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FUNCTIONAL REQUIREMENTS OF COMPUTER SYSTEMS FOR THE
U.S. GEOLOGICAL SURVEY, WATER RESOURCES DIVISION, 1988-97

By R. Michael Hathaway and Jesse M. McNellis

ABSTRACT

Investigating the occurrence, quantity, quality,
distribution, and movement of the Nation’s water
resources is the principal mission of the U.S.
Geological Survey’s Water Resources Division.
Reports of these investigations are published and
available to the public. To accomplish this mission,
the Division requires substantial computer technol-
ogy to process, store, and analyze data from more
than 57,000 hydrologic sites. The Division’s
computer resources are organized through the
Distributed Information System Program Office
that manages the nationwide network of computers.
The contract that provides the major computer
components for the Water Resources Division’s
Distributed Information System expires in 1991.
Five work groups were organized to collect the infor-
mation needed to procure a new generation of
computer systems for the U.S. Geological Survey,
Water Resources Division. Each group was
assigned a major Division activity and asked to
describe its functional requirements of computer
systems for the next decade. The work groups and
major activities are: (1) hydrologic information, (2)
hydrologic applications, (3) geographic information
systems, (4) reports and electronic publishing, and
(5) administrative.

The work groups identified 42 functions and
described their functional requirements for 1988,
1992, and 1997. A few new functions such as
Decision Support Systems and Executive Informa-
tion Systems, were identified, but most are the same
as performed today. Although the number of
functions will remain about the same, steady growth
in the size, complexity, and frequency of many
functions is predicted for the next decade. No
compensating increase in the Division’s staff is
anticipated during this period.

To handle the increased workload and perform
these functions, new approaches will be developed
that use advanced computer technology. The
advanced technology is required in a unified, tightly
coupled system that will support all functions simul-
taneously. The new approaches and expanded use
of computers will require substantial increases in the
quantity and sophistication of the Division’s
computer resources. The requirements presented in
this report will be used to develop technical
specifications that describe the computer resources
needed during the 1990’s.

INTRODUCTION

The U.S. Geological Survey, Water Resources
Division (WRD), is the principal Federal water-
data agency. Its mission is to investigate the
occurrence, quantity, quality, distribution, and
movement of the Nation’s water resources.
Reports of these investigations are published and
available to the public. To accomplish this
mission, the Division collects hydrologic informa-
tion at more than 57,000 sites and processes more
than 1,000,000 pieces of water data daily (Condes
de laTorre, 1987). To process, store, and analyze
this much data requires substantial computer
technology. Since 1982 the Division’s computer
technology has been organized through the
Distributed Information System (DIS) Program
Office that manages the nationwide network of
computers. A contract with PRIME Computers1
was signed in 1982 to provide the major computer
components for the DIS. This contract expires in
1991 and, prior to that time, all available capacity
of the present DIS will be in use. In addition, the
demand to update the current DIS environment
with new technology and to provide additional
features continues to grow.

“The use of brand, trade, or firm names in this report is for identification purposes only and does not constitute endorsement

by the U.S. Geological Survey.



Purpose and Scope

To make a considered and smooth transition to
anew generation of computer technology requires
substantial planning. Requirements need to be
well defined, economic and personnel considera-
tions weighed, and technology carefully con-
sidered. To obtain the new computer resources,
the DIS Program Office organized the
Distributed Information System-II (DIS-II)
project. The objectives of the project were: (1)
determine the Division’s computer requirements,
(2) develop technical specifications that meet the
requirements, and (3) obtain the computer
resources. The Information Management and
Computer Utilization Advisory Committee
(IMACUAC) and the Technical Advisory
Committee (TAC), which are the management
and technical advisory committees of the
Division’s Office of the Assistant Chief
Hydrologist for Scientific Information Manage-
ment (SIM), endorsed the establishment of five
work groups to analyze the Division’s major
activities and determine the functional require-
ments for future computer systems. Functional
requirements are the tasks that must be
performed to meet the mission of the Division,
many of which require computer support. The
purpose of this report is to present the functional
requirements to be supported by DIS-II as
described by the five work groups.

The five work groups and the major activities
of the Division addressed by the work groups are:

* Hydrologic Information: The acquisition,
computation, storage, and distribution of
hydrologic information.

* Hydrologic Applications: The manipulation,
analysis, and interpretation of hydrologic
information.

* Geographic Information Systems: The
acquisition, storage, sharing, and presentation
of spatial information.

* Reports and Electronic Publishing: The
processing, storage, and distribution of
published reports, maps, and scientific
documents.

* Administrative: The processing, storage, and
distribution of administrative information.

The scope of this report encompasses the
descriptions of the functional requirements
derived from the analysis of these activities.

The five work groups consisted of
representatives from the Water Resources
Division, Geologic Division, National Mapping
Division, Information Systems Division, and
Administrative Division. Each work group, which
consisted of six or seven members expert in the
activity, prepared descriptions of current func-
tional requirements and those anticipated in the
1990’s. The names of work group members and
their respective Survey organizational unit are
listed in table 1. Supplementary Data SD-1
through Supplementary Data SD-V contain the
activity descriptions prepared by each work
group. The authors wish to acknowledge the long
hours and hard work of each member without
which this report would not be possible.

Work Group Approach

The work groups had the charge to identify and
describe the functions within their activity that
require computer support in the 1988, 1992, and
1997 time horizons. Each work group inde-
pendently designed its approach for determining
the functional requirements and organization of
its reports. A common format, the Functional
Requirements Form, was used by the work groups
as a guide in reporting the information. All work
groups first met to determine the tasks to be inves-
tigated, and assigned one or more tasks to an
individual or group to develop information about
the function. Each work group reconvened to
discuss and compile its results. The work group
report was compiled, usually by the chairman, and
distributed to each member for review. The
chairmen met with the project coordinators to
present their reports, discuss the results, and
resolve any discrepancies.

The five work group reports were then
compiled and analyzed by the authors of this
report. The aggregate functional requirements
for computer systems derived from the five
reports were further analyzed for potential over-
lap. Overlapping functional requirements were
noticed and stress the importance of those
requirements by their presence in multiple
activities.



Table 1. — Work group members

[WRD, Water Resources Division; ISD, Information Systems Division; NMD, National
Mapping Division; GD, Geologic Division; AD, Administrative Division]

Work group members Division Organizational unit
Hydrologic Information
Daniel P. Bauer, Chair WRD Missouri District
S. Ernest Dreyer WRD Branch of Instrumentation
Oliver Feist WRD Branch of Analytical Services
Joe B. Gillespie, Jr. WRD Kansas District
Mark Kutsco ISD Reston, Va.
Jonathon Scott WRD Oklahoma District
William B. Garrett WRD Arizona District
Hydrologic Applications
Alan M. Lumb, Chair WRD Office of Surface Water
Larry R. Bohman WRD South Carolina District
Ralph T. Cheng WRD Western Region
Mary M. Chepiga WRD New Jersey District
Dennis Helsel WRD Branch of Systems Analysis
Jeffrey E. Miller WRD Central Region
Bill Sikonia WRD Pacific Northwest District
Geographic Information Systems
Mark A. Ayers, Chair WRD New Jersey District
James M. Bettandorff WRD Kentucky District
Frederick J. Heimes WRD California District
John M. Kernodle WRD New Mexico District
Kenneth J. Lanfear WRD Branch of National Water Summary
Brent Lowell NMD Reston, Va.
Reports and Electronic Publishing
Gregory J. Allord, Chair WRD Wisconsin District
Darwin F. Alt WRD Publications Planning Unit
Jackie Durham GD Reston, Va.
Sherron D. Flagg WRD Florida District
Kerie J. Hitt WRD Branch of National Water Summary
Robert S. Roberts WRD Montana District
Richard E. Smith WRD Western Region
Administrative
Robert D. Hudson, Chair WRD Southeastern Region
Clara L. Chambliss WRD Branch of Accounting Services
Eliot Christian AD Reston, Va.
Mark S. Gerl WRD Montana District
Elaine Gockel WRD California District
Robert F. Middelburg, Jr. WRD Colorado District




The Functional Requirements Form provided
to the work groups also included software and
hardware items that are properly technical
specifications and are not used nor explicitly

discussed in this report. However, the work
groups’ descriptions of software and hardware are
valuable in the development of the DIS-II
technical specifications.

DISTRIBUTED INFORMATION SYSTEMS-II (DIS-II)
FUNCTIONAL REQUIREMENTS FORM

The following questions are designed to collect detailed information about what activities are
performed, where, and how often. You will need to describe linkages to external activities such as the
Administrative Division, Geologic Division, Environmental Protection Agency, cooperators, universities,
and consultants. Also you will need to describe each activity for the 1988, 1992, and 1997 periods. Use your
best estimates about what applications will be developed, what new work you feel will be important, and how

it will be accomplished.

Please complete a questionnaire for each activity and year. For example, an activity might be payroll,
therefore individual forms will be completed describing payroll in 1988, 1992, and 1997. If you need more
space to describe the activity, use additional pages. If you wish to include any printed documents, tables, or

charts, please attach them to the form.

(1) Please identify the major activities
performed.

(2) Please describe each identified activity and
why it is needed. Use a separate form
for each period (1988, 1992, 1997) that
this activity will occur.

(3) Please describe the flow of information in
this activity.
(4) How many locations do this activity?

(5) How many times per year is this activity
done?

(6) How many people per year do this activity?

(7) How many hours per person per year are
spent doing this activity?

(8) Are there any special requirements for this
activity?

(9) Please describe any software requirements
for this activity. You may list functions
of the software or a specific product.

(9a) Data-base manager -
(9b) Editor software -

(9¢) Graphics -

(9d) Programming languages -
(9¢) Statistics software -

(9f) Spreadsheet software -
(9g) Utility software -

(10) Please describe any equipment
requirements for this activity.

(10a) Display/Keyboard -
(10b) Processor -

(10c) Storage unit -
(10d) Printer/Plotter -
(10e) Communications -

HISTORY OF THE DISTRIBUTED
INFORMATION SYSTEM

The Recent Past

The Division has used its Distribution
Information System since 1982. Prior to DIS, the
Division relied on remote job entry (RJE) to
mainframe computers at headquarters in Reston,
Va., and at other locations to do most of its com-
puting,

The DIS resulted in part from an extensive
effort that began in 1976 when Jesse McNellis of

the Kansas District of the U.S. Geological Survey
made a comprehensive study and determined that
to conduct business more effectively, the Division
would require about 80 minicomputers located in
Division field offices. On the basis of that study,
prototype minicomputers were installed in the
Kansas and New Mexico Districts and in the
Northeast Regional Research Office at head-
quarters. A report "The Use of Minicomputers in
a Distributed Information Processing System--A
Feasibility Study" (Longwill and others, 1980)
described the use of minicomputers at the two



district offices, presented a cost-benefit analysis,
and discussed the effects that distributed process-
ing had on Division activities. The following
observations, which are pertinent to the DIS

service, and the sharing of system and
application programs.

The capability of being interfaced to
data gathering devices both in the field and

today, are taken from that report.

"The effects of distributed processing in
Kansas and New Mexico are many and
varied particularly since all levels of
personnel are involved in using the com-
puters. Use of distributed processing has
transferred computing activities to the
locations where data originate and are
used. By doing this, certain important
efficiencies have resulted that have
benefited operations in both districts.

"These include increased user control,
utilization and participation, increased
responsiveness, faster turnaround,
quicker access to local data bases, more
accurate data capture, and faster error
correction, Other economic benefits
include lower costs for manpower and
communication, and the ability to relate
data processing costs to function.

"The daily business of WRD offices
requires heavy computer use. This
requirement continues to grow each year.
Water data and their analysis and inter-
pretation are essential to the national
management of water resources. The data
bases become more extensive, the model-
ing activity becomes more critical to
decision making, and the need for faster
access to computer-based information
increases.

"Therefore, it is recommended that the
Water Resources Division implement an
integrated information system and procure
for district use minicomputers that have
the following features:

Conventional data processing in batch,
interactive, and remote job entry modes.

Word and text processing.

Report preparation capability,
including interface to typesetting
equipment.

Support of a Data Base Management
System (DBMS) package.

The capability of communicating with
any other integrated information system to
allow teleconferencing, electronic mail

in the office. Such devices include
laboratory instruments, portable point of
entry, data logging, and data conversion
equipment,

Each integrated information system
must be capable of running all tasks
described above concurrently.

Each system must be capable of being
assembled from a large family of com-
patible processors and peripherals to meet
the needs and budget restrictions of each
WRD district and subdistrict operation."

The Present

Before the DIS, there probably were less than
300 computer literate users in the Division.
Today, the number is closer to the number of
employees, or about 4,000. The DIS has made this
improved literacy possible by providing an easy to
use, uniform system available to every employee.
The DIS is composed of many components built
on a foundation of computers and associated
software modeled on the recommendations listed
in the feasibility study (Longwill and others, 1980).

What are the components of the DIS that make
it successful?

Computers that run efficiently for long periods of
time; when a problem exists, the maintenance
personnel do an outstanding job. The
distribution of computers is shown in table 2.

The DIS network that links the Division’s
computers and the Division together with
electronic mail, a file-transfer service, and
virtual terminals. The location of DIS network
sites is shown in figure 1.

Common models of terminals and peripheral
equipment that provide a consistent base for

developing new skills. This equipment is shown
in table 3.

A _common body of commercial software that

includes word processors, editors, graphics
generators, programming languages, utilities,
and statistical packages. This software is
shown in table 4.



Table 2. — Location, model, and capacity of
Distributed Information System computers

[MB, megabytes]

Central Disk
Location Model Processing memory

Unit memory (MB) (MB)

Albany, N.Y. 9955-11 8 1,500
Albuquerque, N. Mex. 9955-11 16 2,400
Anchorage, Alaska 750 8 1,675
Arvada, Colo. 850 6 1,200
Arvada, Colo. 850 10 1,200
Atlanta, Ga. 750 4 600
Austin, Tex. 9955-11 12 2,400
Austin, Tex. 9955 14 1,975
Baton Rouge, La. 750 4 1,800
Bay St. Louis, Miss. 750 6 600
Bay St. Louis, Miss. 750 4 600
Bismarck, N, Dak. 750 8 1,200
Boise, Idaho 9955-11 8 1,200
Boston, Mass. 750 8 900
Boston, Mass. 9955-11 14 1,800
Carson City, Nev. 9955-11 16 1,975
Charleston, S.C. 750 6 980
Cheyenne, Wyo. 750 6 2,400
Columbia, S.C., 9955 8 3,350
Columbus, Ohio 750 6 1,200
Doraville, Ga. 9955-11 16 2,400
Harrisburg, Pa. 9955-11 12 1,500
Helena, Mont. 750 8 1,500
Honolulu, Hawaii 750 8 1,200
Huron, S. Dak. 750 6 1,200
Indianapolis, Ind. 750 6 1,500
Indianapolis, Ind. 750 4 1,200
Iowa City, Iowa 750 6 980
Jackson, Miss. 9955-11 12 3,180
Lakewood, Colo. 9955-11 10 3,000
Lakewood, Colo. 9955 16 3,000
Lakewood, Colo. 9955 14 3,175
Lakewood, Colo. 9955-11 14 1,800




Table 2. — Location, model, and capacity of

Distributed Information System computers--Continued

[MB, megabytes]
Central Disk
Location Model Processing memory

Unit memory (MB) (MB)

Lincoln, Nebr. 750 6 1,200
Little Rock, Ark. 9955-11 12 1,580
Louisville, Ky. 9955-11 16 1,500
Madison, Wis. 9955-11 8 2,400
Menlo Park, Calif. 9955-11 16 2,400
Miami, Fla. 9955-11 12 1,800
Nashville, Tenn. 9955-11 8 1,800
Oklahoma City, Okla. 9955-11 16 1,500
Orlando, Fla. 750 8 1,800
Portland, Oreg, 9955-1I1 8 1,200
Raleigh, N.C. 9955 8 1,800
Reston, Va. 9955 16 3,600
Reston, Va. 9955-11 16 3,173
Reston, Va. 850 8 2,400
Reston, Va. 850 8 3,600
Reston, Va. 2250 2 180
Reston, Va. 9955-11 16 3,968
Richmond, Va. 750 6 1,800
Rolla, Mo. 750 8 1,975
Sacramento, Calif. 9955-11 16 1,800
Sacramento, Calif. 9950 6 1,200
St. Paul, Minn. 750 4 1,200
Salt Lake City, Utah 9955-11 8 1,500
San Juan, P.R. 9955-11 12 1,580
Syosset, N.Y. 9955-11 8 1,500
Tacoma, Wash. 750 8 2,100
Tacoma, Wash. 9955 10 0
Tallahassee, Fla. 750 8 1,800
Tampa, Fla. 9955-11 12 1,800
Towson, Md. 9955-11 8 1,800
Trenton, N.J. 9955-11 8 1,200
Trenton, N.J. 9955 18 1,200
Tucson, Ariz. 9955 16 2,400
Tuscaloosa, Ala. 750 6 1,200
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Table 3. —Water Resources Division peripheral equipment

Equipment type Number
Terminals 2,921
Printers 621
Plotters 90
Microcomputers 424

Table 4. — Water Resources Division commercial software

Approximate
Software Type number of
sites
PRIMOS Systems 70
PRIMENET Communications 70
X.25/FTS Communications 70
BASIC/VM Programming 70
MIDASPLUS Data base 70
FORTRAN Programming 70
F71 Programming 70
ED Editing 70
EMACS & RUNOFF Editing 70
Source Level Debugger Utility 70
COBOL Programming 70
PL1 Programming 70
INFO Data base 70
IMSL Statistical 70
PSTAT Statistical 70
CUECHART Graphical 70
DISSPLA Graphical 70
TELLAGRAF Graphical 70
20/20 Statistical 70
WordMARC Editing 54
ARC/INFO GIS 44
DATAGRAF Graphical 3
A common body of in-house software that A comprehensive training program covering the
includes storage, retrieval, computation, and software and hardware that includes vendor
manipulation of ground water, surface water, training, training at the Division training center,
and quality of water information as well as the regional offices, and training by Division
digital simulations of hydrologic systems, and personnel at field sites.

administrative data processing. The Division’s employees using the computer for

most, if not all, of their work.



The computers, software, and other
components complement each other and make
each other better. For example, the communica-
tions network improves the effectiveness of the
word processing software by allowing faster
review and preparation of reports. The Division
requires no less interrelationship among the new
components of DIS-II.

The Near Future

The work groups predict a significant increase
in the amount of work to be accomplished within
the Division from 1988 to 1997 with no increase in
personnel. The work groups expect the use of
computer technology to provide the increased
productivity. Their descriptions of the functional
requirements continue the Division’s past and
present direction of distributing computer
technology to the employee. The work groups’
descriptions also show that the computer technol-
ogy needs to be a tightly coupled system handling
all functions simultaneously. To meet these
needs, powerful, easy-to-use software, running on
general purpose computers which are linked
together in a network, are required.

MAJOR ACTIVITIES AND FUNCTIONAL
REQUIREMENTS OF THE USS.
GEOLOGICAL SURVEY, WATER
RESOURCES DIVISION

Each work group identified issues and made
assumptions in describing their activities and
functional requirements. These are presented
with the following abbreviated descriptions of
each major activity and their functional require-
ments. A complete description of each is
presented in Supplementary Data I through
Supplementary Data V.

Hydrologic Information

The requirements for hydrologic information
are presented in nine sections. These sections
encompass the four general areas involved in
processing hydrologic data: acquisition,
computation, file maintenance, and retrieval. The
requirements in each section are reported for
three Water Resource Division groups: District
(including all district, State, subdistrict, project,
and field offices), Research and Headquarters,

10

and Analytical Service Laboratory. This
breakdown was used because of the current and
projected differences in the mode and operational
characteristics of each group. Three types of
hydrologic information processed by these groups
are: (1) time dependent, (2) spatial, and
(3) narrative information.

Several assumptions were made in the analysis,
including: continued existence of a national
hydrologic data base, large changes in the amount
and types of data, and continued expansion of
real-time data. The national data base will be a
periodic aggregation of the distributed data bases
and is needed for large nationwide retrievals. The
need for data collection platforms and direct
readout ground stations are expected to continue
at an accelerated pace. Significant changes are
expected as the Analytical Services Laboratory
changes from manual to automated data entry into
the Division’s data bases.

The work group perceives a continuing critical
requirement for maximum support of an efficient
high speed network for inter- and intra-office
communications. Some of the projected large
data transfers include: real-time data transfers, at
least through 1992 time horizon, uploading and
support of national data bases, transfer of spatial
data, report processing, and a large increase in
requests for retrievals from local and national
data bases.

The work group members determined that
automated procedures are needed to check data
to assure its validity.

Hydrologic information residing in paper files
and cabinets are of little value to the user com-
munity. Procedures are required for digital entry
and retrieval of all forms of numeric and narrative
data.

Spatial data bases are thought to be primarily
the responsibility of the National Mapping
Division (NMD). The Division’s data bases will
contain only specific spatial data as related to
project needs. Therefore, carefully designed
linkages between the Division’s and NMD data
bases are required for easy efficient use of spatial
data.

The Hydrologic Information activity includes
the acquisition, computation, storage, and



distribution of hydrologic information and has the
following functional requirements.

1. Acquisition of manually entered data.--The
manual entry of data from notes, graphs, maps,
and figures into a digital format using terminals
and digitizers.

2. Acquisition of automatically entered data.--
The automated entry of data into a digital
format using devices attached to a digital
computer interface. '

3. Standard computation of data.--This task
includes instrument calibration, reformatting,
unit conversion, calculation, and reduction of
data elements.

4. Data synthesis.--The generation of synthetic
hydrologic data from several hydrologic data
elements using statistical, graphical, and other
comparative methods.

5. Data validation.--Validation of hydrologic
data includes checking for internal consistency,
checking against known values, comparing data
elements, and correlation analysis.

6. Data-base maintenance.--Structural main-
tenance includes definition and modification of
data elements, testing the integrity of the data,
recovery from catastrophic system failures, and
setting data-base security. Content main-
tenance includes backing up the data base,
calculating file statistics, and reorganizing data
files.

7. Data archiving.--This task archives data into
a national or historical data base.

8. Facilitating access to data.--This task provides

an interface to non-Survey users to access the
Division’s data.

9. Retrieval of data.--This task provides
retrievals and retrieval methods to all internal
and external users and the public.

Hydrologic Appiications

The requirements for hydrologic applications
are presented in 11 sections. Initially, the commit-
tee had a brainstorming session to identify all
possible computer activities in Hydrologic
Applications. From that list, the final 11 sections
were organized. Overlap in the various sections
exists, but is considered useful and helps stress the
importance of some of the requirements.

11

Hydrologic applications included district
projects, research projects at the regional centers
and districts, and projects at headquarters. The
full range of activities from data collection,
through data analysis, to report production, were
considered.

Several issues and themes emerged during the
discussions. These are highlighted in the
following paragraphs.

Larger computer memories, faster processors,
and more disk space are required by hydrologic
applications. Most all models are structured to
handle more time steps and greater spatial
resolution, but applications are currently limited
because of inadequate disk space, memory, and
turnaround time. Additional limits are
preprocessing time and effort required to create
and check modelinput, but these limits are rapidly
vanishing with improved software to handle
spatial data, advances in data loggers, and
improved software to handle time series
information.

Higher resolution graphics, graphic standards
and improved integration of graphics with data
handling, modeling, and statistical programs are
required. Interactive graphics is the key to
preprocessing for developing input for models.

Visualization systems are required.
Hydrologic processes and models are very
dynamic, and as such, graphics animation
becomes a powerful tool for understanding
hydrology and model output. Strong considera-
tion should be given to software and hardware
necessary for animation.

Desktop publishing is required and must
include capabilities for complex equations and
integration of text and graphics. Editors are
required to have software development features.

Supercomputer power is needed, but much of
the need is and will be coupled with the need for
interactive graphics. Thus, high volumes of data
must pass between the workstation and super-
computer. Some of the hydrologic models can use
parallel processing.

Portable software is very important. Most of
the hydrologic modeling software and much of the
statistics applications are shared with other



agencies, universities, cooperators, and
consultants. Supported software languages and
tools must adhere to American National
Standards Institute (ANSI) standards.

Hydrologic applications process large
quantities of data. Some is input data and some is
output data. Optical disk technology will play an
important role in hydrologic applications as a
source of input data and to archive project data.

The Hydrologic Applications activity includes
the manipulation, analysis, and interpretation of
hydrologic information and has the following
functional requirements.

10. Editing enviropment.--The editing
environment tasks consist of creating and
editing data files, reports, correspondence, and
software development.

11. Communications.--Communications involve
the internal and external transfer of program
and graphics software, data, report text,
graphics, and mail which support the other
major Hydrologic Application activities.

12. Data handling.--Data handling includes

collecting data in the field or laboratory,
transmitting data to the office, processing data
for input to an application, processing data
generated by the application, and may also
include acquisition of data from local and
external data bases.

13. Spatial data processing.--Spatial data

processing is the compilation and analysis of
remotely sensed or field collected data, which
in addition to having variable values (such as
water levels and constituent concentrations),
also has at minimum two-dimensional spatial
characteristics (latitude-longitude) and often a
third dimension of either depth or time.

14. Graphics.--Graphics involve the display of
information in symbolic form, and are essential
for the display and analysis of input data and
output results associated with hydrologic
applications.

15. Statistical analysis of data.--This task applies
statistical methods to the presentation,
analysis, and interpretation of hydrologic data.
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16. Surface-water modeling.--Surface-water

models reproduce hypothetical or real-world
surface-water flow problems by solving a set of
governing nonlinear equations.

ling.--Ground-water
models reproduce measured and conceptual-
ized movement of ground water through an
aquifer by solving a set of finite difference or
finite element equations.

18. Other modeling.--Other disciplines

modeled alone or as an extension of surface
water or ground water include solute and sedi-
ment transport and geomorphology, chemistry,
geochemistry, and ecology.

19. Real-time applications.--This task involves

collecting, transmitting, processing, and
immediately interpreting hydrologic data in a
hydrologic application.

20. Decision support systems--Decision
support systems are the integration of
hydrologic models and data management
directed toward specific resources manage-
ment decisions.

Geographic Information Systems

The requirements for geographic information
systems (GIS) are presented in six sections. GIS
is a spatial data management and analytical tool
offering tremendous potential gains in power and
efficiency for the Division. To make full use of
GIS, requires a commitment toward application
development, research into advanced GIS
technology, training, and providing better ways to
document and distribute GIS applications.

Digital line graph data (1:100,000 scale) for
hydrography, transportation, public land survey
systems, political boundaries, and topography are
needed.

Distributed processing with improved network
technology linking systems and equipment is
required. Existing linkages to computerized data
have too much manual intervention; automated
procedures are required. Software to easily place,
move, and edit text on maps and other graphics is
required. An improved data base management
system (DBMS) to effectively manage GIS data
including quality assurance and quality controls,



security protection, data base dictionary, and
transactional reports is required.

Visualization procedures capable of three
dimensional animation and video media output
are required. This type of visualization requires
supercomputer processing power. New
technologies (such as compact disk-read only
memory (CD-ROM) and video-cassette recorder
(VCR) tapes) are required for storing and
distributing data. Scanners are required to
eliminate considerable manual operations.

Research into alternative GIS data structures
and advanced GIS concepts such as object
oriented structures is required to better represent
spatial and hydrologic data and for development
of advanced hydrologic models. A knowledge
based GIS (KBGIS) is required to achieve greater
efficiency and reduce errors, particularly in
querying and data entry operations. Specialized
expertise is required for these research activities.

By 1992, the DIS will require a powerful
DBMS, including some level of artificial
intelligence (Al), to provide easy and transparent
access to spatial, time series, and textual data.
GIS will require optimization procedures and
unification with numerical and statistical models.
Increased use of GIS will require additional
national base data layers such as geology, land use,
and soils. The Division’s new products and how
they are delivered will require new technologies.

The type of GIS applications expected to
mature during 1992-97 will not change appre-
ciably beyond 1997. However, the scope of these
applications will increase to include modeling and
analysis of natural phenomena on large, even
global scales or at fine detailed scales, and will
require much faster computers. The GIS
environment is required to be Al assisted with
integrated raster-vector, image processing,
surface-volume modeling, and statistical analysis
capabilities. This environment is required to be
fully integrated into the DIS-II for efficient
sharing of information and processing power. As
a result of research into alternate data structures,
it is possible that an entirely different GIS
software structure will exist by the year 1997,

The geographic information systems activity
includes the acquisition, storage, sharing, and
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presentation of spatial information and has the
following functional requirements.

21. Data automation.--This task involves the
digital capture of analog data for GIS, the trans-
formation of existing digital data into GIS, and
the editing and updating of GIS data.

22. GIS data manipulation.--Manipulation

involves data redefinition, data restructuring,
and coordinate transformation of GIS data.

23. GIS data-basc management.--This task

includes development, storage, management,
manipulation, query, and retrieval of GIS map
layers or coverages contained in data bases.

24. GIS applications and analysis.--This task
involves GIS as a pre- and post-processor for
other hydrologic applications and as an aid to
information processing, reformatting, and
dissemination.

25. GIS output and publications.--This task

involves the output of data, graphics, and text
for use in review, analysis, and publication of
GIS related products.

26. Advanced GIS analysis.--This task is defined

as the research and development of new and
improved software systems for managing and
analyzing GIS data.

Reports and Electronic Publishing

The requirements for reports and electronic
publishing are presented in eight sections. These
sections were organized by the seven work group
members to encompass the complete reports
processing activity. The requirements deter-
mined by the work group are as described below.

A general purpose word processing package is
required that meets the Division’s scientific
publishing standards. It must provide two levels
of sophistication: A basic level to be used for text
processing that is fast, simplistic, and uses an icon
and menu-driven operating system, and an
advanced level for special functions and advanced
editing or layout. This package is required to
import and export files between all common word
processing packages while retaining all special
formats. Eventually, the word processing
software is required to be an integral part of a
publishing software system. Publishing files are



required to be sent through the network to any
DIS system.

A general purpose graphics package is
required that meets the Division’s scientific
illustrations standards. The graphics package
must provide full screen editing of an image along
with integration of the graphic into the text
processing package. Graphic files are required to
be sent through the network to any DIS system.
By 1997, text processing and graphic processing
are required to be fully integrated as part of an
overall Division package. All text and graphic
products, from any software package, must be
capable of being manipulated by this sytem.

The basic word processing and graphic
processing packages, while able to create text and
graphics for informal series reports, are required
to transfer files to higher resolution graphic and
text processing systems. These specialized sys-
tems are required to have complete text and
graphic manipulation capabilities for final format-
ting and transmittal to full format film devices.
Initially, this will be for reports that require
multicolor or high resolution output.

A reports tracking system is required that is
fully compatible between all field locations and
headquarters. It must be capable of processing
information about project, report preparation,
and publications activities. It is required to trans-
fer to and from any system, graphics, editing nota-
tions, revisions to reports, and generate status
reports. This system is required to be eventually
linked to other bibliographic data bases.

Special editing and correcting software is
required by editors to change an author’s text to
conform to Division standards during the review
cycles. It is required to be compatible with the
general purpose word processing software, and
must also be able to edit images from the Division
graphics software.

A technical review and approval package is
required. It must provide the ability for a reviewer
to comment on a report’s text and graphics
without physically altering the report contents. It
is required to be able to show review comments by
different reviewers as specific annotations. All
comments are required to be kept in a master file
for future reference.
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A specialized archival and retrieval system is
required. It must provide citation information for
management and planning purposes, retrieval of
original text or graphics for reference or inclusion
in reports, and retrieval for distribution of hard
copy.

It is intended that, to the maximum extent
possible, all required software is developed and
maintained by the prepress and publishing
industry. Some special enhancements will have to
be developed through special software develop-
ment, such as reports tracking or technical review
and approval.

The Reports and Electronic Publishing activity
includes the processing, storage, and distribution
of published reports, maps, and scientific docu-
ments and has the following functional
requirements.

27. Word processing.--This task includes

general purpose word processing to create and
modify text for use in reports and other scien-
tific documents.

28. Graphic processing.--This process starts

with the origination of a design for an illustra-
tion, continues through the drafting and review
cycles, and ends when the draft illustration is
approved for publication,

29. Reports tracking.--Reports tracking is a

mechanism to effectively and efficiently track
and project the progress of report preparation.

30. Editing and correcting.--Editing and
correcting are processes that consist of chang-
ing the author’s copy of a manuscript to agree
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