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PREFACE

In early 1975 a study was initiated to investigate the use of a computer interfaced Informa-
tion Storage and Retrieval System in the information processing requirements of the Nuclear
Regulatory Commission.

The study was sponsored by the Technical Advisor, DOr. Stephen Hanauer, through the Office of
the Executive Director for Operations (EDO). In addition to the author. personnel in the
Applied Statistics Branch assisted in the investigation. Mr. Long D. Y. Ong furnished much
of the information used in the study involving transportation of nuclear materials, and

Mr. Jay Miller provided programming support. Many other members of the NRC staff were
encouraging and helpful.

Since this report was written, the NRC has contracted for the development and implementation
of a Document Control System (DCS), which uses some of the concepts of this report. The
systems described in this report, however, are not necessarily the DCS as it will be
implemented.



CONCEPTUAL DESIGN OF ENGINEER WORK STATION
WITH ACCESS TO DOCUMENT RETRIEVAL SYSTEM
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1.  INTRODUCTION

NRQ Regulatory activities are the responsibility of various Program Offices and other
units that comprise the NRC organizational structure. Each cof these is now facing an
informetion explosion in which vital information concerning their activities is accumulat-
ing at an alarming rate. Decisions related to the issuance of licenses, development of
criteria, standards and codes, and compliance activitie: require that all pertinent
information be readily available. This includes not only new data but information previ-
ously used to establish policy and criteria.

To neet_the statutory and operational responsibilities of the U.S. Nuclear Regulatory
Coqniss1on (NRC), a large number of regulatory/technical documents must be processed
daily.' The principal document volume come: from bulk shipments such as license applica-
tions. The applications include items such as safety analysis reports and environmental
reportc, amendments to licenses, hearings, transcripts, etc. Shipments average five per
day and consist of as many as 22 volumes with 450 to 500 pages per volume. In terms of
processing, the work load may approach 125,000 pages daily.

The remaining volume to be processed is attributable to those smaller documents that
arrive through regular Postal Service deliveries. This amounts to about 1,000 smaller-
size documents daily. In terms of processing, this adds about 10,000 pages per day to
the bulk volume estimate. From a dissemination standpoint, these documents require more
handling to ensure that correspondence earmarked for action reaches the appropriate
office in a timely manner.

Administrative procedures at NRC call for no more than a 48-hour delay from the time most
documents are received until the time they have been processed and are in the hands of

the staff. Moreover, much of the incoming material and some of the internally generated
material are official records that are required to support legal proceedings that have
specified response times; these documents must be processed within a 24-hour period. (A
description of the licensing process for a Nuclear Power Station is provided in Appendix 1
and a summary description of supporting documentation and current file storage is included
in Appendix 111.)

Current information processing requirements and the possibility of ever-increasing future
demands indicate that present methods may prove to be inadequate. The problem was recog-
nized and an investigation into Document Control and Information Processing was initiated
to study the feasibility of developing a more responsive system and to demonstrate how
this system could be used effectively at NRC. The project was named PLATO after the
simulator used in the investigation.

The first step taken to achieve the objectives of the PLATO project was to conceptualize
a reference system which could meet all present and foreseen future needs of the Commis-
sion, It was decided that the system to be implemented in the near future should utilize
hardware either currently available (off the shelf) or soon to be available. L should
permit automated remote access to all information in the Commission files and enable
multiple users to simultaneously search, locate and examine documents in the centralized
gata base. The system should also provide hard copy when desired and meet all legal
requirements and staff needs.* A search was undertaken to determine if such a system was
available in the market place.

I1.  TECHNOLOGY

An examination of the current technology available in systems applications to information
storage and retrieval revealed that the reference system was technologically feasible
although not yet available on the marketplace. (In Appendix 111 a source guide of govern-
ment agencies, vendors, manufacturers, etc., involved in microfiche information systems

is provided.)® A large system that cynthesizes current technology and meets the require-
ments of the reference system has been described by the TERA Corporation* and is illus-
trated in Figure 1. In addition, this _ystem is capable of providing archival storage

of document: both as fiche and hard copy and permit the publication of computer

¥An Interesting description of an idealized information system is provided by Vahoda.? An
excerpt is found in Appendix I.
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generated information via the printer. This system was chosen as the reference system
;or the(;kggo project and subsequently will be referred to as the Document Retrieval
ystem ;

Documents coming into or leaving the NRC would be sent to the microfiche cameras where
they would be photographed with identifying serial address numbers. These numbers
would be simultaneously recorded in the Index Control Unit which functions as the
“brains" of the system. The hard copy documents, after the camera stage, would be
permanently stored in a chronological hard copy file; the microfiched document images
produced by the camera would become the working medium. [Diazo copies of all microfiche
(fiche) would be made and originals would be stored in a security file. Each working
fiche would then be mounted on a card with a retrieving tab (specifying the fiche
address title).

The document images would then be indexed at the Document Input Unit and the index
stored in the Index Control Unit. The Index Control Unit correlates the indexing with
microfiche so that the microfiche image of each page can be retrieved through inter~
active terminals. The index would lead the user through the information store so that
the}specific document and all related documents or any group of related documents could
be located.

The microfiche would be stored in the Microfiche Retrieval Unit. This unit incorporates
an electrically-driven fiche carousel and a high-resolution video camera. At the command
of the Index Control Unit, the desired fiche would be positioned for viewing by the

video camera. The document image would be transmitted to user cathode-ray tube (CRT)
terminals at remote locations via coaxial cable or a microwave transmission system. Each
microfiche storage module (Retrieval Unit) has the capacity to store abuut 150,000 pages.

In order to prevent a given information user at a remote CRT terminal from monopolizin?
the use of a system carousel, the video image requested by the user would be temporarily
stored in a video-image fixer. This would allow the image to be retained or “fixed" on
the screen and the fiche and the carousel may then be used by others. By the use of the
video-image fixer, or "buffer," the user can also switch from index to page image and
back to index image.

A1l modules (i.e., input consoles, output terminals, microfiche retrieval, etc.) would

be controlied by the Index Control Unit. For the NRC the principal criteria whicn govern
the size of the computer in this module are: the number of transactions (i.e., number of
inguiries, searchers, commands, etc.), the number of index points for the estimated 30-
million document store, the amount of data that is required to be removed or manipulated,
the overall complexity of the search, and finally, the number of remote terminals through
which access to the index unit and the image-retrieval unit will be gained. Index struc-
tures, cross-reference structures, and system logic would be stored in either disc or
tape form. Hard copy of indexes and other information to be used for generation of
reports would be produced in a camera-ready form from the printer. Fiche-to-fiche and
fiche-to-paper copies could be used to fulfil, non-NRC requests. Hard copy would be
available at remote locations for the convenience of the user. If the user desired a
hard copy report, administrative procedures would require that the copy be ordered from
Central File. If the user needed only a few pages in hard copy, then it would be
expedient for him to obtain them from his terminal.

THE PLATO PROJECT

The 'PLATO" project is a feasibility study simulating the use of computers and a central-
ized information storage and retrieval system in the information processing requirements
of the Nuclear Regulatory Commission.

Since the "PLATD" project is a study involving simulation, it was necessary to search the
techinology for a simple inexpensive system which could be used to address problems which
might be encountered using the Document Retrieval System (DRS)

The digital computer memory, branching capabilities, and computational power were well
known, but the application to tutorial presentation, information retrieval, logical
problem solving, inquiring and testing required in Regulatory activities remained to be
demonstrated.

Investigation revealed that the inherent problems found in the NRC Regulatory process are
in many ways similar to those addcressed in the past ten to fifteen years by the researchers
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in “Computer Aided Instruction" (CAI). Specialized hardware featuring graphics, microfiche
presentaticn, touch control and audio has been developed. A higher order progranmin?
language which eliminates the need for specialized computer programmers has been emp oyed
in writing complex scientific and engineering courses. Two recent CAI systems--the
University of 111inois' PLATO (Programmed Logics for Automatic Teaching Operation) and

the Mitro Corporation's TICCIT (Time Shared Interaction Computer Controlled Information
Talevision)--have been designed to address shortcomings in previous systems.®

The technology of PLATO was selected as being most useful at this time to not only
simulate the use and capability of the DRS system in the search and retrieval of infor-

mation, but also to investigate the use of DRS as a compunent in the regulatory process
of review and evaluation.

PLATO System
Sustem Description

A block diagram of the PLATO System is shown in Figure 2. Operation of the entire
system is under control of a CDC 6400 computer system directed by a Network Interface
Unit (NIU). Computer output is relayed to a site controller by a Cable TV system. Here
the data is distributed by phone lines to active terminals. Interaction with the
computer is achieved by a keyset located at the terminal and relayed to the computer via
the site controller and NIU as shown in Figure 2.

The terminal consists of:

1.  Ar 8-1/2 inch square plasma display panel that is readable in a brightly lighted
room without eyestrain.

2. Permanent storage of information on the display screen without flicker. No
refreshing of the display panel by the computer is required. Selective WRITE
and ERASE capability exits for all dots, lines and characters.

3 Self-contained character and line generators

4. A character writing speed of 180 characters per second and the capebility of
displaying 2,048 characters on the screen.

5. A line drawing speed in excess of 600 inches per second.

6. A character repertoire of 252 characters, 126 of which are alterable via the
computer program.

7. The ability to transmit and receive data on voice grade telephone circuits.

8. A random access slide projector under computer control for projection of

microfiche images on the display panel.

A user seated at the terminal is shown in Figure 3.

Project Goals and Organization

The "PLATO" project was formally organized into four categories as follows:

I Objectives

1. To describe, illustrate and document the use of a computer controlled
centralized data base consisting of microfiche accessible for remote viewing
DRS in the Licensing and Regulatory procedures at NRC.

2. To investigate the use of DRS in both the library sense (location and

vetrieval of information) and also as a system capable of quick response for
real time information processing needs.

I1  Strategies
1. Simulate the use of the NRC/DRS by using the PLATO system.

2. Sample NRC/DRS requirements from 2 representative program offices.
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Iv.

TASKS DESCRIPTION

2.1 Some of the steps taken in the technical review by NRR of a licensee
SAR will be simulated. The use of DRS in the licensing process will
be illustrated by a study involving a technical review procedure.

2.2 The real time information processing requirement of NMSS will be

addressed by simulating the information available regarding response
to an incident involving the transportation of nuclear material.

3.1 System Evaluation

The system will be evaluated from the viewpoint of the simulation
since no actual DRS hardware will be available.

3.2 Report Preparation and Publication

SIMULATION CF DRS BY PLATO

One of the principal objectives of the PLATO project was to stimulate the use of the DRS
in the search and retrieval of information needed by the NRC. PLATO, which operates in
an interactive mode with a computer accessible microfiche data base, has some operating
characteristics similar to DRS.

The search procedure which is the sieve through which an infermation request must be
passed is directly related to the way the information in the data base is indexed and
filed. The file structure and search and retrieval storage of NRC/RECON® was chosen as

a mode] for the DRS.* The important difference is that while the RECON System retrieves
bibliographic information that is stored in the computer memory, the DRS retrieves actual
documents stored on microfiche., The selection of RECON does not imply that other systems
would not be compatible with DRS. It was selected for convenience since it is a system
which is in use at NRC and therefore familiar to many staff members.

SEARCH AND RETRIEVAL LOGIC

The documents are sorted into files, each file dealing with a different type of informa-
tion. For example, the NRC documents may be separated into the following files:

Docket File
Subject File
Authority File
Author File
General File

In the computer, files of key words and other suitable parameters are created to allow
access to the documents in a data base. The structure of the file is shown in Figure 4.

In the general file, there will be indexes to such terms as subject, keywords, docket
numbers, and plant names. Separate files will contain author names and dates of receipts.
The related terms file contains a list of logically and topically related terms to terms
in the general file. This heips .he user specify more exactly his research.

A1l files point to an inverted file. This file stores records of document identifiers.
The inverted file, in turn, contains pointers to the Linear Index. This index contains
the location of the desired information with respect to the fiche bank. The fiche bank
contains the actual documents, placed on computer addressible carousels.

These files are accessed and searched by the user through a series of commands which are
interpreted by the computer in the Index Control Unit. His objective is (1) to identify
the document and sections or even the individual pages thereof that are likely usable to
him, and (2) to consult the references identified. He first identifies himself, chooses
the data base he wishes to search, then searches by specifying different commands and
arguments.

FThis file structure is not necessarily the one being developed for the actual NRC
purchased system, see Preface.

T D P P O T e e e R e e e e e e s R e e e e e



|
GENERAL | RELATED |
FILE INDEX TERMS
FILE %
CHRONOLOGICAL
FILE INDEX .
| INVERTED | g
e FILE
AUTHOR
FILE INDEX
FICHE
BANK
LINEAR
INDEX .
\ SN
F1GURE 4

DRS FILE STRUCTURE

For example, the expand command displays a portion of the General (or Author or Date)
index that contains the item specified in the argument of the command. The form of this
command is: ‘“expand argument type = argument name." For example, expand "it = power. "
In this case, "it" refers to argument type which is interpreted by the computer as an
index term or keyboard. The files are alphabetically (or chronologically) ordered, so
execution of the command will be displayed as shown in Figure 5. This may help the user
find the proper term on which to collect information,

Ref. # Description Doc.
E0] Postestative Condition 590
ED2 Pot hand 24
EO3 Pot value n
£04 Power coupling 4

E05 Power metallurgy 23
E06 Power 4,090
EQ7 Power density 2,019
E08 Power distribution 1,087
E09 Power grid 120
EN0 Power limit 374
£l Power load 293

FIGURE 5

SIMULATED TERMINAL DISPLAY OF RESULTS

In the expand command, the "argument type" is a two letter abbreviation of each separate
The "argument name” will be the term (or name or date) you
wish to search on. A 1ist of some representative argument types and the file each identi-

index contained in the files.

fies follows:

Bl »v
it -
su ==
da --

author

index term (narrow search)
subject (broad search)

date
company responsible
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The select command forms a set of the document identifiers contained in the record corre-
sponding to the term identified in the argument of the command, as for example "power."
This set is called a work set, and is assigned a number for later identification by the
system. The form of the select command is the same as that of the expand command. For
example, if the user wished to see all documents written by John 2. Smith, he would type,
Select au = Smith, John Z. The terminal display would show as:

set Des. Doc.
1 au = Smith, John 7. 4

This means that the user has created his first work set consisting of all documents
produced by John Z. Smith. In this example, there are two such documents.

This work set can be viewed directly or combined with other work sets using the combine
command. The viewing of the fiches themselves using the display command or a 17sting of
the titles or other references of the document contained in the work set, can be displayed
using the display command. The combine command allows the user to use Boolean logic to
combine work sets, thus expanding or condensing his search. The form of this command is:

combine <work set #> logical connector <work set #>

There are three logical connectors: "“and" (coded with a "*"), "“or" (coded with a "+"),
and "difference" (coded with a "-"). 1In other words, if you have work sets a and b, then
“combine a * b" creates a work set consisting of all document identifiers common to both
a and b, while "combine a + b" gives you all documents either in a or b, and "combine

a - b" produces a work set of all documents that are in a and not in b. The following
table indicates the relationship between the logical connection used in RECON to Symboiic
Boolean operators.

Operation RECON Boolean Verba)
Intersection a*h anb aand b
Union a+b avb aorbd
Complement a-b ahb a not b

As an example, suppose the user has created two work sets:

set Des. Doc.
] it = computer codes 1,257
2 it = core design 13,294

If he wished information on the computer codes that deal with core design, he would type:
combine 1 * 2
The system would perform the logical combination, creating a new work set 3, and print:
3 i fh 982

The display command calls up any work set for viewing at the users terminal. The form of
the display command is:

display <work set #>

For example, if the user wished to view the work set created in the example above, he
would type “display 3." The system would find the corresponding fiche locations in the
Linear Index, then access the proper fiche from the fiche bank. Alternatively, the user
could view a listing of the titles or other identifying features of the documents in the
work set.
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The organization of the SRP is uniform for all systems and ha the tollowing format:
i, A-ea of Review - Describes tie scope of the review.

2. Acceptance Criteria - Statement of the purpose and technical basis.

3 Review Procedure - How the review is conducted.

4. Evaluation - Specifies the findings and conclusions that must be made.

The SRP is keyed to the "Standard Format and Content of Safety Analysis Reports for
Nuclear Power Plants." The work done by the Commission in formalizing the review procedure
with the publication of SRP and the Standard Format suggests the concept of an automated
review procedure using *he capability of the DRS with enhanced computer capabilities.

This enharcement capability is achieved with system processors which for convenience will
be addressed as a "module.”

The purpose of a moduie is simple. It is a computerized procedure which processes a
review through the steps needed for the review. It is an SRP on a microstructure level--
the level a computer understands. The module steps the reviewer through an approved
procedure. It pauses at decision points and suggests alternatives. It inquires of the
reviewer the need for additional  nformation, suggests the information needed for that
stage of review and then autumatically brings up the requested documentation. At no time
does the module compromise the reviewers prerogatives to make decisions; it merely aids
him in decision by bringing up the required information quickly and easily. From the
management point of view the module can be designed to monitor adherence to prescribed
procedures and therefore, provide quality assurance for the review process.

The characteristics of a module can be summarized as follows:

i Step by step review process keyed to the SRP.

s Identification of decision points and approved alternate paths
& Prompt availability of principal reference documents.

4. Approved logic train to provide Q/A for the review process.

The Technical Review of a PSAR

The technical review of a licensee application for a construction permit follows four
steps:

b, Acceptance review of PSAR and docketing.
2 Technical review ana rounds of questioning.
3 Preparation of the Safety Evaluation Report by the staff (SER).

4. Preparation of supplements to the SER when significant additional information becomes
available following ACRS review.

The emphasis in this study will be an only one of the above steps, namely, the Acceptance
Review. A module has been written to illustrate how the Acceptance Review could be
conducted using the DRS and logic programmed into the computer. The standardization of
the SAR format has made the acceptance review a relatively simple review procedure. The
module reflects the simplicity of the process while emphasizing the structure and applica~
tion of the module concept. It should be noted, that at no time does the module attempt
to influence the decision of the reviewer.

Since the Acceptance Review is essentially a completion review of a PSAR prior to docket-
ing, we will assume that ar administrative decision has been made not to index the document
until it has been accepted for docketing. In this case the PSAR will be available in

hard copy only. This is a practical measure since the PSAR may not be acceptable and
require considerable changes before it is acceptable for docketing.

After accessing the appropriate module, the display shown in Figure 15 will appear on
the screen,
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After reviewing the Table of Conterts presented by the Module, the reviewer who is
usually a specialist working in a particular discipline makes a selection. In this
case we will assume the reviewer is a Nuclear Engineer or Physicist in the Core

Performance Branch.

He is concerned with Section 4.3 Nuclear Design.

results in the display shown in Figure 20.
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voids, bydravilc stabilicy, translent iimice, fuel cladding integricy
eriteria, wnd fusl sssembly integrity criteria.

4.4.7 Deaceiption of Thegmel and Wrdreulic Design of the Beactop Core
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4.h 2 ) Bummaty Compariscn. A summary comparison of the therwal
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example, primary coolant tewperstures, fuel lemperatures, waxisus and
average Linesr heat generation retes, critical hast flus vation, critical
heat flux coreelations used, coolant velocities, wurface heat fluxes,
power densities, specific powers, surface aress, and flow aress. ,
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and comparison with other coreelstlon.
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FIGURE 20 (Continued)

The reviewer will then compare the information in his hard copy of the licensee's PSAR
with the requirements of the Standard Format--step by step, requirement by requirement--
until the review is completed. 4

1f the documentation is considered to be deficient (i.e., not sufficiently complete} the
staff reviewer(s) will make specific requests for additional information. At this point
professional judgment is needed to evaluate deficiencies and to determine the necessary

additional data or information to be requested of the applicant. The reviewer may find

it necessary to use the full capability of DRS to access informaticn needed to complete

the review,

The Acceptance Review was selected to illustrate the concept and use of a module because
of its simplicity, but the employment of the module concept in the licensing process
would find its most useful application in the steps following the Acceptance Review. For
example, the second step, "Technical Review and Rounde of Questions," would use the
capability of DRS to access information needed in the review procedure. A sampling of
information sources might include the applicable portions of;

Code of Federal Regulations (10 CFR) «
Standard Review Plans
Regulatory Guides
S5taff Technical Reports
Branch Technical Positions :
Letters from Advisory Committee on Keactor Safeguards
Topical Reports
Code and Standards -  Industry and Technical Societies (ASME, ANST, ACI, ASLI

WRC, ASTM, IEE, etc.)
Texts |
Technical Journals
Technica) Papers

20



In this case, our reviewer faces the complexity of information retrieval, logic, analysis
and the execution of professional judgement. A module keyed to Lye SRP would be a princi-
ple aid in the review process

A preliminary investigation was conducted to determine the feasibility of programming a
module keyed to Section 4 3 of the SRP.  The investigation revealed that significant
effort would be needed to program the 5RP to the microstructure level required by a
module. The additional effort required placed this phase of the investigation outside
the scope of the time and budget constraints of the PLATO Project. Across the board
feasibility of the module concept in technical review would require further investigation.

DRS Use In Rea! Time Information Processing

Our second example shows how DRS could be usea in the real time Safeguard Information
processing requirements of the NRC. This is done by simulating the response to an inci-
dent involving the transportation of nuclezr materials.

The Safeguard Division of the Office of Nuclear Material Safety and Safeguards has two
reiated projects underway.

The first is to develop an Integrated Safeguard Information System, sometimes called
EYE-SIS, and the second is to develop contingency plans to assure proper response to
safeguards incidents.

An Incident Management Conter is planned with secure telecommunications with other Federal
agencies. Here an Information Management team will ¢valuate the validity of any threat.
The question here is: how can DRS, with its rapid information retrieval capability and
the concept of a module be utilized in the support of a response to a threat or an
incident? The scenario chosen is concerned with the transport of strategic nuclear
material. Of special interest was a study of how the concept of formalized logic or
procedures could be used by prompt resporice forces at NRC.

The NRC is responsible for establishing rules and security regulations for the protection
of nuclear mater‘al being shipped by the licensed sector of the domestic fuel cycle. The
Jurisdiction is over a large area of the U.5. as shown ‘n Figure 21 and “requently many
shipments are made each day.

Nuclear facilities — fuel processing.

FIGURE 21
TERMINAL DISPLAY INDICATING FUEL PROCESSING
FACTTITIES IN U.S

t

AVl routes must be prepianned and authorized. An example of a frequently used route for
shipping highly enriched uranium from a conversion plant in Pennsylvania to a fabrication
plant in Connecticut is shown in Figure 22.

21
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Information Storage and Retrieval

In reviewing systems available for storing information, choices range from microform
storage in either fiche or film to magnetic tape or disk in extended computer memory
storage. For microfiche storage the most widely used system is a carousel arrangement in
which 750-800 fiche can be individually positioned in front of a reviewing head with a
maximum time lag of about six seconds. Each fiche has 60 frames and therefcre a single
carousel has a storage capacity of about 450,000 - 480,000 frames (pages). It is clear
that ten carousels will provide storage capacity for about 4.5 - 4.8 million frames
(pagesj. A single carousel occupies a volume of less than one cubic foot.

The DRS described in this study uses carousel storage, is fully automatic with multiple
fiche banks or carousels, each serviced by a TV transmitter. At the present time nc

large systems of this type are in use and, therefore, although evaluation of the component
subsystem is possible, the feasibility of solving subsystem interface problems is subject
to engineering judgment.

There are, however, other systems which are semiautomatic and in use in varied applica-
tions. Some are being used by utilities for records management.

In one such system,” computer assisted search capability is used to identify a micro-
film cassette which holds the information desired. The cassette is manually retrieved
from the data base by the user and viewed in a conventional microfilm reader. This
system has obvious disadvantages when users are distant from the data base location. In
that case satellite files may be strategically located for user accessibility.

A possible application of this technology at NRC might be used to link the regional
offices to the HQ computer to provide search and browsing capability with satellite files
and readers located at each regional office for the regional user.

Terminal Equipment®

In a remote access system such as DRS the user at a distant terminal requires that the
system display an image at the terminal within an acceptable time, that the image be
available for viewing for as long as is necessary, and that the image is displayed with
sufficient resolution for easy readability.

The DRS system will comply with the first two requirements through the utilization of the
banks of carousels and the terminal buffer. The problem of sufficient resolution for
good readability is difficult to solve.

Early systems using the standard 525 scan lines closed circuit TV could not deal with
normal type without zooming in for detail. The results were not acceptable since it was
necessary to pan back and forth across a line when reading.

The newer remote display systems use a 1,200 line-scan vidicon camera in a closed circuit
TV system. The Bureau of Standards has stated that the 1,200 line-scan system is not
good enough and suggests double this resolution (2,400 line-scan). The reference system
does not have this resolution and therefore readability may present a problem for some
documents.

Also important are the information reguirements of the terminal user. It is quite likely
that the NRC staff will not be interested in reading a report or document completely at
the terminal. They will be interested in the lists of documents or other references
contained in the work sets generated in the search routines and in browsing cépability in
which bits and pieces of information are synthesized to satisfy an information need.
These users will be willing to encounter some delay and receive a hard copy if extensive
reading is required.

Transmission System

In a microfiche remote access system such as DRS the image transmission requirements
between the centralized fiche data bank (base) and the remote viewer are linked to the

problems of image resolution and display. Important parameters are the band width require-

ment of the communication link and the time it takes to produce a satisfactory image

*This section was written before the terminals for actua) use at NRC were
selected, see Preface
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Eastman Kodak Company Horizons Research

343 State Street 23800 Merchantile Road
Rochester, NY 14650 Cleveland, OH 44122
716-325-2000 216-464-2424

Eastman Kodak Company Image Systems, Inc.

500 12th Street, S.W. 11244 Playa Court
Washington, DC 20024 Culver City, CA 90230
202-554-9300 213-390-3378
Electro-Optical Mechanisms, Inc. Information Handling Services ws
2865 Metropolitan Place 5500 S. Valertia way
Pomona, CA 91767 Englewood, CO 80110
714-593-2515 303-771-2600

Emtex Corporation Kalvar Corporation

100 Merrick Road 907 S. Broad Street
Rockville Center, NY 11570 New Orleans, LA 70125
516-536-4940 504-822-1600

Extek Microsystems, Inc. Kalvar Corporation

15424 Cabrito Road 150 S. Washington Street - Suite 403
Van Nuys, CA 91406 Falls Church, VA 22046
213~989-2630 703-536-2500

First National City Bank Keuffel and Esser Company
111 wall Street 20 whippany Rcad

New York, NY 10015 Morristown, NJ 07960
212-825-5000 201-285-5315

GAF Corporation Kingsport Press

140 W, 51st Street Kingsport, TN 37662

New York, NY 10020 615-246-713)

212-582-7600

GAF Corporation Lumonics

460) Lydel] Road P.0. Box 1800

Cheverly, MO 20781 Kanata, Ontario
301-322-3130 613-592-1460

Harris Corporation (Radiation Labs) The Frederic Luther Company
P.0. Box 37 P.0. Box 20224
Melbourne, FL 32901 Indianapolis, IN 46220
305-727-4743 317-253- 3446

Harris Corporation Gordon Lysle, Inc.

2600 Virginia Avenue, N.W. - Suite 704 514 Larkfield Road - Suite 8
Washington, DC 20037 East Northport, NY 1173]
202-337-4914 516-266-2338
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Gordon Lysle, Inc.

1901 Ft. Meyer Drive - Suite 812
Rossiyn, VA 22209

703-527-6301

Metagraphic Systems
1624 Stillwell Avenue
New York, NY 10461
212-892-3700

The Micopra Corporation
176 King Street, Box 1187
Hanover, MA 02339
617-871-2610

Micro Information Systems, Inc.
467 Armour Circle, N.E.
Atlanta, GA 30324
404-873-442

Microx Corporation

1901 Ft. Meyer Drive - Suite 812
Rosslyn, VA 22209

703-527-6301

Mid-Atlantic Industries
P.0. Box 942

Baltimore, MD 21203
301-465-6506

Millifile, inc.

3 Westchester Plaza
Elmsford, NY 10523
914-592-5524

3M Company

3M Center

St. Paul, MN 55100
612-733-6986

3M Company

5570 Port Royal Road
Springfield, VA 22151
703-321-8400

Mohawk Industrial Laboratories, Inc.
One Ward Street

Vernon, NY 13476

315-829-2781
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National Capital Systems, Inc.
1815 N. FL. Meyer Drive
Arlington, VA 22209
703-527-0803

National Educational Consultants, Inc.

5604 Rhode Island Avenue
Hyattsville, MD 20781
301-699-9300

National Microfilm Systems, Inc.
850 S1igo Avenue - Suite 401
Silver Spring, MD 20910
301-588-3200

NB Jackets Company
54-18 37th Avenue
Woodside, NY 11377
212-672-9000

NCR Corporation

Main & K Streets, Building 26
Dayton, OH 45479
513-499-5135

NCR

5011 Herzel Place
Beltsville, MD 2070%
301-937-5840

New York University

Elmer Holmes Bobst Library
70 Washington Square South
New York, NY 10012
212-598-2009

Oce - Industries, Inc.
6500 N. Lincoln Avenue
Chicago, IL 60645
312-673-0900

Oce - Industries, Inc.
510 Warren Road
Cockeysville, MD 21030
301-666-8126

Pepco Division

computer Specialties Corporation
87 Burlews Court

Hackensack, NJ 07601
201-487-4116
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PMS Industries, Inc.
283-285 Central Avenue
Silver Creek, NY 14136
716-934-2681

PRC Information Sciences Company
7600 01d Springhouse Road
MclLean, VA 22101

703-893-1810

Pride Industries Corporation
22 Walter Street

Pearl River, NY 10965
$14-735-7777

Ragen Precision Industries
9 Prete Avenue

North Arlington, NJ 07032
201-997-1000

Randomatic Data Systems, Inc.
344 W. State Street

Trenton, NJ 08618
609-695-3447

Realist, Inc.

P.0. Box A7

Menomonee Falls, WI 53051
414-251-8100

Realist, Inc.

8710 Kerry Lane
Springfield, VA 22152
703-569-9488

Scott-Graphics, Inc.
Holyoke, MA 20852
413-536-7800

Scott-Graphics, Inc.
6000 Executive Boulevard
Rockville, MD 20852
301-881-7505

Security Engineered Machirery Co., Inc.

Five Walkup Drive
westboro, MA 01581
617-366- 1488
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Sperry-Univac Systems Division
P.0. Box 1000

Blue Bell, PA 19422
215-542-4011

Sperry=Univac Systems Division
2233 Wisconsin Avenue, N.W.
Washington, DC 20007
202-338-7400

Stromberg Datagraphix, Inc.
P.0. Box 2449

San Diego, CA 92112
714-291-9960

Supreme Equipment and Systems Corp.
170 53rd Street

Brooklyn, NY 11232

212-492-7777

Tayl ~~Merchant Corporation
25 W. 45th Street

New York, NY 10036
212-757-7700

Teledyne Post

700 Northwest Highway
Des Plaines, IL 60016
312-299-1111

Termiral Data Corporation
21221 Oxnard Street
Wood'and Hills, CA 91364
213-887-4900

Trans-a-File Systems Company
371 Santa Trainita Boulevard
Sunnyvale, CA 94086
408-732-9600

TRW, Inc.

One Space Park

Redondo Beach, CA 90278
213-535-0133

Tymshare, Inc./Data Services Div.
10261 Bubb Road

Supertino, CA 95014
408-257-6550
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UMF Systems, Inc.
254) Prairie Avenue
Evanston, IL 6027)
312-869-4900

University Microfilms, Inc.
P.0. Box 1346
Ann Arbor, Ml
313-761-4700

48106

U.S. Datacorp

U.S. Bank Plaza, 555 S.W. Oak Street
Portland, OR 97208

503-225-5070

Varian

470 San Antonio Road
Paloc Alto, CA 94306
415-328-1350

A. B. Dick/Scott

Alvord Street

South Hadley, MA 01075
413-536-7850

Emtex Corporatieon
100 Merrick moad
Rockville Center, NY
516-536-4940
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Washington Scientific Industries, Inc.

Long Lake, MN 55356
612-473-1271

Xerox Commercial Microsystems
300 N. Zeeb Road

£ n Arbor, MI 48106

. 13-769-9620

Xerox Corporation

1911 N. Ft. Meyer Drive - 12th Floor
Arlington, VA 22209

703-527-0700

Xidex Corporation
305 Soque) way
Sunnyvale, CA 94086

Energy Conversion Devices, Inc.
1695 West Maple Road

Troy, Ml 48084

313-549-7300

Microform Data Systems, Inc.
830 Maude Avenue

Mountain View, CA 94043
415-964-4635
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