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OPENING REMARKS

Philip M. Smith, Exeartive Officer,
Natianal Research Council

On behalf of Frank Press and Bab White, I want to welcame you all to
this day-long symposium. It should be an imteresting day for those who
participated in, those who remember, and those who may be hearing today
for the first time about the great events of same 25 years ago and about
how we progressed fram Mohole to the Deep Sea Drilling Project and arward
into the axrremt program.

In 1958, the Director of the Natianal Science Fourdation askad the
President of the Academy to set up a formal cammittee to, in effect,
codify and make legal the informal operating cammittee that had been in
place for a year or two to think about how one might exploit the new
technology then emerging to udertake deep sea drilling. Willard Bascam
will tell us a great deal about that exciting period of time.

It’s hard to remember now, because of the imtervenirng years, how much
gramtreakirg went on in that period. The Science Foundation was then a
yourng eight-year-old agency; it had limited egerience with large
consortiums, big operatianal projects, and natianal pragrams like the
occean pragrams and Antarctic program. So there was a certain degree of
learnimy going on in that period on the part of public officials and the
scientific commmity about how large=scale emdeavors of this sort could be
mounted and supported at the taxpayer’s expense. Scientifically, of
course, we were in a differemt era, just at the beginning of the
Imtermatianal Geophysical Year (IGY) and all those things we were
learnimy. It is hard to now imagine that there were geologists who did
not believe in plate tectanics. But there were people, myself among them,
who had been taught by glacial geologists like Goldplaithe and Flint that
the last ice age ended about 200,000 years ago. We have, in fact, made
remariable sets of scientific discoveries and technological advames, and
these have been exciting developments in intermatianal cnoperation. In
addition, we have learned a great deal about the management of large=scale
scientific enterprises like the DSDP.

We are here today to review both the history (the early years, and the
early developments) and the evolution of the Ocean Margin Drilling program
that is now under way. In its early years, I was aware of and knew
sketchily about many of the developments in the Mohole project. At that
time, my focus was largely on the Arctic and the Antarctic regions, and my
proximity to the program was samewhat targential. In the late 1970s, I
had a closer loak at the pragram when I was in the White House Science
Officearﬂwweretalki:qabaxtjoirﬁvenbnesbeweengovmmm
industry. Although the original plans did not came into being, I learned
a great deal about relatianships between govermment and industry and,
particularly, about how unstable those relatianships could sametimes be.
Who would have dreamerd in 1978 that the cost of energy would be what it is
today and that oil campanies would be rapidly withdrawing fram cammitments
of every kind?
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Dr. Robert M. White, President,
National Academy of Engineering

Philip Smith has already welcamed you on behalf of the two Academies,
but because of my previous association with this program at the time of
the formation of the Joint Geamxgraphic Institutions, I wanted to welcame
you to this symposium. When I ocxupied Phil’s position as BeEartive
Officer of the Academy and Administrator of the Natianal Research Council
in 1980, I was asked by members of the ocean cammmity whether I could
assist in stremgythenimg the Joint Gmamxgraphic Institutions. In fact I
did, and it was a very exciting time for me. Today, same of the key
people involved, Bill Bascam first among them, will provide you with an
exterded perspective on the ups and downs of the program.

If ane had to identify a single scientific and engineering program
that has cantributed more than any other in recent years to our
fumamental information about the planet, there is no question in my mind
but that the ocean drilling program would have to be ranked at the top.
We can now anticipate another period of great excitement as the new
drilling vessel urdertakes its work.

I was also in a position to watch and be involved in those ups and
downs. I think there is a lesson here in the history of the Deep Ocean
Drilling Program for all of us; the pragram’s suaess is testimay to the
imispersability of having an importamt and seminal idea, sound
engineering, a lang-term perspective, and a firm grasp of what is needed
fram both science and engineering.

But my task is not to make a speech; it is rather to welcame you and
to wish you well on this 25th Anniversary Symposium.

D. James Baker, Jr., Symposium Chairman and President,
Joint Geamgraphic Institutions, Inc.

It’s a very great hanor for me to welcame this distirguished group of
speakers who have graciously taken time fram their schedules to came to
this Symposium. I’m speakimg today an behalf of Dr. Walter Munk, who is
Chairman of the Academy’s Ocean Studies Board, and Dr. Arthur Maxwell,
Ghairman of the Board of Governors of the Joint Gmeanographic
Institutions, both of wham were original co-conspirators present at the
famous breakfast at Walter Munk’s where the original idea of deep ocean
drilling was canceived. We’ll hear more about that later.

Dr. Maxwell worked closely with Dan Hunt of the Joint Omeanography
Institution, Mary Hope Katsouros of the Ocean Studies Board, and Arch
Mclarren of Texas ASM to put together this Symposium, and I want to exterd
my gratitude to all of them for their hard efforts and to all of you for

atterdimg today.
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We in the scientific commmity are grateful to the NAS for their role,
not anly in sapparting the initial program of ocean drilling but also for
their caatimiimy role in providing scientific advice, counsel, and review
to the program as it has evolved over the past 25 years.

We are also grateful to the NSF where many of the key figures there
have been involved in ocean drilling at one time or another: Bill Merrell,
Sardra Toye, Al shimn, Peter Wilkniss, Don Heinrichs, Al Sutherland, Grant
Gross, have all been involved with the program. And we also owe a debt to
the other nations of the scientific world who have been involved in the
program: Germany, France, United Kirgdam, Japan, Soviet Union, Canada,
and now 12 countries represamtad by the Bropean Science Foundation.

Finally, we want to thank our speakers who represent each of the major
milestanes in the program. We are very pleasad that we were able to get
such distimuishad represamtatives of the different parts of the
activities. I know you are eager to hear fram the speakers, but let me
just say a word about the organization of the Sympasium.

We have organized around four major activities of ocean drilling, two
of which were sucressful in their own right, and two of which were
suxessful in that they laid the foudation for the other two. We will
start with Project Mohole and then proceed to the DSDP, which was run
throxgh the Scripps Institution of Geanaxgraphly. Then we’ll talk about
the Ocean Margin Drilling Program and then summrize the curremnt Ocean
Drilling Program, which is operated through Texas ASM University. We will
finish up with a discussion of benefits to imdustry.

I’l1]l imtroduce each speaker in turn. It gives me particular pleasure
to imtroduce Bill Bascam, who was the Director of the Mohole Project fram
1959 to 1962. Bill’‘s book, The Hole In The Bottom of the Sea, of which
there is a copy here in the library, describes early ocean drilling in
detail, but was used by a generation of aceamgraphers, including myself,
as an inmtroduction to the entire field of amangraphy. That gives you an
idea of the range of Bill’s abilities and expertise. Bill will talk about
Project Mohole.

Copyright © National Academy of Sciences. All rights reserved.
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PROJECT MOHOLE
Speaker: Willard Bascam

I am delighted to help celebrate 25 years of deep ocean drilling at
this place where I spent eight years of my working life. I will show a
motion picture of the drilling and talk about the project history, quoting
fram papers and reports written at the time so that my memory is not at
risk, and try to illuminate those remote days when there was much
uncertainty about the nature of the crust and the deep sadimemts beneath
the occean — and about whether it was possible to drill in deep water.

First, a word of thanks to the National Acadewy of Sciences, past and
present. The Mahole Project was unlike any other Academy urdertaking. It
was direct involvement in the natural world — in a risky project —
rather than merely discussion by a camittee about what could be done
under the aegis of the Academy. It was urdertaken because of the specific
persanalities who were present here in 1958 to 1962: Detlev Brunk,
president, ard his staff: Douglas Cormell, the Chief Executive Officer;
Jahn Coleman, who first recruited me as a part-time staff member in 1949;
Howard ILewis, who dealt with publicatians and public relatians; Bill
Thurston, Exeantive Secretary of the Earth Sciences Division; and myself,
a mining engineer turned gecphysicist.

Our ancertad efforts had the full support of the Governing Board,
partly because five members of the original AMSOC Camittee were Academy
members and because, as Dr. I. Rabi, a Nabel physicist on the Board,
concisely put it, "Thank God, we’re finally talking about samething
besides space."

Thanks also to Frank Press and Bab White and Phil Smith for spansoring
this 25th celebration of deep ocean drilling so we can cansider the great
advances in engineering and umerstamling that have been made. It is too
bad that Roger Revelle and Walter Mink are travelling abroad and cannot be
present here today. Thanks also to Mary Hope Katsouros for organizing
this meeting, which originated when Peter Jahnson saggested it to
President Press.

Four of the original group of scientists who supported the beginnings
of deep water drilling with word and deed have gone on the Great Adventure
to that land where one supposes the correct answers to all the earth’s
mysteries are already on file. Let us particularly rememter Bill Rubey
and Harry ladd of the USGS, who were respansible for drilling test holes
on Eniwetok and Bikini; Maurice Ewing of the Lamont Geophysical
Gbservatory, who langed to drill from his old wooden schooner Vema; and
Harry Hess of Princeton University, co-sponsor of the project. Surely
their spirits are here with us today.

The idea of drilling to abtain samples of the deep rocks or of

abtaining deep cores of undersea sediments was thought of by many people,
including Charles Darwin, who in 1888 persuaded the Royal Society of
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Laondon to drill a hole on Funafuti in the Ellis Islands. Also by T. A.
Jaggar, director of the Volcano lLaboratory on Hawaii, who in 1943 promsed
drilling 1000 core holes in the deep ocean bottam each "1000 feet deep so
geology would not remain a speculative science." And others.

But the suggestion that sparked the actual drilling stemmed fram a
meeting at the National Science Foundation early in 1957 of a propasal
review panel that included Walter Mk and Harry Hess. They had
cansidered same 65 research propasals, each made by a sciemtist of same
stature in geology-geaphysics, and decided that none of these was likely
to produce any major advance in earth sciences. Walter Mk saggestad
that they should cansider what project, regardless of cost, would do the
most to open up new avermes of thought and research. He thought that
sampling the earth’s mamtle would be most significant.

Not long after that there was a breakfast meeting of the American
Miscellaneous Society, a specifically disorganized organization, at
Walter’s house in l1a Jolla, where the subject was further discussed. The
circle was then egamiad to include Gordon Lill, Josh Tracey, Harry lLadd
— and soon after that, Roger Revelle, Bill Rubey, and Maurice Ewing.

In September 1957, urged by Roger Revelle and Tam Gaskell, the
International Union of Geodesy and Geophysics, meeting in Toramto, adopted
a resolution that said, "The camposition of the Earth’s mamtle below the
Maoho is one of the most importamt unsolved prablems of geophysics." It
"urged the natiaons of the world — to drill to the Maho discontimity."

In April 1958, I ocxxgpied an office aon the floor above this lecture
hall, opposite to that of Bill Thmrston. One day in a flash of genius I
called across, "Bill, it’s the Mahole!" So the drilling project bexame;
no one afterwvards called it anything else. Thurstan and Harry Hess, who
was then Chairman of the Earth Sciences Division, called a meeting of
gecphysicists in the great hall of the Academy immediately precedent to a
meeting of the American Geocphysical Union. It was chaired by Harry Hess
and the first speaker was Gordon Lill.

Iet me read to you fram earlier writings about what happened at that
meeting:

As soon as Lill proposed the drilling program, same
opposition developed that tock three forms. The first
question was: ‘What good will it do to get a single sample of
the mantle? The material beneath the crust is prabably not
hamogenous and one sample cannot be expectad to be
represemntative. Ten or even 100 holes may be needed before we
will know what the mantle is made of.’ To which Harry Hess
answered, ‘Perhaps it is true we won’t find out much about the
earth’s interior fram one hole, but if there is not a first hole
there cannot be a second, or a tenth or a hurdredth hole. We
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must make a begimning.’ The second abjection dealt with maney:
'This project will cost many millions of dollars, you can’t even
estimate how mxch. If it is paid for out of geophysical research
maney, it will strip all other projects of funds for years. If
that amount of maney were divided up amaongst the existing
institutions, we would all be able to do more and better
geophysics.’ Roger Revelle answered that ane. He said, ‘I
imagine that an argument like that was used against Columbus when
he asked Queen Isabella for funds for his advertamras voyage.
One of the Queen’s advisars udubtalily stepped forward and said
your Majesty, it won’t be important even if this crazy Italian
does reach India by sailing West. Why not put the same amount of
maney into new sails and better rigging for the other ships; then
the whole fleet will sail half a knot faster.’ That devastating
analogy silenced that part of the opposition. A third abjection
was: ‘It is impassible to drill a hole in the bottam of the
ocean for the fareseeable future. Nabody has any idea how it can
be done. Wy doesn’t AMSOC forget about oceanic drilling until
it’s done same research on deep drilling techniques on lard.’
The answer to this was given by A. J. Field, an engineer fram
Union Oil Campany, who showed movies of the barge QUSS 1 [Figure
1], a name comporded fram the initials of the oil caompanies that
ownad it, Comtinemntal, Union, Shell, and Superior. It was
drilling an oil well at sea off the California coast in water
about 200 feet deep with a full-sized oil drilling rig.
Admittedly, this ship was a long way fram being capable of
drilling to the Maho but it demonstrated the new possibilities to
everyane present. Almost until that mament the capabilities of
floating drilling platforms had been kept closely guarded
camercial secrets. Virtually no one presemnt had seen nor heard
of such equipmert before, but now they could see a new sort of
tool which loaked as though it could be developed into a deep sea
drilling rig. A wave of enthusiasm went through the audience and
they saw the project in a new light. ‘If American technology can
go this far it can drill to the Moho.’ In fact, CUSS 1 itself
as though it might be used to drill shallow holes and

e the upper parts of the sadimemtary crust on the seafloor.
this time, even those who had been on the fence were persuaden
thattheDeepSeaDnllmng:ectwasabetterldeamanlt
first seemed. I propaosed a resolution that said, /The AGU
supports the project outlined by Gordan Lill.’ It carried
unanimusly.

sgg

Under the aegis of the Academy and with the support of geophysicists
generally, it was not long before a grant of $15,000 was received fram the
National Science Foundation as a down payment on a feasibility study.

Thus it was that the idea, the scientists, the Academy, and the money all
came together.
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The feasibility study began at ance with me as its unpaid eeartive
. We locked into various possible test sites in both the
Atlantic and Pacific; we eamined nearly all the floating drilling vessels
in the world. Behind the scenes the work was proceeding nicely, but by
Octabter the camittee was becoming disturrbed about the misinfarmation
ing the public. Rmmrs were flying that made deep sea drilling sound
more like science fiction than science.

It was decided to scotch these wild rumrs with a camplete public
statement for, by then, possibilities had narrowad and cur thouxghts on how
the work should procesd were more orderly. At least the cammittee could
say with reasanable certaimty what the sciemtific abjectives were, which
drilling sites seemed the most pramising, and what kind of equipment might
be used. The result was an article in the Scientjfic American (April
1959) written by me and entitled "The Mahole," which summarized our

thinking at that time.

In September 1959, an intermational sympasium on aceamxgraplly was held
at the United Nations in New York. Same of you may have been there. At

that time we released what became known as the red book:

The Earth’s Crust (NAS 717). I want to read a paragraph fram that book,
mainly because it was often said afterwards that the abjective of our
project was "one deep hole" and nothing else.

The AMSOC camittee believes "That it is desirable to drill a
series of holes into the strata beneath the ocean, culminating in one
that pierces the Mocho and samples the mamtle. The infarmation
produced will be unique, since direct sampling and measurement is the
only way to abtain much needed knowledge about the camposition of the
earth, its ancient history and the development of life. In addition
to the immense scientific value, the oil imdustry will benefit fram
the eperimentation with new ideas and equipmert for deep drilling.
And the value of infarmation and experience to be gained will far
oautweigh the cost of abtaining it."

Elsevhere in that same publication, we notad that no ane knew what the
canposition was of the secand layer where seismic waves moved at 4.5 to
5.5 km a secand, or the third layer where they ran 6.7 to 7.0 km a second,
or the sub-Mcho material where velocities were 8.3 km a second. Nabody
knew whether these were basalt or cansolidated sadimemts or limestane or
what. Perhaps we still do not know; maybe sameane will tell us later on
today.

The camittee also hoped that we would find fossils that would fill in
breaks in the land record, and it wanted to canfirm remote geophysical
measurements by directly measuring rock camhuctivity, radiocactivity,
temperature and so forth. The red book also noted the chance of same
great, unexpected discovery. It also said "it is possible that the sudden

revelation of the geologic history of the yppermost layers by the cores
taken in the test drilling will generate so mich scientific excitement

that there will be a general clamor for a pragram of ocean drilling in
many places." Very proper.
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The stary was picked up by the press and published widely. Before
long, letters fram crackpots began to arrive. Same went to the Secretary
of the Navy saying: "Don’t let those crazies drill a hole in the bottam
of the ccean. They’ll drain all the water out of it and we wan’t need a
navy." Others were fram pecple who said, "I’ve seen the middle of the

earth in my dreams and I can tell you t’s there.”

It is ane thing for scientists to speculate on the nature of Verus or
Mars and to say what they will do with rock samples of these planets. It
is quite another to actually go there and bring the samples back. That
requires careful engineering and considerable operatianal risks. So it
was with the first deep ocean drilling.

The things that are known and taken for grantad today were urcharted
territory when we first startad thinking about deep sea drilling. It was
not known then if a ship could be held close above a hole in the bottam in
water over two miles deep; if drill pipe, not laterally supparted by the
side of a hole, would whip wildly when rotated and bend excessively; if
sea water would be a proper circulating fluid in the drill hole, how a
diamond bit (needed for hard rock) would work for coring in soft
sediments; if wireline coring technigues would return satisfactory cares;
if a steady weight could be maintained on the bit as the ship heaved up
and down; the extent to which longitudinal waves would move up and
the drill pipe, etc.

down
A mmber of the men who were with us at that time are in the roam here
today. We have Ed Hortaon, Pete Jahnsan, Francois Lampietti, Bab Snyder,
and Jeff Savage. Dr. Jack Mclelland, Chad O’Hanion, and John Marriner
couldn’t make it, I’m sorry to say. Two of our naval architect advisers,
Captain Harold Saunders, USN ret., of David Taylor Model Basin, arﬂl‘d:ert
Taggart have also gone on to the Great Adventarre.

I should like to speak now about three major engineering problems the
AMSOC staff solved with a series of invemtions that laid the foundations
of all future deep ocean drilling.

First, Dynamic Positioning. In early 1958 there was a tug-boat strike
in New York Harbar and ship operators soan found how difficult and risky
it was to dock large ships without tugs. In my capacity as exeartive
secretary of the Maritime Research Camittee, I investigated and wrote a
staff paper with my assistant, John Gregory, called "Manaavering Devices
for Ships" that could be used for docking if tugs were not available.
(These included bow thrusters, vertical axis propellers, active rudders
and amidirectional steering screws.)

Before that, as a project engineer measuring waves fram the first

large thermmxclear test at Eniwetok, I had inverted the taut-moored buoy
that held position closely in deep water.
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indefinitely to hold the ship within a small area — I had in mind the
space betwesn piers at 51st Street in New York.

Such was the invermtion of "dynamic positionimy”. I first used tha
phrase, and the word "epicemter” to describe the ship’s position, in
paper I wrote in the summer of 1959 and submitted to Science magazine. By
the time Science rejectad the piece as predminantly engineering I was too
busy writing A Hole in the Bottom of the Sea to submit it elsewhere.

Reducing that invention to practice in a drilling operation required a
team of pecple and the work was assigned as follows: Peter Jahnsan,
assisted by Jeff Savage, was given primary respansibility for designing,
installing and maintaining a circle of buoys in deep water around the
drilling sites, Chad O’Hanian was respansible for sensing the buoys in
mnghseasatnightmthradararﬂsanr,(hptainSaxﬂnﬂarﬁomey"

" oversav the anstruction of four large Hartarmaster
axtboazdmtorsmilttoan'speciﬁcaturs (Figure 2), and Robert
was given a cartract to build a cansole that would simltanacusly cantrol
the four propellers. I specified that he use a "joystick" type control
that had directianal sense and a wheel to change direction (Figure 3).

All of these pecple did an exrellent job but we had enough misgivings
abaut the position sensing system that Bab Snyder devised a backup
tiltmeter as an altermate system. It was a sort of analog of the slope of
the pipe at the bottam. Inckily, it was not needed.

Secad, the "guide shoe". Early calculations showed that exressive
tension due to pipe berding would likely came at the surface where the
pipe left the rotary table, a point where the tension fram the weight of
the pipe below was already great. This bernding would be caused by the
rolling of the ship and because it would not be precisely above the hole.
We took the precautions of specifying a round fluted kelly and extra high
strength tapered drill pipe, but the main invertion was that of Ed Hortan,
who devised a trumpet-shapad "gquide shoe" through which the pipe passed as
it left the ship (Figure 4). This physically prevemted the pipe fram
berding more than an acreptable amount and depth stresses in it within our
specifications.

Third, we anticipated the everntual need for hole reentry fram the very
begirmming and we approached that problem by working on a more immediate
one, that of reducing bendimy stresses in the pipe where it emtered the
hole. It would prevent the pipe from kinking but in a different way fram
the quide shoe at the surface. Whatever was used would have to be held in
place by a stnxtural steel "landing base" sitting on the bottam, attached
to a casing that extended well down into the hole. Eventually, this
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design, for which BEd Horton and Jack Mclelland were mainly respansible,
became an increasingly flexible tapered casing that projected above the
landing base with a small furmel at the top. On March 12, 1961, at our Ia
Jolla drilling site, we installed a landing base with 150 feet of casing
below it and the tapered casing rising above it. This was drilled into
the bottam in 3,111 feet of water, the J-slots were disermgaged to free the
drill pipe, and the hole deepened ancther 1035 feet. It was the first

step in hole reentry.

Francois lampietti, the resident mathematician of our group, endlessly
calculated the stresses in various cambinations of drill pipe and worried
abaut vibrations, longitudinal waves in drill pipe, and such escteric
matters. He was, of course, helped by the others, especially including,
Ed Horton, Arthur Iubinski, and Jan Leerdertse in making what was prabably
the first major study of long strings of pipe in the ocean.

When drilling time appraached, we had put so much emphasis on the
problems of preventing the drill pipe fram breaking that many people
asked, what will you do if the pipe hreaks? To prevent undue caoncern on
that point we remtad a second string of pipe, megnafluxed it, and stored
it in san Diego. Then the answer to the question was: "If we drop the
first pipe we’ll go back and get the altermate string." It was never
needed.

I should like to say samething about the attitude of the oil imdustry
at this time. I gave many lectures on engineering as well as scientific
matters in Houstan at the Petroleum Club and the Rice Hotel to very
skeptical audiences. After one such lecture was over a couple of old guys
out of the oil patch came up to me to say, "Son, you ever see a real
drilling rig without an autboard motor?" "Yes sir." They shook their
heads like they were talking to the village idiot and walked away.

After we drilled sucxcessfully, as plamned, I lectured in both those
places again. The same kind of people who previcusly thought we were
crazy to try now said, "That was nothin’. Anybody in the oil business
could have done it." Even our camtractor, Glabal Marine, had difficulties
believing dynamic positioning would work and three or four maths after we
had made the decision to go with it, Glabal was still trying to raise
several million dollars fram the Office of Naval Research to build an
anchoring system. So we received very little support fram those who
afterwvards copied our ideas and inventions freely.

10
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Let me show you a motian picture and then I’11 say a few words beyand
that.

*The First Deep Ocean"”
Produced by Willard Bascom
for Ocean Science and Engineering Inc.
in 1963
(wirner of Imdustrial Film Institute first prize)
showed the actual drilling at sea.

The total cost of all the prchases, the work at sea, mobilization and
demobilization, subcat®Pacts, staff and camittee work — everythimg —
was $1,536,500.

The first drilling was deemed highly saaressful by everyone including
the President’s Science Advisory Cammittee, the Natianal Science Board,
and the Academy’s Governirg Board.

The followirg letter, addressed to Dr. Brank and Dr. Waterman was
received fram President Kernedy:

I have been following with deep imterest the experimental
drilling in comection with the first phase of Project Mahole.
The saxxess of the drilling in almst 12,000 feet of water near
Guadaloupe Island and the penetration of the oceanic crust down
to the volcanic farmations canstitute a remariable achievement
and an histaric lardmark in our scientific and engineering

pragress.

The people of the United States can take pride not only in
the accamplishment but in the fact that they have supparted this
basic scientific exploration.

I extend to you my cxgratulations and ask that you pass
them on to the special camnittee and the staff of the Natianmal
Academy of Sciences, the Natianal Science Foundation, the Glabal
Marine Exploration Company, and especially to all these on board
the (USS I and attendamt vessels who have cambined their talents
and energies to achieve this major success.

s/s Jahn F. Kemnedy
President of the

United States
The engineering staff began at ance to design a much improved ship to
out the widespread drilling program that was originally plammed. We

specifically called it an "Imtermediate Ship" to make sure no ane would
think it could be used to reach the Moho. It would have been a very

11
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satisfactary ard inedgensive ship; imdeed, several oil drilling caompanies
used aur design. Had it been built and used as we proposed, the secand
phase of the Mahole project would have came ocut as well as the first.

Unfortinately, we had made the Guadaloupe Island drilling look too
easy. As Harry Hess said, "You should have failed a few times and made it
look harder." The staff was unable to cammmicate the engineering and
technical difficulties of drilling to the mantle to same of those on the
AMSOC Camnittee. The result was the Camittee split down the middle over
whether to recommend an "Imtermediate ship" or to attempt to build one
that could drill to the ultimate abjective on the first try without
solving the really difficult engineering prablems that have not been
solved to this day.

At the same time it was quite clear to everyane that the NAS was not
the proper base for the large engineerimg and operatianal drilling program
that would ensue. Our staff heartily agreed that an ocutside catractar
should be selected — indeed, we briefed same 15 bidders abaut what was

E

The bids were very carefully reviewed by a camittee selected by NSF
and the top three bidders were deemed to be artstamiing. All of them
would have given our staff importamt positions in the project. But, after
a long delay the fifth-rated camtractar, Brown and Root of Houstan, who
had sufficiently good political comections that it had not even bothered
to attend the bidder briefings, was mysteriocusly selected.

About that time, our staff resigned to set up Ocean Science and
Engineering Inc. and our attention was transferred fram scientific
drilling to udersea diamond mining.

]
:
;
;
E
:
:
:
g
:
;

same $55 million had been spent and nothing had been accamplished, the
project was cancelled. Thus Mohole became Nahole.

It is sad that the first deep ocean drilling which began with such
pramise came to such a sad erding and, in the end, gave the Mahole Project
a bad name. Once it left the Academy here it became very political and
egpensive. But ance we had shown that deep ocean drilling was possible it
was inevitable that more deep drilling would take place.

I look forward to hearing fram the other speakers about what happened
next.
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D. James Baker, Jr.

It is terrific seeimg the start of the ocean drilling activity which,
as you say, cost $1,500,000. Taday, the budget request for 1987 for the
Ocean Drilling Pragram is $45,000,000. We won’t get all of that but
y get most of it. Of that $45,000,000, $15,000,000 per year is
pat in by fareign countries, to give you an idea of the size of the
ect today. By the time we finish this temryear pragram, we will have
close to $1,000,000,000 on deep occean drilling, but it’s worth it,
ieve me.

i

Philip Smith, Baative Officer
National Research CGancil

Upan review of a project like this, you suddenly discover that a lot
of ideas that people think are new and just beirgy introduced into the
pragram, in fact, were thought of 25 years ago and I just wandered if this
film and Bill’s discussion shouldn’t be made a part of the imdoctrination
for every new person who cames into Ocean Drilling. You’d be surprised
how many people came up to me just durimg the coffee break and said, "I
didn’t know they thought about that 25 years ago."

We’re going to move on now to the saxessar to Project Mahole, the
project that did, in fact, what Bill was talkimy about — do a glabal
recamaissance of holes in eedimemts all over the world and came up with
sane major new scientific results. We will have two speakers, the first
of wham will bridge the gap between Phase 2 of Mohole and the DSDP — Arch
Mclerran, who had served not only these two projects but also was a key

figure in helping arganize and getting startad the new Ocean Drilling
Program which commenced in 1983 at Texas ASM. Then Arch will turn it over

13
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DEEP SEA DRILLING PRQJECT
Speaker: A.R. Mclerran

It is imdeed a privilege to be here today. In fact, it has been a
privilege for me to have been a part of the Ocean Drilling Programs since
1962 when I was an imependert consultant and did same design work on pipe
handling equipment for Brown & Root, prime cattractar on Phase II of
Project Mohole. Apparently as a result of that work, I was invited to
join the staff of the National Science Poundation (NSF) project office in
Houstan, Texas, which was under the direction of Don Woodward, who played
a pramirent role in Phase I of the Project Mahole. I joined the project
there in April 1964. It has been a very imterestimy and rewarding part of

my career.

I had been imterestad in offshore for a mmber of years and my prior
egperience had been with an equipment mamifacturer who was designing and
building equipment for the offshore drilling imdustry which was relatively
in its infancy at that time.

Phase II of Project Mahole was the engineering, canstrxction, and
operation phase and Brown & Root, the prime catractor at that time,
uderstaad it to be their mandate to drill the Mohole. Everythirg they
were doing was aimed at the ultimate goal of drilling a hole in 13,000 to
15,000 feet of water with a penetration up to 20,000 feet below the
seafloor. They estimated a total operatianal period of appraximately
three years to drill the selectad site because most of the drilling would
be in very dense and hard basalt. Phase I of Maohole had proven that
basalt appeared to be the predominant material on the secand layer of the
earth’s crust. There is no question but that Phase I of Mahole had
demnstrated for the first time the feasibility of drilling in very deep
water. It was a very exciting umdertakimy and a mmber of new and
inmovative ideas were used for this demonstration. It must be remembered
that the actual drilling lasted only a few days and penetrated less than
1,000 feet into the seafloor, whereas the drilling of the Maohole would
take many maonths of cotimious drilling while staying over the same site
in the open ocean.

In loaking at Project Mahole with the benefit of hindsight, I have a
different outlook on the magnitude and difficulty of the task frum that
proposad by the AMSOC staff at the end of Phase I of Project Mohole. In
testifying before a Congressianal Camnittee conerning the increasing cost
of Phase II of Mohole, Dr. lLeland Haworth, Director of the NSF at that
time, made one of the understatements of the cemtury when referring to
Phase I of Maohole; he said "Several major engineering pruoblems were not
uncovered by this udertakingy'. That was because Phase II turned out to
be a major research and development project.

The catract was awarded to Brown & Root of Houstan, Texas in 1962 to
drill the Mahole, with the work to be done in five stages. Stage A was
Engineering and Design and the first year was largely spent trying to
select the platform to do the work. At that time, the deepest hole that
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had ever been drilled on land was abaut 27,000 feet. They were faced with
a system to drill 35,000 feet fram a

babbing platform out in the ocean that could maintain a station over the

drill site and survive a 100-year hirricane. At that time, most of the

barges; floating drilling was really just begimnming to came into its own
ard there wasn’t too much known abaat it. At that time, scientists
believed that the Moho or mantle could only be reached by drilling in the

Brown & Root had came to the canclusion that a ship~type hull would
mtgivethestabilityﬁxatmsmqﬂ:adalﬂamtestableplatfommst
be developed. Their studies indicated that due to extreme loads at the
upper part o the drill string, even with the guide shoe that had been
developed in Phase I, when drilling in a hostile enviroment with sea
water as the principal circulating medium, fatigque damage would be a very
serious prablem and drill string life would be unacceptable fram a
platform. This led to the development of the concept of the
columrstabilized self-propelled dynamically positianed platform finally
propsad. The semi-suhmersible platform concept was just caming into
being and had been used, I believe, probably by ane or two cantractors at
that time, but only in an amchored mode in a few lhundred feet of water.

é

Soplatfomdevelqnmtbemmamjormde&kuqbeausetheyweze

Diego, Califarnia at the time of termination of the project.

A few years later in 1974, I visited Bladm and Voss Shipyards in
Hamburg, Germany arnd there to my amazement was the Mohole Platform, or so
itappaazedtobe. It turned out it was the semi-mulmersible, with the

, being built for The Offshore Campany ard,
dmersicnally, it was almst exactly the same as the Mahole Platfarm. In
fact, they had abtain=d copies of the Mahole design drawirgs fram the
Natimal Technical Information Service and were using the basic design for
their platform. As far as I know, it has operated suaessfully in the
severe erviroment of the North Sea, proving the validity of the original
design. Semi-muhmersibles of many configurations are widely used for
offshore drilling today.

'medevelo;mntofanmberofnwelmmsweremrytoma
caplete drilling systam. A means of holding the platform at the drill
site without anchors was a critical requirement for the suaess of the
program ard such a system did not exist. Haneywell and General Motors
Defense Research laboratories were awarded comtracts for the development
of a Dynamic Positianing System (DPS). Each campany was suaessful and
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aubsaquemtly mamifactured DPSs for sale to the offshore drilling imdustry
and other marine applications.

Haneywell developed both a lang and a short baseline system using the
phase shift of the imoming signal from a seafloor beacan to determine
platform displacement, and General Motors developed a pulse position
measurenemt system which measurer the difference in the time of arrival of
the signal at the hydrophanes. The DP systams were under amnstruaction at
the time of termination of the Project Mohole. They were campleted after
termination because we know that the Deep Sea Drilling Project was coming
down the pike and would need a similar system. The campleted system was
offered in the Request for Proposal for the DSDP drilling ship as
Govermmernt Furnished Bquipment (GFE) that would be available ard it was
albsapamtly used in part. One big difference in the system used for DSDP
was that, at the time that the system was originally built, analog
aprters were the stardard and the system was built with an analog
aamprter to cantrol the ship. It took a large roam just to hold the
camrter involved, in addition to all the position reference
Pbttmtely,vtxenmcmealag,thedigimampxtetmbegimhgto
cane into use and was substitutad for the amalog camparter when the DPS was
installed on the Glamar Challenger.

We went to sea, originally, with the two reference systams aboard, the
pulse measurement and the phase measurement system, and the digital
camrter that was furnished by Glabal Marine, the ship owner.

Fartunately, after a period of time, which I will mention later, both
systams performed satisfactorily exept that the phase camparisan system
at that time had three mechanical phase comparatars and it was very
difficult to keep these units synchranized. We finally eliminated the
phase camparisan system, added ancther frequency to the pulse measurement
system and that system operated for almost 17 years with minimal down-time
due to equipment failures. So the first attempt at DPS was a highly
reliable system and DPS’s are widely used in marine operations including
drill ships, semi-mubmersible platforms, and other floating platforms.

As stated, it appeared that drill pipe was the critical element
because in drilling a hole in which you had three years of time and
millions of dollars investad, a drill pipe failure would be catastrophic.
Therefore, you must design a zero failure rate in the drill string. That
was appraached by trying to get better materials, better mamifacturing
pracesses, ard better inspection methads. A great deal of research was
dmemmptwingthemysicalpzq:ertiesofdrillpipebympzwai

ard quality catrol in the mamfacturing pracess. The
specifications of the pipe developed are similar to S-135 Grade used by
industry today. Same of the research resulted in the development of an
internal drill pipe inspertion system that allowed inspection of 90-foot
lergths of pipe while stored in the horizantal pipe racks. This pipe

on equipment was later transferred to DSDP ard was suaessfully
used for 17 years.
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It was reaxqgnizad that for hole—cleaning purposes and for hole
stability on the long duration site anpamy, a rise system was

imprecise operation and there were no uniform quality stardards. Project
Mahole was irstrnumEal in establishing the first ASTM stardards for

syntactic foam. Also, the mthamtics and analytical pracesses for risers
were developed at that time and are the basis for many of the deep water
riser designs used by imdustry today. Dr. Arthar Inbinski, who did wark

scamning
saonar reentry system was built and tested under Phase II of Project Mahole
and was the basis of the system in the later years of DSDP (Figure 5).

There were many other ancillary systams that were used. The point I
am making is that same pecple thought that Phase II of Mohole may have
a waste of mney. I do not feel that is the case because there was a
of valuable research that was done that is amrrently being used by
. I think that NSF did not take proper credit for spansaring this
research. In fact, after termination of Mohole and at the begimning of
the DSDP, NSF seemed to be ambarrasmed by the memtion of the word Mahole
and went to great lemgths to avoid aamectimg the DSDP with Mahole in
any wvay. They issued same rather lexythy statamernts tendirg to
the two programs. Therefore, they did not take proper credit
for the good thirgs that came fram Project Mohole. I persanally feel that
at the time the project was terminatad, Brown and Root had developed the
tachnical capabilities necessary to drill the Mohole. A site had been
selectad off Maui and mich of the hardware was under amnstruction when the
project was terminated.

o

|

I

I will remember August 26, 1966, very well. I was on vacation with my
family and was called back to the Houstan office on the day before my
birthday to be an hand to deliver the termination telegram to Brown and
Root. So it was not a very happy birthday that year, with the praspects

A mmber of itams were campleted after the notice of termination, such
as the DPS, the sanar reentry system and same other systams that we felt
would be applicable to the DSDP.
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One of the camtrihrtimg factars to the termination of Project Mahole
was a dispute within the earth scientists providimg the plamning of the
ocean drilling, over the priority for deep crustal drilling and shallower
sediment drilling. The original spansars of the drilling wamtad to get on
with the drilling of the Mohole amd to abtain samples of the deep crustal
rocks, whereas those primarily imterestad in sedimentary drilling wanted
sadimentary drilling to precede the drilling of the Mohole. To calm the
disprte, which was threatenimg all sciemtific drilling, NSF agread to furd

a separate Sediment Drilling Program (SDP), provided proper proposals were
received.

There were a mmber of abartive attampts to get institutions together
to propase drilling pragrams to NSF but, from what I have read fram the
files, everybady was willing to join such a program as long as they could
be top dog, or top qun, as they may say these days. Finally, Scripps
Instituation of Greangraphy, University of Califarnia, San Diego;
Lamot-Doherty Geological Ghservatory, Columbia University; Rosenstiel
School of Marine and Atmospheric Sciences, University of Miami; and Woads
Hole Gemangraphic Institution, formed the Joint Goeancgraphic
Institutions for Deep Earth Sampling (JOIDES). They presented proposals
to NSF, which resulted in the award of a cantract to Scripps Institution
of Greangraphy in 1966, to do what NSF referred to as "An occean sediment
coring program”"; but at Scripps, and generally among the scientific
cammmity and the public, it became known as the DSDP. Urdoubtedly, it
was the begimning of ane of the most suxessful scientific programs that
has been on the scene in this century.

But back to Mahole; now that I have retired, I must be qualified as an
egpert and can express an opinion on causes of Mahole failure. I think
same of the major reasans that Mahole was not suaessful are (1) the major
initial umerestimation of the camplexity of the task, which resulted in
imreasead cost; (2) a breakdown in the scientific leadership at that time
with a disagreement betveen the hardrock and sadimeffeary scientist; and
(3) the lack of support fram the oil imlustry. Regarding the latter, I am
not sure where the fault lies, whether it was the comtractor’s (Brown and
Root) failure to solicit imlustry’s input and suppart or whether the
inmdustry was trying to protect their "trade secrets". I recall that in
the mid-1960s, before Mahole termination, Shell Oil Company, which was one
of the leaders in deep water drilling technology, had a school or
sympasium that lasted only a few days, in which they described their
latest technology and state-of-the-art in deep water drilling. I am not
sure what the enrollment fee was, but I do recall that it was more than
$100, 000.

Ard now to DSDP. In 1966, the DSDP was in the pruacess of starting
their mobilization and I was asked by NSF if I was imterestad in joining
that project as the NSF aon-site representative. I agreed to do so, as I
felt it was an gpportanity to contime in a very fascinating program that
would advance the state-of-the-art in offshore drilling. Dr. John Wilsan,
Deputy Director of NSF at that time, asked me "Where do you think your
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office should be locatad?"” That was a hard decision, believe me, it was.
I chose 1a Jolla. There was same uncertainty about the chances of sucess
of the program at that time. Could we consistently drill and recover
cares in the deep ccean? The original comtract was limited to 18 manths
of drilling.

We made a survey of same of the drilling imdustry who were using
wireline corimg an a regular basis — largely sulphur mining campanies
operating offshore and, to a lesser extent, oil drilling companies — and
found that the results they were gettirg fram wireline coring in eadimemnts
were not very satisfactary. Predictions of low recovery were made by same
critics of the program. We had to prove we could get cansistent
reasanable core recovery if the program was to aartime beyand 18 manths.

Beginning in 1967, Scripps startad putting their staff together and
issued a rather camrehensive Request For Proposal (RFP) for a drill
ship. The decision had been made to use a cattractor-ownerd and
atractar<operated ship instead of using a goverrment-owned ship, which I
think was a wise decision. The RFP required the bidders to submit bids
for furnishimy and operating a ship on a fixed day rate basis.

The RFP reflectad the great amount of wark that had gane into the
plamnirg of the program. The areas of operations and ports of call for
the first 18 manths of drilling were designated. The day rate for the
ship was to include everythimy exe=pt the fuel and the drilling and coring
a=mmables. The axrtractor had to furnish his own ships supplies and
transpart his pecople and supplies to and fram the various ports at his
epense. Scripps would pay for their own supplies and cost of

their supplies and persamel. That was the basis on which
the final cantract was awardad. Also, a detailed evaluation procedure to
be used in selectimg the aatractor had been workad ocut in advance of
receipt of the proposals. That was done to avoid embarrassmemt and
agttroversy that did saurrouxd the Mohole program.

In June 1967, five bids were received for furnishimy the ship for
DSDP. Glabal Marine, Ocean Science amd Engineering, and SEDCD sulmitted
bids considered to be respansive to the RFP; Western Offshore and Seamole
submitted bids which were cansidered to be non-responsive. By the way,
Seamole was owned by a dentist fram Corpus Christi, Texas amd I think his
egerience had been limited to oral drilling rather than deep sea
drilling.

There was an extensive evaluation of the bids in Septemter 1967.
There were three panels of experts involved: drilling exgperts who were
largely fram industry; marine experts who represented same of the leadimg
naval architects and shipyards in the country; and a science panel of
prominenmt earth sciemtists which were to review the proposal to determine
if the bids would meet the scientific requirememts of the program.
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As a recollectian of the time, I recall that Dr. William Rand, who had
owned a cagany that ogperatad a small core drilling ship off the
Califarnia coast, had been hired as Project Manager for Scripps and was
manager airimg the period when the RFP was prepared ard the bids were
evaluated. Dr. Rand had very strag feeling that the drill ship should be

with a folding mast or derrick similar to those used for land
drillin;arﬂmmmllaarimships. Others of us felt very strangly
that a fixed derrick should be used. We were ancermad about the dynamic
loa&inrdisirqarﬂloueﬂngalmgemstofthesizemximbyﬂxe '
program, at sea Aurimy bad weather. Dr. Rand felt so strangly abaut this
that he stated that if the ship selectad did not have a folding mast, he
would resign. The respansive bidders all offered a bid with a folding
mast as renuestad but also offered an alternmate bid with a fixed derrick.
In all cases, the cost with a fixed derrick was substantially lower. The
drilling panel felt very stragly that a fixed derrick should be used; in
fact, the mimrtes of those panel meetimgs reflect the opinion of the
experiencad offshore cperators that a fixed derrick should be used and the
only way they would allow a folding mast on the ship would be to weld it
in the upright position after it had been raised the first time. Dr. Rand
resigned shortly thereafter and was saxesdal by Ken Brunot, who was
Project Manager until 1971.

It was quite an imteresting competition and prabably all three of the
ships could have done the job, but on the basis of their higher mmerical
rating by the evaluation panel, Glabal Marine was selectad.

Glabal Marine propnsed to furnish a new ship that was under
anstruction at that time. The keel had been laid in the summer of 1967
and plans had already been prepared so the ship could be easily convertad
to a deep sea drilling ship in case they were awarded the cantract. Plans
for the DPS, including the addition of tumnel thrusters and the scientific
laboratories were quickly campleted and added to the constrxction
aartract.

The ship was launched in the Spring of 1968 and named Glamar
allenger, after the famous British ocean research ship HMS Challenger.
There are a mmber of pecple at Glabal Marine that deserve rexgnition for
their cantributions to the suxcess of the project. Russ Thormburg, who
had been involved in Phase I of Mahole; Qurtis Crook, John Graham, Bab
Bauer, and many others in that organization did a lot of good work and
helped get DSDP off to a good start.

There were several items of equipment fram the Mahole Project that
were supplied as GFE to be installed on the ship, the major items being
the DPS and the large logging winches that had been designed to handle
40,000 feet of logging line. Several other items of equipment were
furnished by Glabal Marine, using designs developed for the Mahole.
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There was an umusual provision in the cartract that had been awvarded
to Scripps in 1966. I believe it was probably the result of same of the
Mahole problems. The catract specified that this drilling and corimg
should be aaxdxtad using edsting technology; in other words, that was
interpretad to forbid research and development in the program. Well,
maybe we fixiged a little on a few thimgs, but it was a minor part of the
effort to get the project startad.

The Glamar Challenger sailed from Orange, Texas on July 20, 1968, for
sea trials and acreptance test. Everybody was very canfidemnt that
was to go aut armd wark correctly the first time. We had

starting wark under the cantract. I was aboard along with Dr. William
, Directar of Scripps; Dr. Melvin Petersan, Project Chief

Marine officials. We were accompanied by the RV Bureka, which was donated
by Shell 0il Co., and she was to take the supercargo off at the end of

The major prublem tarned out to be an error in the DPS
pragram. In those days, programmirg was sort of "black art" and nobady

proprietary, and they quarded it very carefully. After the other ships’
systams had been testad with no major problems, we started the dynamic
positianing test and thimgs purred along just like a kitten for about two
days, when suddenly at aboaut 2 o’clock in the morning the ship went full
speed astern. It shook the whole ship and people began to roll out of
their bunks, waondering what was happenirng. They turmed the positianing
system off and tried to locate the pruoblem, but were unable to find
anythimy wrang. After several hours the system was startad again and
seemed to be working fine. About 24 hours later, full speed astern
again! After days of shrttling experts fram shore, they finally isolated
the problem as an error in the camarter pragram. I was told that under a
certain eet of caditions, the camarter would get a signal to divide by
zero, which even a camparter could not handle very well. But after we
finally got that problem solved, we startad on a voyage which I think was

successful beyand cur greatest expectations.

DSDP Site 1 was spudded in the Gulf of Mexico on August 12, 1968, in
9,275 feet of water and campleted on August 16, after penetrating 2,528
feet below the seafloor. However, cur suwxess created a problem; the
Scripps catract arrtained a provision that penetration below the seafloor
should not exeed 2,000 feet. In the excitement of cur suaess, those of
us on the ship did not have time to read the camtract and created a bit of
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a flurry among hureancrats back on shore. We had our wrist slapped a bit
upan our retarn but, shortly thereaftar, that limitation was removed fram
the camtract.

was drilled on top of ane of the knolls, or mounds, in
the deepest part of the Gulf, known as the Sigsbee Knolls. Dr. Maurice
BEwing, who was co-chief scientist on the first cruise, was ane of the
discoverers of those knolls and was the propanent of drilling on ane of
these mourds, which he believed to be salt dames. Most people in the oil
i with his theary, they felt there was no oil in the

indicated we were, in fact, on top of a salt dame. In retrospect, I
believe that discovery caused a lot of the major oil campanies to start
research programs for deep water drilling and production, or at least gave
their pragrams more credibility and suppart, because oil was now known to
exist in the deep oceans.

One cther amusing incident axnrred. On the Glamar Challenger we had
installed the first cammercial satellite navigation system, Serial No. 1,
and we were having same problems with the unit. Everybody on board was
claiming to be an expert, but nobody could fix it. So after finishing the
third site, we decided to stop just ocutside the port in Miami and have a
factary technician meet the ship to see if the pruoblems could be
arrectal. We arrived at the rendezvaus point at 2 o’clock in the mrnimg
and were met by same people fram the University of Miami in a small boat.
Even though the Glamar Challenger was a "dry ship", they managed to slip a
couple of bottles of champagne aboard and we toastad our early sucress.
On their boat they also bhrought a serviceman/technician to wark on the
satellite navigation system. He came aboard with his little suitcase and
his tools and startad to wark; but nabody had told him he was to make the
repairs at sea. He expected the ship to wait while he made the repairs
and when the ship sailed, he protestad loudly. It was 12 days before he
could get ancther boat back to shore. He felt he had been kidhapped. He

did agree the food was artstanding!

The pragram proceeded with a great deal of suaess. One of the early
discoveries on the first leg was the fact that same of the reflectors that
were seen in the seismic profiles were, in fact, very hard rock called
chert. These layers destroyed the bits that we were using at that time.
We established shortly thereafter what proved to be a very strang and
beneficial liaison with the oil imdustry on technical praoblems. These
meetings were informal but the campanies would have to give us assistance
fram their technical experts as needed. We canvenad a panel of drilling
experts soan after the first leg to discuss the chert problem and to
determire what could be done to allow us to reach our scientific
abjectives when we encnamtered these hard layers.
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They made two recommerdations: the first was to charge from the drag
type bits that we were using, to roller bearirmmy cxe—type bits; and the
secad was to develop a hole reentry capability. We praceeded to follow
both of these recammendations after gettimg the contract changed so we
culd do same R&D and both of the efforts were suaxessful.

The roller cane bits gave us great penetration in all types of
formations. In June, 1971, we went to sea to test a new sanar reentry
system. We lowered a funnel shaped reentry cane to the seaflcor on the
drill pipe, released from it, and drilled ahead umtil the bit was worn
aut. The drill pipe was then retrieved, a new bit installed, and then
lowered until it was susperderd a few feet above the resmtry cane. A
ecamnirg sanar tool was lowered thraxgh the drill pipe on an electric
lagging cable until the rotating head extended a few inches below the
bit. Once the cans had been located, the ship was marmvered umntil the
pipe was over the cane and reentry was made.

Those were two of the early develcpments and there were a mmber of
other technical develcpments that came about in the course of time. I
wan’t dwell on them anymore as I am sure that Mel Petersan will fill you
in on same of those develompments and other histary of the DSDP in his
presentation which follows.

D. James Baker, Jr.

Arch is ane of that small group of dedicated pecple who have spent a
large fraction of their lives makimg sure that a program of occean drilling
really does succeed. He was involved in the Mahole, he was involved very
mxch in the DSDP at Scripps, ard he moved over to ASM when the Ocean
Drilling Program startad in order to help get that arganized and he’s now
retired; but who knows how long that will last.

We have as our next speaker another persan who has dedicated his
career to the suaess of occean drilling. When it became clear that
Scripps was going to be a axtractor for the program in the period
1966-1968, Mel Petersen moved over from his job as a professor of geology
and gecphysics at Scripps to take on the position of Project Directar for
DSDP, a position he held for 15 years, ard presided over and directad the
program through many of its initial sxxesses. So Mel’s going to talk to
us today about the DSDP.
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DEEP SEA DRILLING PRQJECT
Speaker: M.N.A. Petersan

I still remember the time on the acreptance trials when our senior
technician, Dave Wirth, decided to try the air gun. We were two-thirds of
the way through these contractual trials for the Glamar challenger and had
been hanging on by cur teeth, hoping to get that required several days of
dynanic positianing stably kept. There was this big explosion off the
stern. Qurtis Croak fram Glaobal Marine, which had designed and huilt the
Glamar Challenger, ard I were in the science lounge at the time. I
realized immediately what it was, but Qurtis had never heard the gun go
off before. Dave stuck his head imto the science lounge and said, in his
finest Swiss accent, "We just tested the air qun". Qurtis jumped out of
his seat and shauated, "If you guys have knocked us off station, you’ve
bought yourself a ship!" It turns out that Dave really had checked with
the bridge and requestad permission to test the air gun. But they did not
know what an air gun was and that it went off under water. Actually, the
low frequency of the air gun offered almost no risk to the dynamic
positianing. Glabal Marine’s concern, of course, was that they were
receiving no incame fram the new ship until accepted and on a day rate!

Interestingly enough, and following up on the general cancept, "there
is very little new in the world", even for same of the Mahole thinking; no
basic patents were ever issued on the semi-sutmersible drilling rig. The
reason for that was that back in the early part of the century pecple were
designing a cancept for a series of aeradrames across the North Atlantic
that were going to have hotels and casinos, etc. Airplanes would hop
across the Atlantic from ane to the next for rest and fuel, and thereby
establish an air transport system. Semi-sulmersible flotation was
patented in these designs. Lirdbergh then flew across the Atlantic in one
flight and the handwriting was absolutely clear on the wall; that kind of
thinkirg perished and the patents for the semi-sulwersible platforms
passad into public damain and were not brought back again until era of the
Mohole and of offshore oil drilling.

I’'m going to try to mix reminiscences with a series of
statements of results of the Deep Sea Drilling Project (DSDP). You can’t
starttaDmr;abaxtthe[BDPmthmttalkmgalsoaboutJOIl‘. that’s
basically the start of it, in its intellectual framework and scientific
thinking. JOIDES came fx:qeme.r following the statement that Leland
Hayworth had put into the Congressional Record, saying that he had
isolated same money that could carry on a program of ocean sediment coring
if the institutions could get together to provide the intellectual
background and support. Arch has already mentioned the number of false
starts to a drilling program, but JOIDES did came together and, in fact,
remains together to this day. It has shown the world how to advise a
major program and how to involve an internmational constituency. The
original members of JOIDES were Scripps, Lamont, Miami, and Woods Hole;
this configuration operated the brief Blake Plateau drilling program
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'H-\EI.E 1 Ozgnnizaticxnl histary of the Joint Gcramgraphic Instituations

1964

Scripps Insumtlm of Qreangraphy

Lamont-Doherty Geological Gheervatory

University of Miami

Woads Hole Greamgraphic Institation
Membership Expansion 1968 - 1975
Imtermatianal Phase 1975 - Present
JOI Inc. 1976

U.S. Institutions Imxrparate

JOIDES: A committee structure supported 1978

through JOI, Inc.

In the mid 1960s, the University of Califarnia was electad to be the
prime aatractor for this program. Glabal Marine Inc., of los Angeles in
tarn was selected by the University of Califarnia to be the drilling
aatractar, and it is to the everlastirg credit of this young and
energetic campany that the Glamar Challenger took shape and, as we all
know, took her place in histary as ane of the great ships of exploration
(Table 2).

TABIE 2 Qrtractural drilling histary of the Deep Sea Drilling

Project, 1968-1983.
Acxeptarce of Glamar Challenger
Axgust 12, 1968
Phase I (18 martths) August 12, 1968 to Fehruary 11, 1970
Phase II (30 marths) Fehruary 12, 1970 to August 11, 1972

Phase III (36 marths) August 12, 1972 to Agust 11, 1975

Internatianal Phase of Ocean Drilling with Extensions
(76 matths) Agust 12, 1975 to November 19, 1983

Demobilization of Glamar Challenger
November 20, 1983
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I came on board as the first chief sciemntist of the program and
then later tock over as total program directar.

It has already been memtianed in these proceedings that the
vessel after which this Glamar Challenger was named was the original
HMS Challenger (Figure €). It was the HMS Challenger that began that
century of aceanographic work that created the backgroumd into which
the drilling program was to fit; 1972 was sort of the cemntermial of
the HMS Challenger work. A tremendous propartion of this work, that
we basically fit into, was accomplished following World War II.

It was no accident that the drilling program and the space
exploration program came at the same time. They really were part of
the same sense of a glabal view of the earth, and they both derived
fram the same two new techmologies. One was the new materials,
alloys of suitable strength; in cur case, it was the improved S135
steel, suitable with even a martapered drill pipe to reach the floor
of the typical deep ocean. The other was high-speed data pracessing
that made the dynamic positioning a passibility in its fully
artamated mode. The Glamar Challenger was the world’s first fully
autamatic deep water dynamically positioned vessel.

The early days of planning required close cooperation to
integrate the ship, the drilling system and capability, and the
scientific autfitting. The ship was launched with a very nice
celebration by Glabal Marine down in Texas (Figure 7a, b). The basic
positianing system has already been discussed by Arch Mclerran. The

also had a reentry capability that was, of course, very
close to what had been anceptualized, but never anstructad, for the
Mohole drilling. Shown in Figure 8 is the reentry cone which was
positianed on the sea floor.

Fram the intellectual viewpoint, however, the ship was, first and
foremost, a laboratory (Figure 9). One of the great contributions to
deep sea drilling has been to work out the biostratigraphic
correlations; scientists like Hans Bolli enthusiastically
participated. We take a lot for gramtad today but back then, when
the drilling started, there was not that much known in terms of the
details of biastratigraphic correlation in the oceans; also,
correlations had not been locked very well to the magnetic or other
signatures in the ocean. It became a very impartamt thing to lock
the several major micro-fossil groups together. Even the
nanmofossils, little cal@recus algae that drop their hard parts, had
only recently been opened up as a fairly new field of
biostratigraphic correlation. Today, oil campanies just wouldn’t
think of being able to operate without the capability offered by
these nammofossils, where you can get a perfectly good stratigraphic
age fram a volume of sediment that you can pick fram under your
fimgernail.
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We were fartunate in beirmy able to install satellite navigation
(Figure 10). We received the very first unit off the production line
of ITT; Magnavax came alang a little later. We fitted the ship with
what we thought was a pretty good array of new equipment, including
the capability to receive from satellites (Figure 11) and to have a

weather abtservimg capability, cloud cover photagraphs; we even had a
metearologist on board artimnamly.

Figure 12a-e illustrates basically the workimy end of the
drilling system that drills the holes and takes the cores. This
system passes through the camter well to the floor of the ocean
(Figure 13). Figure 14 was taken fram "Alvin" when this research
submarine went down to study bemthic recolanization of the disturbed
area and aroaurd ane of our holes. Shown is the hole left by the
darilling.

From 1eg Two, Figure 15 shows the very first basement core; the
site before this had, in fact, touched basement and gotten a few
kernels of basement rock in the core catcher. This is the first
basement core showing the aantact with the sediment, of great
significance to the vigorous discussions of what "acoustic baseamert"
really was, within the seafloor spreadimy context.

By the end of the program, we had drilled 624 separate sites the
world over, in all of the major oceans and marginal seas with the
important exeption of the ice-baurd arctic (Figure 16). I might
mention that the experience of DSDP opens same serious possibilities
for drilling and ooring the Arctic Ocean basin.

The stylized track of the Qhallenger, thraghort all of that
drilling, shows that we went to fairly high latitudes and
criss—crassed the ocean; the Indian Ocean and the sartheast Pacific
Ocean still are a little thin in ocur coverage (Figure 17). The parts
of call associated with the 96 two-martth legs would make an

impressive gecgraphy lesson.

There are two major repositories for the DSDP cores which are
stared at cold temperature, just above freezing, ane at Scripps and
one at Lamxrt (Figure 18). The collection, of carse, is being added
to by the new Ocean Drilling Pragram; the cores for the new
are at Lamxtt for the Atlantic and Texas A&M for the Pacific and
Indian Oceans.

We can see the variations in the program as ane locks at the
summary statememnts. Figure 19 is simply calemdar-year accaumlated
miles of staaming. Early on in the program there was a fair amount
of staamirg, particularly as we ciramnavigated the world. At the
time that the intermational phase began in 1975, there was an abrupt
drop in the amount of steaming and an irxrease in the amount of time
on station. This was basically the result of that style of plamning
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that came in as the result of the intarests of the non—<U.S. members and
also the mturation of the program, having, in a sense, campleted a first
lock at the world ocean. One saw, in that earlier half, the development
of the kinemtic model of the growth of the ocean basins, the seafloor
spreadirng idea, plate tectanics, and a good start on palecxeamxgraphic
studies. At about the halfway point, at the begimnimy of the
imternatianal phase of ocean drilling, ane began to look at the
passibility of drilling more deeply into the basalts, to spend a fair
amount of time drilling these tough abjectives on the mid-axean spremiimg
ridges, to seek mich more c¥ftimxs and high quality core, and to begin
loakimgy at the camtinental margins a little bit more sericusly, thereby
spendirg more time on single sites than we had hitherto.

A summary of the overall perfarmance record reflects exactly what I
just said; there was more cruising in the early half, more actual drilling
in the latter half (Figure 20). The summry shows also weather down time,
breakdown time, and stardby time in port.

An integrated statement of the holes drilled in each calendar year
shows a diminishinmy trend following the midpoint of the program, just
about the time when JOIDES got going in the imtermatianal mode and had
time to get the plamnirg into it (Figure 21). The picks in the latter
half represent where we were warking in an area near Qamtral America where
steaming distarces were very small in and around Balboa and the hydraalic
piston ooring emphasis in the last two years when the whole point was to
take relatively short cores in a large mmber of places.

An integrated statement of the total amumnt of core recovered, with
respect to eutdtottam depth, is an invertary of the cares that were
acamulated, just with respect to depth (Figure 22). The big side paak,
in shallow depths, is simply a statement of ane of the more serious facts
of life; you have to drill through the shallow layers before you can get

to the deeper layers.

A amparable kind of curve, but integrated with regard to age, of
total cores taken, also had a pragrammtic inventary purpase (Figure 23).
We wantad to be sure that we had not given short shrift to same particular
stratigraphic imterval or abjective simply by accident. We kept track of
this all the way through the program. There is same detail in the aurve
that is a reflection of variations of sedimentation rates and thickness of
available sediment for a given age. Prubably the reasan the Atlantic
shows this detail in a more exacerhated form is that the Atlantic has no
sediment traps around it , whereas the Pacific is a more open ocean and
does have sediment traps arourd it in the form of deep sea trenches
(Figure 24a, b).

As to the inmtagrated camulative recovery, with respect to age, again
camparing the Atlantic and Pacific, one sees that the Pacific Ocean, in

terms of our ooring, which reflects a certain statistical reality, is
considerably younger (Figure 25a, b). The curve for the Atlantic shows a
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greater skewing towards older sadimemts. The Pacific Ocean is, in a
sense, a yoauger ocean in the aspect that it showed to the drilling and
corimg opeErations. The Atlantic Ocean is oldest, consistent with the
seafloor spreadimy model, at its easily acressible edges near the
amtinemnts; the opposite is true for the Pacific Ocean, where the eastern
half of it is daominated by the very yourg and rapidly spremiimy East
Pacific Rise, and the western side of it is daminated by the yourng back
arc basins behind the volcanic arcs and trenches. The oldest areas of the
Pacific are in the remote west central partion and beneath difficult
drilling canditions. Therefore, the aspect of coring that we recovered
fram the Atlantic is considerably older than fram the Pacific Ocean.
Water depths of the holes drilled are distriluated on the major hypametric
features of the oceans (Figure 26). The mid-acean ridge area and the
mature, older cceanic crust are clear. Of course, the langest drill pipe
we used was arourd 7 km and that becames the upper limit of this
distribtion, but remember that the ocean basins, includirg the deep sea
trenches, get up to about 11 km depth.

We did have a technical development program (Figure 27); Arch Mclerran
has mentioned that we drilled imto chert. That told us we didn’t

have the bits that were really going to do the jab; the diamaxds just tore
aut. We entered into a bit development program in close consort with
{imistry. Our operations manager, Swede larsen, developed a series of the
bits as we grew up with this particular prablem (Figure 28). A cemter bit
could fit imto the hole where the cores would came through to permit
drilling without coring. For those who may not fully know the style of
the corirg, it was basically to drill the doughmit and save the hole,
which became the core sample. Core bit development alang with reemtry
gave us exess capability relative to the program as it had been earlier
canceived. We had worked on two framts at the same time and had wan on
both. Being able to reemter the barehole, given the capability to change
a bit, and having also designed bits that were now surviving all the way
through the typical sediment cover in the ocean, encarraged us to think
that we could drill deeper; that was one of the reasans, of course, why
the early thinking within the intermatianal phase of drilling aimed toward
the deeper penetrations that could be achieved, either in the bhasaltic
basement or in the thicker sediments of the passive margins.

The maximm penetration that we achieved was off South Africa,
reaching 1.7 km, all in sediment. The maximm penstration that we have
achieved into igneous rock was site 504B near the Galapagas, where we wernt
in a little over 1 km.

Figure 29 shows where reemtry canes were set during the DSDP. These
locations remain of imterest because of the passibility of getting back
into these holes again either by drill ship, such as the JOIDES
Resolution, or by wire line reemtry sites if you know that the hole has
not plugged. The X acruss same of the reentry sites indicates that they
are blocked with junk — steel cable, drill pipe, etc., — that was bruken
off and dropped.
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The original reemtry trials were back in 1970 and then it took us
until 1973 to get into an operatianal mode. In the end, we had
accampl ished 124 separate reemtries, with as many as 27 repeat reemtries
into a single hole (Figure 30). These mmbers include reemtries to change
bits or to do an irstrumental stidy and so forth. Of course, that leads
directly into the instrumental program that also includes our well logging

program.

There was a logging program early on for the first few legs. Then
there was a fallow period when it seemed that the laggirg was not the
answer to what sciemntists were really lookimg for at that time; they were
interested in the whole development of the kinematic history of the ocean
basin. The desired program was to specifically core anly seismic
reflectors and then into those oldest sadiments, to verify and caonmtime to
test this whole new idea of seafloor spreadimy, ocean basin development,
and continental drift. During the secand half of the prugram, alang with
amtimaus coring, logging assumed a much larger importance.

An instrument emplacement program matured in the latter part of the

program, based again on the reentry capability. Seismymeters were
emplaced in the hole, and same of these operated very suxessfully.

One other impartamt development was hydraulic piston coring (Figure
31). This is simply a means to push rapidly against the core barrel at
the bottam of the hole and retrieve a core that is very udisturbed. The
point was to get umlisturtexd cores. One of the problems in coring,
particularly in corimg eamethimy with the consistency of thick yogurt or
sour cream, which is not a poor description of same of the soft sadiments,
is that the heaving bit would tend to disturd the saiiments very badly.
Using the pump pressure to actuate a core barrel following the buildup of
pressure against shear pins, we were able to get very good cores. The

coreinFig\ne32amstalminﬂxemlfofChliformawiﬁnxt
hydraulicpistmcnrirq in the same general location, the lower core was
taken with hydraulic piston coring, and demonstrates the tremerdous
improvemert in quality; a blowup of it shows the extremely fine
laminations pre=served in the core (Figure 32b) This lamination is not
characteristic of the deep ocean sadimemts; it can happen anly in areas
that are without axygen in the bottam waters. The reasan is that there
are no bhurrowing arganisms living in the absence of axygen to disturd the
sadiments, and therefore this fine record can be preserved.

A more typical situation fram the deep and open ocean also shows the
advamntages of hydraulic coring. The core on the right in Figure 33 is
with hydraulic piston coring. The white spots are burrows. Burrowirng
arganisms axrtimially turn the sadiment over to same mumbers of
camtimeters. Two cores, taken 100 meters apart, demonstrate the
antimity betwe=n layers that are cored (Figure 34). You can see why
this kind of development was so significant to scientists who were
interestad in palexxeamxygaephly and willing to exqend long years of their
lifetime studying these samples that are far superior because they have
not been seriously disturbed.
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It wasn’t all skittles and beer, however; we did have ocur prablems,
includimg drill pipe loeses (Figure 35). There were five major losses of
drill pipe; anly two of those really involved a break of the drill pipe
itself. Three of them were failures of equipment above the drill pipe,
above what ane would call the rotary table. Not a bad record in

lag-term.

We also developed the pressure core barrel which was designed
prpasely to recover the methane hydrates; those are solide that exist
under high pressure and low temperature at the bottam caditions, camposed
of methane and other camponents of natural gas and water. And, yes, the
core barrel worked and did recover same hydrates (Figure 36). On the
other hand, while drilling off Qamtral America in the Pacific, while not
even using the pressure core barrel, we drilled into a spectacular example
of those hydrates and recovered samples lookirg just like a dirty snow
bank. People on the ship bad fun puttimg pieces of it into a plastic bag,
which would pramptly begin to inflate itself. The fun also had a serious
purpase, to quickly estimate the volume of gas evolved fram this very
labile substance.

The data is almost all in the data base now, that can be camprter
manipulated; that data base will be totally campleted with all the
scientific data before the DSDP cames to a close.

Figure 37 is same of the summry statistics of the program, showing
the rumber of holes drilled by calendar year, split in terms of the mmber
of occasions in each year in which we drilled to greater than 500 meters
and greater than 1,000 meters of penetration. Notice the proportion of
deep hole; the 500 meter proportion is much higher in the early part of
the program and what that says is that when you start going significantly
beyard 1,000 meter penetration you begin spending a lot more time on any
site that attempts to do that, at the expense of the imtermediate depth
holes. Similarly, for meters penetrated, note how much core penetration
was accamplished in the earlier half of the program compared to the later
half; this is the price of catims coring and deeper holes and more
difficult abjectives, particularly drilling the basaltic crustal layer
(Figure 38). A general improvement was eperienced in the recovery of
both shallower and deeper materials through the years, deepite more
difficult abjectives (Figure 39a, b).

The program really was inmtermational all the way through from early
on; even for lLeg Two, there were two non—U.S. sciemtists, Cathy Nigrini
and Maria Cita. Ieg One was all U.S. Thereafter, you can see fram the
percemtage of U.S. vs. nanr{.S. sciemntists, that the program was very
intermational (Figure 40). Nothimy ever again approached leg 13 for
propartion of nonU.S. scientists; Ieg 13 was in the Mediterranean and we
put a very large nmber of RIrogpeans on board. In fact, so much so that
the Natianal Science Foundation admnishen us to sustain less than half
the mumber of sciemtists on board, thereafter, as being the proper maxiram
for nonU.S. participation. And you can see this effect, thereafter, in
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the U.S./nonU.S. groportias. Nawtheless, it can ecarcely be artestad
that the early enlightensd participation by the world commmity laid the
foundation for the succeeding, very suxessful, imternatianal
participation and cartribation, which carries on in the Ocean Drilling

Program.

In regard to participation by individual countries, of course, the
United States goes right off scale; a participation in Figure 41 is
defined as being a sciemntist on one of the cruises or requesting samples.

The five nations that were formally involved other than the United
States, were the Soviet Union, Japan, Frane, United Kimgdam, and Federal
Republic of Germany (Figure 42). As shown in Figure 43 participation also
included a mmber of pecple fram the non<U.S. camtries that have more
recently becaome part of JOIDES and part of the new program (ODP).

The effect of becaming imtermational was, in a sense, to become less
imtermational. The effect, basically, was to reduce the United States’
participation and also the participation of the other nations that did not
take part. For the five nonU.S. countries that joined, their slice of
the action went up very sabstamntially, but all the others had to go down.
Figure 44 is a famous illustration, because this is the effect aon those
nonU.S. countries that did not join. Their participation had to go down
and it is this effect that tended to drive the Euaropean Science Foundation
and the smaller Biropean countries, as well as Canada, to become members
of the new drilling program, which has happened. Two other countries that
initially showed great imterest in DSDP, Australia and New Zealand, have
not yet found a way to join.

We arrremntly have about 90 volumes of the
published and will, of course, have 96. The distribution of
Initial Reports on a world-wide basis is shown (Figure 45); however, this
particular illustration was made following the separation of the Soviet
Union fram the International Phase of Ocean Drilling. The Soviet Union
was a member for five years fram 1974 to 1979 and received its 100 books
just like everyore else. Again, notice the very wide distribution of the
Initial Reports, a distribution that is to be carried farward,
effectively, in the new program.

One other major cutput fram the program is the sample and data
distribution to the cammmity, world-wide (Figure 46). One can see that
in the early part of the program, there was anly sample distribution.
Then we began to get the data base together and offered data distribution
and pracessing. You can see that beimy able to get data, tailored to
specific needs, was a very important and popular camtribution.

It is possible to show a general utilization of the cares, by sample
requests in terms of categories of requestars: U.S. academic, imdustrial,
and goverrmemntal vs. non-U.S. academic, goverrmental, and imdustrial
(Figure 47). The U.S. shows just about half of the action in all regards
on a total program basis.
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The program addres=sd the major scientific activities and exploration
that, in a sense, have became part of the popular literature. For
eample, the San Ardreas rift in California can be related to that whole
set of processes making up the earth’s geological activity, the growth of
the ocean basins, the history of crustal subduction or the dowrward
thrustimy of the flcor of the ocean along the deep sea trenches and
associated volcaniasm and earthuakes arrramdirg the Pacific Ocean. The
evidence of imtercatinental collision, as in the case of India with Asia,
leads to the whole ancspt of aartinental accretion, aFttiremtal

fraggereation, and so on. The "hot spot" aanoept applies to Hawaii, with

Alartians; we drilled clear through the coral reefs, the lagaonal

and cored down imto the volcanic edifice
itself. The magnetic signature fram the basaltic rock indicates that the
latitiide of formation, at the time of the cooling of this lava, was within
one degree of the latitude of the island of Hawaii today. This stands
as an eloquent demonstration of the cattimxus migration of the floor of
the Pacific and its morthseesterly trend of movement, and of the fact that
a major change in the direction of migration of an enarmms sectar of the
Pacific crust is represented by the elbow betwesn the Hawaiian and Emperar
Sea Mount trerds. The implications of all of this, in terms of
artinemal growth and development, and creation of terrains that are
collectad into the camtinemts, carry the cancepts of seafloor spreadirg,
and plate tectanics past this present generation of seaflcor spremiimg,
which is only about 200 million years old. And yet the earth itself is
same four to five billion years old. So there is time, even at the
present rates of seaflcor spreadimy, if it catimes into the past, to
have 20 such generations of seafloor spreadimy, so to speak. That record
is all lost out in the oceanic realms and it is aonly to be recnstnuxctad
within the caftiremntal realms. So we carry those concepts with us into
the total glabal picture.

I wvant to say samething about Bab Bauer. We have a very good friemd
in him. He was the chairman of the board of Glabal Marine and he and his
cohorts A. J. Field, Qrrtis Crock, Russ Tharntarg, and John Graham, who
were the designers of that particular hull that was Challenger’s, all were
enthusiastically involved. Bob Bauer was the senior man. The program
attractad many dignitaries, including the Queen of England, who visited
Scripps.

Drilling 624 separate locations (Figure 48) over much of the world
provided a basis by which ane could evaluate how a ship like the
Gallenger could perform in operations thraghaat the entire ocean. It is
a trial worth doing, the reasan beiryy that it’s rare to get 15 years of
consistent work on a single ship.
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I’m proud to say that in the finmancial histary of the DSDP it was
never over budget. We lived through that very difficult periad, fram our
point of view, in the sense of plarnimg ahead hixkgtarily. It was
presumably a good period fram the oil drilling imlastrial viewpoint; the
end of the DSDP and the Glamar Challenger’s activities coincided just
about precisely with the anset of the difficulties of the drilling
imdustry, still with us today.

Each cruise had its fin; emblems for most of the cruises are stenciled
all over the ship. We had two captains on board the Glamar Challenger:;
one was Lloyd Dill, the other was Jce Clark. Jce Clark was master all the
way fram acceptance trials clear thraxgh to the damobilization. I was
with him on acceptance trials and at Mobile, Alabama, at the end. Lloyd
Dill came aboard a couple of legs into the program, and was there until
just about the end of the program when he retired.

I did ask the two captains what they thought were the most
incidents. As far as Lloyd Dill is concerned, it was during the last of
Antarctic legs. They got caught in a storm. It was a vigorous storm
down in the Drake Passage. They turnaed tail and ran, mainly because
couldn’t bring challenger’s bow into the wind. So they ran hudreds
iles into the lee behind Patagania.

X
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As far as Joe Clark is cncernad, his most harravimg experience, as he
remembers it, is the time that we were to go under the bridge acruss the
shimxseki straits, near Japan. Everybaody had worked out the
calculations just right. The drilling tower was going to clear the
bridge’s highest point, at its middle, just at slack tide, by samethimg
like 6 feet. Well, things delayed a little bit in terms of getting
ot that we had on board to leave port
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The cooking on the ship was legerdary and cantributed to the morale of
the whole program. In Figure 49, John Duke and I are casting off the last
line on the very last leg. Figure 50 shows the Challenger all stripped
down, drill pipe off, sciemtific equipment off, crew off, everythirg off,
down in Mabile.

The present ciramstances of the challenger are that she was sold for
junk and towed to Brownsville, Texas. In fact, we came very close to
getting the Challenger into a maritime museum situation; it would have
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been in the Intrepid Air, Sea, Space Museum. We worked closely with
Elliott Sivowitch of the Smithsonian for same months. It all started with
tryirg to get same of the Mohole antiques fram the ship imto the
Smithsanian. Elliott is here at this meeting. We got very close. The
misam had the money approved, they had the permission fram the harbor
autharity, and it was 24 hours late. Glabal had signed the comtract to
dispose of the ship. Jahn Duke and I went down there and we did 1lift off
the dynamic positioning system, including the camponents that had been
built for Mohole. These are now in the Smithsonian, alang with the bridge
hardware such as the egine telegraph and wheel. I wderstami they are
going to put up a display sametime. The ship, as far as I know, is still
in Brawmsville, Texas, tied up against a md flat.

Now for thoughts of the new era we’re entering imto right now. This
ispartofaa:ltjrnimmugzam,aniamleerainthedevelqnmtof
is a chapter as we move forward.
Dzsawaxyiswhat it's all about.

D. James Baker, Jr.

I wvas remimianl, when listening to Mel’s talk, that the mmber of miles
that were travelled by the Challenger are very close to the mmber of
miles that were travelled by El Tannin, which was another ship that went
on a lang voyage of exploration and discovery in the Sasthern Ocean, run
by the United States. Actually, the El Tamnin in 10 years covered about
410,000 miles, a similar order of magnitude of distance, and it’s a ship
that is operated in a similar way, that is it was out for 60-day legs at a
time. There may be a lessan there; that that kind of operation is a very
efficient one.

Well, this aftermoon we have a similar structure. This morming we
talked about Project Mahole and how that led to the DSDP. This afternoan
we’re going to talk about Ocean Margin Drilling and how that led to the
Ocean Drilling Program. To start the discussion as we started this
morning we have Bill Hay, who’s been involved with the drilling program
for a mmber of years and was President during those years of ocean margin
drilling.
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OCEAN MARGIN DRILLING
Speaker: William Hay

The origins of the Ocean Margin Drilling Pragram go back to same
canferences that were held by JOIDES in the 1970’s and dealt with what
could be dane if a more sophisticated drilling system with the capability
of fluid recirculation and well cortrol were available. The Internatianal
Phase of Drilling (IPOD) was the intermational program of JOIDES. It was
formilated in the early 1970’s for a 3-year period of drilling with the
Ghallenger, to be followed by drilling with same form of well cartrol, so
the idea has been around a long time. But it wasn’t until the late 1970’s
that the scientific cammmity began to face the pruoblem squarely as to how
this might occur. The idea aruse in goverrmental fundimg circles that the
greater expense of such drilling operations could be handled by developing
a larger funding corsortium, not just with foreign partners, but with the
petroleum imAmstry in this cauntry as well. The Ocean Margin Drilling
Program began in early 1979 at a meetimg at Rice University betwe=n
representatives from the U.S. science cammmity and the petroleum
inmdustry. The meetimy was called and opened by Frank Press, who was at
that time Science Advisor to President Carter, then presided over by Phil
Smith. This was the first time that a group of sciemtists with same novel
ideas and hitherto unachievable goals had met with a group of
geologists and engineers who had same idea of the technology that would be
involved in achieving those dbjectives. It is wartiwhile to go over a
brief recnumting of same of the ideas that were suggested and same of the
reactions that followed.

I was askad to chair the scientific discussions at that meeting and it
was certainly an imterestimy experience. I have never worked formally in
imustry but my histary of involvement with drilling goes back well before
there was ocean drilling — back to the time when we used to be eager to
get arttirgs from wells and to look at them for micropaleontological
pIrpases. Such samples used to be considered great treasures no matter
how you got hold of them, so I had same idea of what could be dane using
drilling fluids and return circulation, and what caventional drilling was
like on lard.

During the course of that meeting in Houstan, I became aware of the
fact that we had raised an emntire generation of marine geologists weaned
on the Glamar Challenger who never knew that anything but cores could be
recpverad fram a hole. It was a revelation to me, but a much greater
revelation to the imdustry people who were there.

The first concept that was explored was the length of time required to
drill a hole. The idea was that we would have a 10 km drill string and,
of course, every hole that was propased involved using the full 10 km
capacity. The first hole that was propased was to drill the ocean margin
on the Blake Plateau, where the water depth is about 2 or 2 1/2 km, 5 km
of sadiment would be penetrated, followed by drilling 2 1/2 km into the
basement, probably granite. You could have out the silence after that
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proposal with a knife but, finally, somerne fram imlustry said, "wWhy do
you want to drill 2 1/2 km of granite at the bottam of the hole?" 'Well,
it might be imtarestim," was the answer. '"Well, has anybody drilled a 2
1/2 km of granite on land?® At that time, only the Soviets, with their
KolaRmnsnladeeplnle,abaxtﬂudxmhwvelyhttle,arﬂpeﬁn;sﬂle
minirng imdustry, using rather differemt tadmiques, had achieved such
penetratias in crystalline rocks. Clearly, same of the ideas needed a
little mare investigation before they could be formally propsed. It was
also very imterestirg that although scientists who had been involved with
the Glamar Challenger knew about drilling fram a ship and were aware that
it takes about a manth to drill and camplete a 1 km deep hole with the
Challenger, seemed sarprisead that it was going to take at least 10 munths
to drill a hole 10 km deep. The scientific cammmnity was hanestly
startled by the fact that the holes being propsad would take six manths
to a year each to drill. This aspect of the project hadn’t been factored
into the thinking of the academic cammmity, and it was a matter of real

axncern to the imustry participants.

Ancther question arcse over the need for axmtimious coring.
Qortimuous coring had became a rule with the DSDP about ane-third of the
way into the life of the project. It had became an accepted axiam for the
academic scientists, but as soon as the imdustry people uderstoad that
the imtent was not only to camtimmously core the 5 km of sediment at the
Blake Plateau site, but the 2 1/2 km of granite that lay underneath it,
they inquired, "Had anybody heard of arttings or logs?" Well, practically
nane of the academic sciemtists had, and only a couple of us older
miczqnlecntolcx;istshadhadanye:periaoeuuﬂdn;mththen. So the
possibility that one might not have to core everything came up for
discussion. Today we’re still not cansidering using asttings because, of
aarse, there is no return cirailation possible in the Ocean Drilling
Program, but the other possibility that was broxght up at the Houstan
Meeting was the use of logs to fill in gaps between cores. Logging had
been tried in the DSDP, and generally it didn’t work; it was at best
partially successful. Today, logging is a very valuable part of the Ocean
Drilling Program and it is filling in data on parts of the holes where
core recovery is poor. The academic cammmity is learning a lot more
about how to use logs and the education which started with the Houstan
meetirg has become very impartarnt.

Arncther imterestimg discussion was initiated when ane of the DSDP old
timers said, "Well, we can’t think of sperding a year on a hole because
you have to finish in two marths whatever you start out to do." Again,
the imustry people were silent until somerne finally asked, '"Why?"
"Well, because the legs are two morths long, and you have to finish each
leg and go on to a new topic after two months." In the course of several
subeequertt i the imdustry scientists made the suggestion that it
would be a good idea to define the cbjective and then figure out how long
it would take to achieve it, and to design the project around the
achievement of the abjective rather than around the two month legs. This
turned out to be a langer educational process than one might have expectad
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because the next thing the academic scientists discovered was that it
would not only be necessary to carefully define the abjective and
determire how much time it might take to achieve it, but that we would
have to design the hole around the abjective, especially if it is deeply
buried. It would be necessary to determine exactly how far down the hole
is to be drilled, and the hole must then be designed fram the bottam up.
the hole in this way can one be sure that it will be

has now begun to play more of a role in thinking how we achieve abjectives
in ocean drilling. The planning process that evolved fram discussions on
the Ocean Margin Drilling Program was: first, scientists would gather all
the information on a particular area; secxxd, determine the scientific
abjectives which could be achieved in the area; third, select sites and
propase what the holes would look like; fourth, analyze the drilling of
the holes to find out how long it would take; and fifth, develop a program
for drilling, sampling, logging, making measrements, and implantimg

|

We spent about three years at the planning exercise and I would like
to describe what was accamplished:

First of all, we recognized the need for loaking particularly at the
ocean margins. There is same knowledge of the passive margin shelves,
both fram anshore and shallow offshore drilling, but the axmtinefftal slope
ard rise are virtually unknown. The active margins, although quite small
in terms of their area, are also relatively poorly known. In terms of the
volume of sediment, the ocean margins are big unknowns. They cattain
ae—quarter of all the sediment in the world and we really don’t know what
its camposition is. To give an idea of the varieties of opinions, it is
useful to recall that at the time we startad discussion of the Ocean
Margin Drilling Program, the majority of the academics thought that the
sediment sequence of the east coast margin of North America would all be
carbonate below the mid-Cretacecus. Most of the imdustry people already
knew that it is mostly deltaic sediments below the middle Cretacecus.

In terms of geologic history, the post-Paleozoic rocks comprise
two-thirds of all the sediment on the earth; the Mesozoic and Cenozoic
sadiments of the passive aamtinental margins are a very importamt
camponent part, about 40 percent of the whole yet we still don’t know very
much about them. In all of ocur projections of the glabal geochemical
cycling we make the assumption that ignemus rocks are weathered to produce
sedimerntary rocks that have the same camposition as the sediments
preservad on the catinents. We hope that this assumption is generally
correct, although we know that it is in part wrong, because same
sediments, such as evaporites, are preferentially preservend in the deep

parts of passive margins.
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the orming
dxxi:grisin;anifalirgsealevelsareqoin;toberadicallydifferent
as they are traced fram the aartinemntal shelf to the deep sea. What the
scientific cammmity would like to know is the overall history of passive
margins: what materials they aatain and what the history of those
materials has been.

Other areas of imterest were the active margins, and to explore in
particular what happens as material is subxhxcted.

A third area that was identified was the ocean crust: wWhat does it
cansist of? We know about the inferred seismic velocity of the crustal
materials, but what the materials actually are is a larger question. At
the time these meetings took place we were just begimning to find out that
the ocean crust cansists of different materials at differemt places and at
different ages.

And then finally, the history of the ocean enviroment was cansidered
important to umerstamiirg the development of the mdern Earth. For
eample, in the South Atlantic, warm surface waters presently overlie much
colder intermediate and deep waters. However, in the late Cretacemas that
ocean basin was smaller and filled with water much warmer than today’s
deep waters; it had an imermediate, relatively cooler water layer and a
relatively warmer deep water layer. A totally different kind of ocean
thermal stnxture existed then, and a totally different kind of ocean
circulation must have existed.

In arder to investigate these four topics a mmber of gexgraphic areas
were selectad for study. It was realized that for this pragram many
mxrths would be spent on a single site, drilling to cansiderable depths.
t would not be possible for the ship to wander all over the globe. The
ship ought to stay close to sources of supply, so the areas selectad as
cardidates for exploration for the passive margins included the East Coast
of North America, the Gulf of Mexico, and the region off Maroxm. For the
active margins the camdidate areas were regions off Oregon and Washingtan,
off Cantral America, off the Antilles near Barbados, and off Peru. For
the ocean crust, three areas on the mid-Atlantic ridge and two areas in
the Pacific were selectad for study. For the palecenvirament, it was
realized that relevant information would came back fram regions selected
for other studies, but the Amtarctic was specifically targeted in order to
extend our latitixdinal coverage of ocur knowledge of the polar oceans.

=

After these target areas were selectad, ten energy campanies
(Atlantic-Richfield Co., Cities Service Co., Ganoco Inc., Bxxan Corp.,
Mobil Oil Co., Pernzoil Co., Phillips Petroleum Co., Stardard Oil Co. of
California, Summark Exploration Co., and Union Oil Co. of California) and
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the National Science Foundation pooled funds and a axtract was issued to
Joint aeamxmrapghic Institutions, Inc. (JOI) to praduce a series of
atlases campiling all the existing knowledge of these areas. JOI put out
RFP’s for these studies and many members of the scientific cammmity
respanderd and workad on these campilations. All but one of the atlases
have now been published. They cartain an enarmus amount of information
but, unfortumately, they do not carmtain any speculation or irterpretive
discussion about the areas. They are strictly factual reparts, but they
have generated a mmber of imterestimg ideas which we will want to
investigate sametime in the future.

It is interesting to note that when the ocean margin drilling program
faded away in 1982, most of these involved breathed a great sigh of relief
because by then it had became abvious that by 1986 the petroleum imdustry
would have accelerated its exploration into deep water and would already
be drilling deep holes in 9,000 and 10,000 feet of water; we expectad that
the information fram this deep imdustrial drilling would be available to
us by 1988 or so and hence, the need for the Ocean Margin Drilling Program

had evaporated.

It is also imterestimg to loak over the list of the ten sappartimg
campanies and note that not all fﬂmarestillme:dm mny
petroleum campanies have merged and caditionsmthem:suy
are radically different fram anythimg that Ocean Margin Drilling plamin;

group thought about at its last meetings only four years ago. In 1982, we
were quite canfident that a lot of this fumiamerrtal geological information
wauld be gained by imdustry by now today we can only suggest that
perhaps same of this information will be gained by imdustry or same other
body by the year 2000.

For the passive margin areas, the goal was to extend the stratigraphy
that is known fram the COST and imdustry holes an the shelf or the upper
part of the slope acroes the deeper thickly sedimented part of the slope
ard rise to the DSDP holes in the outer cantinental rise where the
stratigraphic section is about 1 km or so thick. To accamplish this, two
deep holes were proposed on the Atlantic margin of North America, one
relatively shallow site to be drilled early in the program and one of much
greater penetration to be drilled later in the program when there would

presumably be a significantly greater capability for such deep drilling.

On the conjugate margin off Maraxo there is much less sediment and

holes were suggested there that would presunmably penetrate to the very
base of the stratigraphic column.

The deep holes to be drilled on the east coast of the U.S. would most
certainly face the praoblem of relatively high gas pressures and fluid
flows in the wells. It is hard to drill off the east coast and not hit
sarething that will create a problem for drilling, especially to the kinds
of depths that were being proposed. But in the Gulf of Mexico, the
situation is even more dramatic. The Gulf of Mexico is a basin which, as
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it openad Qurimg a short episode of seafloor spreadimg, split apart an

geology of the deeper part of such margins and if one is to cansider
drilling through the salt mass, one must be prepared to experience an
effect similar to pricking a balloon with a pin. Dramatic pressures may
exist beneath the salt. In planning for the Ocean Margin Drilling Program
it became apparemt that no ane felt that amring the propused 10 years of
the program, we would have gained enough experience to be able to drill
through salt with confidence that if we encontered overpresaares below
it, we would be able to control such a well. Nevertheless, there were
exercises explaring what might happen if one did drill imto a highly
pre=mred zane at depth and started to get a release of gas imto the
recirailation system. If the gas cames up the return system to the ship,
it fills the riser with gas rather than water; suddenly all the densities
begin to charge and the riser may collapse, resulting in total loss of

sensed back on the ship and how quickly must prevemntative measares be
For situations, it tirms out that the speed of

reaction is quite critical and there would only be mimrtes or secands to

make the arrect decisions. This is a significant problem that is going

E
:

So, althaugh there is great imterest in finding out more about the
salt in the Gulf of Mexico and what is beneath it, the tadmnical
difficulties were so great that it had to be removed from the propused

ten—year drilling plan.

Operations in the active margins involve drilling imto subduction
systams in which there may be high fluid pressures caused by the
subduction prasss itself. What would be the nature of the fluids that

Three holes, two shallow and ane deep penetration were propused off
the Oregon coast. The deep hole would have about a 5 km total penetration

to ocean crust through a margin that is being actively compressed and
vhich must have same relatively high fluid pressares within it.

Off Central America, the idea was to drill through an accretianary
zane and down into material being subxhxted; again, there must be striking
presarre differences at such depths.
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it enters the subduction zane. The copper deposits of the Andes lie in
the projection of these subdictirng fractire zane spreadimg centers. The
effect is as thaugh there were tiny hot spots moving underneath the
amntinent, heating the rock and causing remobilization of material to form
oredq:asitsﬂand

The Peruvian margin, in contrast to that of Qentral America, is
boundad inshore by cratonic material which is being actively abraded by
the ocean crust. As the ocean crust bemds over the saaward rise into the
tzerd;systanoffSaxﬂxAmnm, it is broken into a series of horsts ard

Much is known about the an—shore area here ard drilling in the
relatively unknown offshore, althaugh it would require well control, would
cantribute greatly to cur wderstamling of the relation of subduction and
the formation of ore depasits.

Ancther area which has since been imorporated into the present Ocean
Drilling Pragram is off the Antilles near Barbadus. It is already known
fram Glamar Challenger drilling that there is an active thrust fault in
this area with relatively high-fluid pressures below the fault and
relatively lower presamre above it. This is a very imteresting dynamic
situation for investigation.

The atlases that represent the candidate ocean crust areas show a very
imterestimg thing: that the seafloor spreading system has a certain
amount of trouble operating. The mid-ocean ridge system keeps generating
new ocean crust but the new crust doesn’t fit into the space that is
available, with the result that the oriemtation of short ridge segments
keep changing. Ocman crust is created and seafloor spreading goes on for
a while, then the system jams and has to reorient itself to spread in a
slightly different direction to break out of the deadlock. The result is
that a very large proportion of the Atlantic ocean flcor, much larger than
had been anticipated, is what is called "fracture zone crust." This type
of crust is very difficult to drill and because it is highly fractured and
deformed, the results fram drilling it are not always easy to interpret.

Other areas of imterest in the ocean crust concernad the very young
rapid spreading crust of the Pacific and the hydrothermal systems
associated with spreadimy centers. We have only achieved 1 km of
penetration into the ocean crust until now, so there was great excitement
over the possibility that the GMD would be able to achieve a 7 1/2 km
penetration of the crust beneath 2 1/2 km of water.
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The last of the atlases to be produced, which is at the printer now,
is on the Antarctic; the mmber of camdidate holes suggested for Amtarctic
seas was not very different fram the holes that have been propused for the

Ocean Drilling Program.

At the end of this campilation exercise, which provided a basis for
preliminary selection of drill sites, the Sciemtific Advisary Cammittee
was to select specific sites and then have drilling plans for those sites
warked out in detail to determire how long it was going to take to drill
them, recover the cores, and camplete the abjectives. We never got to
that phase of the project, but the Scientific Advisary Committee did
select a set of preliminary sites and worked out a 9-year plan. A mmber
of the holes took many manths to over a year to camplete. The academic

scientific ammnity loaked at this and said in effect, "we didn’t really
think it was going to take that long to drill thoseholesarﬂwﬂunk
we’d rather have a lot more shart holes for amilethantoattmpt
these." Although the plans to drill deep holes using well comntrol has

been put on the shelf for a while, the problems will still be there; they

are not going to go away. They are simply going to became larger in terms
of their importamce as unkrowns to us

The Ocean Margin Drilling Program left a legacy in the form of the
concept of a U.S. Scientific Advisory Cammittee. When the U.S.
institutions involved in the DSDP became involved with foreign partners we
discovered that the foreigners were much better organized at proposing
sites than we were. They had much better systems for getting site surveys
campletad, and for carrying out all the necessary studies to presemnt a
goad case for getting a particular hole drilled. In the U.S. sciemtific
camnmnity, we were acustamd to putting the information together in a
very ad hoc mamner and as best we could. Along with the new drilling
program has care a U.S. Science Advisory Cammittee which helps organize
the U.S. effort, and which has fundimy to help U.S. scientists to make
credible proposals for drill holes for the Owean Drilling Program.

As Dillard Hammett will discuss, we loaked at the Glamar Explorer as a

possible vehicle for the Ocean Margin Drilling Program and that was an
vartare in itself. I am persanally pleased that the furding

for the Atlas Program and additional furding in NSF for ocean drilling
emerged out of this whole exercise. A major contribution fram the Ocean
Margin Drilling Program exercise was a fair amount of education of the
academic scientific cammmity as to what is possible, what is not
possible, and how difficult it may be to reach same abjectives in the deep
sea ultimately.

43

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19049

Symposium Commemorating the 25th Anniversary of the Demonstration of the Feasibility of Deep Ocean Drilling: Proceedings of a Symposium, September 22, 1986,
http://lwww.nap.edu/catalog.php?record_id=19049

D. James Baker, Jr.

I think that’s right that the abjectives of that program are still to
be met and I hope to see that at same time in the future.

Our next speaker is Dillard Hammett, who played a key role in the new
program, the Ocean Drilling Program. I think it was Bill Neirenberg who
suggested when it looked like we would not be able to use the Explorer
becmune of cost, that we might be able to lease a new vessel and such
ships might be available. We startad to look into that and talk to a
nmber of pecple and everrtually settled on SED®. Dillard was the ane who
anvinced us that "anything could be dane™ and I think he charmed
everybady into really believing it and it actually turned out that way.
He’s going to tell us about same of the exyireerimg having to do with
ocean margin drilling.
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OCEAN DRYLLING PRQJECT
Speaker: Dillard Hammett

The objectives of the Ocean Margin Drilling ngramvmeprese:medby
the previous speakers. To accamplish these abjectives would require a
drilling vessel with lots of space, capability and flexibility because the
abjectives were not defined and the work was in the unknown areas of the
ocean margin. Everyone wanted flexibility because they knew very little
about the geological formations they intended to drill. It is a long
distance between wells, far offshore where the scientist wanted to drill.
When you start drilling a well — one here in Washingtan D.C., and the
cother ane in Dallas, Texas, and you drill one half way in betwe=n, you are
really drilling them "nowhere" and you have no geological information.
Recently in Africa, we drilled two good producing wells ane-half a mile
apart and then we drilled a dry hole in between them. Basically, that was
thewpeofdrillma@ectaimtheweanmrgmmogm You knew very
little of what you were going to find below the ocean floor; therefore,
you had to have a high degree of fle)ublhtymtheplanmng This
flexibility ended up to be very costly for the coring program as compared
to o0il exploration drilling practice. In coring, you have to recxgnize
that all you’re doing is penetrating the ocean floor, getting same cores,
and bringing them to the surface.

It is a large accamplishment to get a good core in many of the ocean
margin areas where drilling problems will exist. If you are subjected to
a high presamre, you are subjectad to formations that really you don’t
know how to aatrol becamse they are sloughing. It takes a mumber of
casing programs to hold that back and you do have to have a program with a
lot of flexibility. That takes bigger equipment, that takes riser string
circulation and, most of all, a lot more money. And that’s really what in
the end got the Ocean Margin Program — it took a lot of maoney because it
took a lot of time.

There was coring drilling done a long time ago by Shell 0Oil Co., both
in the Gulf of Mexico and on the West Coast. Dynamically, stations
operate out to abaut 4,000 feet of water. The Cal drill, I believe, has
dane coring operations all the way fram Alaska to the east coast of the
United States and a lot of information has been generated from that for
o0il companies and science.

And then we go into the DSDP. My wderstamiirg is that from the
scientific information that has been generated and the developments that
have came out of it, the industry has learned a great deal.

There were cther events going on at the same time; drilling was being
done at 800 feet of water depth with an anchored vessel. By 1970, we had
already drilled in 5,000 feet of water; in 1978, with the capability we
felt we had, we would, in 1980, be able to get to 8,000 feet of water. In
the Red Sea, seabed sampling had been done in 8,000 feet of water, where a

45

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19049

Symposium Commemorating the 25th Anniversary of the Demonstration of the Feasibility of Deep Ocean Drilling: Proceedings of a Symposium, September 22, 1986,
http://lwww.nap.edu/catalog.php?record_id=19049

technology of establishimy on the floor was econamical to recover the md
and process it for silver.

Deeper operations are those of ocean minimy — 16,000 feet of water —
and, of course, DSDP — 18,000 feet of water. Ocman minimy with minerals
on the ocean flcor, the sleds and risers that were used with it, and the
processing involved while moving acrass the ocean flcor with
instrumrentation, showed that these tachniques for deep depths could be
accamplished.

Within the petroleum imdustry, which has been mentianed in the
participation of the Ocean Margin Drilling, we were drilling at that time
out in deep depths; but most of the experience was back in shallow enough
water, where we could seat on the ocean floor or could drill a well and
test it. We did not have to warry with high gradients (8,000 feet of
water depth), the gas back at the surface, or amtrolling it in the deep

In the past, drilling was dane in 600 feet of water; yet it had
already moved to 5,000 feet of water in the 1970s. With dynamic
stationing, drilling with subsea blowout preventers (BOPs) were aiming at
moving out to the axttinental rise area in 13,000 feet of water within the
petroleum imdustry.

There were many vessels available in the imdustry, about seven of them
that had the capability of working ocut in that water depth. An experience
of that came from the Mooring Systems, a riser and Subria stack on the
ocean floor. When we moved into deeper depths, we had to accamplish four
things: (1) "dynamic positioning” or "dynamic stationing”, used not only
in the coring drilling in the vessels that I’ve attamptad to describe, but
also in the Glamar Challenger; (2) sonar/TV re-emtry; (3) electric BOP
camtrols; and (4) a special buoyancy for the riser (Figure 51).

With dynamic stationing in the 1970s in order to be able to prove the
capability to drill a live oil well, you actmally had to stay on location
180 days and, as mentianed by Mel previocusly, when the weather came up,
you didn’t have the opportunity to abandon that location and move around
behind an island — you had to stay there and camplete a well through the
100-year storm. So there’s a difference there between drilling and coring
ard drilling a producing, or pressured, zone. So in dynamic stationing,
the reliability had to be for long time periods. Reentry had to be dane
because we were no langer working with guidelines and, rather than just
reentering with a core bit, you’re reentering with a BOP stack that weighs
about 200 taons, you’re latching an to a well head so that you can hold
10,000 p.s.i. pressure. So there’s a difference in degree of reentry.
You can have a hydraulic line to the ocean floor and it takes many mirmutes
to activate it on the ocean floor; by that time, the blow ocut is in the
riser and your riser has collapsed and you’ve lost caontrol of the well.
So in the degree of ocean margin drilling, and the imdustry as it was at
that time, you had to came up with electro-hydraulic so that when you push
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the button it’s like the electric switch — the light came on immediately
and we could control that stack in deep water in a few sacands.

The biggest and most artstamiimg thing as it came up in the ocean
margin was the riser. The riser is still today ocur most difficult thing
to accamplish in the deep water.

In the dynamic statianing — there are many types of orientation of
thrusters and the types used as mentianed before in the imdustry now —
we’re using primarily fingers on the ocean flcor, and rather than, as seen
in willard’s movie, having to do with the reflectors at the surface,
everything cames from a pinger off the ocean flcor. Very reliable systems
today hold on for long time periods with hardly any maintenance.

In the sense of reartry, when the BOP stack is mentianed, it is not
just a drill string and a bit, you’re handling a riser which is about 36
inches to 54 inches in diameter, that weighs and costs a 1lct, and also
takes a very large starage. It takes a big ship to store each of these
sections you’re looking at, 15,000 feet of riser.

You are also handling a BOP stack which not only has to reenter that
cane, but also hold high presaure once it is resmtered and connected to
the well head. Symtactic foam, mentianed before, is used to support the
riser and the caupling at the end of the riser. The coupling has
syntactic foam on it at the end, and is a high stress area. It requires a
means of camectirg a riser very easily, but at the same time carrying the
full stress up through the riser. It is a ambersame operation and so if
you’re in 15,000 feet of water, with bad weather caming on, you have to
have a means of discomnecting, still controlling the well, and stamding
there on the location while the storm passes; so you do have to have
methods of suspermimg the operation with caonstant tensioners to hold up on
the top of the riser.

There are a lot of camarter similation programs run in the Ocean
Margin as there have been in the past on the stresses in the riser as they
are subjected to various curremts and wave canditions. Coring, as
mentianed, has worked and in coring it is very simple with just the
reentry of the bit and the coring operation that goes along with it but in
the drilling operation you’re rumning bits, you’re circulating back to the
surface.

For eample, cansider a land or a shallow water location. The
fracture gradient and the hydrustatic overtamirden pressure that you have is
quite a bit different when you’re in shallow water. As you get in deeper
water, you have a water overtmirden, rather than a sediment overtairden, and
the difference between your frac presamre and your hydrostatics gets
closer; so if you’re at a point where your method of cantrolling the well
in deeper water gets very close and very sensitive to the gas amming back,
to bleed that gas off is a very sensitive operation at 3,000 feet of
water, and we can tell you that, because we had a blowout at 3,000 feet of
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water, which collapsed the riser. It’s sensitive at 3,000 feet, and it’s
even more sensitive at 15,000 feet of water depth.

The reentry system, as memtianed, has workad very well through the
years — reemtry in high arrent with high presmres and large BOPs. The
reentry cone that is used in the Omean Drilling Program is about 11/6" in
diameter. To give you an idea of camparisan, in 30,000 feet of water with
a cane at the ocean floor, it'sabo.xteqnvalenttotryimtoplacea:!"
diameter cup fram a 60-stary building (Figure 52). This has been dane a
number of times and we do have the capability of doing so in deep water.

The Explorer was the ship that was looked at for axmversion. lots of
money was spert an evaluating the aanversion to meet the criteria and
plans of the Ocean Margin Program. It was ttuaramghly investigated, the
anversion costs and types of equipment that could go an board were
explored, and it was concluded that the costs for amversion were too high
ard that existing ships and technology could do the Ocean Margin Program.
In 1985 the total capability would be floor drilling at 13,000 feet of
water depth using a riser and, that at that time, actually the feeling was
that the tachnology for drilling in 13,000 feet of water would be
available by 1982.

There were vessels of apportamnity, existing vessels, that were
available. At the end of the Study Phase of the Ocman Margin Program it
became abvious that the scientific world could go on cut and camplete the
sadimertary drilling that was going to be the next phase of the scientific
pragram; and rather than just letting the Earth Science program die, the
abjective should be to take what we learned in the Ocman Margin Program
and suggest to the scientific world that there were vessels of oppartamnity

that could be used in the salimentary program for extendimg on into what
became the Ocean Drilling Program.

We learnad a lot fram the studies dane on the Ocman Margin Drilling
Program. Where the sciemtist can justify work programs, I am sure we
drillers can provide the ship, the equipment, and the tachnology.

I would like to say that the vessels, the scientists, and the
engineers that we have out there today have been able to acocamplish

everythirg that I heard of ten years ago — the Ocean Margin Program
abjectives — and have carried these over to the ODP.

I believe that we are going to learn as mixch, if not more, fram the
earth science pragram fram ODP as has been learned in the space program.
Also, more of what we learn will have application to ocur life than what

we'relearmrgfzunthespacepmgram

I would like to say also that there are a lot people here with the
title "Doctor" in fromt of their names. I would like you to know that we
drilling people tag along with the sciemtists and I feel that what we have
added to the pragram is our "can do/will-do" attitude.
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to put a space telescope
up there’s no reasan why we shouldn’t axmvince the country to do deep
riser drilling, and you can be sure that we will be amtimiing to try to

next speakers are the modern herces of ocean drilling who, like
, have dedicated thamselves to the sxxess of ocean drilling

leadars of that very successful new program. The drilling
based at Texas ASM and the logging part at lamomt-Doherty. The
is Rabinowitz who cames from Lamont and is now at ASM.

£
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OCEAN DRILLING PRQJECT
Speaker: Philip Rabinowitz

In similar fashion to Arch Mclarren, who had a choice of where he
warted to move to, I also had a choice and it was narrowed between la
Jolla and College Station and for canvolutad reasans that anly a Texas
"Aggie" can urderstard I chose College Station.

The ocean drilling pragram is an inmternational program of scientific
ocean drilling and commenced its field operations with a shalexdown cruise
and sea trials cruise in the Gulf of Mexico in Jamary of 1985. The
drilling vessel SEDCO/EP 471, or better known to the scientific commmity
as the JOIDES Resolution (Figure 53), is pzeently drilling in the Pacific
Oman off the Galapagos and attempting to deepen a drill hole that was
drilled in a previous program of deep sea drilling. This is the deepest
hole that has ever been drilled into the hard rock basaltic ocean crust.

The ocean drilling program, as you are aware, is a SuxXEssOr program
to the highly suaxessful DSDP. It is an imtermational program with
partrers to the U.S. including Canada, France, Japan, United Kirngdam, West
Germany, and a cansortium of 12 countries within Furope called the
Ruropean Science Foundation.

The ocean drilling program also has a new science operator — Texas
AEM University, and a new drill vessel with epanded facilities. These
facilities include a mxch larger drill string, 30,000 foot drill string,
enabling us to drill and retrieve cores in almost any part of the world’s
ocean basins.

We have highlighted two capabilities. We have already drilled in the
far north in the North Atlantic in Baffin Bay and in early 1987 we plan to
go to the Weddell Sea off Antarctica. We also have a very ambitious
program bordering the Antarctic Margin in the sarthernmst Indian Ocean.

We have riser capabilities which when utilized should enable us to
retrieve cores in previously inaccessible geological enviraments.

We have a 12,000 sq. ft. laboratory stack, a 7-story laboratory stack,
with state-of-the-art equipment for analyzing a reasanably camplete suite
of the physical and chemical properties of the rocks. We also have a
scientific and technical camplement of 50 persans, that is a fairly large
scientific and technical camplement, very excellent sea keeping and very
exellent heat campensation which is especially important for ataining

high-quality cores.

Figure 54 is a picture of the JOIDES "Resolution" before canversion.
In addition to many other changes, we removed the BOPs. We took the
derrick off, and stremgthened the derrick to sustain a muxch higher load;
we added a 400-ton, prubably the world’s largest, heat campensator and
built a 7-story laboratory stack. I should note that the canversion of
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the vessel fram an oil drilling ship to a floating scientific research
camter would not have been saxressful or reached fruition withaut the
dedicated and sametime heroic efforts of two of our previous speakers,
Arch Mclarren and Dillard Hammett.

Figure 55 shows the labaratory stack of areas where we made the
axversion. There is a 7-stary laboratory stack, with dowmr=-hole
measurements on top, a core—entry sedimentology laboratory, and mmerous
other laboratories: paleontological, petrological, physical properties,
paleamgnetics, chemistry, gas, etc. We also have areas for the camprters
and science lounge. The bottam three levels below the main deck are
mainly service labs, refrigerated cost, etc. The vessel is terrific. It
is a ge vessel, the labaratory stack is seven stories high and caprises
12,000 sg. ft., but is dwarfed by the rest of the vessel.

Many of the instruments that we have aboard the vessel are prototype
instruments and the first time used at sea. Same are just the first time

ever used anywhere.

We have a aryaggenic magnetamnster, state-of-the-art micrascopes with TV
viewing capabilities for paleantology and for petrology, a scamning
electran microscope capable of magnifying up to 20,000X, a
state-of-the-art chemistry and gas laboratory, X-ray fluorescence, X-ray
diffraction, and state-of-the-art laboratories. We also have geophysical
laboratories for towing seismic gear and magretameters when the ship is in
transit betwesn sites and we have dowmr-hole meassrems=mts and logging
labaratories.

During ooring operations, the 9 1/2 m cores are sectianed into 1 1/2 m
sections. A lot of lxxkkeeping is dane. We comprterized all the
bakkeeping and they are put on screens all over the vessel. The cores
are sectianed in halves, with an archive half and a working half.

We do not have very good direct view of the rig floor. On the screens
we monitor all ocur bxokkeeping, age of cores, etc. We also have
capabilities of viewing the rig floor. We have a TV camera on the rig
floor and we can watch it on the screen anytime we desire.

We have about ane-half dozen microscopes in the sediment laboratory
for loaking at smear sections of selected materials. They are
state-of-the—-art microscopes, top of the line micrascopes. We have
capabilities for group viewing. Rather than having one scientist look
through a microscope, we can watch on a TV screen and look at the slides
on the TV screen. We have an autamated thin section lab, Logitech thin
section lab; we can produce a lot of thin sections rather rapidly.

The physical properties equipment that we have includes instrumemts to
measure the velocity of sound in sadiments and stremgth of the sadimemnts.
We also have half a dozen paleantological laboratories.
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Many types of cores ard drill presses are available to cut the rocks.
We photagraph all of the cores that came aboard the vessel both in black
and white and color. These phatagraphs are made accessible to all of the
scientists aboard the vessel.

The X-ray diffraction and X-ray fluoreecence units are
state—of-the—art. These are the only anes I know of that are aboard
research vessels at the present time.

In the chemistry labaratory we have gas chrumatographs for monitarimg
hydroartxas. It is very imprtamt for safety purposes to measure
hydracartxas since we are drilling without blow-out preventters and risers.

Presses, capable of exerting about 50,000 lbs. of pressre on the
sediment samples enable us to lock at the chemistry of the interstitial
waters. Qamprter facilities include two VAX 750 that serve as a cemtral
data librarian aboard the vessel and about 50 pro-3 50 micraxmpters
aboard the ship enabling scientists to do their science in real time.

We have lots of other comprters that are dedicated to specific
machines as well. We are in isolated areas for extended periods of time,
SO we have an extensive electranics shop to enable us to monitor and fix

all of cur equipment.

We have a second look labaratory, which is a small labaratory adjacent
to our refrigerated core storage area. It is used to take a second look,
at times, of the cores. We store all the cores in refrigerated core

starage.

The previous pragram of sciemtific ocean drilling certainly
demonstrated that the earth is very dynamic, the aatinents are in motion,
and demonstrated the viability of plate tectanics as a model for the
evolution of the earth. What we were interestad in this program and the
ocean drilling program over the next 10 or 15 years was to look at the
processes that are driving plate tectanics. In particular, same of the
areas of investigation are very mixch similar to that described by Bill Hay
for the Ocean Margin Drilling Program, lockimg at active margins and at
the accretion, subduction of sadiments, formation of backarc basins; also
in loaking at passive margin evoluticn, the catimnemt-ocean craoss
baurdary, subsidence history of catinents, irftraaeanic crustal problems,
the nature of oceanic crust, hydrothermal processes, and a relatively new
fieldofpalmamythataﬂymintoedmﬁththebe@Sea
Drilling Program. With the advent of hydraulic piston coring we can loock
at paleo-arrents, temperature regimes, and climatic variations.

In seismic lines off the eastern United States, we see what is called
a "reef camplex". To the best of my knowledge, the reef camplex is an
artifact of our seismic techniques. We do not know if, indeed, this is a
reef, a reef capping carbonate bank or if, indeed, this is an ignenus
plug. Certainly, answers to questions like this are importamt to ocur
urderstamling of the evolution of passive aomtinemntal margins.
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Fram our seismic meassrements, it appears that at passive margins
cceanic crust smothly abuts axttinemtal crust. However, seismic only
shows us reflectars and not what the camposition of the rocks is. Fram
these data, we do not know where the ocean/cartinemt bmudary is and we
cammot say with any degree of certainty whether it is near to or as far
out as a couple of lmidred km fram the shelf edge. We just don’t know.

Seismic techniques suggest very stragly that the cartinental crust
~ has been subsiding. For eample, off eastern U.S., the aamtinental crust

has subsided on the arder of 10-15 km. That is a lot of subsidence of
crust matarial and what we’re tryirg to look at is "why?"

If we learn the solution to these problems we will know something more
about the why’s of aatinental separation, but the solutions are also
impreanmt when we think in terms of cur fossil fuel and mineral resaurce
evaluation. So the solutians are not only importamt for academic purposes
ard for learning the processes of why amtinemts begin to separate, but
cartainly will allow us to know eamethimg more about mineral and fossil
fuel resamrce evaluatian.

At anvergemnt margins, those with subduction going on, we know from
our earthguake studies that with a nice smooth plane of material
descending, old oceanic material is being suldixcted and conmamexdd. There
are eedim=rits on top of the oceanic plate, and what we do not know is to
vhat degree the sedimerts are scraped up and accreted onto the artinemtal
rise amd to what dagree the sedimerits are trapped in graben type
structures and euldcted below the island arcs.

Adqain, solutions to praoblems like these are very important if we want
to umlerstarmi amtinental growth. It’s also very importamt if we want to
evaluate ocur fossil fuel and mineral resaurce potential.

There is also a question as to the petrology of ocean crust. There
are nmeEraus models based an what we believe the ocean crust to be made of
based on seismic tachniques, what we believe to be akxhxted oceanic crust
that we see in ophiolite zanes around the world, and what we believe to be
occaanic crust fram the wimdows we have of the ocean crust through fracture
zanes. However, we do not have a single sample of the deep part of the
oceanic crust. In fact, the upper part of the hard rock crust we know has
an average seismic velocity of about 5 kps. We know it has a thickness of
between 1 and 2 km — it’s called layer 2; there are mmerous other
termminologies: layer 2, a, b, and c. layer 3 is a layer that has an
average thickness of about 5 km, has an average campressiacnal wave
velocity of about 6.6 - 6.7 km per second, and that overlies mantle rock
with an average velocity of about 8.1 km per secand. We know very little
of the camposition of the ocean crust below this level.

Right now we are drilling a hole today, a hole off the Galapagos; we
are despenirg a previously drilled DSDP hole about 1,100 m into the
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oceanic crust. We have deepened the hole over the last week or two by
abaut another 150 m, 160 m and we are still working on it. But we have
not even emntered layer 3, mxch less drilled a Mahole.

If ever we are to urderstard the pracesses that are driving plate
tectaonics, we are going to have to do a lot better than this and we
believe we will.

We are presently on leg 111, having campleted ten cruises and the
shalexiown cruise. We have addressead same of the passive margin types of
prablems on leg 103 off the Galatia Bank, and Leg 104 on the Narwegian
Cantinental Margin on the Varnon Plateau. We have addressed same of the
active type camtinerntal margin prablems on Leg 110 off Barbadas. We will
address same more bordering the Trench on leg 112.

We have addressad ocean palecenviramerftal problems on mmeEraus legs
including Ieg 104, and Leg 105. In anocther DSDP hole that was drilled
into old ocean crust (108 millianryear old crust) we logged and did a
nmber of inmovative geophysical experiments. We lowered ceismmeters
into the hole as the research vessel circled the hole to test for

anisotraopy.

We also tested a mmber of ocean crustal abjectives on Cruises 106 and
109 where for the first time we emntered the region which was devoid of
sediment cover and spudded into hard rock and drilled core. Barry Hardim
will discuss that in a little while.

The first two years of drilling is going to end in the Waddell Sea
with Leg 113 off Antarctica. On lLeg 114 we will be drilling in the
sarthern South Atlantic; and at that point, we are going to cammence an
ambitious Indian Ocean pragram where we will be drilling in the sorthwest
Irdian ridge. If we get the proper permission, I don’t know whether we
will or not, we’ll drill in the Red Sea to look at the very young evolving
ocean crust. Again we will spend about 18 months in the Irdian Ocean
before going into the Pacific.

James D. Baker, Jr.

What Phil didn’t discuss was the fact that when the program was moved
to Texas A&M, they had an enormous respansibility to spin up a program
fram a fairly small grogp and to take a ship which was a caommercial
drilling ship and turn it into a scientific drilling ship and they did

i i only did they turn the ship fram its
ammercial operations into a scientific ship, but they did it on schedule
and within the budget and we were operating within a few days of the
original schedule for the pragram that was laid out when the camtract was
first put together. I am not sure that the partrners who were
involved in the program thought it could be dane. We knew it could be
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a fantastic achievement. I think one of the
the fact that the laburatories on board the
better than any such labaratories on land and
iemtists to go aut on the drill ship; they are
in drill or using drilling samples, they want to take

samples out, a couple of marths cut on the drill ship just
they can have acess to the lab facilities. I think that is a
to the quality the operation that we have.
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OCEAN DRILLING PRQJECT
Speaker: Barry Harding

I want to share with you today same of the technological improvements
and advances that we’ve made at ODP since the project relocated to Texas
AEM.

We’re exparding on the framework that was started at DSDP. DSDP made
a lot of advarceEments and Mel told you about quite a few of them: reentry
capabilities, hydraulic piston cores etc.; so I’m going to take off fram
there and talk about same of the engineering advancements that we’ve had
the opportunity to make.

Engineering and technology has had a mich increasad emphasis in the
scientific cauminity as a result of QOSOD I in 1981. The scientists more
clearly defined what it was they were loockimg for and that was at the tail
end of DSDP. With those goals in mind, the engineering and operatianal
tachnologies required were more clearly focused.

As you have already been told today, Arch Mclerran is respansible for
recruiting five key members fram the DSDP staff and getting them to
relocate to College Station. We had five key DSDP members and we filled
in around those five with seven imdustry professionals and we have a total
engineering and operation staff of about 16 people right now. We are
hoping to add a couple of people in the next six months.

The member countries are interested in getting involved. They want to
loan us engineers on a temporary basis for 12 to 18 months, to effect the
echange of tachnology. They pay the salary of the individual and we
provide a living allowance for them. We have already done this once with
France and one month ago we got a new German engineer and, hopefully, we
will be getting a Ganadian and British engineer, maybe next year. So all
of the member countries want to help us out and also want to bring same of
the tachnology back to their country.

As you have already been told, the conversion of the SEDO version,
BP471, was the high priority item in 1984. That was the "must". It was
to get the ship into the shipyard, get it converted, add laboratories, add
the new drilling equipment, strergthen the derrick, order all of the
ansumable items that were needed, and order multiple sets of coring
equipment that we must have on board the vessel. It was an enormously
busy year fram about June all the way through the end of the year up to
sea trials.

The large engineering project, the first large engineering project
that we were asked to tackle, was drilling on the mid-Atlantic ridge where
there was no sediment cover. Besides the ODP staff, we let two
sub~contracts to two outside firms to help us accamplish this. One was
for the hardware and the system that we must use to initiate or start a
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hole an the mid-Atlantic ridge. The second one was for
and the actual penetration, the bits, the muds,
drilling fluids that were needed.

the drilling
and the special

The first cartract for the hardware and the guidebase system was let
to SED®. SEDM’s imhouse engineering team designed the hardrock

quidehase, workad with our staff as far as what would be required and did
an excellent job.

The secad drilling canmtract was let to a firm cut of Gklaham City
named Sarthern Intermatianal. Sarthern International has dane quite
extensive hardrock drilling; as a matter of fact, they are now
a project in Sweden. 'meymdoirqthecraterdrillhgupinsdedm(in
the Siljian Ring) to try and prove or disprove the theories cancerning the
origin of abiogenic methane right now.

Right in the middle of the Atlantic Cman, almost due east of Bermxda,

is Ieg 106. That is where the hardrock guidebase system was deployed an
site 648B an the rim of an underwvater volcano.

We have since revisited the hole one time during Leg 109. We did not
get as mxch hole drilled on those two legs as hoped, but there were
several reasans why not. Cmeofthemascns, had only a limited mmber
of drilling days and drilling supplies. As you know, our legs are divided
into 60-day cruises and we didn’t get all 60 days to drill on site 648B.
Part of the prablem was the scientists get "antsy", the more bits they see
wear out. 'Beyalwaysgowiﬂxamirqan]planjustinmseofa
catastraphic loss and the sciemntists did want to get same science. They
didn’t want to allocate the entire leg for technology, engineering
advancements, and drilling advarcements and so we pulled off first time
and that’s when the black smkers were discovered in the mid-Atlantic.

Figuressisasdmticofﬂnguidansesystanasdesignedforﬁ)e
mid-Atlantic ridge. It was designed to be deployed on a madmm 20°

slope an the rubbleized basalt formation. The first time out, we decided
ﬂxatifweomldsetﬁnbasemalevelaxrfaceitmxldbeeasier,and
so we set it on top of a volcano. We set it on the crater rim of a
volcano and looking back we prubably couldn’t have chosen a worse place to
set it in terms of parameters to drill through. We have not yet even
reached the seafloor. We have not penetrated the emtire crater rim of the
volcano. We are just appraaching that after two drilling legs.

The base was 17 feet square and 7 feet tall and the legs extended the
total height to 11 feet. After setting the base, we filled it with cement
to firmly anchor it. We had cement bags that would unfold and fall down
under the base to take aartmur of the seafloor system of the rocks and of
the basalts. Once cementad in place, we began initiating a hole. We
startad drilling an 18 1/2" hole.
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Lookimg back now, that was a big mistake. We were trying to set a 16"
, and were creatirg

i illing. We have since learned that we need

to start with smaller hole sizes, set smaller strings of casing to drill
got inmto drilling with 9 7/8 bits, the rock drilled

this rock. Once we
quicker. The drilling disturbed it less, and fewer pieces of the rock
fell into the hole, hence better penetration rates.

Once the guidebase was set we could reenter a hole using either sanar
an uderwvater TV camera. The camera rides on an extermal frame down

distinguish the base fram the arrroumling basalt pillows. We could not
ust an sanar and so the real-time TV worked extremely well.

For the "threadirg the needle" analogy mentianed by Dillard Hammett
(Figure 52), that’s a pretty quick reentry. We’ve been able to do the
reentries fairly routinely. The sanar is also working extremely well. On
a normal reentry cone situation, with flat bottams, the sanar’s been
working extremely well also.

To facilitate reentry, we have an extermal TV frame that runs down the
drill pipe; the camera sits back fram the bit a short distance. We have
two 250-watt halogen bulbs for illumination and have gotten same extremely
good urderwvater videos. Everybady in the lab stack can watch the
reemntries real time, but we’ve also recnrded them on video tape so we can
bring them back and we can show others. We can show the scientific -
axmmnity what is out there. We have good pictures and footage of the
black smokers on the mid-Atlantic ridge.

The guide shoe on our rig, which was one of the developments for
Mahole, is a clamshell-type device. We unclamp right at the moaon pool
doors, and are able to run our reentry canes and ocur hardrock base through
the moon pool of the ship.

To initiate the spudding of the hole on Leg 106, we used a Nartan
Christersen drilling motor to begin with and then we charged to a coring
motor that had a hollow rotor so we could pull a core harrel through it.
One of the projects that we want to develop further is the use of coring
motors in our coring techniques, so we don’t have to turn the whole drill
string fram the top and we can develop more downhole torgue for drilling.

During Leg 109, we were actually wearing the bits ocut on the side.
What we did is on the leadiny edge, we built up with same hard facing an
the leadirgy edge of each leg, and then we put same tungsten carbide
buttans in on the shirttail so we could build a rougher bit for hardrock
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the hole. On leg 109, we took a cementimy specialist out
that we could cament very rapidly down the drillpipe and squeaze the
in the formation to more or less create a cament wall cake and then
i1l that back out so we could stabilize the sides of the well bore.
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On leg 109, we effectad another first of a kind, reverse reemtry.
While drilling, we did not have much of the bottam hole assembly in the
hole and we had a failure of a mechanical jar. The jar was just above the
secxydary reemtry cane. The 16" casing was tied to the reemntry cane.
While rotating the drill string, the jar failed. Sticking up out of the
hole was the mamiril of the mechanical jar. While retrieving the drill
strimg out of the hole, the crew on board was just about to give up. That
was the secayd fishimg job on this expadition, by the way.

The first fishing job omrrred when a Nydraulic jar failed down in the
well bore, and it wasn’t too tough to fish that out because it was
canfined. We went in with an overshot and latched on to that thing and
pulled it cut. When we found out that we had the secand fishing jab
facing us, that was kind of a mmemntal task. We ran the TV camera down
to the seafloor to see what we had. And what they actually did was take a
small fumel, a skirt, if you will. They welded it on a piece of casing,
out same holes inside the casing for slots because the mandril had a
cauple of "dogs" or "ears" sticking out on it and so with use of the TV
system, they were able to go down, and I believe it was on their third
attanpt they got over the top of the jar and were able to pull it cut. In
his morning telex, the operations superimtendemt, signed it "A bormagain
fisherman". Hopefully, we’ll never have to try it again.

We left hole 648B after leg 109 with two strings of casing set, one
shoe at 3350 m, the 16"; and the other (10 3/4") at 3369 m. The seabed is
at 3341 m. We have drilled same 12 1/4" open hole below that, and we have
gotten a total depth of about 50 m in that hole right now. The hole is
open and we are not sure exactly when we will be required to go back to
advance hole 648B more.

Let me just share with you same of the other technology improvememnts
of the Ocean Drilling Program. You’ve already heard about the 30,000 foot
drill strimg. We have drill string made of the same S140 steel. So we
have an S140 composite drill string of 5" and 5 1/2" drill pipe and we’re
capable of rurning 30,000 feet cambined drill string length and/or
penetration.

We’ve got a larger, more stable drilling vessel that can maintain
station in mich rougher water. To date, we have drilled in 15 to 16 foot
seas and 35-40 knot winds and maintaired station with no problems. The
drill ship has been remarkable in terms of its station—keeping
capabilities.
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The reentry capabilities I’ve touched on. We have new reentry
capabilities, both in a TV system and in another type of sanar. We have
the sanar system that DSDP used, which was made by EDO Western, and we
have another type of sanar system made by a campany called Mesotech.

We’ve made same coring improvememts to same of the coring systems that
we brought over to ODP fram DSDP. We’ve made advarcements in the
hydraunlic bit release which is where we can drop the bit off in the bottam
of the hole for logging. We’ve made same charges in bit designs and we’re
amtiming to do that. We have a couple diamond bits out on the ship and
we hope to deploy the diamond bits and PDC bits, hopefully, in hole 504B.

We’ve made improvements to the XCB system. The XCB system is a
amnmtimiation after pistaon-coring reaches refusal, whereby you camnot shoot
the piston into the formation or where you camnot pull the piston out
because of overpull. We then change the artting shoe an the bottam of a
care harrel. Instead of ehoving out with pump pressure, we put a artting
shoe an. The artting shoe extends below the four cane rotary drill bit by
abaut 8" and then we turn the emntire drill stri
artting shoe that actually cuts the core. We call that the extendad core

5
;
¢
:

Ancther thing that we have dane (I wouldn’t say we have perfected it),
is we were stuck ance on hole 648B on leg 109 and we dropped the severing
charge out of the drill string, out of the end of the bit. We couldn’t
by normal overpull methads and so we actually set a charge off
hole below the bit and we got curselves loose.
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strain on it and it warked. It was either that or sever the
junk the hole, so we decided we had nothing to lose by
aut into the open hole and we actually went. We knew
t point right above the bit and so we took a strain on
dropperd the charge out of the end of the pipe and
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situation which we call our free fall reemtry .

:
9

holes where we don’t attempt or don’t expect to make multiple bit runs, if
we get down and let’s say the bit fails at 50 feet, one or two cores fram
where the sciemntists want to be, we have a mini-reentry cane that’s 8 feet

diameter and we make it in two halves.

S.
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If the bit wears out or we don’t quite get to the sciemtific
abjective, we bolt the two halves of the minicane around the drill pipe
and let it free-fall to the ocean floor. It embeds itself in the soft
sediment. One time it embedderd itself so far it was flush with the ocean
floor. We also put two glass spheres an it for sanar reflection so we can
locate it. That gives us a secondary means of reemtry whereby we can get
back in a hole and get those last two or three cores for the scientists.
We have run it twice and it has been successful and it seems to be

sarething that we will keep in our repertoire of tools.

With regard to same of the futiire egineering challenges for ODP, we
want to catime to wark with downr-hole motars; we want to cattime to
develop use of oarirg motars and use them for umapportal stxdends; we
vant to axtime to develop and use drilling jars. We want to aatime to
lock for a better, strager, tougher drilling jar for our application that
has a bore that we can pull a core harrel through.

We have a system called a Navidrill, which is a small mud motar; it
has a high speed mxd motar capability with 3 3/4" diameter and we use it
right after extendad core barrel, or XCB. The Navidrill is the next step,
whereby we could drill harder formation with a downhole mxd motar at high
RPMs. We have same tasts that we will be undergoing in Germany in
December at Nartan christiansen and we hope to take this an ane of the
legs in March or April next year.

Oone of the thimgs the Navidrill kind of ties to is that we’re hoping
to adapt same of the minimg technology and learn samething fram the mining
industry and marry ODP’s type of corirg systems together with same of the
things fram the minirg industry. We are looking at same of their
tachnology to see if there is eomethirg that they don’t do better that we
can use.

We are warking on a new drill pipe inspection tool Arch told you
about. The system that was used by DSDP on the Challenger wouldn’t work
because the physical restraints on the SEDOD/BP471 or JOIDES "Resolution"
and ultrasanics has cane a lang way in the last 10 years, so we’re looking
for a new drill pipe inspection tool.

So far, we have inspertad pipe in Barbadks after nine legs and we have
inspertad over 500 joints and we only dowrgraden 42 joints. So that’s a
pretty good rejection rate and that was based on very localized pitting.

Once the drill string is back in College Station we are going to
re-inspect it, with the same imspectors. We will out about four joints
open to take a physical lock to see if the pitting is as bad as the

equipment told us it was.

Ancther thing that we’re working on is a shipbaard capability of drill
string analysis. We’ve got a drill string analysis program for heave
motion and we’re working it both with different size packages, reentry
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canes, hardrock hases on the bottam. As far as deployment and different
water depths and sea states, we are hoping to make this a ehipboard
operatianal program that our operations pecple can punch in; the software
will be loaded on the camprter on the rig. We can then actually analyze
the potential stresses in the drill string and we will know whether we
ouyght to start a trip or whether we should terminate a trip and start back
the other way.

We are warking more with the scientific cammmity on downhole packers
for downhole testing and fluid sampling; we have a warkshop in about ten
days on working on a new, improved pressire core barrel. The sciemntists
want a different type of care barrel and so we’ve got a small group of
sciemntists getting together with our engineers in College Station to work
on it. One tool may not do everythirmg needed, so we’re going to be
loaking and hearing what they want to do with the samples, what they want
to collect, both hydrates and fluids.

We had a very s.wxessful meetirg in College Station of a cammittee
called the TEDOM Camnittee. The TEDAOM Camnittee is an
camittee; it’s a tachnology, engineering, and development camnittee that
sapports ODP. These guys are sappused to keep us abreast of same thimgs
that are going on, maybe things that we don’t read about or don’t know
about. We had a very suxessful meetimg last week, with a total of 25
participants fram imdustry, fram the drilling side. It was very
beneficial to us and we’re hoping to maintain regular camtact with
members. We’ve tried to take technology that’s already proven and adapt
it to cur world. That way we daon’t start fram scratch every time. We try
to adapt the technology that is available.

D. James Baker, Jr.

One of the things that Barry mentioned is that we are trying to make
sure that we have adequate support for the development of new technology
in the drilling program. That’s an importamt acbjective, ane that we’re
working hard towards.

As one of the arganizers of this sympasium, one of the thimgs that Dan
Hunt and Arch Mclarren wantad to make sure we represemnted was the
involvement of inmdustry in ocean drilling. There’s been a very
mrtually-beneficial involvement and I think it came hame very strangly
during the ocean margin drilling progran.

We are very fortamate today to have two people who have been involved
in the program for a long time: Ed Horton, whose name was memntianed
earlier by Bill Bascm as the invemntor of the guide horn, and Bill Silcox,
who is a member of the OMB science advisory cammittee. Ed Horton is going
to talk first on benefits to imdustry.
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BENEFITS TO INDISTRY
Speaker: BEdward Hortan

like to start in on this about benefits to imdustry, and I’d just
adiinﬂmatIthinkit'saMyﬂowandBillSllcaxisq:i:g
this same subject. Before we got here, we made a deal;
since Bill has the slides, he’s going to talk about the hardware,
going to talk about same of the engineering approaches that we’ve
the 25 years.

last
I’A like to have you think of this as a time sandwich. A time
sardwidllsdlffezentfzunatimmpsne, in that a time capsule is
sarethirg you put in the comer of a building and then, after the building
falls down, people can open this up and find out what people were thinking
about when they should have been thinkirg how to keep the building up.

i)oe
to be
fhat
and I
had over

This time sandwich that I’m talking about is this, think of it as two
slices of bread and we’ve got 25 years in betwesen. What I’d like to do
first, is talk about this first slice of bread which would have been 1960,
give or take a cauple of years. Then we’ll go into the upper slice of
bread. Bill Silcox is going to fill that in with all of the hardware that
came out of this.

So, since Bill Bascam showed you a little bit about where we were in
this early phase of the pragram, I’d like again to go back to 1959. At
that time, I was warking with Standard Oil of California — there were
five Standard Oil Companies and one Humble Oil Campany. If we turn it
around where we are today, now we have one Standard Oil Campany and we
seem to have a lot of hmble Oil Campanies. That’s just a sign of the
times.

Anyway, I was warking for Standard at that time. As a matter of faot,
I was working for Bill Silcox. Through a network, which I guess is a new
term now, I'd found out about Bill Bascaom and made arrargements to meet

My reaction to that was, "Wwhat is that?" After a few more
discussions, it tarmed out that this is a hole that was 35,000 feet by
sea, and 50,000 feet by land. And shortly thereafter, I left one Bill and
wernt to wark for this other Bill. Just like the movie said, we got
curselves a roam and Bill said, among other things, "Work on the drill
p' .l!

I’d like you to think about what we had to work with in the way of
analytical tools. At that time, one of the ways of solving these kinds of
problems was with wave spectra, but wave spectra at that time was not an
engineering tool; it was not accepted by a lot of people, but people were
aware of it. There were a mmber of aeamxpaphers who knew a lot about
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wave spectra, but as far as applying it in an engineering way and caming
up with a solution to a drill pipe problem, it really wasn’t in vogue at

that time.

We really didn’t have good acxsptable methods of analyzing ship
motion. Manley St. Denis, if you remember, had written a mmber of
papers, but as far as applying it to an imdustrial problem, it really
wasn’t dane at that time.

Going on a little bit further, we knew how pipe bent and we knew how
to solve beam problems and we had lots of equations that would be able to
do this. Most of those were closed form, which meant that if you were not
very good at handling double imtegral signs or triple imtegral signs, it
was a very difficult problem to solve. With this in mind we got a great
deal of help fram the industry, Arthur labinsky of Stardard Oil of Indiana
in particular. I remember working with Henry Woads also, who was at
Hughes, and a mmber of other pecple. In fact, I think that Bill Fisher,
who was with Chevran, also helped us out.

It was this kind of an appraach and these tools at the time that we
used. The prublem wasn’t that you weren’t able to solve these pruoblems,
but that you were never really sure of your answers. I’d like to cite one
eanmple of the way we were able to solve the problem at that time.

One of the things that really caxerred us was the resanarce of the
drill pipe. You knew that you had energy in the wave band that could
excite the drill pipe. The drill pipe’s natural period was around 3 to 3
1/2 sacxxds when it was 12,000 feet long. We would go through these
equations to solve them. We could say that if we shifted thimgs a little
bit here and a little bit there, one could get this mental picture of
rumning the pipe down and when you down to maybe 11,000 feet, this
thing would suddenly start cycling and down like a yoyo. Yau just
couldn’t imagine anything that be more devastating to the program.

We got together with same e aut at the Naval Civil Engineering
Laboratory and built a torsianal pendulum that had the same natural period
as the drill pipe. We got the Navy to run us ocut on this YFNB hull (which
was the same hull as the CUSS I at the time) and we had the QUSS haad into
the seas to try to get this torsional pendulum excited, because that would
tell us whether we had a problem with the drill pipe or not.

4

+

¥

Well, we didn’t get it excited. There was nothirg in this sart of
quick experiment which would give us any indication that we would have a
problem. It’s that kind of thing that gave us these cancerns at that
time. Right now, 25 years later, we drill in deep water just as if there
was no problem at all. At that time, it was the uncertainty that made
problem interestirmg to me and put the question marks in it.

the
The same would be true with same of those tests and the bendirg of the
tapers. We knew how to calculate how tapers would bend and what the
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behavior of these systems might be if we could model them right, but we
really couldn’t calculate them well. We could came up with an answer but
the answer might take six weeks to develop. In any case, this was the

Let me turn this thing campletely around and get curselves up to where
we are now.

Durirg the last 25 years, we really have found oil in deep water.
There is oil in 1,200 feet of watar. We’re prodxcirg oil in 1,000 feet of

same of de@waterphtfcmis;nttoodlffetaxtfmmemyw
were lookimg at of the problems that came out of the early days. We
are loakimg capliant strcires. These are strixtares which actually

idential to the ways that we started off 25 years ago.

There’s one major differere now, though. This major differemce is
ttntwhavevety,veryqoodaxp&tiaalmﬂmsmﬂso, instead of

There’s one additianal step which I’d like to point out and that is
that when you would came up with a solution 25 years ago, you could not
necessarily find many people who would agree with it. Right now, in these
methads of designing campliant strxctares (thimgs that wiggle, things that
berd) there are a mmber of people who will came up with essentially the
same answers. So as we evaluate ship motions and changing the shape of
vessels, and talk about the way a platform might behave in the deep water
we can reach general agresment. There’s one thing that does came out of
this — at this time we have too mxh information. Nabody can solve a
single problem. We have wave spectra and people will ask you to solve it
10 or 15 different ways. So we end up with a family of solutions from
which we can pick. Sametimes that gets a little bit amersame, but it’s
certainly better than the way we were 25 years ago.
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BENEFITS TO INIUSTRY
Speaker: William Silcox

The purpose of my presentation will be to show how oil-industry-
developed technology benefited deep sea drilling and conversely how deep
sea drilling benefited the oil imdustry. To do this, my presentation will
be a historical view starting with the very first floating drilling
vessels which went to sea back in 1953. In doing this there will be same
duplication with what Dillard Hammett presented in his talk, but this
duplication will be minimal. As we go through my slides I will
concentrate primarily on the subsea and shipboard systems used in
exploratory drilling; however, towards the end I will also show briefly
the evolution of subsea campletion systems essemntial for the production of
o0il from subsea wells.

As a way of introducing myself and my involvement in the Deep Sea
Drilling Program, I first became involved in the program just after the
request for proposals for the drilling vessel were sent out to drilling
contractors. Dr. William Rand was in charge of putting this RFP
together. I believe that he dropped out of the program before the
proposals were received. I was a member of the Technical Advisory
Camittee, made up of imdustry representatives fram most of the major oil
campanies, which assisted the NSF in evaluating these proposals and
selecting the cantractor, Glabal Marine. This was in 1967, I believe. At
that time I was working for Stamdard Oil Campany of California, now known
as Chevron Corporation.

The Technical Advisory Camittee met as a group as problems arvse.
During the start up phase of the program meetings were called several
times a year. In addition to these meetings, individual members were
contacted to assist in problem solving in their areas of expertise. As
construction of the Glamar Challenger proyressed and the specialized
subsea ard shipboard equipment was assembled, there was constamt interplay
between members of the NSF, Scripps, o0il industry engineers, eguipment
suppliers, amd the drilling contractor, Glabal Marine. I believe that the
teamwork which evolved during those early days laid a solid foundation of
cooperation which lasted throughout the Deep Sea Drilling Program and in
no small way was responsible for the program’s success.

During the 1950’s and 1960’s many of the ideas and methods and much of
the equipment, now acceptad for offshore drilling without question, were
being conceived, developed, and put into service. The center well
drilling vessel and the semi-sulmersible were conceived and made
functional to provide more stable floating drilling platforms. The
dynamic positioning system, as placed in service on the old QUSS I, was
the forerunner of the systems now used routinely on both drill ships and
semi-suhmersibles.
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Those were the fun days to be in the offshore business. Ideas were
taken from cx=pts to working tools and equipment sametimes in a matter
of just days. The first sonar television reemtry system was conceived,
designed, built, and used suxessfully in just one week. A $17,000 drill
ship (a lot of money in 1964) starding idle at sea really put the pressure
on to get going again.

During the pre-Challemger days when Brown and Root had the contract to
develop a drilling platform for Deep Sea Drilling, a very large
semi-submersible canfiguration was selected. This concept and its size
was a giant step out in offshore floating drilling technology. The cost
reflectaed by this step out eventually resulted in the NSF falling back to
a less ambitious appraach, that of working with the oil industry and
offshore camtractors in advancing the then rapidly evolving deep water
drilling technology to meet the needs of the Deep Sea Drilling Program.
Improving on existing technology to get started and then contiming to
work with the offshore industry to develop new methods and equipment, as
the neads aruse, proved to be the correct approach. In the end this
resulted in one of the most sucressful scientific programs.

When it became apparent that the Glamar Challenger was becaming weary
fram its 12 years of deep ocean drilling, a new industry task group was
formad to work with the NSF to select a second generation drill ship. The
Glamar Explorer, a govermemt owned dynamically positioned vessel fitted
with a heavy lift system, seemed the logical choice for the next phase of
deep ocean drilling. The NSF, working with its engineering contractor,
Santa Fe International Corp., and the industry task group took a close
lock at the Explorer and it was decided that the cost of converting it to
a drill ship and ugrading its positioning system for long term station
keeping in open seas would be prohibitive. Again, the approach followed
in the Challenger program, that of working with the offshore imdustry in
utilizing and building on existing technology appeared to be the quickest
and most cost-effective way to procead.

In puttirg together the advanced ocean drilling system, the first
approach was to solve all problems at once. The goal was to drill through
blow out preventers and drilling risers in 12,000 feet of water. The oil

had successfully drilled through blow out preventers in 6,800
feet of water, but the problems associated with well control, i.e.,
blocking of a kick through 12,000 feet of kill line and riser tensioning
openad up in whole new areas for technology development which the offshore
industry was not prepared to tackle.

The question ance again arvse within the scientific cammnity
— what was going on prior to the advanced ocean drilling program, deep
water drilling technology science. It was decided, and properly so, that
the first phase of the advanced ocean drilling program would be to
contimue with the challenger type of drilling, no blow out preventers, no
riser, but with reemtry capability. Well control and riser problems could
then be solved at a more leisurely pace. With this guidance, a reguest
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for propusals was sent out. SEDO was selected as the new catractor and
an existirng drill ship was modified for advanced ocean drilling in less
than one year.

My involvement in scientific drilling ended in 1985 when I retired
fram Chevran.

The 18 years I was involved in the scientific drilling programs were
quite rewardirg and I know I will miss working with the NSF and Texas ASM
persamel.

Rather than describe each slide individually, I will briefly recap the
overall slide presentation. The slides will now cover the evolution of
floating drilling vessels and their support systems.

One of the very first floating drilling vessels, in 1952, was the
Myma Iynn, a wooden Navy mine sweeper. This vessel, bought as surplus,
was converted into an exploratory drill ship by mounting an A-frame
derrick over the side amidships and installing a double drum, md pumps, a
pine rack, and a gimbal-munted spider to suppart the pipe while making
connections. The pipe was jetted into the ocean floor and cores were
taken by dropping a weighted care barrel through the pipe into the
formation at the tip of the pipe. Cores taken were fram shallow depth
below the ocean floor.

Next came a cvertad Navy patrol boat. Again with a more
conventianal derrick with a rotary table mounted over the side. This
vessel went to sea in 1953. In calm waters, holes several thousand feet
deep could be drilled.

To provide a more stable drilling platform, in 1955 the next
generation of drillship had a hole aut in its deck down through the bouttam
of the ship, a Navy ISM. The derrick and rotary table were mamted over
this moon pool. The subsea equipment and drill string were lowered
throxgh the moan pool and drilling was accamplished through blowout
preventers and a marine riser. This configuration is still used on all
drill ships in service today.

In 1962, a submersible drill rig, a buoyant structure which was
floated to location and then set on bottam while drilling, was converted
by adding more buoyancy so that it could drill in the floating mode. The
conversion was ocalled a semi-sutmersible, as it could then drill either
floating or sitting on bottam. In the floating mode, because of its
relatively small water plane, it was very stable in heave and because of
its geametry it was stable in pitch and roll.

By 1962 the offshore oil industry had developed the two drilling

vessel configurations which have became the worldwide standard for
floating drilling.
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Moarig systams started out with four point spreads. Additional needs
quickly led to eight point or more amcharing systems. In 1961, the NSF
aattractad with Glabal Marine to determire if a drill ship could be held
on location by thrusters alone. The system worked and was the forerunner
of the dynamic positianing systems in use today. In this area of
eqpertise the NSF led the oil industry.

As pointed out previocusly, a system incorporating both sanar and
television was developed in 1964 for reemntry into a subsea exploratory
hole when all guidelines to the drilling bases were out and the anchors
had slipped allowing the drill ship to move off location. One of the
engineers who helped develop this system was loaned to Scripps and helped
in the development of the reentry system used suxessfully on the Glomar
hallerger.

Aqain I would like to thank the NSF for inviting me to this meeting.
I tharaghly enjoyed my years of association with the Scientific Drilling
Programs
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WRAP-UP AND SUMMARY
D. James Baker, Jr.

I’d just like to make a couple of points. One is that one of the
purpses of a symposium like this is not only to celebrate an anniversary
of a suressful demonstration of a new technique, but also to show the
intimate link between science and technology. When you look at the
advances of science, you have to recognize that the technology is
essential, and I think we see that in ocean drilling pragrams. The secand
point is that a program like the Ocean Drilling Program cannot sucreed
unless you have a sympathetic and helpful federal agency to help put it
together; that’s the role that the NSF has played in this program. The
Ocean Drilling Program and its previous incarmation, the Deep Sea Drilling
Project, has moved arourd in the Fourdation. It has been everyvhere —
fram a direct office reporting to the director, all the way to reporting
to one of the divisions, and yet, at all points the program has had superb
program managers. The NSF has provided quidance, managerent, and
oversight over the program and I think that we in the science camamity
with this help have learned how to operate a program. We have ended up
with a program that everyone feels a part of. The science camamnity feels
that they are an essemntial part of runnirg the program. This makes for
very exciting scientific advisory meetings because everyane feels that
they have a piece of the action. I think that is one of the things that
makes it very suxessful. Ancther piece of this program which has worked
— and it is because of the NSF — is the interaction between the
Foundation and foreign countries. The foreign country involvement in this
progran fram bilateral agreements which are developed by the Science
Foundation. It is their tactful dealing with these countries that has
allowed the program to survive even such times as when the Soviets first
came into the program and deposited their first installment into Guy
Stever’s personal bank acaamt, who then had to make an arrargememnt to get
that out of there. But in any case, the program is a series of elements
all of which work together as a camitted cammmnity. There are
sympathetic and supportive agencies in both the U.S. and outside and there
has been new technology that has allowed us to put it tagether. You have
seen all of that today. In that sense, ocean drilling is a model for
future programs — future large programs that operate facilities.
However, we do face a crisis in the U.S. in terms of furding for science.
That is, it costs us more to do new things. And yet the funding that we
have had for science over the past decade or so has been basically level
funding when you count in inflation. And you can’t really move ahead with
level funding. You have to have new funding. The country has to do that,
not only for national security reasons, but also for the basic health of
science and technology. It is important for us to keep pace and to stay
involved with the frantiers of science and technology. The recent report
fram the White House Science Council by David Packard and Allen Bramley
points out that we need a major new influx of funding in science and
technology in the country — basic science and technology. And one of the
things that you can do — there in the audience — is to work on your own
congressmen and senators to convince them that it is a good thing to fund

70

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19049

Symposium Commemorating the 25th Anniversary of the Demonstration of the Feasibility of Deep Ocean Drilling: Proceedings of a Symp
http://www.nap.edu/catalog.php?record_id=19049

basic science and tachnology in the aamntry. We have seen a suxessful
program that has been funded. Most of the people in this roam have been

involved in that. OCogratulatiams to all of you and thanks for caming to
this sympasium.
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APPENDIX A

8:30 a.m. Registration

9:30 a.m. OPENING REMARKS:
Philip M. smith, Bxeartive Officer, Natianal Research Council

Robert M. White, President, National Academy of Engineering

D. James Baker, Jr., Sympasium Chairman and President, Joint
Goeanographic Institutions, Inc.

10:30 a.m. PRQJECT MHDIE
Willard Bascam

11:30 a.m. DEEP SEA DRILLING PRQJECT
A.R. Mclerran & M.N.A. Petersan

12:30 p.m. lhunchean & Viewing of BExhibit

1:30 p.m. OCEAN MARGIN DRILLING
William Hay & Dillard Hammett

2:30 p.m. OCEAN DRILLING PRQJECT
Barry Hardirmg & Philip Rabinowitz

3:30 p.m. BENEFITS TO INDUSTRY
Edward Horton & William Silcox

4:30 p.m. WRAPUP & SUMMARY BY CHATRMAN
D. James Baker, Jr.

5:00 p.m. Reception
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APPENDIX B
LIST OF SPEAKERS

Philip M. smith, Beartive Officer, National Research Council
Robert M. White, President, National Academy of Engineering

D. James Baker, Jr., Sympasium Chairman and President, Joint OGceancxgraphic
Institutions, Inc.

Willard Bascam, Directar of Drilling Project, National Academy of Sciences
A.R. Mclerran, retired

M.N.A. Petersan, Chief Scientist, National Oceanic and Atmaspheric
Administration, Project Manager, Deep Sea Drilling Project

William Hay, CQurator, University of Colorado Museum
Dillard Hammett, Hunt Oil CQampany

Barry Hardirg, Manager, Engineering and Drilling Operations,
Texas ASM University

Philip Rabinowitz, Texas ASM University
Edward Horton, President, Deep Oil Technology, Inc.

William Silcox, Manager of Shore Technology and Planning Staff,
Chevron Corporation
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APPENDIX C
INVITEES
Jahn B. Ardersan James Kemnmett
Peter F. Barker Jaohn Kermand
Willard Bascam Tam Kitsos
laura Bautz John A. Khauss
Alan Berman Jaseaph Kravitz
Rosina Bierbaum Francois lampietti
W.W. Bolton, Jr. Incien IeClaire
lLarry Booda Howard Leversan
Brian D. Bornhold Gordan G. Lill
Jahn R. Botzum Andrew Iuhtanen
ICIR Lawson W. Brigham, USN Keith Manchester
William Brunimg Qurt Marshall
Anthany Calio Claus Marx
Edward Cannan Gilbert Maton
Paul R. Ciesielski Jack I. Mclellam
James Cimato A.R. Mclellan
James Qurlin Arthir E. Maaell
David DeMaster RAIM J. Bradford Moaney, USN
Richard Denisan Marvin Moss
Henry J.B. Dick Robert Niblock
Charles Drake Chad Ghanian
James Drewry Terry Offield
Charles N. Ehler Grace Ostenso
Rober Eisenhaxd Ned Ostenso
David H. Elliot Vice AIM T.B. Owen, USN (Ret)
William A. Erb Roland D. Paine
Wayne Esaijas Robert Palmer
larry Flick Jahn S. Perry
Steven Franko Morris Phillips
Melvin Friedman M.N.A. Petersan
Robert Friedman C. Barry Raleigh
Edward A. Frieman Philip D. Rabinowitz
Dieter Fuetterer Kip Robinsan
Jahn H. Gibbans Robert W. Rowland
David D. Grassick Fred E. Saalfeld
Gordon Hamilton Kurt Sandred
Dillard Hammett Jeff Savage
John Harnnaham RAIM J.R. Seesholtz, USN
Bruce Hanshaw William Silcox
Barry Hardimg Jaohn Steele
William W. Hay William Stelle
G. Ross Heath William L. Sullivan
Edward Hartan Robert Snyder
Gretchen Hund Jaslha I. Tracy
Dan Hunt Stanley Wilsaon
Jean Jarry Patrick Windham
Lianel S. Johns Robert S. Winakur
Peter Jahnson William Woodward
Junzo Kasahara William Young
Raphael G. Kasper
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FIGURES
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FIGURE 1 The drilling barge CUSS 1, at sea. The barge was equipped with
a full-size rig for offshore drilling and outboard motors as part of a
dynamic ship positioning system. Credit Fritz Goro, LIFE magazine, April
1961.
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FIGURE 2 Willard Bascam sits on a Harbormaster outbaard motor that was
mounted on the QUSS 1 as part of its dynamic positiaoning system. Credit
Fritz Goro, LIFE magazine, April 1961.
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FIGURE 3 The steering console on QUSS 1. The joystick control was used

as part of the dynamic positioning system. Credit Fritz Goro, LIFE
magazine, April 1961.
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FIGURE 4 Sketch of (USS 1, illustrating parts of the dynamic positioning system, quide
shoe, and drilling system. Diagram by Adolph E. Brotman in The Mohole: preliminary
success in drilling through the earth’s crust: LIFE magazine, April 7, 1961, pp. 37-40.
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FIGURE 6
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b
FIGURE 7 (a) Launch of the Glamar Challenger hull. Note tunnels near the
bow for the autamatic dynamic positioning system. (b) Glamar Challenger
at sea.
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FIGURE 8 Reemntry cane. The caone was lowered over the side of challenger,
keel hauled, and then set on the sea bottam.

FIGURE 9 A laboratory facility on board Glamar challenger.

83

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19049

Symposium Commemorating the 25th Anniversary of the Demonstration of the Feasibility of Deep Ocean Drilling: Proceedings of a Symposium, September 22, 1986,
http://lwww.nap.edu/catalog.php?record_id=19049

Challenger.

FIGURE 11 Receiving apparatus for the satellite cammmications system.
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FIGURE 12 (a) Challenger’s drill pipe storage viewed fram the top of the
drilling derrick. (b) The drill pipe handling system. (c) Drilling
operations seen fram the top of the derrick. Note the vertical guide bars
for stability of the drill string. (d) Drill string being lowered to the
moon pool. Note vertical guide bars. (e) Drill bit used for coring.
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FIGURE 14 Hole in the seafloor created by drilling. Photo taken by the
ALVIN.
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FIGURE 15 The first basement core recovered by the DSDP. The core is
being held by Mel Petersan (L) and Terry Edgar (R).

FIGURE 16 Sites drilled by the DSDP. All of the major ocean basins and
marginal seas are representad, exc=pting the Arctic.
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FIGURE 17 A stylized track of the Glamar Challenger during the DSDP
(Septemer 1969 to November 1983).

FIGURE 18 Core storage facility. The cares are placed in plastic
axttainers and the temperature is maimtained at just above freezing.
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FIGURE 20 Performance record for the Glamar Challenger, showing the time
spent on site and in port. In general, the time on site imrreases towards
the latter part of the program.
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FIGURE 21 Number of holes drilled versus year. This diagram illustrates
the emphasis on shorter, more numerous holes as the program matured.
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FIGURE 22 OCore recovery as a function of subbuttam depth. Shallow core
recovery is greater partly because the shallow sections were cared at all .
sites, whereas the desper materials were not penetrated at many locations.
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FIGURE 23 Core recovery as a function of age. Again, the daminance of
yourger sadiments is a reflection of their amurrerxe at the seafloor
surface.
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FIGURE 24 (a) Core recovery as a function of age for the Atlantic Ocean
basin. Variations fram a smouth curve are due in part to episodic changes
in sedimentation rate and thickness of sediments for the various geologic
ages. (b) Core recovery as a function of age for the Pacific Ocean

basin. Fluctuations in this curve are attemiated by the sediment traps
that surround the basin.
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FIGURE 25 (a) Qumilative recovery versus age for the Atlantic Ocean
Basin. Note that the recovered sadiments are generally older in this
basin than in the Pacific Basin. (b) Cumulative recovery versus age for
the Pacific Ocean Basin. This basin is yourger than the Atlantic basin,
resulting in yourger cored sediments.
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FIGURE 26 Sites drilled as a function of water depth. The shape of the
curve is affected by the absence of sadiments on the mid-ocean ridges and
the 7 km limit on drill string length during the DSDP.
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FIGURE 27 Erngineering and technology developments of the DSDP.
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FIGURE 28 Various drilling and coring bits developed for the DSDP.

FIGURE 29 locations of reentry cones set during the DSDP. These holes
may be reemtered and despened during a later program. "X" indicates holes
that are blocked by various abstructions.
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FIGURE 30 Number of hole reemtries during the DSDP. By the end of the
program, reemtering and deepening holes could be done routinely.
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FIGURE 31 The Hydraulic Piston Corer (HPC) system. This coring system
far outperformed earlier systems, preserving delicate sedimentary
structures,
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FIGURE 32 (a) A aamparison of rotary and hydraulic (HPC) coring. The
upper core was taken by a rotary corer, which disrupted and abscured the

sedimentary structures preserved in the HPC core. (b) Claseup of HPC core
shown in Figure 32(a). Note preservation of fine laminations.
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FIGURE 33 A camparison of rotary and hydraulic (HPC) coring. Note that
burrows (white) are preserved in HPC and are distorted in the rotary core.

HOLE 503A
Core 5, Section 2

Sub-bottom Depth (m) | 17£ m

T R P )

Sub-bortom Depth (m) r 18.40 m|

HOLE 5038
Core 5, Section 2

Separation between holes equals 100 m |

FIGURE 34 lateral contimuity in deep sea cores. The thin (5mm) black
layer near middle of core is preserved at similar subbottan depths in
cores taken 100 meters apart.
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MAJOR DRILL STRING LOSSES

LOSS CAUSE

480 JT'S + BHA * ONE ELEVATOR BALE DISENGAGED, SHEARED PIPE
AT TOP OF TOOL JOINT

90 JT'S + BHA BACK OFF AFTER UNSUCCESSFULL ATTEMPT TO
SEVER PIPE

3B9JTS + BHA FATIGUE FAILURE AT KEEL DURING STORM

628 JT'S + BHA * CORROSION FATIGUE FAILURE OF PINEND ON
DRILLING PUP JT

ETRJTS + BHA DEFECT IN NEW JT OF DRILL PIPE
629 JT'S + BHA * BOX CONNECTION FAILED ON KELLY COCK SUB

2006 JT'S (83,500 FT)
* FAILURE OF ABOVE ROTARY TABLE EQUIPMENT

FIGURE 35 Major drill string losses for the DSDP.
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FIGURE 36 Gas hydrates recovered fram Site 570 off of Central America.
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FIGURE 37 Number of holes versus year. Note that the early part of the
program was daminated by shallower wells. Pen > 500 = hole penetration
greater than 500 meters, Pen > 100 = hole penetration greater than 1,000
meters.

DSOP PENETRATON

FIGURE 38 Depth of penetration versus year. This graph illustrates that

the later part of the program netted less penetration; this was due to the
more difficult objectives identified later in the DSDP. Pen > 500 = hole

penetration greater than 500 meters, Pen > 100 = hole penetration greater

than 1,000 meters.
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FIGURE 39 (a) Core recovered versus cored interval. Coring was
increasingly successful as the program progressed. (b) Core recovered
versus total depth of hole. Coring of deeper holes was more successful
later in the program. Pen > 500 = hole penetration greater than 500
meters, Pen > 100 = hole penetration greater than 1,000 meters.
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Log Number

Percent non - LS. shipboerd scentifxc partcipation by
Glomar Challenger Legn. 1 - 9%

FIGURE 40 Percent non-US shipboard scientific participation for Legs
1-96, DSDP. Note that the internmatiaonal participation was a maximm on
Leg 13, and that it was controlled at less than 50% after the beginnirmg of
the Imtermatianal Phase of Drilling (IPOD).

PARTICIPATION IN DSDP RESEARCH ACTIVITIES
BY SELECTED COUNTRIES

WUREBE R OF PARTICPATIONS W LE0S ' -
AND BAMPL | REOUTETE THAOUGH WA Y 1881

FIGURE 41 Participation in DSDP research activities by selected
countries, through May 1983. For this figure, an activity is defined as a
scientist on board or a request for samples.
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PARTICIPATION IN DSDP CRUISES - LEGS 1-96
NON-U.S. IPOD COUNTRIES
n

69

TOTAL NUMBER OF
CRUISE PARTICIPATIONS
FOR ALL 35 COUNTRIES

r-'-'-] PRE-IPOD 44
EEJLEGS 1-44 o

IPOD
LEGS 45-96

TOTAL 1326

878

FIGURE 42 Participation in DSDP cruises, Legs 1-96, for non-U.S. IPOD

countries.
PARTICIPATION IN DSDP CRUISES — LEGS 1-96
e T
2, Ervens | [T
PRE-IPOD IPOD
LEGS 1-44 LEGS 45-96
FIGURE 43 Pie diagram of participation in DSDP cruises. Since the
beginning of IPOD, the activity of IPOD countries outside the U.S. has

increased appreciably.
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PARTICIPATION IN DSDP CRUISES — LEGS 1-96
POSSIBLE FUTURE PARTICIPANTS

TOTAL NUMBER OF
CRUISE PARTICIPATIONS
FOR ALL 35 COUNTRIES

PRE-IPOD
“ LEGS 144 "

IPOD
- LEGS 45-96 _.2
TOTAL 1326

FIGURE 44 Participation in DSDP cruises—legs 1-96. The effect of the
IPOD was to decrease participation of non-member countries; this acted as
an incentive for them to join the subsequemt Ocean Drilling Program.

CURRENT DISTRIBUTION OF INITIAL REPORTS

NUMBER OF COPIES
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FIGURE 45 OQurrent distribution of the Initial Reports of the DSDP. This
figure postdates the separation of the Soviet Union fram the program.
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SAMPLE AND DATA REQUESTS
FROM THE GENERAL COMMUNITY

TOTAL Radiry § RECAAETY « F311
TOTAL DATA RERENTY - eme

- - AETY
- BATA SIOLESTE
¥
s m om M n m "

FIGURE 46 Sample and data requests fram the general cammnity by year.
Total sample regquests = 2,211; total data reguests = 1,685.

HSEQUENT SAWPLE REQUESTORS
1984

_US INQUST
614,61

/\'\'\.\
\\
/ \ |

_Us ACAO
611=46.11

FIGURE 47 Sample and data requests by requestors, for February, 1984.
Given are the mumber of reqguests and percemntage of the total. FOR =

foreign; US = United States.
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TR HLEM D CR T T ANS

FIGURE 48 Sites drilled during the DSDP. Note that the locations include
all of the major ocean basins and marginal seas, with lesser
representation of the Antarctic and no locations in the Arctic.
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FIGURE 49 Casting off the ceremaonial last line of the Glamar Challenger.
To the right is Mel Petersan, to the left is John Duke.
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FIGURE 50 A final view of the Glamar Challenger, stripped of her
equipment in Mabile.
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FIGURE 51 Artist’s sketch of the JOIDES Resolution (SEDCO/BP 471), with
dynamic positioning equipment along keel, sonar positioning system and
reentry cone on seafloor, and TV reentry system on drill string. Fram
SEDCO, Inc., 1984 Anrmual Report.
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FIGURE 52 The difficulty of reentry. Shown are analogous situations to
reentering a site in deep water. Fram D. H. Hammett, 1986, Drilling
tachnology application: 15,000-ft. water depth: Imtermational
Association of Drilling Contractars/Society of Petroleum Engineers 1986
Drilling Conference, IADC/SPE 14726, p. 63.

112

- Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19049

Symposium Commemorating the 25th Anniversary-of the Demonstration of the Feasibility of Deep Ocean Drilling: Proceedings of a Symposium, Se;-)temt
http://www.nap.edu/catalog.php?record_id=19049

FIGURE 53 JOIDES Resolution (SEDOO/BP 471), drill ship for the Ocean
Drilling Program (ODP). Note the large laboratory stack (with portholes)
just forward of the derrick. The ship is 470 feet long, 70 feet wide, and
the derrick rises 200 feet above the waterline. It is operated by Texas

ASM University, science operator for the ODP.
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=~ SEDCO 471 - BEFORE MODIFICATION

FIGURE 54 SEDOO/BP 471 before modification. Note absence of laboratory
stack. Fram D. H. Hammett, 1986, Drilling technology application:
15,000-ft. water depth: Internatianal Association of Drilling
Contractors/Society of Petroleum Engineers 1986 Drilling Conference,
IADC/SPE 14726, p. 63.

FIGURE 55 Diagram of laboratory stack. Contact Ocean Drilling Program,
Texas ASM University, 1000 Discovery Drive, College Station, Texas 77843.

FIGURE 56 Gravity box base reemtry cone/quidebase system designed for
drilling on rough, broken, and tilted seafloor. Fram Hammett, D. H.,
1986, Drilling techmology application: 15,000-ft. water depth:
Internatianal Association of Drilling Qamtractars/Society of Petroleum
Engineers 1986 Drilling Cunference, IADC/SPE 14726, p. 63.
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