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The AmericanGeological Institute(AGI)has SteeringCommittee liaisons included repre-
completedthe first phase of a study to asSeSS Sentatives from federal agencies and non-
the feasibility of establishing a National governmentalorganizations.
Geoscience Data Repository _j tern to cap-
ture and preserve valuable geoscience data. AGI is a nonprofit federation of 24 geo-
The study was conducted through the sup- scientific and professional associations that
port of the U.S. Department of Energy's representmore than 80,000 geologists, geo-
Office of Fossil Research. physicists, and other earth scientists. In

addition, 115 colleges and universities are
AGI's feasibility study was coordinatedby AGI Academic Associates, and 30 private
a SteeringCommittee composed of the pres- companies are AGI Corporate Members.
identsof the American Association of Petro- Foundedin 1948, AGI providesinformation
leum Geologists, American Instituteof Pro- services to geoscientists, serves as a voice
fessional Geologists, and Geological Society for shared interests of the profession, plays
of America; senior executives from major a major role in strengthening geoscience
oil companies; independent petroleum pro- education, and strives to increase public
ducers; and representatives from oil service awareness of the vital role the geosciences
companies, state geological surveys, univer- play in mankind's use of resources and in-
sities, and the National Research Council. teraction with the environment.
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• American Association of Petroleum Geologists • American Association of Stratigraphic
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• Associationfor Women Geoscientists • Associationof American State Geologists • Associa-
tion of Earth Science Editors • Association of Engin:oring Geologists • Council on Under-
graduateResearch,GeologyDivision • GeologicalSociety of America • Geoscience Information
Society • Mineralogical Society of America • National Association of Black Geologists and
Geophysicists• National Associationof GeologyTeachers • National Earth ScienceTeachers
Association • National SpeleologicalSociety • PaleontologicalSociety • SeismologicalSociety
of America • SEPM (Society for Sedimentary Geology) • Society for Mining, Metallurgy, and
Exploration• Society of EconomicGeologists • Society of ExplorationGeophysicists • Society
of Independent ProfessionalEarth Scientists • Society of Vertebrate Paleontology



EXECUTIVESUlVIMARY

Goals and Objectives. The American The total amount of seismic data identified
Geological Institute(AGI) has completedthe in the table below is conservatively estimat-
first phase of a study to assess the feasibility ed to represent more than 15 million line
of establishing a National Geoscience Data miles, which constitutea substantialfraction
Repository System to capture and preserve (perhaps 25 percent) of _1 seismic data
valuable geoscientifie data. The study was collected in the United States since 1950.
initiated in response to the fact that billions The rock core and cuttings identified in the
of dollars worth of domestic geological and table below are estimated to representa sig-
geophysical data are in jeopardy of being nificant fraction (perhaps 10 percent) of the
irrevocably lost or destroyed as a con- core and cuttings held by the major oil and
sequence of the ongoing downsizing of the gas companies. Companies participatingin
U.S. energy and minerals industry. This the study have indicated that they would
report focuses on two major issues. First, substantiallyincreasetheirdatacontributions
it documents the types and quantityof data aftera National Data RepositorySystem was
availablefor contributionto a National Geo- established.
science Data RepositorySystem. Second, it
documents the data needs and priorities of
potential usersof the system.

Major Contributions
A National GeoscienceData RepositorySys- of Data from Industry
tern would serve as an importantand valu-
able source of information for the entire Seismic and Related Data
geoscience community for a variety of appli-
cations, includingenvironmentalprotection, 1,285,000 2D Line Miles (paper)
water resource management, global change 936,000 2D Line Miles (digital)
studies, and basic and applied research. The 22,000 3D Square Miles (digital)
repository system would also containcritical 1,011,000 Seismic Films
data that would enable domestic energy and 3,607,800 Magnetic Tapes
mineralscompanies to expand their explora- 419,000 Reports & Maps
tion and production programs in the United 553,800 Boxes Geophysical Data
States for improved recovery of domestic
oil, gas, and mineral resources. Well and Drill-Hole Data

Data Contributions. The results of the 373,900 Boxes Rock Core
initial phase of the feasibility study are 369,800 Boxes Well Cuttings
extremely positive. Major oil companies, 4,000,000 Well Logs (paper)
large independentpetroleum producers,and 900,000 Well Logs (microfiche)
minerals companies have indicated they 125,400 Well Logs (digital)
would consider contributingvastamounts of 2,300,000 Scout Tickets
data to a National Geoscience Data Reposi- 540,000 Geochemical Analyses
tory System.
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The proposed industry contributions repre- access at the heart of the data manage-
sent billions of dollars worth of geological ment system.
and geophysical data that were collected at
no expense to the federal government. In • Establish a national directory of data
some cases, the data are unique and cannot centers that includes informationabout
be replaced because of urban development dataholdings and guidance for locating
and new restrictions that place land off and obtainingdata.
limits to resource exploration and develop-
ment activities. All material placed in a • Ensure full and open sharingof all data
National GeoscienceDataRepositorySystem in the repository system.
would enter the public domain and become
available to all users. State and federal * Establish procedures and criteria for
agencies have indicated that large amounts setting priorities for data acquisition,
of geoscientific data already in theirposses- retention,and purgingto ensurepreser-
sion would be made available througha Na- vation of the most important and high-
tional Geoscience Data Repository System. est quality data and to maximize cost-

effectiveness.
There is an excellent match between the
types of geoscience information that corn- • Develop a planand mechanism for effi-
partieswould be willing to contribute to a ciently transferringmassive amountsof
NationalGeoscienceData RepositorySystem private-sector data to a public reposi-
and the types of data that are of greatest tory system.
interest to independentpetroleumproducers
and other potential users of the repository • Adopt national standards for storing,
system, processing, and distributing data in

order to reduce costs and increase pro-
Establishing a Repository System. Poten- ductivity.
tial data contributors and data users agree
that the most important issues and recom- • Act quickly to capturelarge volumes of
mendationsregarding the establishmentof a data in jeopardy of being lost.
National Geoscience Data Repositoryare the
following: * Develop a plan for long-term funding,

includingadequatesupportfrom federal
• Establish a national repository system and state agencies and the user corn-

composed of an integratednetwork of munity.
data centers, ratherthan a single, cen-
tralized facility. Repository Payout. A National Geoscience

Data Repository System would play a criti-
• Build upon existing state and regional cal role in achieving key objectives of the

data centers as a starting point for Domestic Natural Gas and Oil Initiative, and
developinga distributednationalreposi- addressing major needs outlined in the Na-
tory system, tional Energy Act of 1992, U.S. Global

Change Research Program, and High Per-
• Ensure that researchers can effectively formance Computing and Communications

use the data by placing ease of data Act of 1991, as well as technology transfer,

,i,,| ,i i

AOI Data Repository Study - 4 - January 1994



environmental protection, and defense con-
version programs. It would help to reduce
U.S. vulnerability to oil supply disruptions
by increasing domestic oil production and
reducingour dependenceon unstablesources
of foreign oil. It would help improve the
competitiveness of the domestic energy and
minerals industries, create high-qualityjobs
for Americanworkers, and reduce the U.S.
balance of trade deficit. In the long run,
other uses of the preserved data, including
environmental protection, water resource
management, reducing risks from earth-
quakes and other geologic hazards, waste
disposal planning, global change studies,
and basic scientific research, may be as
important as energy and minerals applica-
tions of the data.

The federal governmenthas the opportunity
to help facilitate the largest scientific data
rescue operation in the historyof the nation.
The concept of establishing a data repository
system has received broad interest and sup-
port in both the private and public sectors.
There is a narrowwindow of opportunityto
act before valuabledata are irrevocablylost.
The data truly represent a national treasure
and immediate steps must be takento assure
their preservation and futureaccess.

AGrs feasibility study was coordinated by
a SteeringCommitteecomposed of the pres-
identsof threenational professionalassocia-
tions, senior executives from majoroil com-
parties, independent petroleum producers,
and representatives from oil service com-
panies, state geological surveys, the Nation-
al Research Council, andthe academic com-
munity. Representatives from four federal
agencies served as liaisons to the Steering
Committee. AGI distributed more than

1,100 questionnairesto a broad spectrumof
geoscience organizationsin all 50 states, and
conducted53 site visits in 10 cities.
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INTRODUCTION AND BACKGROUND

Goals and Objectives Energy Act of 1992, U.S. Global Change
Research Program, and High Performance

The AmericanGeological Institute(AGI)has Computing and Communications Act of
completed the first phase of a studyto assess 1991, as well as technology transfer, envi-
the feasibility of establishing a National ronmental protection, and defense conver-
Geoscience Data Repository System to sion programs. It would help to reduce
capture and preserve valuable geoscientific U.S. vulnerability to oil supply disruptions
data. The study was initiated in response to by increasing domestic oil production and
the fact that billions of dollars worth of reducingourdependenceon unstablesources
domesticgeological and geophysical dataare of foreign oil. It would help improve the
in jeopardy of being irrevocably lost or competitiveness of the domestic energy and
destroyed as a consequence of the ongoing minerals industries, create high-qualityjobs
downsizing of the U.S. energy and minerals for American workers, and reduce the U.S.
industry. Preservation andaccess to domes- balance of trade deficit.
tie geological and geophysical data arecriti-
cal to the energy security and economic This report focuses on two major issues.
prosperityof our nation. There is a narrow First, it documents the types and quantityof
window of opportunityto act before valu- data availablefor contributionto a National
able data are irrevocably lost. The data Geoscience Data Repository System. Sec-
truly representa national treasure and im- ond, it documents the data needs and priori-
mediate steps must be taken to assure their ties of potential users of the system.
preservation.

A National Geoseience Data Repository Data Rescue and National Energy
System would serve as an important and Security
valuable source of informationfor the entire

geoseiencecommunityfora variety of appli- In the course of their exploration and
cations, including environmentalprotection, development activities over the past several
water resource management, global change decades, majorU.S. oil and gas companies
studies, andbasic and applied research. The have acquiredenormousamounts of domes-
Repository System would also contain criti- tic geological and geophysical data. As
eal data that would enable domestic energy majoroil and gas companies downsize their
and minerals companies to expand their operations and focus their attention on
exploration and productionprograms in the foreign ventures, they have less need for
United States for improved recovery of domestic geological and geophysical data.
domestic oil, gas, and mineral resources. Literally billions of dollars worth of sub-

surface geoscientific information stored in
A National Geoscience Data Repository companies offices, warehouse._, and other
System would play a critical role in repositories is in jeopardy c,__being lost due
achieving key objectives of the Domestic to the severe decline in private sector sup-
Natural Gas and Oil Initiative, National port for exploration and production activities

AGI Data Repository Study - 9 - January 1994



in the United States. Domestic Natural Gas aM 011 Initiative,
Secretaryof Energy 0'_ said, "Domes-

In addition to data centers maintained by tic production increases the world supply
major oil and gas companies, a variety of and reduces the ability of foreign suppliers
public and private regional collections of to manipulatethe price and create economic
geoscience data exist to serve the needs of hardship in the United States and for our
industryand academia. In thepast, many of allies. A viable domestic industry reduces
these collections received financial support the effectiveness of oil as a political weap-
-- directly or indirectly -- from m_or oil on." The loss of billions of dollars worthof
and gas companies, but company support domestic geoscience datawould have a neg-
has decw.ased significantlyor terminatedin ative impact on futuredomestic production,
the last few years. As a result, some of increase U.S. dependence on foreign oil,
these facilities have closed or have signif- inc_ U.S. vulnerability to oil supply
icantly reduced their operations. A National disruptions, and threaten our national and
Geoscience Data Repository System would economic national security.
be a logical recipient of data from those
facilities that are near closure or are no In announcing the Domestic Natural Gas
longer operational, and Oil Initiative, President Clintonexpres-

sed the need to undertake _a determined
During the course of this study, AGI has effort to find and produce more domestic
documented that industry is willing to con- energy, with an industry-led solution that
tribute billions of dollars worth of inactive especially recognizes therole of independent
domestic company data files to a National drillers and producers." According to many
Geoscience Data Repository System. The independent oil and gas producers, the
data files contain unique and detailed infor- establishmentof a National Geoscience Data
marion on numerous localities throughout RepositorySystem would do more to aid the
the United States. The data are in a variety future search and development of domestic
of formats, ranging from digital well logs petroleum resources than most current or
and seismic reflection data tapes, to paper proposed programs or facilities. Such a data
and film records, to rock core and cuttings repository system could provide critical and
samples. The diversity of data types and hard-to-obtain information that would pre-
formats poses significant data management vent prematureabandonmentof producing
challenges, but a failure to rescue the data fields, and assist domestic producersin their

• would representa major economic and sci- evaluation of geologic trends, development
entific loss to the nation and have grave of new plays, and assessment of remaining
consequences for our national energy secur- resources in existing fields.
ity.

A growing number of professional, indus-
A central goal of both the Domestic Natural trial and state organizations have gone on
Gas and Oil Initiative and the National record in :,upportof establishing a National
Energy Act of 1992 is to reduce U.S. vul- Geoscience Data Repository System. On a
nerability to oil supply disruptions by national level the American Association of
increasing domestic oil and gas production Petroleum Geologists, American Instituteof
and reducing our dependence on unstable Professional Geologists, Geological Society
sources of foreign oil. In announcing the of America, IndependentPetroleumAssocia-

' , ,, , , ,,, L .....
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tion of America, Int_tate Oil and Gas basic foundation and organization of the
Compact Commission, Society of Explora- U.S. oil and gas industry are undergoing
tion _ysicists, and the Society of Inde- profound changes.
pendent Professional Earth Scientists are
among the organizations that support the Historically, independent oil and gas pro-

of establishing a National Geo- ducers have played a vital role in the
science Data Repository System. nation's domestic energy and economic sta-

bility. After the embargo and price shocks
of the 1970's, independentoperatorsplayed

Crisis in the O11and Gas Industry a key role in haltingthe decline in domestic
oil productionand reserves throughexpand-

'Vne American petroleum industry is facing ed exploration and increased development
one of the greatest cr_ses in its history, drilling. In 1990 independent producers
Domestic crude oil productionis at its low- accounted for more than 43 percent of the
est level in 30 years. Oil imports account oil production in the lower 48 states, and
for almost 50 percent of domestic consump- nearly 60 percent of the total U.S. natural
tion and representthe largest component of gas production. Additionally, independent
our balance of tradedeficit. The U.S. drill operators drill more than 85 percent of all
fig count, an indicator of industryactivity, wells, both onshore and offshore, in the
has declined by 86 percent from a high of lower 48 states and Alaska. The role of
over 4,500 rigs in 1981 to a historic low of independentoil and gas producers may be-
less than 650 active rigs in 1992. In the come even more importantas the major oil
pest decade the industryhas lost more than and gas companies shift their emphasis to
400,000jobs, including 45,000jobs lost in foreign investment opportunities, as the
the last year, through forced terminations, potential for discovery of large new domes-
enhancedretirementpackages, and other at- tic oil and gas fields declines.
lrition. The decline in domestic exploration
and development activities is continuing.

Technology Transfer
The downsizing of the U.S. oil and gas
industryhas been accompaniedby profound Traditionally, majoroil companies operated
changes in the basic structureand operating research laboratories that develot_ more
strategiesof the industry. For the first time efficient methods of petroleum exploration
in their history, the major domestically- and production. Advances in petroleum
based international oil and gas companies technology, first utilized by major compan-
are committing the majorityof their operat- ies, ultimately were transferred to small
ing budgets to foreign ventures. The major companies and independentproducers. The
integrated oil and gas producingcompanies historic symbiotic relationship between
are selling many of their producing proper- major oil companies and independents has
ties, relinquishing leases, consolidating their largely disappeared. Both majorcompanies
U.S. operations, and focusingtheirupstream and independentoperators would benefit by
investments in overseas opportunities. Fu- continuationof researchand informationef-
ture exploration and developmentof domes- forts performed in major company research
tic oil and gas resources will be conducted facilities that have been severely downsized.
increasinglyby independentcompanies. The The National Energy Act calls on the federal

AGI Dam Repository Study - 11 - January 1994
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government to increase its participationin Applications of a Geoscience
technology transfer, and to be more respon- Data Repository System
sive to the needs of industryand the public.

Consideringthe importantrole thatindepen- The primary motivation for establishing a
dent operatorsplay in domestic oil and gas National GeoscienceDataRepositorySystem
production, their needs deserve careful at- is to protect a national treasure that is in
tention. According to a survey of over 400 jeopardy of being irrevocably lost or des-
independentoil and gas producersin Texas troyed. A National Geoscience DataRepos-
(TIPRO, 1992), one of theirhighestpriority itory System would serve as an important
technology transferneeds is improvedaccess source of information for university re-
to "critically compiled oil and gas data." Of searchers, state and federal agencies, and
particularimportance is the need for increas- private companies in addressing a broad
ed access to geological and geophysical in- range of issues including
formationon heterogeneity of complex res-

ervoirs and subsurface fluid properties de- , Planning for environmentalprotection
rived from well logs, cores, seismic reflec-

tion data, and integrated geoscientific data- * Managing and evaluating water re-
bases for improved play and trend evalua- sources
lion.

• Exploring for energy and mineral re-A new nationalnetworkhas been established sources
to disseminateoil and naturalgas technology

to domestic producers. The PetroleumTech- • Reducing risks from earthquakes and
nology TransferCouncil (VITC), which will other geologic hazards
receive part of its funding from the Depart-

ment of Energy, will be in place by early • Screening sites for municipal, toxic,
1994. It will serve as an effective national and nuclear waste disposal
clearinghouse for information that is made

available through the National Geoscience • Siting and designinghighways, bridges,
Data Repository System. These two efforts dams, and utility lifelines
have been closely coordinated to takeadvan-

tage of potential synergies that can benefit • Advancing the U.S. GlobalChangeRe-
the U.S. petroleum industry, search Program

A National Geoscience DataRepository Sys- * Supporting the needs of university-
tem would benefit all elements of the geo- based research
science profession, including the major oil

and gas companies that would contribute • Providing improved support for pre-
much of the data. The cyclical history of college earth science education
the exploration and production business
argues thatmajoroil and gas companieswill
use and benefit from the preserved industry
data sets.
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Relationship to Other National
Policies and Programs

The proposed National Geoscience Data
RepositorySystemwould simultaneouslyad-
dress and complement the goals of several
national policies and programsincluding

• Domestic NaturalGasand Oil Initiative

• National Energy Act of 1992

• U.S. Global ChangeResearch Program

• NationalEarthquakeHazardsReduction
Program

• High PerformanceComputing& Com-
municationsAct of 1991

• DOE technology transferprograms

• NASA's Mission to Planet Earth

• NOAA's National GeophysicalData
Center

• U.S. Geological Survey's Core Re-
search Center

• EPA research, a,_ _ssment, and map-
ping programs

• DOD defense conversion programs

AGI Data Repository Study - 13 - January 1994



STUDY PLAN AND STEERING COMMITTEE

Outline of Phase I Study 6) Facilitate the Steering Committee's
review of survey resultsand focus their

AGI envisions a multiphaseprocess to study evaluation and recommendations.
and implement a National Geoscience Data
RepositorySystem. This reportpresentsthe 7) Prepare a summary report of Phase I
results of Phase I of the feasibility study, for submittal to the Department of
The most importantgoals of Phase I are to Energy documentingthe availability of
document the types and quantity of data datafor transfer,dataapplications,user
availa,,1e for contribution to a National priorities, and outlining requirements
Geoscience Data Repository System and to for establishing a National Repository
determinethe needs and priorities of poten- System.
tial users of the system. The major com-
ponents of the Phase I study are listed The secondphase of the studywould be pro-
below: posed pending positive findings and accept-

ance of Phase I. The Phase II study would
1) Establish a Steering Committee repre- address specific organizational and opera-

sentative of all major geoscience sec- tional requirements for establishing a Na-
tors of the industrial, academic, and tional Geoscience Data Repository System.
governmentalcommunities. A working plan and budget for siting, im-

plementing, and operating the repository
2) Develop and distribute a survey clues- system would be developed in Phase H.

tionnaire to assess the quantity and
quality of geological and geophysical
data available for transferto a National Steering Committee
Repository System.

AGrs feasibility study was coordinated by
3) Conduct site visits of oil and gas pro- a SteeringCommitteecomposed of the pres-

ducers, log libraries, state and federal idents of the AmericanAssociationof Petro-
geoscience data repositories, and other leum Geologists, AmericanInstitute of Pro-
organizationsinterested in participating fessional Geologists, and Geological Society
in a National Geoscience Data Reposi- of America; senior executives from major
tory System. oil companies; independentpetroleum pro-

ducers; and representatives from oil service
4) Document the user priorities of the companies, information brokers, state geo-

geoscience communityand potentialap- logical surveys, universities, and the
plications of data housed in a National National Research Council. Steering Corn-
Repository System. mittee liaisons includedrepresentativesfrom

the Departmentof Energy, U.S. Geological
5) Analyze the survey results to quantify Survey (Departmentof the Interior), Miner-

the volume, location aridtypes of data als ManagementService (Departmentof the
available for transfer to a National Interior), and NOAA (Departmentof Corn-
Repository System. merce); as well as representatives of the
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IndependentPetroleumAssociationof Amer- data retention prioritiespresented by
ica, and the American Mining Congress. Dr. Jonathan Price, Staff Director,
Steering Committee members and liaisons Board on Earth Sciences, National
are listed in Table 1. The Steering Corn- Research Council. Presentatior_by Dr.
mittee held four meetings during the course Glenn Breed, Vice President, Petro-
of Phase I of the feasibility study. A syn- technical Open Software Corporation
opsis of each meeting is given below, on database standards.

• Washington, D.C., March 8, 1993 --
Organizational meeting; roundtable Survey Distribution
discussion of the needs and require- and Response Rate
ments of a National Geoscience Data

Repository System; develop a plan of AGI distributedover 1,100 questionnairesto
action for Phase I of the feasibility a broad spectrum of geoscience organiza-
study; design and discuss a survey of tions in all 50 states in order to estimate the
data contributorsand users, quantity and types of data that would be

contributed to a National Data Repository
• New Orleans, April 26, 1993 -- System and to determine the data needs and

Review and revise survey question- priorities of potential users of the system.
naire. Presentation by Dr. David W. Table 2 shows the numberof surveys distfi-
Houseknecht, Associate Chief of buted and the response rate for different
Energy Programs, Office of Energy sectors of thegeoscience community. Ques-
and Marine Geology, U.S. Geological tionnaires were distributed to major oil
Survey, regarding CD-ROMs produced companies, independent petroleum produc-
by the USGS containinga digital rock ers, oil service companies, environmental
core library, a seismic library, and and water resource consulting firms, infor-
related pilot products, marionbrokers, private and public log and

sample libraries, mining and mineralscom-
e Dallas, July 14, 1993 -- Review status panies, universities, research institutions,

of feasibility studyprogressand results, state and federal agencies, and other organ-
Analysis of 276 responses to the survey izations.
questionnaireand discussion of the first

38 site visits in 7 cities. Presentation The overall response rate for the survey was
by Dr. Herbert Meyers, Solid Earth 28 percent, which is considered high for a
Geophysics Division Chief, NOAA survey of this type. The response rate
National Geophysical Data Center, among firms selected for site visits was 96
regarding the scope and coverage of percent, including a nearly complete canvas
NOAA's data center and discussion of of all major oil companies. We obtained a
any potential overlap with theproposed statistically significant sample of most sec-
National Geoscience Data Repository tors of the geoscience community and most
System. geographic regions of the country. The

results indicate that the survey achieved a
• Boston, October 25, 1993 -- Review representative sample and that the responses

preliminary draft of Phase I feasibility are representative of the geoscience com-
studyreport. Discussion and review of munity.
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Of the 305 organizations that returned the participation. All organizations selected for
questionnaire, 197 or 65 percent indicated site visits were contacted and prearranged
that they would consider contributingdata to visits were scheduled. Company contacts
the repository system. Among the majoroil were primarilytargeted at the vice-president
companies andlarge independentproducers, level. The visits provided an opportunity to
94 percent indicated that they would contri- introduce the concept of a National Data
bute data to the system. Most organizations Repository System to the top managementof
provided estimates of the quantityand type the companies and to learn about their data
of information that would be contributed, management needs and concerns.
Certainconsultingfirms indicated they could
not contribute data primarily because their The site visits allowed discussion of specific
clients own most of the data in their files, questions regarding the companies' data

curation policies, including such items as:
A central goal of the survey was to deter-
mine the order of magnitude of potential • Size, number, andlocation of company
data contributions. For example, it is ira- repositories
portant to know whether the amountof 2D
seismic data that would be contributedto the • Remaining storage capacity available
repository system is on the order of tens of
thousands, hundredsof thousands, millions, • Data types and geographiccoverage
or tens of millions of line miles. A detailed
analysis of the survey results areprovidedin • Approximaterepository operating costs
a following section of this report.

• Futuredata management plans

Site Visits During each visit the survey questionnaire
was presented and discussed. Each compo-

A major component of the data repository nent of the questionnaire was reviewed to
study involved site visits to the larger data clarify our request for specific information.
contributors, especially the major domestic A copy of the questionnaireand letter of ex-
oil and gas producing companies. Site visits planation was left with each company re-
were also conducted at a numberof smaller questing that it be completed in a timely
independent producers, state geological fashion and returnedto AGI.
surveys, federal agencies, and public log
sample libraries. Site visits were conducted The response rate among firms selected for
at a total of 53 organizations in 10 cities site visits was very high. Of the 53 organi-
(Table 3). The organizationsselected for site zations visited, 45 were requested to corn-
visits were based on recommendation and plete the data repository survey question-
review of the Steering Committee establish- naire. We received 43 returns out of the 45
ed to coordinate this study, requested for a response rate of 96 percent,

including nearly all of the major oil corn-
The primarypurpose of the site visits was to panies and larger independent producers.
review the goals and objectives of the Data
Repository System study firsthand with the
major data contributors, and to solicit their

AGI Data Repository Study - 17 - January 1994

.................................. : ........................................ ii I J



TABLE 1. AGI STEERING COMMITUEE MEMBERS & LIAISONS

COMMITTEE MEMBERS Perry B. Wigley
Nebraska State Geological Survey

James A. Gibbs, CommitteeChairman
Five States Energy Company Colin D. Wilkinson

Phillips Petroleum Company
John H. Barwis
Shell Offshore, Inc. n

COMMITTEE LIAISONS !
Paul H. Benson HI
Mobil Exploration and Edith C. Allison

ProductionU.S., Inc. U.S. Departmentof Energy

Edward G. Ca_teel Glenn R. Breed
University of Tt;xasat Dallas PetrotechnicalOpen Software Corporation

William L. Fisher David W. Houseknecht •

University of Texas at Austin U.S. Geological Survey

RobertJ. Graebner Michael C. Hunt
HalliburtonGeophysical Services Minerals ManagementService

RobertD. Gunn HerbertMeyers
IndependentPetroleum Geologist National Oceanic & Atmospheric Admin.

Robert D. Hatcher, Jr., Marcus E. Milling
University of Tennessee American Geological Institute

James E. Hooks Alma Hale Paty
Chevron U.S.A. ProductionCo. American Mining Congress

Joel H. Marks DeborahRowell
Texaco U.S.A. IndependentPetroleum

Association of America
John H. Miers
Amoco ProductionCompany Craig M. Schiffries

American Geological Ynstitute
Jonathan G. Price
National Research Council Harold D. Shoemake:

U.S. Department of Energy
Harrison Townes
Independent Petroleum Geologist Thomas C. Wesson

U.S. Department of Energy
H. Baird Whitehead
Cabot Oil and Gas Corporation
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TABLE 3. ON-SYFE VISITS FOR
NATIONAL GEOSCIENCE DATA REPOSITORY SYSTEM SURVEY

Amoco ProductionCo., Houston, TX Maxus Energy Corp., Dallas, TX

Apache Corp., HoUston,TX Midland Energy Library, Midland, TX

Arco Oil and Gas Co., Dallas, TX Mitchell Energy Corp., Houston, TX

Arco Oil and Gas Co., Houston, TX Mobil Exploration & Producing U.S. Inc.,

AshlandF,xploration, Inc., Houston, TX Dallas, TX

Atwater Consultants,Ltd., New Orleans, LA National GeophysicalData Center, Boulder, CO

Bass Enterprises ProductionCo., Fort Worth, TX Nerco Oil & Gas, Houston, TX

ChevronU.S.A. Production Co., Houston, TX Orxy Energy Co., Dallas, TX

CLK Co., New Orleans, LA Pennzoil Exploration & Production, Houston, TX

CNG Producing Co., New Orleans, LA Petroleum InformationCorp., Denver, CO

ColumbiaGas Development Corp., Houston, TX Petrotechnical Open Software Corporation,
Conoco, Houston, TX Houston, TX

Cox Exploration, Inc., Dallas, TX Phillips Petroleum Co., Houston, TX

Dantex Oil & Gas, Inc., Dallas, TX Santa Fe Resources, Inc., Houston, TXt

Delaware Geological Survey, Newark, DE Shell Offshore, Inc., New Orleans, LA

Denver EarthResources Library,Denver, CO Shell Oil Co., Houston, TX

Enserch Exploration, Inc., Dallas, TX Texaco USA, Denver, CO

Exchange Oil & Gas Co., New Orleans, LA Texaco USA, New Orleans, LA

Exxon Exploration Co., Houston, TX TGB, Inc., Midland, TX

Geological Information Library, Dallas, TX The Louisiana Land and ExplorationCo.,

GeoMap Co., Piano, TX New Orleans, LA

Globex, Dallu, TX Thomasson PartnerAssociates, Denver, CO

Hunt Oil Co., Dallas, TX U.S. Geological Survey, Denver, CO

HuntPetroleum Corp., Dallas, TX Union Pacific Resources, Fort Worth, TX

HunterExploration Co., Fort Worth, TX Union Texas Petroleum, Houston, TX

International Sample Library, Midland, TX Unocal Corp., Houston, TX

Iowa Geological Survey, Iowa City, Iowa Utah Geological and Mineral Survey, Salt Lake

KentuckyGeological Survey, Lexington, KY City, UT

Kerr-McGeeCorp., Houston, TX Wagner & Brown Ltd., Midland, TX

MarathonOil Co., Houston, TX WestportTechnology Center Intl., Houston, TX
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AGI SURVEY OF DATA CONTRIBUTORS AND USERS:
RESULTS AND ANALYSIS

Survey Overview Organization Profile

In order to assess the needs and require- Types of Organizations. The sample set
mentsof a National Geoscience DataRepos- consists of 305 organizations, of which 63
itory System, AGI distributed more than percent are resource producers, 9 percent
1,100 questionnairesto a broadspectrumof are service and consulting firms, and 28
geoscience organizations in all 50 states, percent are researchand informationorgani-
Appendix 1 contains a copy of the survey zations (Fig. 1). Appendix 2.1 contains
questionnaire,and Appendix 2 containssup- supplementaltables and figures thatprovide
plemental figures and tables that summarize a bre_down of each sector. Among the re-
results of the survey, source producers, 77 percentare oil and gas

producers, 13 percent are metals producers,
The survey asked for information covering and the remaining 9 percent include coal,
5 major categories: industrialminerals, and other resource pro-

ducers. In the service and consultingsector,
• Organization Profile - Determines oil and gas firms comprise 52 percent of the

basic information about the size and sample, seismic and geophysical firms ac- r
type of organization and geographic count for 29 percent, environmental and
areas of operation, hydrology firms comprise i0 percent, and

core, log, assay and other firms account for
• Data Availability and Contributor 10 percent. In the researchand information

Priorities -- Addresses the types of sector, state geological surveys comprise 40
geoscience data the organization uses percent of the sample set, log and sample
and the types of data it would consider libraries comprise 25 percent, universities
releasing to the repository system, comprise 22 percent, federal agencies com-

prise 6 percent, and informationbrokersand
• Data User Priorities- Assesses the other organizations comprise 7 percent.

priorities the organizationplaces on the
types of data and information it would Geographic Distribution. The organiza-
request from the repository system, tions in the sample set operate or have data

for properties in all regions of the United
,, Data Quantity and Geographk States. The western and central states were

Coverage -- Determines the quantity, the most commonly cited regions, with 44
types and geographic coverage of data percent and 30 percent of the responses, re-
the organization would consider con- spectively. Offshore areas account for 15
tributing to the repository,system, percent of the responses, and the eastern

states comprise 10 percent of the responses
• Data Repository System Operations _ig. 2). Appendix2.2 containssupplemen-

--Requests recommendationsforestab- tal figures and tables that provide a break-
lishing andoperatinga nationallybased down of each region. Organizationsoperat-
repository system, ing in the western states are divided as

AGI Data Reposi:ory Study - 21 - January 1994

.................... ........



National Geoscience Data Repository
Survey of Data Contributors and Users

Resource Producer 63%

Service & Consulting 9% Research & Info 28%

Number Percent
ii

Resource Producer 216 63
i ii, i J

Service & Consulting 31 9
ill

Research & Info. 96 28
i

TOTAL 343 100

Figure I. Organization Profile
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National Geoscience Data Repository
Survey of DataContributors and Users

Western 44%

Eastern 10%

Offshore 15%

Central 30%

...................... iii1, .............

Number Percent
H i i i i i , , L

Western 421 44
, , i , ii i / , i

Eastern 97 10
L ,, i , i1, i i i i, i i1,1,

Central 287 30
,,,, i ,, , r ,

Offshore 144 15

TOTAL 949 100

Figure2. GeographicDistribution

i i,, iii L i L ,i ii i , i, _ ,, i
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follows: West Texas and New Mexico, 28 drill-hole data, and other data- and the
percent; Rocky Mountains, 27 percent; results are shown in Figures 4, 5, and 6.
Basinand Range 15 percent;West Coast, 15
percent;Alaska, 12 percent; and other areas The survey yielded a highly consistent set of
3 percent. Offshore areas have the follow- data user priorities. For many types of
ing frequencies:Gulf of Mexico, 41 percent; data, the histogram shows a monotonic in-
California, 17 percent; Atlantic, 16 percent; crease in the frequency of responses at pro-
Alaska, 17 percent; and other, 9 percent, gressively higher priority ratings. In other
The central states are nearly evenly divided cases the histogram approximates a normal
between the Gulf Coast, 48 percent, and the distributioncentered around an intermediate
mid-continent,46 percent, with the remain- priority rating. The highly consistent set of
ing 6 percent in other areas. The eastern user priorities enable us to rank the relative
states are dominated by the Appalachian priority of various datatypes. The rankings
Basin, 71 percent, with other areas account- can be used duringtheimplementationphase
ing for 29 percent, of a National Geoscience Data Repository

System in order to ensure that there is a
Organization Size. The survey includes close match between the types of data ac-
data from firms with a single employee to cepted by the repository and the types of
some of the largest, multinationalcorpora- data that are of highest priority to users of
tions in the world. Figure 3 shows the fre- the repository system.
quency distributionof firms of various size,
where the numberof geoscientists employed Geophysical Data. Histograms of the
by a firm is used as a proxy for the size of priority ratings for eight types of geo-
a firm. The data show a monotonicdecrease physical data are shown in Figure 4. The
in the numberof firms of progressivelylarg- following list ranks the relative priority,
er size. The vast majorityof finds employ from highest to lowest, of the eight types of
fewer than 50 geoscientists, and only a geophysical data:
handfulof firms employ more than 400 geo-
scientists. Highest Priority

1) 3D seismic
2) 2D seismic

Data User Priorities
High to Moderate Priority

A key element of the feasibility study is to 3) Velocity surveys
determine whether there is a strong cones- 4) Gravity data
pondence between the types of data that 5) Magnetic data
would be contributedto the system and the
types of data that are of highest priority
among users of the system. We asked po- Moderate to Low Priority
tential data users to rate the priority (high, 6) Refraction seismic
moderate, low, none) they place on 28 7) Electromagneticdata
specific types of data. A histogram of the 8) Inducedpolarization
responses was generated for each type of
data. The 28 histograms are grouped into
three categories -- geophysical data, well or

• i ,fllllll i i i i ill
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National GeosclenceData Repository
Survey of Data Contributors and Users
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Filure 3. Organization Size
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The priority ranldng can be _vided into Moderate to Low Priority
threegroups. The surveyclearly shows that 8) Sample cuttings
data users place the highest priority on 2D 9) Geochemical core analyses
and 3D seismic data. There is a large gap 10) Petmphysical core tests
between priorityplaced on 2D and 3D seis- 11) Paleontological data
mic data, and the priorityplaced on the next 12) Fluid samples
threetypes of data - velocity surveys, grav-
ity data, and magnetic data -- which have a The first seven types of data have the high-
high to moderatepriority. There is another est priorityrating. In each case, the number
significant gap between the priority users of high ratings is greater than or approx-
place on those typesof data, and the priority imately equal to the numberof moderate rat-
they place on the remaining three types of ings, and the number of moderate ratings is
data, namely refraction seismic, electromag- larger than the number of low ratings. The
netic data, and induced polarizationdata. last five types of data have a moderate to

low priority rating. For the last group of
It should be noted thatelectromagnetic and datatypes, the number of moderate and low
inducedpolarizationdataareof much great- ratingsexceeds the number of high ratings.
er interest to mineralsexplorationthanto oil
and gas exploration. The number of oil and Other Data. Histogramsof the priorityrat-
gasproducerssampledin the survey is much ings for eight types of other data are shown
larger than the number of independentrain- in Figure 6. The following list ranks the
erah producers, and therefore the low pri- relative priority, from highest to lowest, of
ority on induced polarization and electro- the eight types of data:
magneticdatamay simply reflect the relative
sample size of the two industries. Highest Priority

1) Structuraldata/maps
Well or Drill-Hole Data. Histograms of 2) Geologic/geophysical maps
the priority ratings for twelve types of well
or drill-hole data are shown in Figure 5. High Priority
The following list ranks the relative priority, 3) Technical reports
from highest to lowest, of the twelve types 4) Digital databases
of well or drill-hole data:

Moderate Priority
High to Moderate Priority 5) Remote sensing

1) Geophysicalwelllogs
2) Completion dam Moderate to Low Priority
3) Lithological/sample logs 6) Geochemical/assay
4) Productionrecords 7) Paleontological collections
5) Drill stem tests 8) Lithologic hand samples
6) Scoutdam
7) Rock cores Two types of data stand out as the highest

priority, namely structural data/maps and
geologic/geophysical maps. The next two
types of data, technical reports and digital
databases, also have highpriority. For each
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NationalGeoscience Data Repository
Data User Priorities: Geophysical Data

i i i ii i i iiiiii

2D seismic

3D seismic
I

Refraction seismic

I
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Figure 4. Data User Priorities: Geophysical Data
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National Geoscience Data Repository
Data User Priorities: Well or Drill Hole Data

Rockcores

Samplecuttings

Fluidsamples

Geophys.well log

Lith./sarnplelogs

Completiondata
0

Scoutdata

Drillstemtests

Productionrecords
High

Paleontologic data
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Figure 5. Data User Priorities: WeB or Drill-Hole Data

AOI Data Repodtory Study - 28 - January 1994



NationalGeoscience Data Repository
Data User Priorities: Other Data
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of the first four types of data, there is a Geophysical Data. Contributionsof geo-
monotonic decline in the frequency of re- physical data are listed in Table 5. Among
sponses at progressively lower ratings. Re- the most valuable contributionsare the vast
mote sensing dam has a moderatepriority, amounts of domestic 2D seismic data. Be-
The last three types of data have a low cause organizations reported their contribu-
priority, tions in a variety of different units and

media (line miles, seismic films, paper re-
cords, and magnetic tapes), it is difficult to

Data Contributions compilea precise aggregate. Nevertheless,
the contributionsareextremely large. Table

Overview. The most important goal of 5 shows that contributions from major oil
Phase I of the feasibility study is to deter- companies and large independentproducers
mine the types and quantities of geoscience include 1,28_,000 line miles of 2D seismic
data that organizations would be willing to data on paper records, and 936,000 line
contribute to a National Geoscience Data miles of digital 2D seismic data. In addi-
Repository System. The response to this tion, they would contribute 1,011,000 seis-
aspect of the feasibility study has been mic films, which probably represent about
overwhelmingly positive. The privatesector 10 million line miles of 2D seismic data.
contributions represent billions of dollars
worth of geological and geophysical data.
Table 4 summarizes major contributionsof .....................
data that private companies have indicated Table 4. Major Contributions
that they would consider transferringto a of Data from Industry
National Geoscience Data Repository Sys-
tem. Seismic and Related Data

Based on site visits to most of the large 1,285,000 2D Line Miles (paper)
potential contributors, the above figures 936,000 2D Line Miles (digital)
appear to represent conservative estimates. 22,000 3D SquareMiles (digital)
Companies participating in the study have 1,011,000 Seismic Films
indicated that they would substantially 3,607,800 Magnetic Tapes
increase their data contributions after a 419,000 Reports & Maps
NationalGeoscienceData Repository System 553,800 Boxes Geophysical Data
was established.

Well and Drill-Hole Data
The vast majority of the data listed above
was acquired by the private sector, at no 373,900 Boxes Rock Core
expense to the federal government. All 369,800 Boxes Well Cuttings
material placed in a National Geoscience 4,000,000 Well Logs (paper)
Data Repository System would be in the 900,000 Well Logs (microfiche)
public domain. State and federal agencies 125,400 Well Logs (digital)
have indicated that large amounts of geo- 2,300,000 Scout Tickets
scientific data already in their possession 540,000 Geochemical Analyses
would be madeavailable througha National
Geoscience Data Repository System.

ill
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(R.J. Graebnerestimates an average of 10 It should be noted that much of the geo-
line miles of 2D seismic data per seismic physical data that would be contributedto a
film.) Major oil companies and large inde- NationalGeoscienceData RepositorySystem
pendent producers would also contribute is unique. Much of the data could only be
3,607,800 magnetic tapes. The magnetic replaced at great expense, and some of the

contain several _ of data, but they data cannot be replaced because of urban
are predominately 2D seismic data. 0t.J. developmentor recent restrictionsthat place
Graeboerestimates an averageof I line mile land off limits to seismic crews and other
of 2D seismic data _ tape.) exploration activities. The possibility of

facilitating the transfer of more than 15
The total amount of seismic data identified million line miles of domestic 2D seismic
in Table 5 is conservatively estimated to data and large quantities of other geo-
represent more than 15 million line miles, physical data from the private sector to the
whichconstitutes a substantial fraction(per- publicdomain representsa unique opportun-
_s 25 percent) of all seismic data collected ity for the federal government and the geo-
in the United States since 1950. Although science community to capture and preserve
the exact number of line miles of 2D seis- an immensely valuable national treasure.
mic data can not be precisely determined, it
is importantto emphasize that the order of Well or Drill.Hole Data. Contributionsof
magnitude has been well-established. The well or drill-hole data are listed in Table 6.
quantityof 2D seismic data is on the order Among the most valuable contributionsare
of 15 million line miles, rather than rather the large quantitiesof domestic rock cores.
than thousands, ten of thousands, hundreds The 373,900 boxes of rock core and the
of thousands, or even millionsof line miles. 369,800 boxes of cuttings that would be

contributed by major oil companies and
It is difficult at this stage to estimate the large independentproducersincludematerial
amount of duplication in the 2D seismic from some of the most productiveregions of
data, but because most of the seismic data the United States. The rock core and cut-
wouldbe contributedfromcompanyproprie- tings identified in Table 6 are estimated to
tary sources, there is not likely to be much representa significant fraction (perhaps 10
duplication, percent) of the core and cuttings held by the

major oil and gas companies. Companies
Table 5 indicates that relatively small participatingin the study have indicated that
amounts of other types of geophysical data they would substantially increase their data
would be contributedto the data repository contributions after a National Geoscience
system. Although smaller in quantity,some Data Repository System was established.
of the additional data are potentially quite
valuable. For example, contributions in- Many of the ro_t: cores and cuttings are
elude 22,000 square miles of 3D seismic unique, and could only be replaced at great
data, 24,800 velocity surveys, and hundreds expense. In come cases, it is no longer pos-
of thousands of reports, maps, and related sible to obtainaccess to the land in orderto
documents. The reports and related docu- drill the bore holes and reproduce the data.
meats may include meta-dataand other in-
formation that increases the value and use-
fulness of the seismic data.

IHl I I II [ II -- II ........ II ....
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Rock cores provide fundamental"ground RepositorySystem(Fig. 7). Thatconclu-
truth"for subsurfacegeology. Suchinfer- sion is reinforcedby the rankingof current
marionis requiredfor many applications datasourcesshownin Figure 8. Log and
beyondthe energyand mineralsindustries, samplelibrariesrankedas the secondmost
Subsurfacegeologic informationis essential importantor frequentlyusedsourceof gee-
for municipalandhazardouswastedisposal, sciencedata. Onlyinternallygenerateinfer-
ground water management,environmental marionrankedahead of log and sample
protection, geologic hazardsassessments, libraries.
and siringof utilitylifelines, criticalfacil-
ities, and transportationinfrastructure. The need to act quickly to establisha

NationalGeoscienceDataRepositorySystem
Table6 indicatesthatmajoroil companies is reinforcedby the fact thatmostexisting
andlargeindependentproducerswouldcon- facilitieshavelittleremainingsto_e capac-
tribute large quantifiesof well logs and it), (Fig. 9). As the oil andgas industryhas
related information. The data include downsized,many organizationsare closing
4,000,000 paperwell logs, 900,000 micro- internalstoragefacilities, reducingsupport
fiche well logs, 125,400 digitalwell logs, to jointlyoperatedstorage facilities,andat-
2,300,_ scout rickets,and 540,000 gee- temptingtodonatematerialto state-operated
chemicalanalyses, 100,000 PVT tests,and facilitiesthatarealreadyator nearcapacity.
44,000 paleontologicalwell studies.

Figure 10 shows that the most important
It is likelythatsomeof thisdata, particular- featuresand servicesare data access, data
ly certainwell logs, are alreadyin the pub- indexingandcataloging,informationretrtev-
lic domain. Some statesrequiredisclosure al, geographiclocation, and cost of data.
of varioustypesof well data, butin many These are the same typesof featurescited
_s it is possible forcompaniesto satisfy by usersof otherdatainformationsystems.
disclosurerequirementsbyprovidingasmall
amountof low qualitydata. However,data Recommendations. Based on generalre-
contributedto a NationalOeoscienceData sponsesfromthe survey questionnaire,site
Repository System may be substantially visits, and steeringcommitteemeetings,the
more complete and of higherqualitythan mostimportantissuesandrecommendations
dataalreadyin the publicdomain, regardingthe establishmentof a National

GeoscienceDataRepositorySystemare the
following:

Establishing and Operating
a Repository System , Establisha nationalrepositorysystem

composedof an integratednetworkof

Featuresand Serv!ees. Thesurveyand site datacenters,ratherthana single, cen-
tralizedfacility.visits includeda numberof general ques-

tionsdesignedto determinethe mostimpor-
tantfeaturesand servicesof a NationalGee- s Buildupon existingstate and regional

data centers as a startingpoint forscienceDataRepositorySystem. An over-
whelmingmajorityof respondentssaidthat developinga distributednationalreposi-
they would use a we!l-designedand effi- tory system.
ciently operatedNationalOeoscienceData
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• Ensurethat_hers caneffectively
use the data by placing ease of data

at the heartof the datamanage-
mentsystem.

s Est_iish a nationaldirectoryof data
centersthatincludesinformationabout
dataholdingsandguidanceforlocating
and obtainingdin.

• Ensurefullandopensharingof all data
in the repositorysystem.

s Establishproceduresand criteria for
setting prioritiesfor data acquisition,
_tion, andpurgingto ensurepreser-
vationof the mostimportantandhigh-
est qualitydata and to maximizecost-
effectiveness.

• l_elop aplanandracism foreffi-
cientlymm_'erringmauive amountsof
private-sectordata to a publicreposi-
torysystem.

• Adopt nationalstandardsfor storing,
processing, and distributingdata in
orderto reducecosts andincreasepro-
ducttvity.

• Actquicklyto capturelargevolumesof
data injeopardyof beinglost.

• Develop a plan forlong-termfunding,
includingadeq_te supportfromfederal
and state agencies and the user com-
munity.

The positiveresI_se to the PhaseI study
clearlyindicatestheneedto proceedexpedi-
tiously to the PhaseII study, which would
addressspecific organizationaland opera-
tionalrequirementsof establishinga Nation-
ILlOeoscienceDataRepositorySystem.
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NationalGeosclenceDataRepository
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NationalGeosclenceDataRepository
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National GeosclenceData Repository
RemainingStorage Capacity

0-25%

26-50%

51-75%

75.,100%

0 20 40 flO 80 I O0 120

Frequency
(n"-305)

lqpre 9. Remalnl_ StorqleCapadty

._4_,__ ____ !11111 L__ II III .... I ! iiiiiii1! I inl/i _--:illlr ,, -- : I!1_1i iii I _ i i 1111111 | ] j

AOl _ bposltory Study .3S - January 1994



National Geosclence Data Repository
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NATIONAL DATA MANAGEMENT ISSUES

U.S. _ience Data Policy oped by participating agencies, both
nationallyand intemationatly. A clear-

Geogience research and development re- inghouse process should be established
quires massive quantifiesof highly diverse to prevent the purging and loss of im-
dataand information. Geoscience dataman- portantdata sets.

agement issues have been addremed in sev-
eral recentreportsby the National Academy • Data archives must include easily
of Scietu:es, the Office of Science and Tech- _ible information about the data
nology Policy, and otherorganizations.Dur- holdings, includingqualityassessments,
ing the past several years, attentionhasbeen supporting ancillary information, and
focused on data nmnagementissues for the guidance and aids for locating and
U.S. Global Change Research _. obtaining the data.
Many of the data management principles
established for the Global Change Program • National and international standards
and othergmscience datasets are applicable should be used to the greatest extent
to a National Geogience Data Repository possible for media and for prtr.zssing
System. and distributingglobal data sets.

In 1991, the Office of Science and Tech- • Data should be provided at the lowest
nology Policy hst_ the "Data Management possible cost to global change research-
for Global Change Research Policy State- ers in the interest of full and open
menlo." The policy statements, are listed access to data. The cost should, as a
below: first principle, be no more than the

marginalcost of filling a specific user
• The U.S. Global ChangeResearchPro- request. Agencies shouldact to stream-

gram requites an early and continuing line administrative arrangements for
commitmentto the establishment,main- exchanging data among researchers.
tenance, validation, description, acces- • For those programs in which selected
sibility, and distributionof high-quality, principal investigators have initial
long-term data sets. periods of exclusive data use, data

should be made openly available as

• Full and open sharingof the full suite soon as they become widely useful. In
of global data sets for all global change each case the funding agency should
researchersis a fundamentalobjective, explicitly define the duration of any

exclusive use period.
• _on of all data needed for

long-term global change research is Many of the policy statements are directly
required. For each and every global applicable to a National Geoscience Data
change dataparameter,there should be Repository System, especiallyif the phrase
at least one explicitly designated "U.S. Global Change Research Program"is
aware. Procedures and criteria for replaced by the phrase "U.S. energy
setting priorities for data acquisition, security."
retention,and purgingshould be devel-
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In 1992, the Office of Science and Tech- tion system serving an expanding user
nology Policy (OSTP) releaseda report, The base.
U.S. Cdobal Chan&eData and Information
Manasement Program P/an, preparedby the 5) Ensure that researchers can effectively
Interagency Working Group on Data use the data, now and in the future, by
Management for Global Change for the placing qualityassuranceanddocumen-
Committee on Earth and Environmental _tion at the heart of a data manage-
Sciences (CEES), of the Federal Coordinat- ment system supporting the global
ing Council for Science Engineering, and change program.
Technology (FCCSET). According to the
OSTP report,data rescue is one of the areas 6) Establish issue-oriented information
receiving "special emphasis in the near services in addition to discipline-
term." The reportstates (p. 34), "Important oriented data services as a function of
data and information areat risk of being lost the data and information management
forever." It elaborates as follows (p. 37): system.
"A significant amount of data and informa-
tion is threatenedwith loss unless action to The Global Change Program provides an
assure its retention and stewardship are interesting and useful case study for a
taken. A prtr,eu for identifying such data National Geoscience Data Repository Sys-
and information will be established by the tem. Many of the conclusions and recom-
data and information management program, mendations of the National Academy of
Both digital and nondigitaldata will need to Sciences report and the OSTP report are
be addressed." applicable to a National Geoscience Data

Repository System.
The OSTP report was significantly influ-
enced by the 1991 National Academy of
Sciences report Solving the Global Change Cost of Global Change
_: A U.S. Strategy for Managing Data Data Management
and Information. The National Academy of
Sciences report provides six strategic The budget of the U.S. Global Change Pro-
recommendations, which are listed below gram provides useful information about the
with slight modifications: cost of data management and the federal

government's commitmentto allocate funds
1) Link data and information management for geoscience data management. Table 7

activities to the scientific goals of the shows the budget of the U.S. GlobalChange
program, so as to create a partnership Research Program for fiscal 1991 to 1993.
between active data users and data The cost of data management ranges from
centers. $170 million in 1991 to $295 million in

1993. Data managementrepresentsa signif-
2) Adequately support the data system, icant portion of the total Global Change

Research Programbudget, ranging from 18
3) Use the present system of data centers to 24 percent of the total budget. From

as a startingpoint. 1991 to 1993, the budget for data manage-
ment is larger than the budget for global

4) Design an evolving data and informa- change predictions. In 1992, the budget for
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data management is al_ larger than the • The federalgovernmenthas a clear role
budget for observation (data collection), in providing large-scale funding for
According to the OSTP report, the data and geoscience data management.
information management component of the
Global Change Programwas highlighted in • The cost of current federal geoscience
the fiscal 1993 budget plan as one of the data management programs is in the
areas requiring special emphasis. The re- multi-hundredmillion dollar range.
port says, "Unless there are major budget
increases for data and informationmanage- • The cost of data managementis a sig-
ment the agencies will not be able to achieve nificant fraction of the total cost of
the program'sobjectives." large-scale geoscience research pro-

grams.
An analysis of thebudget of the U.S. Global
Change Research Program establishes the
following points:

Table 7. U.S. Global Change Research Program
Budget by Science Objective

(Millions of Dollars)

1991 1992 1993
Science Element (actual) (est.) (request)

Data Management 170 270 295

Observation 259 254 329

Understanding 457 468 606

Prediction 68 118 143

TOTAL 954 1110 1372

Source: The U.S. Global Change Data and Information
Management Program Plan, Office of Science and Tech-
nology Policy, 1992.
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CONCLUSIONS AND RF_OMMENDATIONS

The results of Phase I of AGrs study to perspective are data access, data indexing
assess the feasibility of establishing a and cataloging, information retrieval, geo-
National GeoscienceDataRepositorySystem graphic location, and cost of data.
are extremely positive. The survey and site
visits have documentedthatenormousquan- Both data contributorsand data users agree
rifles of extremely valuable data would be that the most important issues and recom-
contributed to a National Geoscience Data mendations are the following:
Repository System. The proposed industry
contributions represent billions of dollars • Establish a national repository system
worth of geological and geophysical data composed of an integrated network of
that were collected at no expense to the data centers, rather than a single, cen-
federal government. In some cases, the data tralized facility.
are unique and cannot be replaced because
of urban development and new restrictions • Build upon existing state and regional
that place land off limits to resource explo- data centers as a starting point for
ration and development activities, developing a distributednational reposi-

tory system.
Much of the data that would be contributed
to a National Geoscience Data Repository • Ensure that researchers can effectively
System is in jeopardy of being discardedor use the data by placing ease of data
lost as the oil and minerals industries con- access at the heart of the data manage-
tinue to downsize their domestic activities ment system.
and focus their remaining resourceson over-
seas opportunities. All material placed in a • Establish a national directory of data
NationalGeoscience Data Repository System centers that includes informationabout
would enter the public domain and become data holdings and guidance for locating
available to all users. State and federal and obtainingdata.
agencies have indicated that large amounts
of geoscientific data already in their posses- • Ensurefull and open sharingof all data
sion would be madeavailable througha Na- in the repository system.
tional Geoscience Data Repository System.

• Establish procedures and criteria for
The surveyand site visits have clearlyestab- setting priorities for data acquisition,
fished that there is a close correspondence retention, and purgingto ensurepreser-
between the types of data that companies vation of the most importantand high-
would contribute to a National Geoscience est quality data and to maximize cost-
Data Repository System and the types of effectiveness.
data that are most useful to potential users
of the repository system. The most impor- • Develop a plan and mechanism for effi-
rant features and services that must be ad- ciently transferringmassive amounts of
dressed in order to develop a data repository private-sector data to a public reposi-
system that is successful from the users' tory system.

, , ,,, , ,
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• Adopt national standards for storing, before valuable data are irrevocably lost.
processing, and distributing data in The data truly representa national treasure
order to reduce costs and increase pro- and immediate steps must be takento assure
ductivity, theirpreservationand futureaccess.

• Act quickly to capturelarge volumes of
data in jeopardy of being lost.

• Develop a plan for long-term funding,
includingadequate supportfrom federal
and state agencies and the user com-
munity.

The positive response to Phase I clearly
indicates the need to proceed expeditiously
to Phase II, which would addressthe specif-
ic organizational and operational require-
mentsfor establishinga National Geoscience
Data Repository System. A working plan
and budget for siting, implementing, and
operating the Repository System would be
developed in Phase II.

A National Geoscience Data Repository
System would help achieve key objectives of
the National Energy Act of 1992, Domestic
Natural Gas and Oil Initiative, U.5. Global
Change Research Program, and High Per-
fonnance Computingand Communications
Actof1991,aswellastechnologytransfer
anddefenseconversionprograms.Itwould
helpto reduceU.S. vulnerabilityto oil
supplydisruptionsbyincreasingdomesticoil
productionandreducingourdependenceon
unstablesourcesofforeignoil.Itwould
helpimprovethecompetitivenessof the
Americanenergyand mineralsindustries,
createhigh-qualityjobs for American
workers, and reduce the U.S. balance of
trade deficit.

The federal government has the opportunity
to facilitate the largestdata rescue operation
in the history of the energy industry. There
is a narrow window of opportunity to act
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Appendix 1. Survey Questionnaire

The foilowlnlsurveyquestionnaire,National_osctenceDataRepositorySystem:Surveyof
Data Contributon and Users(May 1993),wasdistributedto 1,103geoscientifl¢organizations
throulhout the United S_m.

Appendix 1 Survey Questionnaire
Survey BackBroundand Rationale
O_.anizationProfile
Data Availability and Contributor_orities
DataU_ Priorities
Data _flty and Oeolraphic Coverue: Well and Drill-Hole Data
Data Quantityand Geographic Coverage: Geophysical Data
Data Quantityand Geographic Coverage: Other Data
DataRepositoryOperations

- - i ,, , f,,, , .... L , ,,,,,,,,, rlJ , .... ,,,,,,,,,, ,,,,
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NATIONAL GEOSC_CE DATA _SITORY SY$_

Survey Bac_und and ltatiop_e

Ameflcan OeolosicaJ Instituteis conductinga study to assess the feasibility of establishin8
a National Oeoscience Data _sitory System. The study is beinBc_rdtnated by a Steering
Committee composed of representatives from professional societies, industry, academia, and
federal and rate agencies. _ concept of establishing a nationally based data repositorysystem
has received b_ interest and supportin both the private and public sectors. Such a system
would most likely be developed around existing state and rqional repositories. The repository
system would serve as an importantsource of information for the leosclence community for use
in energy _ mineralexplorationas well as other types of investigations, including
environmentalaliments, water resource studies, and basic _h at our universities.

The survey questionnaireisks you to provide informationcovering 5 majorcategories:

• O_nlmtlon _ -- Determines basic information about your orlpmlzation
and gaollmphic arms of operation,

• Data Availability sad Contributor Priorities -- Addresses the types of
pmcience data your orpnlzation uses and the types of data it would consider
releasinlt to a national _sitory system,

• Data User __ -- A.esm the priorities your organizationplaces on
informationit w_Id requestfrom _ repositorysystem.

• Data Quantity and _phlc Coveralle -- Determines the quantity, types and
gaollraphic coverage of data your organizationwould consider contdbutinll to the
repositorysystem.

• Data Repository Operations -- Requests your recommendationsForestablishing
and operatinga nationally based repository system.

Your input is importantto us. We are surveying only a limited numberof individualsand
organizations. The survey is being sent to only one individualin each organization. We need
your recommendationsand suggestions to assess the Feasibilityof establishinga National
Oeoscience Data _sitory System.

Please complete and returnthe survey in the enclosed envelope to:

National Gmaclence Data Repository System
American Geolollcal Institute
4220 King Street
Alexandria, VA 22302.1S07

.... :_ ......... ITIJlII II Ill II ....] . i t J , JUl so HI] _._ ! i! _ ISlSsl_lll I III I _ IHJl_JlmU!llJll ___
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ORG:__,TION PROFILE

1) What tit _bss your o_tion? (ch_ only one)

Rmourcs Producer Resmrch and Information
D oil _ _ D logandsamplelibrary
[2 _ D informationbroker
D m_s D universityor remm_hinstitute
D industrialminergs [2 rote _logl_ survey
D other....................__ .... Q f_ml agencyor national¼_mtory

D other

_d ComultlnlCom_nlm
!'1 seismicor _r _hysical
D corn,!ca,orassay
[2 oil lindIP-m

mininl _ mineralsconsulting
Q environmental_ hydrololy
D other

2) _ what _phk ai of _o U.8. doesyour orIanlzatlon operate and/or
have iecadeaeo _ta? (check aft tll apply)

Wmt.m Cmtral
WestTexas/NewMexico [20ulf C_t

r'1 RockyMountains [2 Mid-Continent
O _In and PJ.nge [2 _r _ --= ...................

[2 WestCoast
[2Alaska O_or.
O Other O _IfofMexico

_ i ,,vl .... :=: --

[2 California
Esster. O Atl_tlc
O m._lm_ O A_
O 0thor..................................._ 12]Other......................

3) How manyIeesclence profemlonals(lleolojlm, ieophyiIclm, IeOchemls_, etc.) ire
employedIn your orpnization's U.S. operations:

O < 5 [21100-199
E] 5-49 E] 200-399
O 50-99 O > 400

fIIII I IlL _2JIII !]II!IJl I I IIIII IIIl HII ..... _ I IllBlI I -2 L 11111i ,!iillllilii _ I I ._ i jtliiilt_,lJii . IL i i iilllll i l iiuuii
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DATA AVAILABILITY _ CONTRIBUTOR PRIORI'H]_

ContHbu_r _Htles
If, _ ItepmttorySymmwereemabliahed,
we_M oomtdb_ thefollowing_o of chits:

Av_b_ _.lYu, _ av_ nowYu, peudlugtmnmlmhommiou

My o_ pou4mlm _i Pouibly, fudher evdu_ionneededthefollowim|_ of data: No, _ elnt_

(©hackall_ apply)
Yes No Yes Pending Possibly No

Wellor _ HoleData
Mockcores O O (1) (2) (3) (4)
Samplecu_s D D (1) (2) (3) (4)
Fluid,amp!m D D (1) (2) (3) (4)
_hyslcal weft lop D D (i) (2) (3) (4)
Li_1011_/sample Ioli, D D (1) (2) (3) (4)
CompletiondaUt 0 0 (1) (2) (3) (4)
Scoutcl_ D O (1) (2) (3) (4)

_ tom O 0 (l) (2) (3) (4)
Production _ O 0 (l) (2) (3) (4)

_hy_ LCsJcorn tram 0 0 (1) (2) (3) (4)
Geochemical _ analysis 0 0 (I) (2) (3) (4)

0 O (1) (2) (3) (4)
....... ........... _ O O (1) (2) (3) (4)

2D seismic 0 0 (I) (2) (3) (4)
3D le_c 0 0 (1) (2) (3) (4)
lte_fra_onseimntc O O (1) (2) (3) (4)

o o o) (3) (,,)rl [2] (1) (2) (3) (4)
Omvlty data O O (1) (2) (3) (4)
Inducedpolarization O [2] (l) (2) (3) (4)
Blectro_c data [2] 0 (1) (2) (3) (4)
Other O O.....o o I13IllI13I' I

OtherData
lh_logic/geophystcalmaps O O (1) (2) (3) (4)

ore sensilqtimagery O 0 (1) (2) (3) (4)
Paleontologic collections O 0 (!) (2) (3) (4)
_hemlcal/assay analysis O O (1) (2) (3) (4)
S_ctunddam& maps O [2] (I) (2) (3) (4)
Tmchnlcalreports [2] O (1) (2) (3) (4)
Digital daUlbases O 0 (i) (2) (3) (4)
Hand samples O [2] (1) (2) (3) (4)
Other 0 l-I (1) (2) (3) (4)

..................................[2] 0 (1) (2) (3) (4)
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DATA USER _ORITIES

User Pdodties
If a Data Repository System were established, my orlaniz_ion would
placetheindicatedprioritiesontheuseof data from the eyetem:

ii_, prim_ d_ ,oume

Moderate,Jeoondlu_datamurce
Low, woulduse if available
None, notused

(checkonly one)
Hish Moderate Low None

Well or Drill Hole Data
Pockcores (!) (2) (3) (4)
Smnple cuttings (l) (2) (3) (4)
Fluid wnples (1) (2) (3) (4)
_hyslcaJ well ices (I) (2) (3) (4)
Lt_loglc/wnpleloss (1) (2) (3) (4)
Completiondata (I) (2) (3) (4)
s_t data (I) (2) (3) (4)
Drill mm tests (1) (2) (:3) (4)
Productionrecords (1) (2) (3) (4)
_eontolostc data (i) (2) (3) (4)
Pe_Jophysicalcore tests (i) (2) (3) (4)
Geochemi_ core_ysis (1) (2) (3) (4)
Other ............. (1) (2) (3) (4)

++++ .......++++ (I) (2) (3) (4) ,

_2_n mm
D seismic (1) (2) (3) (4)

3D seismic (1) (2) (3) (4)
Refractionmbmic (!) (2) (3) (4)

SUrveys (i) (2) (3) (4)
data (i) (2) (3) (4)

Gravity data (1) (2) (3) (4)
Inducedpolarization (i) (2) (:3) (4)
Blectmm_c data (1) (2) (3) (4)
Other _. +........ (1) (2) (:3) (4)

-_............... (1) (2) (:3) (4)

Other Data
Qeolosicllpx_hysical maps (1) (2) (3) (4)
Remote sensing tm_ry (1) (2) (3) (4)
Paleontolosic collections (l) (2) (3) (4)
Geochemical/assay analysis (I) (2) (3) (4)
Structuraldata& maps (!) (2) (3) (4)
Technical reports (1) (2) (3) (4)
Digitaldatabases (1) (2) (3) (4)

samples (1) (2) (3) (4)
_++_+ . (1) (2) (3) (4)
............. ....... (1) (2) (3) (4)

............ ......... : :: : J. Jll ........... I I I IIIII I I I II]I III11 J _ .J +J I I I I I I L : _ I+. II II I
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DATA QUA.NTrrY AND GEOGRAPIHC COVERAGE

H a National _enee DataRepositorySystn were_bi_bed, my orpnlzatlon would
considereontrlbutlnl thefollowlnltypesandquantityof datacoverln8theIndicated
I_phlc a_ (piton addadditionalpalm If n_ry). Your bestorderofmalnitude
wtimatewWbeufflelent,

AND DR/LL HOLE DATA

Quantityor CoveringIndicated Is thismaterialinj_y
Volume U.S. Areas of beingdl_?

Yes No
RockCores D [3
_r ofco. _a) .....--. _-_ -:...... D [3

[3 [3
[3 [3

i: ........ 111111, ..... Jl iiiiiijl L - " mT

D [3

S_leamnCuttinsl . ........_::___:::__. _-, ...._- [3 [3

[3 [3
D D
[3 [3

JL_.: 72,1!111 l:- A_ ---- i i]1 i

D [3
i c -'l. i1[111 --_, j_ _ 7]: : ._ 7_

[3 [3
[3 n

_r P,w,ords ....._.......... 0 0
(_r ofbo_ ...._ ..... .... , [3 O,. -- I o ],<........... I_:L[EJLJill

or tilt drawtra} ............. [3 OL:::-- __ : _.:: :::

D O
[3 D_: i,,,, - ....___ " _, 2

Other 0 0

[3 D
,_. iiIll= Jl !:... ILIIIUIIII_ III _::<: .... - i [ _:_[ Hill....

[3 m
Iu. - . _:. _. :::.... :--" : ___ ::.

[3 D
L , _ J IIII :----. [ IIIn[[I -- I I . i

!,, i ,,L,[, ,, , [ _. ]1,1,,,11,,],, ,, [jl . w,_,lll, , . 7 . Hill,.... I][ !I,!HJ[ J_ r ii , ! ,,1 ],,] ,,llUL r ._ .... _: -
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DATA QUANTITY AND GEOGRAPHIC COVERAGE

GEOPHYSICAL DATA
Quantityor Covering Indicated Is this material in jeopardy

Volume U.S. Areas of being discarded7

Yes No

Pspor Records r-I I-i
_r __ 0 rl

0 0

Digital_ O O
_r o/_ rteL,'_ O O

O O
0 O

Other O O
0 O
D D
D D

O_ DATA

P_r Records O O
(_r ofmoxea O O

O O

Other l-I l-I

O O
0 O

"For seismic lines, you may also specify 2-D km or 3-D km2
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DATA REPOSITORY OPERATIONS

A National Geoscience Data Repository System would most likely be developed aroundexisting
public and private sector data repositories at the state and regional level. The repositorysystem
would provide critical data to allow domestic energy and mineralscompanies to expand their
explorationprogramsin the United States. It would also serve as an important.andvaluable
source of informationfor the entire geoscience community for application in a varietyof other
types of investigations including, environmentalprotectionevaluations, water resource
assessments, and global change studies. To increase operatingefficiency of the repositorysystem
standardsfor curating, digitizing and indexing data would be established. A catalog documenting
and describing the types and locations of data would be developed and distributedto users. Data
would be available for onsite inspection as well as on CD-ROMs and through remote computer
access.

1) If a National Geoscienee Data Repository System were established along the lines
described above, would your organization use it?

I-7 Yes O Uncertain f! No

2) How would you rate the usefulness of a _-quality National Geoscience Data
Repository System in meeting the informational needs of your organization?

[] Very High ["] High [] Moderate D Low D Very Low

3) How important is it to your organization that the repository provide remote computer
access to data f'des?

D Very High El High fl Moderate f-! Low C] Very Low

4) What are the FIVE most important or frequently used sources of geoscience data your
organization currently depends on? (rank 1-Highest to $-Lowest)

_ Internally Generated _ Log and Sample Libraries
__ Joint Operationswith OtherCompanies _. Technical Journals

Service Contractor Research Universities
__ Information Broker _ State Agencies
_ Consultants _ Federal Agencies

Professional Associations Other

5) If your organization maintains a geoscience data storage facility, what is the remaining
capacity of the facility?

D 0-25 _ (nearlyfull) D 51-75 %
D 26-50% I-'] 76-100% (nearly empty)

AGI DATA REPOSITORY SURVEY May, 1993 Page 7



6) In order to best meet the needs of your organization, what are the three most important
features that should be considered in establishing and operating a Geoscience Data
Repository System?

a)

b)

c)

7) Please provide any additional comments or recommendations that should be addressed
in assessing the feasibmty of a National Geoscience Data Repository System.

a)

b)

c)

Thank you for assisting AGI in this study -- your input is important. Individual survey
responses wm be held confidential. However, we would appreciate knowing who to contact
in your organization in case we have any questions related to your survey response.

Contact person:
Organization:
City, State, ZIP:
Phone Number:

Would you like to receive a complimentary copy of AGI's Executive Summary of the
Geoscience _ata Repository Survey Report on completion of the study? D Yes [] No
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Appendix 2. Supplemental Figures and Tables

The following figures and tablesprovide additionalinformationabout the 305 organizations that
responded to the survey questionnaire. The total number of responses to some questions is
greater than 305 because multiple responses were entered on some questionnaires.

Appendix 2 SupplementalFigures and Tables
2.1 Organization Profile: Resource Producers
2.2 Organization Profile: Service and Consulting
2.3 Organization Profile: Research and Information
2.4 GeographicDistribution: Western States
2.5 Geographic Distribution: Offshore Areas
2.6 GeographicDistribution: Centraland Eastern States

• m
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National Geoscience Data Repository
Survey of Data Contributors and Users

Oil & Gas 77%

Other 4%

Indus.Minerals 2%

Metals 13%
Coal 3%

Number Percent
i i i i,, , i

Oil and Gas 167 77
,.. i i i,,

Coal 7 3
, ,,,,,.,,

Metals 28 13
.,, i

IndustrialMinerals 5 2
i,. ,L , i

Other 9 4
ii i ,,

TOTAL 216 100
....

Appendix2.1 -- OrganizationProrde:ResourceProducers
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National Geoscience Data Repository
Survey of Data Contributors and Users

Core, Log,Assay 3% Seismic/Geophysical29%

Other 6%

Envt.& Hydrology 10%
Oil and Gas 52%

Number ' Percent

Seismic/Geophysical 9 29

Core, Log,Assay 1 , 3
Oil and Gas 18 s2

i i

Mining/Minerals o 0ii i i,

Envt. & Hydrology 3 10
Other 2 7

TOTAL 31 10o

Appendix 2.2 -- Organization Profile: Service and Consulting
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I

InformationBroker 1%
University 22% Log& SampleLibrary 25%

Other 6%

FederalAgency 6%

StateSurvey 40%

_ Number .... Percent ....
ii i

, Log&sampleLi'brary , 24, , 2s
InformationBroker _ 1

..... University/Research 21" 2'2 '
,.. i i ii ,

.... State Survey ,, ss....._ 40 ,,
Federal Agency 6 6,i i ii ii i,. L

Other 6 6
....._0TAI'......... _..... _oo

,, . , ,,,

Appendix2.3 -- OrganizationPronle: Researchand Information

,,|. i i , ,, . , , . i
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National GeosclenceData Repository
Survey of Data Contributorsand Users

West Texas/N.M. 28%
RockyMtns. 27%

Other 3%

Alaska 12%
Basin& Range 15%

West Coast 15%

............ Number ...... Percent

' W. Texas/NewMexico _11s " - 2s
, = ,|l Is, , , I I I

Rocky Mountains ' 11s 27'
m ,, ,, + . r _ , i .

Basin & Range ..... ss 15iJ ill

West coast 8s _s
i , ii l| .... Ut,lui i

Alaska ++ +2
Other ........... 11 a

,,,, i ,u • _ _+ i i i . ii Jt
o,

TOTAL 421 100
,, , i ._ i

Appendix 2.4 -- Geollraphlc Distribution: Western States

i .... iiii .u_ iii i i ....... iiiiii111ljl p+ ii i iii
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Gulf of Mexico 41%

California 17%

Other 9%

Atlantic 16% Alaska 17%

Number Percent
. ]11IIL I II I[ I III II II I I I It I It I ]1!fill lift I

Gulfof Mexico 59 41
i I _ IJ I J JII]l I [ iii1[1! I I I I i III I III II I iiiiill ,,11,,, i

California 24 17
II II I I ....... [I I L !I ] II I I III I II I II Jl [III) I_I. I I

Atlantic 23 16
ii iiii [ LIIIIIll ii II]lllllll [ III

Alaska 25 17
..... i i Ii I I .... i,

Other 13 9
i I B i !ll . I I ii _mlfll i i!111 II I I I II glllll [

TOTAL 144 100
i! I , , ,, I ,........ I

Appendix 2.$ -- Geooaphlc Distribution=Offshore Areas

JlJ I I II I I IIIIIL I ! I III IIIIIIIII I II lllJ I I I I [ I II II . I III I I I I II I l
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