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highly sophisticated scientific information center operated at Oak
Ridge National Laboratory (ORNL) for the U.S. Atomic Fnergy

Ccocmmission.

Its information file, which consists of both data and

bibliographic information, is computer stored and numerous programs
have been developed tc facilitate the use of this information. The
Center maintains part of a small communications network which now
includes 13 remote terminals (6 in NSIC offices) through which most
information is added to the computer and much is routinely retrieved.
The supporting programming permits extensive manipulation of the
computer stored information as well as interactive telecommunications
from all of the remote terminals. The report gives recommendations
for the development of ar information system for the Coast Guard
which include an interim system for immediate use prior to the
development of the ultimate system. The former would include
installation of a teletype unit at NSIC to connect to an existing
Coast Guard system through which unit, and a manual link, information
could be retrieved from a computer store developed at ORNL. The
ultir~te system weculd involve transfer of the computer store to the
CDC to be installed at Coast Guard Headquarters and a network of
remote consoles including one at NSIC for the maintenance of the
store. (Author/AB)
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FOREWURD

The NAS-NRC Committee on Hazardous Materials was established in 1964
in response to a request from the Commandant of the U.S. Coast Guard to
the President of the NAS, The Committee is charged to advise the Coast
Guard on sclentific and technical questions relating to the safe maritime
transpertation of hazardous materials., The charge has been broadened to
include advice concerning the characteristics of the information system
which the Coast Guard requires for both its emergency and routine needs
for numerical-, bibliographic-, and management-type information.

In order to fulfill its obligations the Committee on Hazardous Mate-
rials has met regularly since 196% and the technical results of its ac-
tivities have appeared in form of Proceedings of Conferences held annually
since 1965 and other topical reports including a tentative guide entitled
"Evaluation of the Hazard of Bulk Water Transportation of Industrial
Chemicals" published by NAS this year, '

' The 1970 Conference was held at the U.S. Coast Guard Academy in New
Iondon, Connecticut, and was comprised of a itwo-day meeting; the first of
which was concerned with technical papers on chemical and tramsportation
hazards, and the second on information and communicaticn problems. Wm. B.
Cottrell was invited by the NAS to preseul a review of the operation of the
Nuclear Safety Information Center at ORNL and what recommendations we
might have regarding the establishment of a similar center at ORNL but
directed to the Coast Guard's specific needs. This is done in the follow-
ing paper which was presented at the 1970 Conference.

AR T RS TR



THE OFERATION OF A SPECIALIZED SCIENTIFIC INFORMATION
AND DATA ANALYSIS CENTER WITH COMPUTER BASE
AND ASSOCIATED COMMUNICATIONS NETWORK

Wm. B. Cottrell
J. R. Buchanan
D. W. Cardwell

Abstract

The Nuclear Safety Information Center is a highly sophis-

“ticated scientific informetion center operated at ORNI, for the

U.S. Atomic Energy Commission. Its Information file, which
consists of both data and bibliographic information, is -com-
puter stored and numerous programs have been developed to
facilitate the use of this information by its diverse users
through the maeny services which the Center performs. In sup-

port of its work the Center maintains part of a small communi- -

cations network which now includes 13 remote terminals (6 in
NSIC offices) through which most information is added to the
computer and much is routinely retrieved. The supporting pro-
gramming permits extensive manipulation of the computer stored
informaetion as well as interactive telecommunications from all
of the remote terminals. The Center is staffed by selected
senior laboratory technical personnel who are assigned on a
part time (avg ~1/3) to the Center. Recommendations for the
development®. of an information system for the Coast Guard in-
clude an interim system for Ilmmediate use prior to the de-
velopment of the ultimate system. The former would include
installation of a teletype unit at NSIC to connect to an
existing Coest Guard system through which unit, and a manual
link, infoimation could be retrieved from a computer store
developed at ORNL. The ultimate system would involve trans-
fer of the computer store to the CDC to be installed at

Coast Guard Headquarters and a network of remote consoles in-
cluding one at NSIC for the maintenance of the store.

1. INTRODUCTION

The recent spectacular growth of the nuclear power industry into a

- multibillion decller enterprise and the concurrent increase in the prob-

lems and concerns regarding nuclear safety have given rise to a deluge of

information and date in the form of progress and topical reports, journal

articles, meeting pepers, Preliminary and Final Safety Analysis Reports,

Advisory Commitiee on Reactor Safeguards' letters, Regulatory questions

(E e



©o reactor license applicants, responses to these questions, and related
material.

The Nuclear Safety Information Center (NSIC) at Oak Ridge National
Laboratory (ORNL) was established in 1963 by the U.S. Atomic Energy Com-
mission, Division of Reactor Development and Technology, to act as a focal
point for the collecticn, evaluation, and dissemination of this type of
information so as to assist in defining and solving problems relevant o
the design and operation of nuclear facilities.l Since it became opera-
tional in mid-1963, NSIC has indexed over h0,000 references into its
storage files, Pertinent abstracts are readily retrievable by remote con;
soles from the files at the central computer in various forms so as to
serve & number of requirements enabling the staff to be responsive to
many needs. v

Barly in 1967, this computerized éystem, which then deal® only with
bibliographiz information, was supplemented with a computerized system
containing design, construction, and operating data on nuclear facilities.
This system, known as CHORD-S (Computer Handling of Reactor Data — Safety),
was completed in 1969 and has been in operation since that time.2,3 As
with the NSIC programs, there are several CHORD-S computer programs and
subroutines to input, update, snd manipulate the data as required by AEC
needs.,

It is the purpose of this report to describe the operation of the
Nuclear Safety Informatioﬁ'Center and the computerized systems which the
Center has develored for handling numerical, bibliograephic, and menagement
information. Because of the needs of its users, the communication network
assoclated with the Center is quite modest — consisting of 16 remote ter=
minels located in Washingbon, D.C., and Oak Ridge, Tennessee, and connected
to an IBM-360 Model 50/65 — but the computer programs which have been de-
veloped to handle both the data and bibliographic information are quite
soﬁhisticated.' Following the discussion of existing NSIC capabilities are
some recommendations based upon our experience for counsideration by the
U.S. Coast Guard in thelr efforts to define and develop a comprehensive
"information system" for their needs.

a




2. OPERATION OF NUCLEAR SAFETY INFORMATION CENTER

The Nuclear Safety Information Center (NSIC) is administered at Osk
Ridge National ILaboratory as a semiautonomous group, responsible to an
Assistant ILaboratory Director. At the present time, the staff is composed
of 34 technical specialists (most of yhom serve on a part-time basis), a
technical editor, a computer programmer, an information specilalist, and
five secretary-typists, as listed in Table 1. The scope of the Center's
technical cognizance 1s roughly outlined by the 21 general categories
listed in Table 2 into which we found it convenient to group our work.

The director of the information cemter is the dirsctor of ORNL's
nuclear safety research and development program and the editor of Nuecleaxr
Safety. The assistant director, who is responsible for the day-to-day

cperation of the center, is an assistant editor of Nuclear Safety. The

Taeble 2. Informetion Categories with NSIC

General Safety Criteria

Siting of Nuclear Facilities

Transportation and Handling of Radicactive Materials

Aerospace Safety

Heat Transfer and Thermal Transients

Reactor Transients, Kinetics, and Stability

Fission Product Release, Transport, and Removal

Sources of Energy Release Under Accident Conditions

Nuclear Instrumentation, Control, and Safety Systems

10. Electrical Power Systems

1i. Containment of Nuclear Facilities

12, Plent Safety Features

13. HKadiochemical Plant Safety

1k, Radionuclide Release and Movement in the Environment

15. Environmental Surveys, Monitoring, and Radiation
Exposure of Man

16. Meteorological Considerations

17. Operational Safety and BExperience

18. Safety Analysis and Design Reports

19, Radiation Dose to Man from Radiloactivity Release to the
Envircnment

20. Effects of Thermel Modifications of Ecologlcel Systems

21, Effects of Radionuclides and Ionizing Radiation on

Ecologicel Systems
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technical staff is composed entirely of senior people wlio have been work-
ing in thelr areas of specialty for a number of years and who continue to
work in these areas. These scientific middlemen are the backbone of NSIC.
In fact, as it was so aptly expressed in the "Weinberg Report" in 1963,
"The essence of a good technical information center is that it be operated
by highly competent working scientists and engineers — people who see in
the operation of the center an opportunity to advance and deepen their own
personal contact with their science and techuolegy."4

A variety of information services is offered by NSIC tc the nuclear
community. The principal ones are listed in Table 3. One of the most im-
portant of the services is the preparation of authoritative state-of-the-
art reports and review articles. Bach member of the NSIC technical staff
is expected at one- to two~year intervels to prepare & review that will
. either be issued as a report in the ORNL-HSIC series or published as an

article in Nuclear Safety. These reviews serve as vehicles for the analy-

sis and evaluation of experimental and theoretical data and can even result

Table 3. List of NSIC Services

Issues state-of-the-art reports

Cooperates in the preperation of the journal, Nuclear Safety
Prepares ebstracts of nuclear safety literature

Issues indexed Dbibliographies of accessions¥*

Operates an SDI program¥

Answers technical inguiries

Prepares special retrospective bibliographies¥*

Provides information on current research and development*

Provides technical consultation

Makes document collections avallable for use 'by qualified
visitors

11. Prepares special reviews for NSIC comment on request

12, Mekes literature searches¥

13. Proposes experimental work

14, Prepares handbooks

15. B.eactor data¥*

O\ O v WO

*'I‘hese services employ the center's computerized information
either in batch form at the computer or more commonly using tele-
communications access.



in the-synthesis of new data, They provide a useft:l technique for iden-
tifying fubure research efforts., The review articles which have appeared
in Nuclear Safety are too numerous to tabulate, but a listing of all NSIC
state~of-the-art reports published to date is available from NSIC on re-

quest, ,
The Nuclear Safety Jjournal is available by subscription only, but
all other NSIC services, including state-of-the-art reports, may be ob-

tained from the Center without charge by persons who are active in the
nuclear field, Those who do not fall in this category may purchase such
reports for a nominal sum from the Clearinghouse for Federal Sclentific
and Technical Information, Springfield, Virginia. While the Center does
provide reference lists, generally developed from a computer search, we
do not supply copies of any reports except those which we generate, al-
though sources are identified. The services that relate uniquely to this
symposiumn will be discussed later in more detail.

The process flow for a document and the information that is even-

tually stored in the computer on that document 1s as follows:

1. Documents for review are selected by an information specialist,
who routes them to appropriate staff scientists or engineers,
each a specielist in some aspect of the Center's scope.

2. The technical speclalist then scans the rep-rits, journal articles,
ete., making appfopriate entries, including abstraéts'and key-
words, on office form called “green sheets,” Other information
centers at the laboratory use other colors,

3. The technical specialist sends the green sh2ets and documents
back to the infdrmation specialist, who makes certain biblio-
graphic indexing entries on the forms. ‘

L, fThe green sheets are then senbt to the editor, who.edits the en-
tries and then sends the green sheets to typists for computer
entry.

5. The typists use IRM-2260 Cathode Ray Tube Scopes to enter the
abgtracts, keywords, etc., directly into the computer where the
reférences enter & storage "data cell" e.d are immédiately

-avalleble for retrieval.

AT v -



The process flow for reactor data which is entered into the CHORD~S
storuge file is somewhat simpler, The data is first extracted from the
availuble sources — usually documents submitted for license applications —
and entered by hend onto an established form. This form is submitted for
keypunching, resulting in punched cards as input data, or the form may be
typed on an MIST typewriter producing a magnetic tape and a proof copy.
The tape when converted on a Digi-Data converter is comput-r readsable,

A detailed discussion of the many services provided by NSIC, and the
problems encountered therein, is beyond the scope of this report., How-
ever, some of the more salient available documents which discuss these
matters are referenced here for those who may be interested in such de-
tails,153,5,6 The operations of NSIC, including those services which
utilize the computer numerical, bibliographic, or management information
bases, are discussed further in the following sections of this report.

3. NSIC'S COMPUTER RASE AND COMMUNICATIONS NETWORK

NSIC's computer activities are conducted on a time-shared basis on
‘an IBY-360 Model 50/65 (0S/MVT) at the Osk Ridge Computing Technology
~ Center (CTC). NSIC's remote console equipment consists of two ' IRM-2740
typewriter-printers and four IBM-2260 CRT consoles.

Another operating IBM-2TL4O is located in the offices of the AEC Regu-
latory Staff in Bethesda, Maryland, and another in the offices of the AEC
Divisicn of Technical Information Extension at Oak Ridge, Tennessee, An
additional 2TLO is being installed for the ORNL Ecological Sciences Divi-
sion. Thus the NSIC communications network currently consists of sixteen
remote eonsoles (six at NSIC) each conmected to the IBM-360 computer by
leased phone lines. _

The IBM-36O Model 5@/65 is a third-géneration digital computer which
-not only is capable of supporting many remote consoles (the'exact number
depending upon periphera’ equipment, other computer uses, and console re-
quirements), but also has date storage devices which allow access to seg-
ments of the data bank without having to search through the data in a

sequential manner; as is required in processing data on magnetic tape.




The resulting communications system is illustrated in Fig. 1, wherein
the remoie terminal is shown at the lower left of the figure time-sharing
with other terminals. Meaningful conversational exchanges via telephone
line between terminals and the central computer mey employ query and re-
sponse techniques developed jointly by CTC programming personnel and ORNL
reactor engineers. As illustrated in Fig. l, a telecommunications type-~
writer transmits queries and prints, at a rate of 15 char/sec, output
data selected for preservafion in hard copy. An alphanumeric CRT console
provides rapid (up to 240 char/sec) visual display of transitory .output
information. (Rapid responses displayed by the CRT hasten progressive
dialogue up to the point of obtaining ultimate search objectiver.) &
vecfor-type CRT may be employed to provide graphic displeys for the sys-
tem users to gain the advantage of information in pictorial form. Dia-
grammatic illustrations and voluminous material, anot readily adaptable to
computer storage, as well as all documents, are referenced in the data
bank to gulde retrieval from local terminal auxiliary files which are
mechanized by microfilm stdrag-—rea@out devices or more simply document
libraries.

Information is now roptinely added to the computer store through the
2260 CRT consoles at the Center, However prior to this capability, infor-
mation was added either via punched cards or via tape produced by an IEM-
MTST typewriter, and these latter modes are still used in special circum-
stances. ' |

While the computer store is routinely scanned from the remote con-
soles, the results of any given search of the store may be printed out
either at the remote station or the computer itself. In general, produc-
tion type operations (SDI, bibliographies) are printed out at the computer
because of the fast printout capabilities available there. The printout
from special searches is routinely performed at both locations, depending
upon the urgency with5which-the»information is needed, other console needs,
and the length of the search.

Detailed.information-on-ﬁhe development of this system. for the needs
of the Nuclear Safety -Information Center will be found in Ref. T, a copy
of which is attached (as A?pendix'A) because of its relevance to this re-
port. The édaptation of this system to serve the date handling needs of
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the AEC are discussed in Ref. 8 which is also attached (as Appendix B)

for the same reason.

4. AUTOMATED HANDLING OF BIBLIOGRAPHIC
INFORMATION (NSIC)®

A prime consideration in developing the computer programs was to keep
the system fiexible enough to permit growth of NSIC operation and to make
it feaéible to extend the system to the work of other information centers
without major modifications to the programs. Both these requirements
dictated that the programs be fast and that the capacities of the programs
be large; _To date, six other centers have used the basic progrems.

The IRI-360 computer possesses certain characteristics which the
other equipment at CIC does not have and which are of special interest
for the NSIC work. These characteristics are (a) the remote console sup-
port feature and (b) data storage devices which allow access to segments
of the data bank without having to search through the data in a sequential
manner as 1s required in processing deta on magnetic tape.

A considerable amount of the planning of the new system involved the
detalled study of how.fo use these new features to perform certain needed
functions for NSIC. The resulting system is described in detail in Ap-
pendix A. The remote console feature is used to support consoles at the
NSIC which is located nine miles from CTC. Specifically, providing the
retrospective search capability via a console is probably the most im-
portan%féf the added_fﬁnctions,' This provides the analyst at NSIC a means
to obtgin the results of & search in a few minutes. It also provides a
flexibility for "browsing" the data in a wavahich was not possible with
the ofiginal segrchAprogram. Orgénizing'the“data bank in such a manne¥
as to7s§pp6ftyconso;é“searching influenced the decision to 46 at least
part Qf-fhé input of data via console as an alternate to the present two
steps of typing tﬁe'material_on’the input'form ahd keypunching from the

form. * This console input is especially desirable for meking changes to
the file. ‘ ’ -
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4.1 Information Storage

The information in Table 4 appears on the computer cata cell which

is organized in a sequential fashion so thet everything concerning one

item appears together serially. The file, however, may be accessed in

a non-sequential fashion.

~ Keywords are weighted on searching, with an acceptable total weight

being specified, and negative weights are permitted.

Search elements can

be connected on an and/or basis. Another form of weighting is used when

the references are indexed by assigning an asterisk to the keywords of

primary importance in each document.

Table 4, NSIC Document Descriptions

-10. *Corporate author
11. *Personal author(s)
12, Title

1. Accession number :

2. *Type, such as reports, Journal articles, ete,
3. *Evaluation of contents (as to pertinency)

L, *Category (such as Accident Analysis)

5. *Journal abbreviation (ASTM's Codes)

6. *Date

T. Availability

8. *Language

9. *Country

13. Item, such as pages, figures, and tables

14,  Abstract
15. *Keywords

¥The asterisk indicates that the element is
searchable or may be used to restrict a search,

4.2 TInformation Retrieval

Once "in the computer,” the information store may be utilized in

meny ways, including: .
1. Scanning (using CRT or typewriter comsoles),

.‘2. Bibliogfaﬁhig Séarches'(with numerous options as to search

strategy and printout),
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3, Selective Dissemination of Information (SDI).
In addition to the above, NSIC maintains a special Program and Project
Informatiqn File (PPIF) on all active R&D research prdjects for AEC
management purposes. Each of these five uses will be briefly described
followed by a listing of the various programs and sub-programs employed
in the operatlon and maintenance of these computerized activities.

Scenning Computer File. The computer may be queried using either

the CRT or typewriter consoles for selected information in the store.
The selection basis may include keywords, keywords and categories, or
authors., The scanning is most effectively performed on the CRT since the
response is qulcker and, through the interactive communication available
through the use of these remote consoles, the scan may be quickly nar-
rowed or broadened &t the user's desire.

Bibliographies., The same search strategies available for scanning

can be used in literature searches. Here the result generally is printed
out (depending upon the size of the result and the urgency of the request).
Such searches are frequently,vbut not hecessarily, preceded by a scan of
the file. "

Special searches for bibliographies to meet a particular need are
made of the master file at a current rate of about 60 per month. Since
each document that is added to our computer file is described by keywords,
we are able to retrieve all documents in which a particular keyword or a
combination of keywords 1s used. The searches are usually made on the
basis of combinations of keywords; authors, or corporate authors with
category or date used as a delimiter. | |

The Center's accessions for & particular time ?eriod mey be sorted
into the various catégories of it may be used to select subject topics
within a category. Bibliographies thus sorted may have had keyword and
author indexes automatically prepared in the computer, thereby requiring
ro editpria;_or graphic arts work to get:xeproducible copy. The printout
for such a bibliography generally costs from $25 to'$SQ.,

Selective Dissemination of Infonmaﬁiqn._ In a fashion;siﬁiiar to that

above, a user's area;of intéreét may be described by keywords to develop

a "profile” that is kept in theldomputéf sygfem.. Biweekly, in our Se-
lective Dissemination of Information (SDI) program, this profile is
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compared to the most recent entries to the computer and the abstracts
that sutisfy the profile requirements are automatically selected and
printed on continuous-form 5- X 8-in. cards for the user. Initiated in
1965, there are now over 1700 members of the nuclear community receiving
the cards selected according to the particular needs of each. Many of
the selec{:ions are made on the basis of the Center's 21 subject cate-
gories. Typical categories are:

Siting of Nuclear Facilitiles

Reactor Transients, Kinetics, and Stability
Fission Product Release, Transport, and Removal
Operational Safety and Experience

Application forms are available on request from NSIC.

4.3 NSIC Programs

The Center's programsl® with a brief description of the function
each performs follows: .
1. 2740 File Search Programs

A, NSICPRGL — The purpose of this program is:to provide retro-
spective real-time file searches from the remote terminal.
Searching on the basis of keywords or keywords and cate-
gories is performed.

B. NSICIRK — This interactive remote console;oriented program
is an adaptatinn of the more general CIRK program (which is
described below), to the specific requirements of NSIC.
“Keyword co@es are provided for as arguments of a query in-
stead of keyword terms. Categories can be used in the query
for riarrowing the search, Finally, this program provides
the option of placing the results of a search in a temporary
file to be printed on the high speed printer at the computer
site and delivered to NSIC by mail.

'C. CIRK - CTC's Information Retrieval from Keywords — CIRK is
.a, conversational interactive program which can be used from
" a remote terminal to search data bases indexed with keywords
“and to'retrieve document descriptions matching one's inter-

est, It 'provides a simple command 1angiiage of ten words and

) = - et S TSR T Y
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is easily learned. CIRK has been designed 80 that 1t can

be adapted readily to various data bases and, thus fer, has
been used with NSA, NSIC (see NSICIRK), and Ecology files.
AUTHFIND — Provides on-line capability of retrieving docu-
ment information using the author as the search parameter.
NSICPRG2 — This program supplements NSICPRGl and NSICIRK by
providing listings for queries on request. » .
BATCHPRT — Follow-up to NSICPRG2. The drops are processed
by NSICPRG2 and stored on @ Girect access device for over-
night listing on the local high speed printer by this program.
ABSTPRNT — Obtains a listing of an abstract by accession num-
ber on the typewriter comsole. Also prints the citation and
keywords along with the abstract.

2260 Input and File Maintenance Progrems
A,

HEDRFMAT — Provides a scope format for entering the basic
information (header) required for building a new document
record. | :

PRCSHEDR — Reads the information which was keyed in the for-
mat provided by HEDRFMAT and validates the dstae before plac~
ing it in a temporary storage'on a direct access device.
KWDSAUTS — Reads and velidates ‘the keywords against the
authority file, accepts the authors, and places the accumu-
lated information in a temporary file with the header data.
ERBMUPID-— This program accepts the remainder of the docu-

‘ment, combines 1t with the previously entered pieces of in-

formation, and creates the new record in the direct access
master file.

CHNGPRGl - Provides display of all information except the
abstract and keywords. It accepts changes to every item

except the header and keywords, and it processes deletions

for all or part of the 1tem.

CHNGPRG2 - Processes header revisions similar to PRCHSHEDR

except information is handled as revisions rather then new
entries.‘
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G. CHNGPRG3 — Accepts additions and deletions to the keyword
list of the accessions already on file. The authority file
is updated in case of new keywords.

3. Alternate Batch Mode Input, File Backup, and Retrieval Batch
Progrems — In addition to adding, deleting, or revising records
directly from a remote terminal, the transactions are placed into
another file to provide input to background batech file mainte-
nance programs, This step is required in order to provide backup
should there be & direct access device failure.

A, DALYBKUP — Daily transactions entered via the 2260 console
and placed in a temporary divect access file (in addition to
teing used to maintain the direct access master file) are
retrieved and-stored-on-magnetic tape for later use as file
backun,

B. KWDUPDTS — This is a bateh program to add, respell, replace,
and delete -‘terms in the keyword suthority file.

C. CARDNPUT — Provides for altefnate input via cards of tew
"data items., This program provides a backup capability in
case the 2260 console becomes inoperative.

D. MERGNPUT — Sorts and edits 2260 backup date and merges with
the alternate card input file. ‘

E. NSICSDI — Provides selestive dissemination of informstion to
over 1700 participants using as input the most recent docu-
ment information entered into the system.

F. RETRO — Provides batch retrospective search capebility using

_coded user profiles and the NSIC document méster tape file.

u BIBLIO — Produces bibliographic reports along with author

and keyword indexes.

5;“‘~.\\AU10MATED HANDLING OF MANAGEMENT INFORMATION

The Nuclea}'\safety ‘Information Center has been responsible for the
development of tw\o uriique management-type information systems as discussed
below, -Mary other menagement-type progrems (e.g., personnel, payroll, in-
ventory, etc.) are el\ﬁployed on the computer described here, but are not

\




‘the responsibility of NSIC. In general these programs are well-developed
for specific purposes and are generally available.

5.1 Program and Project Information File

The Program and Project Information File (PPIF) was developed during
1968 for computer storage and retrieval of technical and administrative
information on nuclear safety R&D projects., Initiatied at the request of
the AEC Division of Reactor Development and Technology, it provides RDT
and the AEC Regulatory Staff with a means for following current accom-
plishments on the safety contracts sponsored by RDT. The system has been
developed so as to utilize the existing NSIC system to the maximum extent
practical, The e file makes use of the same retrospective search, indexed
bibliography, and SDI technigues that are utilized for the other informa-
tion stored by NSIC in the computer. One significant difference is that
the amount of information for each accession is much greater, since the
information being handled by the file includes: (a) support group and
contract informetion, (b) fund and manpower levels, (c) statements of
scope and state-of-the-technology, (d) ebstracts of the last three prog-
ress reports (the oldest one being dropped each time that a new one is
added ), (e) projection of expected progress for the next reporting period,
(£) reports issued, and (g) indexing terms.

5.2 Roster of Nuclear Stahdards Personnel

At the request of the AEC, the Nuclear Safety Informat'lon Center de-
veloped special prograxmning as required to prepare a specially indexed
compilation of all persomnel throughout the United States who are presently
engaged in the development of nuclear stendards., The work was in direct
assistance of the Nuclear Technical Advisary Board of the American National
Standards Institute.

. The input information consists of listings by standards committees
giving the nswmes énd affiliations of all members. This information is
eompute;f sorted in fdur ways, and the resulting printout is assembled

e —— =i P o T = e T T




17

into a report. Updates are underteken periodically. The four computer
sorts are as follows:

1. An alphabetical listing by Personal Neme, showing each indi-
vidual's company name and address and the standards committee(s)
he is working on.

2. An alphabetical listing by Company (or other organization) Name,
showing all known stendards-active employees and their commit-
tees,

3. A similar listing, with Company broken down into 21 Company
Types (1listed on the Section 3 %title page).

4, An alphebetical listing of Standards-Generating Organizations
and Committee Titles (as appropriate), showing all (known) per-
sons working on any given activity.

6. AUTOMATED HANDLING OF DATA (CHORD-S)2,8,11

The CHORD-S system was designed to retrieve reactor safety design
-data for technical and management personnel with a minimum of distrsection
or inconvenience., The application of & teleprocessing computer enables
the user to carry on a dilalogue with the computer and to formulate subse-
quent queries on the basis of responses to earlier queries., A telecon-
munications terminal, established at the user's location retrieves CHORD—S
data on & time-sharing basis with other computer users. Conversational
mode exchanges via telephone line between the terminal and the central
computer employ technigues developed jointly by CIC programming personnel
and ORNL reactor engineers. A typewriter-type console transmits gqueriles
and rece'ives' answers, recording them in hard copy. A cathode-ray tube
console provides more rapid visual display of input-output information.
Diagrammatic illustrations and voluminous material, not reé.dily adaptaeble
to computer storage, are referenced in the data file to guide retrieval
from a local asuxiliary file which can be mechanized by a microfilm storage-
readout -device, = B '

 Information storage and retrieval systems, until recently, have been
limited mainly to batch processing of queries by the COmputer, requiring
that the user walt an appreciable time between successive sets of data

P T e o > I T
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readout. The advent of third-generation digital computers, with greatly
increasedlcapacity and versatility of hardware and software, has mede it .
feasible now for users to communicate directly on-line with a central com-
puter in essentially continuous conversational dialogue. CHORD-S provides
such capability for reactor specialists who need to refer to the safety

aspects of the design of existing or proposed nuclear power stations.

6.1 System Design Features

The CHORD-S system is user-oriented; one of the most important de-
sign criteria is that it be convenient for the user. Because of the
variations in the needs of the individual users, a variety of'functions-
must be provided. But diversity of function adds to complexity for the
user, since provision must be made for designating which of the various
functions is desired. Optimizing the tradeoff between versatility and
simplicity depends upon the estimated makeup of the user po?ulation.
System design declsions in this area require information about the manual
dexterity and the psychological characteristics of “he population of users
for which the system is being designed. The CHORD-S design was based on
experience with users both on the CHORD-S console during its early stages
of cperation at Oak Ridge and in later service in DRL offices at Bethesda.
Additional information was obtained by experimenting with query,formats‘
on a commercial utility computer. The CHORD-S information system has
been designed to include the following unique combination of features:

1. PFactual technical data orgesnized in a ten lievel hierarchical

structure for input to the Data Bapk.,

2. Computer input formatted on magnetic typewriter/converter to

provide (a) off-line localized verification by originators, and
(v) reductions in turn-around time, cost, and frequency of errors
as compared.to conventional punch card input.

3. HMultipurpose central computer storage capacity of several hun-

dred million characters, retrievable by rapid random access.

L. Direct access via telephoné line from family of remote terminals,

in time-sharing mode, at distances up to several hundred miles
from computer center.
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5. CRT display included in terminal capabilities, in addition to
conventional telecommunications typewriter.

6. On-line dialogue (conversational mode), employing almost exclu-
sively common English language words, queries, andl responses.

T. "Leadin" program allowing user opiion of being guided rapidly
by the computer to selected areas of interest without advance
knowledge of file structure or reference to code books.

8. "Compare" program wherein computer automatically contrasts
values of large blocks of design parameters for several power
plants to provide "Readout by Exception" only where differences
are significant, withholding undesired alphanumeric data that
has no significant value to user's query.

9. Open-ended file maintenance provisions for frequent efficient
updating, additions, or deletions.

10. Optional tutorial program wherein computer gives user step-by-
step on-line instructions for operation in any of the available
modes . ' '

1l. Access from terminels to keyworded bibliographic ruclear safety
reference files and computational progrems that already resides
in the central computer. These and other residual resources of
the computer serve to.enhance the primary capebilities of CHORD-S.

The unprecendented combination of user oriented features provided by

the CHORD-S system should be applicable to many technical areas (in addi-
tion to nuclear power plants) where larée messes of factual data must be
efficiently searched to yield specific responses to queries posed by pro-
fessional personnel who are engaged in sequential progressive activities
wherein real-time output is essential. '

6.2 CHORD-S 'Programs

Several modes of access to the CHORD-S datae file have been developed

. and. placed into operation to accommodate various needs 6f users. These
are implementéagby‘four,computer progrems,l? described in more detail be-
low. Each program has a veriety of options. To simplify the form of the
basie query, for eaéh program a default opfion is defined which satisfies
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elther the most primitive or the most frequent need with a minimum of ef-
| fort by the user. Diverse functions can be called into action by appro-
priate commands in the guery for each program. The ability to query from
a remote coasole was & requirement of these programs which were developed
with the user's convenience in mind. Presently, there are five terminal
programs, as discussed 'beiow, designed to lead the user from the very
simplest queries to the inost sophisticated ones. For all these retrieval
modes, the user ‘sits at a remote typewriter console and psrticipates in
an interactive dialogue with the computer. As his search progresses, he
‘calls on whichever retrieval mode satisfies his immediate needs.
' 1. CHORD~S — The program nemed "CHORD-S" assists the user in se-
lc_acting the program he needs and provides him with instructions
‘ for' operating the system, including specilal instructions for use
of the more advanced options under each progrem at the time they
are needed. The call for this program produces a paragraph of
text on the CRT or typewriter console which briefly explains the
terminal programs, In addition, a list of parameters to CHORD-S
1s supplied sc that the user can ask for more detalled informa-
tion about any given program. '

2, ILEADIN — One output program called "Leadin" assists the user in
finding information he needs by leading him into the data with-
out requiring familiarity with the organization of information.
The keycodes and characteristics are written in hiérarchical or

- outline form., "Ieadin" allows the user to call for a straight
~ 1list of the main section keycodes and characteristics or the
progressively detailed subheadings of any given higher section,

3. DISPLAY — In another mode of retrieval, the computer responds to
a direct command from the user to "Display" designated informa-
tion. The displayed information may comprise only the data from
one reactor or tﬁe data ffdm (urp‘ to 25 reactors.

L, COMPARE — In this mode of operation called "Compare,” the compu-

-~ ter scans lists of data for various reactors, makihg_comparisons
to ‘search for major differences, and reports these as "readout

by exception,” thus compressing the data by selecting only that
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which is relevant to the user's interest. The "Compare" program

thereby avoids Jjamming either the communication channels or the

user's mind with irrelevant material. In this way, the output
is the very antithesis of contemporary safety analysis reports.

It takes a fairly sophisticated operator to utilize the full

range of options on this program, but one can easily produce

simple lists by exception or survey the data for user submitted
values. Since the two distinet types of queries are so differ-
ent, it is worthwhile to consider them separately.

5. TADATA — This progrem makes possible the columnar displsy of
CHORD-S data on one or more reactors. The query fbrmat is di-
vided into three fields: (1) keycode range, (2) reactor field,
and (3) the optional column width. ‘fhe nuwber of columns to dis-
play depends upon the :following relationship: € = (T-10)/(W+2)
truncated. Where C = number of columns, W = column width, and
T = totai characters of line length on the console one is using.
The terminal user determines the output page format by varying
the range of keycddes which relate directly to the number of
columns or by varying W, the column width, or both. The data
appearing in this resulting matrix is the same as that resulting
from the DISPLAY progrem except for some truncation caused by the
column width restriction.

A. Type 1 or Comparison Query — This type of query produces a
list by exception through compsrison of reactors in the sys-
tem. All the switches are preset to give the minimum print-
out, and comparison is performed using the standard delta
value. Manipulation of the switches allows the user freedom
in several directions: (1) dictating the format (vertical

“or columnar) of the output, (2) changing the compare equation
for numeric items by multiplying the delﬁa by some constant
celled the "multiplier,” and (3) regulating the amount of
‘material suppressed in the printing stage. In other words,

" what i1s vital to one user may be insignificént to another.
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Through optional parameters, =ach can decrease or augment
the size of the list according to his needs,

B. Type 2 or Survey Query — At times it is desirables to be able
to scan all of the entries under a given keycode and pick
out only those that satisfy some condition specified by the
user. The survey query was designed for this type of ap-
proach.

6.3 Computational Programs

The principal computational service available through the remote con-
soles is Termtran — a terminal computer langusge which resembles but is
less comprehensive than Fortran. It was designed to provide remote de-
mand processing for engineering and technical caleulations via CTC's tele-
processing system. In addition to the compiler language, there are opera-
tions providing for line-at-a-time modifications to a program and for
maintaining and retrieving from a file of programs. Compared to other
onpline'computational languages, it is somewhat limited in the extent to
which the user can participate during a run, but it is exceptionally fast
in execution.l? -

7. RECOMMENDED APPROACH FOR ESTABLISHMENT
OF COAST GUARD INFORMATION SYSTEM '

The Coast Guard requires a multi-purpose data and information center
withlen.associated communications network for the following four general .
fdnetions::. o ‘

;l. Provide simplified informetion on short-time response to field

personnel for counteracting the effects of a gross chemical spill.

2. Provide,;nfo;mation for deliberate safety assessments made in a

preplanned manner such as in the evaluation of chemical shipments,
“3. Establish and maintein a specialized informetion center of all
‘ e 1iteratﬁie relevant”tovthe chemicale and hazards of concern in
,“_erder ﬁoepermitwtheir assessment_by appropriate groups as well
as the centér's staff.

bt s e S A
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k., Provide capability to accommodate such sdministrative functions

as may be ‘desirable.

Since the priority is understood to be in the order listed and the
requirements of the administrative funetion is undefined, it is not fur-
ther discussed here except to note the existence of many administrative
functions which could be served by the existence of such a system. In
general,‘programs‘for such functions are quite common as well as inexpen-
sive to develop. Furthermore, the extensive experience of NSIC in pro-
cessing bibliographic information and data provides a unique background
for appreciating overall safety considerations, theréby minimizing neces-
sity for tedious interpretive exercises. Undoubtedly NSIC's chief asset
lies in a demonstrated success at organizing structured safety-related
data for efficient computer etorage and subsequent selective retrieval
via telecommunications terminals, as well as, the associlation with a large
multidisciplinary laboratory from which to draw technical experts.

T.l Data Handling

The reguirements of items 1 and 2 above are similar, but differ in
the response time required as well as level and awount of technical infor-
mation. However, both deal with data and thus have meny characteristics
in common with our CHDRD—S system, although the CHORD-S system could not do

“all that the Coast Guard would like without additional programming. Never-

theless, as a means for making some information available quickly, since
the material related to maritime safety entails factual ‘tabulations, we
shouvld be able to restructure it with modest amounts of effort to resemble
the CHDRD—88 data file. If so, ekisting CHORD-S selective search computer
programming such as "display" and "compaie"!l could be adapted rather
readlly to Coast Guard purposes. As we all know, the expense and time
required to devélop compufér programming is‘the chief deterrant to any
new. automated information system. Fbr'the'mechanics of computer file
entry,'wE'would recommend the MTST/COnverter route for off-line format-
ting as an already developed medium for high accuracy at minimum cost. -
Furthermore, if the Coast Guard has MTST machines, it is conceivable that
new data for substantial file additiohs could be originated by them on
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tape for efficient transmission to NSIC. The broad adaptability of data
handling ﬁechniques developed for CHORD-S and the fact that these tech-
niques bvenefited from an extensive study and evaluation of the "est
factual information retrieval systems throughout the U.S.12 would prove
very useful in quickly developing more specilalized programs for the Coast
Guard.,

It is noted that there are numerous relevant studies using the stored
data that could be done such as:

1., Physical properties of chemicals of interest.
. Compatibility of chemical mixtures.

. Hazards of chemical compounds and various mixtures.

= Ww D

. Past history records of harbors, vessels, loading, and handling
equipment showing previous inspections characteristics and spe-
cial facilities which could be used for other routine or emer-
gency evaluation of hazardous situations. '

5. Establishing cross correlations between English, German, and

American date used for electrical equipment ratings.

6. Envirommental information.

T.- Handling of raw data in anaLytical models using computational

subroutines,

The need of several management (as opposed to administrative) infor-
mation systems can be envirisioned and could be readily developed. Such
could include the following: ‘ ‘

1. Emergency lists of experts and equipment with their location and

contact information should be on easy call, ‘ ‘

2. Computer studies of inquirers and reports can bs used to pinpoint
_needed - information and potentially hazardous situations.

7.2 Bibliographic and Management Informetion

_ .The existing programs described above in Section 4 provide much
greater capability then the‘Coast Guard envisions for bibliographic in-
formation althdugh it may be expected that the mere existence of these

'_pfograms-would stimulate,beneficial use by Coast Guard personnel.
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T.3 Technlcal Staff

The operation and maintenance of an information center requires a
competent technical staff. The location of numerous scientific informa-
tion centers at ORNL is a direct result of the large multidisciplinary
activities of the Laboratory which could provide the technical support
for this program. Certainly qualified experts are required to maintain
the files, whether they contain data of bibliographic information; and
these same experts are also required for technical support services such
as answering inquiries {emergency and nonemergency), preparation of state-
of-the-art reports on special problems, identifying R&D needs, etc,

This staff directly associated with the center would complement and
provide continuity to such other technical activities as will be under-
taken by the Coast Guard itself, its advisory committee, and the industry

-1t regulates.

7.4 Proposed Communication Network

In order to gain the substantial advantage of employing existing
hardware and software, we recommend that the Coast Guard first utilize an
"interim information system using existing NSIC terminals in communication
with data storage‘at the Computing Technology Center. These terminals
would be coupled with a manual link to the existing Coast Guard Teletyﬁe
network supply by installing a Teletype unit at NSIC. We must admit,
however, that such a development is mainly recommended for "proof of
feasibility" and first stage iimited operation. It should be possible to
achieve such obJectives at modest eXpense of time and money. After the
femsibility of our suggested approach has been demonstrated, with the
limitations discussed below, the Coast Guard will need an around-the-
clock, unrestricted access patterned somewhat along the lines of the FBI
‘Netional Crime Informetion Center that has been ftnctioning on 2 dedi-
cated IBM 360/50 computer with marked success since pilot operation began
in January 1967 14 (That center novw provides direct access for over 2,000

law enforcement agencies in h9 states with average turn-around response
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time to an inquiry of 5 to 10 sec.) The proposed interim system and the
ultimate system are discussed in the following sections,

Interim System. The conceptual layout of a system arrangemeni. that
might be provided for the Coast Guard, taking into account the CTC capa-
bility, is shown in Fig. 2. Information for file entry would be format-
ted by NSIC clerical personnel on the key-tape machine (MTST) for entry
directly into a random access storage segment of a Data Cell at CTC. A

request for a specified file search is shown.'originating fran an outlying
Coast Guard station transmitted through the existing nationwide radio
frequency Teletype network to its assigned region office. The regional
office Duty Officer, in keeping with present practices, acts as situation
evaluator. By public telephone (or FTS) line, he relays the request to
an AT&T Model 33 ASR Teletype monitored by an individual at NSIC who,
from the IBM 2740 typewriter terminal or the IBM 2260 CRT terminal, re-
trieves information requested to provide apprcpriate response back through
the communication chain., When we come to the point of meeting the obvious
rneed for prompt intersctive telecommunications access to the data file
from a network oflterminals situated at various Coast Guard regional of-
fices, we mst intrcduce compromises that we believe would be tolerated
only on a provisional basis. If a scheme such as that described can suc-
ceed in proving concept feasibility, we would then recommend the direct
access system, which is described below, to meet the Coast Guard's prompt
response needs. ,

Ultimate System In keeping with today's unmistekable trends toward
full automation of information handling systems ,15 such a system should

ena'ble any Coast Guard regional office to engage interactively a compu-
teriZed data 'bank w:.thout going through & human intermediary, except by
optional choice. Such direct access might also be provided for outlying
Coast Guard stations to portiﬂns of the file not rc.quiring Duty Officer
Jurisdiction Since that agency has its own radio frequency Teletype net-
work, it would appear logical to use that communication medium with very
| little augnentation. As at NSIC, CRT inquiry-response terminals16 should
'be provided at each regiona:' office as supplement to the slower Teletype
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devices, speeding up transmission by a factor of 10 or more and utiliz-
ing cursor or light pen attachments for flexible efficient dialogue.

Since the Coast Guard is acquiring their own CDC-3300 compute.,
capable of suppoi'ting more than 20 teletypewriter consoles, it is obvious
that the data and information base should be stored in this computer and
the existing IBM program translated for use on the CDC. Remote consoles
would be located in ea'tch of the Coast Guard District Offices, Coast Guard
Headgquarters, and National Academy of Science. If NSIC were to continue
to provide the technical expertise for the center, this could be readily
effected by another remote console at NSIC, through which NSIC would con-
tinue to update both the data and bibliographic file. In addition,
through NSIC, there would be available for consultation the unusuvaily
broad base of knowledge and experience of the Oak Ridge National Iabo-
ratory with all of its multidiscipline professional personnel.

8. CONCLUSION

NSIC has proven and needed capabilities to offer the U.S. Coast
Guard for developing an information system that would enable them to
capitalize on previous related experie'nce‘ With presently available
facilities (plus one $700 Model 33 Teletype), we can improvise an arrange-
ment to demonstrate 'feasi'bility and provide some service in a relatively
short period'of time at modest expense. This limited service would con-
tinue dliring the initial development period. However, a primary need of
the Coast Guerd for continuously on-line telecommunications dialogue re-
sponse cannot be fully met witﬁ facilities now available to us. As a
second stage developument, however, the CDC compuﬁer to-be installed in
Coast Guard Headquarters should be employed to constitute an ultimate
system. ’ 4 : : '
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DEVELOPMENT O} A COMPUTER SYSTEM WITH CONSOLE
CAPABILITY FOR THE NUCLEAR SAFETY
INFORMATTON CENTER*

J. R. Buchanan
. Nuclear Safety In{ormation Center
Oak Ridge National Laboratory
Oak Ridge, Tennessee

E. M. Kidd
Computing Technology Center
Union Carbide Corporation
Oak Ridge, Tennessee

Abstrnact

The Nuckear Safety Information Centen col-
Lects, analyzes, and disseminates information
nelated o safety problems encowitered in tie
design, anabysds and operation cf nuclear facili-
dics.  Computen proarams wene. developed 4in 1965
Jon the 184-7090 to suppont these activitics
through VI, netrospective ocanclies, and indexed
bibLliograpliies. The programs served the needs
0§ I/5IC well; horever, stanting in 1967, the
Sysdan was convesdew Lo an IBM=36\0 ith on Line
consoles and with direet access storage devices.
The developrent, capability, and conversion of
e computen system ane discussed along with
probienms tiat have been encountened. The
senvices and publications of NSI1C ane also dis-
cussiu,

The recent spectacular growth of the nuclear
power industry into a multibillion dollar enter-
prise and the concurrent increase in the problems
and concerns regardirg nuclear safety have given
rise to & delnge of information in the farm of
progress and topical reports, Journal syticles,
meet.ing papers, Preliminary and Final (cfety
Anitlysis Reports, Advisory Committee on Reactor:
Safeguards' letters, Regulatory questions to
reactor license applicants, responses to these
questions, and related material.

The Nuclear Safety Information Center (NSIC)
at Oak Ridge National Luboratory (ORNL) was es-
tablished in 1963 by the U.S. Atomic Energy
Commission, Division of Reactor Development and
Technology, to act as a focal point ‘for the cole
lection, evaluation and dissemination of this
type of information so us to assist in defining
and solving problems relevant to the design and
operation of nuclear facilities. (1)

Without its staff >f experienced scientists
and engineers, NSIC would be hardly more than a
specialized library. Over 20 technical specia-
lists work for the Center on a prearranged time
basis that ranges from one-tenth to one-half de-
rending on the level of activity in their subject

area. (In the other fraction of their time, they
are engaged in experimental or analytical R&D
activities.) The specialists duties for NSIC in-
clude preparing review articles and reports,
answering technical inquiries, und cataloging
information using a system of keywords. The
storage and retrieval of this catalogued infor-
mation is automated. While the first two func-
tions are non-sutomated, they involve the great-
est portions of the time of the technical staff
but it is the conviction of NSIC that they are
vital to the operation of an effective informa-
tion analysis center.

NSIC has indexed over 25,000 references onto
its storage tapes since it became operational.

Pertinent abstracts are readily retrievable from

the files at the central computer tc serve a
number of requirements enabling the staff to be
responsive to many needs.

Initially, the Center's reference abstracts
were stored on 5 x 8-in. cards; and duplicate
cards were filed under each indexing keyword,
author, and corporate author. However, in 1965
in order to minimize the time of the specialists
involved in routine searches, broadly increase
the scope of its services, and prepare for
future growth, the system was computerized. Two
outputs were initially programmed: the first was
an indexed bibliography and the second was output
in the form of cards for a program of selective
dissemination of jnformation (SDI). The latter
program also provided the capability for retio=
spective gearches. The development of this
system, the later conversion (starting in 1967)
to a system with remote console capability, and
problems encountered are discussed. The range
of services and organization of the Center are
also discussed.

Original Computer System

A system of computer programs was developed
and put into use at the Computing Technology
Center (CTC)** in 1965 to support the activities

* Research sponsored by the U.S. Atomic Energy Commission under contract with the Union Carbide

Corporation.

“¥0perated by Union Carbide Corporation, Nucleer Division for the U.S. Atomic Energy Comnmission.

8. L. Yount supervised the section which feveloped the IRM~-360 programs and was instrumental in the
preparation of this report.
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of the NSIC. These programs were implemented on
an IBM-T090 computer using megnetic tape files
as the external storage media. As stated in an
earlier report, "A prime consideration in devel-
oping the computer programs was to keep the sys-
tem flexible enough to permit growth. . ." (2)
Even with this statement of forethought, no one
visualized the growth that would actually take
place. In 1966, the year following the start of
the operation of %hese programs, the number of
document descriptions in the system was 4000
while today there are over 25,000.

These NSIC programs perform the following
four functions:

1. Edit and Accumulate Dccument Descrip-
tions

2. Selective Dissemination

3. Preparation of Bibliographies with
Indexes

4. Retrospective Searches

In order to accomplish these functions, it
was necessary to maintain three computer files,
which included document descriptions, keyword
authority and associated codes, and profiles.
The description for each document is as follows:

1. Accession number

2. Type, such as reports, journal arti-
. cles, etc.

.3. Evaluastion of contents (as to perti-
: nency)

4, Category (such as Accident Analysis)
5. -Journal abbreviation (ASTM's Codes) .

. 6. Date

- T. Avellebility
'8.. .Language
9. Country

10. Corporate author
11.- Personal author(s)

i2, Title
13. Description, such as pages, figures,
o and tables

ik. Abstract
15. Keywords -

Input to this accession number ordered file was
via punched cards. The keyword authority file
was used for validity checking of the keywords
which were input es a part of new or revised
Qocument: descriptions. Upon validation of the
‘incoming keywords, the corresponding keyword
codes were used in the document description
records in order to conserve storege end speed
processing. The third file, or the profiles,
consisted of the names and addresses along with
‘indications of the areas of interest of the
persons who were EDI participants.

. These programs have not only served the

needs of NSIC well, but because of .their flexible

design have been modified to meet the require-

ments of other technical information centers.

The modifications have consisted of a variety of

changes in date input and output formats as well
" ag adaptations which involved using only certain
~ portions of the programs.

ERIC
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Computur System with Remote
Concole Capability

At the time when it became evident that the
NSIC system would nezed to be co:verted to run on
an IBM-360 being obtained for CIC, the KSIC
processing requirements were restudied in terms
of the increased flexibility available on the
IBM-360. The definite need to convert was pre-
mised on the fact that, at that time, continued
availability of the IBM-T090 was predicted for
oniy three more years. It has turned out thst
termination of the use of this equipment hes
been delayed because of the overell machine load
for an extra two to three years beyond what wes
predicted. However, the IBM-360 computer pos-
sesses certain characteristics which the other
equipment at CTC doss not have and which are of

‘special interest for the NSIC work. These

characteristics are (a) the remote console sup~
port feature and (b) data storage devices whicn
allow access to segments of the data banx with-
out having to search through the data in a
sequential manner as is required in processing
data on magnetic tape. (3)

A considerable amount of the planning of
the new system involved the detailed study of
how to use these new fratures to perform certain

needed functions for HSIC. The remote conscle

feature is used to support consoles at the NISIC
which is located nine mile: from CIC. Spec1"-
cally, providing ‘he retrospective search capa-
1i%y via a console is probably. the most impor-

_ tant of the added functions. This provides the

anglyst at NSIC a means to obtein the results

" of & search in a few minutes. It also provides

"

a flexibility for "browsing" the data in a Ja/
which was. not possible with the original sear
program, Organizing the data bank in such 3
manner as to support console searching infiuenced
the decision to do 'at least part of the input of
data via console as an alternate to the present
two steps of typing the material on the input
form and keypunching from the .form. This ccrsole
input is especially desirgble for making cherges
to the file. Of course, in all of the planning
for console usage, as is often the case, there
was a certain element of the experimental in-.
volved. Certainly there vere several unknowns
and uncertainties for which assumpt1ons had to

be mede..

The mejor changes between the two systeds
are in the input and retrospective seerch func-
tions. The two functions-of selective dissexi-
nation and processing for bibliographic publica-
tion does not involve the use of the console
features on the IBM-360, hence the change in

- approach on them was not as great as on the

other two. .The end product is the same; however,
the IBM-360 equipment makes it possible to do
the SDI processing in & more efficient manner
than it could be done on the ISM-T090.

The particular new types of equipment uced
in this system which were not aveilable in the
other one include & cathode ray tube (CRT) con=
sole (IBM-2260) and a typewriter-type conscle
(IBM-2740) as well a3 two types of direct access
storage devices. These two are a data cell

* (IBM-2321)which has a theoretical Storage

ATy
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and disks (IBM-

capacity of 400 x 106 characterg)
characters). (k)

2311 with capacity of T7.25 x 10

Input

To provide the desired error checking and
correction features, the dccision was made to
enter the document description in three paris.
The errors detected in each part being corrected
‘before continuing with the next. The CRT can
display up to 12 lines of 80 characters cach for
a total of 960 characters of information. (5)

In some cases the console user is able to obtain
the diagnostic message and meke the necessary
correction to the item in error while it still
appears on the scope. The data for each descrip-
tion is entered as follows:

1. The first group of fields for a given item

include nine fixed length fields. These field

names are shown in Figure 1 in the way in vhich
they appear on the face of the CRT just before

the operator enters the data.

After keying the data on the line to the left of
its name, it is visually verified, corrected if
necessary, and transmitted to the computer,

where it is placed in en input queue on a disk. ,
The console operator then calls a program which

proofing after keying and prior to transmission

does syntax checking and field verification.
error messages are displayed on the top three
lines of the CRT without erasing the data and
corresponding field names to which the error mes-
sages refer. As an example, suppose the console
operator inadvertently keys an alphibetic char-
acter in the significant date field, the error
message which is displayed indicates that the
date is not numeric. The console opersztor then
enters the correct date and causes the correction
to be transmitted and edited.

Lny

2. The second type of information entered con-
sists of keywords and authors. No CRT format is
provided for these fields since there are only
two kinds and each is variable in nunber. More
than one scope full of this data may be entered.
Field verification consists of checking all key-
words not entered as new words against a keyword
authority file and rejecting those that do not
appear in the authority.

3. The third group of input for a given item
consists of the abstract and source information.
Again, as in the second type, more than one scope
full may be entered. The textual content of this
information is of such a type that no significant
editing can be done by the computer; hence, sight

CORPORRTE AuTWDR) - aF
ABST FORMATBIP \
PROPRIEINE: <60 4

Fig. 1.

CRT Fixed Field Input

Format
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is even more important than it was for the other
two types of input.

The usual scheme of file backup, i.e., keep~
ing some of the previous versions of the tapes,
was followed on the IBM~T7090 system. However, a
new gpproach was required when the file main-
tenance was begun on the IBM-360 using direct
access files. Consideration was given to simply
writing all the data cell file onto tape following
each dey's input, because this procedure for
providing backup would require very little pro-
gramming effort. This idea was dismissed for
two reasons: (a) the speed of the data cell is
such that writing the NSIC files onto tape would
require hours, and (b) if either of the NSIC data
cell files were destroyed, all data that wvere
entered since the last time the file was written
onto tape would have to be entered again. In the
case of CRT input, this meens rekeying.

The following procedure was implemented to
provide the assurance desired. As each new or
changed xecord is written into the master files
on the data cell, the same information is written
into & temporary file on another data cell drive.
Each night a program is run to copy the day's
transactions from the temporary file onto tape
where they are collected for a week or more.
Periodically, this accumulation of transactions
18 used as input to a file maintenance program
vhich updates a master file on tape. This method
of maintaining file backup overcame the two prob-
lems mentioned above.

File Searching

This system gives NSIC personnel the capa=-
bility of searching the direct acceas master
files by keywords, keywords and categories, or
authors from a typrwriter-type consvle (IBM~2T40)
locatzd at NGIC. Figure 2 is an example of a
quzry and the results, The first two lines are a
statement of the query, and the. third is the name
of the progrum wvhich was called to process the

cats = 13,
kwds © 0\10 . 0!. 1064 + 01, tot-wt © 02
$nsicprgl

SEARCHING CATS:
13

ACCESSION NUMBER
UNOERWU0O JW

HALAROOUS MATERIALS « REUUX PLANT
HANFORD ATOMIC PROOLCTS QPERATIGN
Hu=43319 o,

16104 OATED 1956

ACCES510H NUMBER 11330 DATED 1966
PROVISIONAL OPERATIIG LICENSE = LICENSE CSFe1
NUCLEAR FUEL SERVICES INC.

83 PAGES, APRIL 27, 19L6, DOCKET KU. 50-201, POR

ACCESS!ON HUMBER 1344 OATEU 1966
ABRAHAM GE ¢ FINNEY BC

search. All the other lines are the results of
the search.

The keyword portion of the.statement of a
search consists of one or more groups of keywords
where the start of each group is indicated ty the
symbol "KWDS=" and is separated by “AND" which
represents the logical and connector. Within
each group are pairs of keyvword codes and as-
signtd weights. Each pair is separated by commas
and the assigned weights are always signed (+ or
~) numbers. Within a given group the last com-
bination of keyword codes and assigned weight is
followed by the target weight for the group ,
(labeled as "TOT-uT="). A dccument is selected
as satisfying the requirements within a group if
enough of the keywords have been assigned as
being descriptive of & document such that the sum
of their assigned weights is not less than the
specified target weight.

Figure 3 contains the balance of the infor-
mation available, in the system, on the first
two accessions selected in the subject search of
Figure 2.

Since the typewriter terminal is a slow~
speed device (15 CPS), the terminal user has
three options if a search selects more than 25
documents. He can:

1. ignore the indicated output and
structure a tighter query.

2. have the output printed on the
slow console.

3+ have the results of the query
‘placed in a temporary file to te
printed on a high~speed printer
at the computer site and de-
livered by mail.

14 PAGES, 32 REFERENCES, MAY 22, 1956, CFSTI, $3.00 CUPY, $50.65 MICHOFICHE

CALCULATEO MAXIMUM TEUPERATURES OF SPENT YANKCE ATOHIC TYPE POWER REACTOR FUEL OURING SHEAR=LEACH PROCESSING

OAK RIDGE NATIONAL LABORATORY, OAK RIOGE, TENNESSE
ORNL~3943 *,

81 PAUES, 40 FIGURES, 8 REFERENCES, NOVEHSEK 1966

AVAILABEILITY = CLEARINGHOUSE FUR FEDERAL SCIENTIFIC AN TECHNIGAL INFORMATION, NATIONAL BUREAU OF STANDARDS, U. 5. DEPARTMENT
OF COMMERCE, SPRINGFIELO, VIRGINIA 22151, $3.0D COPY, $0.65 MICROF!CHE

AECESSION NUMBER 25985 OATED 1968

SAFETY ANALYSIS FOR TNE TRAHSURA“IUM PROCESSING PLANTY, BUILOING 7920

OAX RIOGE NATIOMAL LABOR

ORNL=395k ¢, 180 PAGES FIGURES TABLES, APRIL 1968
AVAILABILITY = CLEARING&UU&E FOR'FEOERAL'SCIENTIFIC ANO TECHNICAL INFORMATION, SPRINGFIELD, VIRGINIA 22151, $3.00 cOPY, $0.65
MICROFICHE
L] OROPS

ONSICPRGL ENOEO. TIME: 00312.58. (XXXXX)

Fig. 2.

Typewriter Console Query

Aruitoxt provided by Eic:

v

R g




Q

ERIC

Aruitoxt provided by Eic:

38

10104ake

11330ake .

$prntabst

ACCESSIUN NUMBLR 10104 UATED 05/22/50

THES REPURT PRUVIDES UATA OIl THE POTENTIALLY HAZARNOUS CHEMICALS (NONRAOIOACT!VE) USEO IN THE REODX PROCESS AT HANIORO.
THE PURPOSE OF TitlS REPURT 1S TO ASSEMBLE IN A SENGLE, REAOILY AVAILABLE OOCUMENT ALL THE INFORMATION ON THE NOREAL
CONCENTRATIUN LIMITS AND SAFE HANULING PROCEOURES NEEDED TO AOEQUATELY CONTROL THE USE ANO STORAGE OF THZsE MATERIALS,
THIS REPORT SHOULD BE MELPFUL EN PREPARING SAFETY BULLETINS ANO PROVIOE GUIOANCE IN CASE OF UNUSUAL INCIOENTS,
MALFUNCTIONING OF EQUIPMENT, OR CONTEMPLATEO CHANGES IN EITHER THME PRUCESS OR EQUIPMENT. REAGENTS INCLUOE HEXONE,
HNO3, H2U2, NF, H2, INERT GASES, NITRUGEN OXIOES, C20HE, PROPANE, ETC.

CATEGORIES = 01,17,13

00130 = = = EXPLOSIUN

00331 = « = SAFETY REVIEW

00049 « = = eCHEMICAL TOXIC;TY

00170 « = = FUEL HANOLING

01064 =« = = ~HAULOCHEMICAL PLANT SAFETY
00048 - = = CHEMICAL REACTION

01280 = = - HANFORD SITE

01501 « = - eFUEL REPROCESSING

00797 « = = HAZARDS ANALYSIS

ACCESSION NUMBER 13330 OATED 04/01/66

APPENOEX A OF TECHNICAL SPEZIFICATIONS LICENSE CSF=1 FOR THE PLANT CONTAINS INFORMATION ON = (1) PLANT SITE, LOCATION
ANO FLOW OF MATERIALS, (2) POSSESSION LIMITS ANO FORM OF MATERIALS, (3) SAFETY LIMITS FOR RADIOACTIVE MATERIALS, (%)

MINIMUM OPERATING REQUIREMENTS, (5) SURVEILLANCE REUUIREMENTS, (6) AOMINISTRATIVE REQUIREMENTS.

SPECIFICATIONS COVER

N OETAIL THE WANOLING ANO STORAGE OF LI1QUIO, GASEOUS, ANO SOLIO RAOIUACTIVE MATERIALS.

CATEGORIES = 13

01064 = « « RAOIUCHEMICAL PLANT SAFETY
01323 = « = oNFS

00227 ~ « = oLICENSE STATUS

00438 « = « WASTE 0ISPOSAL, ATMUSPHERIC
00170 = ~ = FUEL HAHOLING

00MkY « = = WASTE TREATMENT, GEHERAL
00815 = = « WASTE MANAGEMENT

01371 = = < SOLVENT EXTRACTIUN PROCESS
00383 - = = FUEL STORACE

00081 « = = CRITICALITY SAFETY

01501 « = = eFUEL REPROCESSING

#PRNTABST ENOZO. TIME: €0:19.62, C(XXXXX)
Fig. 3.

Although all of the discussion of file
searches has assumed the use of a console to an
on-line computer system, provisions nave been
made to run any of the output programs without
using the consoles. This mey at times be more
practical, especially when a large amount of out-
put is desired and/or the time delsy is not im-
portant. A locally developed simulator, ini-
tially designed to aid in testing console~support
progrems, is proving to he of considerable value
for this purpose. When running console-oriented
programs with the simulavor, the data or queries
that would normally be printed on the console are
printed on the high-speed printer at the computer.
Conversely, when using the simulator, the lines
vhich would be keyed on the console keyboard are

keypunched into cards and the cards loaded into
the computer,

System P:oblems

While no problems of insurmountable propor-
tions have arisen with tiue console oriented com=-
puter system, some of the more difficult aspects
of the development and overation are discussed.

1, Greater Development Effort - Due to the

added complexity of a console oriented informa-
tion storage and retrieval system, a greater
development effort as well as increased computer
utilization is required. T¢ properly support
console access to computer data files, index
files are built and maeintained. These indexes
rermit the console user to retrieve information
based on a variety of criteria,but each index re=-
-quires extra effort from the standpoint of com-
puter progremning and oparating. (6) In addition,

Typewriter Console Abstract and Keywords

extra stornge space on the direct access st,orage
device is also required.

2, System Checkout Problems - The fact that
the NSIC remote CRT consoles are located pine
miles from CTC and are supported only on the day
shift, limited the time available for checkout
of new programs. The local development of a
console support simulator significantly reduced
this problem by allowing the new programs to be
tested without using the conscles. Using this
method, console oriented programs could be tested
at anytime., The majority of the errors were
eliminated before the applications were submitted
for console use. Another troublesome aspect of
remote processing is the fact that system failures
are much harder to isolate, There are more pro-
gram and equipment components in the system and
the equipment is maintained by different manu-
facturers. (7) Finally, errors arising from im-
proper operation of the CRT console are difficult
to trace, since there is no hard copy printout
to provide the needed clues.

3. Expense of Computerized Activities - The
amount of money spent on computerized activities
by NSIC hes increased each year. This presents
a problem becsuse of increasingly tight budgeting
times in the AEC. It is, however, a tribute to
the success of the computer programs in that more
vze has been made of them than wes ever en-
visioned when the work was started. Alsc, %o
perform as many activities manually as are wur=
rently being done on the computer would cerizinly
cost considerably more, At present, almost “ne-
third of NSIC's budget is consumed in computer
program develcpment and operation.
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The procedure for preparing .data for input
to the original system included two koyings be-
cause data was typed and keypunched. During the
planning of the remote capability system, it was
believed that keypunch savings would pay u mejor
part of the cost of the computer effort required
to support the input consoles if the keying on the
console was substituted for the typing and thus
eliminated the keypunching. However, it turned
out that combination of keypunching and IBM=T090
computer processing cost involved in input on the
original system was only about 60% of the cost of

input on the consoles. The computer cost i3 based

on direct operating expense and does not include
overhead oy equipment depreciation.

The expense of doing basic operations on the
IBM=7090 was well established at the following
average levels:

1. Input $1.40/document

2. .Retrospective search § LO/group of parallel
searches ($25/query,
avg.

3. Indexed bibliography $ 50/issue

4., s8pI $ 0.07/abstract/user

Comparable figures for the IBM=360 are not availe

able due to limited operating experience to date
in the production mode.

4. Desire to do More on Computer - The de=-
sire to do even more on the computer frequently
exceeds the programming manpower and time avail«
able to provide needed programs or revisions. It
has become necessary to establish prioritie: for
even the small jobs. Again this is a tribute to
the success of the existing programs.

5. Use of Ccnsoles ~ When first introduced
to the concept of remote consoles, it was antici-
pated that they would proliferate rapidly at many
locations and that large numbers of technical
people would formulate their owr query by per-
sonally using the typewriter. However, the num-
ber of consoles is still small and based on ad-
mittedly limited experience, it is concluded that
most individuals prefer to have their query
handled by a specialist. The slower spread of
consoles is due principally to the cost of remote
operations and longer lead times to develop and
implement systems than expected. Less frequent
use of existing ccisoles is principally due to
the fact that the working scientist and engineer
soon realizes that the most effective and effi-
cient retrieval can be done by those who are
thoroughly familiar with the way the information
was input. As user habits became more apparent,
a procedwre was developed that allows: (a) the
request to be phoned to NSIC, (b) the query to
be formulated by NSIC specialists and input on
the local console, and (c) the output references
%o be printed on both the NSIC console and the
user's console. ‘'The specielist is thereby able
to review the output thet the user gets and
suggests further action if he feels it is war-
ranted. - . i

\
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A number of the services offered by NSIC to
government .agencizs, research and educational

CUSTOMERS

‘institutions, and the nuclear industry owe con=-

siderable credit for their effectiveness to com=
puter application. The four most importent of
these are DI, retrospcctive bibliographies, in=-
dexed bibliographies and the Projram and Project
Information File. They are discussed below along
with the principal non-automated publications and
services (state-of=-the-art reviews, the Nuclear
Snfety Journal and answering of technical in-
quirjes. :

Selective Discemination of Information (SDI)

In the SDI program, references are automati-
cally selected by the computer according to the
interests of each participant and printed on
specially prepared continuous form 5 x 8=-in.
cards. The program hag experienced rapid growth
since ‘it was initiated in October 1965 until
there are now over 1500 members of the nuclear
compunity with more than 2200 interest profiles
receiving the biweekly abstract service. A
growth curve is shown in Figure 4., A recent SDI
run produced 40,000 abstract alerting notices.
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Fig. 4., Growth Curve of SDI Proaram
Retrospective Biblioara hies

Speciel searches for bibliographies to meet
& particular need are made of NSIC's master com=-
puter referente file at a current rate of atout
40 per month., The seerches are usually made on
‘the besis of combinations of keywords, authors,
or corporate authors with category or date used
a3 o delimiter. The computer progrem is basi-
ecally tie same as that used for the SDI program.

Indexed Bibiic-raphies

The Center's accessions (excluding proprie~

lwary,xe!‘erencea) are sorted quarterly into the

{enter's 19 subject categories into which the
subject of nuclear safety is divided. Typical
categories are




ko

Siting of Nuclear Fncilities

Reactor Traisients, Kinetics, and Stability

Fission Product Release, Transport, and
Removal

Operational Safety und Experience

The bibliogruphy thu: surted by the computer
has keyword and author indexes automatically pre-
pared, thereby requiring no editorial or graphic
arts work to get reproducible copy. A listing of
the bibliographies and date of publication is
available from NSIC. Copies of the bibliogra-
phies may be purchased for $3.00 each from the
Clearinghouse for Federal Gcientific.and Technical
Information (CFSTI), National Bureau of Standards,
U.S. Department of Commerce, Springfield, Virginia
22151,

Progrum and Project Intormation File

The Program and ProJject Information File was
developed during 196& for computer storage and
retrieval of technical and administrative infor-
mation on nuclear safety R&D projects. Initiated
nt the request of the AKC Division of Reactor '
Development and Tochnology, it provides RDT and
the AEC regulatory s.afi' with ¢ means for follow-
ing current accomplishments on the safety con-
tracts sponsored by RDT. fThe system has been
developed so &5 to utilize the existing NSIC
system to the maximum extent practical., The file
makes use of the same retrespective search, in-
dexed bibliography, and SD1 techniques that are
utilized for the sther informntion stored by NSIC
in the computer. One significunt difference is
that the agiount of information for each accession
is much greater, since the information being
handled by the file inciudes: (a) support group
and contract information, (b) fund and manpower
levels, (c) statements of gcope and state~of-the-
technology, (d) abstracts of the last three pro-
gress reports (the oldest one being dropped each
time that a new one is added), (e) projection of
expected progress for the next reporting period,
(f) reports issued, and (g) indexing terms.

State~otr-the-Art Reviews

One of the most important services of an
information onalysis center is the preparation of
authoritative state-of-the-art reports and re-
view articles. Euch member of the NSIC technical
staff is expected ut one- 1o two-year intervals
to prepare a review that wjll either be issued as
& report in the ORNL-NSIC series or published as
an article in Nucicar Jufety., These reviews
serve as vehicles for the .unalysis and evaluation
of experimental nnd theoreticel data and can even
result in the synthesis of new data. The review
articles which have uppeared in Nuclear Safety
are too numercus to tabulate, but a listing of
ail NSIC state-of-the~art reports published to
date is available from NSIC on request.. - Copies
of the reports are available for $3.00 each from
the Clearinghouse for Federal Scientific and
Technical Information (CFSTI).

Nucleer Safety

NSIC cooperates in the preparation of Nuclear
Safety, which is separately funded by the USAEC
Division of Technical Information. The Center
furnishes reference material to journal authors

for their review articles through its SDI program
and retrospective scarch scrvice, and, in addi-
tion, many of' the review articles are prepared

by members of the Center's staff.

The Journal was issued quarterly from its
initiation in 1959 until 1967, and has been
published bimonthly since then. To facilitate
access to the sufety literature contained in the
Journal, a KWIC (Keyword-in-Context) index
covering all articles through Vol. 9, No. 6, was
computer-prepared and distributed as ORNL-NSIC-60
earlier-this year. Gubscriptions to Nuclear
Safety cost $3.50 per year and may be obtained by
writing the Superintendent of Documents, U.Z.
Government Printing Office, Washington, D. C.

Technical Inquiries

Requests ror technical jinformation ure re-
ceived from the nuclear community by letter,
telephone, or personal contact at a current rate
of about 50 per month. There has been a steady
growth in this type of service from a rste of
five requests per month during the Center's first
year of operation. The yearly volume of in=
quiries filled from 1963 to date is shown in
Figure 5.
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Fig. 5. Informetion Requests Filled

Answers to the inquiries take different
forms depending on the type of question asked.
Sometimes the reply will be a written discussion
of the problem, while at other times it will be
a bibliography or a combination of discussion and
bibliography. Questions vary from very simple
requests that can be answered "off the top of the
head" to involved requests that could take days
or weeks of technical work. ' However, since the
number of staff members available to answer
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questions is fixed and since they also perform
other duties for the Center {such as the prepara-
tion of state-of-the-art reviews and indexing ‘and
abstracting), the amount of technicel time allot=
ted to any one question cannot be allowed to ex-
ceed four hours except in extreme cases. In any
event, NSIC does not attempt to solve the user's
problems, but to provide information and guidance
that will help him go about defining and solving
his particular nuclear safety problem.

Counseling and Guidance

The NSIC staff is available to visitors for
counseling and guidance on nuclear safety prob-
lems, and its shelves of safety analysis dotuments
ace available for perusal. (NSIC does not attempt
to store copies of the many reports and joirnals
that it catalogs. In general, these are returned
to the ORNL libraries. The Cernter does, however,
keep copies of sll the safety analysis reports,
amendments, etc., furnished it by the AEC Regula-
tory Staff.) Visits to the Center for staff con-
sultation and/or use of the files now occur at
the rate of about 10 per month.

Summary and Conclusion

NSIC serves as one of the most important
means of collecting, evaluating, and disseminating
information generated by the AEC's high-priority
nuclear safety program and various groups actively
concerned with safety. In handiing and processing
the large quantity of source material with which
the Center is concerned, it has been necessary to
establish techniques that minimize the time of the
professionn) ang clerical staff. Consequently,
NSIC has been ir. the forefront among information
centers in the use of computcra.

Starting in 1965, the initial system of com-
puter programs proved tu be very €ffective in
supporting indexed bibliography preparation, SDI,
and retrospective search activities during a
period of very extensive growth of the Center's
activity. Durirg the past two years, programs for
the IBM-360 have been planned and written which
are considerably more general than the initial
gystem. The major changes provided by the new
system include retrospedétive searching as well as
input via remote consoles located at the NSIC.

NSIC's productiwity and the demand for its
gervices have increased significantly since its
formation in 1963. The Center is currently
ansvering technical fnformation requests at a rate
of over 600 per year. {(In addition, there were
1,520 nontechnical requests during the past year
usually asking for specific reports issued earlier
by NSIC.) The SDI abstract service now reaches
over 1,500 people. State-of-the-art reports and
indexed bibliographies are issued routinely.
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Interactive telecommunieations aecess by computer
to design characteristics of the
nation’s nuclcar power stations*

by D. W. CARDWELL

Cak Kidge National Labaratory
Onk Ridge, Tennessee

INTRODUCTION

Computer-aided information storage and retrieval
systems have been pointed to, frequently, as a
means for efficient handling of large masses of
data so that users of such systems can rapidly
find selected specific items with a minimum de-
gree of effort.' In engineering and scientific fields
(except for certain rather specialized areas),
major progress toward such an objective has been
limited to bibliographic sorting of technical pub-
lications by keyword search of authors, titles, or
abstract context.: The development of a com-
prehensive system to provide varied users with
access to factual technical data, on 4 broad basis,
has awaited a need sufliciently important to war-
rant the substantial effort required for such an
undeirtaking.

The remarkable sudden surge, since 1966, in
electric uiilities “going nuclear” has placed a
back-breaking burden upon the U. 8. Atomic
Energy Commission’s Division of Reactor Licens-
ing to fulfili their respcnsibilities in reviewing
engineering design propesals for each nuclear
power plant to evaluate the adequacy of safety
provigions, Figure 1 (a) and (b) show on maps of
the United States locations of the meny large
nuclear power planta now committed for conatrue-
tion as contrasted to the few units that were com-
mitted three years ago. In January 1967, the
Reactor Division of the QOak Ridge National
Laboratory, aided by Union Carbide Nuclear Com-
pany Computing Technology Center, was com-

*Research sponsored by the U8, Atomic Engery Commission

. under contract with Union Carbide Corporation,

FIGURE 1

missioned to develop a computerized system ca-
pable of responding to selective search requests
with readout, of factual data to a family of tele-
communications terminals used by reactor engi-
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neering specialists who are engaged in nuclear
power plant design evaiuations.

This project was given the acronym label of
CHORD-S to represent “Computer Handling of
Reactor Data—Safety.” The CHORD-S telecom-
munications system became initially operational
during 1968, processing information in certain
technical categories of greatest current interest
to the Atomic Energy Commission. Expanding
the data bank volume, improving man-machine
dialogue capabilities, and adding to the number
and versatility of terminals are a continuing op-
eration, each of these activities directed toward
increasing the real value of the system to its
potential family of users.

The CHORD-S infor.aatioit system has been
designed to include the following unique com-
bination of features:

1. Factual technical data organizad in ten level
hierarchical structure for input to the Data Bank.
2. Computer input formatted or magnetic
typewriter/converter, to provide
a. Off-line localized verification by origina-
tors.
b. Reductions in tarnaround time, cost, and
frequency of errors as compared to con-
- ventional puncheard input.

3. Multipurpose central computer storage ca-
pacity of several hundred million characters, re-
trievable by rapid randem accesz.

4. Direct access via telephone line from family
of remote terminals, in time-sharing mode, at
distances up to several hundred miles from com-
puter center.

6. CRT display included in terminal capabili-
ties, in addition to conventional telecommunica-
tions typewriter.

6. On-line dialogue (conversztional mode), em-
ploying almost exclusively common English lan-
guage words, queries, and responses.

7. “Lead-in” program allowing user option of
being guided rapidly by the computer to selected
areas of interest without advance knowledge of
file structure or reference to code books.

. 8. “Compare"” program wherein computer auto-
matlcally contrasts values of large blocks of de-
gign parameters for several power plants to pro-
vide “Readout by Exception,” only where differ-
ences are significant, withholding undesired
alphanumerlc data that has no significant value
to user's query.

9. Open-ended file maintenance provisions for

frequent efficient up-dating, additions or dele-
tions.

10. Optional tutorial program wherein computer
gives user siep-by-step online instructions for
operation in any of the available modes.

11. Access from terminals to key-worded bib-
liographic nuclear safety reference files and
computational programs that already reside in
the central computer. These and other residual
resources of the computer serve to enhance the
primary capabilities of CHORD-S.

The unprecedented combination of user
oriented features provided by the CHORD-S sys-
tem, should be applicable to many technical areas
(in addition to nuclear power plants), where
large masses of factual data must be efficiently
searched to yield specific responses to queries
posed by professional personnel who are en-
gaged in sequential progressive activities wherein
real-time output is essential.

System desigh philosophy
Initial development of design philosophy for

"CHORD-S was materially aided by use of hard-

ware plus operating experience available from an
existing computerized (key word bibliographic)
information system that has successfully func-
tioncd within the overall ORNL Nuclear Safety
Program since 1963. That operating system is the
Nuclear Safety Information Center {NSIC).¢ By
such direct observations and intensive study of
current reports on other automated information
storage and retrieval isystems.** plus knowledge
of the specific needs of potential users, we gi-
rected the development of the CHORD-S system
within the following primary guidelines:

1. Queries originated by users must be as free
as practicable from regimented “computereeze”
language and format, with heavy dependence
upon natural language expressions, limited in
number.

2. Potential users cannot afford delays oc-
casioned by manual look up in extensive code
books.

3. For the inexperienced user, computer pro-
grammed “lead-in” techniques must he readily
called forth in response to simple commands,
to automatically reveal the contents of file struc-
ture and provide rapid guidance to areas of in-
dividual interest.

4. For experienced users, optional short-cuts,

P e L
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directed to selected bodies of data, must be avail-
able to avoid unsolicited, time consuming path-
finding.

5. Responses to queries at telecommunications

" terminals must be compatible in speed to normal
human sensory perceptions to minimize bresking
“trains of thought.”

6. Data drawn from source material must be
expressed and organized for file entry in fashions
appropriate to conventions preveiling in each
technical category, and be carefully screened to
include only items of greatest significance to po-
tential users.

7. File structure in the computer memory must
be flexible and open ended to easily accommodate
frequent additions, revisions, and updating, to
keep pace with changes in the nuclear power in-
dustry.

8. Output options to telecommunications con-
soles should include a capability for rough rapid
scan to reveal highlights of data file, to then be
followed by progressively deeper selective probes
for ultimate retrieval of specific data desired by
indjvidual users.

9. Terminal readout should allow rapid visual
display of information of only transitory value,
accorripanied by user control of commands for
producing selective hard copy of printout.

10. Priority should initially be given to obtain-
ing aiphanumeric output. The extent of capability
for graphical, diagramatic, or pictorial type in-
formation to be provided must be determined by
evaluation of cost of such features against their
relative worth to users.

11. System hardware and software must be
designed to handle a progressively increasing
number of terminals to the network and have

flexibility for innovations of an unpradictable na--

ture determined from early experience to be of
practical henefit to users.

12. Selection from the many options available
for long distance communications transmission
must be based on a utility/economy ortimization
of several factors such as speed, capacity, relia-
bility, and adaptability to newly develeped 7/0
devices.

13. Compatibility features for future interface
connection with other information systems being
developed for the U. 8. Atomic Energy Commis-
sion must be provided wkenever logical and prac-
ticable. ‘

Tt was obvious to us taat fulfillment of so de-
manding 2 set of criteria required a merging of

the talents of several specialized disciplines: (1)
computer technologists (software and hardware),
(2) CHORD-S project nuclear information engi-
neers, (3) communications engineers, and (4)
nuclear reactor power plant safety specialists
from potential user organizetions. Although it is
always difficult to combine talents of personnel of
contrasting technical backgrounds and interests,
we believe that we have gradually fulfilled most
of that mission. It is our strong belief that the
road to success for a complex computerized in-
formation system must be paved by an established
willingness on the part of computer technologists
to understand and accommodate genuine needs of
potential system users; and those same potential
users must exert significant effort to obtain at
least a surface working knowledge of the capabili-
ties and limitations of computer related hardware
and software. Also, where telecommunications is
to be employed, practical up-to-date technical
knowledge of current advances in the field of
communications engineering is an essential in-
gredient. Rather than seeking rare so-called
“generalists” to bridge gaps between the estab-
lished disciplines, we have depended upon strong
overall leadership guidance, with some forcing to
the extent necessary for accomplishing essential
merging of specialties. '

The man-machine interactive concept

Information storage and retrieval systems, un-
til recently, have been limited mainly to batch
processing of queries by the computer, requiring
that the user wait an appreciable length of time
between guccessive sets of data readout. The ad-
vent of third-generation digital computers, with
greatly increased capacity and versatility of
hardwure and software, have made it feasible for
users to communicate directly on-line with a cen-
tral computer in essentially continuous conver-
sational dialogue. * CHORD-S provides such cana-
bility for reactor specialists who are engaged in
assessing the design of existing or proposed
nuclear power stations.

For automated on-lire information systems to
surve responsible busy professional people, such
systems must possess dominant operational
features that match the naturai habits of these
people. ** We look upon dialogue between user and
the system in a closed loop cybernetic sense. Al-
though the human being in the loop may, for
varying justifiable reasons, be relatively slow in
formulating and entering queriez at his remote
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terminal, he has a right to expect intelligent,
efficient responses provided in a form and at a
speed most conductive to his understanding. ¢
Fligure 2 presents an elementary diagram to quan-
titatively emphasize some of the fundamental
traits of man in consrast with the capabilities of
digital computers as they have evolved from the
first to the current third-generation machines, The
most striking difference apparent in this diagram
is that of speed; as each new generation of ma-
chines has made its appearance, the magnitude of
this disparity has become greater. Commerciai
time-sharing computer systems whereby 20 or
more consoles converse, essentially simultaneous-
iy, with a single central computer have capitalized
on this difference. Central processing units (CPU)
of modern computers operate at near electron
speeds (microseconds and nanoseconds), whereas
actions by human beings are limited to tenths of
geconds. '

In systems such as CHORD-S, users located
many miies from the computer center depend
upon local console equipment with built-in speed
limitations as shown, connccted to computer ports
by some form of public communications link.
Conventional voice-grade telephone lines are logi-
cally employed for such service because of their
ready availability, dependability, and relative
economy. ' As noted in the diagram, data mes-
sages are transmitted via ordinary telephone iines
at rates of 120 to 400 char/sec. Such conventional
rates of transmission fix an additional time limit-
ing parameter on the overall system.

In the CHORD-S interactive system where dia-
logue flows back and forth rapidly between a user
and the computer, each link of the '2op needs #»
be optimized in design to provide time responses
appropriate to the key human perceptive zenses.
As may be seen ir Figure 2, man’s voice is the most
efficient medium for formulating queries at a

FIGURE 2

MAN

TRANSMISSION SYSTEM

HMACHINE
(Third Generation Digital Computer)

A. His Communication Capabilities A. Terminal 1/0 Equipmenc A. Central Procezsing Unit
1. Sensing Senses 1. Telecom Typewriter 1. Execution rate 106-108
a. Speech: 5-20 char/sec Printing Speed: 10-15 char/sec 2. Memory cycle time:
b. Handuriting: 3-10 char/sec Char/line: 72-156 Microsec to nanosec
c. Typing:1-5 char/sec 2, Cathode Ray Tube (CRT) 3. Core memory capacity:
2. Receiving Senses Display Speeds: 240-100,000 19(10)3-10(10)6
a. Sight chur/sec sneral
-Pictorial: vex; fast Total no. of char: B. Perjpneral Storage

-Reading: 10-15 char/sec

b, MHcaring: Fast 3.

B. His Memory Capabilities
a. Total Storage: Up to (10)!5S char
b. Prompt Recall: 1-10% of total
c. Speed of Recall:
=Up to 107 fasc; remainder
alow (and inaccurate) 2.

1.

C. His
a.
b,

Psyshological Reactions
Rational - Likely predictable
Emotional - Unlikely predictable
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1,000-4,000

Remote Ratch Printers
Printing Speed:
600-660 char/sec

B. Telephune Network

Voice Grade - Single Channel
Speed: 120-400 char/sec
Broad Bank ~ Multi-Channel
Speed: Up to 23 000 char/sec

1., Access Sgeed: Up to
300(10) 3 char/sec
2. Capacity:

Up to 1.6(10)2 char
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terminal. Although rapid advances are currently
being made in voice communication with com-
puters, we have concluded that, except for limited
vocabularies, such an approach is not yet ready
for broad exploitation. This leavzs only man’s
senge of touch for ‘initiating communications,
which vsually is applied by operation of a type-
writer keyboard, an ineflicient avenue for self ex-
pression by muost technical people. Handwriting
is usually more rapid than typing, and for some
eircumstances that medium (“Rand tablet,” cote.)
is used for computer input, although it may not
now be practical for application to a broad data
base system, such as CHORD-S. The most en-
couraging development for speeding up manual
direction of computer operation involves the uge
of a light pen, or cursor, to select from computer
generated cathode ray tube (CRT) displays
items for further exploration, ' Also, CRT ter-
minais, when of the vector type, can display on
screens complex graphical output, a form of
communications very effective in appealing to
man’s facutly for quick pattern recognition. '™ In
any event, it has been clear {hat terminals for
the CHORD-S interactive system should require
minimum amounts of input from the user to
eliminate excessive tedious efforts by amateur
typists.

It has been observed that for psychological,
as we} ag for practical reasons, technical person-
nel seekil:z on-line responses from the data bank
become impatient and dissatisfied whenever the
time between the end of their query and the be-
ginning of response extends beyond a few seconds.
For the system to be acceptable, readout at the
terminal should approach the rate for natural
efficient comprehension by the user. Comprehen-
sion, at present, depends almost solely upen the
human's exercise of vision accompanied by his
mental reaction, which, depending upon the com-
plexity of the information received, is fairly
rapid. Consequently the speed, format, size, ete.,
of visual display provided at the terminal is
closely related to user acceptability, and hence
the success of the system.

In addition to man-machine considerations
;siven to terminal hardware characteristics, the
ease of entering CHORD-S queries and obtaining
useful rapid responses from a computer is highly
dependent upon the degrze of naturalness of ter-
minal language employed for information ex-
change. ** The development of a terminal language
for CHORD-S has included involved original ideas

as well as ideas found to have been successful in
other IS&R systems. Opportunity to use the CTC
IBM 360/50 general purpose computer for initial
operation of the CHORD-S system has presented
advantages in early availability of equipment with
basic telecommunications and operational pro-
gramming. However, in order to pursue the theme
of optimum man-machine response throughout
the entire loop, considerable ingenuity has been
necessary in the development of special CHORD-S
programming to assure compatibility with fixed
features of the computer center.

In addition to accommodating form and speed
of dialogue considerations, we have extried consid-
erable effort to make certain that users are pro-
vided with built-in programming options that al-
vrays allow them full control over any decision
making processes that they wish to exercise. This
minimizes any chances of the automated system
“jumping to unwarranted conclusions.”

Functions of the information network

A general layout of the CHORD-S system as an
information storage and retrieval network is
shown in IMigure 3. The following steps are fol-
lowed by CHORD-S project personnel to establish
flow of information between sources and users of
the system:

1, Technical data are primarily drawn from
documentary material that has heen prepared by
nuclear reactor power plant designers and opera-
tors for license application submitted to the U. S.

"Atomic Energy Commission. Auxiliary informa-

FIGURE 3
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tion of pertinence comes from other sources such
as those shown on the diagram.

2. Reactor specialists originate standardized
power rlant system characteristics listings of
greatest significance to nuclear safety with spe-
cific data for each plant organized systematically
for efficient computer handling. The multi-hier-
archial structure of the data file demands that
careful attention be given to recognizing logical
technical relationships between major headings
and successive sublevels as items of information
progress from the general to the more specific.
Examples of data retrieval, to be given later, will
show how this type of file structure when intelli-
gently organized for input, offers users an oppor-
tunity to obtain readouts: that collectively en-
compass spans of subject matter individually self-
sufficient in the evaluation of specified areas of
engineering design.

3. Technical and clerical personnel, with the aid
of automated magnetic tape typewriter equipment
(IBM-MT/ST with Digidata Converter),?® struc-
ture reactor data in standardized formats, pro-
ducing at the point of origin, magnetic tapes suit-
able for direct entry into the computer, eliminat-
ing keypunching. Where prime responsibility for
originating complete and accurate file additions
resides with individual technical specialists, there
is considerable advantage in applying this newly
developed data entry technique because it pro-
vides centralized capability for rapid and efficient
off-line verification.

4, Data on reels of seven-track magnetic tape
are entered and stored in the memory of the IBM
360/50 computer at the Oak Ridge Computing
Technology Center (CTR)* by means of special
programming developed by CTC specialists. The
basic Data Bank is built as an over-night batch
operation, on-line input from remote terminals
being unnecessary. Output of data at the com-
puter center can be obtained whenever desired as
a batch processing operation from several conven-
tional types of readout devices as shown in Figure
3. Such batch output may be a partial file dump for
checking the accuracy of updating operations, or
it may be a selected set of engineering data con-
sidered too lengthy for efficient remote terminal
readout. Ports providing interactive access to the
CHORD-S Data Bank from remotely situated ter-
minals are indicated in the diagram by symbolic
telephone lines emanating from the computer
center.

5. A representative operating telecommunica-
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tions terminal is shown at the lower lef of Figure
3 time sharing with other terminals. Meaningful
conversational exchanges via telephone line be-
tween terminals and the central computer employ
query and response techniques developed jointly
by CTC programming personnel and ORNL re-
actor engineers. As illustrated in Figure 3, a tele-
communications typewriter transmits queries, and
prints at a rate of 15 char/sec output data selected
for preservation in hard copy. An alphanumeric
CRT console provides rapid (up to 260 char/sec)
visual display of transitory output information.
(Rapid responses displayed by the CRT hasten
progressive dialogue up to the point of ebtaining
ultimate search objectives.) A -vector-type CRT
may be employed to provide graphic displays for
the system users to gain the advantage of infor-
mation in pictorial form.?* Diagrammatic illustra-
tions and voluminous material, not readily adapt-
able to computer storage, are referenced in the
data bank to guide automated retrieval from local
terminal auxiliary files which are mechanized by
microfilm storage-readout devices.

Entry of data into computer

Figure 4 shows how CHORD-S data has been
entered in the central computer and how the spe-
cial programriing has been handled.** Note how
new or revised technical data are merged with
basic CHORD-S update and input programs to
produce revised master files for data cell storage
and terminal access. The computer input program
makes a diagnostic scan of the data to check for
errors. Obvious errors, such as improper formats,
incorrect field type and length, and the ahserce of
flags and delimiters are detected by the present

FIGURE 4
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program. Another class of errors, known as logi-
cal errors, is much more difficult to detect, These
errors can only be found by providing the com-
puter with a greater knowledge of the ranges that
variables may assume and the possible conflicting
attributes of data items. That being impractical,
these types of errors are found and corrected by
the nuclear engineers who originated the computer
input information by systematic review of batch
dump output. (It is important to note that check-
ing of input data for accuracy throughout is the
responsibility of the originator. Any erroneous
information in this Data Bank could have an ef-
fect of delaying the construction of one or mere
$100,000,000 nuclear power stations.)

After being screened for errors, the input data
are sorted by the computer so that they are in the
same order as that on the master file. The file
maintenance program matches the updated infor-
mation against the master file, and records are
added, deleted or replaced as required. The up-
dated file is now written onto a disk or data cell,
and an index file, consisting of keycodes with
pointers to records in the master file, is created
on a disk to permit direct access.

Writing the master file and index file on direct
access devices permits the remote terminal and
batch query programs {o retrieve the data in a
nonsequential inanner. Later additional index files
can be created and used to index the master file
on the basis of other parameters.

File organization for such large volumes of data
is a critical problem especially when using direct
access devices to suppert remote consoles. The
problem is cne of minimizing the external storage
requirements and at the same time providing ef-
ficient computer use and fast terminal response.
This problem has been solved, in part, by the local
implementation of several computer software rou-
tines which provide for variable length record
blocking and track overflow capabilities.

Modes of access

Several modes of access to the CHORD-S data
file have been developed and placed into operation
to accommodate various needs of users. One out-
put program responds to a direct command of
“$ Display” from the user to read out factual data
selected by subject matter key codes. In another
mode of retrieval (““$ Compare”), the computer
scans selected lists of data from various reactors
for major differences and reports these as “read-
out by exception” thus selvcting only that data

relevant to the user's interest. Here, a variable
element in the query is set to fit the degree of dif-
ference desired by the user. In the third mode of
operation (“$Lead-in”), the computer assists an
inexperienced user in finding information he needs,
by automatically guiding him into the data file
structure without requiring familiarity with the
organization of information. Options are avail-
able for each mode of access whereby slight
changes in user queries will either restrict or
broaden the degree of detail of readout. For all
of these retrieval modes, the user sits at a remote
console and participates in an interactive dialogue
with the computer. As his search progresses, he
calls on whichever retrieval mode that satisfies
his immediate needs. A built-in tvtorial program
advises the terminal user of the nature of any
error in query structure. If desired, the “tutorial
program’ can be called to read out step-by-step
instructions to the terminal for any program avail-
able.

Examples of dialogue via remote terminal

In the follcwing search sequence, we assume the
uger has nct had previous experience with the
CHORD-S rongole; he, therefore, first uses the
“lead-in”" program which instructs him in the use
of the console and guides him into thc data bank.
(On subsequent uses, he may remember from his
earlier experience the way information is organ-.
ized except for details and could enter the search
sequence at a more advanced stage.) Since there
is no need to preserve hard copy of initial lead-in
dialogue, the user elects to save time by employing
the CRT terminal as illustrated in Figure 5. By
simply tvping “A.$lead-in.” there is flashed upon
the screen major ‘“Summary Section” subject -
matter headings of the file with corresponding key
codes. Assuming that the engineer, in this evalua-
tion, wishes to investigate design features of the
core of certain nuclear reactors, he continues his
guided search by typing in or moving the CRT
cursor to AC. The next computer response will be
a list of subheadings in that area of the data bank.
By successive continuation of this rapid pathfind-
ing query—response technique the more detailed
subject matter file structure is revealed. Each file
entry has a unique key code label which can be
used in requesting readout of detailed informa-
tion on individual characteristics of selected nu-
clear power plants. An example of CRT readout
is given in Figure 6 where the “$compare” pro-
gram was employed to retrieve from the computer
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FIGURE 5

summary data on reactor core fuel characteristics
(key codes ACBB to ACBC) of two plants de-
signated by name abbreviations. From evaiuation
of the data shown, the user then called on the
“Sdisplay” query to simply find the value of one
related parameter of interest to him, “Maximum
Fuel Thermal Output” (key code ACACH).

Up to this point, the user elected to employ CRT
display, so that turnaround on the dialogue pro-
ceeded about as rapidly as his natural senses nor-
mally function. If he should decide that he needs
to retain hard copy of CRT display, he signals the
typewriter to automatically copy from the local
terminal controller memory. Where time required
for mechanical machine copying would handicap
the user’s next deliberations, this zan be avoided
by use of a spesdy photo-optical device (if such
recently developed equipment is available at the
terminal). )

As users of the system become familiar with
their most frequently used code designations, they
can address their queries directly to individual
codes or to code ranges, for immediate readout of
descriptive data, skipping “$leadin.”

" The “$compare” query is a development orig-
inal with this project, that places tremendous
power in the hands of terminal users to contrast
at various levels of detail, design characteristics
of one or more nuclear power stations. This im-
portant feature functions as follows: Nuclear
safety information engineers, when the original-
ly establish their standard characteristics list-
ings, assign for storage in the computer memory
a “Delta Factor.” This represents their profes-
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sional opinion of parametric deviations of signifi-
cance, such as +-109%. When a user wishes to make
a rapid scan of large volumes of data to find con-
trasting design features of different power plants,
he uses “$compare’” with a controllable modifier
“m.” Different degrees of course or fine compari-
son are obtained by the terminal user designating
large or small values of “m.” Efficient “readout by
exception” is then accomplished by means of com-
puter programming which causes the system to
ignore data values (where numerical) that con-
trast by a lesser difference than that requested.
By successively varying the vaiue of “m” from
large to fractional values for different sections of
the file, the user can rapidly “close in” on items
wherein the degree of difference corresponds to
his specific search interest. The “$compare” fea-
ture of the CHORD-S information system could
be given broad application to other information
systems.

In the following example, employing “variable
depth compare” with typewriter readout, the en-
gineer is exploring design data on three nuclear
plants in the area of “Heat Transfer at Initial
Full Power (IFP)"”

On his first approach, he assigned no value to
the multiplier “m” so the computer automatically
selected for readout differences based on a delta
factor of 1. If we assume that he had been work-
ing with a much larger span of subject matter
than is practical to illustrate here, he could de-
cide that the volume of readout is too massive
for isolating major differences. In that case, he
may choose to enter another query specifying that
m--3, This effort on his part then would produce
the following output at his terminal, which much
more clearly highlights the major differences in
design that he seeks:,

e

Wy

Inepra
v oy wt ol

[IN)

£a

At Lt
OCT, BFu/u0 L A0Y Farer bl 1,008,
141,000,
V10,000, 430,700,

(8]
s
"e, ",

00 eQrEas], (A01D, Timit (B 0300eL, (AABIS ¥ CO100,13)



51

Interactive Telecommunications Access by Computer

The tabular output format of the previous ex-
amples is popular with engineers, but has an
obvious built-in limitation on the number of col-
umns of data that can be displayed. In order to
overcome that restraint, responses from the
CHORD-S system that would exceed horizontsl
space limitations automatically shift to a vertical
listing, such as shown in the following example:

acoc acach, ¢l 11 sl ol

Scompare.
ACAC HEAT TRAMS AT IFP
ACACA AVG POUFR DEN,RW/L
C1 15
Sl 92,8
0l 79.6
ACACB it ONB {W=3) DR CRIT HEAT FLUX RATIO
Cl 2.82
11 1.81
S1 1,86
n1 1.6
ACACC AVG PEL YO CLAD GAP TMER! CONDUCT,BTU/MR-SQFT-CFGM
Cl ns
11 1,000,
51 1,000,
ACACD ACTIVC MEAT TRANS 5SURF ARFA,SQFT
Cl 35,900,
11 $2,200.
(333 48,578,
ACACF AVG WEAT FLUX , DTU/HR-SQFT
cl 136,400,
11 175,600,
S1 191,000.
)] 167,620,
ACACF I'AX HEAT FLUX,BTU/I'R=SOFT
c1 421,500,
11 570,800,
51 538,700.
i 543,000,
ACACS AVC FUEL THEFRr: OUTPUT,YW/FT
3 45
Sl 6.2
nl S.4

Jo8 COMPARE. ENDEP. TIMEs €py =00485, FLAPSED = 00:09.85.

Cl Conn. Yankee
I1 Indian Point
Sl Surry 1
01 Oconee 1

The foregoing examples of data retrieval have
mainly focused on cases where a user of CHORD-S
wishes to make an efficient comparison of selected
design features of two or more nuclear power
plants, That is because of the uniquenese of this
capability, and its great utility to design evalu-
ators. There are other important capabilities of
the system that are not included in the examples.
A simple query can be placed that will yield com-

FIGURE 6
plete bodies of data covering the design of a single
designated plant. Where desired, sets of para-
metric design values can be obtained representsa-
tive of different assumed accident conditions.
Sources of data can be called for yielding stored
bibliographic reference information. Employing a
computational program available from the gen-
eral purpose computer (TERMTRAN),* a ter-
minal user car perform a wide range of calcula-
tions using design data retrieved from CHORD-S.

Future outlook

Development of CHORD-S has produced an op-
erating aystem that provides conversational mode
access from telecommunications terminals to a
central computer data bank. Data stored, thus far,
is representative of some of the more important
factual design characleristics of certain U. S. nu-
clear power reactor plants. As additional informa-
tion is added, Atomic Energy Commission person-
nel will be engaged in evaluating the worth of this
IS&R system from actual operating experience.
The nature of furiher development of CHORD-S
will be guided by results from such experience,

The particalar computer and the initial terminal
hardware employed to demonstrate feasibility and
long ringe future potentials of CHORD-S has been
based largely upon the matter of ready availabil-
ity. Commitments for a permanent system require
the completion of extensive evaluations of the
wide ranges of hardware and software offered by
industry to achieve the most desirable operating
features within limits of reasonable economy.

As CHORD-S is developed to full potential, the
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data bank in addition tc increasing substantially
in volume, will encompass deeper levels of design
detail than can readily be expressed in concise
alphanumeric terms. Information structures will
need to accommodate more lengthy narrative de-
scriptions, diagrams, graphs, etc. The most effi-
cient’ methods for presenting such material to
terriaal users in meaniryful forms are under in-
tensive study, evaluating the applicability of so-
phisticated hardware and software, much of which
is just becoming avzilable from commercial
vendors.

If the data bank increases in size for more com-
plete inclusion of design characteristics and pro-
gressively builds to receive input from larger num-
bers of nuclear power stations (around 30 cur-
rently being committed each year), many hun-
dreds of millions of characters will need to be
stored. File structure and search techniques will
likely be altered as necessary to assure rapid
cross-reference secess to individual areas of spe-
cialized interest.

Long range plans in:zlude a gradual increase in
the number of terminals to accommodate various
groups of AEC Headquarters personnel in the
Washington area. Also, it is intended that the net-
work will be expsnded to provide terminals at
other locations throughout the United States. Re-
quirements for extensive telecommunications fea-
tures are being preliminarily evaluated to make
certain that the system can be efficiently expanded
without basic overall reworking of hardware and
software provisions.

In view of the pioneering features of much of
the CHORD-S undertaking, care is continually
exercised’ to assure compatibility with other in-
formation systems of the government, particu.
larly those of the Atomic Energy Commission. Op-
portunities for certain interconnections are al-
ready obvious and can be expected t¢ increase
rapidly in the future.
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