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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
with report standards.

31. Technical review and approval.--Technical

review is a process where technically com-
petent and unbiased individuals carefully
examine and comment on the content of newly
written reports.

32. High resolution graphics preparation.--A
cartographer or illustrator takes an approved
graphic, revises it for conformance to Division
publication policy, manipulates the image for
design changes, and generates a final copyon a
high-resolution film output device.

33. Publishing.--Publishing consists of two
principal activities, page layout and printing.



34. Distribution and archiving.--This task
consists of storage, retrieval, and distribution of
reports.

Administrative

The requirements for Administrative activities
are presented in eight sections. The eight sections
describe the entire Division’s administrative
processing activity and requirements for DIS-II.
In summary the requirements are as follows.

All employees are required to have access to
an electronic system with sufficient processing
and input output capability to perform tasks
quickly.

Easy control of multiple concurrent
information management processes is required.
All software is required to operate within a
multiple processing environment where back-
ground tasks operate concurrently with the
foreground task. The environment is required to
have a user-friendly graphical interface incor-
porating windows and icons on a high resolution
display and with a pointing input device in
addition to a standard keyboard.

The capability to quickly exchange information
in many forms with other facilities both locally and
remotely is required. Provision must be made for
reliable transmission of all information including
text, tables, graphs, and other images.

Integration of subsystems is required such that
performing administrative and management tasks
across subsystem boundaries are transparent to
the user.

An efficient text-string search capability is
required for those data base queries and
retrievals.

Scanners are required to transcribe paper
documents to electronic storage.

Electronic signatures are required that meet
legal and management standards.

Expert systems are required by 1992 in order
to cope with the task of correlating multiple infor-
mation sources, such as the Personnel Action
System (PAS) and Federal Financial System
(FFS).

The Administrative activity includes the
processing, storage, and distribution of
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administrative information and has the following
functional requirements.

35. Payroll.--Payroll is the process of collecting
employee time and attendance information,
calculating costs for benefits and salary, and
certifying and forwarding payroll records to the
Department payroll system.

36. Financial management.--Financial manage-
ment covers budgeting, funding, and expendi-
ture activities of the Division at all levels of the
organization.

37. Procuregment.--Procurement covers
acquisition of all supplies, equipment, and con-
tractual services needed to support the
Division’s mission.

38. Personnel.--This task includes employee
recruitment and placement, training, and
career development planning.

39. Office automation.--Office automation
includes inter- and intra- office communica-
tion, electronic message transfer using
electronic mail, filing of correspondence, and
information directories.

40. Executive Information System.--Field,
region, and headquarters project management
needs are included in the Executive Informa-
tion System.

41. Travel.--This task is the process of authoriz-
ing and paying for official travel.

42. General services.--General services are a
group of mandatory tasks including but not
limited to the management of property,
vehicles, and space.

Table 5 is a summary list of the 42 functional
requirements. Table 6 is a matrix of the potential
overlap of the functional requirements described
by the work groups. The amount of overlap
among functional requirements indicates the rela-
tive significance of that requirement. For
example, the GIS output and publications
requirement overlaps with 10 other functional
requirements. Table 7 is a matrix of the software
and hardware requirements for each functional
requirement.



Table 5. — Distributed Information System II functional requirements

[GIS, Geographic Information System; MIS, Management Information System;
EIS, Executive Information System]

Activity Functional requirements

Acquisition of manually entered data
Acquisition of automatically entered data
Standard computation of data

Data synthesis

Data validation

Data base maintenance

Data archiving

Facilitating access to data

— Retrieval of data

Hydrologic Information

Editing environment
Communications

Data handling

Spatial data processing

) L. Graphics

Hydrologic Applications Statistical analysis of data
Surface-water modeling
Ground-water modeling
Other modeling
Real-time applications
Decision support systems

GIS data automation

GIS data manipulation
Geographic Information Systems GIS data base management
GIS applications and analysis
GIS output and publications
L Advanced GIS analysis

Word processing

Graphic processing

Reports tracking

Editing and correcting
Technical review and approval
High resolution graphics
Publishing

— Distribution and archiving

Reports and Electronic Publishing

Payroll

Financial management
Procurement and contracts
Administrative Personnel

Office automation

MIS and EIS planning
Travel

L General services
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Table 7.--Matrix of described software and_hardware

[GIS, Geographic Information Systems; MIS, Management Information System; EIS, Executive Information System]

Data base software:

Relational
Text

Graphical software:

Graphical

Object oriented
Indexed access method
Other specific

LS WM
[ I T B R N |
s WN

Editing software:

[ I T B B}

Interactive

Subroutine library

Animation
Real-time

Computer assisted design
Graphical line annotation

Programming software:

[ T B B |

NOWLES WM

Statistical software:

Command language

FORTRAN 77

c

Object oriented

PL/1
PASCAL

LISP and PROLOG

1 - Line editor
2 - Screen editor 1 - Interactive
3 - Word processor 2 - Subroutine library
4 - Electronic publiching 3 - Spreadsheet software
Func-
tional Data-base Editing Graphical Programming Statistical
require- Functional requirement software software software software software
ment No. 123456 (1234 123456 | 1234567 123
1 Acquisition of manually entered data X XXXX XXX
2 Acquisition of automatically entered data | X XXX
3 Standard computation of data X X XXX X
4 Data synthesis X XX X X XXX X XX
5 Data validation X XX X XX XXX X XX
6 Data-base maintenance X XXX
7 Data archiving X XX XXX
8 Facilitating access to data X XX X X XXX XX
9 Retrieval of data X XX X X XXX X XX
10 Fditing environment XXXX X X | X
11 Communications X
12 Data handling X XX XX XXX
13 Spatial data processing X XX XX X XXX X
14 Graphics XXXX XXX
15 Statistical analysis of data XX X X X
16 Surface-water modeling X XX XX XX XX
17 Ground-water modeling X XX XX XX XX
18 Other modeling X XX XX XX XX
19 Real-time applications XXX
20 Decision support systems XX XXX X
21 GIS data automation X XX X | XXXX XX XX XX X XXX
22 GIS data manipulation X XX X | XXXX X X XX XX X XXX
23 GIS data-base management X XX X|XXXX XX XXXX X XXX
24 GIS applications and analysis X XX X XXXX XXX XX XX X XXX
25 GIS output and publications X XX X | XXXX XXX X[ XXXX X XXX
26 Advanced GIS analysis X XX X |[XXXX XXX XXXX X XXX
27 Word processing X X X X X
28 Graphic processing X XX X XX X X
29 Reports tracking X X X X X X
30 Editing and correcting X X X X X
31 Technical review and approval X X X X X
32 High resolution graphics X XX XX X
33 Publishing X X XX XX X X X
34 Distribution and archiving X X X X
35 Payroll X XX | X X XX
36 Financial management X XX
37 Procurement and contracts XX X X X XX
38 Personnel X X
39 Office automation X
40 MIS and EIS planning XX X X XX
41 Travel X
42 General services X
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[GIS, Geographic Information Systems; MIS, Management Information System; EIS, Executive Information System]

Table 7.--Matrix of described software and hardware-~~Continued

Utility software:

System software:

Input hardware:

1 - Spooler 1 - Windowing 1 - VT100
2 - Reformatting packages - Personal Computer (PC) 2 - Pointing devices
3 - Debugger operating systems support 3 - Digitizer
4 - Math matrix library 3 ~ Computer resource accounting 4 - Scanner
5 - Sort and merge 4 - Real-time processing 5 = Bar code
6 - Expert system 5 = Audio processing 6 - Voice input
Communication software: GIS software:
1 - Electronic mail 1 - Vector
2 -~ File transfer 2 ~ Raster
3 -~ Terminal emulation
4 - Remote Job Entry (RJE)
5 - External data base access
Func-
tional Utility Communication System GIS Input
require- Functional requirement software software software | software hardware
ment No. 123456 12345 12345 1 2 123456
1 Acquisition of manually entered data X
2 Acquisition of automatically entered data X
3 Standard computation of data X X
4 Data synthesis X X
5 Data validation X
6 Data-base maintenance X
7 Data archiving X
8 Facilitating access to data X X
9 Retrieval of data X X
10 Editing environment X X X
11 Communications X XX XX X X X
12 Data handling XXX X X X X X
13 Spatial data processing X X X X X X XX
14 Graphics X X X X XX
15 Statistical analysis of data X X X X
16 Surface-water modeling X XX X X X
17 Ground-water modeling X XX X X X
18 Other modeling X XX X X X
19 Real-time applications X X XX X
20 Decision support systems X X X X X X X
21 GIS data automation X X X X X X XXX X
22 GIS data manipulation X X X X X X XXX X
23 GIS data-base management X X X X X X XXXX X
24 GIS applications and analysis X X X X X X XXX X
25 GIS output and publications X X X XX X X XXX X
26 Advanced GIS analysis X X X X X X XXX X
27 Word processing XX X
28 Graphic processing X XX
29 Reports tracking X
30 Editing and correcting XX X
31 Technical review and approval XX
32 High resolution graphics XXX
33 Publishing X
34 Distribution and archiving X XX
35 Payroll X XXX X X X XX X X
36 Financial management X X X XX X XX X X
37 Procurement and contracts X X X X X X XX X X
as Personnel X X X X X X Xx X X
39 Office automation X X X X X X XX X X
40 MIS and EIS planning X X XX X XX X X
41 Travel X X X X X XX X X
42 General services X X X XX XXX
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Table 7.--Matrix of described software and hardware--Continued

[GIS, Geographic Information Systems; MIS, Management Information System; EIS, Executive Information System]

Display hardware:

1 - Medium resolution color

2 - High resolution color
3 - Greek and math

4 - Large screen

5 - Video projector

CPU; Central Processing
Unit hardware:

1 - Multi-tasking

Storage hardware:

Output hardware:

CoOoNOUnMSsWNNE
| I T N N I R B B )

Line printer

Letter quality

Color graphics printer
Vector plotter

Film recorder and typesetter
Video

Microfilm recorder

Special forms handling
Holographics

Communication hardware:

1 - Wide area network
1 - Temporary 2 - Local area network
2 - Permanent archival 3 - Asynchronous
3 - High capacity 4 - Synchronous
4 - Magnetic tape 5 - Other
5 - Diskette
Func-
tional Display Storage Communication
require- Functional requirement hardware PU hardware Output hardware hardware
ment No. b T35 6% 9'1— 72543 |T254567%653 12345
1 Acquisition of manually entered data X X X
2 Acquisition of automatically entered data | X X X
3 Standard computation of data X X XX X X
4 Data synthesis X X XX
5 Data validation X X XX
[} Data-base maintenance X XX
7 Data archiving X X X X X
8 Facilitating access to data X X X X XX
9 Retrieval of data X X XX
10 Editing environment X X X X X
11 Communications X XXXX
12 Data handling X X XX XX
13 Spatial data processing X X XX XX
14 Graphics X X X XXXX XX
15 Statistical analysis of data X X XX XX
16 Surface-water modeling X X X XX XXX
17 Ground-water modeling X X X XX XXX
18 Other modeling X X X XX XXX
18 Real-time applications X X X XXX
20 Decision support systems X X X X XX XX
21 GIS data automation X X X XXXX | X XXXX X XX
22 GIS data manipulation XX X XXXX [ X XXXX X XX
23 GIS data-base management X X X XXXX | XXXXXX X X X
24 GIS applications and analysis XX X XXXX [ X XXXX X X X
25 GIS output and publications XX X XXXX [ X XXXX X XX
286 Advanced GIS analysis XX X XXXX | X XXXX X XX
27 Word processing X X X X X X
28 Graphic processing XX XX XX
28 Reports tracking X X XX
30 Editing and correcting XX X
31 Technical review and approval XX X
32 High resolution graphics X X XX X
33 Publishing XX X X
34 Distribution and archiving X XXX
35 Payroll X X X X X X X X
36 Financial management X X X XX X X XX
37 Procurement and contracts X X X XX X X XX
38 Personnel X X X X X XX
38 Office automation X X X X X X X
40 MIS and EIS planning X X X X X XX
41 Travel X X XX
42 General services X X XX

20



SUMMARY

The daily business of the Division is to
investigate the Nation’s water resources. The use
of computer technology is crucial to collecting,
studying, and managing water data, and to the
support services of the Division. The DIS is the
Division’s principal computer resource. The con-
tract that provides the major components of the
DIS expires in 1991, and to provide new computer
technology beyond 1991, the DIS Program Office
organized the DIS-II project. The DIS-II project
will determine the Division’s computer require-
ments, develop the technical specifications that
meet the requirements, and obtain the computer
resources. This report presents the functional
requirements to be supported by DIS-II.

Work groups described the Division’s major
activities and identified 42 functional require-
ments. These descriptions predict a substantial
increase in the amount of work to be
accomplished within the Division over the next
decade. With no compensating increase in

/NL
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personnel, computer technology is expected to
provide the improved productivity to accomplish
the work. An analysis of the descriptions shows
that the required computer technology should be
provided in a tightly coupled system capable of
handling all functions simultaneously. This report
is the first step in providing that technology.
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SUPPLEMENTARY DATA 1. — HYDROLOGIC INFORMATION WORK GROUP

Introduction

Hydrologic information is a very important part of the
past, present, and future operation of the Water
Resources Division of the U.S. Geological Survey as
noted by Harbaugh (1986), "Data management
accounts for 50 percent of the computational workload
because of hydrologic data collected in all 50 States,
Puerto Rico, and the Trust Territories. Streamflow is
measured at about 11,000 locations, water levels are
measured in 39,000 wells, and water quality is sampled
at over 14,000 locations. An extensive program to
collect water-use data has also been established."
Based on current analysis, the hydrologic information
(HI) task group finds this extensive hydrologic data
effort ongoing and with strong expansion possibilities
in the future. The expansion is based on a larger
national emphasis on hydrologic information and the
increase in the types and complexity of data collected.
Another recent addition is the collection and use of
"real time" hydrologic information. This is made pos-
sible through efficient satellite data transmission,
dedicated land line telephone systems, or short-range
radio frequency.

Three general types of hydrologic information are
recognized by the HI task group and include: time
dependent, spatial, and narrative. The time data can
be thought of as discrete or continuous, whereas spa-
tial data are digital representations of map features of
points, lines, or areas (polygons). Narrative data are
parts of the entire reports, memorandums, or any
written presentations. The conceptual design for the
National Water Information System (NWIS) as
described by Edwards and others (1986) gives the
framework for most HI activities. All the data herein
closely resemble that presented by Edwards and
others (1986) with a greater emphasis on real time,
narrative, and spatial data. The HI task group, for
example, projects that almost all fixed station
hydrologic data will use real-time data transmission
capabilities in the near future. In addition, the task
group projects a larger amount of narrative data to be
entered into the computer system,

The definitions of hydrologic information given by the
HI task group are basically the same definitions as
those of Edwards and others (1986, p. 20-21). The
spatial data, for example, defining "digitized/line data"
would also include areal data. Current thinking is that
the major digital cartographic data base would remain
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the responsibility of the National Mapping Division
(NMD), but with efficient methods for retrieval and
transfer to WRD files when needed. In addition,
adequate methods would be developed for the actual
WRD map derivation of this data when it is not avail-
able from the NMD files. The real-time data will fit
the characteristics of both complete and discrete data,
in some cases being only one value while in others
representing a series of values. The volume of this data
in the computer files could amount to significant
storage if overall WRD projections are on track.

The narrative data is defined as text and descriptive
data by Edwards and others (1986) with only biblio-
graphic and abstract citations included. The HI task
group projects this data area to be underestimated
with, in some cases, complete reports being entered
into the system through the use of digital scanners or
other devices. It is further noted that vast amounts of
hydrologic information currently reside in nonacces-
sible areas such as file drawers, cabinets, and so forth.
Therefore, new techniques and hardware are needed
to bring this data into WRD computer systems for
reference and use.

Assumptions

Certain assumptions were initially agreed upon by the
HI task group. To help deal with the charge of assess-
ing the current and the 1992 and 1997 time horizons
for the hydrologic information needs of the WRD,
some assumptions were derived. These assumptions
are as follows:

« Existence of a national data base that consists
of a periodic aggregation or update of
distributed data bases.

« Greatly expanded capability of online storage.

« The data elements of the national data base
will be a subset of the distributed data base.

« Division personnel availability will remain
constant or decrease.

« Increasing demand for data, especially in
machine readable format. Cooperators and
general public will have online access to the
data.

« Centralized and distributed data-base
maintenance and retrieval software will be
designed to be similar in characteristics and
structure.



« The types and formats of data collected will
increase with time.

« All districts that have a need for real-time
data will have their own direct readout ground
station, as follows: 30-40 percent of districts
by 1992, 100 percent of districts by 1997.

« A location can be defined as an office with
one or more computers. '

These assumptions match fairly well with the basic
guidelines given as part of the conceptional design
report by Edwards and others (1986, p. 2-3). Within
that report there were six objective guidelines. A
synopsis of the objective guidelines includes:
(1) increased local processing; (2) distributed data
system; (3) adequate storage-retrieval system to meet
all needs; (4) single flexible and expandable system;
(5) standardization and uniformity of data handling;
and (6) modular data base and software systems.
Based on these stated assumptions, the HI task group
agree and support all of these objectives. The task
group also agrees with the complete district node
definition and the data-base architecture considera-
tions of Edwards and others (1986, p. 9 and p. 15).

A major difference, however, in the current HI work
groups is the projected need for a national data base
consisting of a periodic aggregated subset of the dis-
tributed data bases. This is different from the Edwards
and others (1986) report which only requires the main-
tenance of an index at the National Archives location.
The HI task group, in contrast, anticipate a large
amount of national and multi-State data retrievals.
The polling of each individual district office file would
be prohibitive to the GEONET network and overall
computation speed. It is noted, however, that the
national file would only include a portion of the data
at the district level. For example, not included would
be narrative project data and selected real-time data.
Polling software to maintain the national file will be
done automatically at the central location. Current
projections would be to update this file on a monthly
basis.

The noted assumption dealing with real-time data is
based on the premise that the direct ground readout
station costs will continue to decrease and additional
usage and need will greatly expand. This eventually
will result in a perceived need of a majority of offices
having their own downlink. This will allow generally
less traffic of the real-time data on the GEONET
network with additional checks and balances of all of
the data received and processed at each WRD office.

The projection of the personnel levels to remain
constant or decrease will require wise utilization of the
expanded computer hardware and software. Special
efforts will have to be made to minimize the personnel
time while working with the hydrologic data, but not
sacrificing any of the needed quality control and
quality assurance procedures. This is especially chal-
lenging considering the expected rapid growth and
complexity of data. In the past, many of the checks and
balances of the data were done manually. Therefore,
with the projected limited expected workforce, addi-
tional automated procedures will need to be
developed for many of the data integrity checks.

Other Considerations

Recently, more emphasis has arisen in WRD for the
dissemination of the hydrologic information to a much
larger number of people. The people targeted for the
use of this information would include all age levels and
a large variation in understanding from college
graduates to elementary school students. Currently,
each office expends, yearly, approximately one
person’s time in the area of data dissemination. About
one-fourth of that time involves computer processing.
This amount of available personnel time is not per-
ceived to increase in the future and as a result, new
easy-to-understand automated techniques will need to
be developed to help in the data dissemination to the
general public. It is also thought that very few people
know of the existence of this vast amount of hydrologic
information. It is projected, however, that this will
dramatically change in the future through such things
as magazine, newspaper, radio, and TV exposure. In
conclusion, the task group projects vast increases in
the use of the WRD hydrologic information. There-
fore, WRD needs to prepare and develop procedures
to accommodate the expanded data dissemination.

Much of the hydrologic information currently
collected is part of hydrologic studies within the WRD.
Generally, at the completion, the data are either sum-
marized in tables, stored in cabinets, or stored in user
derived computer files. In any case, there is little
consistency or uniformity from one study to the next.
In most cases, much of the data is lost after several
years from the end of the project. Since the amount of
this data is large and valuable, uniform procedures
need to be developed for its storage and use.

Another consideration is better coordination of
standardized storage and retrieval techniques by
various government agencies. For example, within the
U.S. Geological Survey there needs to be stand-
ardization of WRD hydrologic data, NMD digital



spatial data, and general geologic data. In addition,
some discussion should be promoted between the
other countries of the world, particularly with the
neighboring countries of Canada and Mexico. A good
example is the acid rain data which affects both
Canada and the United States.

Executive Summary

Results of this section are given for nine major activity
areas and include the following: acquisition of
manually entered data, acquisition of automatically
entered data, standard computation of data, data
synthesis, data validation, data-base maintenance,
data archiving, facilitating access to data, and retrieval
of data. These activities encompass the four general
areas of acquisition, computation, file maintenance,
and retrieval and are felt to include all major work
efforts for hydrologic information.

Based on the HI task group evaluation, three types of
HI arerecognized and include: time dependent, spa-
tial, and narrative. It is further projected by the group
that large changes in the amount and types of these
data are certain and will need to be effectively
managed by the WRD.,

Several assumptions were made in the analysis, with
two of the more major assumptions being the need and
continued existence of a national data base, and con-
tinued expansion of real-time data. The central data
base will be a periodic aggregation of the distributed
data bases and is foreseen to be needed for large
national retrievals. Costs and need for data collection
platforms and direct readout ground stations are
expected to continue at a very accelerated pace.

Based on HI task group experience, the current
validation of data within the national and district com-
puter files needs greater attention. New automated
procedures will need to be developed.

Hydrologic information now resides in files and
cabinets and is of little value to the large user com-
munity. Procedures need to be developed for digital
entry and retrieval procedures for all forms of numeric
and narrative data.

Spatial data are thought to be primarily the
responsibility of the NMD with carefully designed
linkages between the WRD and NMD data bases for
easy and efficient use. WRD files would, therefore, be
assumed to contain only specific spatial data as related
to project tasks.

The critical need for continued support of an efficient
large volume network is perceived by the HI task group
for both "inter" and "intra" office communications.
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Some of the projected large data transfer are:
real-time data, particularly up to the 1992 time
horizon; uploading and support of the national data
base; spatial data application needs; processing of
reports; and a large increase of retrieval requests for
both local and national files.

Statistical tabular results for the HI task group were
done for three separate areas; namely: district,
research and headquarters, and the Analytical
Services Laboratory. The method was used primarily
because of the current and projected differences in the
mode and characteristics of operation of each group.
The number of locations for district operations
included all district, state, subdistrict, project, and
field offices. The total estimated numbers of times per
year vary widely due to the number of people involved
in task and daily repetitions. Data retrieval requests
are projected for huge increases with perceptions of
3,640,000 requests per year by 1997. A large change
from manual to automated data entry is perceived for
the Analytical Services Laboratory with currently all
data being manually entered into the WRD data bases.

Major Activities
Major activities that are involved with hydrologic
information include:

1. Aquisition of manually entered data
Aquisition of automatically entered data
Standard computation of data
Data synthesis
Data validation
Data-base maintenance
Data archiving

-
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Facilitating access to data
9. Retrieval of data

All of these activities are currently involved in working
with hydrologic information and will continue for the
1992 and 1997 time horizons. The techniques,
software, and computer hardware will, however,
change with future product development. The next
pages of this report are a summary of the HI work
group for the current activities and those perceived for
1992 and 1997. In cases where the findings are the
same for the current, 1992, and 1997 timeframe, the
results are given only one time; for example, questions
1 through 3 and 8 through 10. Because of the time
constraints for this study, many of the findings were
somewhat speculative and approximate. It is, how-
ever, thought that the estimates should give good



direction for future management planning with regard
to the WRD hydrologic information needs.

Results are given tables SD-I-1 through SD-I-9 for
three separate areas, namely: district, research and
headquarters, and the Analytical Services Laboratory.
The results are expressed in this manner primarily
because of the current and projected differences in the
mode and characteristics of operation. ' Polling of
statistical data, as explained later, was done in such a
manner to acquire activity statistics for each of the
three work areas.

Question 4: The number of locations expressed for
tables SD-I-1 through SD-I-9 were computed based
on the number of geographical office locations. For
district operations this includes 170 locations for all
district, state, subdistrict, project and field offices. For
research and headquarters, the number of locations
are the four PRIME:s available to this group. One
analytical service laboratory was assumed to be at
Arvada, Colo. These conditions were additionally as-
sumed to remain constant for activities 1 to 9, and for
the 1992 and 1997 time horizons.

Question 5: The total estimated number of times per
year each activity is performed is given for each work
area, activity, and time horizon. The estimated num-
bers vary widely due to the number of people involved
in task and daily repetitions.

Question 6: An estimate was first made of the number
of people that work with hydrologic data in 20 selected
districts. The average number of people that work
with hydrologic data for the 20 districts was about 75
percent, therefore, it was assumed that 75 percent of
the people in all districts work with hydrologic data or
2,400 employees out of a total of 3,200. An estimated
total of about 170 people work in the computer sec-
tions in the districts and it is assumed that these people
do not work on any of the first four activities. For
data-base maintenance (table SD-I-6) and facility
access to data (table SD-I-8) the number of people
involved were estimated based on the number of com-
puters projected for various time horizons. For
example, in 1988 WRD would have about 75 systems,
and in 1992 The projection is 215 systems, and 1997,
761 systems. For each of these computers one or more
people would spend about 10 percent of their time on
maintenance and 25 percent on access to data.

Question 7: The hours per person per year that are
spent doing each activity are given in each table.

All of the personnel information was derived from the
1987 WRD Personnel Directory.

Acquisition of Manually Entered Data

(1) Please identify the major activities performed.
Acquisition of manually entered data.

(2) Please describe each identified activity and why
it is needed.

Acquisition of manually entered data (1988, 1992,
1997): The entry of data from notes, graphs, maps,
and figures into a digital format using terminals
and digitizers. These types of data need to be
captured in order to make them widely accessiblc
and usable.

(3) Please describe the flow of information in this
activity.

Data terminal
equlpment (DTE)

Maps and
graphs

Digitizer

l Digital data files ]

[ Textual data base |

(4) How many locations do this activity?
See table SD-1-1.

Table SD-I-1. — Statistics for acquisition of manually

entered data activity
Number of Number
Organizational Number times  Number  of hours
unit of performed of per person
locations  peryear  people  perycar
1988
District 170 185,540 2,230 330
Research and 4 11,440 440 110
headquarters
Analytical Services 1 10,740 70 1,230
Laboratory
1992
District 170 185,540 2.230 330
Research and 4 9,200 440 90
headquarters
Analytical Services 1 5,600 70 650
Laboratory
1997
District 170 185,540 2,230 165
Research and 4 6,860 440 70
headquarters
Analytical Services 1 1,820 70 200

Laboratory




(5) How many times per year is this activity done?
See table SD-I1-1.

(6) How many people per year do this acitvity?
See table SD-I-1.

(7) How many hours per person per year are spent
doing this activity?
See table SD-I-1.

(8) Are there any special requirements for this
activity?
Special procedures and methods should be
developed for discharge and other field notes.

Input forms and other easy-to-use techniques for
entering laboratory data including the capacity to
back up and make corrections will be needed.
Provision is also needed to transmit and process
digital data from contract lab computers to
prevent manual re-entry of the contracted data.

Some procedure(s) are needed for narrative data
so they can be processed along with numeric data.

Manual re-entry of old data (such as from reports)
should no longer be necessary; this data should be
available online.

With the imminent vast growth of real-time (and
near-real-time) data, there is a need to automate
the procedure of stage-discharge measurements
and ratings.

(9) Please describe any software requirements for this
activity.
A. Data base manager.
Relational data base that will handle:

« Textual and numerical data and allow it to
be related to hydrologic data,

« Input forms using "screen painting”
supporting a large number of terminal
types which meet American National
Standards Institute (ANSI) standards,

« One-time query capability,

« Support of structured query language
(SQL),

« High language interface for languages
FORTRAN 77 and C,

« Concurrent access from one or more
central processing units (CPU),

« Data dictionary and directory,

« Transaction processing,

« Recovery in the event of system failure,
« Security at a file, record, and field level,

« Utilities including: online, help, file
reorganization, file integrity, and

« Data communication interface to handle
one or more telecommunications monitors.

B. Editor software

Screen and line oriented text editor for
reviewing and modifying text information
associated with hydrologic data.

Must support the Document Interchange
Format (DIF).

Must be able to view multiple documents at the
same time (windows).

Must provide extensive spelling checker,

Must support most terminals which meet ANSI
standards.

Graphics editor for reviewing and modifying
graphical data.

C. Graphics software
D. Programming languages

General purpose programming languages such
as FORTRAN 77 and C for writing special
programs to process manually entered data in
cases where off-the-shelf software is not
adequate.

Must provide an operating system command
procedure language that has the following
characteristics:

« Ability to supply responses to command
prompts,

« Ability to perform flow control based upon
logical decision-making,

« Ability to perform command line parsing,
and

« Ability to define, use, and transfer
variables.

E. Statistics software
F. Spreadsheet software
G. Utility software
(10) Please describe any equipment requirements for
this activity.
A. Display/Keyboard

Terminals that have a QWERTY keyboard,
132-character lines, and the ability to display
graphical images.

B. Processor

C. Storage unit
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D. Printer/Plotter
E. Communications

Must be able to support asynchronous
communications across an RS232C.
Must be able to support ETHERNET

Acquisition of Automatically Entered Data

(1) Please identify the major activities performed.

Acquisition of automatically entered data.

(2) Please describe each identified activity and why it

is needed.

Acquisition of automatically entered data (1988,
1992, 1997): The entry of data from electronic
devices attached to a digital computer interface,
such as paper and magnetic tape readers, devices
used to extract data from electronic data
recorders, satellite and other telemetry receive
sites, scanners, modems, and so forth. These data
are transferred to a digital computer in order to
increase the usability and accessibility of the data
recorded. This transfer mechanism is used to
handle large data volumes, to increase data
reliablilty, and to decrease the time needed to
make these data accessible.

This activity consists of acquiring data from
WRD’s data collection network and acquiring
data that have been collected or generated by
others from such media as paper, graphs, magnetic
media, and so forth.

A. Ons-site recordings

» Telemetry systems that automate the entire
data-collection process.

« Nontelemetry systems that may automate
most of the data-collection process, but
still require human intervention in order to
complete the process.

B. Laboratory recordings

It is expected that the majority of laboratory
instrumentation will have its own micro-
processor (often a personal computer) that will
handle the direct control of the instrument.
What will be needed is a means of communica-
tion which allows a file containing sample infor-
mation to be sent to the instrument and a
similar file, containing analytical results to be
sent back and processed into the laboratory
data base.

Telemetry systems use on-site automated
recorders that are equipped with some form of
transmission device capable of automatically

transferring the recorded data from the site. The
primary telemetry system used by WRD uses
Geostationary Operational Earth Satellites
(GOES) to transfer data from remote sites. These
sites are equipped with special devices called Data
Collection Platforms (DCP) that both record data
from sensors and transmit the data to a GOES
satellite. Data are relayed by the satellite to
receive sites which enter the data directly into
WRD’s computers.

Nontelemetry systems use automated recorders at
field sites to record the data at the site. The data
must be manually retrieved and then entered into
WRD computers by means of a computer inter-
face device that is able to read the data from the
media used for recording and enter these data into
WRD’s computers.

(3) Please describe the flow of information in this

I Instrument 1 link

activity.
Telemetry
data
Nontelemetry
data
Data

!

Recording Computer Regeive
device [— interface —| site
Digital l Real-time
file(s) Cooperators users,

Real-time models,
managers and so
forth

(4) How many locations do this activity?

See table SD-I-2.

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

See table SD-1-2.

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

See table SD-1-2.



become widely available as quickly as possible.
Education about, and training in, new techniques
also needs to be available (and sometimes,

Table SD-1-2. — Statistics for acquisition of automat-
ically entered data activity

Number of Number ired . ...
Organizational ~ Number  times  Number  of hours perhaps, even required) so the entire Division Can
unit of  performed  of  perperson beaefit from the new techniques and technologies.
locations _ peryear people  peryear Special software will need to be developed to
1988 transfer spatial and geographic data into WRD
District 170 69580 2230 125 files. . _
Research and 4 6,900 440 65 Relatively easy and straightforward mechanisms
headquarters are needed to retrieve old data (digital, strip-
A'E:y"c"‘] Services 0 0 0 0 chart, and such) whea needed, although a
boratory . . .
1992 wholesale rereading of old data is unlikely.
District 170 81,170 2,230 150 An automated process is needed for the
Research and 4 11,400 440 100 report-reviewing process which allows the text of
headquarters the report to remain online during, and even after,
Analytical Services 1 5,600 70 650 the review process.
Laboratory .
1997 (9) Please describe any software requiremeats for this
District 170 301,500 2,230 270 activity.
Research and 4 27,460 440 120 A. Data base manager.
headquarters . .
Analytical Services 1 9,650 70 1,100 Relational data base that will handle:
Laboratory

« Textual and numerical data,

« Input forms using "screen painting"
supporting a large aumber of terminal
types which meet ANSI standards,

(7) How many hours per person per year are spent

doing this activity?
See table SD-1-2.

(8) Are there any special requiremeats for this

activity?

The acquisition and processing of telemetered
data requires an operating system that supports a
multitasking eavironmeat with the following three
coastructs: (1) Dijkstra semaphores, or their
equivaleat, (2) queued message passing between
tasks, and (3) supports real-time processes.

The ability to enter data from documeats requires
high resolution scanner as well as text and line
recognition software. The consensus is that cur-
rent technology is inadequate at this time to per-
form this function, but it is hoped that by 1992 or,
certainly, by 1997 this will become a significant
contributor to the WRD data base.

WRD will need to stay aware of new
developments, and the system will need to be
flexible enough to allow the incorporation of new
technology as it becomes available.

WRD needs to maintain communicatioas
throughout the Division so that, as individuals and
groups discover and evaluate new techniques and
methods, their conclusions and discoveries can
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» Ad hoc query capability,

« Support of structured query language
(sQu),

« High language interface for languages
FORTRAN and C,

« Concurreat access from one or more
CPU’s,

« Data dictionary and directory,

« Transaction processing,

«» Recovery in the eveat of system failure,

« Security at a file, record, and field level,

« Utilities including: onliae, help, file
reorganization, file integrity, and

« Data communication interface to handle
one or more telecommunications monitors.

B. Editor software
C. Graphics software
D. Programming languages

General purpose programmiag languages such
as FORTRAN 77 and C for writing special
programs to process entered data in cases
where off-the-shelf software is not adequate.



Must provide an operating system command
procedure langunage that has the following
characteristics:

« Ability to supply responses to command
prompts,

« Ability to perform flow control based upon
logical decision making,

« Ability to perform command line parsing,
and

« Ability to define, use, and transfer
variables.

E. Statistics software
F. Spreadsheet software
G. Utility software
(10) Please describe any equipment requirements for
this activity.
A. Display/Keyboard

Terminals that have a QWERTY keyboard,
132-character lines, and the ability to display
graphical images.

B. Processor:

For sites that connect to a data relay ground
station (DRGS), the processor must support
the acquisition of satellite transmissions at an
average rate of about 2 per minute with peaks
of 10 per minute, transmissions range from 40
to 500 bytes long,.

C. Storage unit

D. Printer/Plotter

E. Communications

Must have serial communications ports that
support asynchronous and synchronous
communications using RS232C conventions.

Must provide a user programmable Universal
Asynchronous Receive/Transmit (UART) and
Universal Synchronous Receive/Transmit
(USRT).

Must be able to support ETHERNET.
Standard Computation of Data

(1) Please identify the major activities performed.
Standard computation of data.

(2) Please describe each identified activity and why it
is needed.

Standard computation of data (1988, 1992, 1997):
This activity consists of instrument calibration,
reformatting, unit conversion, calculation, and
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reduction of data elements. This is done in order
to store, interpret, and correct hydrologic data.

(3) Please describe the flow of information in this
activity.

Raw data

Process

Refined data

(4) How many locations do this activity?
See table SD-1-3.

(5) How many times per year is this activity done?
See table SD-1-3.

(6) How many people per year do this activity?
See table SD-1-3.

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

See table SD-1-3.

Table SD-I1-3. — Statistics for standard computation of
data activity

Number of Number
Organizational Number times Number  of hours
unit of performed of per person
locations  peryear  people  peryear
1988
District 170 237,900 2,230 425
Research and 4 11,400 440 105
headquarters
Analytical Services 1 12,500 70 225
Laboratory
1992
District 170 210,100 2,230 350
Research and 4 10,200 440 100
headquarters
Analytical Services 1 12,500 70 225
Laboratory
1997
District 170 196,700 2,230 300
Research and 4 9,150 440 %0
headquarters
Analytical Services 1 12,500 70 225
Laboratory




(8) Are there any special requirements for this

activity?
Procedures and processes need adequate testing

and review without causing too much delay in
implementation.

For the distributed processing, adequate checks
and balances need to be included to verify that the
computations are valid. Nonstandard variations
especially need to be verified before use.

Benchmark testing should include accuracy
checks for functions (trigonometric, statistical,
and so forth).

WRD needs to maintain communications
throughout the division so that, as individuals and
groups discover and evaluate new techniques and
methods, their conclusions and discoveries can
become widely available as quickly as possible.
Education about, and training in, new techniques
also needs to be available (and sometimes, per-
haps, even required) so the entire division can
benefit from these new techniques and
technologies.

(9) Please describe any software requirements for this

activity.
A. Data base manager.
Relational data base that will handle:
« Textual and numerical data,

« Input forms using "screen painting"
supporting a large number of terminal
types which meet ANSI standards,

« Ad hoc query capability,

« Support of structured query language
(sQL),

« High language interface for languages
FORTRAN and C,

« Concurrent access from one or more
CPU’s,

« Data dictionary and directory,

« Transaction processing,

« Recovery in the event of system failure,

« Security at a file, record, and field level,

« Utilities including: online, help, file
reorganization, file integrity, and

« Data communication interface to handle
one or more telecommunications monitors.

B. Editor software

C. Graphics software with DISSPLA-like graphics
products.
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D. Programming languages
General purpose programming languages such
as FORTRAN 77 and C for writing special
programs to process manually entered data in
cases where off-the-shelf software is not
adequate.
Must provide an operating system command
procedure language that has the following
characteristics:
« Ability to supply responses to command
prompts,
« Ability to perform flow control based upon
logical decision-making,
« Ability to perform command line parsing,
and
« Ability to define, use, and transfer
variables.
E. Statistics software

Subroutine library of statistical software such as
IMSL.

F. Spreadsheet software
G. Utility software

Flexible sort and merge utility with a command
and subroutine interface.

(10) Please describe any equipment requirements for

this activity.
A. Display/Keyboard

Terminals that have a QWERTY keyboard,
132-character lines, and the ability to display
graphical images. Must have at least the
capabilities of a Tektronix 4207.

B. Processor
C. Storage unit
D. Printer/Plotter

For displaying hydrologic data in tabular and
graphical form to aid in analyzing and reviewing
standard computations, the following printers
and plotters are required:

« Medium volume raster printer capable of
printing ASCII characters with true
descenders on a 132 column line.

« Medium volume raster printer capable of
printing ASCII characters with true
decenders on a 132 column line supporting
at least 4 colors,

« High volume printer such as fast impact or
laser.



« Vector plotter capable of registering
preprinted forms at least 36 inches by
48 inches.

« Medium volume printer must be able to be
connected to a port on the display terminal
and print screen dumps of character and
graphical data.

Table SD-1-4. — Statistics for data synthesis activity

E. Communications

Must have serial communications ports that

support asynchronous and synchronous
communications using RS232C conventions.

Must provide a user programmable UART and
USRT.

Must be able to support ETHERNET.
Data Synthesis

(1) Please identify the major activities performed.

Data synthesis.

(2) Please describe each identified activity and why it

is needed.

Data synthesis (1988, 1992, 1997): The generation
of synthetic hydrological data by interpolating
several hydrologic data elements using statistical,
graphical, or other comparative methods. These
data are generated in order to complete or extend
data records over space or time or provide
estimates of unmeasured hydrologic data.

(3) Please describe the flow of information in this

activity.

Reference file(s)

Process

| Synthesized data file

(4) How many locations do this activity?
See table SD-14.

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

See table SD-1-4.

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

See table SD-14.

(7) How many hours per person per year are spent

doing this activity?
See table SD-1-4.

Number of Number
Organizational Number times Number  of hours
unit of performed of per person
locations  peryear  people per year
1988
District 170 69,600 2,230 125
Research and 4 9,200 440 85
headquarters
Analytical Services 0 0 0 0
Laboratory
1992
District 170 139,150 2,230 125
Research and 4 18,300 440 90
headquarters
Analytical Services 0 0 0 0
Laboratory
1997
District 170 139,150 2,230 125
Research and 4 22,880 440 95
headquarters
Analytical Services 0 0 0 0
Laboratory

(8) Are there any special requirements for this

activity?

WRD needs to maintain communications
throughout the Division so that, as individuals and
groups discover and evaluate new techniques and
methods, their conclusions and discoveries can
become widely available as quickly as possible.
Education about, and training in, new techniques
also needs to be available (and sometimes, per-
haps, even required) so the entire Division can
benefit from these new techniques and
technologies.

(9) Please describe any software requirements for this
activity.
A, Data base manager.
Relational data base that will handle:

« Textual and numerical data,

« Input forms using "screen painting"
supporting a large number of terminal
types which meet ANSI standards,

« Ad hoc query capability,

« Support of structured query language
(sQL),

« High language interface for languages
FORTRAN and C,



« Concurrent access from one or more
CPU’s,

« Data dictionary and directory,

« Transaction processing,

« Recovery in the event of system failure,

« Security at a file, record, and field level,

« Utilities including: online, help, file
reorganization, file integrity, and

« Data communication interface to handle
one or more telecommunications monitors.

B. Editor software

Screen oriented text editor for reviewing and
modifying text information associated with
hydrologic data.

Graphics editor for reviewing and modifying
graphical data.

C. Graphics software
DISSPLA-like graphics products.

D. Programming languages
General purpose programming languages such
as FORTRAN 77 and C for writing special
programs to process manually entered data in

cases where off-the-shelf software is not
adequate.

Must provide an operating system command
procedure language that has the following
characteristics:
« Ability to supply responses to command
prompts,
« Ability to perform flow control based upon
logical decision-making,
« Ability to perform command line parsing,
and
« Ability to define, use, and transfer
variables.
Special purpose artificial intelligence language
such as LISP or PROLOG. Must interface
with the other high-level languages.

E. Statistics software

Subroutine library of statistical software such as
IMSL.

Command driven, interactive statistical
package which provides flexible data manage-
ment, including support for character data,
missing values. The package should include all
statistical procedures in current use by WRD.

F. Spreadsheet software
G. Utility software

35

Flexible sort/merge utility with a command and
subroutine interface.

(10) Please describe any equipment requirements for
this activity.
A. Display/Keyboard

Terminals that have a QWERTY keyboard,
132-character lines, and the ability to display
graphical images. Must have at least the
capabilities of a Tektronix 4207.

B. Processor
C. Storage unit
D. Printer/Plotter

For displaying hydrologic data in tabular and
graphical form to aid in analyzing and reviewing
data synthesis activities, the following printers
and plotters are required:

« Medium volume raster printer capable of
printing ASCII characters with true
descenders on a 132 column line.

» Medium volume raster printer capable of
printing ASCII characters with true
descenders on a 132 column line
supporting at least 4 colors.

« High volume printer such as fast impact or
laser.

« Vector plotter capable of registering
preprinted forms at least 36 inches by
48 inches.

« Medium volume printer must be able to be
connected to a port on the display terminal
and print screen dumps of character and
graphical data.

E. Communications
Data Validation

(1) Please identify the major activities performed.
Data validation.

(2) Please describe each identified activity and why it
is needed.

Data validation (1988, 1992, 1997): The process of
identifying anomalous hydrologic data by: range
checking, checking for internal consistency,
checking against known values, comparing data
elements, sorting, plotting, and correlating. This
is done in order to identify potential errors, deter-
mine real anomalies, provide quality control, and
assure conformity to predefined standards.



(3) Please describe the flow of information in this
activity.

Unchecked Unusual
data data

(4) How many locations do this activity?
See table SD-I-5.

(5) How many times per year is this activity done?
See table SD-I-5.

(6) How many people per year do this activity?
See table SD-I-5.

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

See table SD-1-5.

Table SD-I-5. — Statistics for data validation activity

Number of Number
Organizational Number times  Number of hours
unit of performed of per person
locations  peryear  people peryear
1988
District 170 149,800 2,400 245
Research and 4 11,400 440 115
headquarters
Analytical Services 1 15,500 70 520
Laboratory
1992
District 170 324,500 2,400 270
Research and 4 27,460 440 120
headquarters
Analytical Services 1 15,500 70 520
Laboratory
1997
District 170 349,400 2,400 295
Research and 4 27,460 440 120
headquarters
Analytical Services 1 15,500 70 520
Laboratory

(8) Are there any special requirements for this
activity?
WRD needs to maintain communications
throughout the Division so that, as individuals and
groups discover and evaluate new techniques and
methods, their conclusions and discoveries can

become widely available as quickly as possible.
Education about, and training in, new techniques
also needs to be available (and sometimes, per-
haps, even required) so the entire Division can
benefit from these new techniques and
technologies.

Since manpower is likely not to increase,
automated procedures will be needed to allow QC
and QA of data. Also the previously mentioned
increase of volume and complexity of data, such as
the Air Force Installation Restoration Program
(IRP), will require the development of new
techniques of data validation.

The Central Laboratory has unique requirements
for data validation, including calculations between
and among from two to many different records.

Obtaining data from contract laboratories (some
of which comes through the Central Laboratory,
and some which do not) needs rigid specifications
to ensure its validity. This could include the
method of data transmission from the contractor’s
computer to the appropriate WRD computer.

(9) Please describe any software requirements for this
activity.
A. Data base manager.
Relational data base that will handle:
« Textual and numerical data,

« Input forms using "screen painting"
supporting a large number of terminal
types which meet ANSI standards,

« Ad hoc query capability,

« Support of structured query language
(sQn),

« High language interface for languages
FORTRAN and C,

« Concurrent access from one or more
CPU’s,

« Data dictionary and directory,

« Transaction processing,

« Recovery in the event of system failure,
« Security at a file, record, and field level,

« Utilities including: online, help, file
reorganization, file integrity, and

« Data communication interface to handle
one or more telecommunications monitors.

B. Editor software

Screen oriented text editor for reviewing and
modifying text information associated with



hydrologic data. Graphics editor for reviewing
and modifying graphical data.

C. Graphics software
DISSPLA-like graphics products.
TELLAGRAF-like graphics package.

D. Programming languages
General purpose programming languages such
as FORTRAN 77 and C for writing special

programs to process entered data in cases
where off-the-shelf software is not adequate.

Must provide an operating system command
procedure language that has the following
characteristics:

« Ability to supply responses to command
prompts.

« Ability to perform flow control based upon
logical decision-making.

« Ability to perform command line parsing,

« Ability to define, use, and transfer
variables. Special purpose artificial
intelligence language such as LISP or
PROLOG. Must interface with the other
high-level languages.

E. Statistics software
Subroutine library of statistical software such as
IMSL.
Command driven, interactive statistical
package which provides flexible data manage-
ment, including support for character data,
missing values. The package should include all
statistical procedures in current use by WRD.

F. Spreadsheet software

G. Utility software

Flexible sort and merge utility with a command
and subroutine interface.

(10) Please describe any equipment requirements for

this activity.

A. Display/Keyboard
Terminals that have a QWERTY keyboard,
132-character lines, and the ability to display
graphical images. Must have at least the
capabilities of a Tektronix 4207.

B. Processor

C. Storage unit

D. Printer/Plotter
For displaying hydrologic data in tabular and
graphical form to aid in validating hydrologic
data, the following printers and plotters are
required:
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« Medium volume raster printer capable of
printing ASCII characters with true
descenders on a 132 column line.

« Medium volume raster printer capable of
printing ASCII characters with true
descenders on a 132 column line
supporting at least 4 colors.

« High volume printer such as fast impact or
laser.

« Vector plotter capable of registering
preprinted forms at least 36 inches by
48 inches.

« Medium volume printer must be able to be
connected to a port on the display terminal
and print screen dumps of character and
graphical data.

E. Communications

Data-Base Maintenance

(1) Please identify the major activities performed.

Data-base maintenance.

(2) Please describe each identified activity and why it

is needed.

Data-base maintenance (1988, 1992, 1997):
Consists of operations that affect the structure and
content of the data base. Structural operations
consist of data element definition and modifica-
tion, as well as testing of the integrity of data files,
recovery from catastrophic system failures, and
setting data-base security. Operations that affect
the content of the data base include backups, cal-
culation of file statistics, and reorganization of
data files. These operations are performed in
order to store and retrieve hydrologic data,
preserve the integrity of the data base, and provide
an easily accessible data base to authorized users.

(3) Please describe the flow of information in this

activity.

(4) How many locations do this activity?

See table SD-I-6.

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

See table SD-I-6.

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

See table SD-I-6.

(7) How many hours per person per year are spent

doing this activity?
See table SD-I-6.



Table SD-1-6. — Statistics for data-base maintenance

activity
Number of Number
Organizational Number times  Number of hours
unit of performed of per person
locations  peryear  people per year
1988
District 70 18,200 70 200
Research and 4 1,040 4 200
headquarters
Analytical Services 1 260 1
Laboratory
1992
District 135 54,600 210 200
Research and 4 2,600 10 200
headquarters
Analytical Services 1 260 1 200
Laboratory
1997
District 170 182,000 700 210
Research and 4 7,800 30 210
headquarters
Analytical Services 1 260 1 210
Laboratory

(8) Are there any special requirements for this
activity?
Special procedures will be needed for project files

and data management techniques will be needed
for microfilmed data.

(9) Please describe any software requirements for this
activity.
A, Data base manager.
Relational data base that will handle:
« Textual and numerical data,

« Input forms using "screen painting'
supporting a large number of terminal
types which meet ANSI standards,

o Ad hoc query capability,

» Support of structured query language
(sQL),

« High language interface for languages
FORTRAN and C,

+ Concurrent access from one or more
CPU’s,

« Data dictionary and directory,

« Transaction processing,

« Recovery in the event of system failure,
« Security at a file, record, and field level,

« Utilities including: online, help, file reor-
ganization, file integrity, and

« Data communication interface to handle
one or more telecommunications monitors.

B. Editor software

C. Graphics software

D. Programming languages
General purpose programming languages such
as FORTRAN 77 and C for writing special

programs to process entered data in cases
where off-the-shelf software is not adequate.

Must provide an operating system command
procedure language that has the following
characteristics:

« Ability to supply responses to command
prompts.

« Ability to perform flow control based upon
logical decision-making.

« Ability to perform command line parsing.

« Ability to define, use, and transfer
variables. Special purpose artificial
intelligence language such as LISP or
PROLOG. Must interface with the other
high-level languages.

E. Statistics software
F. Spreadsheet software
G. Utility software

(10) Please describe any equipment requirements for

this activity.

A. Display/Keyboard
Terminals that have a QWERTY keyboard,
132-character lines, and the ability to display
graphical images.

B. Processor

C. Storage unit

D. Printer/Plotter

For displaying data base statistics in tabular
and graphical form to aid in analyzing and
reviewing the performance and size of data
bases in order to improve the efficiency of the
data bases and plan for growth, the following
printers and plotters should be available:

» Medium volume rast.r printer capable of
printing ASCII characters with true
descenders on a 132 column line.

« Vector plotter
E. Communications



Data Archiving

(1) Please identify the major activities performed.
Data archiving.

(2) Please describe each identified activity and why it
is needed.

Data archiving (1988, 1992, 1997): This activity
processes data entered manually, automatically,
or through standard computations. It provides for
the storage of information from paper, film, and
digital media for the purpose of maintaining a
permanent historical record of hydrological data
collection, as well as research and interpretive
studies. These data may be stored in a variety of
formats, such as: ASCII, binary, vector, or raster.
Some of these data will be periodically transferred
to a central site and, when aggregated from all the
local data bases, will comprise a data base which
is national in scope. This activity is performed to
provide rapid access to historical data and
efficient storage of data.

(3) Please describe the flow of information in this
activity.
Data archives will exist at each district office and
the central site locations. Data for the central
location will be supplied periodically from a
portion of the district files.

(4) How many locations do this activity?
See table SD-1-7.

(5) How many times per year is this activity done?
See table SD-I-7.

(6) How many people per year do this activity?
See table SD-I-7.

(7) How many hours per person per year are spent
doing this activity?
See table SD-I-7.

(8) Are there any special requirements for this
activity?
The ability to enter data from documents requires
high resolution scanners as well as text and line
recognition software. The current technology
does not appear to be adequate for this function

at present; however, it is hoped that it will be
possible in the future.

Procedures and processes will be needed for
archiving data on microfilm, and such.

(9) Please describe any software requirements for this
activity.
A. Data base manager.
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Relational data base that will handle:
« Textual and numerical data,

« Input forms using "screen painting"
supporting a large number of terminal
types which meet ANSI standards,

« Ad hoc query capability,

« Support of structured query language
(SQL),

« High language interface for languages
FORTRAN and C,

« Concurrent access from one or more
CPU’s,

« Data dictionary and directory,

» Transaction processing,

o Recovery in the event of system failure,

« Security at a file, record, and field level,

« Utilities including: online, help, file
reorganization, file integrity, and

« Data communication interface to handle
one or more telecommunications monitors.

Table SD-1-7.— Statistics for data archiving activity

Number of Number
Organizational Number times Number  of hours
unit of performed of per person
locations  peryear  people per year
1988
District 70 2,340 70 85
Research and 4 8 4 5
headquarters
Analytical Services 0 0 0 0
Laboratory
1992
District 135 15,750 210 150
Research and 4 50 10 10
headquarters
Analytical Services 0 0 0 0
Laboratory
1997
District 170 52,500 700 150
Research and 4 150 30 10
headquarters
Analytical Services 0 0 0 0
Laboratory

B. Editor software

Screen oriented text editor for reviewing and
modifying text information associated with
hydrologic data.

C. Graphics software



D. Programming languages

General purpose programming languages such
as FORTRAN 77 and C for writing special
programs to process entered data in cases
where off-the-shelf software is not adequate.

Must provide an operating system command
procedure language that has the following
characteristics:

« Ability to supply responses to command
prompts.

« Ability to perform flow control based upon
logical decision-making.

« Ability to perform command line parsing.

« Ability to define, use, and transfer
variables. Special purpose artificial
intelligence language such as LISP or
PROLOG. Must interface with the other
high-level languages.

E. Statistics software
F. Spreadsheet software
G. Utility software

(10) Please describe any equipment requirements for

this activity.
A. Display/Keyboard

Terminals that have a QWERTY keyboard,
132-character lines, and the ability to display
graphical images. Must have at least the
capabilities of a Tektronix 4207.

B. Processor
C. Storage unit

Nine-track magnetic tape high volume online
removable pack (Write Once Read Many
(WORM)).

D. Printer/Plotter
None.
E. Communications

Must have serial communications ports that
support asynchronous and synchronous
communications using RS232C conventions.

Must provide an user programmable UART
and USRT.

Must be able to support ETHERNET.
Facilitating Access to Data

(1) Please identify the major activities performed.

Facilitating access to data.

(2) Please describe each identified activity and why it

is needed.

Facilitating access to data (1988, 1992, 1997):
Provides an interface to the telephone company
voice network using modems. Public access is
provided through easy-to-use retrieval software
which can be controlled by responding to program
queries or via an ad hoc query capability. An
index will be maintained for a rapid review of
available data. Cost accounting and training will
be provided for controlling and facilitating outside
access. This access is provided in order to
promote better understanding of hydrology, con-
servation of our natural resources, and informed
management planning.

(3) Please describe the flow of information in this

activity.

base

| |

Digital A -
Interface unting

|

User

(4) How many locations do this activity?

See table SD-I-8.

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

See table SD-I-8.

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

See table SD-1-8.

(7) How many hours per person per year are spent

doing this activity?
See table SD-I-8.

(8) Are there any special requirements for this
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