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PREFACE

This Technical Menorandum was prepared in response to a request from
the Chairman and the Ranking Mnority Menber of the HUD I ndependent
Agencies Subcommittee of the Senate Appropriations Committee. The
Conmittee requested that OTA conduct an evaluation of the Gcean Margin
Drilling Program a major new public-private cooperative research effort
in marine geol ogy proposed by the National Science Foundation. They were
particularly interested in the scientific nerits of the program and
whet her other, less costly alternatives could yield the sane or greater

scientific return

Because OTA already had a nore general ongoing study of ocean
research technol ogy, the agency was able to respond quickly to this
request. The Menorandum was prepared with the advice and assistance of a
smal | panel of scientists plus a nmuch broader group of scientists,
engi neers, petrol eum conpany representatives, and others who submitted
material for our use and reviewed our draft report. The study discusses
the scientific nmerit of the program possible alternatives to the present
program plan, problens associated with technol ogy devel opment, aspects of
petrol eum conpany participation in the program and government managenment
considerations. There are also appendices including specific alternatives

proposed by the OTA panel nenbers and historical factors leading to the
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present plans.
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1. | ntroduction

An inportant new scientific endeavor to inprove our basic understanding
of the nature and origin of the earth has been under consideration for the
past several years. And now the National Science Foundation (NSF) is
prepared to begin a $700 million, 10-year program of marine geol ogic
investigations. This effort, known as the ocean margin drilling (OVD)
program resulted from years of planning and eval uation by
gover nnent - sponsored conmittees and represents an innovative approach to
nmutual efforts by governnent, universities, and the industry. The program
is both a continuation of deep ocean drilling under NSF earth sciences and a
new thrust to investigate the geology of continental margins and ocean crust
where very deep drilling is necessary to penetrate unknown regions. Sonme of
the margin regions, which are the borders between continental shelves and
the deep ocean, could contain substantial oil and gas resources, but very

little evidence has yet been collected.

Early planning for an ocean margin drilling program began in 1973 and
continued with the Conference on the Future of Scientific Qcean Drilling
(FUSCD) held in Wods Hole, Massachusetts in 1977. In 1978, an NSF advisory
group reviewed the scientific merit of a margin drilling program and in 1979
an NSF “blue ribbon” committee addressed the national interest in such an
effort. Recently, an NSF sponsored neeting was held in Houston during the
week of March 3, 1980, and included scientists and engineers from acadenic
institutions, petroleum conpanies, and governnent agencies. At this
meeting, an ocean margin drilling model program plan was devel oped.  That
plan, the principal current description of NSF's ocean nmargin drilling
program is what this report addresses. Engineering considerations and

scientific objectives were evaluated in that plan. A nodel program that



woul d consist of six years of drilling and four years of pre-drilling
preparation was presented. The plan also presented an estimate of program
costs* The model drilling programincludes 10 sites and 15 holes. The
deepest holes in the model program are about 21,000 feet below the sea floor
in about 11,000 feet of water. Two sites are in the Pacific, one in
Antarctica' s Weddel| Sea, and the others in the Atlantic and Gulf of Mexico.
The scientific objectives stated in the plan are to investigate: (1)
passive and active continental margins; (2) the earth’s crust beneath the
deep ocean and (3) the deep sea sedinments which could yield historic
environmental information on the earth, especially the opening of the

Atlantic Ccean and the @Qul f of Mexico.

It is planned that the programwill be jointly funded by the Federa
governnent and the petrol eum industry, each sharing 50 percent of the costs
over the 10 year period. Eight major petrol eum conpanies have expressed
interest in participating and they are expected to commit funds for FY81
following a July 1980 meeting to detail NSF's technology plans. These
technol ogy plans include the conversion of the government-owned G omar

Explorer to a deep drilling ship and the devel opment of a riser systent for

controlled drilling in up to 13,000 feet water depths and up to 20,000 feet
bel ow the sea floor. There are some differences between the water and
drilling depth goals stated for the model drilling program and for the

technol ogy devel opment but these are not considered significant

*ariser is a large diameter pipe extending fromthe sea floor to the
drilling ship on the surface through which the drill pipe is inserted. The
riser acts as a conduit for drilling fluid which is punped down the pipe and
flows back up to the ship between the pipe and riser. The riser is also
used to help control pressure in the well and support blowout prevention
(see Chapter VI).



This Techni cal Menorandum reviews the present plans for the Ccean

Margin Drilling program and addresses questions on the nerits of the program
and alternatives to it. It analyzes problens associated with the approach
proposed by NSF and suggests possible inprovenents. It also discusses the

institutional capability of the Federal agencies which are to manage this
program the technol ogy devel opnent aspects, and the problens and

opportunities associated with industry participation.

To prepare this memorandum, OTA assembled a panel of scientists and
sought the advice of technology consultants and petroleum company
representatives. At a March 33} panel meeting, presentations on the program
were made by the NSF and the Joint Oceanographic Institutions Inc. (JOI),

which were followed by a discussion of the program's scientific merit and

material that was used as the information base for this document. The
report was reviewed by science and industry experts listed in the

acknowledgements and appropriate comments were incorporated.



Il. Summary of Findings

OTA analyzed the National Science Foundation's plans for its ocean
margin drilling program These plans are not yet conplete, but they have
resulted from a substantial effort over the past several years by
governnent, industry and acadenmia to develop a major, inportant new thrust
in earth and ocean sciences. The OTA findings are based on a relatively
brief review of these plans, and rely heavily upon the advice of scientific

and industry specialists having considerable experience in the field
The following are principal findings derived from our review.

L. The NSF plan for ocean margin drilling developed in March 1980
contains many worthwhile scientific objectives; the drilling plan and sites
chosen enconpass significant scientific investigations and are in keeping
with past committees’ recommendations. It is a distinct inprovenment over
previous ocean margin drilling plans. The plan is, however, a considered

conproni se which was devel oped considering such constraints as the use of an

Expl orer-type vessel and drilling only in water deeper than 6,000 feet
Wile most scientists agree that the conpronise is a reasonable one given

the constraints, many question the wisdom of the constraints

2. The ocean margin drilling plan is supported by NSF and the Joint
Cceanographic Institutions (JO) who assisted in its devel opnent. However
there is not a broad scientific consensus on the present program Since it

has been | ess than three nonths since the March 1980 NSF plan was prepared



neither a detailed document nor a peer review process has been devel oped. A
more explicitly defined and executed peer review process in the future would
help to build a consensus. Holes, sites and objectives are likely to change
as the technology and other plans are developed in the future, and

additional scientific review will be necessary to assure broad support and

proper attention to high priority scientific problens.

3 A major concern of many scientists is the lack of specific plans

for geophysical investigations that nust preceed the drilling. However, a

planning effort did begin after the March 1980 neeting

4, The probability of achieving the scientific objectives through
the holes drilled and information collected will, in large part, be
determned by the capabilities of the technology developed. The technol ogy
for controlled drilling 20,000 feet beneath the ocean bottom in about 13,000
feet of water is not yet developed. Sone of the deep holes may not be
conpl eted as planned because of the technol ogical uncertainty associated
with deep ocean drilling in as yet unknown environnents. Engineers and
scientists will undoubtedly need to make conpromi ses as the program proceeds
which may result in either lowering of the ultimate scientific objectives or
significant cost escalations. Both academic and industrial scientists are
concerned that additional costs to develop deep drilling technology could be
diverted from other science funds which are not yet fully defined or from

ot her NSF ocean science prograns.

5. The potential for oil and gas resources in the continenta

margins is a subject of nuch speculation, but conpetent geologists claim



that these areas hold significant promise at least to the extent that they
should be carefully explored. The ocean margin drilling program woul d
provide better scientific information on which to base further speculation
on oil and gas resources, but it is not a logical oil and gas exploration
program  Some petrol eum conpani es have clained that they are not
participating because the programis not adequately directed toward
assessing comrercial resources. Qhers claimthey expect the scientific

benefits to help themin the long run.

6. The National Science Foundation has successfully directed the
deep sea drilling project over the past ten years, however, NSF has used an
establ i shed oceanographic institution to carry out the day-to-day
management.  The ocean margin drilling program represents a mgjor increase
in noney and a new thrust in technol ogy devel opment, not a sinple expansion
of previous efforts. The capability and appropriateness of NSF in managi ng
such a program has been questioned by some scientists and engineers. Their
questions include: whether NSF can effectively manage the considerable
t echnol ogy devel opment work; whether the oil and gas resource aspects woul d
dictate nore direct involvenment by DOE or USGS; whether the science benefits
are overshadowed by the technol ogy devel opment benefits and whether the

relative contribution of each participant is equitable

1. The petrol eum conpany participants are expected to decide this
July whether to support the first year's efforts. Mst of these
participants support the program because they believe it will result in

progress in science and have some secondary benefit to their interest in



subsea hydrocarbon resources. Many conpanies are concerned about their
liability as participants in the program about anti-trust problens that my
devel op and about the level of funding required by each. They believe that
more conpanies need to be involved if they are to support the effort past

the first year. Some believe the cost estimates are too |ow for the

t echnol ogy now pl anned.

8. A more sharply focused science program with fewer options than
the present plan is advocated by several of the scientists OTA contacted.
They have suggested alternatives which might result in [ower initial costs
and a postponenent of the decision to fund major technol ogy devel opnents.
Many of these alternatives include an approach to first identify those
drilling targets which are within present technical capabilities. O her
alternatives could be developed with a greater enphasis on hydrocarhbon
resources (and thus industry involvenent) but would probably require
consi derabl e changes in government practices in leasing offshore |ands for

oil and gas exploration (see Section IV and Appendix A and Q).



[, Scientific Merit of the Planned Program
A Scientific Cbjectives and Priorities

The proposed ocean margin drilling (OVD) programis |arge and
monol ithic conpared to nost earth (oceans and solid earth) science prograns
run by the National Science Foundation (NSF). Even if the total annual
expenditure is not so large conpared with the aggregate of all other
programs that could be |abeled earth science, the others are divided in mny
packages and supported by individual constituencies. Wile oceanographers,
geol ogi sts, geophysicists, and other earth scientists should agree that this
program be assigned very high priority, no such consensus has apparently yet

been achi eved.

The present plans, developed March 3-6, 1980, are based on advice from
expert representative groups of scientists and engineers. But questions

have been raised relating to deternmining scientific objectives and to the
inevitable conpronmises that result fromtrying to satisfy many interests

wi thin budget constraints.

Most scientists agree that the presently planned programis a good
conproni se given the constraints that appear to be governing. The

constraints were devel oped by the program planners from the follow ng

assunptions:

0 The G omar Explorer is a valuable national asset and it should bhe

a cost-effective platform for deep ocean drilling.



0 The passive ocean nargins should receive high priority for

scientific investigation because they are a geological frontier

that mght contain oil and gas resources

0 The petroleum industry and NSF will share in funding and program

pl anni ng.

The scientific experts planning the Explorer drilling program were not

asked “what is the most inportant science we need to do in the field of

geol ogy and geophysics.” Rather, it was “what is the nost inportant science
you can do with an Explorer-type vessel given the constraints that: a) nost
of the work is on passive margins; b) drilling is deeper than 6,000 feet
wat er depth (but not much deeper in the early phases); and c) nost of the
margin drilling is on US margins.” These are different questions, and the
inplication that a new program had to be done according to these constraints

was given to those who prepared the most recent scientific plans

Many believe that the recently devel oped plan contains many worthwhile
scientific objectives -- the drilling plan and sites chosen enconpass
significant scientific investigations that are in keeping with past
conmittees’ recommendations. It is a first step towards defining of a
conplete program that was lacking in previous plans. However, sone are
concerned that the entire programis too diffuse and attenpts to acconplish
too many goals -- these scientists advocate a more narrowly concentrated

effort.

Many scientists agree that the present OVD programis probably the

broadest scientific program that could be put together using the domar
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Explorer in an industry-academ c-government cooperative venture. However,
many scientists believe that it may not be the best, the nopst appropriate
or the most inportant scientific program that could be proposed for

exploring the oceans floor.

Vet her scientific objectives can be achieved fromthe holes drilled

and information collected will, in large part, depend on by the capabilities
of the technol ogy devel oped. Sone deep holes may not be conpleted as

pl anned because of the uncertainty associated with deep drilling in as yet
unknown materials. Engineers have estimated a 50 percent probability of

conpleting all the planned holes. As the technology is devel oped, better

estimates of success probabilities for each hole can be made, but it is

likely that some deep drilling goals will not be reached

Al'so, many scientists see the present program as being too nuch at the
instigation of NSF administrators rather than in response to the requests of
the scientific community. They argue that it may result in good technol ogy
and give rise to good science, but it does not result in a good or

cost-effective scientific program

However, other scientists argue that, in general, the present plan is
worthy of conplete support. They state that the scientific objectives are
of high priority and that if the petroleumindustry provides 50 percent of
the funds, the programw |l be a bargain for science. Some claimthat even
allowing for the predicted chances of technological failure, each hole or
site will offer partial answers to many of the questions asked. They also
note that much of the success of past deep-sea drilling has been from

unanticipated results.

10



Because scientists disagree on the programis goals and scope, it
appears inmportant that the peer review process for the scientific program
should be nmore explicitly defined in the future. Since the holes, sites,
and objectives are likely to change as the technology and plans are
devel oped, additional review is necessary to assure broad support and proper

attention to high-priority scientific problens.

Since neither a document nor a process for scientific peer review of
the programis yet available, OTA identified through its panel some of the
more inmportant and specific criticisms of the scientific plan. These fal

into three categories:

0 Al though many good scientific questions are posed, the resources
to attack them appear to be spread so thin that inportant
breakt hroughs are unlikely to occur. The plan represents a
conpronmi se and the product of a |arge workshop attended by a

group of respected scientists.

0 The requirement that drilling occur only in water deeper than
2000 neters may rule out relatively sinple approaches to
inportant scientific questions and may stifle research in areas
of the sea floor having an econonmically realistic resource
potential. Neither the existence of nor the reason for this
m ni mum depth has been nade clear. However, OTA has found that
the linitation was proposed by the industry participants. This

depth limtation is considered by some to be a barrier to

devel oping an effective research strategy.

1



0 To some, the present program gives too little support to academ c
geophysi cs and submarine geology. This shortconing particularly
disturbs academic scientists who believe that submarine geol ogy

and geophysics led the way to the present revolution in earth

sciences. They point out that the acadenmic research fleet is in
a crisis state because of budget cuts and the soaring fue
prices, and inportant new research enterprises in oceanography,

including the upgrading of nulti-channel seisnic prograns,

hydraulic piston coring, and acoustic tonography |ack adequate

support.

There is wide agreenent, even anong those who support the present
program that more enphasis on geophysical surveys is needed. Wile funds
are reserved for “other science,” the plan for a science programis |acking.
A JO comittee is now planning a geophysics program that includes

provisions for scientists to conpete for specific projects.

For the program to succeed, the nost advanced state-of-the-art
geophysi cal surveying methods and experinments will be needed. If the
drilling programis delayed because of reduced funding in the next fisca
year, geophysical research could continue as was proposed in 1979 by the
National Acadenmy of Sciences. The NAS report -- “Continental Margins
Ceol ogi cal and Geophysical Research Needs and Problems” (known as the
“Bally” report) -- recommended that academic institutions should have at
| east one nodern, thoroughly-equipped, state-of-the-art geophysica
surveying vessel, as well as the supplenentary equi pment aboard existing

oceanographi ¢ ships for conducting multi-ship surveys

12



Bet ween now and when the Explorer is ready to begin drilling, the
selection of sites and holes should not be frozen. The Houston docunent
presents a drilling plan based on present know edge. Additional surveying
both as part of and outside this program will change ideas, concepts
precise drilling sites, and even general drilling regions. Just as the
International Phase of COcean Drilling (1PCD) program remained flexible and

evolved with tine, so should the OVD program
B. Di scussion of Science (hjectives

Sone scientists are concerned about past and possible future
conpronises. The program plan from the recent Houston neeting on ocean
margin drilling is a considered conpromise. \Wile a major truncation of the
reconmendations fromthe 1977 Wods |lole conference on the Future of
Scientific Ccean Drilling (FUSOD), it takes into account costs, engineering
and technology, and the details of associated scientific investigations to a
much greater degree. The four areas of investigation -- passive margins,
active margins , ocean crust, and pal ecenvironnent -- raise fundanenta
scientific questions that drilling could address. As a conpronise, the plan

provides for a few holes to be drilled in each area type. Wi le the

probability of achieving all objectives in each hole is no better than even
that of acconplishing some of the objectives is considerably higher. Wile,
in general, the inportance of the scientific results will depend on how deep
the holes are drilled, the probability of producing significant results are

quite high.

The conclusion that significant scientific results will be achieved

depends on several assunptions. These are

13



0 That the schedule will be slowed down in view of budget

consi der ati ons.

0 That the regional geophysical and geol ogi cal studies necessary to
define a problemarea, as well as nore detailed site
investigations needed to pinpoint specific targets for drilling
will also have been conpleted. This is not guaranteed, but if

the funding is available, the lead tinme before drilling is such

that they could be done.

0 That technol ogi cal cost overruns, if they occur will not be mde

up by taking funds away from the scientific investigations.

0 That the programis greeted with enthusiasm by the ocean
scientists, especially younger ones who will be working with the

dat a.

0 That the primary objective of drilling is to gain scientific

know edge rather than to assess commercial resources.

0 That the programwill not be possible wthout
gover nment - i ndustry-acadeni a cooperation. Gven the actions that

have taken place to date, this is not an unreasonable

assunption. Accepting these three constituencies, the program

needs to respond within its budget to their needs.

It would be fair to conclude that the four problem areas -- active

margi ns, passive margins, ocean crust, and pal eoenvironment -- have the

highest scientific priority in marine geology and geophysics. However,

14



“there are other significant problens, particularly processes in ocean rifts

and the nature of very deep continental margins. To sanple these regions

woul d require even more advanced technology than that proposed for the OVD

program

Sonme nore specific concerns about the program include

[o]

The total budget of about $692 million includes $43 nillion for
scientific activities on board the drilling vessel and $118
mllion for scientific support and site surveys. The $43 nillion
obviously has to be tied closely to drilling operations, but the
$118 million does not. The latter sum could be used to neet

t echnol ogi cal cost overruns. Mst scientists OTA contacted
believe that a systemis needed to nmake sure that science funds

are not diverted.

Acceptance of the program poses some risks for oceanographic
institutions and individual scientists. Mny now receive annua
support from the petroleum industry. Because of their

participation in this program industry mght transfer funds from

direct support of oceanographic institutions or individuals to
indirect support through the NSF program  The oceanographic
institutions may receive ocean margin drilling funds at some cost

to their other prograns.

USGS is enthusiastic about the program but is not providing
financial support. USGS is charged with |earning about the

nation's geology and nmeking resource assessments. |t also owns

15



nuch of the existing marine geophysical data. It is not clear

why USGS is not funding the program

The Departnent of Energy (DOE) is not yet participating
financially in the program Gven its responsibilities for
energy resources, DCE should be interested in information
relevant to industry. The problem may be accentuated by industry
apprehensi ons about the government getting into the oil and gas

busi ness.

One might question the scheduling of the OWD program and what it

woul d be if the domar Explorer were not now government owned and

idle. No one is apparently against drilling in the four areas
selected, but there are major questions of when to drill and what
ought to be done first. Considerable lead time is involved in

preparing the Gomar Explorer. Even if all of the geophysical and

site survey information were available, drilling would not begin
for sone years. On the other hand, given the present state of
geophysi cal know edge, a stretching of the schedule for a few

years in times of tight budgets nmay be acceptable.

Some al so argue that NSF should not be too deeply involved in a
mej or marine engineering devel opment program  The goal of this
program woul d be a riser and well control system capable of
operating in very deep water. Despite extensive industrial
experience with ocean drilling, nothing like this has been
attenpted before. Al of the engineering studies anticipate

difficulties that are severe but not insurnountable.

16



Such an engineering program represents a far greater

technol ogi cal |eap than anything accomplished in the G onar

Chal | enger program and the type of engineering problenms involved
in mounting an all-weather, open-ocean operation are very
different from NSF's experience with large scientific technol ogy
projects on land. The risks to NSF -- and to the scientific
community at large -- are substantial. Some view this as a najor
shortcomng of the program There is also the view, however, that

a major technological push is good for future scientific

advancenments despite the risks.

17



Iv. Aternatives Proposed

OTA asked its scientific panel to consider whether alternatives to the
present ocean nargins drilling program could increase its scientific value ,
decrease the costs , or both. Several alternate approaches are included in
Appendix A.  Nest alternatives first quest ion the basic assunptions or
constraints that helped mold the present program: industry participation ,

t echnol ogy devel opment, the variety of scientific problens addressed , and

the budgetary considerations. The interaction between these factors has

produced certain conpronises evident in the present program

Among the alternatives suggested are two genera 1 approaches -- those
that place greater focus on the science and those that give greater enphasis

to resources.
A Alternatives Wth Geater Science Focus

Most alternatives focus on the scientific efforts and recommend a del ay
in developing the technology , and thus the very deep drilling. Wile these
alternatives luck the scientific variety as the present plan, they suggest
focus on a few principal areas of research. Mst advocate using the NAS
Bally report, which is broadly supported as addressing inportant problens,
for initiating a program  Some, such as that proposed by Dr. John Inbrie
advocate making a direct connect ion between specific science goals and

national needs for future oil and gas resources.

The principal elements in an alternative approach with a greater

sci ence focus woul d be to:

18



0 Plan and conduct extensive geophysical surveys as the initia

effort and delay decisions on the technology and operations for

very deep drilling.

0 Identify targets that are within the capability of existing
technology for the early drilling efforts.
0 Define the goals of the very deep drilling phase after the

initial work is conpleted, assuming the possibility of

substantially inproved technology by that tine devel oped by

i ndustry.

0 Seek broad scientific support for specific program plans

commensurate with the size of the effort before each phase of the

program

This approach appears to have the following effect on other aspects of

the program

I ndustry Participation:

Technol ogy Devel opnent :

Budget :

Sonme petrol eum conpanies may be more willing to
support this approach, others may not if
drilling is proposed in water depths of |ess

than 6,000 feet.

This woul d be done in steps with lower risk at

each step.

Less funding would be required in the early

years. Mre enphasis would be placed on

geophysi cal studies and [ ess on devel oping

19



hardware. A decision to spend alot nore noney
for the drilling ship may be delayed. A'so, it
may be possible to estimate nore accurately the

costs at each phase.
B. Alternatives with Geater Resource Focus

Industry and some acadenic scientists adovocate the need for a greater
understanding of potential hydrocarbon resources in offshore continental
margins.  The present program offers very little for assessing comercial
resources.  Some petrol eum conpani es want the government to refrain from any
greater involvement in attenpts to locate offshore oil and gas resources.
However, there is some support for a program that would include some
governnment and industry cooperation with a focus on assessing commerci al
resources. (See Section VI for industry views and Appendix C for the

Hedberg proposal .)

An alternative for this approach would probably contain the follow ng

el enents:
0 The petrol eum industry would take the lead in planning and
conducting a program to assess the commercial resources on the
U S. continental margins.
0 The government would offer incentives to allow industry funding
of the program
0 Scientific studies woul d be conducted both as an adjunct to the

industry program and separately in those areas that industry
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woul d not cover.

The approach appears to have the following effect on other aspects of

the program

Sci ence: A new science plan would have to be devel oped in
conjunction with an industry plan. It would be inportant

to get broad support for this as well.

Technol ogy: The G omar Explorer may be an appropriate vessel for this

program but, if so, the goverment would not be involved in

devel opi ng advanced drilling and well control technol ogy

Budget : The governnent’s ocean margin drilling budget would

probably be substantially reduced and industry woul d

probably assume the large financial risks.
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V. Antici pated Technol ogi cal Probl ens

OTA reviewed the effort that will be required to develop the technol ogy
for neeting the goals of NSF's current plant for drilling in the ocean
margins. Heavy reliance was placed on an April 1980 report by the Marine
Board of the National Research Council titled “Engineering for Deep Sea
Drilling for Scientific Purposes.” That report should be referred to for

more detailed evaluations of future engineering problems and uncertainties

associated with the NSF program

The technology to drill 20,000 feet below the ocean bottomin 13,000
feet of water in the continental margin is not yet developed. The ocean
margin drilling program contains a significant elenent of technol ogy
devel opment.  Engineers and scientists nust conpronise as the program

proceeds, which may lower the ultimte scientific objectives.

The 13,000-foot riser pipe required for some deep margin sites is about
twice the depth of existing technology. A mgjor effort will be needed to
devel op such pipes along with the entire deep drilling and well control
system Basic designs of this system have not been conpleted or carefully

revi ewed. The probability of conpleting the deep hole targets has been

estimated at 50 to 60 percent by NSF engineering consultants given existing
data. While this will be inproved as planning proceeds, it may also be that

sone holes will not be conpleted.
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Since the technology is uncertain, so are the cost estinmates. Because

extremely deep holes are very costly, the sites have to be selected with

great care and attention to engineering conditions as well as scientific

obj ecti ves.

A drilling system for the ocean margins will include a large nunber of

conplex and interrelated conponents. Al system elements will probably

require some nodification from present practices to performat the extreme
wat er depth and penetration goals of the program Figure 1 outlines the

extent of devel opment for nmajor equipnent.

The Selection of a Drilling Platform

The ocean margin drilling program needs to develop a suitable drilling

platform for controlled deep ocean drilling. The Gomar Explorer, with its

very heavy lift capability, has been tentatively chosen as the best platform
following studies of its cost effectiveness as well as that of alternatives

The G omar Explorer is owned by the government. Further work is necessary,

however, to design the Explorer conversion and evaluate its suitability nore

specifically.

Sone petrol eum conpanies and other are still concerned that the
Explorer may not be the best or nost cost-effective ship to use. One
concern relates to the extensive conversions necessary to install a conplete
deep drilling system Wen this conversion is done, sone of Explorer’'s
present capabilities will be significantly altered and nuch of its value as

a deep-sea, heavy-lift ship will be lost. The engineering trade-offs on
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Figure 1

DEEP WATER DRILLING TECHNOLOGY/WATER DEPTH SPECTRUM

To 30&350" WD

Vessel: Bottom Founded
JockUp or Submersible or Shipshape
Vessel Fixed
Positioning:
Riser: Extended Casing
Well Reentry N/A
BOP: Surface
No Remote
Control
Wellhead
Foundation:

Well control: surface Choke
Adequate

To 2000-3000° WD

Floater, Semisubmersible
01 Shipshape

Conventionally Moored
Bor e to 1500
Buoyed beyond 1500

Max. Top Tension: About
640,000 lbs.

Guidelines

Subsea - Redundant BOP'S

Direct Hydraulic Control

De Kill Preced

“ﬂuiu‘

Today
To 4000-5000" wp

Dynamically Positioned

Buoyed
Max. Top Tension: 1 Million Ibs.

Storage Hangoff Procedure

Multiple Riser Trips Undesirable
Riser Handling System Desirable

Guidelines Remote Re-entry
with TV end/or Sonar

Multiplex ElectropHydraulic Con-
trol Subsea Accumulators,
Rechargeable from Surface

Acoustic Bock-Up Control

Sensitive to Pullout & Side Loads
from Riser

Pressure Equalzation Volvo
(Available)

To 13,000 WD

Large Shipshap (Glomar ExplorerXE)

Buoyed (E)

Max. Top Tension: About 1.5
Million Ibs. (D)

Storm Survival Procedures
Necessary (U)

Impractical*

Necessary(F)

Extension of Depth Capability(E)

Requires Stronger Clamps (U)&
Connectors end/or BOP Frame(F)

Subsea Hydraulic Power: source
Probably Necessary (U)

Extension of Depth Capability (E)

Critical (E)

Seafloor Choke for Circulating Gas

Kick Desirable (D)
Probably Necessary (D)

Key: U - Undeveloped; D - Developed but not field tested; E - Extension of existing technology; F - Field tested
“ Solution dependent ON cosing program and feasibility of extending drilling shallow hole without riser

Source:  National Acadeny of Science, Mrine Board, National Resource Council,

Engineering for Deep Sea Drilling for Scientific Purposes, Washington,
D.C. : 1980
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drilling platforns need careful evaluation as soon as the overall systemis

desi gned.
CGeneral Requirenents

Deep sea drilling efforts considered to date could encounter a wide
spectrum of unanticipated problens. For exanple, site selection will be
based on minimzing the likelihood of encountering pressurized hydrocarbon
formations. However, the drilling system nust be fully capable of dealing

with such an occurrence with conplete safety since geophysical data are not

conpletely reliable.

A basic casing program (i.e. , a series of various lengths of different
di ameter tubes), wellhead, blowout preventer, and riser will have to be
selected. Deep penetration and the anticipation of nunerous well-control
problems plus the constraint of a minimum core diameter all suggest a
| arge-di aneter riser/blowout preventer system On the other hand, a |arger
riser is heavy and bulky to handle and incurs great horizontal forces from
the current and waves. These nust be conpensated for by the ship and the

wel | head.

Deepwat er drillships now use 16-3/4" diameter blowout preventers and
associated riser and wellhead systems. This arrangenent permits a maximm
of 4 casing strings to be run through the riser starting with a 13-3/8"
diameter. In the ocean margins drilling program the 30" and 20" strings
have to be run without the protection of a blowut preventer; this is

currently standard of fshore operating procedure. The G omar Explorer may
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allow for storing and handling an 18-3/4" riser, which would permt running
an additional casing string through the riser. Use of the larger riser,
however, would nost likely involve a nore el aborate wellhead systemto

support the heavier stack and greater loads fromthe riser

Drilling for Surface (Structural) Casings

In deep water, drilling with a 30" or a 20" casing (and a 16" casing if
it is used) is often done without a riser. Prior to setting a 30" casing
the riser has no foundation and the casing is usually not sufficiently
founded to support the riser loads alone. A small pilot hole is usually
drilled prior to drilling to enplace these large casings to determne if

shal l ow gas or other geological hazards are present.

Nonet hel ess, in US. continental shelf waters and those of sone other
countries, regulations require running the riser for all drilling operations
after the largest surface casing is set. In 13,000 feet (approximately 4
km} of water, it will probably be almst inpossible to set a 30" casing
capabl e of supporting the riser loads. Should this occur, the riser may
have to be nounted on a pile-founded support on the seafloor, a problemwith

no precedent in these water depths

A packer or downhol e bl owout preventer in the drillstring can also be

used to protect against shallow gas during drilling. Should shallow gas be
encountered while drilling without a riser, the packer can be inflated to
shut off the flow A heavy “kill” fluid or “nud” mxture can then be
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Figure 2

Di agram of a Typical Deep Water Riser Drilling System

: _ ooco/
RISER & CONTROL SYSTEM
e —i:L ORILL PIPE
r N
} f?mssa

Source:  Project Contributions Program Review for Director
April 3, 1978. Deep Sea Drilling Project |PQD.
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circulated behind the packer to set the casing or to cement and abandon the
hole.  Sone devel opnent work has been done on such a device, but it is not

nearly to a state of field readiness

Anot her problem associated with surface casings is that they are too
large to go through the riser. If the riser is run for the drilling

operation, it nmust be pulled while the casing is run into the hole. In

13,000 feet of water, this is a time-consuning and expensive procedure. An

attractive but untried technique would be to set the riser aside; i.e. , have
a means of physically moving the riser off to one side, support it there

and running the casing into the hole without bringing the riser onboard the

shi p.

Ri ser Handling (See Figure 2)

Handling the riser correctly becones critical in extreme water depths
For exanple, deploying and retrieving the riser -- usually a sinple
procedure -- may be extrenely difficult if there is even a mld current over
nmost of the depth. As the riser is deployed deeper and its sail area

increases, it tends to get pushed to the side by the currents

The requirement for a thorough understanding of environmenta
conditions that may inpinge on design and handling of the riser can be
supported by several operational scenarios. An exanple is the al nost
i nperceptible, long-period swells to be expected in some areas, such as

extreme southern latitudes, where major and unpredictable axial |oading of



the riser can result. Adequate advanced surveys, predictive capability, and

monitoring while operating will alleviate such potential problens.

As currently designed, deepwater risers are nearly neutrally buoyant.
If a buoyant riser is used, a variable buoyancy systemw || probably be
necessary to make the riser less than neutrally buoyant as it is being run
and so that it can be lightened after it is connected at the wellhead. On

the other hand, the G omar Explorer can support a non-buoyant riser. This

is an extremely attractive possibility for the ocean margins drilling

program

Movi ng the vessel away fromthe wellhead al so presents problens. In

the event of a severe storm the ship's safety would be jeopardized if it

had to maneuver with a 13,000-foot riser hung from the moonpool. Generally,
there will not be enough time to pull the entire riser up and store it
aboard the ship. Thus, even with a buoyant riser, an upper disconnect
platform may be needed several hundred feet bel ow the surface. The riser
could be disconnected at this point, with the remainder beconming positively

buoyant.

This approach has been considered before, but has not yet becone

operational. Mich needs to be done to provide high reliability in the
re-connection process. Two inportant conponents -- an underwater electrical
connector and controllable buoyancy -- are being devel oped by the petrol eum

industry, but are not fully operational.
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Vell Contro

In drilling into the earth, a drilling fluid (often termed “nud”) is
circulated down the drillstring and back up the annulus between the
drillstring and the drilled hole. The nud cools and |ubricates the dril
bit, prevents formation fluids from entering the hole by controlling the
pressure at the bottomto keep the hole from collapsing, and carries the
formation cuttings nade by the drill up to the surface. The bottomhole

pressure is controlled by variations in either the mud weight (usually
expressed in pounds per gallon), the pressure applied by the mud punp on the

surface, or both.
The nud pressure at the bottom of the hole nust be:

0 Geater than the hydrostatic and formation pressures to prevent

formation fluids fromflowing into the hole; and

0 Enough greater than the hydrostatic pressure to provide

sufficient velocity of flow back up the annulus to carry the

cuttings to the surface; but

0 Less than the fracture pressure to prevent “lost returns,” where

the nud breaks up the formation and flows into it rather than

back up the annul us.

A “gas kick” occurs when the drill enters a portion of the formation

where appreciabl e geopressure exists (e.g., because of the presence of gas)

VWen this occurs, the nud weight or pressure nust be changed rapidly and
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accurately to withstand the sudden increase in pressure and prevent a

bl owout or uncontrolled flow out of the formation and up the hole

Herein lies the basis for some of the major problems with deepwater
drilling. Wen drilling on land (see Figure 3), the hydrostatic and
lithostatic pressures increase simultaneously from the same starting point
The difference between these two pressures continually increases. This
provi des room to work between the two pressures in controlling well pressure

and potential blowouts.

In deep water, however, the lithostatic pressure begins to increase at
the ocean floor where an appreciable hydrostatic pressure already exists.
Therefore, the hole nust be lined with a structural shell or casing for some
depth to provide a “spread” between the hydrostatic and |ithostatic
pressures. This allows the nud or some other drilling fluid to be used to
control lost returns and blowuts. Further, the deeper the water the
greater will be the length of structural casing required to provide “working
rooM  between the hydrostatic and lithostatic pressures. The structura
casing is also required to provide foundation to support the wellhead

bl owout preventer, and riser base

A widely accepted basic rule of drilling safety is that the drilling
mud is the first line of defense against a kick or sudden flow of gas or
formation fluid into the hole. In very deep water, nuch of the nud col um
required to nmaintain control is in the riser. [If the riser nust be
di sconnected, part of the downhole pressure is lost. In sone cases, the mud

remaining in the hole is insufficient to prevent a potential kick with
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Figure 3
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systems now in use. Cosing the blowout preventers would provide the extra

protection required

Wth the deepwater system envisioned, the extra protection may

eventual |y be provided by one or nore of the following itens:

0 Downhol e instrumentation to provide nore imrediate surface

warning of undue pressure increases, coupled with a pause in

drilling to provide tine for nore precise adjustnent of nud
wei ght
0 Deeper or nore frequent casing settings.
0 A secondary downhol e bl owout preventer or inflatable packer run

inthe drillstring that could be activated to seal the hole near

the bit.

Because these systens may need nodification to adapt them to deepwater
use, there is a need for intensive engineering evaluation and testing
Al'so, the probable greater dependence on the blowout preventer in the
wel | -control system enphasizes the need to ensure blowout preventer/contro
system reliability. The greatly increased cost of pulling the bl owout
preventer up to the ship for servicing during long drilling operations is

sufficient incentive to inprove reliability.
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Circulation of Gas Kick

The conventional method of circulating a gas kick is to bypass the
riser using the choke or kill line (a snmall-diameter line |ocated adjacent
to the riser) to direct the gas flowto a controlling choke (valve) at the
surface. In very deep water, this nethod is difficult and time consum ng
because of time lag in the flow through the snall dianeter line. A constant
downhol e pressure must be maintained as the gas cones up this
smal | -dianeter line instead of the riser; this is often difficult to do. An
alternative technique involves a seafloor choke that controls the gas flow
at the wellhead. A prototype choke has been devel oped, but has never been

field tested.

Drilling and Well-Control Sinulators

Conput er-based sinulators can help prevent blowouts, control wells, and
circulate the gas kick. Conputer sinulations can help to check out
equi pment concepts and operational procedures prior to design conpletion.

Al though sonetinmes considered to be sinply training aids, they also pernit

early qualification testing of instruments, control station layouts, and

many items of equi pnent

Reentry and Seafl oor Manipul ation

Many drilling rig operations use a manned subnersible to land the

bl owout preventer, to land the riser on the bl owout preventer, and to do

34



routine operations and maintenance essential to continued drilling. Cther
rigs depend entirely on remote reentry systens and on nmanipul ating devices

that can be handled on the end of a drillstring and watched with a renote

tel evision canera.

The decision whether or not to use a submersible in the NSF program
will affect programtime and cost. No manned or rempte controlled
subrrersi bl e now being used by industry can dive to nore than half the depth
called for by the NSF drilling program  The one exception is the Alvin, a

deep-diving research subnersible.

The devel opment of a submersible could cost $10 nillion to $20 million
and take 3 to 4 years to build and test. Operating without it, however,
m ght be extremely costly shoul d seafloor problens cause the loss of a well
after many months of drilling. This decision will probably be based on an

extensive exam nation of the operating experience of deep-water rigs.

Bl owout Preventer Pressure Integrity and Wellhead Structure

Geater water depths lead to higher hydrodynanmic lateral |oads on the
riser, sinply due to its greater profile area. Furthernore, the bl owout
preventer will probably be taller than those now used, which extend nore
than 40 feet above the seafloor. Because of this height, the bl owout
preventer, wellhead connector, and wellhead structure could becone bent at
times. Higher bending nmoments will substantially reduce the ability of the

clanps that tie the segments of the blowout preventer together to withstand
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pressure. These clanps are already marginal at present deepwater
conditions, and will have to be strengthened. \ellhead connectors will also

require upgrading.

A careful check of the wellhead structure strength will have to be
perforned at each new site. It will depend on soil measurenents at each
site. The high bending nmoments that nust be tolerated will likely require
wel | head structures larger than those now used to distribute the load over a
broader area. These checks should be nade early because of the time needed

to design and build special wellhead structures.
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VI.  Industry Participation in the Program

The potential of oil and gas resources in the continental margins is
subject to nuch specul ation, but conpetent geologists claimthat these areas
hol d significant promise at least to the extent that they should be
carefully explored. The ocean margin drilling program would help establish
better scientific information on which to base further speculation on
hydrocarbon resources, but as designed it falls far short of a |ogica
programto explore for oil and gas. Some petrol eum conpanies claimthat
they are not participating because it is not directed nore toward assessing
comrercial resources. Ohers claimthat they are participating because they
expect the scientific benefits to help themin the long run. The US.

Ceol ogi cal Survey expects to benefit in their efforts to evaluate |ong range

oil and gas potential in offshore regions.

Ei ght petrol eum conpany participants will decide whether they will help
fund first year efforts in July 1980. Most of these participants are
supporting the program because they believe it will produce valuable basic
science and have some secondary benefit to their interest in possible future

oil and gas resources in the ocean.

OTA contacted representatives of the petroleum conpany participants and
sone additional conpanies who declined to participate in the NSF program
In these discussions, many conpanies expressed their concern about their
liability as participants in the programif they have no management contro
over the operations. Several conpanies are also concerned about the |eve
of funding required by each and believe that nore conpanies need to be

involved to assure the programis future viability.
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VWile technology for very deep drilling is considered by all of the
petrol eum conpany participants to need significant devel opment, sone are
concerned that either the cost estimates are too low or that the chances of
reaching all the deep holes are not good. It appears, in general, that
industry participants will force future decisions on realistic technol ogy

devel opment goal s and cost estimates.

Industry support for the ocean margin drilling programis tenpered by
the above factors. One reason for this is that only 5 of a hoped for 20
conpani es are actively participating as of My 1980. NSF hopes that a tota
of 8 will be participating by July. This does not place a severe financia
burden on those conpanies during the first year. Many feel, however, that
greater participation is needed in subsequent years when a nuch higher |eve

of funding is necessary.

C osely connected with some apprehension by industry participants is
the manner in which nmost conpani es evaluate the benefits of the program In
general, the funds which each of the conpanies would commit are not “new
funds but would be reprogramed from present industry research and
devel opnent budgets. Thus, sone are concerned about giving up sone conpany
research and exploration in exchange for participation in the NSF
program  Sone non-participating companies are keeping close watch over the

program and, if the program benefits change, they may decide to join

Benefits to Industry

The conpanies that OTA surveyed expressed a variety of reasons for

participating. Some that do not have extensive technol ogy devel opnent
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prograns themselves, felt that will be the principal benefit. Riser

technol ogy and well control were two specific areas nmentioned. None of the

conpanies felt that information on potential comercial resources would be a

great benefit.

However, some foresaw benefits related to the science of sedinentary
geology. Very few felt that there were specific, substantial benefits to
industry. However, they felt that there would be long termintangible
benefits, simlar to those fromthe deep sea drilling program and from new

ideas that are derived fromthe results.

Perceptions of Industry as to the Science and Technol ogy Quality of the

Program

Wth respect to industry views on the scientific nmerits of NSF's ocean
margin drilling program several industrial members stated: 1) it will fill
gaps in know edge, 2) good scientific talent is on it and thus the program
must be good, and 3) it will result in a scientific enrichment simlar to

that achieved earlier by the deep sea drilling program

QG her industry views in questioning the program include:

1) “Too little attention is being given to initial survey work and

to reflection seisnology.”

2) “I't is good science, but whether it is an effective use of the

money to get the information is debatable.”
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3) “The science is being devel oped backwards. the scientists are
narrow ng thenmsel ves down to one option too soon. They need to

devel op better regional data.”

4) “The programis unfocused and has too nuch of the attitude of
let’s drill and see what we find out; the deep sea drilling
program was nuch better focused on specific scientific

questions.”

Several industry participants expect the program to advance riser
technol ogy, well control, and netallurgy. They feel they have the
technology in hand to drill in 6,000 feet of water and that the capability
increases at about 600 feet per year. This program could provide technol ogy
to drill in 13,000 feet of water, which oil and gas conpani es woul d not
otherwise pursue in the near future. Also, industry involvenment is

consi dered inportant for advancing the technology in this program

Increase in Resource Potential Know edge

Most industry participants agree that the program will not generate
significant assessment of comercial resources, but only bits of boundary

information from which some inferences mght be drawn.

G her comments from industry included

1) “Resource know edge woul d be gained in an indirect way. New
i deas may be generated with respect to source rocks or settings

that mght be conducive to production. However, the program
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woul d not provide the information necessary to define any

reservoir.”

2) “The program can result in a better geological picture of

sedinents and thus aid in the analysis of basins.”

3) “We expect to gain know edge concerning sediments in the areas
being studied and will be able to draw some concl usions

regarding specific areas of opportunity.”

4) “As for inmproving the know edge of oil reserves, the ocean

margin drilling program would not be the way to go about it.”

Addi tionally, several petroleum conpanies are concerned that governnent

| easing decisions mght be made as a result of the small anount of

information gained in the ocean margin drilling program  However, a nuch

| arger data base would be desirable than will result fromthis program

Problems Identified by Industry

Industry participants believe that program costs may escalate due to
unrealistic goals set by some scientists. They think that conpronises will
be necessary between science and technology in the future, particularly with

regard to very deep riser drilling.

To satisfy scientific goals, there will be difficulties in devel oping
satisfactory instrumentation for well |ogging, according to sone industry
representatives. Al'so, the drilling systemwll have to address some ngjor
probl ens, including riser development and the adequacy of metallurgica

materials used to drill where high tenperatures will be encountered
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There is also concern as to the adequacy of the technol ogy for
controlling wells and the on-site nmanagenment of drilling operations.
Drilling at sites where there is no backup to kill a blowout is particularly

disconcerting. If the Gomar Explorer is the only ship capable of deep

water drilling with a riser and a blowout preventing system no other vessel

could be engaged to kill a blowout if one occurred.

Sone participating conpanies question their liability in case of a
bl owout. Parallel to that is a concern about antitrust considerations.
Presunably, geol ogical data and information on new technology will be
published.  Non-participants mght ask whether it is published in a tinely

fashion with respect to any leasing on adjacent tracts.

The resolution of these various problems will be required for

industrial participation in the drilling program as will the deternination

of technical feasibility and accurate cost estinmates.

Al ternative Suggestions

Sone industry representatives surveyed by OTA suggested alternative
approaches to the program In general, these enphasized the need for
academ ¢ scientists to undertake a large seismc program prior to defining a
drilling program and then to consider alternatives such as using available

drill ships instead of refitting the G omar Explorer for drilling the holes

in shal lower water depths. One specific suggestion for the technol ogy

devel opment was to outfit the G omar Explorer only for setting deep risers

and not convert it to a drilling ship. It could then be possible to use any
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of a number of available comercial platforms for the drilling operation.

Sone other alternatives suggested were:

L. Undertake the research in conjunction with industry's nornal
progression of technol ogi cal devel opnent using available ships
as required. A large part of the slopes can be evaluated with

present riser technology. Conduct the deeper drilling later.

20 Keep the G omar Challenger program active for several nore

years. There are significant benefits to be derived from

additional holes along the edges of the sedinent slopes.

3 Provide acadenmic scientists with advanced geophysical equi pnent
(arrays and processes) and a ship for work in research related
to sedinent stratigraphy and crustal formations. Undertake a
significant seisnology program before undertaking the ocean

margin drilling program

4, Undertake a drilling program on the continental slopes of North
Anmerica using available technology and, sinultaneously,
undertake a worldwide, nulti-phase seisnmic survey. Follow this
with a deep drilling programin prospective areas defined by

the seismc surveys.

One industry scientist asked whether it is actually necessary to go to

a 13,000-foot water depth to gain the required scientific information. He

al so asked whether sites around the world could be found at |esser depths

that would still represent critical geological formations of interest.
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I ndustry recognizes that geophysical seismc reflection work has to be

followed up by drilling, which is the only way to gain some of the nost

significant information.However, some industry membersaid that NSF's
program did not reflect the need of scientists to reyiréwrities in

margin geology during its first vyear.

Program Costs

Industry’s view of the accuracy of projected costs vari &ne feel
that the costs allocated for ship nodifications are low and that it would be
less costly to build a different shipQthers say that until the first
phase studies are over, it is not possible to project costs with any
accuracy. Still others conclude that they are getting good estimates.
Since the costs are based on specific holes and drilling tine allowed (not

required) they are probably about right.

Cost estinmates are an inportant output of the programs first phase and

will be of extreme inportance to both governnment and industry.

Fundi ng Reduction with Program Extension

In general,most of the industrial participants feel that a funding
reduction and program time extension would be beneficial and probably nore
realistic. Sone believe that the technology will take |onger to devel op
than scheduled. From a scientific point of view, sone felt that extending
the program by delaying the drilling phase would result in a better
definition of both the program and the nodifications required to the d onar

Explorer. It could also allow NSF to select another drill ship.
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One industry scientist particularly felt that reduced funding and a
stretched out program would be excellent in that it would enable a proper
program progression. Acadenic scientists could gain greater capability

through acquiring advanced seismologi cal equipment, could conduct the

necessary reflection seismology, and thus could make a nore judicious

selection of the sites to be drilled (the main program cost).
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VI, Program Managenment Consi derations

The National Science Foundation has successfully directed the deep sea
drilling program over the past 10 years using oceanographic institutions to
manage the scientific effort. The ocean margin drilling programis a major
increase in money and conplexity from previous efforts and thus the

capability and appropriateness of NSF to nmanage it is subject to question.

Several problens have been noted and should be considered. These include:
whet her NSF can effectively nmanage the considerable technol ogy devel opnent
work, whether extra funds that could be needed for technology would be taken
from other prograns, whether the possibility of finding oil and gas
resources should bring DOE or USGS into nore direct involvenment, and whether

the science is overshadowed by the technol ogy.

The ocean margin drilling programis simlar to the deep sea drilling
project and other programs NSF has directed. Sinilarities include operating
a drill ship, a drilling operation, site selection, and site surveys
Management experience gained from earlier projects will be particularly

hel pful in devel oping a management structure at NSF for the ocean margin

drilling program

The proposed managenent structure for the programrelies on the current

staff for the deep sea drilling project, a systens support contractor
science support contracts with JO Inc. , and a future systems integration
contractor. As in the deep sea drilling project, JO Inc. is scheduled to

organi ze a nunber of panels, which will provide the scientific direction for
the program  The systens integration contractor, who will be responsible

for system design, construction, and operation, will be selected after the
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program has been specified in sufficient detail to prepare fornal

invitations to bid.

In addition to the basic program managenent, NSF plans to establish
outside groups to advise both the director and the ocean drilling program
team A program advisory comittee will conprise 40 percent industry
representatives, 40 percent from acadenia, and 20 percent from the public
sector. The Marine Board of the National Research Council has already
selected a snaller advisory group from anong those who served on their
1978-1979 committee. The Navy is to be called upon for its expertise in
ship conversion inspection and supervision. Additional consultants from
governnent and industry will be used as required to assist various facets of

the programas it devel ops.

In managi ng the program the three major aspects are operational
scientific, and technol ogy devel opment. Scientists are concerned because of
the current enphasis on the operational and technol ogy devel opnent aspects.
The plan devel oped in March 1980 has not yet won wide support fromthe basic
research comunity. This may be because there has not been enough tine for
everyone to become familiar with it. O it may result fromthe fact that
earlier expectations can not be met within the financial, time, and
engi neering constraints faced by the project. A nore detailed, overall
management plan for science, such as spelling out the responsibilities and
authority of NSF, industry, JO, Inc., and the panels, nmay answer sone

concerns.

Since the 1977 FUSOD neeting in Wods Hole, planners and participating

scientists have stressed the need for extensive geological and geophysical
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studies as a prerequisite to site selection and drilling. This is called
probl em definition and goes beyond the specific site surveys that will be
needed before drilling begins. The fact that tentative sites were

identified at Houston in March 1980 does not negate the need for problem

definition.

For exanple, OTA'S panel suggested that the tentative drilling site on
the eastern U S. continental margin may not be the best place to drill to
obtain maxi mum scientific advances. Several years of intense geol ogical and
geophysical research are still required before the regional setting for the
drill site will be adequately understood. The planning process for this

effort has just begun.

The funds identified for science in the Houston plan are listed under
“scientific program (survey).” W nust assume that these funds are not only
for site surveys but also are for problem definition, scientific
participation in the drilling phase, interpretation of logging, etc. If SO
it would be reassuring to the scientific community to have a detailed
breakdown and plans for use. Another point that needs to be addressed in
science funding is the program for the routine analysis and scientific
studies of core sanples once they are in core |aboratories. No allowance
was made for this research in the deepsea drilling program  Careful

consi deration should be given to this issue now.

The site surveys will require equipnment that is not now available on

acadeni ¢ research vessels, |ike narrow beam echo sounding. Many
institutions are planning to use academ ¢ research ships for site surveys.

If that is the case, the NS Ofice for COceanographic Facilities and
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Support and university ships coordinating groups should be brought into the
planning at the earliest possible stage. Another possibility, however, is
to charter ships fromindustry. This may appear nore cost effective, but

its inpact on the acadenic fleet could be severe.

The possibility that operational funds will have higher priority than
scientific funds during the program concerns many scientists. Some nmeans is
required for assuring that funds for science will be protected against the
overwhel mi ng demands of logistics and operations. Al though some safeguards
are built into the ocean margin drilling program such as industry agreement
to share overruns and funds from international participation, nore adequate
arrangements are needed. NSF could consider assigning admnistration of
science dollars to one of the other divisions. Both earth sciences and
ocean science would be suitable. Adoption of this procedure would assure
strong guardianship of the science funds as well as good scientific overview
and administration within NSF wthout having to hire additional science

admi ni strators.

Anot her mgjor concern of scientists is that, because of the very large
budget for ocean margin drilling, the budgets for all other earth and ocean
sciences programs within NSF will suffer. This is a real possibility
despite the fact that the ocean margin drilling budget is an add-on to NSF s
present budget and the petrol eum conpanies are providing half the funds.

Unf orseen cost increases in later years will probably affect the
internal budgeting of NSF's earth and ocean sciences rather than any other
part of the Foundation. NSF will need to make a special effort to avoid

such a negative inpact on the other earth and ocean science progranms. And
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Congress may wish to keep this problemin mnd in its annual review of the

NSF budget .

Al 'so, because of its size and the involvement of such a |arge segnent

of the geology and geophysics comunity, the ocean margin drilling program

m ght skew the field sufficiently that it would inpede progress in other
areas of geology and geophysics. In a simlar vein, ocean margin drilling
m ght skew NSF' s science management at the administration and division
level s to the point where other earth and oceans progranms mght be

negl ect ed.

NSF is currently preparing an environmental inpact assessment of its
program including possible inmpacts of riser and riserless drilling. The
i nportance of science and resource evaluation are the rationale cited for
performng the program The assessnent covers alternatives to the program

rangi ng from abandoning it because the anticipated inpacts are too severe

to limting the drilling depth.

Because the progranis inpacts on the “oceans” cannot be determned, a
generic statement will be issued and yearly environmental inpact statenents
will be released after each new site is chosen. The suppl emental statenent
will be based on geophysical surveys and sanplings performed at each drill
site. Inpacts or possible environnental consequences of the program that
have been identified and will be studied include possible changes in air and

water quality, disposal of cuttings, and possible oil and gas *“accidents.”
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G her governnment agencies, including USGS and the Coast Cuard, and

environmental groups have been contacted and their suggestions incorporated

into the assessnents.

Regarding the appropriateness of NSF to manage the ocean margin

drilling program several factors suggest that it should be the I|ead agency.
These are:
0 Efficient and successful experience with the scientific,
engi neering and operational aspects of the deep sea drilling

project and the @ omar Chall enger

0 Basic research aspects of ocean margin drilling dovetail with

NSF'S mission and will benefit fromits other scientific

progr ans.

0 The basic research orientation of the program will probably

continue to be enphasized.

0 NSF has the respect of scientists and other government agencies

for handling basic research. It may be the only agency

acceptable to all parties for handling this kind of program

0 NSF may be the nost stable agency, with regard to its mssion and

orientation, for the life of the program

0 Ccean margin drilling would be a mmjor program of NSF and woul d

have the continued attention of the agency.
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There are also several factors that suggest another agency |ead and or

support from other agencies |ike DOE or USGS. These are:

0 The National Science Board appears to have a slight bias against

big science. The admnistration is nore confortable with small

science prograns.

0 NSF has had little experience with joint industry-academnc
prograns.
0 NSF is still a relatively small agency and may get caught in a

squeeze bhetween industry, the Department of Energy, and the

Department of the Interior

0 If the program objectives change from basic research, NSF may not

be the appropriate agency.

0 The large amount of technology devel opnent in the program nmay be

difficult for NSF to manage
0 Assessing resources is not part of the NSF charter.

In conclusion, the details of the overall managenment plan for science
like the responsibilities and authorities of NSF, industry, JO Inc. and the
panel s, are not yet well spelled out. Furthernore, neither the new ocean
margin drilling division nor the JO Inc. staff yet appear to have
sufficient scientific or technical strength for proper managenent of the

scientific aspects of ocean margin drilling.

52



5*

9*

10.

11.

12.

13.

14.

Principal References

Ad Hoc Advisory Goup for Future Scientific Ocean Drilling, Report to
National Science Foundation, Washington, D.C.:. National Science

Foundation, 1978.

Donhasier Marine, Inc., Ccean Margin Drilling Program "d onar
Explorer” Modifications and Marine Research Devel opment, EAR78-18238

Phase 111, Novenber 1978.

G obal Marine Devel opnent Inc., Conversion of the G omar Explorer for
Research Drilling and Coring, Newport Beach, Ca.: GVDI, February I977.

ig]WDES, The Future of Scientific Qcean Drilling, Seattle, Wa.: JO DES,

JA, Inc., Draft Report of the Meeting of the Qcean Margin Drilling
Interim Planning Coommittee wth Academ ¢, Industry and Governnent
Scientists and Engineers, Houston, Texas, March 3-7, 1980.

JA, Inc. , The Ccean Crustal Dynanmics Program Plan for the 1980's,
Draft, n.d.

National Acadeny of Sciences, Ad Hoc Panel to Investigate Geol ogical
and Geophysical Research Needs and Problems of Continental Margins |,
Continental Margins Ceol ogi cal and Geophysical Research Needs and

Probl ens, Washington, D.C.: National Acadeny of Sciences, 1979.

National Acadeny of Sciences, Mirine Board, National Research Council,
Engi neeirgiggq for Deep Sea Drilling for Scientific Purposes, Washington,

National Science Foundation, “Draft Agreement of Cooperation and
Initial Agreenent of Cooperation.” Washington, D.C., Mrch 1980.

National Science Foundation, The Merits and Potential of a Proposed
Qcean Drilling Program for the 1980’s, The Report of the Commttee on
Post - | POD Sci ence, Washington, D.C. : National Science Foundation, July
1979.

Ccean Resources Engineering, Inc. , Cceanographic and Vessel Evaluation
for 1POD Ccean Margins Study, September 1975.

Sante Fe Engineering Services Conpany, Alternate Drilling Platform for
the Ccean Margin Drilling Program 1980.

Sante Fe Engineering Services Conpany, National Science Foundation
Ccean Margin Drilling Program Program Cost as a Function of Variations

in the Drilling and Coring Program March 1980.

Sante Fe Engineering Services Conpany, Qcean Margin Drilling Program
Cost and Schedul e Estimtes, COctober 29, 1979.

53



15. U S. Congress, Conmittee on Science and Technol ogy, Hearings before the
Subconmi ttee on Science, Research, and Technology on Gcean Margin
Drilling, February 6, 1980.

Letter from Frank Pagnotta, Director, Ofice of the Secretary,
DCE, to Stephen Lanes, Subcommittee on Energy Research and
Production, Science and Technol ogy, March 18, 1980.

Letter fromPhilip Smith, OSTP, to Congressman George Brown, Ca. |,
March 11, 1980.

Letter from Francis Johnson, NSF, to Congressman George Brown,
Ca., March 12, 1980.

Letter from Dr. James Hays, Lanont Doherty Geol ogical Cbservatory
to Congressman Ceorge Brown, Ca. , February 4, 1980.

Letter fromBill Hay, JO, Inc. to Congressman George Brown, Ca.,
March 18, 1980.

Letter fromA W Bally to Congressman George Brown, Ca., March
12, 1980.

Letter from John Sclater to Congressman George Brown, Ca.,
February 24, 1980.

54



APPENDI X A

Alternatives To The Qcean Margin Drilling Program

Suggest ed by

OTA Panel Menbers

Joseph R Curray
Charles L. Drake
James D. Hays
John Inbrie
John G Scl ater

° 29 2 2%

Tj. H Van Andel

Al



Al ternative Suggested by
Dr. Joseph R Curray

Scripps Institution of Cceanography

Extension of the program schedul e appears to be already occurring, and
| consider it a good thing. M personal and scientific preference would be

for sone additional delays in the conversion of domar Explorer and

devel opment of a riser capability, with the intervening years to be filled

in by continued G omar Challenger drilling, utilizing the exciting

capabilities of the hydraulic piston corer. In addition, during these

intervening years, extensive geophysical work should be funded on

continental margins and in other prospective drilling areas

G omar _Chal | enger cannot continue indefinitely. The ship apparently

has a finite remaining econonmical life. A few nmore years of operating with
the hydraulic piston corer, however, would be strongly supported by the
scientific community but | certainly do not advocate elimnating the OWD

Program

In summary, | advocate a slightly modified program as outlined briefly

above: sone delays in devel opment of G omar Explorer capability, with

funding of additional Challenger HPC work and extensive geophysica
surveying, both on continental margins and in other parts of the world.
Ideally, this alternative program would sinply delay the major part of the
OVWD Program but would provide time for additional utilization of HPC for
stratigraphic and climtol ogi cal purposes and for nuch nore extensive
geophysi cal surveying. The stratigraphic and clinatol ogical objectives with

HPC are inportant, but in nmy nind are no nore inportant or of higher

A2



priority than the deep-drilling objectives of OMD. Instead, they represent

an attenpt at refinement and an opportunity to gain mre data points in the

shal low part of the section; whereas OVD offers the first-ever opportunity
for deep drilling, both deepwater and deep-penetration, on continenta

sl opes and ri ses.

There is a great deal of concern in the marine geol ogical comunity
that will preclude optimal utilization of HPC. The alternative program
described briefly is a conmpromise, trading increased support of HPC

geophysics for delay in tinming of OV
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Al ternatives Suggested by
Dr. Charles L. Drake
Dartmouth Col | ege

Al ternative Scenarios

There are a number of alternative scenarios that could be suggested
sone productive, many destructive. In any of these it should be recognized
that no one is against the fact of drilling, for drilling provides the
moment of truth - the hard data that confirns or denies the geophysica
interpretations. There may well be, on the other hand, differences of
opi ni on on nethodol ogy, on timng, on focus, and on how the costs should be

borne

a. W mght start with the Luddite approach, elinminate the drilling
because of its very high cost conpared to other options. The enotions
behind this approach are real and stong, but they presune that the

funds exist for application to other purposes. In the no bottomline

budgeting process this is not really true. |f there is areal linit to

the budget of NSF, it may be true. This alternative cannot be

appraised realistically unless one wwsWhether there are trade offs

and what they are.

b. The Hedberg approach suggests that industry play a nore inportant
-even a major- role. This is an appealing option, but there is no

free lunch. | doubt whether the Congress is prepared at this tine to

| ease the large tracts that industry would need to justify the major

i nvest ment. | would also have some qualnms, were | in industry, about
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how far | could go with cooperative ventures of this sort before there

were the anti-trust problens.

o The present programis an NSF program with NSF as the prime
agency for footing the bill. The rationale is that it is a science
program and NSF is the primary science support agency. This could be
argued. The present programis at |east as much a technol ogy program
as a science program and nany of the industry people hint that they
are | ooking for appreciable technological fallout fromit. The
limtation to water depths greater than 2,000 neters supports this
suggestion.

Industry probably would not move into riser drilling at abyssal depths
for a decade or so. \What a splendid opportunity OVD presents for
letting someone else pick up the tabs for mstakes. This should not be
construed as an argument against drilling, but nmight well be taken as
an agrument for DCE participating in the funding. DOE is throwing all
sorts of noney at other technologies. One also has the gnaw ng feeling
that the relevance of OVWD to specific USGS missions ought to create

more enthusiasm for funding fromthis source than has been obvious to

date.
d. Many of the scientific objectives in the continental margins
could be reached by drilling vessels in existence or nearly so. If the

whol e drilling program spelled out by FUSOD were to be carried out
obviously it would be necessary to have a vessel with the capability of
drilling in abyssal depths. |If the focus is on the continenta

margi ns, and ocean crust and pal ecenvironnent can be shoved under the



rug, perhaps some reappraisal is in order. | submit , and Bally has
submtted in some of his statenents, that proper geophysical and

geol ogi cal investigations can locate drilling sites on the continenta
margins that are responsive to the scientific questions and that could
be drilled using existing vessels. The scientific rationale for the
G omar Explorer weakens narkedly as the enphasis on the continenta
margins grows stronger. If this approach were followed, to drill wth
| eased vessels on the margins, then the possibility of continuing the

G omar Chal l enger or a suitable replacenent to carry on abyssa

drilling should be exam ned carefully.

e. The HOUSCD report provides a few crunbs for all, but satisfies no
one. Perhaps it would be nore productive to bite the bullet and
concentrate efforts in one area, such as the East Coast or the QGulf
Coast.  This concentration would keep the vessel near good |ogistic
ports would minimze drilling time lost in steaming from one |ocation
to another, and would greatly increase the chances of solving the
problens in that area. |If this alternative were followed, it would
again be desirable to remove the 2,000 neter restriction and to dril
in the place with the greatest prom se of providing answers to the
scientific questions. Again, this would abandon abyssal drilling and
the question of continuing G omar Challenger type drilling should be

reexani ned.

f. Finally, it seems to me that the crux of the problemis whether

this is a science programor a technology program If it is the

latter, then | do not think that it should be financed by the Nationa

A-6



Sci ence Foundati on. I[f it is the former, then the focus should be on

how to do best science in the best place with the best available

technology. If it is anx, as it is reputed to be, let us be sure we

are doing the science with the best technology and that the costs are

equi tabl e borned by those institutions which have, or should have, a

stake in the gane.
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Al ternatives Suggested by
Dr. James D. Hays

Lanont - Doherty Geol ogi cal Observatory

Alternatives to the Program

The nost appealing alternative to the present program one that could
address exciting first order scientific problems, stinmulate the broad
interest of the scientific conmunity and not cost the taxpayer nuch nore
than the present deep sea drilling program would be a program that had two
mejor thrusts. The first would involve a continuation of the present d onar
Chal l enger drilling program the second a Continental margin geophysical

survey program

Continuation of domar Challenger Drilling

During the last two years a mgjor technol ogi cal advance has occurred in
the recovery of soft sediments fromthe ocean floor. A hydraulically driven
piston coring device (the Hydraulic Piston Corer, HPC) has successfully
recovered hundreds of meters of undisturbed sediment and has proven that it
is possible to obtain continuous sequences of this length. This device
opens the way to a whole series of exciting studies including (1) the
evolution of global climte nmeasured on tine scales of a decade to nmillions
of years. (2) the evolutionary devel opment of marine plankton during the
last 10-15 mllion years. (3) the sedinentary structure of deep-sea fans
deposits which are the nost probable reservoirs of any deep-water
hydrocar bons. (4) the suitability of various types of deep-sea deposits as

repositories for nuclear wastes.
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There is no doubt in my nind that these studies plus margin and crustal

drilling by a Challenger type vessel would produce far nore good science

than the OWD programat a fraction of the cost. |'malso sure these studies

woul d have wide International support.

Continental Margin Geophysical Program

Continental margins can be studied in a variety of ways. Drilling is
only one way and it happens to be the nost expensive. So it should be used
only after all other means of gathering information have been utilized. It

is clear that the nmore one knows about a margin the nore likely one is to

make a wi se choice in choosing a drill site.

Information about the evolution of Continental Margins can be gained by
studying rocks of ancient margins that are now on land. This kind of work
shouid be €NCOUT aged. The submerged nmodern margins can be studied with
geophysi cal techniques and nmuch can be learned from deep-penetration seismc
reflection work. | propose that this be the heart of the acaden c ocean
margin program during the next decade (nuch as proposed in the Bally
report). In the neantine Industry will continue to drill wells on the
shelves and data fromthese wells will becone part of the public domain.
Industry will also continue to develop increased skill for drilling in
deeper and deeper water. [f in the future after an academ c geophysi cal
program and additional Industry shelf drilling, it is judged that there is
great scientific merit in a deep-water, deep-penetration scientific drilling
program it will be possible to design it in a thoughtful way. Since
deep-water drilling technology will have advanced, it will be far less risky

and perhaps cheaper than the proposed OVD program
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| recognize there are other aspects to the program such as resource
assessnent and technol ogy devel opnent. However, these are always billed as
bi - products of the scientific effort. I1'mnot able to judge their value but
if they turn out to be the main driving force behind the program then the

National Science Foundation should not be the |ead agency.
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Al ternatives Suggested by
Dr. John Inbrie

Brown University

An Alternative Program

A Setting priorities. VWiat is needed to transform the present,

diffuse plan into effective research strategy is an overriding principle
that can be used to set scientific priorities. Such a principle emerges
naturally from a consideration of the present status of the earth sciences
in the context of the national energy crisis. This principle can be
expressed as follows: Qur first scientific objective should be to
understand the structure and history of the continental margin of the United
States. Moreover, this research should be conducted in such a way that
attention is given first to water depths shallower than 2000 neters -- where
the practical prospects for exploiting any reserve that nmay exist are
relatively good -- and then proceed gradually into deeper water where

expl oitation prospects are now nuch poorer. As tine and resources permt,

other scientific objectives should be addressed later in the program

B. Some guidelines for a restructured program

L Ceophysi cal program  The geophysical part of the program

shoul d be funded at a higher level and given nore prominence than it is in
the Houston plan. At all depths, extensive, nodern geophysical surveys
conducted by or in collaboration with acadenic scientists, should precede

the planning for the drilling program  Surveys should include both



wi de-aperture arrays to explore depths greater than can be reached by the
drill, as well as narrowaperture multi-channel arrays that wll provide

testable nodels for the drilling program Funding of the geophysical

program shoul d be administered separately fromthe drilling program

2, OMD drilling program Planning for drilling operations
shoul d foll ow extensive geophysical surveying. Drilling should comence in
wat ers shall ower than 2000 neters, and use existing drilling vessels with

riser capability. Coring should aimat 100 percent coverage. A decision to

use or not to use the Gomar Explorer for depths greater than 2000 meters

should be deferred until several years into the program when both the
scientific and engineering problems will be better defined. Hopefully, the
nornmal progress of industrial drilling would by that time nake the leap to

abyssal drilling a less risky enterprise.

3 Phasing. The first phase of the OVD program woul d not be
concluded until substantial progress has been made al ong three East Coast
transects. A second phase, involving riser drilling to address scientific

problens away fromthe U S. continental margins, would then begin.

4, Chal | enger program  The Chall enger-based coring effort

shoul d be continued, at least during the early years of the OWD program |
addition to hydraulic piston coring, this effort night well include crustal

drilling and the investigation of non-U S. continental margins. Research

this kind is now planned for Challenger Legs 76-82. As a continuation of

the 1POD program a renewal of financial contributions from foreign

countries can be anticipated.
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Al ternatives Suggested by
by
Dr. John G Sclater

Massachusetts Institute of Technol ogy
Background

The Chall enger Project has been a great success and has had a new | ease
of life with the hydraulic piston core program and the deep and still open
hole drilled about 500 minto ocean crust in the area of the Gal apagos

spreading center.

| view the OVMD drilling program proposed at the Houston neeting as
basically a continuation of this Challenger program onto the passive and
active margins of the oceans and an attenpt to extend crustal drilling to
greater depths. This extension of the programto the margins and into
thi cker accunul ations of sediments will require a mjor advance in
technol ogy and have a nuch greater cost. In view of the technol ogy
advancement and the cost it is necessary to re-evaluate carefully the

scientific basis of the program

| think the margins are an inportant area to study at this tinme.
First, nost continents are covered by over two kiloneters of sedinent and
these sedinents were deposited by processes anal ogous to those taking place
at the margins today. As we believe we can tackle these margins in a
quantitative rather than a qualitative fashion they are an exciting new area
of scientific endeavour. Secondly, as there is a possibility of large

accunul ations of oil and gas any well posed study investigating how these
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margins were created woul d inprove our chances of finding if and where such
accunul ations could be found. Wth the present shortage of oil and natural

gas such research is obviously in the national interest.

Clearly eight major oil conpanies agree with this position. Gven that
they continue to support 50% of the project | think the science as proposed
by the Houston group with certain qualifications worth the cost. As a
result of these qualifications | would like to suggest substantial

adnministrative inprovements to the project.

1).  The Program shoul d be extended over a longer period and start |ater.

For budgetary reasons this appears to be happening already. However,

there are other equally good reasons for slowing it down:

(1) it will enable conpletion of 2 years of hydraulic piston core
drilling on the Challenger and a reentry and conpletion to maxi num depth of
the still open ocean crustal hole near the Gal apagos spreading center,

(2) it will enable nmore and better studies to be carried out on the

conversion costs of the Explorer, and

(3) it will enable a geophysics programto be devel oped and partially
conpl eted before any of the decisions are nade as to where to drill the

deepest and nost expensive hol es.

2).  The program should be restructured and al so renaned.

It is not just an ocean nargin drilling program It is an attenpt to

apply geophysical and drilling techniques to solve major problens on the
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ocean margins and in the deep sea. | suggest that to reflect the inportance
of the geophysics to the program that the $118 million for science be split

into two parts.

(1) $70 million should be separated conpletely from the present
budget and be given to another programto do the broad based scientific
geotraverse work necessary for picking good drilling sites. This project

shoul d be given a separate nane. Continental Margin Geotraverse (CM3 is an

obvi ous suggesti on.

(2) $48 mllion should be left within the present project to cover

site specific geophysical work and other science.

3). The Continental Margin Geotraverse Project

This project allowing for 10% inflation over ten years woul d cost
around $5 nillion/year at 1980 dollars. It would have a slightly increased
budget early in the project when nost of the geophysical data was being
gathered and a slightly reduced budget at the end when the project was

nearing termnation.

At present one of the oceanographic institutions (Lament) has proposed
to the National Science Foundation and ONR to build and equip a 200 channel,
10 km long, nultichannel array for the acadenmic comunity. This array which
is a step beyond the state-of-the-art of industry will enable academic
scientists to tackle many problems not soluable with present equipnent. The
budget estimate is on the order of $9 nillion dollars. It will cost a
further $.5 mllion to run and $.25 million in processing for each nonth at

sea (costs estimted from Continental Margins Report, page 16, line 10,
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operating costs $18 nillion divided by 24 nmonths). Five nillion dollars a
year plus what is already being put into acquiring this data by other
branches of NSF and ONR will enable the acadenic comunity to run a
state-of-the-art nulti-channel system for six to eight months each year and
do other conplenentary geophysical surveys (seismc refraction and gravity)

in the same area

Such a programif set up on a national basis (as is the present
Chal I enger program) would be able to tackle the margin geotraverses
mentioned by the Continental Margins Report as well as providing the basic
geophysics for future drilling. Further it is unlikely that the academc
community could handle a larger project than the one | have outlined due to
manpower and processing limtations. Thus this project would fulfill mch

of the goals of the Continental Margins Report (Bally Report).

4)* The Drilling Program

The drilling program should take place after:

(a) the basic geotraverses necessary for adequate site selection have

been conpl et ed,

(b) the cost wells now available on the slope and sone industria

wells that will be released next year have been worked up and

(c) a reasonable and believable estimate of the cost of the Explorer

has been worked out.

A rough scenario in nmy own nmind is that, if the project starts in 1981,

the nulti-channel seismic ship for the geophysical comunity will take 3
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years to conplete and 2 years thereafter, in conjunction with other

geophysical progranms, wll have produced the necessary background data for
site specific geophysics and drilling. Thus drilling on the shelf or rise
woul d start around 1986 or 1987. | believe this represents a delay of two

years to the present program

5) Possible political problenms with present structure

If the project goes ahead it could well founder in the near future
because of lack of industry support. Wth the present structure the whole

project would fold.

This does not have to be the case. |f ny suggestion of splitting the
programinto two parts (it could be two separate projects or one project
with two clearly defined parts) were followed then, if the oil conpanies pul
out and half the noney disappears, the project doesn't have to fold. First,
the continental margins geotraverse project could continue. It will cost
significantly |ess per year than NSF is now contributing to the budget
Second, what noney is left in the NSF budget could be put towards drilling
holes in shallow depths with presently available conventional drilling
technol ogy. Though this would be a blow to some of the mjor goals, the
program woul d not be conmpletely wiped out. Personally, | view the
geophysical traverses on the margins to be as inportant scientifically as the
actual drill holes thenselves. Thus | do not think the loss of the deepest

hol es should be considered a nortal blow to the project
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Al ternatives Suggested by
Dr. Tj. H van Ande

Stanford University

My program alternatives are as foll ows:

1. I npl ement continental margin transect studies and associated

prograns of the Bally report for the required amunt of tinme.

2. Strengthen in a major way geophysical capabilities of the
oceanographic institutions with truly nodern geophysical ships,
instrumentation and processing techniques including multibeam

echosoundi ng and nearbottom survey instrunentation.

3. Continue a G omar Challenger (or sinilar ship) program of
drilling, with heavy enphasis on the HPC. This one, likely to be
the ultimate bl ossoming and reward of the DSDP | would regard as

one of the highest priorities in the marine sciences today.

4, Close down DSDP in 2-3 years time with conpletion of 3)

5* Reassess the need for margin drilling and the state of available
technol ogy toward the end of the 1980s when the program under 1

has been conpl eted and di gest ed.

This strikes me as a sensible and properly ordered program taking
advantage of the state of the technology, of our present ability to state in
operational ternms what they key problens are, and logically continuing to

take the main trends to where they may lead. Al this without extraordinary
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strain on budgets and other resources. | would like to add that all
reference to the resource inportance, whether energy or ninerals, of the OW
seens to me quite strained. Al potential resources are just that, not
realities , sonething perhaps for 20-30 years fromnow. | do not believe

and, apparently, neither do the oil conpanies, that a real case can be made
that the OVMD program will significantly advance our access to these

resources.

| believe that this approach maintains the nomentum created by DSDP at
the point where it is greatest (where the questions have been nost clearly
stated) , that it tackles the continental margin program where the |argest

return can be found (see Bally report for justifications) and that the total

cost is comensurate with priorities of the total national earth sciences

program It is futher a program of manageable size and one that should be
confortably cost-effective. | DO NOT SEE IT AT ALL AS WHOLESALE NEGATI ON CF
The OVD; on the contrary, | believe that it is the essential transitional
step and that a responsible OVD is nhot possible without it. | am faniliar
with the sayers of doom who claimthat , once terminated, no narine drilling
program wi Il ever by resurrected. I do not believe that that is true; after
all, such a programwas once erected and that in the face of the Mbhole

di saster, not actually a very invigorating climate. | believe that

insisting on the drilling phase now is equivalent to clainming that

continuity is nmore inportant than necessity or quality.

The NAE/ Marine Board report has questioned the current tinmetables, and

the budget flap we are finding ourselves in is likely to lead to further

extension | do not think that extending the time table by a couple of
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years will help a lot , because these extensions will only yield the
budgetary relief required by higher than expected costs and |arger than

anticipated national reductions in the investment in R&D. Consequently,

extending the calendar will not do what is necessary, nanely to do sone

other things first, and not begin this costly venture until we are surer of

what it is we need to do and have a better (and cheaper) handle on the

t echnol ogy.
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Appendi x B

Background on Deep Ccean Drilling for Scientific Purposes



BACKGROUND ON DEEP OCEAN DRILLING FOR SCIENTIFIC PURPOSES

THE MOHOLE EXPERIMENTAL DRILLING PROGRAM .PHASE |

Marine geol ogi sts and oceanographers have long desired to study sanples
from deep in the sediments and rocks beneath the ocean floor in order to
extend man’s know edge of the earth and its history. In 1957 a distinguished
group of these scientists joined together in an informal association known as
the American M scellaneous Society (AMSOC). This group concluded that the
greatest advance in the earth sciences could be nade by drilling through the
crust of the earth to the mantle. This boundary was known as the Mhorovi ci
Discontinuity (MOHO - hence the name MOHOLE. By continuous coring and
measurenent of the characteristics of the sediments and rocks, many of the
theories devel oped by indirect methods could be tested against the direct
evi dence obtained from the hole.

It soon became evident that the goal could be reached npbst expeditiously
by drilling in the deep ocean basins where the crust was known to be thinnest
(18000 to 12000 feet) and the least drill penetration would be required. How
ever, in these locations the water depths ranged from 12000 to 18000 feet
thus requiring a drill string length equal to or greater than 30000 feet to
reach the MOHO. This drill string requirement exceeded by 5000 feet the deep-
est penetration achieved on land up to that time and the then current offshore
drilling operations were linmted to maxi mum water depths of about 600 feet

Undaunted by the formi dabl e chall enge posed by major advances required
in the state-of-the-art of drilling at sea, the AMBOC group becane a forma
comm ttee of the National Acadeny of Sciences (NAS) and obtained funds from
the National Science Foundation (NSF) to investigate potential approaches to
the problem In Novenber 1959 a study group, conprising oil industry and
marine industry specialists, studied the possibility of conducting an experi-
nental drilling programin deep water. This would involve drilling into the
soft sedinents of the deep ocean floor from a dynamcally positioned vesse
to establish whether it was feasible to extend such operations to greater
penetration depths and to maintain position of a floating drilling platform
for long periods under difficult environnental conditions. The concl usion,
reported in March 1960, was that the experimental programcould be carried
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out , and would yield valuable information on which to build future plans;
the initial study group estimate for this Phase | Drilling Program was
$522, 550.

NSF agreed to fund the program and engineering work and scientific

pl anning began in earnest. As a result, the G obal Mrine Exploration Conpany
drilling vessel CUSSIwas drydocked for conversion on 14 February 1961 in

San Diego, and by 7 March the vessel was underway for test drilling in 3100
feet of water off La Jolla, California. Wthin the followi ng week, five holes
were drilled, the deepest being 1035 feet which was drilled through a tapered
gui de casing above the bottom and with casing extending about 100 feet into
the bottom

After a week of refit and upgrading of some equipment in the San Diego
shipyard, the CUSSI proceeded to the deep water drilling site between
CGuadal upe Island and Baja, California. On 28 March the bit touched down and
drilled into the deep sea floor for the first time; water depth was 11672
feet. Five holes were drilled, the greatest penetration being 600 feet bel ow
the sea floor of which the |ower 50 feet extended bel ow the sedinents and
into basalt. Collectively, the cores obtained represented almst 100%
sanpling of the sediments and rock down to this penetration depth 12272 feet
bel ow the ocean surface.

The Mohole Experimental Drilling Program was considered entirely suc-
cessful, far exceeding the expectations of the AMSOC Conmittee and its spon-
sors. In addition to the scientific value of the cores obtained and the

measurenents made, the following engineering and operational features were
proven:

o Dynamic positioning, or stationkeeping with controlled propul sory
instead of anchors, was an entirely acceptabl e neans of keeping

“adrilling vessel on station for extended periods.
0 As long as a ship is headed into the principal swell, it is an
acceptably stable drilling platform

o Constant pressure of the drill bit onthe bottom can be maintained
with the proper combination of drill collars and bunper subs.
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0 Conbined use of dianond bits and wire-line coring vyields
satisfactory core sanples from both bottom sedinents and rocks

0 Casing of the upper 200 feet of a hole is possible and pernits
drilling to the above penetration depths w thout cuttings
falling back into the hole.

0 Standard logging techniques can be used to obtain geophysica
nmeasurenents in the strata of the hole walls.

0 Cceanic currents were less troublesone than anticipated

0 Cuss | was a suitable vessel for the first experinents but
| acks many of the required characteristics of the drilling
vessel needed to drill the final MOHOLE

In addition to these tangible achievenents, the Phase | design, construction,
and operation programwas the first tine that the oil industry, offshore
operators, the marine industry, and earth scientists had an opportunity to
work closely together in the pursuit of a common goal. Each group I|earned
to appreciate the problenms and aspirations of the others and a uni que under-
standi ng and camaraderie devel oped that has formed the basis for many of the
cooperative efforts that have been undertaken in the ensueing years

The total cost of this programwas estimated to be $1,788,000. O
this, $1,501,500 was funded by NSF. Additional governnment contributions
were $35,000 fromthe U S. Arny, $1,500 from ONR $250, 000 came fromindustry
and university or research organizations. This does not account for severa
items of equipment that were transferred, wthout cost, to other projects
For exanple, the four steering propellers ($130,000) used for dynamic position-
ing were first given to the Ofice of Naval Research for use in cable Iaying
in the ARTEM S program and a nunber of the dynamic positioning control com
ponents were also used in their control systens aboard the YFNB-12. These
units and the controls were later transferred to Wods Hol e Cceanographic
Institution and three of these constitute the propul sion system of LULU, the
tender for the subnersible ALVIN. Thus, not only the scientific and engineer-
ing fall out fromthe Mhol e Experimental Drilling Programrenains as a highly
regarded heritage, but nmuch of the hardware is still perform ng useful func-
tions. Al though a benefit/cost analysis was not performed, the ratio cer-
tainly far exceeds unity for this program



THE MOHOLE DRILLING PROGRAM - PHASE I

Based upon the success of Phase |, the National Science Foundation
nmoved rapidly into the initiation of Phase Il of the Mhole Drilling Program -
the devel opnent of a drilling system that could reach the MOHO  Background

material was prepared and sent out and, on 27 July 1961, a briefing was given
to prospective contractors for the design, construction, and operation of a
drilling system capable of reaching the MOHO ~ Seven nonths later, in February
1962, NSF announced that the prine contractor was to be Brown & Root of

Houst on, Texas.

The contractor selection process and the initial work performed by
Brown & Root gave rise to a considerable amunt of speculation as to the
political influence that m ght have been exerted and the ability of NSF to
provi de adequate nanagenent control over a project of this magnitude. Initia
expenditures far exceeded what m ght be anticipated for the progress made in
the design and construction of a deep ocean drilling systemwth the capability
of reaching the MHO. Furthernore, the scientific comunity began to express
consi derabl e concern over the anount of NSF expenditures for hardware in
proportion to the funds made available for science. The ultimte result of
the rumors of inordinate political influence, inefficient utilization of
funds, and financial neglect of scientific programs was the termnation of
the project by Congress through the sinple expedient of shutting off NSF funds
budgeted for the program This occurred in Septenmber 1966.

However, despite the slow start of the prime contractor on the Mhole
program there was a considerabl e amount of progress made in the last two

years that resulted in significant advances-in the engineering aspects of deep
water drilling technol ogy. These include:

0 Devel opnent of both short baseline and |ong baseline deep water
sonar location systems for application in ship dynamc positioning

0 Design of retractable, ducted steering propellers for dynamc
positioning thrusters.

o Concept, design, and nodel testing for propulsion and seakeeping
ability of the first sem-subnersible drilling platform
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0o Concept and design of a casing, reentry cone, and riser
system for deep water drilling.

0 Devel opment of advanced types of drill bits and coring equip-
ment for continuous coring of holes in the ocean floor

0 Inprovenment in down hole logging techniques and devel opment
of 1o0gging equi pnent.

One has only to look at the nunber of dynamically positioned, sem -
subnersible drilling platforns using ducted steering propellers to see that
this innovation and technology transfer has been of significant benefit to the
of fshore oil industry.

Q her Mhol e devel opnments have proven of great value throughout the
world in the extraction of petroleumand associated resources from beneath
the floor of the ocean. Thus, although there may have been some waste of
funds, and their diversion fromother scientific pursuits, the net outcone
of the Mhole Program has been beneficial to the nation and to the world.

THE DEEP SEA DRILLING PROJECT (DSDP)

The success of Phase | of Project Mhole in early 1961 denonstrated
the feasibility of extending the drilling techniques devel oped by the oi
industry both to very great water depths and to great distances beneath the
ocean floor. This success stinulated w despread discussion of possible
projects directed at sedimentary drilling as distinguished fromthe very
deep drilling objectives of Project Mbhole itself. During the ensuing two
or three years several formal and informal proposals were made to the Nationa
Sci ence Foundation seeking financial support on behalf of individual institu-
tions or groups of institutions to support sedimentary drilling projects, and
for a considerable interval of tine there were various serious discussions of
the possibility of doing such drilling as an internediate phase of Project.
Mohol e.

It ultimately becane clear that eventually two quite different types of
vessel s woul d be required for deep rock and for sedimentary drilling - a large
stable platformto permt drilling in one place for a long period of time to
reach the deep mantle rock and a nore nodest ship that need stay on one station
only for sufficient tine to penetrate and sanple the ocean sedi nemeslizing
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this, the National Science Foundation proposed, in Congressional testinony
given in the fall of 1963, that there be instituted an “Ccean Sediment Coring
Prograni distinct from but conplenmentary to, the Mhole Project.

As a guide for the planning of such a program the Foundation staff
had many discussions wth know edgeable scientists in the fields of oceanog-
raphy, geophysics and geol ogy and surveyed the neans by which their coopera-
tion could be obtained in carrying out the program In the spring of 1964,
initiative was taken by four of the major oceanographic institutions that had
strong interests in these fields, and in May 1964 they forned the Joint Cceano-
graphic Institutions for Deep Earth Sanpling (JODES), a consortium that has
provided the focal point for setting up scientific advisory panels with broad
representation and for otherw se providing advisory planning and guidance to
the Project. This group, Lamont-Doherty Geol ogi cal Cbservatory; the Institute
of Marine Sciences, University of Mam; the Scripps Institution of Cceanography,
Universtiy of California at San Diego; and the Wods Hol e Cceanographic Insti-
tution, expressed an interest in undertaking scientific planning and guidance
of the sedinmentary drilling program It was the purpose of this group to
foster programs to investigate the sedinents and rocks beneath the deep oceans
by drilling and coring. The menbership of this original group was |ater
enlarged in 1968 when the University of Washington became a nenber.

Through di scussions sponsored by the JO DES organi zation, and support
fromthe National Science Foundation the Lanont-Doherty Geol ogi cal Cbserva-
tory operated a drilling programw th Dr. J. Lamar Worzel as Principal
Investigator. This successful drilling effort early in the summer of 1965,
on the Blake plateau region off Jacksonville, Flordia, used the drilling
vessel, CALDRILL I. Wth this success in hand, planning began for a nore
extensive deep sea effort. As the discussions and plans progressed indicating
the feasibility of such an effort, the Foundation provided for initial funding
for the Project in fiscal year 1965 and fornmally established the ‘National
Progranf wth funds nade available in the fiscal year 1966 appropriation.

From anong their group, the JO DES consortiumselected Scripps as the best
situated and equi pped to undertake the management of a continuing drilling
effort. Accordingly the Foundation, in the sumrer of 1966, awarded a contract
to the Scripps Institution of QOceanography to conduct the Deep Sea Drilling
Project. On 14 Novenber 1967, a subcontract was executed between Scripps
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Institution of Cceanography, University of California and G obal Marine, Inc.,
to supply a drilling ship capable of carrying out this drilling program at

sea. The ship, constructed especially for the purpose, is capable of drilling
in water depths up to 20,000 feet and with a penetration of about 2500 feet
into the sea floor. She was |aunched on 23 March 1968, and christened GLOVAR
CHALLENGER. Theship was conpleted and outfitted; drilling operations began
inthe Gulf of Mexico in md-August 1968.

The advent of GLOMAR CHALLENGER, wWith its deep-water drilling ability,

B-7



was exceedingly tinmely. It came when geophysical investigation of the oceans
had matured through 20 to 30 years of vigorous growth to the point where we
had some know edge about nuch of the formerly unknown oceanic areas of our
planet. About one mllion nmiles of traverses had been made which told us
nuch about the global pattern of gravity, magnetic and thermal anonalies,

and about the conposition, thickness and stratification of the sedinentary
cover of the deep sea and continental margin. The coverage with such data
enabl ed the site selection panels to pick choice locations for drilling. The
know edge gained from each hole could be extended into the surrounding area
Detailed geophysical surveys were made for nost of the selected |ocations
prior to drilling.

The earth sciences had recently matured froman enpirical status to one
in which substantial theories and hypotheses about major tectonic processes
were flourishing. Theories about the origin of magnetic fields and magnetic
reversal s, about ocean floor spreading, and continental drift, and about the
thermal history of our planet, had led to specific predictions that could be
tested best by an enlightened program of sanpling of deep sea and continenta
margin sediments and underlying rocks

The first opportunity to sanple the naterials of the deep sea floor to
significant depths came when GLOMAR CHALLENGER drilled her first test hole in
the Gulf of Mexico. The many borehol es that have been drilled since that time
have made major contributions to better understanding of the nature of the
surface features of the earth, the chronology of tectonic and environnmenta
events, the nature of natural disasters, and the geol ogical framework in which
economi ¢ concentrations of resources are |ocated

The plate tectonics model was devel oped from geophysical and geol ogi ca
observations in the oceans and from earthquake seismology. Some of the strongest
evidence for its validity has been produced by the Deep Sea Drilling Project
It inplies the continuing generation of newy formed crust, primarily at oceanic
ridges, followed by lateral transport of the oceanic crust and sedinments and
ultimate addition to existing continental crust. Along the [ine where conti-
nental and oceanic crust converge the interaction results in the formation of
great faults with associated earthquakes, but also, in sone little understood
manner, the generation of volcanoes and deep seated nolten rocks. These are the
| oci both of natural hazards (volcanic activity and rel ated earthquakes) and of
netallic mneral deposits
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Asecond aspect of the plate tectonics nodel inplies that the present
loci of new crust formation devel oped, in part, beneath a supercontinent sone
200 mllion years ago. Wth the continued generation of new crust, the rifted
continental fragnents noved apart toward the present continental configuration,
and indeed the relative motion of continents presumably continues today. As
the continents nove about, circulation patterns in the oceans change, with
acconpanyi ng changes in weather and climate. The record of these changes is
preserved in the sedimentary colum on the sea floor. In any case, the rifted
margins of the continents were initially thinned and faulted, and ultimately
sank beneath the newy forned ocean. All rifted margins show a conplicated
structural history, leading to simlarly conplicated patterns of sedinentary
deposits. In the initial stages of rifting, isolated seas becane the |oci of
thick salt deposits. In this environnent many gi ant deposits of oil and gas
have been found and this remains the nost pronising domain for the discovery
of large additional deposits

The early phases of the Deep Sea Drilling Project conpleted a najor
reconnai ssance effort over the ocean areas of the world except the ice-covered
Arctic. The Deep Sea Drilling Project has been a relatively expensive earth
science effort, but in terms of contributing to a general synthesis of geologi-
cal know edge, it has been remarkably econonical. Attenpts at deeper penetra-
tion and additional operations on continental margins are needed to answer
inportant remaining questions and will require continued and increased finan-
cial support. This requirenent is now being matched in part by the participa-
tion of other governments in the drilling effort and by the wi sh of many
scientists throughout the world to increase the scope of the effort.

The first neeting of the representatives of JODES with interested
foreign parties was held in Washington, D. C., in March 1972, to consider the
feasibility of a new international program Later in that year the JO DES
Planning Conmttee met to review drafts and prepare a final planning docunent
for an International Program of Qcean Drilling (IPQD).

Until the beginning of IPOD in 1975 the Deep Sea Drilling Project was
primarily a global reconnaissance drilling program of ocean sedinents. Since
then the geographic scope has been [imted to those areas in which specific
probl ens associated with ocean crust, margins, and sedinentary regi nes can be

B-9



resol ved nost definitively. Steaming time of the drilling vessel has been
mnimzed and drilling time maximzed by drilling at only relatively few,
wel | -surveyed sites to solve specific problens.

During the 1POD drilling the conposition of JO DES has changed by the
addition of several nore U S. oceanographic institutions and by the addition
of several non-U S. institutions. The JODES nenbership is now

Bundesanstalt fur Geow ssenschaften und Rohstoffe

Federal Republic of Germany

University of California at San Diego
Scripps Institution of QCceanography

Centre National pour |'Exploitation des Cceans
Paris

Col unbia University
Lanment - Doherty Geol ogi cal Cbservatory

University of Hawaii
Hawai i Institute of Geophysics

University of Mam
Rosenstiel School of Mrine and Atnospheric Science

Nat ural Environment Research Council
London

Oregon State University
School of QCceanography

University of Rhode Island
Graduate School of Oceanography

Texas A&M University
Department of Qceanography

University of Tokyo
Ccean Research Institute

U S.S.R Acadeny of Sciences

University of Washington
Department of Qceanography

Wods Hol e Cceanographic Institution

Drilling with the G.COMAR CHALLENGER has been an outstanding scientific
success. The program has been well managed, it has continued and inproved upon
the high degree of understanding and respect existing between the scientific,
of fshore operations, and engineering communities, and it has fostered scientific
cooperation on an international scale. Yet, although the capabilities of the
CHALLENGER have been stretched to the maximum the scientific goals that remain
demand a vessel that can work in greater depths of water, can stay nore precisely
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on station for deeper penetrations, and will have a greater carrying capacity
Furthermore, nuch of the equipnent aboard the CHALLENGER is reaching an age
where extensive maintenance, rework, or replacenent is required. Thus, it
appears that the tinme is rapidly approaching when fulfillnment of the expanding
scientific goals will call for a newer and nore capable drilling vessel

SCIENTIFIC INITIATIVES IN THE EVOLUTION
OF THE OCEAN MARGIN DRILLING PROGRAM

The International Phase of Ccean Drilling (IPCD) was scheduled to be
concluded in 1979. The JO DES organi zation recogni zed the need to nake a
critical examnation of the status of scientific ocean drilling and to assess
plans for the future in its Executive Conmttee neeting in August 1976. An
ad-hoc Subcommittee on The Future of Scientific Ccean Drilling was appointed
and directed to hold a conference as soon as possible in order to provide
timely advice.

THE FUTURE OF SCIENTIFIC OCEAN DRILLING (FUSOD) REPORT

The FUSOD conference was held in March 1977 and prepared a report of
its deliberations_conclusions, and recomrendations. This report was revised
in April and, in July 1977, it was accepted by the JO DES Executive Conmttee.
The report detailed a programof future work building upon the know edge
gained in the DSOP and in the |PQD.

One of the nore widely cited recomendations of the FUSCD report was
the need for extensive pre-drilling planning--geological and geophysical work
prior to drilling, and scientific analysis following a drilling program The
commttee concluded that any drilling program should proceed only if,
adequate funding is assured for scientific studies for, i) broad scale problem
definition, ii) small scale site exam nation and preparation, iii) sanple
analysis and, iv) interpretation and synthesis, as well as logging for each
hol e.”

Future drilling proposals were made by four panels: passive margins,
active margins, ocean crust, and pal eoenvironnent, Cost of the program and
equi pment use and devel opnent were not initially considered by the four panels.
Al panel reconmendations were divided into two phases: 1979-1981 (riserless
drilling) and from 1981 on (drilling with a riser). A summary of the pane
proposals is given bel ow.
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Summary of Proposals by Passive Margin Panel

“The objectives stated by the passive nmargin panel are
o to relate the structural evolution, rifting, and early
sedimentation to the nature of ocean-continent boundary
and to early history of subsidence
0 to test and inprove existing nodels of passive margin
formation and devel opnent.

"It is recormended that the major focus of the programbe in the North
Atlantic where there are excellent exanples of two categories of passive
mar gi ns

o mature margin, e.g., the east coast of the U S
0 sedinment-starved margin on both sides of the North Atlantic.”

The initial phase of the drilling programcalled for shallow penetra-
tion drilling in a few carefully selected sites. The second phase involved
deep margin drilling with a riser for long periods with extensive advance
geophysi cal survey work.

Summary of proposal by Active Margin Panel

"The broad objectives Of active margin drilling are to clarify the

process of subduction (collision is also inportant, but it will be the objec-
tive in a later stage). These objectives may be subclassified into the
foll owi ng two:

1. Processes in the trench-arc zone

2. Oigin and devel opment of back-arc basins

Current drilling programup to 1979 is designed to attack these objectives
with the GLOMAR CHALLENGER capabilities by placing transects over selected
active margins. The priorities of transects in the current (1977-79) program
are as follows:

Priority | M ddl e Anerica Trench and South Philippine Sea Transect

Priority Il Kuril-Okhot sk-Japan Transect

Priority Il Northern Philippine Sea Transect

Priority IV ~ Caribbean, New Hebrides, Tonga and Peru-Chile Transects
However, during the current 1 POD program only Priority I, II, and Ill tran-

sects will be attacked.”
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The proposed first phase of the active nargin panel proposal included
intensified geophysical site surveys, downhole instrunentation, “a nore
detailed network of holes, and an integrated multidisciplinary approach with
| and geol ogy."

The post 1981 proposal envisioned a programw th and w thout deep
drilling capability. Shallowdrilling, primarily in the accretionary wedge
in subduction zones plus geophysical work was proposed. Wth a deep drilling
capability, a network of holes into the accretionary wedge and back-arc basin
drilling was designated in such areas as the Peru-Chile Trench, the Japan Arc
systens, and the Marianas Trench.

Summary of Proposals by Ocean Crust Panel

"The main objective of oceanic crust drilling is to learn in detai
about the geodynanmic processes of the evolution of oceanic crust. Three najor
sets of problens can be identified:
0 geophysical problens, such as the interpretation of
heat flow, magnetic anonali es;
o physiochenical problenms such as hydrothermal processes,
netrol ogical differentiation, etc.
0 nature of the deep oceanic crust.”

The 1979- 1981 proposed pl ans included hydrothermal processes, studying
crustal structures in the region of transformfaults, and exam nation of the
area of Tuamptos. Post 1981 plans were directed at two objectives: to drill
into the deep ocean crust and investigate the ocean crust formed in the early
stages of spreading.

summary of Proposal by Paleoenvironment Panel
"For a first phase of drilling (1979-81) the South Atlantic has been

selected as the nost suitable area to devel op hypotheses to explain the prob-
| ens posed by physiochemcal changes which occur during the opening and
evolution of an ocean. It is proposed to focus on two major aspects of these
processes:

1) the transition from stagnant to well-oxygenated conditions

2) the transition froma warmto a cold ocean.
These two maj or problens can be approached in the South Atlantic in order to
understand the main processes involved. In the second phase, post 1981, a nore
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generalized test of the concepts derived from the South Atlantic pilot study
should be attenpted to elucidate the evolution of a world ocean.” @ obal
coverage was cited as crucial to reconstruct pal eoceanographic evol ution of
the world.

General Concl usi ons and Recommendations

When the FUSCD subcomittee undertook its work the availability of the
G.OMAR EXPLORER was anticipated in providing a candidate for a drilling vessel
with expanded drilling capabilities. Followng the individual panel proposals,
the FUSCD committee selected overall options for a future ocean drilling
program with consideration of budgetary and equipment constraints but exclud-

I ng EXPLORER conversion and riser devel opnent costs.

The preferred option included a continuous program of extended CHALLENGER
use (seven years), and six years of EXPLORER work which would fulfill many of
the panel proposals. The inportance and advantage of a continuous drilling
program fromthe CHALLENGER to the EXPLORER was enphasized as well as the
i nportance of performing non-drilling research.

THE AD-HOC ADVISORY GROUP FOR FUTURE SCIENTIFIC OCEAN DRILLING= GILETTI REPORT

The Ad-Hoc Goup for Future Scientific Drilling (Gletti Goup) was
established by the National Science Foundation to evaluate the Deep Sea
Drilling Project, review the FUSODY JODES report as well as a Scripps proposal
for the continuation of deep sea drilling, examne other options for a marine
geosci ences program which would not involve drilling, evaluate proposals
offered by the FUSOD subcommittee, and present scientific priorities for the
National Science Foundation directorate.

The Gletti Goup, in its report of 2 My 1978, endorsed a scientific
drilling program designed to obtain both sedimentary and basement rock sanples
enpl oying riser technology and blowout prevention coupled with geol ogical,
geophysical, and followup research. The Goup supported both the scientific
studies of the passive margin, active margin, oceanic crust, and pal eoenviron-
nment panels, and the general solutions presented by the FUSOD subcommittee.

Conversion of the GLOMAR EXPLORER or use of a simlar type vessel was
recomrended. As in the FUSOD report, the Goup supported a continuous drilling
program until an EXPLORER-type vessel was available. The CHALLENGER coul d al so
perform ancillary drilling at certain sites during this tinme.
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As in the USCD report, the Gletti Goup concluded that a drilling
program is “not the end objective”. There should be extensive site surveys,
downhol e logging and instrumentation, and other studies to conplement the
drilling program Drilling on the passive margins was considered to be of
great inportance to assist in resource assessment and recommended t hat
“passive margin drilling, at least in the beginning, be off U S. shores”.

THE AD-HOC PANEL TO INVESTIGATE THE GEOLOGICAL AND GEOPHYSICAL RESEARCH NEEDS AND
PROBLEMS OF CONTINENTAL MARGINS- BALLY REPORT

Thi s ad-hoc panel was established in 1979 by the Ccean Sci ences Board
of the National Research Council with support fromthe National Science Founda-
tion, the Office of Naval Research, and the U S. Geol ogical Survey.

The report of this panel presented recommendations for research in the
1980"s which would contribute to a greater understanding for major geol ogica
processes of continental margins. Cenerally, the panel reconmended focusing
on donestic continental work, greater utilization of existing technology, and
finally, a drilling program for “scientific purposes follow ng detail ed
geol ogi cal and geophysical surveying”.

Three programs were designated as high priority work for the future:

1. A sedinent dynam cs programto exam ne sediment transport, entrainnent
and deposition on continental shelves, slopes, rises, and narginal basins

2. A program of geophysical and geol ogi cal traverses, both |and and narine,
on donestic continental margins.

3. The outfitting of two geophysical research vessels, one for the East Coast
and @ulf, and one for the West Coast and the Al askan margins.

Two prograns were designated as second priority:

1. Geological and geophysical traverses of foreign continental nargins.

2. Drilling on continental margins, "but only if adequate funding is assured

for scientific studies that include: 1) broad-scale problem definition, 2) small

scale site exam nation and preparation, 3) sanple analysis and well |ogging, and
4) interpretation and synthesis".

The report sunmarized rough cost estimates for each major research
program described. The very high costs for drilling were used to enphasize the
need for funds directed towards the nunerous related research projects

B-15



THE BLUE RIBBON COMMITTEE ON POST-I POD SCIENCE

The Committee on Post -1 POD Science was created by the National Science
Foundation in July 1979 to evaluate the proposed Ccean Margin Drilling Program
principally as presented in the FUSCOD report. The panel was asked to review
and critique: 1) the science to be performed, 2) the relation between the pro-
posed science program and ‘national needs” -- resource assessment, and 3) the
drilling program

The Committee endorsed the OVD program and reconmended the program be
given “high priority” consideration in the FY81 budget process at the Founda-
tion. They concluded that the OVD program should be funded through add-on
dollars or new nmoney to the NSF budget to avoid conpetition with other science
projects. Qher recommendations presented by the commttee were

1. The science proposed in the OW program justified the costs of the project
($600 million over ten years).

2. There is a ‘national need” to address resources potential of the continen-
tal margins. Geological and geophysical techniques allow only partial answers
and drilling is necessary. The program should not be considered to be only a
drilling project since “... drilling is but one of the tools to be used-albeit

the nost spectacular and nost expensive.”

3. Advances will be needed in technology but they are possible, e.g., riser
devel opment; well control (blow out prevention), and inprovenents in ship
and drilling operations.

4. Foreign participation should be encouraged and be managed in a simlar
fashion to the Deep Sea Drilling Project.

ENGINEERING STUDIES IN SUPPORT OF ACHIEVING THE
OCEAN MARGIN DRILLING SCIENTIFIC OBJECTIVES

Engineering studies have been conducted during the past several years to
determne the vehicle and systems needed to acconplish the drilling tasks and
associated work required by the scientific objectives. Although the first of
these studies was initiated prior to the establishment by JODES of the FUSQD
subcommittee, the drilling requirements and the principal characteristics
inherent in a drilling vessel have not been altered substantially over the
period covered by these studies.
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BASIC ENGINEERING ASPECTS OF SCIENTIFIC REQUIREMENTS

Central to these studies was the requirenent for blowout prevention,
to provide the capability to control unwanted flows of formation fluids
mainly possible reservoired oil and gas; this prudent necessity arises
because of the scientific requirement to drill and sanple thick sedinent
accunul ations near the continents. The technical solution is a deep sea
riser, providing return circulation of drilling fluids and control access
to blowout prevention valves and shutoffs. This same system provides other
advantages, such as inproved hole stability and inproved drill cutting
renoval ; these advantages are applicable to other drilling than in thick
sedi ment sections.

Studies have so far been based on a series of sites to be drilled in
five broadly representative geographic areas. These areas (U S Atlantic
Coast off Cape Hatteras and Cape My, off Cape Flattery, Washington, off
Lisbon,. Portugal; off Spanish Sahara-Muritania border; Sea of Okhotsk-Kurile
I'sland area) were chosen as a model drilling program from possible areas of
riser drilling interest. They were chosen to create a substantial |atitudinal
range, (Okhotsk to Mauritania) and to place sites in the lee of major conti-
nents, (Ckhotsk, Cape May and Cape Hatteras) and also in the |ee of major
oceans, (Cape Flattery and Spanish Sahara/Muritania), with respect to dom -
nant weather patterns. The nodel entertained conditions of weather and sea
that would be neither unrealistically placid nor outrageously difficult. It
also realistically planned long distances between sites in a program spanning
more than one najor ocean. Typical sites are shown in Figure 1.

The mai n conclusions of these studies are that devel opment and use of a
deepwater riser are technically feasible, and that the work should be accom
plished froma large single hull drilling ship of the order of a little less
than 600 feet |ength.

Recently, added to these inputs as a special technical solution, was the
feasibility of converting the GLOMAR EXPLORER from a heavy lift vessel to an
oceanographic research drilling vessel, having capability to drill and core
the deep ocean basins and margins. The resulting study was extensive, but did
not address in depth the necessity to define certain parameters which could
affect final design of the system or conponents. Certain selected systens
and conponents shoul d be subjected to predesign analysis and, where applicable,
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sel ected devel opnent testing should be acconplished, prior to final system
desi gn.

These various engineering studies, and the general conclusions derived
in each study, are summarized in the follow ng subsections of this paper.

THE OCEAN RESOURCES ENGINEERING, INC. REPORT

I'n Decenber 1974, Scripps Institution of OCceanography authorized
Ccean Resources Engineering, Inc. to study the technical and econonic feasi-
bility of acconplishing the program objectives with conventional exploratory
drilling equipment. The scope of the study included:

(a) Determnation of the mninmumdrilling vessel
requi rements for this program

(b) Evaluation of oceanographic conditions at
several geographical |ocations.

(c) Conparison of existing or planned drilling
vessels to determne what type of rig is
best suited for the Ccean Margins Program

(d) Evaluation of existing marine riser equip-
nment and concepts.

(e] Determnation of areas which need devel opment,
i nprovement or extension of existing technology.

(f) Definition of special requirements for |ogistic
support.

The executive summary of the O R E report, “Cceanographic and
Vessel Evaluation for IPOD Ccean Margins Study”, issued on 26 Septenber 1975,
is quoted in part below

"It is technically and economically feasible to extend the State-Cf-
the-art technology utilized in conventional exploration drilling operations
in order to satisfy these special requirenments of the Ccean Margins Program
This program can be acconplished nost effectively with a large, dynamcally
positioned drillship which has an overall length of about 570 feet, a beam
of 85 feet and a maximumdraft of 24 feet. This unit has the nmaneuverability
needed for widely dispersed drilling areas and has sufficient capacity for
storage of riser, drill pipe and drilling expendable. This unit is nore
suitable and less expensive for the Ccean Margins Program than a sem subnersible
or small drillship.
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"The nost critical item which requires analysis, design, and testing
is the marine riser. Existing technology can be extended to neet these
needs by conmmencing a |ong-range engineering effort in the Fall of 1975.
For optinmum performance, the drillship should be specially designed with
conponents sized and located as appropriate for these specific operations.
This vessel woul d have the inherent ability to conduct future exploratory
oil and gas drilling in deep water. Design and construction of the drillship
shoul d commence in February 1977, with nobilization of the vessel acconplished
by May 1981. The scientific drilling programcan be acconplished in about
4.3 years.

"The Ccean Margins Program may be funded either as a contractor owned,
contractor operated programor a government owned, contractor operated pro-
gram . . . . The total programcosts with the contractor owned equi pment are
$283 mllion, while the total costs with the governnent owned equipnent will
be only $227 nillion. Since significant savings can be effected, it is
strongly reconmended that the drillship be government owned and operated by
an experienced offshore drilling contractor."”

THE GLOBAL MARINE DEVELOPMENT, INC. REPORT

Wen the GLOMAR EXPLORER becane available as a governnent owned vessel,
the Scripps Institution of Qceanography comm ssioned G obal Marine Devel opnent,
Inc. to study the feasibility of converting this ship froma heavy lift plat-
formto a drilling platform for use in the Ccean Margins Drilling Program
The conclusions derived fromthis study were presented in a report ‘Conversion
of the GLOVAR EXPLORER into a Deep Water Drilling and Coring Vessel", 28 Feb-
ruary 1977. These are sunmmarized bel ow ‘

The denonstrated deep ocean performance of the GLOMAR EXPLORER, coupl ed
with the present [ack of an operational assignment for the vessel, make the
U S governnent-owned GLOMAR EXPLORER an ideal candidate for the proposed
program GVDI feels especially confident in the feasibility of using this
vessel for the proposed program This confidence stems fromour role as
prime contractor for this ship fromits conception through detailed engineer-
ing and construction, subsequent "at sea” operations and ultimate lay-up in
the U S. Reserve Fleet.

The versatility and flexibility of this ship due to its inherent size
advantage over the GLOMAR CHALLENGER is graphically depicted in Figure 2.
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Significant conclusions from this study are

0

The GLOMAR EXPLORER can, with mnor nodifications, main-
tain position for deep water drilling as well as, or
better than, existing "large" drilling ships.

The vessel notions are less than those of “large”
drilling ships operating under the same environmenta
condi tions.

The vessel has nore than adequate stowage capacity for
the specified operation. At sea resupply should not
be necessary for legs less than 150 days except for
crew change.

Weather downtinme at the specified operating sites, is
expected to be less than two percent assuming opera-
tion does not take place during the favorable seasons
at the specified sites.

The large vessel size allows all specified |aboratory
and scientific acconmodations to be incorporated °
either in permanent spaces or tenporary vans. There
is additional capacity available to increase these
facilities if desired.

The unique heave conpensated ginbal system allows
support and tensioning of the riser such that the
riser will not require any type of flotation. This
capability obviously sinplifies the riser itself as
wel | as all associated handling and support equipnent.
Handling of the drill pipe sections from the storage
area to the moving ginballed rig floor at acceptable
rates can be acconplished.

The vessel is already in the U S Government inventory
Therefore, the cost of operating the vessel, on a day
rate basis, is conparable to other contractor-owed
"large” drilling ships.
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THE DONHAISER MARINE, INC. REPORTS

The National Science Foundation contracted with Donhai ser Marine, I nc.
(DM) to conduct a conparative review of the O R E report and the GWDI
report as well as to draw conclusions fromthese and other input infornmation
regardi ng the engineering approach that should be taken by the Foundation
and to estinmate the costs that would be incurred in the engineering aspects
of the program DM presented its conclusions in three reports issued from
July 1978 to Novenber 1978.The conclusions of these reports are sumarized
in abbreviated form bel ow.

0 The nost cost effective method of carrying out the Ccean Margins
Drilling Programwi |l be for the governnent to own a suitable drilling
vessel, riser and well control system drill pipe and related equip-
nent and contract for its operation. The total difference in cost

over a five year programutilizing the nodified GLOVAR EXPLORER, con-
tractor operated as conpared to contracting for a contractor owned
new drillship will be in the order of magnitude of 160 nmillon dollars

based on 1978 dollars with an 8% per year escal ation.

0 The GLOVAR EXPLORER, with suitable nodifications, appears to be a
feasible and financially attractive Ccean Margin Drilling vessel.

0 Due to the large size (over twice the displacenment of present

large drillships) the GGOVAR EXPLORER wi || have relatively |ow

motion response characteristics which should result in a low
percentage of operation downtinme due to weather in nost geographic
areas of the world.

o0 The vessel has ample storage capacity for the anticipated opera-

tion. Wth nodification, the vessel will have a capacity for carry-
ing expendable in excess of that required for carrying out the

proposed program m ssions.

o All of the initially specified |laboratories and scientific
accommodations can be incorporated in the vessel with anple additional
capacity for expansion of these facilities if desired.

o The vessel can be readily modified to incorporate conventional
systems for storage, handling and deploying the necessary riser,
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casing and drill pipe required for the proposed Ccean Margins
Drilling Program

0 The vessel has anple installed generating capacity to pro-
vide the necessary power requirements for drilling and station-
keeping. However, initial studies indicate narginal or possibly
i nadequate stationkeeping performance during the passage of
weather fronts, squall lines, and thunderstorns due to limita-
tions of present thrusters and main propellers but nodifications
can be made to thrusters and nain propellers to provide anple
thrust to naintain station for the short-term severe environnental
condi tions.

0 The vessel'stransit speed which is approxi mately 12 knots
is sufficient for carrying out a world-wide scientific coring
program

o Generally, due to the GLOMAR EXPLORER’S size, present arrange-.
ment, el aborate equipment and recent construction, we see no
reason why this vessel cannot be nodified to provide one of the
finest dynamically positioned drillships afloat today. Also

due to the fact that structural, piping and electrical nodifi-
cations necessary for installation of required drilling and

riser handling equipnent will not be of a major nature, it

shoul d be possible to convert the GLOMAR EXPLORER t0 a nodern

hi gh capacity, drilling and coring vessel for a small fraction

of the cost of building a new drillship of conparable size and
capacity.

0 Both the ORE buoyed riser concept and the GVDI non-buoyed riser
concept appear tobe technically feasible; i.e., no insurnountable
technical problens have been identified to date. However, both
concepts would require additional design studies to arrive at an
optinized design and fully identify and correct potential problens.
The DM preferred riser design concept is the buoyed riser
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NATIONAL RESEARCH COUNCIL/MARINE BOARD REPORT

In the Spring of 1978, the National Science Foundation requested the
Marine Board-Assenbly of Engineering of the National Research Council/Nationa
Acadeny of Sciences to conduct an in-depth review of the background, scope,
and proposed plans for drilling into the deep reaches of the ocean for scien-
tific purposes. Although the review was to be oriented primarily to the
engi neering aspects of the problem the conmttee formed to conduct the
review conprised individuals with expertise in ocean geology, seisnology
marine engineering, offshore resource recovery, ship design and navigation,
and political, environmental, and management matters.

Specifically, the commttee was charged by NSF to:

o Relate the technology for drilling and obtaining core sanples
in the deep ocean to the objectives of the proposed scientific
program (e.g., depth, penetration, environnental forces) wth
particul ar enphasis on the technical feasibility, capability
and prospects of overcom ng deficiencies.

0 Consider alternatives to drilling to achieve the progranis
obj ecti ves.

0 Examne particularly the riser and well control systens, and
related technology including the probable environmenta
effects of system failure, and costs of these systens.

0 Assess the options and costs of alternative drilling platforns.

0 Comparethe costs of various nethods by which the programs
obj ectives could be net.

0 Assess the relationships between the Federal governnent and
the drilling industry, as well as anmong government agencies,
as they relate to deep sea drilling.

Over the course of its review, the conmttee analyzed all of the scien-
tific reports listed in the previous section and all of the engineering reports
described above. An interimreport was issued in Novermber 1978 and the fina
report “Engineering for Deep Sea Drilling for Scientific Purposes” was delivered
to NSF in April 1980. The recommendations contained therein are quoted bel ow.

"The conmittee devel oped several specific recommendations for NSF action
in its proposed continuation of deep sea drilling for scientific purposes.
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These recomrendations are generally couched in terns of the use of EXPLORER
and the goals of penetrating 20,000 feet of sedinents at water depths of
13,000 feet. Despite this, the conmttee considers essentially all of the
recomrendations to be equally pertinent to other possible platforns and

drilling-penetration or water depth goals. In essence, the commttee rec-
conends that:

o NSF establish a strong managenment teamto control and
guide the programand to maintain close industry contacts
to ensure that the required technology is devel oped.

0 The program be operated and the equi pment be devel oped
using a systems-engineering approach as outlined in this
report and its Appendix B

0 Adequate time and funds be allocated for a thorough pre-
limnary engineering study of at least two years duration
prior to converting the ship or fabricating any major
equi pment .

0 In the drilling-system design, early attention be given to
the major critical design issues--well control, riser
handl i ng, casing prograns--enunerated in the body of the
report.

0 The budget be reviewed and nodified to include the cost of
addi tional equipnent, data gathering, acquiring and train-
ing a crew, and geophysical surveys, and to account for
more realistic estimtes of inflation.

0 Increased effort be devoted to collecting and anal yzing,
for engineering design use, as nuch meteorol ogical
oceanographic, and ocean-floor geotechnical data as
possible in the broad geographic areas of concern to the
program  Further, this effort should be extended as early
as possible to acquiring simlar data for specific smaller
areas as the site-selection process narrows down the areas
under consideration.

0 Undertake adaptation of existing and devel opment of new
loggi ng.and downhol e measurement equipnent to inprove the
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safety of drilling operations and to |essen the scientific
i mpact of the anticipated reduction in core recovery from
deep- penetration hol es.

0 Include funding for inproved coring equipnent and techni-
ques for sedimentary and igneous rocks in the initial
system design and devel opment effort.

0 Early attention be given to personnel recruitment and train-
ing, so that key operational personnel can help design and
devel op both equi prent and procedures. This includes the
concurrent devel opment of conputer-based drilling sinulators
for initial use as design aids and training tools and |ater
use for problemsolving and continued training.”

NATIONAL SCIENCE FOUNDATION MANAGEMENT
OF THE OCEAN MARGINS DRILLING PROGRAM

Asthe government manager of the Deep Sea Drilling Project, the Nationa
Science Foundation encouraged, participated in, and funded the intial scientific
and engineering studies that resulted in the FUSOD report, the O R E report
and the GWDI report. Sinilarly, the DSDP management, in response to the
recomendations of these reports, convened the Ad-Hoc Goup for Future
Scientific Drilling and contracted wi th Donhaiser Marine, Inc. to reviewthe
scientific and engineering aspects of the program Additionally, wth support
from ONR and USGS, the National Acadeny of Sciences Qcean Cciences Board was
requested to review the scientific programand the Marine Board was requested
to review the engineering program

DEVELOPMENT OF A MANAGEMENT STRUCTURE

Theinput that NSF received fromall of these committees and advisory
groups not only helped to fornulate the scientific” and engineering prograns
but al so provided suggestions as to the level of funding required and as to
how the OVD program should be managed. Finally, the Blue R bbon Conmittee
report strongly supported the programand al so recommended that it be funded
with add-on or new noney in the NSF budget and that it be given high priority;
foreign participation was also encouraged
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A final inpetus was given to the program when President Carter, at
the urging of his science advisor Dr. Frank press, invited menbers of the
oil industry to participate in the project on a cost sharing basis with
the governnent. Subsequent negotiations resulted in the agreenent by
a nunber of oil conpanies to share 50% of the total program costs for
the initial phases with the option to continue for the total program
Thus, if the oil conpanies remain satisfied with the program plans and

progress, the cost to the governnent will be only half what it otherw se
m ght have been.

As a result of the inputs fromthe scientific and engi neering studies,
the recommendations of the Blue R bbon Conmittee, and the prospect of shar-
ing the cost of the programw th the oil industry, a revised managenent
structure was established within the NSF to adapt prior managenent concepts
to existing programs and tothe Ocean Margins Drilling Program  This
structure is delineated in Figure 3. It should be noted that the Advisory
Committee to the Director and the Industry Oversight Conmittee, the latter
conprising oil conpany representatives, are in the process of being estab-
lished. Using funds fromthe current budget, the Systems Support Contractor,
Santa Fe Engineering Service Conmpany, is presently under contract to NSF;
the Systems Integration Contractor, who will be responsible for system
design, construction, and operation, will be selected after the program
has been specified in sufficient detail to prepare formal invitations to
bid. Scripps is presently under contract for the continuing DSDP/IPCD
project and JO, Inc. is also formally participating in the project on a
contractual basis.

In addition to the basic program managenent by NSF, there are being
establ i shed groups of advisors who will advise both the Director and the
Ccean Program Drilling Team The structure of these advisory bodies is
shown in Figure 4. The OWD Advisory Committee will be made up of 40%
industry representatives, 40% from academ a, and 20% from the public sector.

The Marine Board of the National Research Council has already selected a
smal | er advisory group from anong those who served on the 1978-1979 Commit -
tee. The Navy is to be called upon for its expertise in ship conversion
inspection and supervision. Additional consultants from governnent and

industry will be called upon as required for assisting in various facets of
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the programas it develops. Figure 5 illustrates the lines of responsibility
intended to apply to this conbination of managenment, advisory, and perfornance

groups.
EVOLUTION OF THE OMD PROGRAM BUDGET

Al though cost data were included in the FUSCD report, the O R E
report, and the GVDI report, these costs rapidly became outdated as inflation
took hold, as the scope of the scientific program expanded, and as the
engineering ramfications of drilling in the selected sites became nore
obvious. Revised cost estimates were nade by Donhaiser Mrine and the Marine
Board al so made some cogent comments on the cost inplications of drilling
with a riser in 20,000 feet of water.

When Santa Fe, the NSF Systenms Support Contractor, was brought aboar
one of their initial tasks was to conduct a nore detailed review of the
budget picture and to relate expenditures to a realistic developnment and
drilling schedule and to anticipated rates of inflation.

As a. result of this redihen program cost through fiscal year 1989, at
a 7% escalation, was estimated to be $615 nillion which exceeded by $57 mi
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t he last previous cost estimate made. This was based upon a total cost in
1979 dollars of $410 million which is used in later cost conparisons. On

the other hand, if the escalation average out to 10% the total cost woul d
be $694 million. Furthernore, if the escalation were initially 15% and

decreased within two years to 10% the total cost would be $764 million.

The cunul ative expenditures represented by these various hypothesized esca-
lation rates are shown in Figure 6. Figure 7 shows the annual distribution

of the base cost of $410 nillion by cal endar year and by program phases in
both graphic and tabular format.
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Currently, the tota

is$700 million of which $350 mllion will

$350 nillion by industry.

program funding figure being used for discussion
be supplied by the government and
Al though the curves of Figures 6 and 7 show these

expenditures being nade over cal endar years 1980 through 1989, it is antici-

pated that the program wil|

a consequent stretch-out to cal endar year 1990.
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Appendi x C

The Hedberg Proposal

Anot her approach to combining science and oil and gas exploration on
the continental nmargins has been proposed by Dr. Hollis Hedberg of Princeton
University in numerous journal and newspaper articles. The followng is

excerpted froman article in AAPG Explorer of Novenber 1979.  Several

scientists that OTA has contacted believe this would be a viable approach.

“The program shoul d be a cooperative effort among petrol eum conpanies,
with government, and with whoever else can contribute to successful
expl oration and devel opment in the oceans. Wat | would reconmend, as a
suppl ement to our present system would be the selection by government (with
industry advice) of a number of large regional blocks of relatively
prom sing offshore acreage, going far out into deep water to the base of the
continental slope. The size of the blocks would be not the present 5,760
acres, but on the order of mllions of acres - still only a small fraction

of the nearly one thousand nmillion acres of total U S. offshore.

“These bl ocks would be offered to industry Consortiunms, wthout bonus
paynents, with rights of both exploration and exploitation, with suitable
governnent royalties, and with such exploration conmtnents for each block
as woul d seem necessary to assure conclusive results. Provisions for tax
benefits to offset unsuccessful ventures plus linmtations to prevent
excessive returns from successful ones would be in order. The operational
management woul d be by the Consortium working under much the same sort of

an arrangenment as was used quite successfully by the consortium of conpanies



inlran to meet the energency of the 1950's. There would be a stong central
operating unit, pmde up of selected personnel contributed by the constituent

entities and with advisory groups of the Menbers both for exploration and

production.

"The menbers of the Consortium woul d each have equal shares and woul d
be entities with requisite experience in offshore Petrol eum operations and
willing and able to commit to the Consortiumas openers X mllion dollars
for exploration over a specified period. These woul d normal |y be major oi
conpani es or associations of smaller oil conpanies. (However, an exception
m ght be made to allow the Federal government (or an appropriately situated
state government) to also hold a single equal share under the same terms and

commitments as other entities.)

“Finally, a possible further provision mght be made to bring into the
Consortiuma unit conposed of the major oceanographic research institutions
The so-called Stever report of the National Science Foundation (1979) calls
for a 10-year 600-million-dollar program of drilling for science on the
ocean margins with the G omar Explorer, and proposes that the U S. petrol eum
industry should help to foot the bill. (A contribution of about 50 percent
has been suggested.) Such a proposal, although indeed able to contribute
geol ogi cal background useful in subsequent petrol eum exploration, falls far
short of direct on-structure petroleumexploration drilling on already
granted |ease acreage which, if successful, could be followed pronptly by
production devel opment. Much nore pertinent to solving the country’s
petrol eum problem while at the same tine highly effective in advancing the
scientific know edge of its offshore margins, would be the idea of bringing

t he conbi ned maj or oceanographic institutions (JODES) into the proposed
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Consortium progranms as a participating Menber at no nonetary cost to them
and still under conditions where their research and it publication could be

strongly encouraged and supported.”
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Appendi x D

Responses From Two Petrol eum Conmpani es Which Il lustrates
Stated Reasons For And Against Participating In The

Ccean Margin Drilling Program



Gulf Oil Exploration and Production company

March 17, 1980

Joseph O.. Carter P. 0. Box 2100
SENIOR VICE PRESIDENT
EXPLORATION h TECH NO LO@BY Houston, TX 77001

M. Peter A Johnson

Project Director

congress of the United States
O fice of Technol ogy Assessnent
Washi ngton, D.C. 20510

Dear M. Johnson:

Recei pt of your letter of Mrch 12,1980, is acknow edged
wherein you ask for our views concerning the program and
aspects of the Margin Drilling Program proposed by the
Nat i onal Science Foundati on.

You should know that Gulf elected not to participate in

the Program after attending the several neetings wth NSF
of ficials. In our view, the scope of the Programis too
thinly dispersed to add very nmuch to the general know edge
of our country's resource base. W are certainly in
agreenent that the resource base needs to be deternined.

To date, the industry's investigation has been mainly limted
to the continental shelves, whereas the continental slopes
are virtually untested. The slopes can be evaluated with
present drill riser technol ogy. Devel opnent of riser tech-
nology to drill the abyssal deep within the next ten years
is much too soon in our opinion. W do not foresee the

i ndustry being anywhere near ready to explore at such depths
much less to have the technology to produce hydrocarbons
fromthemin that tinme frane. Perhaps twenty or thirty
years is nore realistic on the evolutionary scale since
econonmic feasibility plays a very large role in determning
when these things are possible.

I think we would much rather have seen a programin two phases.
Phase | would consist of a series of up to ten wells drilled
on the continental slope of the North Anerican continent

using available technology with a simultaneous world-w de

nmul ti-phase seismic survey. Phase Il would consist of a
drilling program in those prospective areas defined by the
ée.i Islm'c survey that would perhaps include sone abyssal deep
rilling.

Gulf
D1

A DIVISION OF GULF OIL CORPORATION



Page 2
M. Peter A Johnson
March 17, 1980

This is not to say that Gulf’'s mind is closed to the concept
nor to the possibility of ever joining such a project. It
is sinmply that the costs cannot be equated w th neani ngful
results at this tinme.

1f you require further comrent, please let nme know. W woul d
be happy to neet with you or your staff at any tine that is
nmut ual |y agreeabl e.
Very truly yours,
~-_ J.o

CARTER

JOC : bf
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4600 N, Fuller Dréve, Ridgeviewe Flaya, Sroing, Jexas 75062 (249) 258 4000

EXPLORATION COMPANY

April 3, 1980

M. Peter Johnson

Project Director

O fice of Technol ogy Assessnent
Washi ngton, D. C. 20510

RE: Ccean Margin Drilling
Program

Dear M. Johnson:

Your recent letter in regard to the Ccean Margin Drilling
Programis one that we feel nerits careful attention, justify-
ing a witten response.

Al t hough you did not state the tinme available in which
to conplete your response to the HUD-Independent Agencies
Subconmittee of the Senate Appropriations Conmittee, it is
assunmed that you wish to nove forward as promptly as possible.

Sunmark Expl oration Company, a Division of Sun G 1 Conpany
(Del aware), supports the program W do have concerns regarding
i ndustry level of support (only eight conpanies have comritted
in principle to the program) and believe that greater participat-
ion by industry will be required to carry the project through.
Foreign participation nmay be available, but wll probably be
limted.

Sunmark considers the program advantageous in that it com
bi nes scientific objectives with the devel opment of new drilling
t echnol ogy. In such a conpl ex program we feel that the joint
effort of governnent and industry conbining know edge and experti se,
whil e sharing expenses, will give greatest chance for safe and
econom cal progress. W do not expect the program to contribute
directly to our know edge of hydrocarbon resources, as we wll not
support on-structure drilling.

W do expect to gain know edge concerning sedinents in the
areas studied, and certainly will draw conclusions regarding
specific areas of opportunity.

If the programis carried out; however, this information wll
be available to anyone, as results of the research will be pub-
lished and released to the public shortly after acquisition. Geo-
| ogi cal and geophysical research that nust acconpany the program
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Page Two
April 2, 1980

Mr. Peter Johnson

will enable the best utilization of the advanced technology
to be developed and support the acquisition ¢f maximum infor-
mation for the basic research.

The Glomar Challenger drilling program has provided a giant
leap in mEﬁTE_EEEWT333323T the earth, with a good understanding
of plate tectonics. Practically, some areas of the earth have
been identified as having 0il and gas potential, and more partic-
ularly, the approximate age and thickness of prospective zones.
The National Science Foundation has been an excellent management
vehicle for The Deep Sea Drilling Program, and with the support
of The Oceanographic institutions and the cooperation and support
of Industry, should constitute the most effective operation
possible for the Ocean Margin Drilling Program.

urs very trul E

J. E. Thompg®&on

JET\ wm
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