demonstration that the amount of
CO; in the atmosphere is continuing to rise.

The lack of quantitative knowledge of the biosphere.

An exact knowledge of the role of the biosphere in the
CO, system is now impossible because of lack of knowledge of
the biosphere itself, The distributions of marine species, even
commercial species, have been very poorly studied and the
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warming of the northern hemisphere during the present century
has altered the distribution of some which had been studied.
Oceanographers have tended to ignore the continental shelf areas
and concentrate their activities in deep water, but there is evi-
dence that the shallow waters are the most productive biologi-
cally.

One of the problems is that the gathering of biological
data is essentially boring and very few of the people who work
with such data are willing to go to sea to collect it. As a
result, a great deal of marine biological data is supplied by
other sorts of scientist, such as chemists, who occasionally
bring things home to the biologist., There is too much special -
ization of interest to expect someone else to gather adequate
data.

There is real lack of knowledge of the distributional
nutrients in the oceans., Even in the North Sea very little work
has been done to link productivity with oceanic circulation,
However, even where detailed data on nutrients are available,
the necessary supporting biological data often are not. (The
Scripps Institution has a considerable amount of data on nutri-
ents which has never been analyzed; the data for the North Sea
have not been published.)

There is a lack of knowledge about the terrestrial biota
as well, The quantitative importance of man's activities on its
size is not known. No technique for estimating either total
biomass, land or sea, or total biological productivity has ever
been developed. While local studies are very useful in deter-
mining what must be measured, they cannot be added up to give
world totals. It may be that measurements of variations in
atmospheric and oceanic CO2 will prove to be a good tool for
determining changes in biological activity.

Systematic synoptic observations of the physical and
biological attributes of the different environments are essential
to document changes and to make realistic estimates of produc-
tivity. We must study, particularly, the distribution in time
and space of marine species, We must collect isotope data,
especially carbon-14, from the biosphere and the hydrosphere
and the atmosphere to learn more of the role of the biosphere
in the circulation of CO2. (Atomic bomb produced carbon-14
is actually an aid in this.) Essential, too, is the study of such
seemingly minor details as the turnover rate of the sea, the
rate of accumulation of organic material in sediments, the
distribution and effects of turbidity in the sea, and the study of
such neglected organisms as seaweeds, cocco-lithophores, and
dinoflagellates, which are extremely important in the metabo-
lism of the marine biosphere.

Standardization and coordination of data jathe ring.

A common scientific problem is the difficulty of corre-
lating data which have been gathered by different people for differ-

-12-
22



ent purposes. This is particularly critical in study of subjects
such as the role of CO,, which require the application of many
disciplines., Standardized systems of measurement are essential
if optimum use is to be made of the world's many, and expensive,
research facilities. While some kinds of speculative data gather-
ing are not entirely amenable to standardization since results are
often prejudiced to some extent by the means by which they were
obtained, there should, at least, be agreement on aims. Scientists
tend to measure the parameters that they know how to measure.
Often, in the past, the parameter measured was the parameter
which was convenient to measure and the equipment used had been
designed for some other purpose. A part of this problem is the
disinclination of scientists to be told what to do.,

International scientific meetings accomplish a good bit
of standardization and coordination, They also help to make
possible the use of military and commercial equipment for scien-
tific purposes, However, they are of doubtful use when only a few
people are interested in a problem. The loss of research time
necessary to attend meetings a long way from home discourages
many scientists from participating and many who do participate
are called on to do so much homework that they become, in effect,
professional committee members. Fortunately, in the case of
CO3 the Institute of Meteorology of the University of Stockholm
and the Scripps Institution have cooperated very closely and no
international organization has been necessary. However, an
attempt to broaden the study to include many other countries would
require a more formal organization.

CO, measurement is not easy to assign because there
must be both interest and competence, This is, in fact, a common
problem in all scientific work., Data gatherers are scarce, There
is little prestige involved in collecting samples, What is needed is
a corps of technically trained men to carry on the unromantic part
of research work who can feel that what they are doing is good and
noble. Even finding money for research is not as difficult as find-
ing people competent and willing to gather data and process it for
the use of someone else. It is important that data collecting be
limited to an amount which can be digested. Much of the initial
processing should be done at the site and be done very quickly if
much of the information is not to be lost.

A corollary to this is the need for stability in research
programs, Getting started is often a lengthy and expensive
process which is wasted if a program is discontinued too soon.

The routine collection of the various data required for monitoring
the increase of CO2 content of the atmosphere and hydrosphere

and then measuring its climatic and biological effects would have to
be continued for years before significant patterns could emerge,
While all of this routine work would certainly be carried on by
technicians, scientists would have to design the sampling programs
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and continually keep in close enough touch with their execution to
detect unreasonable errors and to know when and where revisions
in the design were in order and to interpret the data as patterns
began to emerge.

The study of the interrelationships of air, oceans and
life is now at the point where even casual analys1s is likely to
trigger a whole new set of ideas. The increasing use of radio-
active isotopes as tracers and indicators in the past twenty years
has led to study of distributions of other isotopes and has opened
a way for far more exact determinations of exchange rates be-
tween atmosphere and ocean or between atmosphere and biosphere.
As an example, pre-war estimates of the rate at which CO, was
exchanged between air and ocean surface varied by factors of up
to 10,000; there is no longer any real disagreement.

The new technique and the vast increase in research
funds in recent years have provided the beginnings of a large
collection of systematic observations which is still mostly un-
processed and unpublished. Many of the questions raised by the
discovery that atmospheric CO; is increasing in amount will be
answered when the analyses of these existing data and the new
data which should be accumulated in the next few years have been
completed, but new questions are sure to be raised by these
answers,

Science, technology and environment

Air pollution in the ordinary sense does not include the
CO2 rise in the atmosphere (although CO, can be used as an
indicator of pollution), Man-made haze is world-wide in dis-
tribution. Cities in the United States have begun to realize that
their problem is their neighbor's problem, and the other way
'round, but they still have not seemed to realize that more cars
make the haze thicker or that monitoring devices should be be-
tween cities and not downtown. To a great many people no smoke
still means no work and hard times. Pollution is now a political
and social problem far more than it is a scientific one. (In fact,
visible air pollution is a valuable tool for the meteorologist
interested in studying circulation, )

Fossil fuel residues in the atmosphere in the form of
such things as carcinogenic hydro-carbons are becoming more
and more serious, but these can be removed (or prevented from
reaching the open air.) CO, might be trapped and stored as
carbonate but the expense would probably be prohibitive, It is
almost inevitable that as long as we continue to rely heavily on
fossil fuels for our increasing power needs, atmospheric CO
will continue to rise and the earth will be changed, more than
likely for the worse.
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In terms of the health of the planet there are no under-
developed countries, only an increasing number of overdeveloped
ones. Environmental damage is being done by modern technology
at an increasing rate with no predictions of environmental con-
sequences, Artificial photosynthesis has been proposed as a
solution to the world's food problem, This could lead to a large
reduction in '""unnecessary' plant cover and an accelerated rise in
atmospheric CO,.

The fact that there may be a problem is beginning to be
understood. Technical conferences, such as those held this year
by the American Society of Civil Engineers and the New York
Academy of Medicine, are considering environmental effects, but
still only the short range effects,

The potentially dangerous increase of CO2, due to the
burning of fossil fuels, is only one example of the failure to
consider the consequences of industrialization and economic
development. Mankind is not helped by any technique which leads
to short range benefits but long range dangers. Overdevelopment
and concommitant overpopulation in many areas of the world have
made the problem not one of increasing productivity but one of
preventing further decreases.

Man's ability to change the environment has increased
greatly in the last sixty years and is likely to continue to increase
for some time to come. Even now it is almost impossible to
predict all of the consequences of man's activities., It is possible,
however, to predict that there will be problems without being
specific about it, It is very important to alert more people, more
scientists and more scholars in the social sciences as well as the
pragmatical sciences, to the need for planning and the realization
that there is an obligation to provide for the future as well as the
present,
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Document 2

1966 World Book Encyclopedia Yearbook,
Special Report on Pollution
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n @ paper mill flows into Lake Erfe and covers several
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Document 3

1965 speech by American Petroleum Institute (API)
President, Frank Ikard,
Meeting the Challenges of 1966
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Document 4

1968 SRl report to AP,
Sources, Abundance, and Fate of Gaseous Atmospheric Pollutants
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Document 5

1974 Exxon, Chevron, and Texaco patents
for arctic equipment
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[57] ABSTRACT

A hull shape for an icebreaking cargo vessel, such as a
tank ship, is provided which provides for lower ice
breaking resistance, greater displacement in ice, and
greater rudder and screw protection against ice when
proceeding astern in ice laden or ice covered waters
than conventional icebreaking vessels. The hull shape
is such that a down breaking bow and a maximum ice-
water line beam is provided forward of the midpoint
of the hull while aft of the midpoint the ice-water line
beam is smaller than that forward, the hull beam
below the maximum ice-water line beam. being greater
than the ice-water line beam in the aft part of the hull.
Vertical sections through the hull forward of the mid
point slope downwardly and inwardly while aft the
vertical sections slope downwardly and outwardly.

7 Claims, 1 Drawing Figure
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1
ICEBREAKING CARGO VESSEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application’ contains subject matter related to
Ser. No. 46,649 filed June 16, 1970 for Peter M.
Kimon, Ser. No. 48,326 filed June 22,.1970 for Peter
M. Kimon and Charles L. Crane, Jr. and Ser. No.
100,171 filed Dec. 21, 1970 for William Q. Gray.

BACKGROUND OF THE INVENTION

1. Field of the Invention

5

The present invention is directed to ar ice breaking -

cargo vessel. More particularly the invention is con- .

cemned with an ice breaking tank ship where the tanks
are mainly located in the cargo area. In its more
specific aspects, the invention is concerned with an ice
breaking tank ship having a hull of particular configu-
ration which provides. greater maneuverability, greater
displacement, and greater rudder and screw protection
from ice when procéeding astern.

2. Description of the Prior Art

It has been heretofore known to provide a tanker
ship with a hull of particular configuration for use in ice
such as the S. S. Manhattan which made an experimen-
tal voyage through the Northwest Passage to Prudhoe
Bay.on the north slope of Alaska. The S. S, Manhattan,
however, was a converted conventional tanker fitted
with a special bow and other equipment since it was not
built originally for voyage through the Northwest
Passage.

It has also been known to provide ice breaking ships
of various hull configurations to break ice to form a
passage for other vessels of a conventional design.
However, it has not been known heretofore to provide
a.cargo’ vessel with a specially designed hull for ice
breaking and built to carry maximum cargo for its dis-
placement. Nor has it been known to construct tank
ships of this nature.

The present invention is therefore quite important,

new, useful and unobvious since it allows building of -

cargo vessels which may be used in -arctic waters and
which serve also as an ice breaker for itself,

The following. listed U.S. patents were considered
with respect to the present invention: :

15,472 1,445,839 3,016,865
17,472 1,500,000 3,075,489
63,577 1,591,748 3,125,977
151,774 1,726,882 3,130,701
499,296 1,859,139 3,191,572
593,664 1,875,629 3,286,674
743,171 2,322,790 3,289,623
812,656 2,364,845 3,331,347
857,766 2,374,845 3,335,686
857,776 2,517,978 3,352,270 -
993,440 2,663,276 3,382,678
1,121,006 2,669,961 3,410,241
1,195,857 2,754,791 3,416,216
1,254,892 2,764,954

3,435,796

1,398,246 3,009,434

SUMMARY OF THE INVENTION

The present invention may be briefly described and
summarized as involving a marine vessel for use in Arc-
tic operations having a hull of specific configuration in
which the hull has a down breaking ice bow with the
maximum ice-water line beam well forward. of the mid
point of the hull. The ice-water line beam-aft of the
maximum beam tapers inward and forms or develops a
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smaller beam aft of the vessel’s midpoint. The hull of
the vessel below the ice-water line approaches a max-
imum beam aft of the maximum ice-water line beam
and this maximum hull beam is maintained well into the
after part of the vessel and the hull beam is greater than
the ice-water line beam. Vertical sections through the
hull from forward to aft are such that forward, the hull
slopes downwardly and inwardly and aft, the hull slopes
downwardly and outwardly.

DESCRIPTION OF THE DRAWING

The present invention will be further illustrated by
the single FIGURE which is a perspective showing of a
preferred embodiment,

DESCRIPTION OF THE PREFERRED
EMBODIMENT RELATIVE TO THE DRAWING

Referring now to the drawing numeral 11 designates
the hull of vessel 12 having a fore peak 13 and a stern
14, longitudinal bulkheads 15 which may.be parallel or
atan angle to the main deck 16 and the bottom 17 and
transverse bulkheads 18 which are parallel to each
other. All bulkheads extend from the main deck 16 ver-
tically to the bottom 17. The bulkheads 15 and 18 form
wing tanks 19.and center tanks 20.

A pump room, cofferdam or fuel oil tank 21 formed

.of bulkheads 18a separates the tanks'19 and 20 from an

engine room-in the stern part of the vessel 12,

It is to be noted that the hull 11 is flaired outwardly
at the maximum ice-water' line beam in the forward
part of the vessel and the hull slopes downwardly and
inwardly while in the aft sections the hull flairs
downwardly and outwardly providing a greater-beam
and consequently adds displacement. .

The vessel may have two.-or more screws 22 (only
two are shown) and rudders 23. The screws 22 and rud-
ders 23 are located such that they are well below the
stern overhang which protects them from ice. The lines
24 ‘shown on the hull. 11 illustrate  vertical sections
taken through the. vessel 12 from stem to stern. and il-
lustrates vividly the features of the present invention.

The engine room may be provided with steam, oil, or
nuclear powered propulsion means not shown and also
the main deck may be provided with living quarters, a
bridge and one or more stacks leading upwardly from
the propulsion means and engine room to carry off
gases, vapors, smoke, and the like. . ‘

In the present invention the vessel breaks ice in a
downward fashion as the vessel moves ahead. Since the
body of the vessel aft of a maximum beam becomes
narrower on the ice-water line vicinity but rernains at a
maximum beam below the ice breaking ‘water line
thereby relieves ice friction and allows room in the
broken ice path for the stern to swing giving the vessel
greater maneuverability while still maintaining high dis-
placement for given water line dimensions. Ice is also
moved away from the rudders and screws when the ves-
sel movesastern.

Thus the combined effects of the invention are the
provision of (i) a down breaking bow with a down and
inward slope at the maximum beam, (ii) a path in the
ice significantly wider than the stern to reduce ice fric-
tion and provide room for the broken ice to use as the
maximum beam passes, (iii) a wider ice broken path to
maneuver the stern for turning the vessel about in
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heavy ice. A significant slope on the sides of the hull as
shown in the drawing assists in breaking the ice and
also moving it away from the rudders and screws when
moving ahead as well as astern.

The nature and objects of the present invention hav-
ing been fully described and illustrated and the best
mode and embodiments contemplated set forth,

what [ wish to claim as new and useful and secure by
Letters Patent is:

1. Anice breaking vessel having a hull, bow and stern
in which:

the bow is down breaking and has a maximum ice-

water line beam forward of the midpoint of the
hull;

the ice-water line of the hull aft of the maximum

beam having a smaller beam aft of the hull’s mid-
point;

the maximum beam on the ice-water line slopes

downwardly and inwardly;

the hull below the ice-water line having a maximum

beam. aft of the maximum ice-water line beam,
which is maintained in the aft part of the vessel,
where the maximum hull beam is greater than the
ice-water line beam; :

vertical sections through the hull from forward to aft

being such that from forward to aft the hull slopes
downwardly and inwardly and the hull in the aft

5
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20

4

sections including the stern slope downwardly and
outwardly;

whereby the vessel has greater maneuverability,

greater displacement, greater icebreaking facility,
and is provided with greater rudder and screw pro-
tection against ice when proceeding astern in ice
laden or covered waters than conventional ice
breaking vessels.

2. A vessel in accordance with claim 1 in which the
stern overhangs propulsion means and steering means.

3. A vessel in accordance with claim 1 in the propul-
sion means is a plurality of screws.

4. A vessel in accordance with claim 1 in which the
hull interior has a cargo area comprising a plurality of
tanks.

5. A vessel in accordance with claim 4 in which the
plurality of tanks are formed by longitudinally and

[transverse spaced apart bulk heads extending vertically

from a main deck of the vessel to the bottom of the
hull.
6. A Vessel in accordance with claim 4 in which

- means are provided for separating the tanks from the
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stern.

7. A vessel in accordance with claim 6 in which the
separation means comprises a pump room, cofferdam
or fuel oil tank.
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[57] ABSTRACT

A tanker vessel for carrying liquid material is provided
with a cargo area provided with a plurality of spaced
apart longitudinal bulkheads and a plurality of parallel
transverse bulkheads vertically extending from the
main deck of the vessel to the vessel shell; said bulk-
heads forming a plurality of wing tanks, first central
tanks, selected of the first central tanks having a double
bottom, divided by a vertical bulkhead into two tanks.
The double bottom carries liquid water ballast only, the
first selected central tanks carry water ballast or other
liquid products, and the remaining tanks carry liquid
products. The first selected central tanks are free of
bulkhead stiffeners which are provided on the longitu-
dinal and transverse bulkheads.

6 Claims, 3 Drawing Figures
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1
TANKER VESSEL

CROSS-REFERENCE TO RELATED APPLICATION

This application contains common subject matter to
an application entitled “TANK VESSEL” filed May 5,
1971 for Walter B. Devine, Ser. No. 139,430,

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to tanker ships par-
ticularly marine vessels which are suitable for use in the
arctic. More particularly the invention is concerned
with a tanker vessel having a particular arrangement of
bulkheads and tanks. In its more specific aspects the
invention is directed to an arctic tank ship which has an
arrangement of tanks wherein there is a minimum of
metal exposed to corrosive fluids and in which the
strength of the vessel is unimpaired.

2. Description of the Prior Art

It is known to employ longitudinal and transverse
bulkheads in tank ships. It is also disclosed in the patent
literature that the corrosivity of certain products such
as gasoline and the like may be overcome by using a
combination of layers of steel of diverse electrochemi-
cal potential in tank ships. It is also known to provide
tunnels under the tanks of a tank ship to carry pipelines
and the like. The prior art teaches the provision of bal-
last bags in tank ships to avoid contamination with lig-
uefied cargo. Various water ballast configurations have
been devised and/or proposed to achieve various tank
configurations other than that obtained with intersect-
ing longitudinal and transverse bulkheads. All of these
proposals and prior teachings are still open to various
objections in providing tank ships wherein the tanks
and the ships are constructed in an expensive manner
and the problems which are encountered in the arctic
where special strength is needed are not solved. It is,
therefore, novel and unobvious to provide tanker ves-
sels or ships for arctic usage in accordance with the
present invention which are sufficiently strong that
navigation in ice covered waters may be achieved.
. The following listed U.S. patents were considered in
connection with this invention:
. Pat. No. 2,237,321
. Pat. No. 2,428,050
. Pat. No. 2,979,009
. Pat. No. 3,247,822
. Pat. No. 3,364,893
. Pat. No. 3,385,251

SUMMARY OF THE INVENTION

The present invention may be briefly described and
summarized as a tanker vessel for arctic and the like
use wherein versatile center tanks for arctic tankers are
provided wherein said tanks are so constructed and ar-
ranged as to carry cargo on one leg of a journey and
ballast water on the return leg of such journey. By vir-
tue of positioning bulkhead stiffeners outside selected
center tanks and by virtue of fitting said selected tanks
with double bottoms, the amount of steel exposed to
the different corrosive effects of salt water and oil is
significantly reduced. Furthermore, the tanks are easy
to clean since the stiffeners are exteriorly positioned

and therefore do not interfere with the flow of liguid
" through the suction ports. The double bottoms serve
not only as tanks but also reinforcement for the se-
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lected center tanks which are substantially free of inter-
nal stiffeners or trusses.

BRIEF DESCRIPTION OF THE DRAWING

The present invention will be described further by
reference to the drawing in which;

FIG. 1 is an inboard profile of the tanker ships of the
present invention; '

FIG. 2 is a sectional view of the main bulkhead ar-
rangement taken along the line 2—2 of FIG. 1; and

FIG. 3 is a cross-sectional view of the tanker vessel
taken along the line 3—3 of FIG. 2, showing the inner
construction of the wing tanks and selected center
tanks as well as the bottom tanks under the selected
tanks.

DESCRIPTION OF THE PREFERRED
EMBODIMENT WITH RESPECT TO THE
DRAWING

Referring now to the drawing and particularly to
FIGS. 1 and 2, number 10 designates a tanker vessel
such as a marine vessel designed for use in the arctic
and like environments. The vessel 10 is provided with
a plurality of transverse vertical bulkheads 11 which
extend from the main deck 12 to the bottom shell 13.
Selected of the bulkheads 11 form selected tanks 14
which are substantially free of internal trusses or stiff-
eners, and the internal structure, excepting the bulk-
heads, is not subject to corrosion. The selected tanks
14 may alternate between tanks 15 which are provided
with bulkhead stiffeners 17 and beams 18. The bulk-
heads 37 and 11 with shell 21 form wing tanks 16 along
the starboard and port sides of vessel 10.

The selected tanks 14 have “double bottoms 19
formed of members 20 and shell 21 of the vessel 10.
The double bottoms 19 have internal plates 22 which
support the inner bottom 20 and forms inner bottom
tank 23 underneath the tanks 14. Plates 22 are pro-
vided with openings 24 therethrough for fluid commu-
nication in tank 23 and also to allow passage of con-
duits as shown in FIG. 3. A pump room 25 is defined
by one of the transverse bulkheads 11 and a bulkhead
26 and is provided with internal stiffening means 27
which suitably may be trusses. The bulkhead 26 and the
bulkhead 27 form an engine room for the motive power
for the ship which may be a diesel engine, a steam en-
gine, or nuclear power means, and the like.

The outside shell of the first of the tanks 15 which is
used for ballast defines a fore peak 28, a prow 29 hay-
ing a bulbous bow 30. The stern of the vessel or fantail
31 is provided with a steering means 32 and a tunnel 33
in which is located one or more propulsion means such
as screws 34. On the main deck 13'is arranged the
bridge and living quarters 35 through which protrudes
a stack 36 leading from the engine room to carry off
steam, smoke, other vapors, gases, and the like.

In FIG. 2 it will be seen that longitudinal bulkheads
37 intersect the transverse bulkheads 11 and form with
the shell and the transverse bulk-heads the several
tanks described with respect to FIG. 1.

Referring now to FIG. 3 which is a cross section of
the tank ship of the present invention, it will be noted
that the tank 14 is strengthened by upper beam 38,
inner bottom 20, shell 21, and the internal vertical
plate 22 supporting the inner bottom 20 and by using
bulkheads 37 referred to in FIG. 2. The wing bulkheads
37 are preferably angled to provide maximum tank ca-
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pacity for the combination oil/ballast tanks 14 for a
minimum steel weight and the upper part of it may
form an angle greater than 90° with the main deck 13,
while the lower portion of the wing bulkhead 37 may
form an angle of 90° with the bottom shell or an angle
greater than 90° with the bottom shell as indicated by
the dotted lines.

Referring again to FIG. 3, it will be noted that the
bottom 20 of tank 14 slopes slightly from each bulk-
head 37 toward the center of the vessel where there is
provided a drain sump. Connected into the sump is a
line 50 which also connects into longitudinally running
line 53 and is controlled by a valve 52. A reach rod 43
‘operably connects valve 52 to a valve control means 44
enclosed in a covered access means 45 on the deck 12.

Extending downwardly into tank 14 from a control
means 54 in covered access means 45 is a conduit 46
which is provided with at least one nozzle means 47;
line 46 is closed on its lower end adjacent floor 20 and
connects to floor 20 by a support means 48 which also
acts as an electrical ground. One or more conduits such
as 46 may be provided in each tank 14 and may also be
adapted to rotate if desired. During tank washing oper-
ations, liquids are drawn off by way of the sump, line
50 and line 53, the combination of which also provides
means for loading or unloading of the tank 14. Tank
vents 55 lead from oil hatches 56 which are provided
with viewing ports 57 within the covered access means
45.

Tanks 23 and 15 are also provided with means to
load and unload liquids, such as line 41 which connects
in a longitudinal line 40 and is controlled by valve 42.
Valve 42 is aiso connected by a reach rod to a control
means 44 in covered access means 45. Although not
illustrated, wing tanks 16 are also provided with means
for loading or unloading liquids. Tank vents 55 lead
from oil hatches 56 which are provided with viewing
ports §7 in the covered access means 45.

The top of the covered access means 45 is provided
with guard rail 58, while the main deck 13 is also pro-

- vided with guard rails 59. The wing tanks 16 are also
provided with Butterworth hatches 69 through which
well known Butterworth cleaning means may be in-
serted and employed to clean the tanks 16 as required.

As also shown in FIG. 3, there is an upper vertical
portion 21a of the sides of shell 21 which slopes out-
wardly above a connecting vertical portion 215 which
slopes inwardly.

It will be seen from the foregoing description taken
with the drawing that unobvious and useful results are
obtained in that tanks are provided which are substan-
tially free of inner structural means providing minimum
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exposure of metal to corrosive liquids such as sea water
used as ballast and crude petroleum fractions thereof
and other corrosive liquids which may be carried by
tanker ship.

The present invention is, therefore, quite desirable,
unobvious and useful and presents advantages over the
prior art.

The nature and objects of the present invention hav-
ing been completely described and illustrated, what I
wish to claim as new and useful and secure by Letters
Patent is:

1. A tanker vessel having a shell, main deck, and
cargo area for carrying liquid material which com-
prises:

a. a plurality of spaced apart longitudinal bulkheads
and a plurality of spaced apart parallel transverse
bulkheads in said cargo area intersecting said longi-
tudinal bulkheads, said bulkheads extending from
the main deck to the vessel shell and forming a plu-
rality of wing tanks and central tanks;

said longitudinal bulkheads forming an angle
greater than 90° at least with the main deck;

c. selected of said central tanks having double bot-
toms with internal structural stiffening means
below the selected central tanks;

d. bulkhead stiffeners arranged only on the outside of
said longitudinal and transverse bulkheads forming
said wing tanks and said selected central tanks; and

e. an upper vertical portion of the sides of said shell
sloping outwardly above a connecting vertical por-
tion of the sides which slopes inwardly.

2. A tanker vessel in accordance with claim 1 in
which the selected first central tanks are provided with
fixed vertical washing means depending from the main
deck.

3. A tanker vessel in accordance with claim 1 in
which the selected tanks are provided with rotatable
vertical washing means depending from the main deck.

4. A tanker vessel in accordance with claim 3 in
which the double bottom of each central tank provided
with washing means is composed of an inner and outer
bottom, the inner double bottom sloping toward the
center of the vessel and the outer double bottom being
formed by the vessel shell.

5. A tanker vessel in accordance with claim 4 in
which each of the inner double bottoms is provided
with a ballast line and an oil line for filling and draining
the selected central tanks. ‘

6. A tanker vessel is accordance with claim 1 in
which the selected first central tanks alternate with

other first centrai tanks having bulkhead stiffeners.
* * * * *
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to a point adjacent the upper end. A work deck dis-
posed at, and operably carried at the body upper end
includes equipment necessary to function at said off-
shore site. A caisson extending uprightly through the
platform is partially embedded into the substratum be-
neath the platform, firmly anchoring the latter and
protecting wells during and after a drilling operation.
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MOBILE, ARCTIC DRILLING AND PRODUCTION
PLATFORM

BACKGROUND OF THE INVENTION

A marine platform of the type presently disclosed can
serve many purposes and be utilized by a number of in-
dustries. In the specific instance of the petroleum in-
dustry, the platform is generally positioned in an off-
shore body of water to drill into and explore the sub-
stratum for the possibility of producing crude oil and

10

gas. Normally, in water depths up to several hundred -

feet such marine platforms are fixed to the drilling site
by piles of similar retaining means. '

In the instance of such marine platforms built for use
in Arctic tideland waters, the problem of rigid position-
ing of the unit is compounded by the presence of float-
ing ice during certain periods of, and smetimes for the
entire year. More specifically, it is known that for most
of the year, the presence of large ice floes as well as
moving sheet ice, virtually prohibit the use of any sort
of conventional fixed platform.

On the other hand in more protected areas such as
Alaska’s Cook Inlet, the problem of sheet ice which
moves with the tide can be met to a degree by incorpo-
rating into the platform specific features to overcome
the conditions prompted by the presence of the moving
ice.

One method found to be suitable for opposing the lat-
eral thrust of a moving ice mass, whether in the form
of floes or an entire ice field, is by fabricating a plat-
form with sufficient mass and with an adequate degree
of stability to physically resist the displacing forces ex-
erted on the structure. Such platforms however as a
rule are of a relatively permanent nature in that once
they are installed at a particular site they are not ame-
nable to be subsequently readily removed or to be re-
used in different water depths. Thus, if the site proves
to be nonproductive, the use of an expensive nonsal-
vageable platform would result in excessive operating
expense.

In addition to the stated problems of initially drilling
wells in ice infested waters, the subsequently drilled
wells and well head equipment are further jeopardized
by heavy ice floes. Ice floes are known to reach to the
ocean floor and be of such a magnitude as to scour and
dig out the latter. This results in the subjecting to bend-
ing, breaking off or otherwise damaging, any sea floor
equipment installed in such an environment. Even
though the said equipment be buried to a desired depth
beneath the ocean floor, it may still be susceptible to
physical damage when extraordinary size icebergs or
the like are in the area.

It is therefore economical and desirable to utilize a
fixed type platform for offshore drilling under ice con-
ditions, and yet provide such a platform that is mobile
and can be reused in different water depths if it is deter-
mined that a particular area is nonproductive. This
problem is suitably countered and overcome by the
present marine apparatus. Said structure comprises in
effect a platform adapted for drilling, producing or ex-
ploratory work in an offshore body of water in which
moving ice is prevalent.

The platform is provided with a relatively widespread
foundation-like base to afford a firm footing. Further,
it is made salvageable such that the platform can be re-
moved from a particular spot and subsequently reset at
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an alternate drilling or producing location. The plat-
form embodies a downwardly extending heavy walled
caisson through which the respective wells are drilled.
Said caisson is of sufficient strength and rigidity to re-
sist installation forces and to protect the wells during
the drilling operation. When the platform is removed,
the caisson may be left in place and thus serves as a well
protector. The platform is physically contoured along
its exterior particularly along the level at which ice
would be concentrated, such as to expose a minimum
area thereof to contact with moving ice.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical elevation in partial cross section
of the instant marine structure shown submerged and
anchored at an underwater site.

FIG. 2 is similar to FIG. 1 illustrating the platform
when buoyed to a floating position.

FIG. 3 is a segmentary view in cross section showing
a portion of the structure shown in FIG. 1.

FIG. 4 is an enlarged segmentary view showing a well
head installation subsequent to removal of the anchor-
ing caisson.

Referring to FIG. 1, a platform 10 of the type con-
templated is shown installed at the floor of an offshore
body of water. Base 11 comprises in general a circular,
octagonal or other multisided barge-like unit disposed
at the lower end of the platform, which member ordi-
narily assumes a horizontal disposition. Base 11 sup-
ports an upstanding, conically shaped shell or body 12
having a contoured external surface which connects a
relatively broad lower section to a relatively con-
stricted narrow portion at the upper end. Body 12 is
further provided with an upwardly extending column
13 along which an equipment deck 14 is operably re-
ceived. Thus, when the platform is submerged at a
working site, deck 14 can be raised or lowered to a de-
sired height beyond the water’s surface. Further, when
the platform is installed at a drilling site, either the
upper end of said shell 12 or column 13 is disposed ad-
Jjacent to the water’s surface whereby to meet, break up
and deflect moving ice at the water’s surface.

Base member 11 comprises in effect a barge-like ves-
sel formed of a plurality of closed, individually con-
trolled tanks. By regulation of the buoyancy of the re-
spective tanks, the attitude and disposition of the base
can be readily regulated between the ocean floor and
the water’s surface. Base 11 is preferably formed with
welded steel or reinforced concrete sections of suffi-
cient strength and so reinforced, as to resist external
forces and pressures expected in the depths of water
where the platform would normally be positioned. The
respective compartments such as 16 and 17 within base
11 are individually separated by discretely placed bulk-
heads and panels. Thus, selective adjustment of the
buoyancy of said compartments results in the platform
being raised or lowered to a desired depth or positioned
at a desired attitude.

While not presently shown, each compartment 16
and 17 is connected with a buoyancy system regulated
from the water’s surface and adapted to urge a fluid
medjum such as water or drilling mud through the re-
spective compartments as required. Said system of
course includes means for regulating the flow of said
fluids to achieve the purpose of raising or adjusting the
level of the barge.
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An opening 18 extends transversely and centrally of
barge 11, communicating the upper and lower surfaces
thereof in a generally vertical disposition.

Elongated, conically shaped shell 12 is disposed with
its center axis normal to base 11, extending into and
being rigidly connected to the latter. Column 13 also
connects to and extends axially through conical shell
12 and base 11. The respective members are thus se-
cured one to the other in a manner to form a rigid, up-
right structure. The relationship between said members
not only assembles the respective parts into a unitary
component, but transfers or applies sheer stress and
overturning loads applied to column shell exterior, to
the widespread base 11. A suitable fastening means be-
tween base 11 and shell 12 may be provided by fabri-
cating the shell 12 of reinforced concrete whereby to
achieve a satisfactory bonded engagement between the
body peripheral lower edge, and the base.

Base 11 is further provided with means to assure its
fixed positioning at a desired offshore working site.
Thus, said base includes not only center transverse
opening 18, but optionally may include openings
adapted to receive a plurality of relatively short spud
piles 27 which can be driven through the base to en-
gage or be embedded into the substratum after the plat-
form comes to rest on the latter.

The lower edge of conical shell 12 is secured to base
11 and maintains the shell in a substantially upright dis-
position. One embodiment of said shell comprises a
hollow, heavy walled unit formed of reinforced con-
crete, steel, or a combination of said materials. Prefera-
bly, the shell is made in the form of a geometrically
conical member characterized by an outer wall surface
having a horizontal cross section which decreases as
the distance from base 11 increases.

The primary function of conical shell or body 12 is
to provide a relatively widespread footing for the plat-
form in conjunction with base 11. Further, said body is
provided with a sloping outer contour or surface to best
encounter moving sheet ice whereby to deflect the lat-
ter upwardly, causing it to break into smaller pieces
due to induced bending stresses. While not presently
shown in detail, compartments built into the interior of
shell 12 are vented to the atmosphere to better control
the internal and external pressures while the platform
is being submerged.

Elongated, cylindrical column 13 extends coaxially
of shell 12 from the point adjacent to base 11 to which
it is fastened, to a point beyond the shell 12 upper end.
Thus column 13 projects upwardly for a substantial dis-
tance beyond the shell upper end when platform 10 is
resting on the floor of an offshore drilling site. The pri-
mary function of said column is to operably support
work deck 14 during the transportation of the platform
as well as to provide a means of elevating the work
deck 14 a desired distance beyond the water’s surface
during actual drilling operations.

Column 13 thus comprises an elongated cylindical
member formed of relatively heavy walled steel or rein-
forced concrete. The column lower end is received in
receptacle means forming opening 18 in base 11 and is
fastened to the latter by cementing, welding, or other
appropriate means. The upper end of shell 12 is further
fastened to the outer wall of column 13 to fixedly join
the entire assembly into a unitary structure. Intermedi-
ate support means such as struts, braces 22 and 23 or
bulkheads are further disposed within body 12 and ra-
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diate outwardly from the column wall to reinforce both
the shell and the column, and to permit ballasting of the
conical shell 12 as needed.

Toward facilitating movement of deck 14 longitudi-
nally along the column 13 exterior, either to the upper
or lower position, the column can be provided with the
necessary slots, indentations, protrusions or the like.
Said means facilitate gripping of the column wall by a
plurality of climbing jacks and claps carried within
deck 14. Such jacks are clamps known in the art and
are frequently utilized on mobile offshore structures for
regulating the disposition of retractable legs carried on
the marine platform or structure.

Subsequent to platform 10 being submerged at a de-
sired offshore location, a caisson 26, which has previ-
ously been secured inside column 13 and extends longi-
tudinally thereof, is released and jetted into the sea bot-
tom. Base 11 is thus firmly embedded in the substratum
beneath the platform quickly and easily without the use
of either piles or anchor. A sufficient embedment of
said caisson 26 will assist platform 10 in absorbing and
transmitting to the ocean bottom, lateral forces im-
posed on the structure, thus further insuring against the
possibility of lateral displacement of the platform.

As shown in FIG. 3, caisson 26 extends preferably in
a downward direction through the center of the plat-
form to achieve the desired anchoring function. Fur-
ther, in connection with a drilling or producing opera-
tion, and as shown in FIG. 4, when it is deemed feasible
to move the platform, column 13 is free to slide along
the embedded portion of caisson 26 as the platform is
raised by ballasting.

In such position, the lower remaining end of the cais-
son serves as a protector or enclosure for both wells
and well head equipment at the floor of the drilling site.

In the event that icebergs of other relatively deep ice
masses tend to scour the floor of the ocean in the vicin-
ity of submerged wells 28, the protruding portion of
caisson 26 will form a barrier about said wells. Should
caisson 26 nonetheless be contacted by a floating ice-
berg in a manner to bend or deform the caisson walls,
the internal wells 28 would still be protected due to
their position within the caisson which will tend to bend
rather than fracture as they are displaced by the ice
mass.

Caisson 26 is initially assembled with platform 10
during fabrication of the latter. Thus, it can be floated
to the drill site by the buoyant platform. It is appreci-
ated that since caisson 26 will be lowered or driven into
the substratum, it will be necessary to add additional
caisson sections if the platform is moved to other loca-
tions. A number of caisson sections would thus be car-
ried, ancillary to the platform placing operation.

As shown in FIG. 3, when in the installed position,
the lower end of caisson 26 is disposed contiguous with
walls of the column 13 extending through the shell
lower surface. If it is desired to permanently place a
platform at a desired location, means may also be pro-
vided for cementing or otherwise rigidly fastening the
shell 12 upper and lower ends to the casing to rigidize
the disposition thereof and to avoid movement in re-
sponse to pressure exerted against the platform.

As shown in FIG. 1, subsequent to the platform being
anchored into position, deck 14 is elevated along col-
umn 13 outer surface, beyond the water’s surface a pre-
determined height to facilitate drilling operation and to
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maintain deck carried equipment beyond the reach of
the anticipated waves and ice.

As shown in FIG. 4, wells 28 may be completed with
subsea well heads 31 or extended to the deck elevation
for conventional surface cntrols, or may be capped for
future use. In the latter event, such equipment may be
embedded below the surface of the substratum as a
form of protection. In such instance, the remaining,
protruding portion of caisson 26 will serve to enclose
said well head and equipment until such time as the
wells are connected to the surface for producing petro-
leum fluids.

Subsequent to said drilling operation as noted, plat-
form 10 is separated from caisson 26 by ballasting the
latter to raise it a predetermined distance beyond the
ocean floor. The platform will then slide upwardly
along caisson 26 in an orderly, controlled manner.
Thereafter, by controlled flotation of the base 11 and
venting of body 12, the platform can be entirely raised

from its position and refloated to an alternate working

site.

I claim:

1. A marine platform adapted to be removably posi-
tioned at an offshore body of water, the latter being in
an environment subject to floating ice, which platform
includes;

a submergible base including buoyancy means incor-
porated therein for controllably regulating the dis-
position of said base between the floating position
at the water’s surface, and a resting position at the
floor of said body of water, said base having means
forming a vertical transverse opening there-
through, a guide column having upper and lower
ends, the latter being fixed to and extending up-
wardly from said base in alignment with said verti-
cal transverse opening, the column upper end
being of sufficient length to extend beyond the wa-
ter’s surface when said base is positioned at said
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floor,

a caisson disposed internally of and contiguous with
said guide column, extending longitudinally thereof
and having the lower end embedded into the sub-
strate beneath said platform whereby to anchor the
latter during a drilling operation, and to subse-
quently permit upward guided movement of said
platform along the caisson when the platform is
raised from a submerged position,

an elongated shell characterized by a generally coni-
cal external surface, having the broad end con-
nected to said base and having the upper con-
stricted end in engagement with said guide column
adjacent the upper end thereof, and

a deck operably carried on said guide column upper
end being longitudinally movable therealong for
positioning a desired distance beyond the water’s
surface.

2. A marine platform as defined in claim 1, including

a caisson operably received in said guide column and
longitudinally movable through the latter whereby to
permit lowering of said caisson downwardly through
said base to permit embedment thereof into the floor
of said body of water.

3. In an apparatus as defined in claim 2, wherein said
guide column is of substantially uniform diameter and
slidable along said caisson outer surface to guide the
latter during lowering thereof into the substrate.

4. In an apparatus as defined in claim 1, wherein said
conical shell is of sufficient height to position at least
a portion thereof beyond the water’s surface when said
base is resting at said floor.

5. In 2 marine platform as defined in claim 1, wherein
said caisson extends upwardly along said guide column
to position with the upper end thereof adjacent to and

beneath the water’s surface.
* * E * E
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A method and apparatus for reducing ice forces on a
marine structure erected in a body of water which be-
comes frozen through natural weather conditions. The
structure has a wall of heat transmitting material form-
ing its perimetrical surface in the zone where natural
ice will freeze onto or impinge against the structure.
Enclosed chambers are built within the structure and
in heat transmitting relationship with the outer wall
and heat is applied to the chambers to heat and main-
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point of the natural ice occurring in the water around
it. In a preferred embodiment the marine structure is
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with reduced friction as it moves against the structure.
Thus an edge of the sheet of ice will be prevented
from adhering to the structure and will be lifted above
its normal position on the water surface as the ice
moves against the structure, causing the sheet to be
bent and fractured, reducing the force imposed by it
on the structure.
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1
ARCTIC OFFSHORE PLATFORM

BACKGROUND OF THE INVENTION

This invention relates to a marine structure for instal-
lation in waters upon which thick sheets of ice are
formed during the winter season. In arctic and antarctic
waters the winter ice normally may reach thicknesses
of 6 to 10 feet or more and rafting, pressure ridges, and
other accumulations may cause the thickness of the ice
in places to be several times the thickness of the origi-
nal sheet. The ice sheets are of vast area and although
normally they may move relatively slowly with wind
and water currents, the mass of ice in movement can
cause very high forces on a stationary structure in its
path. Such ice may have a compressive strength in the
range of about 650 to 1,000 pounds per square inch
and a structure strong enough to withstand the crushing
force of the ice would necessarily be very massive and
correspondingly expensive to construct.

It has been proposed heretofore that rather than
build a structure strong enough to withstand the total
crushing force of the ice, i.e., strong enough to permit
the ice to be crushed against the structure and thus en-
able the sheet of ice to flow around it, the structure be
built with ramp-like surfaces which would cause an
edge of the moving ice sheet to be forced upwardly
above its normal position on the surface of the water as
it came into contact with the structure, thus bending
the ice sheet and placing a tensile stress in the ice.
Since the ice has a flexural strength of about 85 pounds
per square inch, a correspondingly relatively smaller
force is placed on the structure as the ice impinging on
it fails in tension. _

Several forms of structures having a sloping perimet-
rical wall for installation in waters where they would be
exposed to the forces of moving ice are illustrated in a
paper by J. V. Danys entitled *Effect of Cone-Shaped
Structures on Impact Forces of Ice Floes,” presented to
the First International Conference on Port and Ocean
Engineering under Arctic Conditions held at the Tech-
nical University of Norway, Trondheim, Norway, dur-
ing Aug. 13 to 30, 1971.

Another publication of interest in this respect is a
paper by Ben C. Gerwick, Jr. and Ronald R. Lloyd enti-
tled ‘“‘Design and Construction Procedures for Pro-
posed Arctic Offshore Structures,” presented at the
Offshore Technology Conference meeting at Houston,
Texas during Apr. 1970.

In testing in a laboratory cold room scale models of
offshore structures incorporating the above design
principle to investigate the action upon them of sheet
ice it was found that the ramp-type of surface, when
moving relative to the ice sheet and in contact with it,
caused appreciably less force to be imposed on the
platform structure than would be the case if the plat-
form wall presented to the ice sheet was disposed verti-
cally to it as would be the situation if, for example, a
proportionately larger diameter pile or caisson was
contacted by the moving ice sheet. It was discovered,
however, that this condition was true only while the ice
sheet could move relative to the platform and that as
explained hereinafter ordinarily much larger forces
would be imposed on the marine structure before the
bond between it and the ice was broken to permit such
relative movement.
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In the actual installation of a marine structure in arc-
tic waters it is proposed to construct and assemble the
structure in a shipyard and tow the assembled structure
to the offshore site where it will be established during
the time the waters are open and relatively ice-free. At
this time the structure will be lowered into contact with
the submerged earth and piles may be driven into the
earth to hold the structure in place against the horizon-
tal forces imposed upon it. Piles may also be used to as-
sist supporting the vertical loads on he structure.

In the farther northern arctic waters such as the wa-
ters off of the north slope of Alaska, the open water
season is relatively short, approximately six weeks,
after which ice begins to form on the open waters. The
ice will freeze around and onto the marine structure
which has been fixed at the offshore site. This condition
has been duplicated in the laboratory to determine
what effect the newly frozen sheet ice would have on
a scale model of a ramp-sided offshore structure as de-
scribed heretofore and particularly to determine what
forces would be imposed on it.

As the ice sheet built up in thickness on the surface
of the water surrounding the model structure, it also
froze onto the surface of the structure in contact with
the water. When the ice sheet reached the required
thickness for the test, it was found that a much greater
force was required to start relative motion between the
model and the adhering ice sheet than was required to
maintain the relative motion after the adhesive bond
was broken. For the conditions of the test, approxi-
mately 5 to 10 times as much force, depending on spe-
cific conditions, was imposed on the model structure by
the ice sheet before the bond was broken than was im-
posed after this relative motion was established.

The amount of force imposed initially on the struc-
ture by the ice sheet will, of course, be dependent on
the form, dimensions and characteristics of the struc-
ture and the dimensions and characteristics of the ice.
But in all cases, as the problem is understood now, a
much greater force will be imposed initially on the
structure before the adhesive bond between it and the

_ ice is broken than will be imposed after the bond is dis-
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rupted. Ordinarily it would be necessary under these
conditions to build the structure strong enough to with-
stand the initial forces imposed on it by the ice sheet
even though the forces imposed on it during the major
portion of its useful life would not require a structure
of such rugged construction. A structure built strong
enough to withstand the initial ice forces would be cor-
respondingly more expensive to build and more diffi-
cult to install than one designed to take only the load
of a relatively moving ice sheet. The present invention
is designed to alleviate this condition of initial high
loading imposed on the offshore structure by a method
and apparatus to be described hereinafter.

SUMMARY OF THE INVENTION

The invention will be described hereinafter as ap-
plied particularly to an offshore structure used primar-
ily for drilling oil wells or as an adjunct to producing oil
from subaqueous oilfields in regions of the earth where
the open waters become frozen on the surface with an
appreciable thickness of ice. For simplicity of descrip-
tion, such a structure may be designated hereinafter as
an offshore drilling platform although it will be appreci-
ated that the principles of this invention may be applied
to other types of marine structures such as offshore
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production platforms, offshore loading and unloading
stations for petroleum tankers, lighthouses, piers or
other structures established in a fixed location and ex-
posed to the forces of ice sheets which move on the sur-
face of the water.

Pursuant to the invention a method is provided for
preventing the natural ice from freezing on and adher-
ing to the surfaces of the offshore structure exposed to
the water in the zone of natural ice formation and ap-
propriate apparatus is exemplified to accomplish this
method. This method comprises a system for applying
heat to the inner surface of the outer wall or shell of the
structure, particularly adjacent the water line where
the natural ice will tend to freeze onto or impinge
against the outer surface of the shell to cause the tem-
perature of the outer surface of the shell in the area of
ice contact to be maintained above the melting point of
the ice. The heating system is such that heat can be ap-
plied continuously to the shell of the platform while ice
is present in the water around it, both to prevent adhe-
sion of ice to the shell and to provide a film of water be-
tween the ice and the outer surface of the shell to assist
the ice in slipping over and upon this surface when the
ice contacts it, both of which features function to re-
duce the force imposed on the structure by the moving
ice sheets.

In a preferred embodiment of the invention, an off-
shore drilling platform is constructed with a portion of
its perimetrical outer wall or shell in the form of a frus-
tum of a cone sloping upwardly and inwardly of the
platform at an angle of approximately 45° to the hori-
zontal. The conical surface extends from a location
below the region of ice formation on the surface of the
water to some distance above the level of the water sur-
face and will function somewhat in the manner of a
ramp upon which an edge of a sheet of ice will be raised
above its natural level on the surface of the water as the
ice moves toward the platform. Thus, the ice sheet will
be flexed in the region of the platform causing the ice
to fracture and break from the tensile forces resulting
from the flexural stress.

Water-tight compartments, which in the preferred
embodiment function as water tanks, are constructed
within the platform adjacent the outer conical shell and
the latter acts as a common exterior wall for both the
platform structure and the water tanks. The tanks are
connected to pumps for circulating water through them
and through heat exchangers, which latter are in com-
munication with the exhaust gases from the engines
which generate the power for operating the machinery
and other apparatus on the platform. The tanks are
filled with water which is heated an amount to maintain
the outer surface of the shell of the platform above the
melting point of the natural ice which forms around or
impinges upon it, thus preventing the ice from freezing
onto and adhering to the outer surface of the platform.
Preferably the water tanks are of sufficient capacity to
contain enough heated water to maintain the critical
area of the shell of the platform at a temperature above
the melting point of the natural ice throughout a period
of at least 24 hours if no additional heat is added to the
water during that time. This will provide a safe period
for making repairs if the source of heat for the water
should fail during the critical period when the ice sheet
may otherwise be in a condition to freeze onto the plat-
form and start moving. It will be noted that if the source
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sheet is in motion so that the intact ice sheet does not
adhere to the shell, any additional load imposed on the
platform by the ice will be considerably less than the
force imposed on the platform by the thrust of an ice
sheet which is frozen onto and adhering to the shell.

It is not intended that the invention be limited to
heated water tanks placed within the shell of the plat-
form, and other means for performing the method of
this invention also will be described hereinafter or will
become apparent as the description of the invention
proceeds in conjunction with the accompanying draw-
ings which form part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation, partly in section
and with some elements rearranged in position for clar-
ity of disclosure, of an offshore drilling platform incor-
porating the features of this invention and illustrates
the embodiment which employs heated water tanks to
maintain the critical areas of the shell of the structure
above the freezing temperature of the natural ice
around it.

FIG. 2 is a schematic illustration in sectional plan
view taken on the line 2—2 of FIG. 1.

FIG. 3 is a schematic representation in elevation and
partly in section of another arrangement of apparatus
incorporating the features of this invention and illus-
trates the use of heat transfer panels to heat the critical
area of the perimetrical shell of an offshore structure
above the melting point of the natural ice surrounding
1t.

FIG. 4 is a schematic illustration in plan view and
partly in section taken along the line 4—4 of FIG. 3,
with portions broken away to expose details of the as-
sembly.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 represents an offshore drilling platform 10 in-
stalled in a body of water 12 in engagement with the
underwater bottom 14 to which it is secured temporar-
ily by piles 16. The platform is designed particularly for
installation in arctic waters upon which thick sheets of
ice 18 will seasonably be formed. The platform has a
lower support portion 20 which extends into the water
and forms a base which supports a deck portion 22
above the surface of the water. The lower portion of
the platform is exposed to the water and ice forces inci-
dent to its environment and is the portion of the plat-
form of principal interest to the present invention. The
upper portion of the platform may contain several lev-
els of decks and may be enclosed and heated to provide
a reasonably comfortable working environment and
protection for men and equipment from the winter
weather during which the temperature may drop to the
range of —60° F. Without adequate heating facilities in
the working areas the operation of the arctic drilling
platform would become virtually impossible during a
major portion of the year.

Since it is both expensive and difficult to construct
and install a drilling platform in arctic waters, it is desir-
able to provide a platform which is capable of drilling
a number of wells from the same location. For example,
the drilling platform illustrated in FIG. 1 may be de-
signed to drill 10 or more wells from the same platform
site to a depth of approximately 16,000 feet and ac-

of heat for the water fails during the time when the ice g g cordingly is made large enough to accommodate the
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machinery and equipment necessary for this purpose.
By way of illustration only, a platform of this capacity
for installation in 40 feet of water may have a bottom
diameter of approximately 180 feet and a diameter at
the water line of approximately 120 feet. The base por-
tion may have a height of 85 feet and support above it
decks and other appurtenant equipment including a
drilling derrick reaching to an elevation of approxi-
mately 160 feet above the floor of the sea.

A drilling platform of the above-noted dimensions
will weigh several thousand tons before it receives any
of the machinery and equipment necessary for the dril-
ling operation. The weight of the platform will increase
proportionately as it is designed to withstand greater
natural forces and since the weight of the structure re-
flects its cost, the cost will increase proportionately as
the weight increases. The present invention is directed
toward a procedure for reducing the forces imposed on
the base portion by natural ice formations, thus permit-
ting less structural material to be incorporated in it and
correspondingly reducing its mass as well as reducing
its cost.

For a drilling platform of the size and drilling capac-
ity referred to, power generators adequate to produce
approximately 3,300 horsepower will be supplied to
operate the rotary table, drawworks, mud pumps and
the other equipment and appurtenances necessary for
the drilling operation. In accordance with one exem-
plary embodiment of this invention the waste heat from
the power generating source is used to heat the shell of
the platform above the melting point of the natural ice
surrounding it in the manner and for the purpose to be
described in more detail hereinafter. If, for example,
the power source selected is a turbine engine and three
1,100 hp gas turbines are used for the power necessary
to operate the drilling platform, more than 32,000,000
BTU/hr. waste heat from the turbines will be available
for heating the shell of the support structure. This
amount of heat is amply adequate to maintain a shell
of the dimensions noted above continuously at a tem-
perature above the melting point of the natural ice
formed in the water in contact with it.

The structure illustrated in F1G. 1 represents a dril-
ling platform which is towed to the drilling site in a
completely assembled and equipped condition and
which requires no additional construction at the site ex-
cept for lowering it into engagement with the sea bot-
tom and, when necessary, securing it with piles. Ballast
tanks 24 (FIGS. 1 and 2) are built into the base portion
20 as an integral part of it to ballast the platform when
being towed and to enable it to be lowered through the
water into contact with the sea bottom. The ballast
tanks are each provided with appropriate sea cocks 26
which can be manipulated remotely from aboard the
platform by means not shown but which can be pro-
vided for within the skill of the art and each ballast tank
has connected to it a respective blowdown pipe 28
which receives air under pressure from a compressor
30. The sea cocks can be opened to admit water into
the ballast tanks or, alternatively, pressurized air can be
introduced into the tanks to expel water from the tanks
through the sea cocks.

When the platform is under tow, enough water is ad-
mitted to the ballast tanks to give it a draft of about 8
to 10 feet and the ballast tanks have sufficient volume
to provide adequate buoyant space above the ballast
water to give the platform stability in its towing condi-
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tion. The ballast tanks may of course be trimmed as
necessary to compensate for any uneven distribution of
weight in the platform.

The drilling platform represented by FIG. 1 is con-
structed to be readily established with full operating ca-
pability at a selected drilling site and with the ability to
be removed from one site and established at another in
operating condition without delay. To assist this mobil-
ity it is desirable that the platform be constructed to be
stabilized at an offshore location with a minimum of
secondary construction operations, such as the driving
of piles, being required to secure it in position against
the forces it will be exposed to. :

The platform is constructed with a plurality of leg
members 31 which are mounted to be moved vertically
relative to the bady of the platform by corresponding
jacking arrangements 33. The legs have expanded foot
portions 35 and contain internal guides 32 (FIG. 2) for
the piles 16. When the platform assembly reaches a
drilling site, and while it still is floating, the leg mem-
bers are lowered into engagement with the sea bottom.
While the jacks are engaged with their respective legs
the sea cocks 26 are opened to admit additional water
to the ballast tanks 24 increasing the weight of the plat-
form enough to give it negative buoyancy. The footings
35 are designed to contro! the penetration of the legs
into the sea bottom as the weight of the platform in-
creases.

The jacks 33 are now operated to lower the platform
along the legs in a leveled controlled condition until the
bottom 37 of the platform is seated on the sea floor.
The ballast tanks may now be flooded an additional
amount, adding sufficient weight to the platform for it
to resist being displaced by natural forces.

In locations where the platform will be exposed to ad-
verse conditions such as the thrust of sheet ice, the piles
16 may be driven into the submerged earth to hold the
platform securely in position against horizontal loads
imposed on it. It is an object of this invention to provide
means for reducing considerably the force which other-
wise would be imposed on a stationary platform by an
ice sheet moving against it, thus enabling a structure to
be assembled which is more adaptable to the conditions
of use described heretofore.

When the platform is to be moved to another loca-
tion the piles 16, if such piles have been used, are cut
below the footings 35 or otherwise detached from the
platform. The compressors 30 are operated to expel
water from the ballast tanks until a condition of buoy-
ancy of the assembly is reached which will permit it to
be elevated off bottom along the legs 31 under con-
trolled conditions. Preferable during this operation,
sufficient water will be kept in the ballast tanks to give
the platform some negative buoyancy and it will be
lifted along the legs by the operation of and under con-
trol of the jacks 33. The platform is raised to its floating
position, the ballast is adjusted, and the assembly is
towed to its new location where it is again set on bot-
tom as described heretofore. ,

FIG. 1 represents the drilling platform installed at the
drilling site and equipped for the drilling operation.
The derrick, indicated at 39, is enclosed for protection
from the weather and extends into the body of the
structure to a deck 41 which contains a support 43 for
the rotary table. The derrick has a crown block 45
which can be shifted to be aligned vertically with each

0 of the several positions 47, FIG. 2, on bottom plate 49
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through which separate wells may be drilled. The ro-
tary table, not shown, likewise is constructed to be
moved into alignment selectively with each of the posi-
tions 47. When a well is being drilled a casing 51 is set
in the well bore and sealed with a watertight connec-
tion 53 to the plate 49. If the platform is to be moved
to another location, the casing will be detached from
the platform and a watertight cover will be secured
over the corresponding opening.

As previously indicated, gas turbines may be used as
the primary source of power for the platform. Two of
the power generating gas turbines 34 and 36 are illus-
trated schematically in form and position in FIG. 1. The
exhaust from each turbine is led through a respective
conduit 38 and 40 to heat exchangers as represented by
the coils 42 and 44. It is within the concept of this in-
vention to provide a bank of heat exchangers which will
be in communication with the exhaust ducts of all the
power turbines or to provide separate heat exchangers
associated with each respective power turbine. How-
ever, it is important that there be some redundancy in
this portion of the apparatus to provide adequate oper-
ating heat exchanger capacity if some portion of the
power generating or heat exchanger apparatus must be
closed down for maintenance or repair.

In this illustrative embodiment of the invention, after
the drilling platform is established in operating condi-
tion the ballast tanks 24 are substantially filled with a
heat transfer liquid. Atmospheric space 48 is left at the
top of the tanks to function as a surge chamber and to
provide for expansion of the liquid. Otherwise the bal-
last tanks may be connected to auxiliary surge tanks,
not shown, for this purpose.

The heat transfer fluid may be sea water to which an
appropriate corrosion inhibitor has been added to pro-
tect the steel surfaces in contact with it. Desirably an
antifreeze component is added to the water to prevent
it from freezing solid within the ballast tanks and to
cause it to remain pumpable if the water is not heated
during a period when the shell of the support structure
is reduced below the freezing point. Where fresh water
is available in sufficient quantity, the ballast tanks may
be purged of any salt water they contain and filled with
fresh water to which is added a-corrosion inhibitor, an
antifreeze component and an algicide to make up a
compounded heat transfer fluid.

Antifreeze components available for this purpose
would be, for example, soluble salts, such as sodium
chloride and calcium chloride, an alcohol such as
methanol, or a glycol such as ethylene glycol, or a glyc-
erol, or any of several other antifreeze substances
which are well known, any of which may be added to
the water in the ballast tanks in a sufficient amount to
prevent the water from freezing to a nonpumpable con-
dition throughout a predetermined temperature range
at a time when heat is not being applied to the water.
A corrosion inhibitor is selected to be compatible and
effective with the chosen antifreeze component.

The heat exchangers 42 and 44 are connected by ap-
propriate pumps, as 50 and 52, respectively, to a com-
mon manifold 54 from which respective conduits, as 56
and 58, communicate with the top portion of each indi-
vidual tank 24 below the level 59 of the water con-
tained in it. The lower portion of each tank is in com-
munication with a common manifold 60 through re-
spective lower conduits, as 61 and 62. The heat ex-
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by respective conduits 63 and 64 and the pumps oper-
ate to draw cooler water from the top portion of the
tanks and pump it through the heat exchangers and
thence into the bottom manifold 60 from which it is di-
rected into the bottom portion of the tanks 24. Al-
though a single pump may be used for circulating the
heat transfer fluid through the tanks 24, it is advisable
to have at least a second pump connected in the sys-
tem, either as an operating component or as standby,
to insure the continued operation of the system if one
of the units should fail to function. Appropriate valves
placed in the upper and lower conduits such as, respec-
tively, valve 65 in conduit 56 and valve 66 in conduit
61 provide a means for controlling the flow of heat
transfer fluid through an individual tank independently
of the flow through adjoining tanks and also provide a
means for isolating an individual tank from the heat
transfer fluid circulating system as may be necessary
for repair or maintenance.

The ballast tanks for a platform of the dimensions de-
scribed heretofore are designed to hold in excess of a
total of 20,000 barrels of water. The heat transfer fluid
circulating system is designed to circulate fluid through
these tanks at the rate of approximately 800 gallons per
minute when the platform is in normal operation and
32,000,000 BTU/hr. will be available from the power
generating turbines to heat this fluid. When the fluid in
the ballast tanks is heated sufficiently to maintain the
outer surface of the support structure shell at approxi-
mately 33° F, there will be enough heat stored in the
water in the ballast tanks to keep the shell above the
freezing point of the ambient water for a period of 24
hours, thus providing a safe period for repairs, or for
securing the wells and abandoning the platform if the
power generating system on it should fail under condi-
tions which imperil the safety of the platform.

The platform shown in FIGS. 1 and 2 indicates, by
way of example, six ballast tanks 24. However this is
not a critical number and more or fewer tanks may be
appropriate for particular platforms. The tanks illus-
trated are separated by radially disposed watertight
walls or bulkheads 67 and are closed on their radially
inwardly sides by a cylindrical wall or bulkhead 68. The
radially outer wall of the tanks is the perimetrical wall
or shell 70 of the lower portion 20 of the platform.

FIG. 1 also indicates the ballast tanks as extending
from the watertight bottom 37 of the platform up to-the
bottom deck 74 of the upper portion 22 with the heat
transfer fluid in the ballast tanks in direct heat transfer
contact with- the inner surface 76 of outer wall 70
throughout substantially all of this region. However, for
some platforms, it will be sufficient to provide tanks for
the heat exchange fluid which, although of adequate
capacity, are of less volume than those indicated in the
drawings. Such smaller tanks will be distributed around
the inner surface 76 of the wall 70 and be constructed
to expose the inner surface to contact with the heat ex-
change fluid throughout the area where natural ice
could freeze to the shell, extending for a distance above
and below the surface level of the ambient water, to
maintain this zone of the shell above the melting tem-
perature of the natural ice in contact with it. By this
construction a weighted dry ballast may be used which
requires less space than water ballast and thus provides
additional dry working area within the platform.

In the illustrated embodiment the cylindrical bulk-

changers 42 and 44 are connected to manifold 60, as7q1 head 68 defines working space at the core of the plat-
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form and appropriate decks, as 41, 78 and 80 are pro-
vided to support men and machinery. Although this
space will be heated to a comfortable working tempera-
ture which normally may be above the temperature of
the fluid in the tanks 24, there is nevertheless provided
a layer of insulation 84 placed against the radially inner
surface 86 of bulkhead 68 to reduce heat loss from
these tanks if the temperature of the core area 88
should be below that of the tanks.

Preferably a wear plate 90 is secured to the outer sur-
face of the shell in the zone on the platform of ice
contact to strengthen this area and to receive the im-
pact and abrasive action of the ice sheet bearing against
the support structure.

FIGS. 3 and 4 represent an alternative arrangement
of apparatus embodying the present invention and indi-
cate also a modified form of platform to which it is ap-
plied. The same numerals as used previously will be
used again where applicable in relation to FIGS. 3 and
4 to designate corresponding elements.

In this modification the lower support portion 20 and
the upper deck portion 22 may be constructed as sepa-
rate units which will be assembled together at the off-
shore site. The support portion has pile guides 32 built
into it around its periphery as well as through its central
section to receive a corresponding number of piles 16.

The support portion of the platform is towed to a
chosen offshore location and sunk into contact with the
sea bottom by increasing the ballast weight. Piles 16 are
then inserted through the pile guides 32 and driven into
the submerged earth. The support section is leveled
and the piles are grouted to the pile guides to hold the
platform securely in position against the horizontal and
vertical loads imposed on-it. Subsequently, the upper
deck portion 22 is lightered to the location and assem-
bled on the stabilized lower portion.

In this modification, as in the platform illustrated in
FIG. 1, a watertight bulkhead 68 surrounds the central
area 88 of the platform and defines the inner wall of
compartments 100 and 102 which may be used as bal-
last tanks for trimming the platform under tow and for
sinking it at the well site in the manner described here-
tofore. However, rather than filling the compartments
with the heat transfer fluid to keep the shell of the sup-
port section above the freezing point of the ambient
water, panels of coils of tubing are fitted to the inner
surface of the shell in heat transfer relationship and the
panels are manifolded together to receive the heat
transfer fluid from heat exchangers which are exposed
to the exhaust gases of the power generating turbines
for the platform in a manner similar to that described
heretofore. In this modification of the invention after
the drilling platform has been secured to the underwa-
ter bottom, the water may be displaced from the indi-
vidual compartments which are then loaded with suffi-
cient dry weighting material to compensate for what-
ever residual buoyancy the assembled platform may
have. This procedure reduces the corrosion problem of
the interior surfaces of the compartments caused by
water contained in the tankage and also provides addi-
tional dry working or storage space within the confines
of the platform.

Referring still to FIG. 3, the heating panels 104 are
placed against the interior surface 76 of the shell 70 in
heat transferring relationship throughout the area
which will be in contact with the ice sheet 18 formed

5\

—_

0

20

25

30

35

40

50

55

60

65

72

10

on the surface of the ambient water and preferably will
extend for some distance above and below the thick-
ness of the sheet to assure that this area of the shell will
be elevated in temperature above the melting point of
the surrounding ice. A wear plate 90 is secured to the
outer surface of the shellin this area for the purpose
described heretofore. The panels of heating coils are
covered on their inward surfaces with a layer of insulat-
ing material 106, such, for example, as a foamed ure-
thane to confine the heat from the panels to the shell
of the platform in this area. Preferably the insulating
material is in turn covered by a cover 107 secured in
a watertight manner to the surface 76 to prevent water
in the ballast tanks from contacting the heating panels
and the insulation.

In operation a heat transfer fluid of the type de-
scribed heretofore flows from surge tanks, as 108 and
110 into a manifold 54 from which it is taken by pumps
50 and 52. The pumps deliver the fluid to heat ex-
changers 42 and 44 which receive heat from the ex-
haust gases of the platform power generating engines
34 and 36 through ducts 38 and 40. The fluid flows
from the heat exchangers to a manifold 112 and from
the manifold respective conduits 114 conduct the fluid
to the heat transfer panels 104. The fluid is pumped
through the tubing 116 of the panels and thence flows
through respective conduits 118 into a manifold 120
from which it is conducted by piping 122 to the respec-
tive surge tanks as 108 and-110.

Appropriate valving is placed in the system to pro-
vide for the control of the fluid circulation to any one
of the panel sections or to any surge tank and to enable
these portions of the apparatus to be taken out of the
operating system for maintenance or repair. Thus, re-
spective valves 124 are placed in the conduits 114 from
the manifold 112 to the corresponding sections of the
heat transfer panels 104 and respective valves 126 are
placed in the conduits 118 carrying the return fluid
from the heat transfer panels to the manifold 120. In
like manner, each section of the surge tankage can be
isolated independently of the others by a respective
valve 128 placed in the piping 122 which leads from the
manifold 120 to the surge chamber and by a corre-
sponding respective valve 65 in the conduits, as 56 and
58, from the individual surge chamber, as 108 and 110,
to the manifold 54. ,

Since in the modification illustrated in FIG. 3 the
heat for the shell 70 of the support section of the plat-
form is concentrated in the zone of ice formation in the
surrounding water, less total heat will be required to
maintain this portion of the shell above the melting
point of the natural ice than was used for the modifica-
tion of the invention described in relation to FIG. 1 and
less heat generating capacity will be required for this
purpose. ,

‘It is within the concept of this invention that, under
some conditions of ambient weather and the platform
configuration, the shell of the platform in the zone

- thereon of ice formation can be heated above the melt-

ing point of the ice by diverting the exhaust gaseous flu-
ids from the power generating engines through appro-
priate ducting into heat transferring contact with the
inner surface of the shell to function as the heat trans-
fer fluid. Also, it'is within the concept of this invention
to provide sufficient power generating means aboard
the platform to generate power for panels of electrical
heating elements arranged in a manner similar to that
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described with reference to the heat transfer panels il-
lustrated in FIGS. 3 and 4.

If it is desired to keep the platform on location after
the drilling operations are completed, when it no longer
is necessary to generate the amount of power required
for drilling, auxiliary sources of power may be used di-
rectly to supply the heat necessary to prevent ice from
adhering to it. Thus, a steam boiler may be used which
is designed primarily to supply the heat transfer fluid
for the ballast tanks 24 or for the heating panels 104,
or the heat may be supplied by a power source external
to the platform, as by connecting panels 104 of electri-
cal heating elements to a source of electrical power
generated apart from the platform.

The inventive concept is directed to the method and
appropriate apparatus for reducing the forces imposed
by natural ice on an offshore platform. For platforms
of the dimensions recited in the specification by way of
example, the force imposed on such a platform by the
movement of a sheet of ice 8 feet thick frozen on and
adhering to its steel shell will be approximately
10,000,000 to 20,000,000 pounds total. When the shell
is heated above the melting point of the ice and the ad-
hesion is broken, the force of the ice sheet upon the
platform will be reduced in the order of five to ten
times for a total force of approximately 2,000,000
pounds. :

A preferred embodiment of this invention and a mod-
ification of it have been described herein. However, it
is apparent that other modifications may be made to
the exemplary arrangement of apparatus disclosed
herein without departing from the inventive concept
and it is intended that the invention include all of the
modifications and equivalents within the scope of the
appended claims.

What is claimed is:

1. A method for reducing ice forces on a marine
structure established in a fixed condition in a body of
water which becomes frozen through ambient natural
conditions, comprising:

forming an enclosed chamber in said marine struc-

ture at a position on said structure at which an ex-
terior surface of a wall portion of said chamber will
be in contact with said water and in an area on said
structure of potential contact with ice caused by
natural freezing of said water,

disposing said exterior surface of said wall portion at

an angle inclined to the surface of said water to
form a sloping ramp-like surface to receive and ele-
vate above its natural level an edge portion of a
sheet of ice as said sheet of ice moves into contact
with said surface,

placing a controllable source of heat in communica-

tion with the interior of said chamber,

heating the interior of said chamber an amount at

least sufficient to cause the temperature of said ex-
terior surface to be above the melting point of nat-
ural ice formed in said water adjacent said struc-
ture,

and controlling the heat of said interior to maintain

said temperature of said exterior surface above said
melting point as said ambient conditions at the lo-
cation of said structure changes,

thereby preventing said ice from freezing onto and

adhering to said exterior surface thus reducing the
force exerted on said fixed structure by a relative

movement of said ice which is in contact with said73
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exterior surface and assisting the ice in slipping
over and upon said surface as said movement of
said sheet of ice is continued.

2. The method in accordance with claim 1 wherein
said interior of said chamber is heated by a heat trans-
fer fluid at a temperature above the melting point of
said ice,

and wherein-said heat transfer fluid is heated and cir-

culated through the said interior of said chamber at
a controlled rate sufficient to cause said tempera-
ture of said exterior wall to be maintained above
the melting point of said ice.

3. The method in accordance with claim 2 wherein
said heat transfer fluid is a liquid which is heated by
heat generated from a source on said marine structure
and is circulated through a heating means therefor and
through said chamber by a circulating pump mounted
on said marine structure.

4. The method in accordance with claim 2 wherein
said heat transfer fluid is heated by the waste heat ex-
hausted from an engine employed to generate power to
operate the machinery and equipment associated with
said marine structure.

5. The method in accordance with claim 2 wherein
said heat transfer fluid is a mixture comprising water,
an antifreeze component and a component to inhibit
corrosion of the walls of said interior of said chamber.

6. A method for preventing ice from adhering to a se-
lected surface of a marine structure established in a
fixed condition at a location in a body of water which
becomes frozen through ambient natural conditions,
comprising

forming an outer wall for said structure at a position

which will be in contact with said water in a zone
of natural freezing of said water,

disposing said outer wall at an angle to the surface of

said water to form a sloping wall at least through-
out the region of said zone,

constructing said sloping wall to receive an edge por-

tion of a sheet of ice which moves against said wall,

said wall being formed of a material which transmits
heat and having an interior surface exposed within
said structure and an exterior surface in contact
with said water,
heating said interior surface of said wall by means of
a source of heat generated on said structure,

and controlling said heat ‘to maintain said exterior
surface of said wall above the melting point of ice
formed naturally in said water adjacent said struc-
ture as the weather conditions at the location of
said structure changes to provide a film of water
between said wall and said ice in contact with said
wall portion,

said film of water providing a means for reducing the

force imposed on said structure by said ice as said
ice moves upon said structure in engagement with
said wall.

7. A method for reducing the force imposed on a ma-
rine structure established in a relatively fixed location
by the movement against it of a sheet of ice present in
the water adjacent the said structure, comprising

constructing said structure with an outer surface

which is sloped inwardly and upwardly of said
structure in the area of potential contact with an
ice sheet present in said water,
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heating said surface to a temperature above the melt-
ing point of said ice to prevent said ice from freez-
ing on and adhering to said surface,

maintaining said surface at a temperature above the
melting point of said ice continuously during the
time a sheet of ice exceeding a predetermined min-
imum thickness is present in the water adjacent
said structure to maintain a film of water between
said surface and said ice,

constructing said heated surface to function as a
ramp to cause a portion of a sheet of ice which
moves against said structure to be lifted and bent
from its normal position on said water,

said film of water providing a means for reducing the
force imposed on said structure by said ice as said
ice moves relative to and against said structure and
in engagement with said surface,

selecting an angle of slope of said surface of an
amount to cause said portion of said sheet to be
bent sufficiently to fail in bending and to fracture
said ice as it moves against said structure,

thereby reducing the force imposed on said structure
by a sheet of ice moving relative to and in contact
with said surface to an amount less than that im-

posed by the movement of an unfractured sheet of

ice which is frozen onto said surface.

8. A marine structure constructed to be maintained
in a fixed position in a body of water which becomes
frozen through natural conditions, comprising

a support portion of said structure,

said support portion extending into a body of water
and supporting a work platform above the surface
of said water,

a perimetrical wall of said support portion in contact
with said water and extending from below the sur-
face of said water to above said surface,

said wall constructed to be disposed at an angle in-
clined to said surface of said water to provide a
ramp-like surface to receive a sheet of ice moving
relative to and in contact with said structure,

at least one circumferentially disposed chamber
within said support structure with said perimetrical
wall forming the outer wall of said chamber,

means for circulating a heat transfer fluid through
said chamber,

and means on said structure for heating the circulat-
ing said heat transfer fluid an amount sufficient to
maintain the temperature of said perimetrical wall
above the melting temperature of natural ice oc-
curring in said body of water adjacent said wall.

9. A marine structure in accordance with claim 8, in-
cluding

engines on said structure for providing motive power
for the operation of equipment on said structure,

exhaust gases produced by the operation of said en-
gines, .

heat exchanger means on said structure,

means for directing said exhaust gases to said heat ex-
changer means, and

means for circulating said heat transfer fluid through
-said heat exchanger means to provide said heating
of said heat transfer fluid.

10. A marine structure in accordance with claim 9
wherein said heat transfer fluid is a mixture comprising
water and an antifreeze component.

11. Means for reducing the effect of ice forces on a
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in an open sea environment, which sea becomes frozen
at the surface through natural conditions, comprising

a marine structure positioned in an open sea environ-

ment in fixed relationship to the bottom of the sea,

a perimetrical wall on said structure,

a selected area of said wall being formed of a material
which readily transmits heat,

an outer surface of said selected area of wall posi-
tioned to be in contact with the ice of said sea, and
disposed at an inclined angle to the surface of said
water in a position to receive and support an edge
portion of a sheet of ice which continuously moves

"into contact with said selected area and to elevate
said edge portion above its natural level an amount
to cause said sheet of ice to fracture continuously
adjacent said structure,

an inner surface of said selected area of wall,

means for excluding said sea from contact with said
inner surface,

said selected area of wall extending upwardly from
below the surface of said sea to above said surface
at least throughout a zone of natural freezing of
said water,

a source of heat on said structure, and

means for applying heat from said source to said
inner surface of said selected area of wall in an
amount to maintain the temperature of the said
outer surface in the region of said zone above the
melting point of said ice in contact with said struc-
ture to provide a film of water between said ice and
said area of said wall thereby to reduce the force
transmitted from the continuously moving said ice
to said structure.

12. Means for reducing the effect of ice forces in ac-
cordance with claim 11 in which the said selected area
of said perimetrical wall is sloped upwardly and in-
wardly of said structure at an angle of approximately
45° to the horizontal to provide a ramp-like surface to
receive and elevate above its natural level on said sea
a portion of a sheet of ice which moves against said
structure, thereby to cause said sheet of ice to bend and
break adjacent said wall.

13. An offshore drilling platform for use in a body of
water which becomes frozen through natural condi-
tions, comprising

a supporting base portion constructed to be installed
in a relatively fixed position in a body of water,

platform decks supported by said portion above the
surface of said water,

a circumferential wall on said base portion with at
least a portion of said wall being made ‘watertight
and with a frustoconical form converging upwardly
of said drilling platform and extending from a loca-
tion below the surface of said water to a location
above said surface,

ballast compartments within said base portion and
adjoining said portion of said wall in heat transmit-
ting relationship,

said base portion constructed with sufficient buoyant
capacity to maintain said drilling platform in a
floating condition to permit said platform to be
towed through said water,

means for admitting ballast into said ballast compart-
ments to decrease said buoyant capacity an amount
to cause said drilling platform to be lowered into
contact with the underwater bottom,
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means for displacing ballast from said ballast com-

partments,

means for circulating a heat transfer fluid through

said ballast compartments,

means for heating said fluid an amount sufficient to

increase the temperature of said portion of said
body of water adjacent said drilling platform and in
contact with said portion of said wall.

14. An offshore drilling platform in accordance with
claim 13 including

a power generating engine on said platform,

waste heat produced by said engine,

and means for heating said heat transfer fluid with

said waste heat.

15. An offshore work platform for use in a body of
water upon which ice is formed through natural condi-
tions, comprising,

a base portion positioned in a body of water,

means securing said base portion to the underwater

bottom,

a deck portion supported by said base portion above

the surface of said water,

a wall section on said base portion and extending
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from below said surface of said water to above said
surface,

said wall section formed converging upwardly and
inwardly of said platform at least in the region of
contact of said surface of said water with said wall
section and constructed to receive and elevate
above its natural level a portion of a sheet of ice
which moves on said body of water into contact
with said wall section,

a watertight compartment enclosed within said wall
section approximately in horizontal alignment with
said region,

heating means within said compartment and in heat
transfer relationship with said wall section,

and means on said platform for operating said heat-
ing means to heat said wall section in said region
above the melting point of ice formed in said water
and in contact with said wall section thereby to
form a lubricating film of water in the area of
contact between said sheet of ice and said wall sec-

tion.
¥ ok %k %k %k
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1
ARCTIC OFFSHORE PLATFORM

BACKGROUND OF THE INVENTION

The present invention relates to offshore structures 3

and particularly structures for conducting drilling and
producing operations in the Arctic regions. More par-
ticularly, the structure. is particularly adapted for con-
ducting operations in the shallow waters of the Beaufort
Sea. As is well known, the Beaufort Sea at particular
times of the year contains large movements of relatively
thick sea ice and offshore drilling structures must with-
stand this movement. In the past, it has been suggested
that any offshore structures based in the shallow waters
of the Beaufort Sea have a conical base section to force
the moving ice upward, causing it to break due to the
tension forces imposed upon the ice. This will cause the
large ice features to break into smaller pieces which
then can pass safely around the offshore structure.

While the use of conical-shaped bottom sections obvi-
ously solves the problem of breaking the large moving
ice sheets into smaller sections, the problem still remains
of how to provide an outer skin for the conical section
that can withstand the loads imposed by the moving ice
sheets. One solution suggested by the prior art is de-
scribed in U.S. Pat No. 4,215,952 where a resilient mate-
rial is disposed between the wear surface of the conical
base section and the support portion thereof. The use of
the resilient section is intended to reduce loads imposed
upon the structure by the large ice floes. While this is a
possible solution, it requires the use of relatively flexible
outer surfaces on the conical base in order that the load
can be transmitted to the resilient material positioned
between the support structure and the outer surface.
The key design problem is to avoid excessive concen-
tration of load on the supporting bulkheads.

BRIEF DESCRIPTION OF THE INVENTION

The present invention solves the above problems by
spreading the load over a larger area before it is trans-
ferred to the bulkheads. This is achieved by using a stiff
conical outer shell which is supported by a system of
beams spanning between radial bulkheads. When the ice
load is applied to the stiff outer shell it, in turn, transfers
the load to the supporting beams. Since these beams are
more compliant than the outer shell they will deflect,
permitting the shell to move inward and transfer the
load to adjacent sets of beams.

The upper end of the conical outer shell is attached to
a cylindrical upper shell which houses three decks
which contains the drilling and production equipment.

The entire structure may be constructed in a less
hostile environment, towed to location under its own
buoyancy, and installed on location by water ballasting.
It will resist ice and wave loads by a gravity foundation
using a system of steel skirts to transfer the loads into
the foundation soil.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is more easily understood from
the following description when taken in conjunction
with the attached drawings in which:

FIG. 1 is a schematic elevation view of the base sec-
tion of the invention attached to a circular production
platform.

FIG. 2 is a vertical section of the conical base section.

82

10

2

FIG. 3 is a horizontal section taken along line 3—3 of
FIG. 2. :

FIG. 4 is a portion of FIG. 3 drawn to an enlarged
scale.

FIG. 5 is a horizontal section of the flexible beam
structure.

FIG. 6 is a section taken along line 6—6 of FIG. 5.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The structure of the present invention is designed to
resist loads due to first year and multiyear ice sheets and
ridges, rubble piles and dynamic impacts from storms

- accompanied by ice invasions. The overall form of the
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structure comprises a frustum of a cone for the lower
portion with a base diameter, for example, of 350 feet.
The base portion has a cone angle of typically 45 de-
grees and is joined to a cylindrical upper section. The
upper section contains the drilling and production
equipment and facilities.

The conical portion of the structure consist of a sys-
tem of radial and circumferential bulkheads supported
by a continuous base plate. The ice and wave loads are
borne by a stiff outer shell comprising an orthotropic
structural system consisting of radial and meridional
webs and top and bottom flanges. The outer shell trans-
fers the loads to a bulkhead system through an indirect
load path created by supporting the outer shell on a
system of flexible beams which span the space between
the radial bulkheads. The stiffness properties of the
outer shell and flexible beams are selected to distribute
the load over a number of bulkheads instead of a single
bulkhead. This avoids the imposition of high local loads
on individual bulkheads as is the case with previous
designs.

Referring now to FIG. 1, there is shown an elevation
view of the conical base section 10 coupled to a cylin-
drical upper section 11 that may be either a drilling or
production facility. The upper section is provided with
three levels; 12, 13 and 14. which can contain drilling
supplies, the drilling equipment, production equipment
and living quarters for the drilling or production per-
sonnel. The base section is provided with sufficient
height so that the upper portion of the truncated conical
section extends above the normal water line 15. The
extension should be sufficient so that moving ice will
ride up the conical section and break due to tension
stress before it impacts on the upper section 11.

Referring to FIG. 2, there is shown a partial vertical
section of the conical base member shown in FIG. 1.
The conical base member includes a base plate 20 which
is attached to a skirt 21 which extends down into the
ocean bottom to assist in anchoring the conical base in
position. Normally, the conical base will be ballasted or
flooded so that the weight of the conical base, plus the
sea water, will cause it to sink and rest on the ocean
floor with the skirt 21 penetrating the ocean floor. The
base 20 may be constructed of a stiffened plate system.
The outer skin 22 of the conical base is actually com-
posed of two spaced-apart plate members having a se-
ries of circumferential stiffening webs 24 and meridional
webs 32. The actual construction of the outer surface
will be described in detail with relation to FIGS. 3 and
4. The space between the outer and inner plates at the
lower end of the outer surface is closed by two continu-
ous plate members 25 and 26. The composite outer shell
is spaced from the outer ends of the radial bulkheads 27
so that it is free to move within this restricted distance
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as the supporting beams flex. The flexible beam systems
23 are positioned between the radial bulkheads 27 as
particularly shown in FIGS. 5 and 6. As shown, the
flexible beam system adjacent the water line is provided
with a double set of beams since this is the area which is
subject to the greatest load by the moving ice.

Referring now to FIGS. 3 and 4, there is shown the
detailed construction of the outer shell and the flexible
supporting beams of the conical member. In particular,
the outer surface 22 of the base member consists of an
outer skin 31 and an inner skin 34 which are spaced
apart. The inner and outer skins are held apart by the
horizontal or circumferential webs 24 shown in FIG. 2
and a series of meridional webs 32. The combination of
the meridional and the circular webs form a cellular or
egg crate type structure for the outer shell.

It should be noted that the outer shell is spaced a
distance 30 from the ends of the radial bulkheads 27 and
supported at the mid-span of the flexible beam system 23
by parallelogram shaped load transfer boxes 33. As

15

shown in FIG. 4, the load transfer box 33 terminates in 20

a flat flange section 35 which contacts the individual
beam members. In addition to the meriodional webs 32,
a series of secondary stiffening webs 36 are positioned
between each of the meridional webs.

Referring now to FIGS. 5 and 6 there is shown the
details of the flexible beam system used for supporting
the outer shell of the conical base. In particular, each
flexible beam member of the system adjacent the water
line comprises two I-beams 40 and 41 which are spaced
apart a short distance 42 by spacing members 43 and 44
positioned at the center and the ends of the beams re-
spectively. The spacing members allow the beams to
transmit the load from the outer shell to the radial bulk-
heads while maintaining their ability to flex with respect
to each other without shear transfer. To increase their
flexibility the ends of the I-beams have a slight clear-
ance 45 at each end adjacent the radial bulkheads. The
end of the innermost beam is supported by a T-section
having an end 48 attached to the beams and a web 47
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attached to the radial bulkheads. The flanges of the 49

I-beams are reinforced by web members 46 adjacent the
center and the ends respectively, to ensure that the
load-bearing portions of the beam and the flanges do not
buckle or collapse. As best seen in FIG. 5, the flat sec-
tion 35 of the parallelogram shaped box of the outer
shell bears against the outermost flange of the I-beam
40. Thus, the load from the outer shell is transmitted
over a narrow area of the beam which permits the beam
to slightly flex to absorb the load imposed on the outer
shell. Since the beams are not connected at their ends to
the radial bulkheads but only supported by the T-sec-
tions, the beams can readily flex, absorbing the load
from the outer shell. The flexibility of the conical base
and limited contact points between the outer shell and
supporting structure also prevents excessive loads as a
result of temperature fluctuation: Also, an insulating
layer can be placed on the inside surface of the outer
shell of the conical base and upper cylindrical section to
provide thermal insulation.

In a typical base structure designed for a load of
25,000 kips and a maximum contact pressure of 1600 psi,
the base structure would have a diameter of approxi-
mately 350 feet with a height of roughly 70 feet for
operating in water depths of 30 to 60 feet. The upper
cylindrical drilling platform is 210 feet in diameter with
a height of 90 feet. The outer shell of the conical section
includes two-inch outer and two-inch inner plate walls
with two-inch meridional webs with one-inch plate
radial bulkheads. The radial bulkheads were placed on
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9-degree centers while the flexible beam system com-
posed of I-beams having a flange width of approxi-
mately 1.5 feet and a thickness of 2.75 inches with a
12-inch high web. The total weight of steel in the struc-
ture is approximately 40,000 tons which would provide
the reserve buoyancy of approximately 50,000 tons
while towing the base structure in an upright position.

The above described conical base structure provides
a flexure of approximately two-inches when the outer
surface of the conical base is subjected to its maximum
load of 26,000 kips. In order to withstand greater loads,
it may be necessary to increase the diameter of the
conical base and increase the thickness or strength of
some of the members. While increasing the diameter
and the thickness of the members, it should be borne in
mind that one should still maintain the flexible beam
system.

What is claimed is:

1. An offshore structure for use in arctic water con-
taining moving ice masses comprising:

a frustum base section and a circular upper section,
said base section having sufficient height to extend
above the surface of the water; )

the skin of said frustum section having a controlled
stiffness cellular structure formed by an outer plate
member and an inner plate member, said outer and
inner plate members being separated by a series of
radial and meridional webs fastened to said plates
to form a cellular structure; and

a flexible beam structure, said beam structure being
formed by a series of circumferential beams sup-
ported by a series of radial bulkheads projecting
upward from the bottom of said frustum, said skin
being attached to said flexible beam structure inter-
mediate said radial bulkheads.

2. A frusto-conical base member for use in an offshore
structure for conducting operations in arctic waters
having moving ice, said base member comprising:

a solid circular bottom;

an outer skin for said base, said outer skin being
formed by a solid outer plate and a solid inner
plate, said inner and outer plates having a general
conical shape and radially spaced, a plurality of
meridional web members positioned between said
inner and outer plates and fasten thereto to main-
tain the spacing between said plates;

a plurality of radial bulkheads attached to said bottom
and terminating short of said outer skin; and

a plurality of horizontal flexible beams, said beams
being secured between said radial bulkheads to
form a series of vertically spaced substantially cir-
cular beams, said beams supporting said outer skin
at points intermediate said bulkheads.

3. The base member of claim 2 wherein in addition to
said meridional members a series of circumferential
webs are positioned between said inner and outer plates
and fastened thereto.

4. The base member of claim 3 and in addition sec-
ondary stiffening webs, said webs being attached to the
outer shell and positioned between said meridional
members.

5. The base of claim 4 wherein said inner plate is
provided with a series of load transfer boxes that
project inwardly from said inner plate, said load trans-
fer boxes having a flat surface that contacts said beams
at approximately the center thereof.

6. The base member of claim 5 wherein said box has

a parallelogram cross section.
* ¥ 0% %%
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CHAPTER TWO

Predicting a Global Catastrophe
1977—-1982

As the oil industry continued to study the processes and potential effects of global warming, their predictions grew
increasingly accurate and their concerns increasingly dire. On at least three separate occasions, oil industry scientists
and executives were warned of the potentially “catastrophic” impacts of global warming resulting from the use of their
products. These stark warnings would ultimately go unheeded by the industry.

In 1977, Exxon scientist James Black gave a presentation, Document 6, to the Exxon Corporation Management
Committee. Black predicts a 1-3° C global temperature increase by 2050 based on reasonable CO; emissions
expectations and warns of a 3-10 year window to gather the necessary information and act.

Document 7, an internal Exxon memorandum from 1979, shows how the industry’s “At a 3% per annum growth
understanding of climate change and modeling continued to advance: the severity of rate of CO2,a 2.5°Crise brings
climate change couldnowbe directlylinked to the amount of COsreleased. Thisreport world economic growth to a
alsoincluded an appendix listing some very worrisome ecological impacts of increased halt in about 2025”

CO; levels in the atmosphere. But perhaps most significantly, the memo introduced American Petroleum Institute, 1979

the idea that climate change might limit the company’s ability to sell its product.

In 1979, API and industry scientists from Exxon, Texaco, SOHIO, and others began the “CO; and Climate Task Force”
to monitor and share climate research. Document 8 features minutes from a 1980 meeting where representatives
were briefed on “The CO; Problem.” The meeting’s presentation described the “scientific consensus on the potential
for large future climatic response to increased CO; levels” and predicted global temperature increases of 2.5°C by 2038,
and then 5°C by 2067, leading to “major economic consequences” and “‘globally catastrophic events.” The presentation

concludes, “At a 3% per annum growth rate of COy, a 2.5°C rise brings world economic growth to a halt in about 2025.”

By the early 1980, researchers and executives were grappling with a growing understanding of the severity of the risk.
In a brief memo from 1981, Document 9, Exxon research manager Rodger Cohen warns that calling climate change
impacts “of a magnitude well short of catastrophic” in 2030 would be “too reassuring” and that it was “distinctly possible
that the CPD [corporate planning department| scenario will likely produce effects which will indeed be catastrophic (at

least for a substantial fraction of the earth’s population).”

In 1982, Exxon’s Environmental Affairs program manager M. B. Glaser circulated an internal briefing on
The CO2 “Greenhouse” Effect, Document 10, which he warned was not to be distributed externally.
The briefing reviews the scientific understanding of climate change and warns, “In addition to the effects of climate on
global agriculture, there are some potentially catastrophic events that must be considered. For example, if the Antarctic

ice sheet which is anchored on land should melt, then this could cause a rise in sea level on the order of 5 meters. Such
a rise would cause flooding on much of the U.S. East Coast, including the State of Florida and Washington, D.C.”
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Document 6

1977 presentation by Exxon scientist James Black,
The Greenhouse Effect
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Document 7

1979 Exxon memo,
Controlling the CO, Concentration in the Atmosphere
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Document 8

Minutes from 1980 meeting of the API CO, and
Climate Task Force, The CO, Problem
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Document 9

1981 memo from Exxon scientist Roger Cohen reviewing
draft report on emissions consequences
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Document 10

1982 Exxon briefing,
The CO, ““Greenhouse Effect”
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CHAPTER THREE

Coming to Grips with the Impacts
1982—-1989

Throughout the 1980’s, the oil industry refined their predictions for the effects of climate change into specific, and
alarming, impacts. As the impacts came into sharper focus, the companies began to seriously weigh their options for
how to move forward.

Document 11, a 1982 memo from Exxon scientist Roger Cohen, reviews the company’s research and affirms that

their results “are in accord with scientific consensus on the effect of increased atmospheric CO; on climate.” Cohen

then notes the “unanimous agreement in the scientific community” that a temperature increase of 1.5°C-4.5°C “would

bring about significant changes in the earth’s climate.” The memo also includes a plea for Exxon to publish its own

results, as “to do otherwise would be a breach of Exxon’s public position and ethical

credo on honesty and integrity.” “...the biggest

uncertainties about the
CO: buildup
are not in predicting what
the climate will do,
but in predicting what

people will do.”

In 1982, Exxon Research and Engineering Company President E.E. David Jr. spoke
to the Fourth Annual Ewing Symposium. In his remarks, Document 12, David
discussed the scientific consensus on global warming and recommends market solutions
to the issues. Notably, he states that “Few people doubt that the world has entered an
energy transition away from dependence upon fossil fuels and towards some mix of

renewable resources that will not pose problems of CO, accumulation.” He goes on,
E.E. David, President,

“Itis ironic that the biggest uncertainties about the GO, buildup are not in predicting g, o, research and Engineering, 1982

what the climate will do, but in predicting what people will do. [It] appears we still
have time to generate the wealth and knowledge we will need to invent the transition to a stable energy system.”

The industry was growing increasingly aware that their role in producing and marketing a product leading to global
calamity could be problematic. A 1983 internal Mobil newsletter, Document 13, illustrates this growing concern.
The newsletter begins with a brief summary of the science underlying climate change but moves on to articulate clearly
the worry that “if the greenhouse effect should become an urgent national concern, restrictions on fossil fuel and land
use might be established.” It also notes that some scientists believe action should be taken very soon, given the long lead
times that would be required for any sort of corrective action.

Other companies were concerned as well. In 1988, Shell produced a confidential internal report called simply:
The Greenhouse Effect, Docament 14. Summarizing the company’s work over the previous years, the report
1s unnerving in its assessment of climate risks. The report notes that “...changes could be larger than any other
that have occurred over the last 12,000 years. Such relatively fast and dramatic changes would impact on the
human environment, future living standards and food supplies, and could have major social, economic and political
consequences.” The report also warns, “by the time the global warming becomes detectable it could be too late to take
effective countermeasures to reduce the effects or even to stabilize the situation.”

Armed with a greater understanding of the impacts of climate change, oil companies took further actions to protect their
own holdings. In 1989, a New York Times article, Document 15, covered Shell’s decision to increase the height of an oil

rig, at increased expense, and linked the decision to predictions of risings seas due to climate change.

The mid-1980’s saw the oil industry grappling with looming climate impacts and evaluating potential paths forward.
Internally, they built protections for their own assets and considered pivots to renewables, but by the end of the decade
that they would decide instead to create the world’s most effective climate denial and disinformation machine.
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Document 11

1982 memo from Cohen summarizing internal climate modeling
and the CO, greenhouse effect

215



216


mm
Highlight

mm
Highlight


217


mm
Highlight

mm
Highlight


218


mm
Highlight

mm
Highlight

mm
Highlight

mm
Highlight


219



Document 12

1982 E.E. David, President, Exxon Research and Engineering,
Inventing the Future: Energy and the CO,
Greenhouse Effect
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INVENTING THE FUTURE:

ENERGY AND THE COy "GREENHOUSE" EFFECT

E. E. David Jr.

President, Exxon Research and Engineering Company
Remarks at the Fourth Annual Ewing Symposium, Tenafly, NJ

Dennis Gabor, A winner of the Nobel Prize for
Physics, once remarked that man cannot predict
the future, but he can invent it. The point is
that while we do not know with certainty how
things will turn out, our own actions can play a
powerful role in shaping the future. Naturally,
Gabor had in mind the power of science and tech-
nology, and the model includes that of correction
or feedback.

It is an important: Man does not have the gift
of prophecy. Any manager or government planner
would err seriously by masterminding a plan
based unalterably on some vision of the future,
without provision for mid-course correction. It
is also a comforting thought. With man's
notorious inability to create reliable predictions
about such matters as elections, stock markets,
energy supply and demand, and, of course, the
weather, it is a great consolation to feel that we
can still retain some control of the future.

As you may know, Exxon is a hundred years
old this year; we have a long corporate memory
of the very profound social and economic trans-
formations that our business activities have
helped bring about, and of how we and society
have had to adapt further in response. That
includes the at least temporary respite given to
the whales through substituting kerosene lighting
fuel for their rendered blubber; as well as the
revolutionary changes wrought by the automobile
and other machinery powered by liquid hydrocar-
bon fuels. The primary factors guiding such
developments were technology and economic
markets, though political systems also played
their role.

But faith in technologies, markets, and cor-
recting feedback mechanisms is less than satisfy-
ing for a situation such as the one you are
studying at this year's Ewing Symposium. The
critical problem is that the environmental impacts
of the CO9 buildup may be so long delayed. A
look at the theory of feedback systems shows that
where there is such a long delay the system
breaks down unless there is anticipation built into
the loop. The question then becomes how to
anticipate the future sufficiently far in advance
to prepare for it.
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One answer is to invent the future in another
way--through a system of contingency planning
based on an assessment of a number of futures.
As Harvey Brooks has noted, scenarios have
limited use if they are merely surprise free pro-
jections of current trends; instead, they must
somehow take into account those clouds on the
horizon no bigger than a man's hand that can turn
out to be dominant influences in twenty years.
Inadequate scenario-making explains the poor per-
formance of most social research to date--which
so often gives the sense of too little too late,
whether the topic is toxic waste, frost belt and
sun belt, or the shift from manufacturing to
information society. The key is to undertake
research that will tend to be independent of
future events, or, rather, relevant across a
broad spectrum of scenarios.

This is not easy to do, but some of Exxon's
own research and development strategy is aimed
in that direction. And Exxon is not the only com-
pany with this attitude. That is why we and
others in the petroleum industry have taken a
strong interest in the issue of the greenhouse
effect and your work. It is why we have par-
ticipated in several initiatives to promote your
research; it is why we are pleased to contribute
to the holding of this symposium and to par-
ticipate in it. And it is why we have begun our
own modest research effort in the field, moti-
vated also by the belief that perhaps the only way
to understand a field is to do research in it.
You have seen some of the results in a paper
delivered yesterday afternoon. We are also in
the process of evaluating the data on COg9 con-
centrations collected over two years by an Exxon
tanker plying between the Gulf of Mexico and the
Gulf of Arabia.

Organization

Few people doubt that the world has entered an
energy transition away from dependence upon
fossil fuels and toward some mix of renewable
resources that will not pose problems of
CO9 accumulation. The question is how do we get
from here to there while preserving the health of
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our political, economic and environmental support
systems. What I will do in the remainder of this
talk is indicate how the world may invent a suc-
cessful energy future, using the sort of correc-
tive feedback system I have described. My
perspective is of course an Exxon perspective,
reflecting our own assumptions about the econo-
mic and social paths societies will prefer. And
since fossil fuels, and liquid chemical fuels, are
really the heart of the energy and the
CO, problem, I will focus on those.

My plan of attack is, first, to consider the
implications of recent energy developments. Then
I will describe some of the key assumptions that
are guiding Exxon's own R&D planning and which,
I think, we have in common with many other
actors in the scene. Finally, I will go on to men-
tion some of the technical possibilities that may
present themselves well beyond our usual twenty-
year outlook period, that is, fifty years or more
into the future.

While I am far from certain about the details,
I think you'll find that I'm generally upbeat about
the chances of coming through this most adven-
turous of all human experiments with the eco-
system.

Recent Energy History

It is ironic that the biggest uncertainties about
the COg9 buildup are not in predicting what the
climate will do, but in predicting what people will
do. The scientific community is apparently
reaching some consensus about the general mecha-
nisms of the greenhouse effect. It is consider-
ably less agreed on how much fossil fuels mankind
will burn; how fast economies will grow; what
energy technologies societies will foster and
when; and so how fast the buildup will occur.

But we do know about the recent past and the
present. In the aftermath of the energy price
increase of the past decade, consumers have
reacted to the price feedback mechanism very
much as classic economic theory would predict.
They have sharply reduced their energy consump-
tion and, in particular, their consumption of oil.
They have substituted other fuels like coal and
nuclear for petroleum, although more coal use
does increase COg emissions. Consumers have
also conserved by turning to more energy effi-
cient technologies, including smaller cars in the
U.S. And they have done without.

It is difficult to disentangle the effects of
conservation from the effects of recession. Ac-
cording to a recent report from the International
Energy Agency, they are about equal. We think
conservation effects are larger, but regardless,
energy consumers have certainly broken the lock-
step relationship between economic activity -and
energy consumption that seemed to prevail for a
quarter century following World War II. For
example, according to the International Energy
Agency, it now takes 16 percent less energy and
26 percent less oil to produce 1 percent more of
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output in the non-communist
countries than in 1973.

This development carries
for the COg buildup. Consumers and tech-
nologists have been inventing and applying a
wealth of methods to extract more work from less
energy. For example, as one of our own biggest
energy customers, we at Exxon have stepped up
the efficiency of our refineries by twenty per-
cent since 1973. Because refining is so energy-
intensive, the energy savings, and the
corresponding reductions of COy9 emissions, have
been very large indeed. Last year the savings
amounted to the equivalent of some 28 million
barrels of oil--equal to the production from a
world-scale, 50,000-barrel-per-day synthetic fuels
plant. On top of that, we have set the goal of
doubling our refining efficiency by the year 2000,
and we think the goal is realistic.

How far will the conservation trend go? It is
too early to say for sure, but we think the impli-
cations apply very far into the future. And how
far will the energy mix tend to favor fuels, such
as coal, that produce large amounts of COg,
rather than fuels with high ratios of hydrogen to
carbon, such as gasoline and methane? To some
extent the answer to that question depends upon
our ability to come up with a source of low cost
hydrogen based on non-fossil energy--a point I'll
return to later.

industrialized

great significance

Fossil Fuel Outlook: Key Assumptions

In assessing alternative futures, I would offer
three assumptions in the form of predictions
about the use of energy and fossil fuels.

First, nearly all societies will continue to give
primacy to economic growth. The human desire
to improve material conditions burns as bright as
ever, if not brighter. As we have seen most re-
cently in Poland, governments that fail to deliver
at least a convincing promise of growth suffer
dire consequences as a rule. With the overall
world population expected to double over the next
50 years, economies and energy use will have to
grow at a good clip just to hold per capita in-
comes even. Naturally, the pressures for growth
will be greatest in the developing world, where
populations are growing fastest.

A second assumption, one that follows from the
first, is that in pursuit of growth most societies
will prefer least-cost energy alternatives. I say
this with the recognition that at least a few de-
veloping countries will prefer options that utilize
local resources in order to conserve foreign
exchange or use local labor, no matter what the
cost. An example is Brazil's resort to alcohol
fuels extracted from its sugar cane. However,
such exceptions will not materially alter the world
future.

The third assumption is that societies will con-
tinue to prefer the efficiencies of fossil-based
liquid fuels in transportation uses. Because con-
ventional petroleum resources will not suffice to

222


mm
Highlight

mm
Highlight


meet the demand, a major industry will begin to
grow around the turn of the century to produce
synthetic fuels from oil sands, oil shale, and
coal.

Despite the trend toward electricity, the elec-
tric vehicle will have trouble making significant
inroads in transportation markets over the next
twenty years. One problem is storage, which is
partly a problem of energy density. Today's
lead-acid batteries store about 1/300th the energy
of a like weight of gasoline. We can improve on
that; in fact, Exxon is in the middle of deve-
loping a zinc-bromine battery with two to three
times the capacity of conventional lead~acid bat-
teries. Another problem is the cost of batteries.
They are expensive, mainly because of the cost
of raw materials and typically short life cycles.
Incidentally, we expect that load leveling, rather
than the electric car, will be one of the earliest
applications of our new battery. However, we
would certainly not rule out the electric car one
day--perhaps initially in the form of hybrid
vehicles powered by batteries iIn tandem with
small gasoline or diesel engines.

Another alternative features electric guideway
systems in which vehicles use batteries on the
feeder roads and electrically induced power along
the main arteries. But the capital costs of such
a system would be immense--making it a viable op-
tion only for much richer societies than we can
foresee.

Granted, liquid fuels-like all chemical fuels-
have their share of problems. In burning they
may synthesize some unfriendly substances--such
as PNA's, NOX, SO, and CO,. Still, there are
also well-known proﬁlems witl% producing electri-
city through non-chemical means, such as nuclear
power. Solar voltaics overcome many of these
drawbacks, but the inherent problems of the duty
cycle and storage make me skeptical that solar
voltaics will penetrate a large fraction of the
electricity market in the near future, except in
remote applications.

But to reiterate my main theme, such assump-
tions only act as a guide in determining where
R&D managers can most usefully concentrate
resources for inventing the future, subject to
correction and further feedback. In any case we
are not up against fatal, malthusian limits to
growth. On the distant horizon, we may discern
a peaking of petroleum production; because for
more than a decade the world has been consuming
pertroleum faster than the industry has been
replacing it. But remaining non-petroleum fossil
fuel resources are immense. As an example, in
1980 oil and gas production accounted for nearly
70 percent of the world's production of fossil
energy. DBut oil and gas reserves account for
only a little over 11 percent of the world's esti-
mated total recoverable fossil energy resources.

As a practical matter, you would surely sgree
that the world economy is committed to using fos-
sil resources for some time to come. The
massiveness of the energy system in place simply
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forbids immediate displacement of one fuel or
energy source by another. Historical market stu-
dies going back to wood and coal confirm this
idea, suggesting that a new energy source
requires sbout 50 years to achieve just half the
total energy market.

What are Exxon's projections for fossil fuel
use? Over the twenty years encompassed by our
normal outlook we estimate the fossil fuel use
will grow at the equivalent of about two percent
per year. Much of this growth will occur in the
developing countries, as they modernize their
economies.

Beyond our normal twenty-year outlook period,
we recently attempted a forecast of the
CO9 build-up. We assumed different growth rates
at different times, but with an average growth
rate in fossil fuel use of about one percent a
year starting today, our estimate is that the
doubling of atmospheric COg9 levels might occur
sometime late in the 21th century. That includes
the impacts of synfuels industry. Assuming the
greenhouse effect occurs, rising
CO9 concentrations might begin to induce climatic
changes around the middle of the 21th century.

Manufacturing synthetic fuels will produce
more COg than conventional petroleum fuels, but
the impact of substituting synthetics for depleting
petroleum supplies will be relatively small. If,
in our estimate, we back out synfuels and replace
them with conventional petroleum fuels, the dif-
ference in CO9 emissions would only add about
five years to the doubling time. This is a highly
conservative estimate, because it assumes that
industry in the 21st century will continue using
today's "Dinosaur" technologies for manufacturing
synfuels, with no increase in the efficiency of
these highly energy-intensive processes. And it
takes no notice of the trends we are already see-
ing today in this budding information age. As
John Pierce, the inventor of satellite communca-
tions, likes to say, soon we may be traveling for
pleasure but communicating to work. Such
developments could eventually go very far in
reducing the energy intensity and COj emissions
of advanced economies.

Exxon's Response in Science and Technology

The real point of these extrapolations is to get
an understanding of how soon the problem may be-
come serious enough to require action. And the
lesson is that, while the issue is clearly impor-
tant, we can still afford further research on the
problem. And the world will have time to accumu-
late the material and scientific resources re-
quired to contend with the problem.

The same point is emphasized in the energy
study published last year by the International
Institute for Applied System Analysis, or IIASA.
The study involved some 150 top scientists at one
time or another and represents one of the most
comprehensive assessments of the outlook for the
next 50 critical years of what may well be in ab-
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solute terms the world's period of greatest popu-
lation growth.

The IIASA study concludes that to make a
successful transition from fossil fuels to an
energy system based on renewable resources, the
world economy must expand its productive
powers. It must expand in all dimensions, but,
most importantly, in the new knowledge and human
skill that enlarge the technological base. For
such knowledge and skill more than brute capital,
is what enables societies in this age to use the
same or even fewer resources to produce more.

The IIASA strategy for inventing that future
resembles the one I have suggested: a strategy
first, of gradual transition from clean, high qua-
lity resources--natural gas and oil--to dirtier
unconventional fossil resources. The study also
takes note of the COjy issue, recommending that
society incorporate sufficient non-fossil options
in the energy supply system so as to allow expan-
sion of that base, if necessary, as the effects of
carbon dioxide become better quantifiable through
further research.

That means pursuing research leads in
technologies that may not seem attractive by the
fashionable standards of financial analysis. In a
recent landmark article, Professors Hayes and
Abernathy of the Harvard Business School warn
strongly against such financially biased practices
in American Industry; trying to outguess the eco-
nomics of untried and untested technological ap-
proaches can be the death of an industry, and I
might add, of a society, too. Some of the tools
of this trade--for example, discounted cash flow
analysis—-—are completely unrealistic. Sometimes
they are called the Astrophysics of a non-existent

universe.
As I have already suggested, Exxon's own R&D

philosophy dictates searching for a diversified

mix of short- and long-range technological op-
tions. I have already alluded to our efforts to
boost the energy efficiency of our refineries--a
highly immediate and apparent need to manage-
ment. This need is apparent even though our
R&D in some areas may not pay out for years--for
example, in advanced separation systems that do
not employ normal heat distillation techniques.
Another of our major thrusts is in developing
more versatile technologies for converting crude
residuums to light transportation fuels. The need
stems from an evident shift of demand in that
direction and from the reduced quality of the
average crude oil today. Exxon has begun
deployment of an innovation in this area called
FLEXICOKING, a processing "garbage can" that
can convert virtually any heavy crude or resi-
duum into transportation fuels and fuel gas.

As industry moves down to lower quality
resources, there 1is synergism between such
"resid" conversion technologies and our efforts
to develop improved synthetics technologies.
With the exception of established synthetics
operations in South Africa and Canada, falling
crude prices and escalating project costs have
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nipped the synthetic fuels industry in the bud.
Many synthetics technologies have turned out to
be far more expensive than anyone thought. So
price feedback has told us that we must use R&D
to bring capital and operating costs down through
developing synthetics technologies adaptable to
local conditions, resources, and markets. In the
process, as I suggested earlier, we will certainly
succeed in increasing their efficiency and so
reducing CO9 emissions. In the crucial conver-
sion step, many of today's synthetics technologies
operate at efficiences in the range of 60 percent.
By the year 2000 we see possibilities for stepping
up those efficiencies to nearly 80 percent. And
this is not a fundamental limit.

Exxon is working on a very wide variety of
synthetics options, including advanced shale
retorting and direct coal liquefaction; a catalytic
process for producing methane directly from
coal; the generation of CO and Hydrogen, or
synthesis gas, from coal, lignite, or remotely
located natural gas; and the conversion of synthe-
sis gas to fuels and chemicals. On the non-fossil
fuel side, Exxon has for many years been doing
RgD aimed at improving the fabrication of nuclear
fuel elements; and we have been one of several
companies in the race to produce cheaper solar
voltaic cells made from amorphous silicon.

These efforts suggest primarily the early
stages of the transition. For the later stages,
some interesting options are beginning to present
themselves. A prime difficulty with synthetics
resources is their high carbon content.
Chemically, that means low ratio of hydrogen to
carbon. While the ratio is about four to one in
natural gas and 1.8 in crude oil, it is only about
1.5 in oil sands bitumen or raw shale oil, and
less than one in coal. In simple terms, a result
is that producing these fuels means generating
larger amounts of COg than to produce comparable
fuels from petroleum. Synfuels require more
processing to manufacture and hence more pro-
cessing heat generated by burning part of the
resource.

Prompted by concerns about COg emissions,
among other things, some people have suggested a
hydrogen economy, a fuel cycle based on hydro-
gen generated from water not wusing heat
generated by fossil fuels. Perhaps there are
ways to generate cheap hydrogen which could then
feed directly into a synthetics process. One
possible method would be to use thermochemical
processes to split water, with advanced solar
collectors or nuclear reactors supplying the pro-
cess heat. The IIASA study notes that in manu-
facturing coal synthetics such a scheme would cut
COy9 emissions by one-fourth to one-third,
compared to the usual coal conversion tech-
nologies envisioned. If they could generate
hydrogen cheaply, such technologies would also
cut overall costs sharply. For example, in the
Exxon donor solvent coal liquefaction process,
hydrogen accounts for well over a third of the
total cost of producing coal liquids.
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Summary and Conclusion

To sum up, the world's best hope for inventing
an acceptable energy transition is one that favors
multiple technical approaches subject to correc-
tion--feedback from markets, societies, and poli-
tics, and scientific feedback about external costs
to health and the environment. This approach is
not easy, or comforting to the uninitiated, be-
cause there is no overall neat and understandable
plan. But prophecies leading to masterminded so-
lutions that commit a society unalterably to a
single course are likely to be dangerous and fu-
tile. A good sign is that, without any central
plan, the world economy has already adopted con-
servation technologies that are reducing the rate
of CO9 buildup.

In shaping strategies for energy research and
development, we must recognize that, generally,
societies will give primacy to economic growth,
to least-cost energy alternatives, and, in most
transportation uses, to liguid fuels. Fortunately,
these conditions give science and engineering a
lot of room to maneuver. It appears we still

have time to generate the wealth and knowledge
we will need to invent the transition to a stable
energy system.

I hope I do not appear too sanguine gbout the
collective wisdom of our species. History bears
ample testimony to the human capacity for
grievous folly, as well as achievement and
excellence. Clearly, there is vast opportunity
for conflict.” For example, it is more than a
little disconcerting the the few maps showing the
likely effects of global warming seem to reveal
the two superpowers losing much of the rainfall,
with the rest of the world seemingly benefitting.
An acceptable future may require a degree of
international cooperation that has eluded our
grasp to date. An exception is of course science
itself and in particular climatology, which even by
the standards of science has been distinguished
by a remarkable degree of interdiseciplinary and
international cooperation. As the world continues
to grapple with the profound issues posed by the
CO9 buildup, it could seek few better models of
international cooperation than what have already
achieved.

DAVID 5

225


mm
Highlight

mm
Highlight


Document 13

1983 Mobil newsletter,
Is Burning of Fossil Fuels Affecting World Climate?
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ATMOSPHERIC GREENHOUSE EFFECT:
IS BURNING OF FOSSIL FUELS AFFECTING WORLD CLIMATE?

INTRODUCT ION

In theory, increasing levels of carbon dioxide produced by burning
fossil fuels could alter the world"s climate by raising the earth"s
temperature. This warming might occur because carbon dioxide in the
air acts like glass iIn a greenhouse--trapping the sun®s heat at the
earth"s surface— heat that would normally escape back iInto space.

The 'greenhouse"™ effect is an emerging environmental issue charac-
terized by considerable scientific uncertainty. But, some scien-
tists argue that plans to cope with the greenhouse effect need to be
made soon, because of the extremely long lead time for any conceiv-
able corrective actions. Such plans could affect the energy
industry by dictating what fuels could be marketed.

This report summarizes the background and status of the greenhouse
effect, indicating possible impacts on Mobil operations.

DISCUSSION

Plants consume carbon dioxide during growth, and release it back to
the atmosphere when they decay. There is a relationship between
carbon dioxide in the air and carbonate salts in the oceans. Before
1850, man had little influence on the carbon dioxide cycle. There
appears to have been a balance between carbon dioxide iIn the air and

carbon compounds in the land and seas.

However, since the industrial revolution human activities, such as
fossil Tfuel combustion and forest clearing, may have altered the
carbon cycle. The net effect of these activities could add carbon
dioxide to the atmosphere more rapidly than it can be removed by

oceans and plants. Since 1850, carbon dioxide in the air has
increased about 18 percent--reaching a level today of 335 parts-per-
million. The most reliable atmospheric carbon dioxide monitoring

programs-- established in 1957——§22v'an 8 percent increase in just
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the past 25 years. Based on future world energy demand, many
scientists believe that carbon dioxide levels could double within
the next century.

The effects of such an increase are controversial. For example,
using global climate theories, some scientists predict that a
two-fold 1increase In atmospheric carbon dioxide could warm the
earth®s surface from 3° to 6°F. Temperature increases ot 12°-18°F
are predicted at the poles. |If these estimates are correct, melting
of the arctic ice packs could occur, and sea levels could rise 15 to
20 feet, inundating many of the world®"s coastal cities.

This large temperature change could bring on drought which might
drop crop yield in the major grain growing areas of the northern
hemisphere. On the other hand, the change in climate in equatorial
and northern countries, where growing conditions are presently poor,
could improve agricultural productivity. If these projections are
accurate, Third World countries would have Ilittle 1Incentive to
control carbon dioxide emissions by restraints on Tfossil Tfuel
consumption.

The scenario described offers one view of potential long-range
climate impacts of Increased carbon dioxide Ilevels. But the
climate vresponse predicted by theory cannot yet be detected.
Moreover, there are other plausible forecasts that suggest a com-
pletely different effect.

For example, some scientists say that more carbon dioxide will
stimulate plant growth— partly offsetting projected warming trends.
Still other scientists claim that more carbon dioxide will increase
humidity and cloudiness, block incoming sun rays, and moderate the
trend toward higher temperatures.

IMPACT ON INDUSTRY AND MOBIL OPERATIONS

The magnitude and timing of carbon dioxide-greenhouse effects could
be closely tied to future energy consumption, with particular focus
on coal and synfuels.

On an end-use energy equivalent basis, the production and combustion
of coal and synfuels releases more carbon dioxide into the atmo-
sphere than does production and combustion of natural gas or oil.
Compared to oil, coal contributes about 25% more carbon dioxide,
shale syncrude contributes about 25% more, and direct coal synfuel
liquids contribute about 70% more. On the other hand, production
and combustion of natural gas contributes about 25% less carbon

dioxide than oil.

The greenhouse effect will continue to receive attention by govern-
ment agencies charged with balancing energy and environmental
policies. |If the greenhouse effect should become an urgent national
concern, restrictions on fossil fuel and land use might be estab-
lished. Such restrictions could require changes in supply and
distribution of oil, coal, and 999 Increased forest preservation
could also be required.
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Some people, perhaps realistically, believe society cannot react in
time to prevent major climate changes. However, they suggest that
soc_ie;y will adapt to the changes that will occur over a 100 year
period.

MOBIL ACTIVITIES

Given the current lack of knowledge, additional research is needed
and government programs to study this issue should be supported.
Mobil®"s response should be to follow these research developments.
Mobil participates in APl sponsored research projects to improve
climate models. Corporate Environmental Affairs and Mobil Research
and Development Corporation monitor research activities in this
area, and Mobil participation in Conservation ot Clean Air and
Water-Europe keeps us informed of European thinking and approaches
to this problem.
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The Greenhouse Effect
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SUMMARY

Man-made carbon dioxide, released into and accumulated in the atmosphere, is
believed to warm the earth through the so-called greenhouse effect. The gas
acts like the transparent walls of a greenhouse and traps heat in the
atmosphere that would normally be radiated back into space. Mainly due to
fossil fuel burning and deforestation, the atmospheric C0O2 concentration has
increased some 15% in the present century to a level of about 340 ppm. If
this trend continues, the concentration will be doubled by the third quarter
of the next century. The most sophisticated geophysical computer models
predict that such a doubling could increase the global mean temperature by
1.3-3.3°C. The release of other (trace) gases, notably chlorofluorocarbons,
methane, ozone and nitrous oxide, which have the same effect, may amplify
the warming by predicted factors ranging from 1.5 to 3.5°C.

Mathematical models of the earth's climate indicate that if this warming
occurs then it could create significant changes in sea level, ocean
currents, precipitation patterns, regional temperature and weather. These

0

]

years. Such relatively fast and dramatic changes would impact on the human
environment, future 1living standards and food supplies, and could have
major social, economic and political consequences.

There is reasonable scientific agreement that increased levels of greenhouse
mm However, there is no consensus about the
degree of warming and no very good understanding what the specific effects
of warming might be., But as long as man continues to release greenhouse
gases into the atmosphere, participation in such a global "experiment" is
guaranteed. Many scientists believe that a real increase in the global
temperature will be detectable towards the end of this century or early next
century. In the meanwhile, greater sophistication both in modelling and
monitoring will improve the understanding and likely outcomes. However, by
the time the global warming becomes detectable it could be too late to take
etfective countermeasures to reduce the effects or even to stabilise the
situation.

The likely time scale of possible change does not necessitate immediate
remedial action. However, the potential impacts are sufficiently serious for
research to be directed more to the analysis of policy and energy options
than to studies of what we will be facing exactly. Anticipation of climatic
change is new, preventing undue change is a challenge which requires
international cooperation.

With fossil fuel combustion being the major source of CO2 in the atmosphere,
a forward looking approach by the energy industry is clearly desirable,
seeking to play its part with governments and others in the development of
appropriate measures to tackle the problem.
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1. INTRODUCTION

The life-supporting systems of the earth (such as light, energy, moisture,
and temperature) can be affected by changes in global conditions. Many of
such changes are occurring at present, some of them subtle and many of them
caused by man. These effects on the life-supporting systems can have a
substantial impact on global habitability. The rate at which many of these
changes are occurring, especially during the past few decades, has been
considerable. A obvious example of this 1is the rising level of atmospheric
carbon dioxide (C02). This has been described as a 1long-term global
experiment, the outcome of which is very uncertain.

The global rise in atmospheric CO2 is well documented. It is estimated that
human activities (e.g. fossil fuel burning, deforestation) have increased
the CO2 concentration by about 15% during the past century. More than a
century ago it was already hypothesised that an increase in the CO2
concentration of the atmosphere would 1lead to global warming, i.e. the
so-called "greenhouse effect". Several other gases, having similar effects,
also appear to be increasing as a result of human activities.

Many scientists believe that the major effect of increasing the CO2 content
of the atmosphere will be a gradual warming of the earth's surface. (Should
average global temperatures rise significantly because of the greenhouse
effect and shou e ea ,

and social consequences. However, mnot everyone agrees with this view of
possible disaster. They point to the demonstrable positive effects of
elevated CO2 concentrations, and suggest a benefit to the biosphere without
the generation of a climatic catastrophe. Against this backlog of
disagreement scientists of both persuasions have searched for the first
signs of any effects on a global scale.

It is estimated that any climatic change relatable to CO2 would not be
detectable before the end of the century. With the very long time scales
involved, it would be tempting for society to wait until then before doing
anything. The potential implications for the world are, however, so large
that policy options need to be considered much earlier. And the energy
industry needs to consider how it should play its part.

In this report the latest (1986) state of knowledge is presented regarding
the greenhouse effect to judge any counteractive measures. It describes the
considerable research work being carried out world wide; it provides
information to improve the understanding and it discusses the implications.
For this reason additional information is added on legislation and policies
(Appendix 3), relevant international organisations and information centres
(Appendix 5) and institutes involved in greenhouse effect research (Appendix
6). Moreover, in addition to the references used, a list of relevant reports
and books is added (Appendix 7) to provide the interested reader access to
the enormous flow of information relative to the greenhouse effect.

References used in this section: 2, 14, 21, 25, 51, 59.
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2. SCIENTIFIC DATA

2.1. Introduction

During the last century the concentration of carbon dioxide increased from

an estimated 290 ppm in 1860 to 340 ppm in 1980. Approximately 25% of this

increase occurred during the 1970s. Although the concentration of CO2 in the

atmosphere is relatively small, it is important in determining the global

climate. It permits visible and wultraviolet radiation from the sun to

penetrate to the earth's surface, but absorbs some of the infrared energy

that is radiated back into space. The atmospheric CO2 emits this energy to

both the troposphere and to the earth's surface (see Fig. 1), resulting in a

warming of the surface and the atmosphere in the way the glass in a-
greenhouse does - hence the term greenhouse effect.

The best known and most abundant greenhouse gas is carbon dioxide. However,
some trace gases, particularly chlorofluorocarbons (CFC's), ozone, methane,
and N20 are at least as important in changing the radiation energy balance
of the earth-atmosphere system, as, collectively, they might cause an
additional warming equal to 50-100% of the warming due to CO2 alone.

It has been generally accepted that any modification in the radiation energy
balance of the atmosphere will affect the global circulation patterns. As a
consequence regional climatic changes will then occur, which will be greater
than the average global changes. The most promising approach to study the
effects of increasing gas concentrations on the atmosphere, is to describe
and predict the (future) global climate by complex General Climate Models
(GCM's). The main factors and processes used to predict the earth's
temperature profiles and climatic changes are presented in this section. The
extent and rate of the changes, based on scenarios for energy consumption
and emission of CO2 and other trace gases, will be discussed in section 3.

2.2. Data on emissions of greenhouse gases

2.2.1. Carbon dioxide

Although CO2 is emitted to the atmosphere as a consequence of several
processes, e.g. oxidation of humic substances and deforestation, the main
cause of increasing CO2 concentrations is considered to be fossil fuel
burning. Only fossil fuel burning can be fairly accurately quantified.

Since the beginning of the industrial and agricultural revolutions the
average annual increase in CO2 production has been 3.5%, with total
emissions fromlgid-nineteenth century to 1981 being 160 GtC (1 GtC=l gigaton
of carbon = 10 g C). In 1860 the annual emission was approximately 0.093
GtC and in 1981 5.3 GtC. Rising fuel prices in the 1970's slackened the CO?2
production to yearly increases of 2.2% per year over the period 1973-1980
(see the first part of Fig. 2).

The CO2 emitted into the atmosphere is very quickly globally distributed.
This is mainly due to the fact that the emissions are more or less evenly
distributed over the continents. Moreover, the mixing time of the atmosphere
within a hemisphere 1is only a few weeks and the interchange between the
hemispheres takes 6-12 months. CO2 has a residence time in the atmosphere of
3-4 years, so is reasonably well mixed globally.
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World CO2 emissions based on energy growth rates (see Table 1) show that
there has been a slowing in the wupwards growth of emissions since 1973. 1In
1981, of the total emission of 5.3 GtC 44% came from oil, 38% from coal, and
17% from gas.

The production of CO2 differs considerably from country to country. The
largest quantities (based on 1975 figures) are produced in the developed
countries with a world average of 1.2 tonnes C per person (see Table 3).

During the last century the concentration of carbon dioxide in the

atmosphere increased from an estimated 290 ppm in 1860 (measurements from
ice cores) to 340 ppm 1in 1980. More accurate measurements over the 1last

25 years at the Mauna Loa Observatory, Hawaii, show an average increase of’
1.5% per year (see Fig. 4) with season-dependent fluctuations. Moreover,

there is a latitudinal difference between ground-level CO2 concentrations,

reflecting the location of the main fossil fuel CO2 sources in the northern
hemisphere (see Fig. 5). The hypothetical increase of the atmospheric CO2

concentration based on emissions due to fossil fuel burning, is also given
in Fig. 4. It appears that only a proportion of the emission is retained in
the atmosphere (i.e. the "airborne fraction", AF). The size of AF depends on
how the total carbon inventory is partitioned among the oceanic, terrestrial

and atmospheric pools. Over the period 1959-1974 the AF was 56%, whereas it
was 59% for the period 1975-1980. It is assumes that this increase of AF
might be a caused by a reduction of the absorption capacity of the oceans.

References used in this chapter: 1, 5, 18, 20, 30, 44, 54, 69.
2.2.2. Other greenhouse gases

The earth's atmosphere currently contains "trace gases" with atmospheric
lifetimes that vary from much less than an hour to several hundred years
(see Table 4). From a viewpoint of global climate effects, species with
extremely short lifetimes are unlikely to play an important direct role.
More persistent trace gases, however, may contribute to modifications of the
energy balance of the earth-atmosphere system and amplify the estimated CO2
warming. Increasing concentrations of these gases are directly or indirectly
a consequence of human activities. Most of the man-made trace gases are
listed in Table 4; the most important ones are briefly discussed below.

Nitrogen compounds

While a number of nitrogen containing compounds are relevant from a climatic
point of view, the most important is N20. N20 emissions result primarily
from biological denitrification processes in soil and in the oceans. The
global atmospheric concentration of N20 has risen from an estimated
pre-industrial value of 285 ppb to 301 ppb in 1980. Over the 4-year period
1976-1980 the rate of increase in N20 concentration was 0.2% per year.
Increasing future global food production will require increasing use of
fertilisers adding further to atmospheric N20.
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Methane

Principal sources of atmospheric methane are enteric fermentation in
ruminant animals, anaerobic decomposition of organic matter (e.g. release
from organic-rich sediments below water bodies and rice paddies), biomass
decomposition, natural gas leakage, quite possibly production by termites
and release of methane during mineral, oil, and gas exploration and gas
transmission. The CH4 concentration has approximately doubled in the last
350 years with a greater rate of increase in the last century. The
concentration increased globally by about 0.5% per year between 1965 and
1975 and by 1-2% per year between 1978 and late 1980. In 1980 the
concentration was about 1.65 ppm in the northern hemisphere, and about 6%
lower in the southern hemisphere.

In the troposphere the CH4 oxidation chain initiated by the reaction with
hydroxyl radical (OH) leads to significant photochemical production of (O,
H2 and 03:

CH4 + 402 — H20 + CO + H2 + 203 (net cycle) (1)
The initial reaction of OH with CH4:

CH4 + OH — CH3 + H20 (2)
and the reaction of OH with CO:

CO + OH — C02 + H (3)

controls the global destruction of OH, the dominant oxidising species in the
troposphere. Reaction (2) 1is such a dominant loss mechanism for CH4 that
more than 90% of the global destruction of CH4 occurs in the troposphere.
So, CH4 and CO are closely coupled photochemically through OH. The dominant
sink of atmospheric CH4, OH, is thus affected by increased 1levels of
tropospheric CO or of CH4 itself. Therefore, increasing concentrations of CO
due to fossil fuel (incomplete combustion) wusage and oxidation of
anthropogenic hydrocarbons in the atmosphere , will reduce the rate at which
CH4 is destroyed.

Chlorofluorocarbons

Chlorofluorocarbons (CFC's) are entirely a product of human activity, being
present in gas propelled spray cans, refrigeration equipment and insulated
packaging materials. These chemicals came into major use in the 1960's and
initially exhibited a rapid growth (10-15% per year). The global emissions
of the major CFC's then declined somewhat from the mid-1970's through to
1982 in part due to a ban on some nonessential usages (e.g. spray cans) of
CFC's and to adverse economic conditions. However, the emissions increased
significantly since 1983. Eastern block countries have apparently never
reduced their production of CFC's, so world wide use is now rising, and is
expected to grow more because of the use in less industrialised countries.
When CFC's are released to the atmosphere, their inertness to most
biological processes allows them to be transported to the stratosphere,
where they are broken down by sunlight. Liberated chlorine catalytically
destroys ozone.
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Ozone

The climatic effects of changes 1in ozone (03) depend very strongly on
whether these changes occur in the troposphere or stratosphere. There 1is
some observational evidence that northern hemisphere tropospheric ozone has
increased by 0.8-1.5% per year since about 1967, due to increases in
combustion releases of NOx, €02, H2 and increased CH4. In the southern
hemisphere, given the smaller anthropogenic influences, 03 does not change
at all.

Stratospheric ozone is also thought to be susceptible to perturbing
influences, including man-made chloro- and chlorofluorocarbons, increasing
CH4 and N20 concentrations and decreases in stratospheric temperature due to
increasing CO2. The stratospheric ozone changes largely depend on the
altitude, but concentrations are now about 12.5% greater at altitudes from O
to 12 km than assumed pre-industrial concentrations.

A perturbation of the stratospheric ozone concentrations modulates the solar
and infrared fluxes to the troposphere, and this solar effect would tend to
warm the surface. On the other hand 03 changes in the lower atmosphere pose
potential risks to air quality over the surface of the globe.

References used in this section: 33, 35, 39, 41, 43, 46, 47, 49, 61, 64.

2.3. The global carbon cycle

The carbon cycle (Fig. 6) involves numerous biological, geological, physical
and chemical processes and can roughly be divided into two main cycles, a
biological and a geological one. The geological cycle is a relatively
long-term cycle characterised by slow processes, i.e. the release of CO02
through rock weathering and wultimate precipitation as calcium carbonate.
Since man started to burn fossil fuel the slow processes have been
unbalanced by affecting the major reservoir.

The worldwide use of fossil fuel in 1981 released about 5.3 GtC to the
atmosphere as C02. This figure seems very small compared to those of the
amounts of carbon estimated to be present as organic and inorganic compounds
in the four major reservoirs in the carbon cycle, i.e. 700 GtC in the
atmosphgre, 2,600 GtC in the biosphere, 40,000 GtC in the ocean and
65 x 10 GtC in the lithosphere (i.e. the solid part of the earth). However,
taking into account a natural and balanced exchange rate of about 100 GtC
per year between atmosphere and biosphere and between atmosphere and ocean,
fossil fuel burnt yearly represents about 5% of the natural exchange. About
60% of the CO2 originating from burnt lithospheric carbon is retained in the
atmosphere; the ocean is the major sink for the rest.

In contrast, the biological cycle is characterised by very rapid processes
and is, in essence, very short and therefore extremely significant. Nearly
all CO2 carbon that is assimilated (fixed) by the biosphere (i.e. the
plants) is ultimately _biodegraded by heterotrophic organisms and
subsequently returns from the biosphere to the other major carbon
reservoirs. The biological cycle is therefore essentially closed. Solar
energy keeps the cycle going by providing the energy for the carbon-fixing
process, i.e. photosynthesis.
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Contrary to the near constancy of the fluxes in the biological cycle, one of
the most important reservoirs therein (the land biota, i.e. the 1living
organisms on land, of which the plants represent the major biomass) has been
affected since man started releasing carbon dioxide by deforestation and
expansion of arable land.

2.3.1 Atmosphere - ocean interactions

The reservoir of the world's oceans represents a volume of about 1.4x1018 m3
water and holds about 40,000 GtC (this is gbout 57 times the total
atmospgeric carbon content) or on average 28 g/m”. The content varies from
22 g/m; in cold surface water to 26 g/m” in warm surface water and to
29 g/m” in the deep-ocean.

The majority of the carbon in the ocean is present as an inorganic fraction,
i.e. 39,000 GtC as dissolved inorganic carbon (DIC or C). The DIC 'is
present as dissolved components of the carbon dioxide equilibrium system:
CO02, bicarbonate and carbonate.

The remaining carbon is present as an organic fraction, of which only 1.5%
is fixed in living organisms, and the rest is dead organic material present
as dissolved organic carbon (DOC, about 1000 GtC), and particulate organic
carbon (POC, about 30 GtC (see Fig. 6).

The gross exchange of CO2 between atmosphere and ocean is very rapid,
characterised by a flux of about 100 GtC per year either way.

This interaction shows the strong regulation of the atmospheric CO2 by the
ocean. The natural situation 1is characterised by a physico-chemical
equilibrium. The principal effect of adding CO2 to the atmosphere is the
tendency of the ocean to take up the excess in order to reach a new
equilibrium with the atmosphere. Although the carbon content of the ocean is
much greater than that of the atmosphere, the capacity of the ocean for co2
uptake is limited (see Appendix 1). The absorption of CO2 by the ocean is
buffered by reactions with dissolved carbonate and bicarbonate ions. In the
surface mixed layer, the "buffer factor" increases with growing CO2
concentrations (see Fig. 7), and the capacity of the ocean to absorb the CO2
added to the atmosphere will decrease. Hence, the fraction of added CO?2
remaining in the atmosphere will rise.

The capacity of the ocean for €02 uptake is thus a function of its
chemistry; the rate at which this capacity can be brought into play is,
however, a function of ocean physics. The stratification of low- and
mid-latitude oceans is stable and capped by a warm surface layer that is
approximately in equilibrium with atmospheric CO02. Most of the deep waters
of the world's oceans are formed in winter in the Norwegian and Greenland
Seas and in the Weddell Sea. Here winter cooling increases the density of
the surface waters until the stratification of the water column breaks down
and the deep source regions are renewed. Once formed, the bottom waters flow
to the south. The residence time of deep water in the Atlantic Ocean has
been estimated as 275 years, in the Pacific Ocean about 600 years and in the
Indian Ocean about 335 years. Thus, although the absorptive capability of
the ocean is large, it is not rapid due to its slow circulation.

The cycle of organic carbon within the ocean is based on two main processes,
i.e. production and decomposition of organic matter. Fixation of CO2 into
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organic tissues by the photosynthetic activity of phytoplankton occurs only
in ocean surface water (the euphotic =zone). This is the zone where light
energy for photosynthesis and growth is not limited, so that the production
of organic material is greater than the breakdown. In the tropics this zone
is limited to the upper 100 m of the sea, while in temperate climates it is
between 20 and 50 m in summer and zero in winter. In deeper waters, the
aphotic zone, there is a net loss of organic material, since breakdown
exceeds production.

Organic production and breakdown of organic material can conveniently
presented as:
production
CO02 + H20 we=mm——m=== CH20 + 02 (4)
breakdown

CO02 in (4) represents the total dissolved inorganic carbon content of the
water, and CH20 is organic matter. Oxygen is produced in this process and
the removal of CO2 concurrently raises the pH. Although the total biomass of
the biota is low relative to that on 1land (see Fig. 6) and the annual
productivity is approximately one half that on land, the turnover (i.e.
amount of carbon fixed per biomass unit) is very high. Some 90% of the
organic matter formed is consumed by grazing organisms within the euphotic
zone. The remainder plus the material excreted by grazing organisms and dead
animals fall through the water column and is subject to  oxidative
decomposition (breakdown), whereby CO02 is released (eqn 4). The majority is
decomposed in the upper 1000 m of the water column; dissolution of CaCO3
(i.e. calcium carbonate, the main constituent of shells) occurs in deeper
water, stimulated by lowered oxygen concentration and pH due to increasing
CO02 levels. The dissolved calcium carbonate raises the total CO2 of the deep
water further and increases the alkalinity (see Appendix 1). The majority of
the CO2 therefore remains available in the oceanic cycle.

Effects of increasing atmospheric CO2 on the CO2 concentration in the ocean
are difficult to measure. The most sensitive measurement to determine this
is pC0O2 (i.e. the pressure of CO2 gas that would be found in a small volume
of air that had been allowed to reach equilibrium with a large volume of
seawater). From these measurements it is clear pC02 in ocean surface water
is rising, with a rate comparable to the atmospheric increase. However, as a
consequence of the oceanic buffering a 10% change in pCO2 produces only a 1%
change in the oceanic CO02 concentration (see Appendix 1 for details). The
oceanic CO2 concentration has increased 1-2% over this last century. This
increase will not induce significant changes in primary production (i.e.
growth of algae), as CO2 is already available in excess. Concurrent slight
decrease in pH (attached as 0.06 pH units) will not be measurable effect, as
the ocean surface pH varies between 8.0 and 8.3. Further increases of the
CO2 concentration will certainly lead to detectable effects on pH.

If the increasing atmospheric CO2 causes significant changes in the global
climate, indirect effects on primary production can be expected. If there
were to be locally increasing cloudiness then this reduces the solar energy
reaching the ocean and consequently also the primary production. Any warming
of the upper layers would increase the formation of stable water masses,
thereby reducing vertical mixing. The subsequent depletion of nutrients in
the euphotic zone will cause -a decrease in primary production.
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If CO2 is added to the ocean surface, the pH decreases and the tendency for
dissolution of carbonate minerals (e.g. calcite and aragonite), either in
bottom sediments or suspended in the water column, increases, thereby
increasing both the alkalinity and the total DIC (see also Appendix 1).
However, CaC03 is also a major constituent of shells of calcareous organisms
and corals. Particularly in near-shore areas these organisms will be exposed
to waters rich in CO2 and with a low pH. Dissolution of shells and corals
and subsequently local but massive deaths of organisms on a local scale is
therefore not wunrealistic. If dissolution of carbonates occurs, the
alkalinity and CO2 content increase and the net effect of the alkalinity
increase generates an increasing capacity of the ocean for CO2 uptake. This
feedback mechanism might have reducing effects on a rising atmospheric (€02
level, although probably not in the short-term, as there are kinetic limits
and controls on carbonate dissolution.

References used in this section: 3, 6, 7, 11, 22, 36, 42, 56, 60.
2.3.2. Atmosphere - terrestrial biosphere interactions

The reservoir of carbon in living plant material (phytomass) in the land
biota was about 600 GtC in 1980. Compared to this, the organic carbon fixed
in animals (zoomass) and microorganisms is negligibly small (about 8 GtC).
The total carbon retained in soils and in dead organic material has been
estimated globally at about 2000 GtC (see Fig. 6). The biosphere can be
roughly subdivided horizontally into six ecosystems (see Table 5) and
vertically into leaves, branches, stemwood, roots, litter, young humus and
stable soil carbon. By far the largest biotic reservoir is estimated to be
in forest systems, which are also both the most active and wvulnerable part
of the biota. The expansion of human populations and changes in land use in
recent centuries have been accompanied by an almost continuous decline in
the area of forest (see Table 5). During the past century the reduction in
the mass of vegetation (deforestation) and replacement with agricultural
crops and urban development resulted in a considerable reduction of the
carbon stored in terrestrial biota. The total net release of carbon from the
biota between 1860 and 1980 has been estimated as 180 GtC. In recent years
the rate of release has dropped slightly, as a consequence of net
accumulation of carbon in the forests of North America and Europe (as result
of renewed growth of forests and afforestation).

The cycle of carbon between biosphere and atmosphere is in essence a
biological one, based on fixation of CO2 by plants with the aid of solar
energy (i.e. photosynthesis) and production of CO2 through respiration and
decomposition (eqn 4). The driving input of an ecosystem is the net primary
production, the increase in biomass (NPP):

NPP = GP - RA (5)
where GP is the gross production, the total photosynthesis of the system and
R, is the respiration of autotrophs, the green plants. Four, vertically
arranged, components of the biosphere contribute to the NPP, i.e. leaves,
branches, stems and roots. Estimates of NPP for the different ecosystems are
given in Table 5. ’
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The net flux of carbon between the atmosphere and any ecosystem is
determined by the balance between gross production and respiration of all
living organisms:

NEP = GP - (RA + RH) (6)

where NEP is the net ecosystem production, the net flux of carbon into or
from an ecosystem and is the respiration of the heterotrophs, including
all animals and decomposers. Thus, R, + Rg represent the natural flux of CO2
from the terrestrial ecosystems to %he atmosphere. The primary evidence of
the importance of the terrestrial biota for the €02 content of the
atmosphere is shown by the short-term oscillations of atmospheric CO2,
reflecting the seasonal fluctuations in photosynthetic and respiratory-
activities of living organisms.

The NEP tends to be zero in a stable ecosystem, but is permanently positive
when human disturbance is present. Estimates of the total NPP for all
terrestrial ecosystems vary between 50-60 GtC per year; the mean total plant
respiration of all ecosystems (R,) is about equal to NPP; so, about 50% of
GP is needed by the plants ~for respiration (R,). The heterotrophic
respiration (R,) 1is 35-50 GtC per year. These fluxes characterise the
natural and well-balanced exchange rate of about 100 GtC per year between
terrestrial biota and atmosphere.

Human interference (cutting, burning, shifting of cultivation and changing
of ecosystems) has not only large effects on the amount of carbon stored in
the ecosystems (the reservoir), but also affects the fluxes. There has been
a net release of carbon since at least 1860. Until about 1960, the annual
release was greater than the release of carbon from fossil fuels. The total
net release from terrestrial ecosystems since 1860 is estimated to have been
180 GtC (with a range of estimates of 135-228 GtC). The estimated net
release of carbon in 1980 was 1.8-4.7 GtC, from 1958-1980 the release of C
was 38-76 GtC. The ranges reflect the differences among various estimates
for forest biomass, soil carbon, and agricultural clearing.

Effects of increasing atmospheric carbon on terrestrial biota can be
expected to be caused directly by higher CO02 concentrations and/or
indirectly by changed environmental conditions due to the higher CO02
concentrations. Among the factors affecting gross photosynthesis, light,
moisture, availability of nutrients (particularly nitrogen and phosphorus)
and CO2 are the most important.

Most information relative to CO2 effects on plants is based on data from
short-term experiments under controlled conditions. Although considerable
variability exists in responses of various species, an increasing growth and
rate of photosynthesis is apparent and the following tentative
generalisations have been made in the literature resulting mainly from
experiments in glasshouses:

- The responses are greater in plants with indeterminate growth (e.g.
cotton, soybean) than in plants with determinate growth (e.g. corn, maize,
sorghum, sunflower).

Plants with an indeterminate growth habit have an infinite growth
potential and are the most productive, whereas the determinate plants
complete their 1life cycle by primary growth with the production of a
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complete plant.

- The response to higher levels of CO02 is greater in C3 plants (e.g.

soybean, sunflower, tomato, lettuce, cucumber, velvetleaf, wheat,
sugar-beet, potato, rice, trees) than in C4 plants (e.g. corn, sorghum,
millet, sugar-cane).
In C3 plants primary photosynthetic carbon fixation occurs via the enzyme
ribulose diphosphate carboxylase (RuDP) and In C4 plants via
phospho-enol-pyruvate (PEP). The higher carboxylation efficiency of C4
Plants has an advantage in water use efficiency and therefore in
exploiting arid environments.

- The largest response is in seedlings; in older plants the response
decreases or ceases. Increasing CO2 concentration will therefore probably
have the least effect on growth of plants in natural forests (dominating
the biotic part of the carbon cycle), where 1light, water and mineral
nutrition already 1limit the rate of photosynthesis. However, recent
increases in the growth of some high-altitude trees (measured as
increasing ring width) might be ascribed to increasing CO2 concentrations,
although the discussion on the causal relationship is not yet ended.

- Water use efficiency (ratio of C fixed to water consumed) increases for
all species with increasing CO2 concentrations, but particularly for C4
plants. Therefore, under conditions of significant water-stress,
considerably greater proportional increases in plant productivity occur.

- Early depletion of nutrients causes a shortening of the growing season
(only in C4 plants) and a significant increase of the C/N ratio in C3
plants. As N-poor plant tissue decomposes more slowly, nutrient cycling
rates will then be affected in ecosystems.

Effects on ecosystems are determined by the stability of the system. In
stable (climax) ecosystems (e.g. undisturbed forests) in which gross
photosynthesis is equated by total respiration (NEP = 0), the NEP might
become positive depending on to what extent other factors are limiting (e.g.
nutrients). In developing ecosystems, the NEP is permanently positive and
will increase until a new (stable) equilibrium is reached. Increase of NEP
will be greater where the supply of nutrients is greater, e.g. in highly
productive agricultural systems. However, here the storage of carbon is only
a small fraction of the annual production.

References used in this section: 5, 10, 15, 22, 24, 28, 37, 45, 67, 68, 69.
2.3.3. Carbon cycle modelling

Climate models are wused to investigate the climatic response (e.g.
temperature, precipitation) to changes of the atmospheric C02 concentration
(in fact the "airborne fraction", AF). Carbon cycle models (CCM's) are the
main tool for predicting the future CO2 levels as a function of the total
CO2 emissions. To calculate these levels all processes in which €02 is
exchanged have to be known and quantified, i.e. processes in which C02 is
exchanged, stored and converted between the atmosphere, terrestrial
biosphere and ocean.
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In the last few years CCM's have become more sophisticated. There are now
several dynamic, process-oriented models which represent for example
accumulation and decay of dead vegetation, processing of carbon in soils and
humus, and chemistry, physics and biology of the ocean. Published models
have been calibrated to agree well with the change in atmospheric CO2
concentration observed until now. However, no model has been properly
validated against all trends and all data on emission rates. The most
important uncertainties are:

- Future paths of energy and CO2 emissions.

Many of the early analyses have produced estimates of future emissions and
concentrations from extrapolative techniques based on present and past
emissions.

In an attempt to address uncertainties, a second generation of studies,
employing scenario analysis has arisen, which also take into account
future economic and energy developments. However, there are still a number
of important uncertainties in the model, e.g. rate of population growth,
the availability and cost of fossil fuels, etc. (see also 3.1.).

- Diffusion rate in the ocean.
Most models represent some features of ocean chemistry quite well, but
they represent ocean physics by simple vertical diffusion coefficients,
sometimes related to stratification phenomena. These one-dimensional
vertical models are viewed with considerable scepticism by physical
oceanographers.

- Rate of deforestation and land reclamation.
There is disagreement about whether significant renewed growth in some
areas and stimulation of plant growth by increasing atmospheric C02 will
take place and counter losses from deforestation.

- Stimulation of growth by CO2.

Most carbon cycle models in estimating biotic response have depended ' on
the so-called beta (B8) factor, a measure of how much plant growth
increases as a result of atmospheric CO2 concentration.

The numerical value of B is not known accurately at present, but is still
of great importance as a parameter representing the response. However, it
has been argued that the use of the pg-factor should be replaced by
separate analyses of the effects of changes in the area of forest and
potential changes in NPP caused by both increased atmospheric CO2 and
changes in climate.

References used in this section: 9, 15, 21, 22, 45.
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3. SCENARIOS AND CLIMATE MODELLING

3.1. CO2 emissions and future energy demand

It is generally accepted that the increasing concentration of €02 in the
atmosphere is primarily determined by the combustion of fossil fuels. 1In
order to estimate future quantities, it is first necessary to develop
pictures of the future use of fossil fuels and then to use these scenarios,
in conjunction with carbon cycle models, to calculate the atmospheric C02
concentrations,

Understandably, many pre-1975 studies assumed that future energy growth
rates would be equivalent to the historical average of 4.5% per year.
However, it is now acknowledged that the "CO2 community" should make better
use of the most recent scenarios in which world energy consumption is
chiefly determined by economic and socio-political forces. Most recent
estimates from such sources as the US Environmental Protection Agency (EPA),
the International Institute for Applied Systems Analysis (IIASA), the
International Energy Agency (IEA) and the US National Academy of Sciences
show that, based on calculated future CO2 emissions, pre-industrial
atmospheric concentrations could double (i.e. pass 600 ppm) some time
between 2040 and 2080 (see Fig. 8), the range reflecting the uncertainties
with regard to future growth and energy developments.

By combining estimates of energy demand and fuel mix, CO2 emissions can be
estimated. In Fig. 2 a number of long range CO2 projections are presented.
Estimated average annual rates of increase of CO02 emissions until 2030
generally range from 1 to 3.5%. Estimated annual emissions range _from
7 to 13 GtC in the year 2000 and, with few exceptions, from 10 and 30 GtC in
2030. The US National Research Council (NRC) forecast in 1983 that the
annual increase would be about 1.6% to 2025 and about 1% thereafter compared
with an average growth over the past 120 years of 3.5%. The major reasons
for the lower rate are, according to the NRC, an estimated slower growth of
the global economy, further conservation and a tendency to substitute
non-fossil fuels for fossil fuels. (see Appendix 2 for a discussion of the
NRC Report).

The energy scenarios developed by Group Planning give estimates for CO2
emissions in the lower part of the range for a number of reasons. In the
first instance, global energy intensity has been falling for many years.
Figure 9 shows that in the USA the fall has been continuous since the
1920's. Since 1973, two changes have occurred: oil intensity, which had been
rising, began to fall, and the decline in energy intensity accelerated.

Four factors lie behind the fall in intensity: firstly a shift in developed
country economies from heavy industry to less energy-consuming light
industries and services; secondly, the introduction of new technologies and
processes which both directly and indirectly, consume less energy; thirdly,
the development of products (cars and refrigerators, for example) which are
more energy-efficient, and finally, consumers have changed their behaviour
patterns to reduce energy consumption as they have become more aware of the
cost of energy. While the last of these is in some sense reversible as costs
decline, the first three are structural and are unlikely to be reversed.
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In the future, as portrayed in the Group scenarios, the intensity continues
its downward course. Indexed to 1973 = 100, the energy intensity in the OECD
countries is estimated as 47 (Next Wave) or 57 (Divided World) with a
probable range of 45-75. The Next Wave scenario sees a rapid take-up of
technology promoting a more rapid fall in intensity. However, this 1is
outweighed by strong economic growth and hence a relatively large increase
in energy demand. In Divided World, on the other hand, energy intensity
declines more slowly but economic growth 1is also lower so that, overall,
energy demand is less than in the Next Wave. ‘

The impact of new technology is much less in the Less Developed Countries
(LDC's) where the capacity to introduce energy efficient equipment and to
apply energy conservation is much less. In these countries, energy
intensities are still rising although at a lower rate as technology is
transferred from the developed world. In part this rise is due to the
development process - the introduction of the heavy industries the countries
themselves need - and partly there is the move of energy demanding
industries from developed to developing countries.

The world energy demands in the year 2005 in the two scenarios are,
respectively. New Wave - 209 Mbdoe (million barrels per day oil equipment)
and Divided World . 193 Mbdoe. At the same time, the probable ranges are
178-220 Mbdoe and the possible ranges are 158-240 Mbdoe.

While overall energy intensity is an important variable in estimating the
future production of carbon dioxide, a second factor 1is the competition
between different fuels in the major markets, in particular, the relative
importance of the non-fossil fuels such as hydro and nuclear. The marginal
energy sources, wind, waves, hydrogen, etc., are unlikely to make sufficient
contributions to have any serious effect on CO2 levels, nor is any large
move away from hydrocarbon fuels in the transport market expected and
consequently changes will relate to wunderboiler fuels and electricity
generation. Coal is expected to dominate the large industrial wunder-boiler
market with gas and electricity becoming the major energy sources at the
commercial and domestic levels. Coal and nuclear will be the chief fuels
for electricity generation. Only in the long term is a shift to other energy
sources likely to occur. However, as the amount of CO2 emitted per unit of
energy differs considerably (see Table 2) for the different fossil fuels,
future emissions not only depend on the global energy consumption but also
on the relative proportions of the fossil energy sources (see Fig. 3).

On the basis of the demand estimates from the individual fuels in each
scenario the C02 emissions can be calculated. These are given in Table 6.

An important source of energy often ignored because of the difficulty of
measurement, is the non-commercial energy (NCE): Wood, crop residues, animal
and human wastes burned by the poorest members of society for heating and
cooking. The population of the LDC's is approximately 3.6 billion , one
third of whom depend on NCE. By 2005 the LDC population will have risen to
5.3 billion (UN estimate) and although NCE cannot rise pro rata because of
the constraints on availability, nonetheless there will be an increase and
this, based on estimates developed by the FAO, is included in Table 6.

In the next century, the world energy pattern can only be guessed. A key
feature, however, is that because of technological change there will be a
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wider variety of energy sources for exploitation than at present. However,
no single new energy source will be able to meet more than 10% of the
world's energy supply and coal will probably be the largest single source of
hydrocarbon based energy. 1In addition to the main scenarios which extend
only to the year 2005, some studies have been made within Group Planning on
the possible use of energy in the year 2050. Based on some heroic
assumptions not only of economic factors but also softer issues such as
individual lifestyles and the role of government, three proto-scenarios have
been developed and from these possible CO2 emissions can be calculated.
These are at the very bottom of the span of estimates made by other
institutions and range from 10 to 11.5 GtC per annum.

There are, of course enormous uncertainties at this  distance in time -
surrounding not only the fuel consumption but also the split of energy
sources between fossil and non fossil fuels. It may be the case that large
increases in the direct use of solar energy, indirect solar such as wind or
wave energy and in nuclear energy will occur as a result of unforeseen
technological developments.

In the light of the possible effects of an increase in greenhouse gases, it
is important to examine the likely political responses to expressions of
environmental concern. Awareness of environmental matters is much stronger
now than it was only a few decades ago. At present, the focus is on acid
rain and nuclear energy. While opposition to nuclear is strong in the USA,
Australia and some European countries, it is possible that perception of a
serious environmental threat could swing opinion away from fossil fuel
combustion and 1lead to a revival of interest in conservation, renewable
sources and particularly in nuclear energy. Of course, such a movement would
be stillborn if there were to be any further accidents of the Three Mile
Island, Sellafield or Tsjernobyl type.

The problem is that no obvious global solution is presently conceivable
which would result in a major reduction in the rate of increase of
atmospheric CO2. i i i y
(EPA) in late 1983 (see Appendix 2) concluded that only draconian measures
such as a global ban on coal combustion could have any significant effect.
Since such actions are neither economically or politically feasible,

individual countries should be urged to study ways of adapting to the

published at the same time, is less pessimistic in that it believes that
strategies such as substantial taxation of fossil fuels might be effective.

References used in this section: 17, 21 Group Scenarios.

3.2. Projections of non-C02 greenhouse gases

Changes in atmospheric concentrations of several infrared absorbing gases,
besides €02, result from human activities. Projections of future emissions
of these trace gases are mostly at a more primitive stage than are the C02
projections, as they are usually based on assumptions of linear increase or
exponential growth relative to development in recent years.

Recently, calculations have been applied to project the concentration of
each gas species. The following data have been used:
- 1980 atmospheric concentrations and recent trend data,
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- nature of sources (man-made, natural, etc.),

- projected growth in natural as well as man-made sources due to expected
human activities over the next 50 years, and

- atmospheric lifetimes of the species.

The resulting estimates for the year 2030 are presented in Table 4. It
appears that by 2030 atmospheric CFC's may increase by a factor of 10, the
chlorocarbons by a factor of 3 and the nitrogen compounds and hydrocarbons
by 20% and 60%, respectively. These estimates were of course made without
taking into account the effects of possible countermeasures to reduce
emissions.

References used in this section: 16, 33, 35, 39, 41, 43, 46, 47, 49, 57,
61, 64.

3.3. Temperature and climatic changes

The typical approach to understanding the relationship between atmospheric
C02 and temperature has been the development of increasingly complex models
of the geophysical conditions that produce global climate. Several types of
mathematical models have been developed differing in comprehensiveness with
regard to treatment of the climate system components. Individual models can
be broadly classified as either thermodynamic (EBM's, energy balance, and
RCM's, radiative-convective models, both accentuating the prediction of
temperature) or hydrodynamic (predicting both the temperature and the motion
fields, and their mutual interactions) models. The last category includes
the now widely favoured "three dimensional" General Circulation Models
(GCM's). A new model hierarchy is formed by coupling atmospheric GCM's with
different ocean and sea ice models.

The standard reference value for comparing alternative models is AT (the
globally averaged temperature increase due to doubled CO02). The ragge of
surface warming simulated by the groups EBM's and RCM's for doubled CO2 is
in remarkable agreement, i.e. 1.3-3.3°C. In comparing results obtained by
EBM's the high and 1low values are usually excluded as the deviation is
ascribed to the use of models that require an energy balance for the earth's
surface, rather than for the entire earth-atmosphere climate system. The
main proponent of the surface energy balance model 1is S. Idso of the US
Water Conservation laboratory. On the basis of empirical observations of
climatic change in Arizona and measurements of solar radiation, he concluded
that AT 1is 0.25°C, i.e. an order of magnitude less than that predicted by
s - R . . ]
the other models. This controversy within the modelling community is
fundamental and will continue.

The range of surface warming simulated by the GCM's is somewhat larger than
that of the purely thermodynamic models, mnamely 1.3-3.9°C. For this
comparison calculations based on sea surface temperature/sea ice simulations
were excluded from consideration, as these show a calculated present
temperature lower than the presently observed temperature.

None of the above mentioned computations take the trace gas effects into
account. The only, very recent, RCM simulation employing the projected
increases of all greenhouse gases refers to the period up to the year 2030,
the year characterised by a estimated CO2 concentration of about 450 ppm. In
that study the relative importance of about 30 gases, including CO2 is taken
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into consideration as well as coupled perturbations due to
chemical-radiative interactions (see also section 2.2.2.). The simulation

indicates that by 2030 the effects of the trace gases will amplify the CO2
surface warming by a factor ranging from 1.5 to 3.5 (see Fig. 10).

However, the warming is not the entire story; all GCM's show an increase in
the intensity of the global hydrological cycle. If the planet is warmer more
moisture will evaporate from the oceans, resulting in a increase of the
atmospheric water concentration. The water vapour will also act as a
greenhouse gas. In addition, cloud cover might change, as well as sea ice
and snow cover, all producing either an amplification or a reduction of the
original effects (positive or negative "feedbacks"). Although the process of
C02-induced warming is reasonably well understood and some of the gross
features of the likely climatic change are reasonably well established
qualitatively, the likely regional effects cannot be modelled with great
confidence at the present time./The e _expe i :
predicted by these models would e

12,000 years ago (see also Appendix 8):

- precipitable water content of the atmosphere would increase by 5-15%,
the precipitation rate being increased particularly at higher latitudes of
both hemispheres,

- sea-ice cover of the Arctic would be reduced to a seasonal ice cover,

- snow cover would change dependent on latitude, though extent is difficult
to predict,

- ice-cap mass balance change: a warming of 3°C would induce a 60-70 cm rise
of the global sea level, about half of which would be due to ablation of
the Greenland and Antarctic land ice, the rest to thermal expansion of the
ocean; a possible subsequent disintegration of the West Antarctic Ice
Sheet would result in a worldwide rise in sea level of 5-6 m,

- rising sea surface temperature would be highly regional, and

- reduced evapo-transpiration of plants would make more water available as
runoff and would tend to offset the effects of any CO2-induced reductions
in precipitation or enhance the effects of precipitation increases.

Based on the modelling results, reconstruction of historical climatic
conditions and studies of recent warm years and seasons, a markedly
different climatic response is expected at different latitudes. The rise in
the average temperature at the surface would increase from low to high
latitudes in the northern hemisphere (see Fig. 1). There the projected
increase would be much larger between October and May, than during the
summer, thereby reducing the amplitude of seasonal temperature variations
over northern lands. The models also show a large increase in the rates of
precipitation and runoff at high northern latitudes (see Fig. 10). These
changes could have profound effects on the distribution of the world's water
resources, and large-scale effects on rain-fed and irrigated agriculture
could be expected: large areas of Africa, the Middle East, India and a
substantial portion of central China would cease to be water deficient areas
and become favourable for agriculture. In contrast, the "food basket" areas
of North America and the U.S.S.R. would become considerably drier.

References used in this section: 6, 9, 17, 21, 23, 28, 40, 43, 47, 48, 52,
53, 58, 61, 62.
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3.4. Detection of the greenhouse effect

The increase in greenhouse gas concentrations from pre-industrial to the
present values might have caused a significant perturbation of the radiative
heating of the climate system, resulting in a warming of the global surface
and lower atmosphere. The induced warming due to the increase of the (€02
concentration has been computed to be 0.8°C in recent RCM's and to be twice
as large in a recent GCM taking into account the increase of the
concentration of all (known) greenhouse gases.

Such a warming, had it indeed occurred, should have been detectable. However
the search for definite evidence on whether the climate 1is responding to
increasing concentrations of greenhouse gases, 1in the way that most models
predict, has not yet been successful. Scientists argue that the warming is
delayed through the inertia of the global system. They expect that the
warming will not rise above the noise level of natural climatic variability
before the end of this century. By then the AT_may have risen above the
natural surface temperature variation (typically * 0.2-0.4°C for the
northern hemisphere). This natural fluctuation in hemispheric or global mean
temperatures, observed over the last century (see Fig. 12), is influenced by
various climate forcing phenomena, e.g. solar irradiance, volcanic aerosols,
and surface radiative properties, thereby making the sought-for CO2 signal
unclear.

Other scientists argue that the models overestimate the temperature increase
due to the increase of the greenhouse gases.In their view modellers have so
far concerned themselves mainly with two climatic feedback processes, which
are claimed to amplify any CO2 warming: the so-called ice-albedo feedback
and the water vapour feedback. The critics argue that these two feedback
processes are currently overestimated while others are completely neglected,
underestimated or overestimated (for example, the carbon dioxide-ocean
circulation-upwelling feedback, the CO2-ocean stability-winter down welling
feedback, the CO2-Arctic sea ice-Artic biomass feedback, the CO2-rainfall
distribution-tropical biomass feedback, the permafrost-methane release
feedback, and the CO2-weathering of silicate minerals feedback).
Overestimation of the ice-albedo feedback is particularly relevant.

It is also argued that the climate models have not been constructed with
ocean surface temperature as the fundamental variable. Therefore, the
inability to observe the model-calculated CO2 warming is a consequence of a
lag due to thermal inertia of the ocean. In other words, the atmosphere
cannot warm until the oceans do. Other studies indicate that the absorption
of CO2 and heat by the oceans could possibly delay a greenhouse warming by
five to twenty years.

Regardless of the continuing debate, confirmation of any view is important.
1f, as expected, the concentrations of the greenhouse gases gradually
increase in the future, then the 1likelihood of achieving statistical
confirmation increases. Improvements in climatic monitoring and modelling
and in the historic data bases, would allow an earlier detection of any
greenhouse effect with greater confidence.

References used in this section: 4, 12, 13, 17, 28, 31, 47, 58, 60, 63.
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4. IMPLICATIONS

Although the greenhouse effect has been undetectable up till now, the
atmospheric concentrations of the greenhouse gases are steadily increasing.
Whether or not this will result in a significant global warming and if so,
when it will occur, is still a matter of debate. However, without the direct
need of a clear signal it is useful to give consideration to measures to
counteract the 1likely effects. Potential effects are identified below
assuming a future greenhouse effect , irrespective of uncertainties
associated with timing and severity of the impact.

4.1. Potential effects of global warming induced by greenhouse gases

In this section possible effects of increasing concentrations of CO2 and the
other greenhouse gases are enumerated, as well as the effects of a climate
changed by global warming.

4.1.1. Abiotic effects and biotic consequences
I. Oceans

1. Increased water temperature Increased growth/development rates and
metabolic demands of all marine species,
i.e. 1increased survival and growth of
natural resources, through shifts of
ranges and migration patterns.

2. Increased vertical In turbulent (subpolar) waters increased
stability of water phytoplankton production and increased
masses fish yields.

In stratified (subtropical) waters

decreased phytoplankton production and
decreased fish yields.

3. Decreased latitudinal and Lower intensity but greater duration of
seasonal sea ice extent primary production.

4. Temperate decrease and high Poleward species shifts due to shifts in
latitude increase in net salinity patterns.
precipitation and runoff
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