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PREFACE

The National Water Data Exchange (NAWDEX) is a national confederation
of water-oriented organizations working together to improve access to water
data. NAWDEX held its first membership conference in Denver, Colorado, on
May 9-11, 1978. The purpose of the conference was to acquaint participants
in the NAWDEX program with systems, data resources, and services available
throughout the membership, to establish improved personal relationships
within the membership, and to serve as a forum for the exchange of ideas
and expertise on matters relating to improving the operation of NAWDEX and
identifying the needs of the water-data community. A copy of the conference
agenda is contained in appendix A. There were 84 registered participants,
representing 46 organizations, registered at the conference. This included
representatives of 33 NAWDEX member organizations and 13 observer organizations.
A complete list of attendees is contained in appendix B.

Sixteen papers were presented at the conference describing data systems
of member organizations, needs of the data community, and programs of national
interest. These papers are presented in their entirety in the following
preceedings. An .extensive exhibit of many of the systems discussed was also
conducted throughout the conference. A list of these exhibitors and systems
displayed is given as part of appendix A. Four working panels were also
conducted dealing with: (1) Program Administration, Management, and Coordina-
tion; (2) Recommended Standards for the Handling and Exchange of Water Data;
(3) Water Data Indexing and Technical Systems Development; and (4) Request,
Response, and Service Activities. The reports and conclusions of these
panels are also included in the proceedings.

The conference was considered a success and will serve as a good frame-
work for future conferences scheduled to be held annually. As the NAWDEX
membership expands, these conferences will become more important in helping
to improve communication throughout all sectors of the water-resources and
environmental community.
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CONVERSION TABLE

Sl UNITS AND INCH-POUND SYSTEM EQUIVALENTS

(SI, International System of Units, a moderalzed metric system of measurement. All values have been rounded to four significant digits ex-

cept 0.01

bar, which is the exact equivalent of 1 kPa. Use of hectare (ha) as an alternative name for square hectometer (hm?) 18 restricted

to measurement of land or water areas. Use of liter (L) as a special name for cubic decimeter (dm?3) is restricted to the mncasurement of
liqulds and gases; no prefix other than milli should be used with liter. Metric ton (t) as a name for megagram (Mg) should be restricted to
commercial usage, and no prefixes should be used with i{t. Note that the style of meter? rather than square¢ meter has been used for con-

venlence in finding units in this table. Where the units are spelled out in text, Survey style is to use square meter)

SI unit U.S. customary equivalent SI unit U.S. customary equivalent
Length Volume per unit time (includes flow)--Continued
milllmeter (mm) = 0.039 37 inch (in) decimeter? per second = 15.85 gallons per minute
meter (m) = 3.281 feet (ft) (dm3/s) (gal/min)
= 1.094 yards (yd) = 543.4 barrels per day
kilometer (km) = 0.621 4 mile (mi (bbl/d) (petroleum,
= 0.540 0 mile, nautical (nmt) *1 bbl=42 gal)
meters per second (m?/s) = 35.31 feet? per second (ft?/s)
Area = 15850 gallons per minute
(gal/min)
centimeter? (cm3) = 0.155 0 inch? (in?)
meter? (m?) = 10.76- . feet? (ft3) Mass
= 1.396 2471 yards? (yd?)
bectometer? (hm?) = 2 acres gram (g) = 0.035 27 °“:€°:v°"d“”°“ (os
= 0.003 861 se?‘&'{,)(“o acres or kilogram (kg) = 2.205 pounga avolrdupols (1b
av
kilometer? (km*) 03861  mile’ (mi¥) megagram (Mg) = 1.102 tons, short (2 000 1b)
Volume = 0.984 2 ton, long (2 240 1b)
centimeter® (cm?) = 0.06102  finch? (in?) Mass per unit volume (includes density)
declmeter? (dm®) = 61.02 inches? (in%)
= 2113 pints (pt) kflogram per meter® = 0.062 43 pound per foot? (1b/ft3)
= 1.057 quarts (qt) (kg/m®)
= 0.264 2 gallon (gal)
= 0.035 31 foot? (ft2)
metert (m?) = 331 fects (ft3) Pressure
= 1.308 yards? (yds)
= 264.2 rallons (gal) kilopascal (kPa) = 0.1450 pound-force per inch®
= 6.290 barrels (bbl) (petro- (1bf/in?)
leum, 1 bbl=42 gal) 0.009 869 atmosphere, standard
= 0.000 810 7 acre-foot (acre-ft) (atm)
hectometer® (hm?) = 810.7 acre-feet (acre-ft) = 0.01 bar
kilometers (km?) = 0.2399 mile? (mi?) = 0.2961 inch of mercury at
< ot . 60°F (in Hg
Volume per unit time (includes flow)
dec(léne't/er; per second = 0.03531  foot® per second (ft1/s) Temperature
md/s
2.119 temp kelvin (K)

feet? per minute (ft3/
min)

temp deg Celsius (*C)

{temp deg Fahrenhelt (*F)+459.67]/1.8
(temp deg Fahrenhelt (°F)--32}/1.
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OPENING REMARKS AND
INTRODUCTION OF KEYNOTE SPEAKER

By S. M. Lang, Chairman 1/

Good morning ladies and gentlemen. Welcome to Denver and to the first
NAWDEX membership conference. We are looking forward to a very interesting
session. I hope you will take advantage of the opportunity to review the
exhibits in the next room. Also, the documents that are in the display
case in the middle of the room contain some of the earlier results of the
NAWDEX interagency work group meetings. One in particular describes the
design characteristics for NAWDEX. That is the basic document that was used
to guide the development of the system to its current form. The reason I
call your attention to it is that I think you will be surprised as to how
well we have been able to incorporate the basic design characteristics in
the development of the system.

There also are two additional publications in the central display unit,
written by our first contractor, the PRC Systems Sciences Company, which
describe the early design and implementation plans for NAWDEX. The results
of two separate contracts are in these documents. Again, I think you will
be able to note how the evolution of NAWDEX has followed closely those
initial implementation plans.

As you probably know, NAWDEX is now approximately 2 years old, and we
are rather proud of the strides that have been made in the development of
the system. Much of the success is due to the cooperation of people like
you. We have a rather large membership. I do not intend to go into any
detailed discussion at this time because I know Doug Edwards and several
others, who will be speaking later, will go into the fine points. However,
we do have reason to be proud of the success that we have had to date in
the growth of the system.

We have a rather extensive program today for presentation and Doug,
during his coverage of the so-called housekeeping affairs, will go into more
detail on that.

The program does describe the data activities of other agencies partici-
pating in NAWDEX, and if you will look at your agenda, you will note that we
are giving our sister agencies the opportunity to describe their programs
and allow some time for discussion of their capabilities in the area of data
dissemination.

We will be preparing a proceedings volume of this meeting and much of
the material that has been handed out will be included in the publication,

i/Acting Assistant Chief Hydrologist for Scientific Publications and Data

Management, U.S. Geological Survey, Reston, Va.



although it may be in a slightly different format. We hope that, during
the meeting today, you will take the opportunity to ask questions and to
take part in the general discussions.

With that, T would like to get into the program, and the first item
on the program is the keynote address by Joe Cragwall.

Joe has served as Chief Hydrologist of the Geological Survey, Water
Resources Division, since 1974. Prior to that time, he held positions as
Assistant Director for Programs, Assistant Chief Hydrologist for Operations,
and he was a Staff Assistant for Planning, in the Office of the Under-
Secretary. Prior to that he was the District Chief for the Division, in
the State of Tennessee.

Joe holds a degree in civil engineering from the University of Virginia,
and is also a graduate of the Federal Executive Institute. He is a
Registered Professional Engineer in the State of Virginia and a fellow of
the American Society of Civil Engineers. He is also a member of the National
Society of Professional Engineers; the American Geophysical. Union; the
Geological Society of America; and the American Water Resources Association.

It is my pleasure to present Joe Cragwall.



KEYNOTE ADDRESS
WATER DATA - A VALUABLE RESOURCE
1/
By J. S. Cragwall, Jr.=

I would like to add my welcome to the attendees here today. It is
especially pleasing to have the participation of not only the other Federal
agencies, but many of the State agencies and other institutions as well. I
look upon this conference as a '"milestone'" occasion because it represents
the culmination of a long, and at times, arduous period of development for
this interagency activity that we call NAWDEX. Our being here proves that
NAWDEX is operational and ready to meet the needs of the water-data user
community for improved information service. I look forward to seeing NAWDEX
continue to improve as a viable and responsive program in which we can all
participate with pride and in a unified fashion. This conference is an
important step in reviewing what we have done to date and in assessing what
we need to do.

Each of us here today is either a collector of water data, a user of
water data, or both. We are keenly aware of the growing value of water data.
and, thus, the need for careful selection of the collection sites and the
suite of parameters to meet current as well as future data requirements.

The demands for data are constantly growing and the uses of these data are
becoming more diverse. We only need to look at the impact of the energy
problem of the last few years, and the impact of the National Environmental
Policy Act as two outstanding examples of the increasing diversity of the
demand for water resources information. We, who are collectors of water
data, are challenged to make these valuable information resources readily
available and in such forms as to be most useful to the user community.

The goals and concepts of NAWDEX are designed to meet this challenge.
The system's resources are growing rapidly, thereby allowing us to do a better
job of providing data services. A nationwide network of assistance centers
helps us to provide convenient access to information and to more readily
provide the necessary linkages between the data users and the data holders.
The organizational concept of MNAWDEX, whereby we all work together as
members, helps us to make better use of the resources and expertise available
from each of our organizations. This can only help to improve our indexing
and data exchange processes nationwide. Also, NAWDEX provides a viable linkage
and support mechanism for constructive participation from organizations of
all sizes, from large, nationally oriented Federal programs, to small, local
agencies and even individuals. NAWDEX has already improved our communication
channels and represents a major step forward in improving the interaction
between data collectors and data users.

L/ Chief Hydrologist, U.S. Geological Survey, Reston, Va.



To better focus upon the need for and potential services that can be
rendered by a public function like NAWDEX, perhaps it would help to set
the stage of this conference to look at just part of the Federal water data
activity. I want to go through this not as an address from the Geological
Survey, but to give some figures to show what size of operation we are
dealing with, which I think is impressive.

The Federal agency I represent, the Geological Survey, is responsible
for appraising the source, quantity, and quality of the Nation's water
resources. It also has the lead agency responsibility for coordinating the
activities of all Federal agencies in the acquisition of water data on
streams, lakes, reservoirs, estuaries, and ground waters. During Fiscal
Year 1978, our Water Resources Division will expend about $150 million in
responding to these responsibilities. These funds support studies of critical
national water problems in our Federal programs, resources evaluations and
data acquisition activities in our cooperative programs with nearly 600
State and local governmental agencies, and work performed, of a specific
nature, for more than 20 other Federal agencies involved with water missions.
Forty-five percent of the funds are directed at the collection, analysis,
and dissemination of streamflow, water-quality, ground-water, and sediment
data; 23 percent for areal, analytical, predictive, and interpretive resource
studies; 19 percent for studies related to critical water problems; and 13
percent for supportive research and development and other data-collection
functions such as administration of interstate compacts.

As a part of our National Water Data System, the Geological Survey
measures daily streamflows at nearly 8,000 sites, partial flow at nearly
8,000 sites, water quality at over 5,000 sites, sediment at over 1,200 sites,
and, in a typical year, water levels and quality at 22,000-25,000 wells.

This year, our central laboratories will analyze more than 150,000 water
samples for a suite of over 200 constituents ranging from simple, inorganic
compounds to complex organic structures, biological species, and radio-
chemical substances. These data, for the most part, are stored in computerized
form in our National Water Data Storage and Retrieval system (WATSTORE) for
subsequent use and dissemination. In addition, we annually publish these

data in 68 data volumes which are made available to our users. We also
produce annually over 800 reports and hydrologic atlases related to inter-
pretative studies, the results of research,and techniques and methodology

for investigating water resources.

In regard to critical energy and environmental problems I mentioned
earlier, studies are being made in the areas of coal hydrology, oil-shale
hydrology, nuclear hydrology, subsurface waste storage, geothermal energy,
underground heat storage, ground-water recharge, flood hazard mapping, and
estuarine and coastal zone work. This year, we are implementing a series
of digital model studies of the regional aquifer systems of the United States.
Three such studies are being initiated--in the Northern Great Plains, the
High Plains, and the Central Valley of California. We intend to start three
more major studies in Fiscal Year 1979. We are in the process of developing



'

and implementing a National Water Use Data System (NWUDS) as a part of our
Federal-State cooperative program. Fifteen States are involved initially

in this program and eventually all the States will be linked together in

a system which will provide important information for improved conservation
and management of our water resources. I might mention that the fields of
urban hydrology and coastal hydrology are looming as additional, very highly
important areas which will impact upon the data bases that are handled by
members of NAWDEX.

These programs demonstrate the magnitude of our data-collection
activities. Add to this the data being collected by other Federal, State,
and local government agencies, and private organizations, and it amounts
to a massive amount of data to be managed and to be made available to
people.

My agency is also deeply involved in coordinating the acquisition and
dissemination of water data. In 1964, we were assigned the responsibility
for implementing the provisions of Circular A-67, issued by the Office of
Management and Budget, and directed at improving water—-data acquisition
within the Federal community. The Office of Water Data Coordination was
established at that time to develop and direct this activity. More details
on the OWDC and water-data coordination will be presented to you by Hal
Langford who follows me on the program. The Geological Survey has two
advisory committees that aid in its coordination role under Circular A-67:
the Federal Interagency Advisory Committee on Water Data and the non-Federal
Advisory Committee on Water Data for Public Use. I am pleased to serve as
chairman of the first Committee and as alternate chairman of the second.
These committees have made valuable contributions to the coordination effort.
One important contribution was the establishment of the Federal Interagency
Water Data Handling Work Group, in 1970, as a task group of the Interagency
Advisory Committee on Water Data. This work group developed and presented
the design characteristics of the National Water Data Exchange in 1971 and
recommended that NAWDEX be established. This recommendation was subsequently
endorsed by both advisory committees. NAWDEX clearly supports the responsi-
bilities of Circular A-67 as related to the cataloging of data-acquisition
activities and facilitating the exchange of data between agencies.

The Geological Survey is pleased to have a lead role in the implementation
of NAWDEX. We believe that NAWDEX can help us to improve data dissemination,
to inform others of the availability of data, and to assist them in getting
it promptly and at low cost. As a means of bringing the benefits of NAWDEX
to the local level, we have designated each of our 46 district offices and
several major subdistrict offices as Local Assistance Centers. We have
also opened the files of our WATSTORE system for direct access to a limited
number of large users. We also have benefitted from our NAWDEX activities
by having a centralized index and inventory of our data resources. NAWDEX
gave us the motivation to get that done. Information about our data-
collection activities is being made readily available for program management
and development to more than 50 offices that are gquipped with computer



terminals. The Survey contributes water quality data on a continuing basis
to the Storage and Retrieval System (STORET) of the U.S. Environmental
Protection Agency, thereby enlarging the opportunity for usefulness of these
data. We require that each report prepared in our Water Resources Division
be cited and abstracted in the Water Resources Scientific Information Center
of the Department of the Interior, thus, making these reports known to a
wider audience. I am pleased that each of these systems is a participating
member of NAWDEX, and is making a significant contribution to the objectives
of NAWDEX. Also, we now release our annual basic-data publications through
the National Technical Information Service of the U.S. Department of
Commerce, thereby expanding their availability to the user community.
Through NAWDEX and all these systems, including many that I have not mentioned,
our data and information about our products are more readily available to
those who require them. We will continue to seek more effective means of
disseminating our data and the results of our investigative programs through
our involvement with NAWDEX.

Your attendance at this conference demonstrates that you, too, place
a high value on water data; not only monetarily but also the great value
realized by improved cooperation and communication within the scientific
community. The value of water data will increase as data-collection costs
increase, as the problems and need for protecting our environment become
more severe, as the need to develop our energy resources continues to grow,
and as overall competition for our available water resources increases.
Your attendance also indicates a mutual interest in improving NAWDEX
capabilities for data indexing, exchange, and utilization.

The more that people make use of a piece of data, the more cost-effective
it becomes. NAWDEX can improve that cost effectiveness. As more organizations
lend their support to NAWDEX, the more efficient and viable the program will
become, thereby, providing greater benefit to all of us. For the first time,
we have a national-level program that directs its full attention to improving
data exchange processes. By working together, we can continue to improve
these capabilities to place our valuable data resources in the hands of
those who need them, when they need them, and in a form that is most useful.

I am pleased to have a role in opening this first conference of the
NAWDEX membership. I have looked at the agenda and I am impressed by the
amount of work you are hoping to accomplish. I am also pleased to see a
multiplicity of participation and leadership in your work groups. T think
the work group approach is a good one. I do not think people like to come
to a meeting like this one and just sit and listen to talks; they want to
roll up their sleeves and do some work. I take this opportunity to wish
you a successful and productive session, and to assure you of the continued
support of the Geological Survey for the NAWDEX program.



WATER DATA COORDINATION AND THE ROLE OF NAWDEX

By R. H. Langfordl/

My topic for discussion today is the role that the National Water Data
Exchange (NAWDEX) plays in supporting the water-data coordination program
focused in the Geological Survey's Office of Water Data Coordination (OWDC).
In order to describe this supportive role to you, I want to go back to the
early stages of the establishment of OWDC and review highlights of the
water—-data coordination program as it has developed over the past 14 years.
I hope that this brief historical sketch will help you to appreciate the
important part that you as members and users of NAWDEX contribute to this
coordination activity.

In the United States, many Federal agencies and literally hundreds of
State and local agencies, universities, and private companies are involved
in acquiring and disseminating water data. In 1964, in an effort to meet
the increasing demands for water data in an efficient and economical manner,
the Office of Management and Budget issued Circular A-67, which prescribed
guidelines for coordinating water-data acquisition activities by Federal
agencies involved directly or indirectly in acquiring and using water data.
The scope of Circular A-67 includes processing, storing, and disseminating
data, as well as collecting quantitative and qualitative data for the
Nation's streams, lakes, estuaries, reservoirs, and ground waters. Lead-
agency responsibility for implementing Circular A-67 was assigned to the
Department of the Interior's Geological Survey, the agency that acquires
the majority of water data at Federal level. To carry out the A-67 mission,
the Survey established the Office of Water Data Coordination. The major
functions of this office are to carry out the lead~agency responsibility
for (1) designing a national network for acquiring water data, (2) coordina-
ting national network and specialized water-data acquisition activities,

(3) maintaining a central catalog of information on all water-data
acquisition activities, and (4) developing a national plan to acquire needed
water data.

To provide advice and counsel in implementing Circular A-67, the-
Secretary of the Interior established two committees in 1965: The Interagency
Advisory Committee on Water Data and the Advisory Committee on Water Data
for Public Use. The Interagency Advisory Committee on Water Data, or the
"Federal Committee," consists of representatives of some 30 Federal agencies
and provides the interagency liaison and participation required by Circular
A-67. The Advisory Committee on Water Data for Public Use, or the 'non-
Federal Committee," is comprised of representatives of national, State, and
regional organizations, universities, professional and technical societies

lJChief, Office of Water Data Coordination, U.S. Geological Survey, Reston, Va.



and consulting firms. It provides a forum for input from a broad sector of
the non-Federal community. 1 see members of both these committees in the
audience here today.

In developing plans to implement the circular, the need for improvements
in collecting water data and in handling and disseminating the data received
early attention. The Federal Committee discussed these subjects at its
fourth meeting and proposed the formulation of two interagency work groups
to study the needs and make recommendations. As a result of these proposals,
the Federal Interagency Water Data Handling Work Group and the Federal
Interagency Work Group on Designation of Standards for Water Data Acquisition
were impaneled in 1970,

Following two years of interagency efforts (1970-72), these work groups
produced significant recommendations for acquiring and handling water data.
Recommendations from the work group on designation of standards resulted in
the compilation of the preliminary report, '"Recommended Methods .for Water
Data Acquisition,' the forerunner of the new 'National Handbook of Recommended
Methods for Water-Data Acquisition." Ivan Johnson, in his presentation later
today, will cover the details of the recommended-methods activity and its
relation to NAWDEX.

The data handling work group recommended establishing NAWDEX, which would
develop a fully coordinated water-data handling system. In 1976, as a result
of this recommendation, NAWDEX was formally established as an activity of the
Geological Survey.

In order to meet the specific requirement under Circular A-67 to
"maintain a central catalog of information on national network and specialized
water—-data,'" the '"Catalog of Information on Water Data'" was established by
OWDC in 1966. The catalog currently consists of four sections: (1) streamflow
and stage, (2) quality of water, (3) ground water, and (4) areal investigations
and miscellanedus activities. Information in the catalog is supplied by more
than 300 Federal, State, and local agencies and universities in the United
States. In addition, the Canada Department of Fisheries and the Environment
provides information for station activities along the international boundary.

Initially, indexes to the individual catalog sections were published on
a nationwide basis. Beginning with the 1972 edition, two of the indexes,
surface water and water quality, were combined and presented in 21\regiona1
volumes, one for each of the major water-resources regions in the United
States. A special index to the catalog, the '"Index to Stations in Coastal
Areas,'" was published in 1977, and another special index listing activities
in coal-resource areas is currently being assembled.

The basic concept behind the catalog is to obtain information about
ongoing and planned data-acquisition activities and to organize this information
in such a way that data collectors can coordinate their programs and data users



can determine what activities are underway that could provide data to meet
their needs. The catalog is essentially a file of information about water-
data activities and is not a compilation of the collected water data.

If this description of the 'Catalog of Information on Water Data"
sounds familiar to NAWDEX members, it is because the catalog file served as
the basis for creation, in 1976, of the Master Water Data Index (MWDI).
Initidlly, information about data acquired at some 50,000 sites was obtained
from the OWDC files to create the MWDI. Since then, the number of sites
identified in the MWDI has grown to nearly 200,000, with the addition of
large blocks of data describing historical and short-term station activities.
A large part of this increase can be attributed to the direct interface with
the U.S. Environmental Protection Agency's STORET (Water Quality Data
Storage and Retrieval System) system and the Geological Survey's WATSTORE
(National Water Data Storage and Retrieval System) system. Thus, the
NAWDEX operation, through its expanding membership capabilities and its
direct interface with automated data systems has led to cataloging of
information about data acquired at large numbers of data sites that were
not included in the past cataloging efforts.

The cataloging effort is now carried on in cooperation with the NAWDEX
activity. It is an important first step in carrying out most of the other
responsibilities assigned to OWDC. One of these principal responsibilities
is to design the National Water Data Network. The design concept for the
National Network, initially developed by OWDC in 1966, includes not only
data acquired through station-type investigations but also data obtained
through areal investigations and synoptic studies of water systems. Data
on streams, ground water, water quality, and water use, and from areal
studies will be interrelated to provide understanding, accounting, and
surveillance of hydrologic systems.

The network encompasses three levels of information (fig. 1). Level 1
is a base level of information for broad national and regional planning and
assessment. It allows for the development of unanticipated needs and provides
a foundation for more detailed and precise activities. Information at this
level should be sufficient for a rough estimate of the water-resources
quantity and quality in any given place at any given time. Level II includes
data for water-resources planning needs within a subregion, which is usually
a trunk stream basin. Three interrelated elements carry through levels I
and II, namely accounting, surveillance, and areal synthesis. Level III
consists of data for water-resources operation and management at the local
level.

To meet the objective for accounting at level I, the United States was
divided into about 350 hydrologic units designated as accounting units.
The accounting units nest within the major water-resources planning sub-
regions and regions of the United States. For each accounting unit,
information about available data and ongoing data activities can be
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retrieved from the MWDI, and stations can then be selected which best
represent hydrologic conditions within that unit. Also through this process,
data deficiencies can be identified, and new activities can be planned to
remedy them. NAWDEX assists in network design by providing the basic
information on available data so that meaningful testing of design objectives
can be made, areas of insufficient coverage can be identified, and gaps in
the data base can be filled.

To date, the main focus of the National Water Data Network design effort
has been on two the level I objectives, namely streamflow and stream quality
accounting. These objectives are being met by the Geological Survey's
National Stream Quality/Quantity Accounting Network (NASQAN), which when
fully implemented in 1979, will consist of approximately 525 stations with
at least one station at the downstream end of each of the 350 accounting units.
With the development of the Survey's National Water Use Data System in 1978,
the water-use component of the level I accounting element is currently being
implemented. The Geological Survey currently is also in the process of
preparing a series of summary appraisals of the ground-water resources of
each of the 21 water resources regions. Together with the studies of major
regional aquifer systems that are just underway, we expect that this series
of regional appraisals will constitute the ground-water component of the
network's level I areal synthesis element.

Another closely related OWDC responsibility which requires the support
of NAWDEX and the MWDI is the development of the regional and Federal plans
for water-data acquisition by Federal agencies. In its coordination role,
OWDC works with representatives of some 30 Federal agencies to determine
their water-data needs. 1In 1971, and every year since, concerned Federal
agencies have been requested to describe their ongoing data activities and
their plans for acquiring water data through the budget year. The agencies
are also asked to describe any unmet data needs they now have or can foresee.
To assist the agencies in planning their activities and determining their
data needs, regional station listings are provided to be used for updating
and as a base for indicating areas of new or needed activities. This
information is then assembled into a "Regional Plan for Federal Water-Data
Acquisition'" for each of the 21 regions. The 21 regional plans are then used
to prepare the 'Federal Plan for the Acquisition of Water Data.'" These
reports set forth the ongoing and planned activities and the unmet needs of
participating Federal agencies for the coming fiscal year.

As you can see, NAWDEX is an extremely important part of the total
activity aimed at improving the planning and coordination of water-data
programs in the United States, and it improves accessibility to water data
regardless of what organization, Federal or non-Federal, collected the data
or where the data or stored. As NAWDEX continués to improve and expand the
bank of water-data information and its capability to respond to queries about
data holdings, its utility in assisting OWDC to carry out the planning and
coordinating function will increase, as will its utility in assisting data
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users to locate and obtain data needed to meet their needs. The continued
development of a viable and responsive NAWDEX is essential if the fully
coordinated and responsive system envisioned in Circular A-67 is to be
realized.

I look forward to a successful meeting here in Denver, and trust that
working together we will be able to develop new approaches to improve the
accessibility, reliability, and compatibility of water data in the United
States.
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OBJECTIVES OF THE FIRST MEMBERSHIP
CONFERENCE OF THE NATIONAL WATER
DATA EXCHANGE (NAWDEX)

By Melvin D. Edwardsl/

Good morning, ladies and gentlemen. I would like to offer my own
personal welcome to you this morning, as the Program Manager of NAWDEX.
I'd also like to thank Joe Cragwall, Hal Langford, and Sol Lang for taking
time form their busy schedules to be with us this morning to help us
initiate this very first NAWDEX membership conference.

I have talked to many of you on the telephone, and you were just voices
over the wire to me. I am very happy to have met many of you, and I hope
that I will get an opportunity to meet all of you before the conference is
over.

The conference chairman always introduces everyone else, but he never
gets introduced himself. I would like to point out that our conference
chairman, Sol Lang, is the Deputy Assistant Chief Hydrologist for Scientific
Publications and Data Management for the Water Resources Division and
currently is sitting in as Acting Assistant Chief. Sol has been active in
NAWDEX from the very beginning. He was the Executive Secretary of the Inter-
agency Water Data Handling Work Group, and it was mainly through Sol's efforts,
during the period 1971 to mid-1975, that NAWDEX stayed alive. So, a vote of
appreciation is due Sol for his efforts on behalf of all of us.

This first membership conference is a significant milestone in our
development and implementation of NAWDEX. It is the first opportunity for
us to become personally -acquainted and spend a brief time together focusing
our full attention on the mission and goals of our program. An annual
conference is a defined part of our program of operation and I believe that
these sessions are vital if we are to advance the program in a manner that
will best fit both our needs and those of the user community.

NAWDEX is directed toward the goals of developing a nationwide con-
federation of organizations that work together to facilitate the transfer
of data between the collector and user communities, to provide a compre-
hensive and accurate accounting of existing water data, to identify sources
of water-related data, and to improve the technology of data handling and
transfer. The objectives of our first conference, therefore, are directed
toward achieving these goals.

Our objectives of the first day are for you to meet each other and
become familiar with many of the systems and services available within our

l/Program Manager, National Water Data Exchange Program Office,
U.S. Geological Survey, Reston, Va.
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membership. Papers are being presented on national-level programs that
are supported by NAWDEX, provide support to NAWDEX, or will have a future
impact on the NAWDEX program. Presentations also will be given by various
members relevant to their data needs, data systems, services, and other
activities pertinent to the program, in order to better acquaint all of

us with the facilities and resources availlable throughout our membership.
Several of these presentations are reinforced by exhibits, literature,

and displays to provide additional infiormation and demonstrate their capa-
bilities. I hope that each of you will take full advantage of the exhibit
area and acqudint yourselves with these systems. Beyond the presentations,
I hope that a lot of personal interchange will take place. Each of us
needs to help close our communication gaps. Our conference provides a forum
for this. We have representatives from both the collector and user
communities here today. It is important to the success of NAWDEX that you
talk to each other. The conference is an excellent opportunity to express
your needs, concerns, and ideas.

The second ddy is directed toward discussing our objectives for the
forthcoming year and' to working together at assessing the status of the
program, defining needs of the program, improving our operations, .and
correcting any deficiencies in the development and advancement of the program.
Ad hoc panel sessions are being conducted to address four specific elements
of the program: Program Administration, Management, and Coordination; Water
Data Indexing and Technical Systems Development; Request, Response, and
Service Activities; and Recommended Standards for the Handling and Exchange
of Water Data. Where possible, each of you were extended an invitation to
participate in the panel sessions based upon your expressed area of interest.
For those of you who did not receive an advance invitation, I hope that you
will select a panel and actively participate in the proceedings tomorrow.
Guidelines for each of the panels have been provided to you to help in your
selection. The panel sessions provide an opportunity for each of you to
apply your expertise and personal input to the program. The results of these
panels will be invaluable as we advance NAWDEX. I am confident they will lead
to significant improvements in our planning and operational processes.

Our third day has been set aside for us to discuss the results of our
conference and to discuss other matters which you feel will be of mutual
interest to the participants.

A summary of the proceedings will be published as soon as possible
and distributed to participants, all NAWDEX members, and other interested
parties. This document should be a valuable aid in helping you to better
fit the NAWDEX program into your own planning and operational processes.

I sincerely hope that each of you will leave here ¢n Thursday with a
feeling of accomplishment; a firm sense of being a part of NAWDEX; a better
comprehension of our mission, .goals and accomplishments; and enthusiasm for
the continued advancement of our program.
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STATUS OF THE NATIONAL WATER
DATA EXCHANGE (NAWDEX)--MAY 1978

By Melvin D. Edwardsl/

I am pleased to announce that we have continued to make good progress
in the advancement of NAWDEX since the last status report of our activities
as of September 1977. Membership has continued to expand. We currently
have the membership support of 112 organizations. This is an increase
of 31 percent since September. I invite all of you here today who are
not yet members of NAWDEX to become participants in our program. Draft
copies of the Memorandum of Understanding required to be signed for membership
and application forms are available in the exhibit area. Membership is
voluntary and there are no dues or fees associated with becoming a member.
We need your support to help us to improve our communication throughout
the water-data community, develop a viable index of available data, and
improve our data exchange processes.

We have continued in our efforts to increase the public awareness
of NAWDEX. The NAWDEX Newsletter now has over 500 subscribers and the
third issue was distributed in November 1977. A NAWDEX brochure describing
the program and our services has just been published and is being introduced
here today. To date, several hundred information packets have been mailed
in response to inquiries about NAWDEX. NAWDEX personnel have also participated
in a variety of technical and scientific meetings this fiscal year. These
include: The Fourth Joint Conference on Sensing of Environmental Pollutants
sponsored by the American Chemical Society in New Orleans, La.; the Geoscience
Information Retrieval Update Symposium sponsored by the Geological Society
of America in Seattle, Wash.; the Third Annual STORET Users Meeting conducted
by the U.S. Environmental Protection Agency in Bethany, W. Va.; the 50th
Anniversary Conference and Exhibition of the Water Pollution Control Federation
in Philadelphia, Pa.; and Water Resources Conferences conducted by the
Geological Survey in the states of California, Arizona, New Jersey, and
Georgia.

The NAWDEX service activity is continuing to expand. Nearly 31,000
request/response transactions were conducted in the first two quarters
of Fiscal Year 1978. The newly affiliated membership services of WRSIC,
(Water Resources Scientific Information Center), EDS (Environmental Data
Service), STORET (Storage and Retrieval system of the Environmental Protection
Agency), and WATDOC (Water Resources Document Reference Centre, Canada
Department of Fisheries and the Environment) were announced in our last
Newsletter and NAWDEX referrals to these services are expected to increase
this year. Local Assistance Center personnel were briefed on these new
services and in the use of new software facilities to support inhouse

.l/Program Manager, National Water Data Exchange Program Office,
U.S. Geological Survey, Reston, Va,
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NAWDEX services at two training sessions conducted by the NAWDEX Program
Office in Denver, Colo., and Reston, Va., in late November and early December.

Our information resources also continue to expand. Over 420 organizations
are currently registered in the Water Data Sources Directory and nearly
200,000 sites have been indexed in the Master Water Data Index. This includes
the indexing of the Daily Values File and Peak Flow File of the Geological
Survey's WATSTORE system which was completed in April. The first indexing
update of the water-quality data stored in the Environmental Protection
Agency's STORET system has already begun. This task will include water-
quality data concurrently stored in the STORET and WATSTORE systems during
calendar year 1977 and is scheduled for completion by July 31, 1978. Indexing
is also underway on the ground-water quality data contained in the archived
file of STORET. These are predominately data contributed to STORET from
the WATSTORE system and are expected to add an additional 100,000 ground-
water sites to the Master Water Data Index by the end of Fiscal Year 1978.

The information contained in the Water Data Sources Directory is still
incomplete at this time. Work on the Directory has been given low priority
during the past year due to the rapid-growth demands of the Master Water
Data Index. High emphasis will be given to the Directory during late Fiscal
Year 1978 and early Fiscal Year 1979, however, to bring this important
data base up to date. In the interim, system design and software development
is underway to provide the facility for storing information on water-related
data in the Directory. This work is scheduled for completion in September
of 1978 and the new capability for water-related data will be implemented
in early Fiscal Year 1979. There has been a high demand for this type
of information and this addition will greatly expand our reporting capability
to our users.

The gathering of information by manual encoding procedures for the
Master Water Data Index has been rescheduled in order to better coordinate
this process with the data gathering procedures of the Office of Water
Data Coordination (OWDC) in the development of its Catalog of Information
on Water Data. This was done, specifically, to eliminate duplication of
effort. Instructions for the encoding of data have nearly been completed
by OWDC. These instructions will be distributed to the membership in the
near future and data gathering can be expanded at that time. Work is under
way in requesting approval from the Office of Management and Budget for
interagency use of NAWDEX-designed encoding procedures for both data bases.
These procedures will be implemented throughout the membership upon receipt
of this approval. Procedures for updating the MWDI were implemented within
the Geological Survey in September 1977 for testing and validation purposes.
Their use, thus far, has proven them to be a viable system. Currently,

a computerized system for the interim translation of data collected in
the OWDC format into NAWDEX compatible formats for entry into the MWDI
has been implemented and is in use for non-USGS data indexing. Also, the
edit/update software system for the entry of data into the MWDI has been
extensively tested and is fully operational.
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Work was completed in April on the initial interface with the digitized
files of Hydrologic Unit Code maps developed and implemented by the Office
of Water Data Coordination. Using these files, the eight-digit hydrologic
unit codes based upon the 21 major hydrologic regions defined by the U.S.
Water Resources Council have been assigned to all sites in the MWDI that
are identified by latitude and longitude. We are now integrating these
digitized files into the NAWDEX update procedures for the MWDI. For the
first time, we now have a practical method for the automated assignment
of a standardized hydrologic identifier to all sites identified by latitude
and longitude regardless of the source of input. This is an important
contribution to our data-response capabilities and the water-data community.

Generalized-retrieval software for the MWDI is now fully operational.
This system provides a high degree of flexibility for individual users
to select data from the MWDI based upon their specified criteria and to
format the output to fit their individual needs. This system is designed
to provide a reporting mechanism for NAWDEX members and users to produce
meaningful inventory and management-type reports. The system consists
of a retrieval module, a report generator, and a site-location plot interface.

A variety of systems documentation and user manuals have been developed
and printed. This documentation will be reviewed during the conference
and its applicability to general membership use appraised.

A significant funding increase of $400,000 was allowed the NAWDEX
Program Office in Fiscal Year 1978, bringing our operating budget this
year to $676,000. An additional increase of $500,000 has been requested
for Fiscal Year 1979, bringing our projected budget to 1.2 million dollars.
The allocation of this increase by Congress looks very promising at this
time. This level of funding gives NAWDEX a healthy financial outlook and
assures the continued momentum required to make the program a success.

The staff of the Program Office currently consists of nine full-time
and two part-time employees. The work of the staff is supplemented by
contractual support in the areas of systems design, data-base, and software
development. We plan to acquire both additional personnel and contractual
support during Fiscal Year 1979 to further assure the continuing development
of a viable, responsive program.

We have accomplished much in the brief timespan of NAWDEX implementationm.
We still have a lot to accomplish., Our objectives for next year will be
discussed tomorrow. The support of you, the membership, has been excellent.
I am sure that I can rely upon your continued support. Together, we can
make NAWDEX truly successful.
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THE COLORADO WATER DATA BANK

By Walter I. Knudsen, Jr., and Dr. Jeris A. Danielsonl/

Over the past several years, the Division of Water Resources has
received numerous inquiries concerning the Colorado Water Data Bank.
Generally speaking, the inquirer wants to know what it is and how it is
used. At the conclusion of this presentation’it is my hope that you will
know: 1) Why a Colorado Water Data Bank; 2) What is the Colorado Water
Data Bank; and 3) How is the Colorado Water Data Bank being used. During
the presentation the words '"Data Bank'" should be taken to mean the Colorado
Water Data Bank, and the term "Division" to mean the Division of Water
Resources, or as many would prefer, ''The State Engineer's Office."

Why a Colorado Water Data Bank? That could perhaps be briefly explained
by saying that the demand for accurate and complete water resource data by
many sectors of our society starting in the 1960's quickly showed that the
traditional methods of accumulating, storing, interpreting and utilizing
water resource data were not going to work very well in servicing these
demands. One might say that, legislatively, these demands coalesced into
the Water Rights Determination and Administration Act of 1969. Perhaps the
two most important features of this act from the point of view of why a
data bank are: 1) The legislated policy of the State to integrate the
appropriation, use and administration of underground water tributary to
a stream with the use of surface water in such a way so as to maximize the
beneficial use of all waters of the State; and 2) The State Engineer had to
develop and publish a complete listing of all decreed water rights existing
in the State of Colorado.

Many persons both within the legislature and elsewhere, who were very
concerned about, and with, the water resources of Colorado recognized the
fact that this legislation was placing an additional responsibility upon the
conditions that existed at that time. These and other concerns arising out
of the 1969 act and subsequent legislation affecting both the surface and
ground water of the State, and the use of the land of the State, caused the
State Engineer and the key members of his staff to begin thinking, in more
concrete terms, about a Colorado Water Data Bank.

During the summer of 1971 a pilot study was conducted in order to
gather data relating to the computerization of our diversion and other
technical records. This study culminated in a feasibility report completed
in December of the year. This report was presented to the 1972 Legislature
and was the basis for the funding of the Colorado Water Data Bank.

What is the Colorado Water Data Bank? It is many things to many
people. Colorado State University (CSU) would perhaps take the point of
view that the data bank is a very interesting and necessary applied research

1/

=~ Chief, Computer Services, and Deputy State Engineer, respectively, Colorado
Division of Water Resources, Denver, Colo.

18



project benefiting two areas: 1) Water resource data collection and reporting
systems with some very obvious beneficial uses in the general area of water
resources research, particularly as it applies to Colorado; 2) Water

resource data organization, storage and retrieval using the computer and

a concept loosely referred to as a data base. The latter involves

computer programs usually referred to as data base management systems.

To non-Division users of our data bank it is either a wonderful and
needed means for providing water resource information to the user, or it is
a frustrating experience with something that should be (and is to a limited
extent) providing this needed information to the user, better than we use
to for the most part, but not as sophisticatedly as they--or the Division
as a matter of fact--would like. 1In other words, to the non-Division user,
the data bank is basically an information system oriented to the retrieval
of water resource data.

The Water Division Engineers, their assistants and the water commissioners
view it as a lot of hard, and sometimes frustrating, work. But this project,
including the water rights tabulation, would have been an impossible task if
it had not been for the Water Division Engineers and their water commissioners.

The data bank is all of that, and more, but is not an end unto itself.
One purpose is to provide more accurate and meaningful raw water resource
data to all those sectors of our society who need it. During the pilot study
and the implementation of the data bank project, it became painfully clear
that a number of terms used in water administration differed in their meaning
throughout the State and indeed, even within a Water Division. The terms
direct, exchange, supplemental, miners inch, priority--and others--have had
variations in their meaning and intent throughout the State. It can be
shown where historic water resource records have not been uniform in their
method of recording and the meaning attached to the recorded data. There
have been times when the purpose of the data bank has been described as the
computerization of the Division's technical data. This is partially true.
But, the computerization of data without the understanding of the data is an
exercise in futility and a waste of money.

The development of the data bank has been impacted by at least three
different groups. They are the Water Project (Data Bank) personnel at CSU,
Division personnel in the seven Water Division offices, and Division personnel
in the Denver Office. The project work effort has been divided between CSU
and the Division. CSU is responsible for the design and implementation of
computer programs and systems, and the Division is responsible for the design
and implementation of the manual data entry and reporting systems, and the
overall management of the project.

The Colorado Water Data Bank contains Colorado water resource data
collected by the Division and other governmental agencies. The several
categories of the water resource data collected and entered (or to be entered)
into the Water Data Bank are described below and diagrammatically shown in
figure 1.
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Water Rights: The Colorado judicial system is empowered to
adjudicate the water rights in the State of Colorado. The State
Engineer's Office receives copies of the court decrees and abstracts
them for inclusion in a tabulation of water rights for the State of
Colorado. The data included in this tabulation are the name of the
structure, it's location, decreed amount, decretal dates, and other
administrative information.

Water Diversions: The State Engineer's Office field personnel
administer the waters of the State according to State statute and

court decrees. Records are kept on the amount of water diverted from
the rivers, streams or ground-water of the State into the various
ditches, canals, reservoirs or other types of diversion structures.

The data include the source of water, its use, the diverted amount
measured in cubic feet per second of time (ft3/s) or acre feet (acre-ft)
and the date of the measurement.

Reservoir Storage: Periodic readings are taken of the gage height
and corresponding stored volume of many reservoirs in the State. The
frequency of such readings is dependent upon the accessibility of the
reservoir and the need to make such measurements. Inflow and/or
outflow records are kept on those reservoirs critically involved in
water administration.

Wells: The State Engineer's Office maintains a computerized record of
all registered wells in the State of Colorado in addition to the permit/
registration documents. This record contains the name and address of
the registrant, location of the well, it's initial yield and water
level, depth and other administrative data. 'The annual diverted amount
is kept in a few selected cases. Well log data will eventually be
incorporated into the computerized record.

Stream Gaging Station: The State Engineer's Office in cooperation with
the U.S. Geological Survey (USGS) maintains stream-gaging stations

on numerous rivers and streams of the State of Colorado. The flow data
arerecorded as an average daily flow. Also incorporated into the
record are other descriptive data such as location, drainage area and
other geographical parameters.

Climatological Data: Climatological data consisting of daily maximum/
minimum temperatures, precipitation and other climatological parameters
have been acquired for each station in Colorado where such data are or
have been recorded.

Livestock Water Tanks: The State Engineer permits and registers
structures known as ''Livestock Water Tanks." These structures are

used primarily for the watering of livestock. The data consist of the
registrant's name and address, location of structure, capacity, and
other administrative data.
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Dams: The State Engineer maintains a roster of dams located in the
State of Colorado. The data consist of the dam name, location,
physical characteristics, draindge area, capacity of reservoir,
owner/engineer information, and other pertinent engineering and
administrative data.

Snow Course Data: The State Engineer, in cooperation with the U.S.
Soil Conservation Service, maintains snow courses in the mountains
of Colorado for the purpose of estimating the water runoff volumes

that will become part of the normal streamflow. The data include
the station location, date of measurement, snow depth, and water
equivalent.

Water Quality Data: It is anticipated that water quality data
collected by the Colorado Department of Health, the USGS, and
other governmental agencies will eventually be incorporated into
the Colorado Water Data Bank.

Figure 2, WATER DATA BANK INTERRELATIONSHIPS, shows that data bases
will interrelate one with another. For example, we want to be able to cross
reference water rights as they related to wells, diversions, or reservoirs.
At the same time, both wells and reservoirs will be cross referenced to water
diversions. Why? It is becoming quite common to have a well decreed as an
alternate point to a ditch diversion, and diversions will go to storage at
certain times of the year. A ditch headgate can and does, in many instances,
have more than one priority diverted through it.

A not-so-hypothetical case of the need for such interrelationships is
a water study along a specified reach of a stream. Or, a user may want to
know what the average streamflow has been at a certain point, what the
historic diversions have been for a particular structure and what senior
rights are downstream (upstream senior rights have already taken their
water). The data base interrelationships will be such that this informa-
tion will be available with a minimum of effort. There are at least two
ways that the desired information may be extracted from a data bank to
meet these needs. First, the stream (or set of streams) is specified, and
all diversions, reservoir storage information, streamflow data and water
rights are extracted fov analysis. ©Or, instead of by stream, the data may
be extracted by legal location. The analysis of the data is external to
the data bank.

Several data bases have been defined and established on the CSU
computer using MRI's System 2000 Data Base Management System. They are
Water Diversions and Reservoir Storage, Water Rights, Gaging Stationms,
Climatology, and Dam Structures. As of now, only two of the proposed
data bases have been integrated. They are water diversions and reservoir
storage. Figure 3 shows the integrated data base. Water rights are shown

22



£c

Reservoirs (Gaging

Livestock

Ponds

Water

Diversions

Stream

Flow &

Stations)

Wells

Water
Climatology
Rights

Figure 2.--Water Data Bank Interrelationships.
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to the right. They exist as a separate data base that will probably be
integrated with the water diversion and reservoir data base as shown in
figure 3.

For two or more years a mark sensing form was utilized to enter
ditch diversion and reservoir storage data. This form was discontinued
due to coding and machine problems and a change was made to using key-
punched cards as the prime medium for the entry of all data.

Data collection activities start at the point where data is captured
on a coding form. In the case of water rights it is the abstracting of a
decree and coding that information on an adjudication card. For diversion
data, the water commissioners measure the flow of water through the headgate
and record the information on a coding form. The data entry form most
commonly used by the field personnel for recording water diversion can
record a half-month's worth of data for a maximum of 29 structures. The
Division's use of this form has indicated at least two major advantages for
it: (1) The form can be the water commissioner's actual record; and (2)
data can be keypunched directly from this form. Keypunching may be done
in the local area, the cards listed, and the card listing reviewed by Water
Division personnel prior to shipping the cards to Denver. The Denver Office
also keypunches much of this data.

The data update process reads the data into the computer and updates
the data bases with new information or changes to existing information. When
the diversion data is read by the computer it is edited at two levels. The
first level of editing edits the card to see if certain fields have data and
if these fields have been correctly keypunched. The second level of editing
occurs at the time of data base update. At this time the data are checked
against the data base to ensure that a structure exists for the data, and
to discover duplicate entries or other errors. We have experienced
approximately 1 percent total error and most of these have been due to
misunderstandings of the coding system.

Data retrieval may be divided into two areas. The first concerns itself
with verifying that the existing information in the computer is correct. The
second concerns itself with extracting data to give to someone. The Division
receives numerous requests for copies of the water resource data it collects
and maintains.

In summary, the Field Divisions collect the data, code it onto forms,
and either they or the Denver Office arrange to have the data keypunched.
The Denver Office transmits the data to the CSU computer through the RJE
Terminal in the Denver Office and the data bases are updated. The data
retrieval process originates in the Denver Office via the RJE Terminal
and the reports are printed on the terminal printer.
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The data may be retrieved and reported in a number of formats., Figures
4 and 5 show a sample water rights tabulation reports for pages A and B.
Figures 6 through 12 show a series of reports for water diversions for one
structure. Figures 6 through 10 are the flows for specific categories of
water (as described in the following paragraph), and figure 11 is the total
flow for all water for all uses through that structure. Figure 12 is a
sample of an infrequent data report (diversion data for a 'period" of time
vs. daily values), figure 13 a water diversion summary report, and figure 14
a water use summary report.

A brief comment concerning "categories" of water as used in our
diversion records is in order at this time. Water is identified through its
source (river, reservoir,ground water, transbasin and non-stream), its use
(ten of them), '"type'" (basically a piece of information entered when further
administrative identification is needed as in the case of exchange water,
and "from" (another administrative identifier available when needed, as for
example, to identify what reservoir the water came from). A unique
combination of these four codes is a water category. Figure 15 identifies
these codes.

The Division has a number of future projects in mind. First and fore-
most is the integration of the water rights data base with the diversion records
data base. On the surface this seems like a simple operation. However, it
will involve a lot of painstaking detailed work in checking and rechecking the
relationship between particular water rights actions and diversion structures.

Another project will involve the integration of stream gaging,
climatological, and dam data with the diversion records and water rights.
By far the largest and most complex project will be the integration of the
well and livestock water tank files with the diversion records and water
rights. This project will take some time to accomplish since there are two
major impacts: The physical size of these data files and the finances needed
to integrate and operate them.

Another project the Division has in mind is to provide direct access
to the data bank from the Water Division Office. The major problems to be
resolved are communication links, operating criteria, fiscal controls, and
financing.

It was stated earlier that the data bank was not an end unto itself.
The questions to be answered here are how does the Division use the data bank
and how do others use the data bank. One of the purposes of the Colorado
Water Data Bank is to computerize the technical records of the Division. To
that end, the current water diversion records are being coded for entry into
the data bank by the various Water Divisions. They also verify the data
before signing the official diversion report. Personnel in the Denver Office
are entering and verifying the historic diversion data and current well file
information. The water rights data is being continually reviewed by both
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DIVISION 1

NAME OF
STRUCTURE

MARSHALL DITCH

MILLER DITCH

SCHREIBER DITCH
REARNSLEY E CC DIVERSION
BEARDSLEY E CC DIVERSION
EAST PLUM CRESEX n
LOWELL SUMP PUMP
HIGHLINE DITCH
HIGHLIME OITCH
HIGHUINE DOITCH
HIGHUINE D 1ST EnL
LOWELL SUMP PUMP
HIGHLINE D 1ST ENL
HICGHUINE D 1ST ENL
HIGHLINE D 2ND ENL
LOHWELL SUMP pyNp
HIGHLINE O 2ND ENL
HIGHLINE O 2ND ENL
CASTLE ROCX RESERVOIR
FUREKA DITCH

P w NAXIAN DITCH

P W OHRIAN DITCH

CASTLE ROCK w W n
CASTLE ROCX RES ENL
CASTLE ROCK W W D

EAST PLUM CREEK D ENL
CASTLE ROCX W W D
CASTLE ROCK w W n
CASTLE ROCK W W »ND ENL
HILL DITCH

SERRFLL OVERNIGHT RES
SERRFLL DITCH

SERRFLL OVERNIGHT RES

E PLUM CR D 2ND ENL
RUTTON RES

LITTLETON HEIGHTS DITCH
GARBER CREEK DITCH NO '}
GARBFR CREEK DITCH NO 2
CHATHAM DITCH

SUNNY BANK DITCH
FLINTON CAREY D

FLINTON CUREY D FNL
GAZBER CREEK D Np )1 ENL
PURDY DITCH

LITTLE DAISY DITCH
PURDY DITCH ENL

AHLMAAZ GOVE DITCH
SNYDER DITCH

ROEINSON CITCH
GREENWIO0D RES PAQSOVER

VOOOO0OOUNDUOVUDUOO0CUDOUOIDVUVOVOOOCHOVDOCONITIDTCVOOOIVTOOOODVOOOOOOQ

TYP

EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
EAST
£AST
£asT
EASY
£AST
EAST
EaST
EAST
EAST
EAST
Easy
EAST
EAST
EAST
E&ST
EAST
EAST
EAST
EAST
EAST
EAST

GALLUP
GARRAFR
GARRFR
GARSQER
GARAER
GARRBFR
GARRFR
GARQER
GARRER
GARAFR
GARRFR
GOVE CREEK
GOVE CREZEK

CVE CREEK

STREAM ALPHA LISTING - WATER DISTRICY NO 8

NAME OF
SOURCE

CHERRY
CHERRY
CHERRY
CHERRY
CHERRY

PLUM
pLUM
FLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
eLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM
PLUM

CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEK
CREEX
CREEK
CREEK
CREEX
CREEK
CREEK
CREEK
CREEX
CREEK
CREEK
CREEK

GULCH
CREEK
CREEK
CREEK
CREEX
CREEK
CREEX
CREEK
CREEX
CREEK
CREEK

GREEM®OON CREEX

Figure 4.--Water rights tabulation report - Page A .

4 ]
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CREEK
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CREEK
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o000
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[
NOOVWOOD®ZODP®PO®D®® XD U

roes

NUVLNLLVLLVLLLLLLLLLULLLOLLLLLLLLLLLLLLVLLLLLLLLLLLLBLLLULLLLLBLLLW

RNG

65~
65-¥
65-u
65-w
65-¥
67-¥
67=W
6T-~W
67-%
67-W
67-W
67~%
67-%
67-W
67=W
67=¥W
67-W
67-W
[-¥Ad.}
67-Y
6T~
67=-Y
67-v
69~W
67~H
67~W
67-W
67~w
67~W
67-H
67-W
68-W
67~¥
67-¥
67-¥
68~W
68-4
68=¥
8-
64-W
66-%
68-W
68-¥
68-W
LR=W
68-%
68-4
63-W
68-W
6H-W

1
SEC ¢ 4
¢co

04
04
21
28
33
i8
27
04
04
04
04
27
04
04
04
27
04
04
11
lae
14
14
11
11
11
18
11
11
1l
20
08
08
07
18
o8
16
17
09
10
11
10
10
17
09
11
09
e
36
36

ce

LOCATIION

!
0
NENE
SESf
NWNWSE
SWSENW
S¥NHSE
NENWNE
SYNE
NE MENE
NENENE
NENENE
NENENE
S¥NE
NENENE
NEMENE
NENENE
SVMF
NENENE
NENENE
NE SESE
Sy SYSW
S\ SUSW
SiSwSw
NUSWNE
NI SIZSE
Nt S INE
NENYNE
NYSWNE
NYSWNE
NUSWNE
NESHSW
NESENE
NWSESW
NE
NESWNW
NWNESE
SUNNSE
Ny
SENWSW
NESE
NUSWNW
NWSESE
NYSESE
NY
SENESW
NWSWSE
SENESW
N INESE
N
N¥SwNE
SESESE

AMOUNT

«7500CFS
1,5000CFS
1.5000CFS

«5500CFS

«4920CFS
3.5200CFS

+4920CFS

«0930CFS
1.,4000CFS

«1960CFS

«1960CFS

«0379CFS

15.0800CFS 0O

2.1120CFS
2.1120CFS
«4010CFS
«S000AF
7.0000CFS
5.250CCFS
2.0000CFS
3.4600CFS

2.00C0CFS
3.0000CFS
1.0000CFS
1.0000CFS
«2000CFS
«7500CF3
3.8400AF
2.000CCFS

10.7400CFS

T.0000CFS
4.3230AF
1.0000CFS
2.7900CFS
1.0600CFS
S.00n0CFS
1.,8300CFS
2.1700CFS
3.0000CFS
1.4000CFS
2.0000CFS
+9900CFS
0.00C0CFS
2.,5200CFS
3.0000CFS
+160QCFS
S.0000AF

VUVWOODODOCOOOOCOOCOoOOoULLLLLULLLLNLLLVL

ADY
DATE

05/23/1904
0572371904

0671671930 -

12/31/1974
1273171974
12/10/1883
12/31/1883
1271071883
12/10/1883
12/10/1883
12/10/1883
12/10/1883
1271071283
1271071883
12/10/1e83
12/10/1883
12/10/1883
12/10/1883
12/10/1883
0370371890
1172671899
1172871893
11/28/1893
11/228/1893
11/28/1893
06/16/1930
11/28/1908a
1172871998
06/16/1930
0671571930
05/18/1972
05/18/1972
05/18/1972
05/18/1972
0571871972

0671671930 0572371904

1271071883
12/10/1883
1271071883
1271071883
1271071883
12710/1883
12710/1883
127:¢/1883
12710/1883
12/12/18483
12/10/1883
1271671883

APPRO BASIN

DAYE

RANK

04/30/1903 1503
04/30/1903 1503
0670171873 1539
06/10/1971 9783
06/10/1971 9783

0773071769
09/01/1871
09/01/1871
09/01/1871
05/01/71871
0673071873
0&/30/1873
06/206/1373
0673071873
0673071878
06/30/1878
06/30718718
0673071878
04/01/1880
03/31/1983
08/16/1£93
0873071893
08/30/1€893
08/30/18693
0873071893
04/01/1890
06972071291
09/20/1891
0871471914
06/01/1923
1172371954
0271771955
064/01/3958
068/s12/195¢8
1070671961
07/20/18%0
06/30/18R€1
08/30/1863
1273071864
0670171866
0773071869
€6/20/1871
1279171871
3573071873
05/10/1880
05/30/1881
0670171863
11/01/1879

03/03/1890 12/10/1883 01/01/1883
0671671930 05/23/71904 05/03/19C9

243
285
285
285
265
341
341
361
241
492
492
492
492
554
719

1159
1162
1162
1162
1162
1565
1568
15¢8
2164
2591
5053
5087
5612
5673
6105
1565

48
107
132
179
242
282
294
335
559
599
242
561
733

1935



8¢

BASIN
RANK

1803
1503
1539
9733
9783
243
285
28s
285
285
241
361
341
341
492
492
492
492
556
719
1159
1162
1162
1162
1162
1565
1568
1548
2164
2591
50%3
5087
5A13
5473
6106
1566
48
107
132
179
243
282
294
235
859
599
242
5641
733
1935

DIVISION 1

0
WORK R
DATE O

19478
19478
19868
45292
45292
07151
07914
07914
07914
07914
cesse
08582
08582
08582
10408
10408
10408
10408
110649
12163
15934
15948
15948
15948
15948
19868
19868
19858
23602
26815
38313
38399
39538
39671
40822
19868
04199
04990
05478
V5966
07151
07851
08005
08551
11088
11473
07092
10897
12393
217046

SEQ
NO

00290
00289
00312
03687
03686
00098
03218
00111
03219
03220
00130
03221
03222
03223
00169
03224
03225
03226
004la
00226
00417
00616
00419
00418
00415
00343
00444
00443
00091
00384
00520
00534
00519
09510
00515
00344
00004
20027
00041
00065
00093
00108
00112
00125
00199
00205
00992
00190
00222
00401

> -

oM™
> >

ODTVXEXPODODDIPOIOTIFNINCOIIDNIOTDDPDI@EIIOEMMMODdDMMMOMMOMDMM

<0

18
18
18
18
18
18
30
18
30
30
18
30
30
30
18
30
30
30
18
18
18
18
18
18
18
la
1A
18
18
la
18
18
la
18
18
03
18
18
18
18
18
18
18
11
18
18
18
18
i8
03

CIvIL
ACTION
NO

7171
7771

€ £

W 285

W 285
w 285

285
285
285

X x X

285
285
285

T EX

3635
3635
3635
3635
3635

Hater Rig L oRT - PAGE B

STREAM ALPHA LISTING - WATER NISTRICT NO 8

STRUCTURE USE ADY REMARKS
TYPE TYPE TYPE
1 1 2 267 NO AMT DECREED
1 1 2 26.,» NO AMT DECREED
1 1 2 37’ S04
01 23 813647 NUMBER 2
01 23 813647 NUMBER 1
1 1 1 56
8 1 14 B02102
1 1 1 65
1 1 15 809102
1 1 1 809102
1 1 1 67
8 1 14 809102
1 1 15 809102
1 1 16 B02102
1 1 1 67
8 1 14 809102
1 1 15 809102
1 1 16 B09102
3 8 1 120
1 8 2 167
1 8 2 246 ENLY OF EUREKA P NO 141
1 8 24 246 CPD
1 8 2 240
3 8 2 240
1 8 25 245
1 1 2 513
1 8 2
1 8 2
1 8 2 469 543
1 1 2 443 5S40
3 1 9 2
1 1 2
3 1 2
1 1 2
3 1 5 9 2
1 1 2 403 518
1 1 1 13
1 1 1 26
1 1 1 32
1 1 1 36
1 1 1 Se
1 1 1 LY
1 1 1 1z
1 1 1 T¢
1 1 1 1z1
1 1 1 8C NO ADDITIONAL WATER GRANTED
1 1 1 S1
1 1 1 118
1 1 2 206
3 1 2 550

Figure 5.--Water rights tabulation report - Page B.
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DIVISION 1 DISTRICT 08 ANNUAL WATER DIVERSICN REPORT

DAILY WATER DIVERSIONS BY STRUCTURE

STRUCTURE NAME: DENVER INTAKE (01002) AGENT/OFFICIAL: CITY OF DENVER
OWNER
SOURCE STREAM: SOUTH PLATTE RIVER 001) DENVER, COLO.
DIVERSION CHARACTERISTICS: SOyRCE- RIVER (1) USE=~ MUNICIPAL (2), FROM=
NOv DEC JAN FEB MARCH APRIL May JUNE JULY

¥4 128,000 114.000¢ 45.000° 52.000° 67.000¢ 142.000¢ 97.000% 55.000° 52.000°
2/ 141,000 101.0090e 37.000¢ 48.000° 60.000° 116,000+ 99,000¢ 55.000° 52.000°
3/ 123,000 109.000¢ 4R.000% 40.000% 64.000% 1093.000° 129,000 61.000¢ 52.000¢°

4/ 119.000° 101.000% 53.000% 70.0900° $3.000¢ 74.000% 127,000+ 55.000% 52.000°
S/ 121,000 S6.000% 14.000° 75.000% 44,0000 000" 65.000% 55000° 52.000°
6/ 114,000 85.000% 29.000° S56.000%° 49,000% 6.000¢ 70.000¢ 61.000° 53,000

1/ 111.000% 86.000e 19,000 37.000% 71.000% 69.000% 90.000e 61.000° 55.000¢
-74 110,000 180.000¢ 30.000% 36.000® 87.000¢ 46.000¢ 97.000¢ 61.000° 55.000°
9/ 110,000 91.000% 12.000% 41.0009 87,000 35.000e 92.000¢ 61.000¢ 55,000

10/ 99,.000° 98.000% .000° 4T7.000¢ 41.000% 40.000% 92.000¢ 61.000° 55,000
11/ 12¢,000° T4.0000 8.000° 31.000% «000¢ 40,000 92.000# 61.000% 55.000¢
12/ 96,.000%° 85.0002 -000% 54.000° 33.000% 140.000+ 77.000¢ 6l.000° 55.000%
13/ 87.000% 76.000¢ 18.000¢ 63.000¢ 83.000¢ 75.000°" 92.000¢ 61.000° 52.000¢%
14/ 103,00n® 79.000% €.000¢% 59.000%® 77.0002 1244000 64,000¢ 61.000° 52,000
1S/ 121,c000° 79.000% 4.000¢ 51.000° 58.000% 86,000 2.000% 61.000% 52.000%
16/ 121,000¢ 72.000% 11.C00% 68.000% 67.000% 136.000 61,000¢ 61.000% 52.000¢
177 75.000% 84,0004 23.000° 75.000* 70,000 129.000" 61,000¢ 61.000%° 21.000%
187 83.000° 77.000% 38.000° 73.000% 59.000* 160.000* 53.000¢ 55.000° 15.000%
19/ 82.000¢ 74.000% 45.000¢ 744000 55.000* 205.000* 57.000e 55.000¢ 20,000%
207 83.000° 53.000+ 33.000% S54.000¢ 57.000% 178.000% 55,000¢ 55.000° 43,0002
21/ 81.000° 46.000% 48.000° 70.000% 55.000% 1464.0002 §5.000¢ §5.,000° 29.000¢
22/ 68,000° 45.000¢ 47.000%  78.000¢ 66.000® 144.000¢ 55.000¢ 55.000° 80.000%
237 74,000¢ 18.00ne 56.000% 64.00n0* 92.000¢ 127.000% 55.000% 55.000¢ 56.000¢
24/ 49,0002 63.000° 39.000°® 66.000% 117,000% 153.000¢ 55.000¢ 55.000% 55.000°
25/ 76.000° 47.0009 35.000% 65,000 143.000% 168.000¢ 55.000¢ $5.000° 44,000°
26/ 78.000° 53.0002 46.000% 344000 12R,000% 99.00¢0 55.000% 53.000% 47.000°
277 17.000¢ 80.000¢% 43.000% 56.000% 128.000% 98,000 55,000¢ 52.000°% 124.000¢
28/ 19.000% 64.0004 32.000° 45.,000% 14R.000% 99.000* $%,000¢ 52.000° 47,000
297 82,000 57.0002 28.000% 108.000% 100.000 55.000¢# 52000 50.000°
30/ 112.000# 62,000 34.000% 101.000% 99.000% 54.,000¢ 52.000° 55.000°
31/ 37.000% 41.000® 111.000¢ 63,000 55.000¢

TOY (SFD? 28023.00 2386.00 920.00 1582.00 2379.00 3135.00 2184.00 1714,00 1594,00
AVG (SFD) 93.433 76.968 31.724 56,500 79.300 108.103 70.452 57.133 51.419
TOT (AF) 5549.9 472443 1821.6 3132.4 4710.4 6207.3 432443 3393.7 3156.1
ANNyUAL TOTAL: 21,384.0 (SFO) ¢ INDICATES OBSERVED DATAs U (NDICATES USER SUPPLIED DATA
ANNUAL AVERAGE: 59.235 {(SFD) ALL OTHER DATA IS INTERPRETED “pOM PREVIOUS OBSERVED VALUE
ANNUAL TOTAL: 42+340.3 (AF) ’

DATF FIRST USED: 11/01/1976
DATE LAST USED: 10/31/1977

Figure 6.--Annual daily water diversion report.

IRRIGATION YEAR 1977

MEAS DEVICE: 36" 90" V

RECORDER:
ESTIMATED CAPACITY?:

BIF

OECREED CAPACITY:

Yo TYPE-

AUG SEPT
S4,000® 47,000
S5.000% 45,000
$3.000° 47,0009
52.000¢ 43,000¢@
53.000% 35.000¢
55.000¢ 35.000%
55.0002 43,0000
26,000¢ 47.000¢9
30.000% 47,000
42.000° 40,000
43.000® 45,000
43,000 47,0009
45.000% 31,000
47.000%  47,000¢
4T.000° 37.00¢0°
47.000% 33,000
47.000° 47,0009
47.000® 38,00G°¢
47.000% 35,000
47,000¢ 36,000¢
47,000 19,000¢
47,0009 13.000e
53.000¢% 12,000
47.000% 13.000¢
47.000¢ 21,0000
67.000° 15,000¢
46,000 12.000%
47.000% 11,000
47.000° 88,0009
47.000¢ 164,000¢
47,0009
1457,00 963.00

47,000 32.100
2884,.9 190647

400,00

ocr

2,000
2.000¢
2.000*
2,000
2.000°
2,000
2.000°
2.000%
2.000¢
2.000°
2.000¢
2.000¢
2.000°
2.000®
2.000°
2.000°
2.000°
2.000°
2,000
2.000¢
2.000¢
2.000°
2.000°
2.000°
2,000
2.000°
2.000°
46,000°
19,0000
74,000¢
74.000¢

267.00
8,613

528,.7

WATER COMMISSIONER
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NN\
" bt
nN» o

/713
/14
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/29
/30
/31
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DIVISION 1 DISTRICT 08 ANNUAL WATER DIVERSION REPORT IRRIGATION YEAR 1977
DAILY WATER DIVERSIONS BY STRUCTURE

STRUCTURE NAME: DENVER INTAKE (01002) AGENT/OFFICIAL: CITY OF DENVER MEAS DEVICE: 36" 90" V
QWNER RECORDER: BIF
SOUPCE STREAM: SOUTH PLATTE RIVER to01) DENVER, COLO, ESTIMATED CAPACITY!? 400.00
DECREED CAPACITY:
DIVERSION CHARACTERISTICS: SOURCE- RIVER (1)s USE= MUNICIPAL (2)+ FROM=- METRO SEWER EXCH (0700)s TYPE=- t)
NOvV DEC JAN FEB MARCH APRIL MAY JUNE JuLY AUG SEPT ocr
17 28,000% 14.000¢ 45,0009 «000® 38,.000¢ T.000 /1
2/ 3.,000e 34,000e 23.000% 52.000¢ 24.000¢ «000e 8,000 / 2
3/ .000e 34,000 61.000° 26,000 22.000° 4,000¢ 5.000¢ 7/ 3
s/ 34,000e 68.000% 32.000% 31.000¢ .000% «000® 7/ &
57 «000#  S56.000° 39.000¢ 37.000% «000e $.000°® / S
6/ 43.000° 46,000 46,000° .000¢ 10.000% 7/ 6
4 42.000% $9.000° 55.000¢ 3.000° S.000% 16.000% / 7
8/ 35.000% 19.000¢ 3%.000° «000¢ 21.000% 21.000® / 8
S/ 62,0004 31.000% 15,0002 8.000% 18.000¢ / S
10/ 56.000¢° 48.000° 36.000% «000e 22.0¢0% /10
11/ 9.000¢ 52,000¢ 49.000¢ 11.000% 44,000 «000e 24,000 /11
127 24.000% 45,000 59.000¢ 9.000° 57.000¢ 6.000% 21.000% /12
13/ 24.000% 19.000¢ 61.000° 22,000¢ 46.000° +000® 37.000¢ /13
147 32.000% 45,0000 50.000° 19.000¢ 43.000% 4.000¢ 41,000% /14
pe-74 62.000% «000e 21.000° 14,000 S4.000° «000¢ 39.600¢ /15
16/ 55.000¢ 15,000# 37.000° 6,000® 56.000° «000% 47.000% /15
17/ 55.000¢ 62,000 45.000° «000% 64,000 12.000¢ 35.000% /17
187 45.000% +000e 57.000° T4.000¢ .000¢ 47.000% /18
19/ «000¢ 46,0009 57.000° 79.000%° 38.000% /19
20/ 53.,000# 39.000° S4.000% 48,000% /20
21/ 62.,000% 65.000%° T7.000% 39.000¢ /21
22/ 56,000 S6.000° 644000¢ 44,000% /22
23/ 65.000¢ 41.000% 66.000¢ 47.000¢ /23
24/ 67.000¢ 26.000° 12.000® 57.000° 44,0009 /24
25/ - 66,000 28,000 «000° 38.000% 68.000¢ /25
26/ 15.000¢ 69,000¢ 40.000% 23.000% 61.000% /26
21/ 27.000% 79,000« 26.000° «000% 65,0008 /27
28/ ‘ 29.000¢% 68,000 23.000° 3.000¢ 30,000 /28
2%/ 29.000¢% 53,000# 46.000° 11.000¢ 25.000¢ © 000 /29
30/ 224000 16,0002 25.000° 14,000 35.000%° 13.000* /30
31/ 29,000¢ 3.000° 40.000° «000° /31
TOT (SFD) 3.00 «00 «00 «00 «00 428,00 1290.00 1273.00 506,00 1162.00 98.00 900.00
AVG (SFD) 3.000 «000 «000 «000 «000 32.923 47.778 42,433 25,300 44,692 12.250 32.143
TOT (AF) 5.9 +0 o0 .0 o0 847.4 255442 2520.5 1001.9 2300.8 194,0 1782,0
ANNUAL TOTAL: 5+660,0 (SFD) ¢ INDICATES OBSERVED DATAs U I/IDICATES USER SUPPLIED DATA wATER COMMISSIONER
ANNUAL AVERAGE: 36.993 (SFD) ALL OTHER DATA IS INTERPRETED FIOM PREVIOUS OBSERVED VALUE

ANNUAL TOTAL:S 11920648 (AF)

DATE FIRST USED: 11/02/1976
DATE LAST USED: 10/30/1977

Figure 7.--Annual daily water diversion report.
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DIVISION 1 DISTRICT 08

STRUCTURE NAME: DENVER INTAKE

SoUQCE STREAM: SOUTH PLATTE RIVER

DIVERSION CHARACTERISTICS: SOuRCE-~

NOv

i/

2/

3/

4/

%4

6/

17/

V4

S/
10/
i1/
127
13/
14/
1S/
13-4
17/
1e/
197/
20/
21/
22/
237
24/
257
267/
27/
r3-%4
297
30/
31/

TOT (SFD)
AVS (SFD)
TOT (AF)
ANNUAL TOT

a
ANNUAL AVZR
ANNUAL TOTAL

L
L

:
GE:

DATE FIRST uSZD:
DATZ LAST USED:

0EC

.00 «C0
«000 <000
<0 .0
20840 (SFDy
20.820 (SFD)
a1l.8 (AF)

G8/717/71977
08/2€/71977

ANNUAL WATER DIVZRSION REPORT

DAILY WATER DIVERSIONS BY STRUCTURE

101002) AGENT/CFFICIAL: CITY OF GENVER
OWNER

too1) DENVER, COLO.
RIVER (1), USE- MUNICIPAL (2), FROM- SCDA LAKES EX

FEB MARCH APRIL MAY JUNE JuLY
.00 .00 .59 00 .00 .00 .00
.000 .000 . 000 <009 +000 <000 <000
.0 .0 .9 -0 .0 .0 .0

o INDICATES OBSERVED DATAs U INDICATES USER SUPPLIED DATA
LL OTHER DATA 1S INTERPRETED FRGM PREVIOQUS OBSERVED VALUE

Figure 8.--Annual daily water diversion report.

IRRIGATION YEAR 1977

MEAS DEVICE: 36" 96w V
RECCRIER: BIF
ESTIMATED CAPACITY:
DECREZD CAPACITY:

(3815)y TYPE-

AUG SEPT ocrY

5.000%
22.000¢
25.000¢
25.,000%
25.000¢
25.000%
25.000¢
25.,000¢°
25.000%

6.000®

«000°

20€,00 00
20.800 «000
411.8 o0

WATER COMMISSIONER

400.00

<00

+000

0
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DIVISION 1 DISTRICT 08 ANNUAL WATER DIVERSLON REPORT ‘ : IRRIGATION YEAR 1977
DAILY WATER DIVERSIONS BY STRUCTURE

STRUCTURE NAME: DENVER INTAKE (01002) AGENT/OFFICIAL: CITY OF DENVER MEAS DEVICE: 36" 90" V
OWNER RECORDER: BIF
SOURCE STREAM: SOUTH PLATTE RIVER  (001) DENVER, COLO. ESTIMATED CAPACITY? 400.00
. DECREED CAPACITY:
DIVERSION CHARACTERISTICS! SOURCE~ RESERVOIR (2)y USE~ MUNICIPAL (2)y FROM- CHEESMAN RESERVQIR (3550)y TYPE~ ()
NOy DEC JAN FEB MARCH APRIL MAY JUNE JULY AUG SEPT ocT

1/ 46.000° 54,000% 5.000% 71
2/ $1.000%  49.000% 5.000¢ /2
3 43.000%  44.000° «000¢ 73
4/ 42,000  39.000% /7 4
S/ 59,000 39.000° /7S
6/ 45.000% 39.000% /6
17 56.000¢ 39.000° /7
8/ 48.000°  34.000% /8
9/ 48.000%  34.000% )
10/ 66.000° 34.000° 710
11/ 56.000%  444000% /11
127 42.000° 5440009 712
13/ 53.000% 544000% /13
167 81.000% 54.000° /14
15/ 82.000% 54.000% : 715
16/ «0000  80.000% 49,0002 /16
177 76.000% - 44,000% /17
187 77.000%  644000° /718
19/ 77.000¢  34.000% /19
207 78.000%  34.000% 720
21/ 6.000% T76.000%  34.000 721
22/ 16,000  78.000% 36,000 722
23/ 40,0008  78.000° 24,0009 723
24/ 16.000= 78.000¢ 15.000% 724
25/ 38.0000 73.000% 15.000° 725
26/ 44,000  73.000¢ 15.,000¢ /26
21/ 37.0000  73.000% 15.000% 727
28/ 27.000%  73.000° 15,0009 728
29/ 43,0000 68.000% 729
30/ 35,000 63.000% 730
31/ 43,0000 59.000% /31

70T (SFOD) .00 341,00 1986.00 1037.00 10.00 <00 <00 .00 «00 «00 «00 200

AVG (SFD) 0000 31.000 69,065 37.036 5.000 «000 «000 +000 0000 0000 0000 4000

T0T (AF) .0 675.2 3932.3 2053.3 19.8 o0 o0 0 o0 o0 o0 o0

ANNUAL TOTAL:® 3537440 (SFD) © INDICATES OBSERVED DATAsy U INDICATES USER SUPPLIED DATA WATER COMMISSIONER

ANNUAL AVERAGES 46,861 (SFD) ALL OTHER DATA IS INTERPRETED FROM PREVIOUS OBSERVED VALUE

ANNUAL TOTAL: 6+9680.,5 (AF)

DATE FIRST USED: 12/21/1976 ‘
DATE LAST USED: 0370271977

Figure 9.--Annual daily water diversion report.
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DIVISION 1 DISTRICT 08 ANNUAL WATER DIVERSLIOV REPORT IRRTIGATION YEAR 1977

DAILY WATER DIVERSIONS 8Y STRUCTURE

STRUCTURE NAME: DENVER INTAKE (01002) AGENT/OFFICIAL: CITY OF DENVER MEAS DEVICE: 36" 90" V
O¥NER RECORDER: BIF
SQUPCE STREAM: SOQUTH PLATTE RIVER (001) DENVER, C3LO. ESTIMATED CAPACITY!S 400.00
DECREED CAPACITY:
DIVERSION CHARACTERISTICS: SCUPCE- TRANSBASIN(4), USE=- MUNICIPAL (2), FROM= ROMERTS TUNNEL {0653) s TYPE= ()
NOv DEC JAN FES MARCH APRIL MAY JUNE JULY AUG SEPT ocT
17 30,000° 93,000 86.000° 92.000¢ 90.000° 86.000% 60.000® 142.000° 217.,000% 212,000 204,000 333,000 / 1
2/ 27.000° 93.0000 86.000° 92.000¢ 90.000° 86.000° 60,000 230.000° 211,000° 214,000 181.,000% 333,000 / 2
3/ 123,000 93,000+ B6.000° 93.000% 90.,000° 82.,000° 120,000¢ 221.000% 233.000% 214.000¢ 152.000% 333.000° 7/ 3
4/ 120,000° 93.0000 89.,000% 93.000° 90.000¢° $8.000° 120.000¢ 199,000% 234,000% 213,000° 152.000¢ 333.000° / &
S/ 120,000° 93.0000 90.000¢® 93.000° 90.000%° «000® 1306,000° 205.000¢ 219.000¢ 213.000¢ 152,000¢ 308,000° / S
6/ 120.000° 93.000» 90.0002 93.000° 90.,000% 130,000% 132.000% 217.000° 215.n00% 152,000% 284,000* / 6
1/ 120.000° 89.,000e 90.000¢ 93.000% 92.000% 171.000¢ 31.0002 205,000 145.000® 100,000 259.000* 7/ 7
8/ 120,000% 89.000¢ 90.000% 90.000% 92.000% 171.000¢ 6640002 187,000 126.000° 48,0008 245,000 / 8
S/ 120,000¢ 89.,000¢ 90.000° 90.0n0¢° 92.000% 100.000® 171,0002 81.000° 210,000® 126.000° 48,0002 245,000 / 9
197 130,0002 69.000¢ 90.000¢ 90.000¢° 92.,000¢ 100.000% 171,000% 96.000% 211,000° 143.000° 48,0002 245,000° /10
11/ 120.000* 89.000¢e 92.000° 90.000° 92.000% 100.000% 171.000° 141.000° 212,000 171.000° 43,0009 245,000° /11}

127 120.000¢ 89.000e 92.000% 90.000% 92.000® 100.000% 171,000¢ 107.000% 212.000% 171.000*° 48.000° 245.000° /12
13/ 120,000¢ 89.090% 92.000* 90.000% 92.000= 228.000% 171,000 12.000% 212,000 171.,000° 47,000 245.000% /13

14/ 120.000° 89.000% 92.000° 90.000¢ 92,000 143.000% 152,000¢ 12.000% 221.000¢ 171.000% 47.000% 286.000° /14
15/ 120.0002 86.000s  92.000% 90.0n0% 92,0009 143.000% 239,000% 82.000°% 212.000® 170.000° 71.000= 286,000% /15
16/ 71,000 86.000% 92.000% 90.000% 92.000° 143.000%° 73,000% 120.000% 224,000% 171.000¢ 96.000° 286,000% /16
17/ 71,000 86.0002 92.000% 90.000" 92.000% 77.000% 55,0002 115.000° 237,000 187.400° 113,000° 286.000% /17
18/ 71.000¢ 86.000¢ 92.000* 90.000% 92.000¢ 77.000% 186.,000¢ 181.,000¢ 235,000° 187.000¢ 143,0002 286.000¢ /18
19/ 71.,000% 86.000e 92.000% 90.000% 84,000¢ «000% 230,000 184.000% 235,000° 96.000° 143,000 286.000% /19
20/ 71.000° 86.0002 92.000¢ 90.000% 84,000 221,000% 177.000% 232,000% 96.000° 119.000¢ 286.900°% /20
21/ 71.000% 86.000¢ 92.000% 90.000* 84,000% 213,000 B0.000° 285,000° 4B8.000° 95.0002 28kK.000°¢ /21
22/ 71.000° 86.000% 92.000% 90.000° 84,000 158.000% 14.000% 155.000% 48.000% 170.0C0° 286.000% /22
23/ 71.000° 86.000¢ 92.000° 90.000° 100.000¢ 41,0000 174,000¢ 29.000” 85,0002 53.000% 220.000% 2R6.000° /23
24/ 96,000 86.000¢ 92.000*° 90.000° 100.000¢° 80.000° 204,000¢ 17.000° 38,000 «000% 239,000% 286.000° /24
25/ 96,000 86,000% 92.000% 90.000¢ 95.000° 40.0002 206,000¢ 19.000% 66,000% 239,000 261.000® /25
26/ 96,000 86.000% 92.000% 90.000° 95.000¢ 20.000® 207,000 37.000% 67.000° 48,000 239,000% 238.000° /26
27/ 96,000° 86.000% 92.000° 90.000° 95.000* 40.000* 195,0009 14.000° .000% 119,000% 239,000 213.000° /27
28/ 96,000 86.000¢ 92.000% 90.000¢ 95.000% 20.000* 208.000¢ 25.000° 29,000 238.000¢ 239.000% 213.000% /28
29/ 96,000 86.0000 93,0004 95.000% 20.000% 5.0002 112.000° 51.000% 238.000¢ 261.000% 166.000% /29
30/ 91,0002 B86.000¢ 92.000% B6.000¢ 60.000% 5,000 211.000° 32,000 238.000° 2R6,000° 166.000¢ /30
31/ 86.000% 92.000° 86.000¢ .0000 184,000% 252.000° 166,000¢ /31

TOT (SFO) 2865.00 2732.00 2820.00 2539.00 2827.00 1844,00 4500.00 3092.00 5368.00 4694,00 4334,00 8222.00
AVG (SFD) 95,500 88.129 90.968 90.679 91.194 83.818 150.000 163,067 178,933 161,862 144,467 265.226
TOT (AF) 5672.7 5409.4 5583.6 5027.2 5597.5 3651.1 8910.0 6122.2 10628.6 9294.1 8s81.3 16279.6

ANNUAL TOTAL: 454837.0 (SFD) ¢ INDICATES OBSERVED DATAy U INDICATES USER SUPPLIED DATA WATER COMMISSIONER
ANNUAL AVERAGE: 129.850 (SFD) ALL OTHER DATA 1S INTERPRETED FROM PREVIOUS OPSERVED VALUE

ANNUAL TOTAL: 90+757.3 (AF) '

DATE FIRST USED: 11/01/1976

DATE LAST USED: 10/31/1977

Figure 10.--Annual daily water diversion report-
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OIVISION 1

DISTRICT 08

STRUCTURE NAME! DENVER INTAKE

SOURCE STREAM:

DAILY TOTAL FROM ALL

1/
2/
3/
ar
s/
6/
17
8/
9/
10/
117
12/
137
14/
157
16/
17/
18/
19/
20/
21/
22/
23/
24/
25/
26/
27/
28/
29/
30/
31/

TOT (SFD)
AVG (SFD)

TOT (AF)

ANNUAL TOTAL:
ANNUAL AVERAGE?!
ANN{IAL TOTAL:

DATE FIRST

DATE LAST USED:

NOv

158,000
171,000
246,000°
239,000
261,000%
234,000¢
231.000°
230,000
230,000
229,000°
240,000¢
216,000¢
207.000%
223,000
241,000°
192,000°
146.000¢°
154,000
153,000%
154,000%
152.000¢
139,000
145,000¢
145,000
172,000¢
174,000
113,000®
115,000
178,0¢00¢
203,000¢

5671.00
»1890,033

11228.6

SOUTH PLATTE RIVER

SOURCES FOR ALL USES

DEC

207.000¢
194,000%
202,000
194.000¢
189.000%
178.000¢
175.0000
269.000%
180.000%
187.000%
163.0000
174.000%
165.000%
168,000%
165.000¢
158.000%
170.000%
163.000%
1560.000%
139.000%
138,000+%
145,0000
144,000¢
163.000¢
171.000¢
183.000¢
203.000%
177.0002
186.,000¢
183.,000¢
166.000¢

5459.00
176.097

10808.8 1

76+463.0 (SFD)
210.063 (SFN)
151439647 (AF)

USED: 1170171976

1073171977

JAN

177.000¢
174,000
177.000%
184.000¢
163.000%
164.000%
165.000
168.000°
150.000¢
144.000°
156.000%
134,000
163.000®
179.000°
178.000%
183.0C0%
191.000%
207.000%
214,000
203.000%
216.000%
217.000¢
226.000%
209.,000°
200.000°
209.000°
208.000%
197.000%
189.000%
189.000%
192.000%

$726.00
184.710

1337.5

@ INDICATES OBSERVED DATA.

(oo1)

ANNUAL WATER DIVERSION REPORT

DAILY WATER DIVERSIONS B8Y STRUCTURE

(01002}

FEB

198.000%
189.000°
177.000°
202.000%
207.000°
188.000%
1694000
16040002
165.0009
171.000%
165.000%
198.000%
207.000¢
203.000%
195.000%
207.000°
209,000
207.000%
198.000%
178.000%
196.000%
202.000°
178.000%
171.000%
170.000%
139,000
161.000@
150.000%

5158.00
184,214

10212.8

AGENT/OFFICIAL:®
OWNER
DENVER, COLO.
MARCH APRIL MAY
162.000% 228.000% 185,000
155,000¢ 202.0002 193,000¢
154,000 185.000% 283,000¢
143,000 132.000% 2a1,000%
134.000% «000¢ 165,0000
139,000¢ 6.000% 200,000%
163,000 69.000° 303,000
179.000%  46.000% 203,000%
179,000 135.009¢ 325,000¢
133.000¢ 140.000¢ 319,000
92.000% 149,000% 315,000°
125,000 264.000% 293.000¢
175.000¢ 327.000% 282.000%
169.000¢ 299.000¢ 261.000%
150.000% 291.000® 211,000%
159,000% 334.000¢ 149.000%
162.000® 261.000% 188,000¢
151.000¢ 282.,000% 239.000¢
139,000% 205.000% 301,000%
141,000® 178.000¢ 329,000e
139,000 144,000% 330.000%
150.0008 144.0002 269,000%
192.000¢ 168.000% 294,000%
217.000% 233,000¢ 328,000
238.0002 208,000 327.00Ce
223.000% 134.,000% 331,000%
223.000° 165.000° 329,000
243,000 148.000" 331,000
203.000° 149,000% 113,000%
187.000° 181.000® 75,000%
197.000 92,0000
216,00 5407.00 7974.00
168.258 1B6.448  257.226
10327.7 10705.9 15788.5

CITY OF DENVER

JUNE

211.000*
308.000°
343.000°
322.000°
316.000*®
236.000°
151.000%°
146.000°
173.000¢
205.000%
251.000°
227.000°
134.000°
123.000%
164.000%
218.000%
221.000°
293.000%
296.000%
271.000°
200.0009
125.000%
125.000%

98.000%
102.000*
130.000¢

92.000%
100.000°
210.000¢
2884000

6079.00
202.633

12036.4

JuLy

314,000
315.000%
311.000¢®
318,000¢
310.,000%
316.000°
315.000%
281,000¢%
280,000
302.000%
278.000°
276.,000%
286,000%
292.000¢
278,000
282.000¢
258,000
250.000%
255.000%
275.000¢
314,000
235.000¢
143.000°
10%,000%
110.000¢
114,000
124,000¢

76.000°
112.000¢
101.000®
242,000%

7468.00
26404903

1478646

U INDICATES USER SUPPLIED DATA

ALL OTHER DATA IS INTERPRETED FROM PREVIOUS ORSERVED VALUE

Figure ll.--Annual daily water diversion report.

IRRIGATION YEAR 1977

MEAS DEVICE:

RECORDER: BIF

ESTIMATED CAPACITY:

DECREED CAPACITY:

AUG

266.000%
293.000°
289.000°
296,000
303.000%
316.000¢
203,000
152.000°
156.000¢
185,000°
258.000¢

Tl.000¢
262,000
261.000¢
271.000%°
274.000°
303.000¢
330.000¢°
247.000%
222.000%
197.000%
184.000¢
197.000%
129.000%
110.000%
124,000
165,000
286,000
310.000¢%
320.000°
339.000¢

7521,00
242.513

14891.6

SEPT

289,000
226,000
203,000¢
195,000¢
187.000%
187,060«
148,000
116,000¢
103.000¢

8R.000%

88,000¢
101.000¢

78,000°

98.000%
108,000
129,000%
172,000¢
181,000
178.000%
1586,0007
114,000
183,0009%
232,000¢
252,000
260,000
254,000%
251,000¢
250,0C0%
269.000¢
300,000%

5395.00
179.833

10682.1

36" 9o Vv
400,00

ocyY

342.000*
343,000
340.000°
335.,000°
315,000
296,000°
277.000°
265.,000%
265.000°
269.000¢
271.000%
268.000°
284.,000°
329.000¢
327.000°
335.000¢
323.000¢
335.000°
326.000¢
336.000°
327.000°
332.,000*
335.000¢
332.000¢
331.000°
301.000¢
280,000°
28%9.000¢
185.000°
253.000°
240,000

9389.00
302.871
18590.2

WATER COMMISSIONER

NNNNNNNNN
CO®NPV S WN-

NN\
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/713
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/15
/16
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/19
/720
/21
/22
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/24
/25
/2%
/27
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/29
/730
/31
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DIVISION 1 NISTRICT 08 ANNUAL WATER OIVERSICN REPORT IRRIGATION YEAR 1977

INFREQUENT WATER OIVERSIUMS RY STRUCTURE

Figure 12.--Annual infrequent water diversion

report,

STRUCTURE NAME (IDENT) SOURCE STREAM (STRND) AGENT/OFFICLAL NAME TITLE ADDRESS DECREED CAP,
- = = = DIVERSION CHARACTERISTICS = = -~ = YEAR MON AMOUNT UNITS DAYS DaTa TYPE (CODE)
SOURCE FROM USE TYPE
(00862}, (000) ’ » .
RIVER (1) ) OTHER ) ¢ 1976 12 2.000 CFS(C) 31 AVG DAILY AMT=MONTH (1)
{00864), (000) ’ ’ .
RIVER ) o } OTHER 0y ) 1976 12 8.500 CFS(C} 31 AVG DAILY AMT=MONTH (1)
GREEN MEADOW D (01269)y JARRE CREEK (028) ¢ ESME WILLIAMY s OWNER s SEDALTAs COLO. .
RIVER (1« ) IRRIGATION{(1l) () 1977 00 100 CFS(C) 60 AVG DAILY AMT=SEASON(I)
BUNTAIN D (01270), JUARRE CREEK (028)» CHESTER HIER ¢+ OWNER « SEDALIAs COLO, .
RIVER (1 )} IRRIGATION(1) < ) 1977 00 «250 CFS(C) S0 AVG DAILY AMT=-SEASON(3)
ELISA LINHART O (01306), LEE GULCH (030)s SO. SUBR. REC. + OWNER ¢ LITTLETONs COLDw °
RIVER 1y ) IRRIGATION(1} () 1977 00 ¢300 CFS(C) 200 AVG DAILY AMT-SEASON(3)
Fele GREEN 2 D (01337), WIERS GULCH (053)s E. BURNHAM + OWNER s+ DENVERs COLO. .
RIVER (1) ) IRRIGATION(1) ! ) 1977 00 #200 CFSIC) 60 AVG DAILY AMT~SEASON(3)
NORMAN PIPELINE (01483), WILLOW CREEK (054)s JULIA M. NORMAN s OWNER s LITTLETONs COLORADO 1.00
RIVER (1 ) IRRIGATION(1) . ) 1977 o0 «200 CFS(C) 90 AVG DAILY AMT=SEASGN(3)
PICKENS SPRING (01490), SPRING (096) s EDWARD E, PICLENS s+ OWNER + FRANKTOWNs COLORADO *33
RIVER 1y ) IRRIGATION(1) ‘) 1977 00 020 CFSI(C) 30 AVG DAILY AMT=SEASON(3)
COLUMBINE CC AUG PLN (025000, (000) s ’ . .
RIVER (1) (1007) OTHER 0y () 1977 o0 5034770 AF (&) TOTAL AMT FOR SEASON(4)
8UCx POND (03362)y LITTLE WILLOW CREEK (033), DOUGLAS N. BUCK s OWNER s LITTLETONs COLORADO l1.00
GRND WATER(3) ) IRRIGATION(1) ! ) 1977 00 200 CFS(C) 200 AVG DAILY AMT=SEASON(3)
WILSON RES. (03363)y SANDERSON GULCH (044)9 L. WILSON s OWNER o DENVERs COLORADO 25.50
RESERVOIR (2) ( )  IRRIGATION(]) ) 1977 00 500 CFSI(C) 25 AVG DAILY AMT-SEASON(3)
CHATFIELD RES, (03514), SOUTH FLATTE RIVER (001)» CORPS OF ENGLHEERS ¢ OWNER + OMAHA, NEB, .
RESERVOIR (2) ( ) IRRIGATION(1) () 1977 00 1548.000 AF (A) TOTAL AMT FOR SEASON({4)
RESERVOIR (2) ¢ ) RECREATION(S)Y () 1977 00 1548.000 AF (A) 30 TOTAL AMT FOR SEASON(4)
WAUCUNDAH RES A PUMP (03516), REAR SPRINGS CREEK {005)s COLO. WESTEKN s OWNER™ s LARKSPURs COLO. .
RESERVOIR (2) ( ) IRRIGATION(1Y () 1977 00 310.000 CFS(C) TOTAL AMT FOR SEASON(4)
WELLINGTON LAKE (03829), (000)» ’ . .
RIVER 1 ) OTHER 0y (1) 1976 12 653.000 AF (A) TOTAL AMT FOR MONTH (2)
DEVINNEY RES (03945), GULCH (024)s ROCKMONT COLL? s OWNER » LAKEWOODs COLO. .
RESERVOIR (2) ) IRRIGATION(1) ) 1977 00 «017 AF (A) TOTAL AMT FOR SEASON(4)
DEVINNY RES 2 A PUMP (03946), GULCH {024)y BRAEWQOD cO, » OWNER » AURORAs COLO. o
RESERVOIR (2) Yy IRRIGATION(Y) () 1977 00 «009 AF (A) TOTAL AMT FOR SEASON(A)
ARLINGTON PL 105003) s GROUNDWATER (099)s OENVER COUNTR/ CLUB » OWNER + DENVER, COLO,. .
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DIVISION 1 DISTRICT

STRUCTURE NAME

coucH D

COX WELL 6227F
CRAIG D
CRAWFQRD D
CROWLEY WELLS

CURTIS D

DAD CLARK 3 0O

DAHLBERG WELL #)
DAKAN D

DARDANO WELLS 1«2
DAVIDSON DITCH
DEER CREEK CANON D

DENVER INTAKE

DENVER WELLS 1-18

DENVER WELLS 30-33

wC

L[

e

wC

we

we

We

ANNUAL WATER DIVERSIOM REPORT
SUMMARY OF WATER D4VERSIONS

(01147) NO RECORD THIS YEAR. REASON -~ STRUCTUKE NOT USEABLE
(05051) 99C 04/30/1977 09/15/1977 43 1.v00 85
(0l21n) 44C 05/26/1977 0871571977 66 1eaT4 219 219
(01413) NO RECORD THIS YEAR. REASON = STRUCTURE NOT USEABLE

(05023) 20 1170171976 10/31/1977 365 100 T2
COMMENT: GREENHOUSE SEE ID SHEET

(01215) 43C 05/05/1977 08/14/1977 S1 1,992 141 141

(0129¢)
COMMENT: SEE ID SHEET

t05150) 117C 05/29/1977 08/01/1977 36 «259 18
(01241) NO RECORD THIS YEAR. REASON = STRUCTURE NOY USEABLE

(05138) 4D 1170171976 10/31/1977 365 «45) 36
COMMENT: GREENHOUSE SEE 1D SHEET

(01376) NO RECCRD THIS YEAR. REASON ~ STRUCTUKE NOT USEABLE
COMMENT: TRANSFER TO WILLIAMSON WELLS 192+4 5013

(01123) NO RECORD THIS YEAR. REASON = STRUCTUKE NOT USEABLE
COMMENT?! WASHED QUT 1969 PART OF AUGMENTATION PLAN w=7390

(01002) 7C 11/01/1976 10/31/1977 364 210.063 151397 53959 668}

(05102 NO RECORD THIS YEAR., REASON = NO WATER WANTED
COMMENT: BROUGHT PUMPS TO OPERATING CONDITION

(05142) NO RECORD THIS YEAR. REASON = NO WATER WANTED
COMMENT: MUNICIPAL USE SUPPLEMENTAL SUPPLY

DENVER WH WELL ) 1=2367F(0S19}) SD 1170171976 1073171977 365 «€00 145
WC COMMENT: GREENHCUSE SEE 1D SHEET i

DERRY RES

DEVINNEY RES
CEVINNY RES 2 A PUMP

DIXON WELL FIELD

wC
wC

L]

wC

wC

(03502
COMMENT: INDUSTRIAL USE CHARGED AT SOURCE N CHULC HIGHLINE 1004
COMMENT: COLORADO HIGHLINE

(03945%) 10 11/01/1976 1073171977 365
COMMENT: SEE ID SHEET

(U3%46) 10 1170171976 10/31/1977 365
COMMENT: SEE ID SHEET

(05004) 20 1170171976 10/31/1977 160 845(0 2693
COMMENT: SEE ID SHEET

Figure 13.--Annual summary water diversion report.
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ANNUAL WATER DIVERSJON RFPORT tRRIGATION YEAH 1977

SUMMARY OF WATEH USFS

w0 STORAGE 1RRIG MUN COMM IND RECR I ISH FIRE DOM STOCK OTHER TOTAL

07 13098 86131 2958 31241 26617 160046
08 68005 104772 18066 45183 1548 5372 ‘332947
09 2205 16034 3421 879 22541
23 24871 13810 3613 958 43253
TOTAL 15304 195042 214961 18066 76424 5161 879 32948 558788

Figure 14.--Annual water diversion use summary report.



WATER DIVERSION CODES

S SOURCE - the physical source of water

River, Stream or Creek

Reservoir Storage

Ground Water

Transbasin

Non-Stream (wastes, seeps, non-trib, springs, etc.)

b wn =

- the actual use of water

[}
=}
wn
=1

Storage
Irrigation
Municipal
Commercial
Industrial
Recreation
Fishery
Fire
Domestic
Stock
Other

. . . .

CWVWXNOAUHWN EHO

|

T TYPE - used to classify special water

Exchange
. Trade (a particular kind of exchange)
. Carrier '
Alternate Point of Diversion
Re-used

Replacement to River
Released to River
Released to System
User-Supplied-Information

[elRe BN Bo WV, I BN ULRY O S

Figure 15.--Codes for water diversion identifiers,
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the affected Water Divisions and the Denver Office. It is surprising how many
conflicts in data arise in this area. It is not uncommon for a structure to
be involved in several court actions such as transfers, alternate points of
diversion, or newly decreed (supplemental) water; and it is not at all
uncommon for these different actions to refer to the same structure by
slightly different names or locations. This can be especially true when

the structure lies in a geographical area that has been resurveyed.

The Division has already been involved in a study of the White River
basin where the water rights and water diversion records were integrated so
as to study various conditions that could exist if and when there are large
scale energy development projects in that area. The Division participated
in a similar study of the Yampa River basin wherein the data bank was used.
The data bank was also used in recent drought studies. The staff of the
Division uses it in performing various studies in support of legislated
Division requirements.

Although the data bank is stored on the CSU computer, only the Division
can have direct access to the Colorado Water Data Bank because of legislative
and executive policy. The legislature has funded the data bank on both a
general fund and cash fund basis and they expect the Division to generate
funds from the Water Data Bank usage. The data that are stored in the data
bank are public information and the data and reports are available for review
in the Denver Office. You may come in and "look for free," but copies of
reports will cost you money. It is difficult to say which part of the data
bank is used more, but it is safe to say that water rights, diversion records,
and well file information comprise the greatest part of all information
requests.

The Colorado Water Data Bank is more than just a project of the Division
of Water Resources in which the Division's technical records are being
computerized. It is also a concept. That concept is a valid and successful
attempt on the part of the Division to bring order and understanding to the
raw data of those water resources of the State over which the State Engineer
has administrative responsibility. The Division is trying to provide some
of the answers to the State's water resources problems. The Colorado Water
Data Bank is the beginning of an answer to one of the problems--accurate and
meaningful water resource data.
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THE TEXAS NATURAL RESOURCES INFORMATION SYSTEM

By John H. wilsonl/

We appreciate the opportunity to participate in this, the first NAWDEX
membership meeting. I will briefly review the development and some of the
operational activities of the Texas Natural Resources Information System
(TNRIS). Several important areas of TNRIS involvement will be addressed
including our interface with other systems in Federal Governmental agencies
and other entities in the public and non-governmental sectors.

The Texas Natural Resources Information System (TNRIS) was established
to serve as a mechanism within the State for linking together the users :of
natural resources and related data with those agencies and institutions
which collect and store such data.

Development and operation of TNRIS is guided by a Task Force made up
of representatives from 13 State agencies having responsibilities in the
natural resources and environmental fields. In addition to supporting
these agencies, TNRIS also provides support and services to other State
agencies and to Federal, regional, and local governmental agencies, academic
institutions, and private entities within the State.

In commenting on the history of TNRIS development, I should indicate
that, first of all, it has been established around this particular principle:
"One of our State's greatest assets is its natural resources, and one of our
great challenges for tomorrow is the proper planning, developing, managing,
and conservation of these resources."

TNRIS origins actually relate substantially to the '"hydro-illogical
cycle," the drought portion of which was manifested in Texas very severely"
in the early 1950's, followed by record floods.

Out of these events grew a need to coordinate some of the water-related
activities in the State, and from that need came a statutory charge to the
Texas Water Development Board to develop a hydrologic information system,
incorporating the data from various State agencies. Establishment in the
State of Texas of what was known as the Water Oriented Data Bank followed.

Some of the initial activities related to development of this Data Bank
included the cataloging of water-related data in concert with the fine work
that was being done by the U.S. Geological Survey's Office of Water Data
Coordination. This cataloging activity included the inventorying of state-

1
—/Manager, Texas Natural Resources Information System -—-Systems Central,
"Austin, Tex. .
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held water resource data. A group of eight State agencies worked on this
particular effort and on other inventorying activities in the water field.

As the Water-Oriented Data Bank work grew, it was recognized that a
broader, more comprehensive system was needed, and the concept of a Texas
Natural Resources Information System was born. Data bank participation was
expanded in 1972 to include 15 State agencies in a TNRIS Task Force. With
the passage of legislation consolidating the State's three water agencies
in September 1977, the number of participants was reduced to its current
level of 13.

Many fundamentals of the TNRIS Conceptual Design were developed by the
data bank agencies in the early 1970's, at about the same time the USGS
was working on the NAWDEX design. As I proceed, it may become evident
that many ideas implemented by TNRIS were first published in a 1971 Federal
Interagency Advisory Committee on Water Data report on '"Design Characteristics
for a National System to Store, Retrieve and Disseminate Water Data."

In June 1972, at the American Water Resources Association's conference
on "Watersheds in Transition,'" staff of the USGS Office of Water Data
‘Coordination (OWDC) presented a paper entitled "NAWDEX--A System for
Improving Accessibility to Water Data.'" Many ideas contained in the paper,
including that of a "Systems Central' staff to coordinate the linkage
among data contributors and data users have been adopted by TNRIS. We in
Texas feel most fortunate that we were able to benefit from close coordination
with the U.S. Geological Survey.

The basic need for TNRIS stems from these facts:
- Texas has multiple natural resource agencies

+ These agencies have varied data requirements including:

- Regulation,
Management,

- Planning,
Development,

- Conservation, and
Protection.

+ Multiple data sources exist which serve these agency needs, and

- The costs of these data continue to increase.

We feel that one of the significant strengths of TNRIS is, in fact, the
interagency coordination that is fostered among these agencies through joint
development of the capability to serve common needs.

The experience within the State of Texas is--we believe--also probably
significant as far as other States might be concerned. Texas may likely
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have one of the 'worst case" situations for coordinating State-type
activities. We have over 250 boards and commissions in the State government.
There are more State employees in our highway department alone than many
other State governments have in their total State employment. You see
represented within the 13 natural resource agencies in excess of 40,000
State employees, with offices in approximately 500 different locations
throughout the State.

So from a coordination standpoint, it is clear that Texas has come
a long way in being able to coordinate the activities of the natural
resources-related agencies within the State.

Some of the goals of TNRIS are:

- To facilitate State agency fulfillment of specific statutory
responsibilities and administrative needs.

- To provide support to: planning, developing, operating,
managing, conserving, and protecting State natural resources.

- To provide a multidisciplihary approach in addressing member
agency statutory requirements and objectives,

- To provide maximum availability of data and information, and

to reduce costs.

The primary goal, we feel, is the first one: the need for an information
system was built around the desire to serve the member agencies, to facilitate
the carrying out of their legislative mandates. TNRIS was not designed to
t.te away control, nor was it designed to centralize everything.

The organizational concept of TNRIS is somewhat unique. It provides a
linked network of user entities acquiring and maintaining natural resources
data. TNRIS Systems Central provides a point of contact for information on
data availability, procurement, and analysis. It is a centralized facility
which provides storage, retrieval, processing, analysis, and presentation
where appropriate of natural resource data and information. As previously
stated, we have not tried to centralize everything but instead have sought
to link together the information systems existing within the State to try
to keep a good handle on what data is available in the State; then we
provide a systems central staff to coordinate the activities of the System.
There are presently 14 staff members that petrform this function. We feel
like this is one of the significant strengths of the System. For example,
we have in the State of Texas a staff which can provide a point of contact
for work with the U.S. Geological Survey's National Water Data Exchange,
National Water Data Storage and Retrieval System, National Cartographic
Information Center, and several other Federal Systems. The third element
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in the TNRIS organization is a centralized facility with a variety of computer
resources including a UNIVAC 1100/41 computer, computer graphics capabili-
ties, and microfilm capabilities.

The TNRIS can provide a wide range of services and products which can
be called upon as needed for interfacing with the various Federal Systems
from agencies such as the USGS, EPA, the Department of Commerce, including
the National Oceanographic and Atmospheric Administration, and the Department
of Agriculture.

The activities of the System itself are also very broad in scope.
They include:

- Indexing Sensed, Monitored, Measured, and Collected Data Existing
in Both Machine Processable and Non-Machine Processable Form

- Storing Selected Data in a Systematic Manner as an Information
Base

- Disseminating Data From the Information Base
- Referral of Inquiries to Other Data Sources

- Adjtsting and Organizing Data Into Forms Suited to Storage,
Retrieval, or Analysis, and

- Manipulating and Processing Data into Graphs, Models, Study Plans,
Specifications, and Simulation Systems for Natural Resources
Management.

In organizing the data files within TNRIS, the TNRIS Task Force has
defined six categories of data. These include Meteorological, Water
Socio-Economic, Biological, Geologic and Land, and Base Data Resources.

The broad scope of TNRIS activities is in itself a strong characteristic
of the System. Of necessity, a wide variety of disciplines must be included
among the personnel that are involved in TNRIS work.

TNRIS is also incorporating a wide variety of different data types. We
have a great deal of machine.processable data. For example, there are in
excess of 300 reels of magnetic tape in one particular file.

TNRIS does a lot of computer processing of data and also provides
computer terminal access to various users. In this latter area, the System
is providing computer terminal access to some of the regional and local
governments. Such access is being provided to several of the State's river
authorities and councils of government, and some Federal agencies utilize
the system.
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Also incorporated into the System are published and unpublished data.
Currently in progress among TNRIS member agencies is an inventory of non-
machine processable data files held by the agencies. The results of the
inventory will be published as an update to the TNRIS File Description
Report. In addition, TNRIS maintains a very close working relationship
with the State libraries in Texas.

A wide variety of map-related data is incorporated into TNRIS, some
of which is stored in computerized form for analysis by the System. Also
included under the Base Data category, as one of our major efforts, are
some remote sensing-related activities which involve regional aerial photo-
graphy as well as some of the more recent satellite data.

TNRIS Remote Sensing Capabilities and Services Include:

- Indexing and cataloging of remotely sensed data, photo lab
capabilities, and interpretation and acquisition capabilities
within the State;

- Establishing imagery data files;

- Data retrieval in the form of imagery index maps and imagery
browse files;

- Assistance to users in ordering data;

- Data analysis using satellite digital data and computer-assisted
classification techniques; and

- Education and consultation ranging from remote sensing overview
courses to image interpretation short courses.

TNRIS is using an extensive set of computer techniques to analyze
remote sensing data, and we have several ongoing projects within the State
with strong support from the NASA Johnson Space Center.

An ongoing educational program of TNRIS involves the major data users
within the State, from State agencies, Federal agencies, local and regional
government, as well as from the private sector, in educational offerings.
Here again we feel like this is one of the strengths of the System. A
variety of presentation methods and publications are involved and utilized
in TNRIS educational programs. TNRIS has a Newsletter that is published
and distributed to an extensive user community, in order to document
TNRIS activities.

The users of TNRIS include:

+ State Agencies
+ Federal Agencies
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* River Authorities
Local/Regional Governments
* Colleges/Universities
- Nongovernmental Institutions/Businesses/Industries
* Private Citizens

Some of the ways in which they use the System are:

* Statewide Resources Planning

- Enforcement Functions
Environmental Assessments
Coastal Zone Management Activities
Regional/Local Resources Planning

* Energy Conservation Activities

* Land Use Considerations

As far as state-level benefits are concerned, TNRIS provides a
mechanism to

~ Reduce duplication in data procurement, storage, processing
and analysis; reduce duplication in computer hardware,
software, and staff; and reduce costs through a coordinated
interagency approach to natural resources information.

In addition, the TNRIS provides

- A single point of interface with other such systems at Federal
and local level,

- More consistent data quality standards for higher reliability
in final products, and

~ A comprehensive information base which can respond to varied
and complex requirements.

Three major activities of the TNRIS seem particularly appropriate to
cover today. The first of these, computer analysis of remotely sensed data,
was briefly mentioned earlier.

As you may be aware, in July 1972 NASA launched the first of three
Earth Resources Technology Satellites, commonly called ERTS. ERTS, which
was later renamed Landsat, provides multispectral sensing of the Earth's
surface in four spectral bands, two in the visible spectrum and two in near-
infrared bands. Each of the two remaining Landsat satellites completes
a pass over the Earth once every 18 days.

A great deal of computer software has been developed for processing
digital spectral data from the Landsat satellites. The TNRIS, with
assistance from NASA, has been involved in using existing remote sensing
software and developing new software to use the Landsat digital data in
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producing land cover and land use maps for the State of Texas. Several joint
projects between the TNRIS and some of its member agencies have been initiated
to test the utility of using Landsat data for these purposes.

TNRIS remote sensing staff also provide assistance to TNRIS users in
locating and ordering remote sensing products such as aerial and satellite
imagery. Several indexes of remotely sensed data are available through
TNRIS Systems Central including the Soil Conservation Service's Texas
aerial photography, the U.S. Corps of Engineers' coverage of the Texas
Coast, the Agriculture Stabilization and Conservation Service data for
Texas counties since 1941, and Federal photography available through the
EROS Data Center.

Another area of TNRIS activities is that of computer processing of
map-related data. TNRIS staff have been involved for several years in a
project to develop a generalized Geographic Information System for storing
and reproducing map-related data at various scales and projectionms.

Using the GIS, data can be extracted from cartographic products in
the form of areas, lines, and points; stored on computer files, along with
textual information associated with the data; and reproduced in the form of
map overlays. Base information such as soil type locations, biologic
assemblies, 0il and gas wells, pipelines, highway locations, and dam
locations have been stored in the GIS. Using the TNRIS Geographic Infor-
mation System, map data extracted from several different base maps-at any
scale or projection can be combined in a single map.

The GIS makes use of the Texas Department of Water Resources' graphics
hardware including digitizers, graphics terminals, and plotters--all
handled by a minicomputer. Map-related data is converted to computer form
by a digitizer which registers a series of points as the map features are
traced by an operator. These points are connected to form line segments
by computer software and are reproduced on either a plotter or a graphics
terminal.

Several kinds of data have been processed through the GIS including
soil type locations. Soils data provided by the Soil Conservation Service
and mapped at 1:24,000 by staff of Texas A&M University was processed through
the system. Color shaded plots at any scale in any of 8 different projec-
tions represent the final product.

A habitat map using General Land Office data in the Coastal Zone was
produced as a further test of the system. In this map, habitats were
identified by labels in addition to shading.

Point data such as o0il, gas, and water well locations, and line data

such as county boundaries, river basin boundaries, and roads can also be
stored and reproduced by the Geographic Information System.
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Systems Central staff has recently completed a project with the
Texas Forest Service to map southern pine beetle infestations in East
Texas. Color maps showing pine beetle infestations and the types of control
applied to each were produced for use by the Forest Service in an effort
to educate the public on the extent of the problem.

Map data can also be stored in-:computers in grid cell form. Normally
a rectangular grid which represents a fixed area on the ground is chosen
for recording data. The area in a single cell will generally vary depending
on the type of data being recorded and on the geographic area to be
covered. In a joint project with the State Office of the Soil Conservation
Service, TNRIS has developed a Computer Based Mapping System (CBMS) for
handling gridded data. The TNRIS/SCS joint project was established to
map solls and land-use data for Texas counties.

Data are being recorded using 15.44 acre grids in the UTM coordinate
system. CBMS was developed using a computer system called the Map Information
Analysis and Display System (MIADS), developed by the U.S. Department of
Agriculture.

The system can generate printer plots of soils and land-use data as
well as produce interpretive maps. Examples of interpretive maps which have
been generated include prime and unique farmland maps for Travis County.

The Computer Based Mapping System is also capable of producing reports
which show the acreage covered by a particular soil in a county and the
acreage of any soil related to a particular land use. These data can be
used for broad-based planning in the State.

A third area of TNRIS involvement, which we consider vital to our goal
of providing for maximum availability of data, is that of establishing
interfaces with other systems in the public and private sectors. We have
been very pleased by the results of our affiliations with such systems as
NAWDEX, NCIC, WRSIC, and STORET.

As a NAWDEX (National Water Data Exchange) local assistance center,
TNRIS Systems Central and the individual TNRIS member agencies are included
in the NAWDEX Water Data Sources Directory. Details on several TNRIS files
have been entered into the Master Water Data Index. TNRIS staff satisfied
554 requests for data and information during the quarter ending in
February 1978, Of these, more than 100 were for data which TNRIS has
indexed in NAWDEX.

The Water Resources Scientific Information Center (WRSIC) has provided
a computer terminal and allowed free access by TNRIS to its automated
Water Resources Abstracts data base. TNRIS Systems Central staff frequently
search this and other available bibliographical files to satisfy their
requests.
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TNRIS access to the STORET (Storage and Retrieval) system for water
quality data is provided by the Environmental Protection Agency. As a
part of our Texas/EPA interface, data collected at 39 locations in Texas
by the Texas Department of Water Resources is routinely entered inta the
STORET data base.

Many TNRIS data files are currently available through remote ¢omputer
terminals using a computer system called the TNRIS Monitor. The Monitor
is designed to be used by persons with little or no background in data
processing. Currently underway is a project to allow Monitor users to
automatically be connected to other automated data files. Thus, data
from several different files on different computers will be available to
TNRIS users in a single session on the TNRIS Monitor. This capability will
significantly expand TNRIS user services since, for example, any present
TNRIS remote terminal user will have immediate access to WATSTORE and the
NAWDEX indexes.

In conclusion, I would like to reiterate that one of the major
activities of the TNRIS is to provide primary natural resource and related
data to the users of such data. Requests are accepted via telephone, letter,
and walk-in to our offices.

Copies of an overview of the TNRIS and the Water Oriented Data Bank
Systems Capabilities Manual have been provided for those who are interested.
The address and telephone number of TNRIS Systems Central are contained in
the overview. We will be happy to answer any questions about the TNRIS
here or at our offices in Austin.
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DESIGN AND DEVELOPMENT
OF THE
IOWA WATER RESOURCES DATA SYSTEM (IWARDS)

By Richard L. Talcottl/

INTRODUCTION

In 1974 the Iowa Natural Resources Council undertook an interagency
project to develop a comprehensive water plan. A '"task force on ddta base
and needs" was led by the Iowa Geological Survey. This task force
recommended that a system be established to improve accessibility of water-
related data. To this end, an advisory committee was formed to guide the
design and development of the Iowa Water Resources Data System.

Project Description

The Iowa Water Resources Data System (IWARDS) is an interagency project
for improving the availability of data for water management, planning and
research. Its interagency basis is an Advisory Committee (appointed by
directors of participating agencies) that guides development and operation
of the project by staff at Iowa Geological Survey.

IWARDS services, free of charge (or at nominal cost in some cases), are
scheduled to be available before June 1978. Currently, certain aspects of
IWARDS services are entering a demonstration phase, and system features will
be presented to interested groups prior to the June 1978 implementation
date.

IWARDS Services in Brief

IWARDS services if authorized for full implementation, will include:
Data Base Management Software

IWARDS will provide, and support on the State computer, Data Base
Management Software (DBMS). Any State agency may use this software, to
avoid the high cost of acquiring or developing their own. It will enable
them to do a variety of data processing tasks, using simple, English-like
commands, rather than having to write special programs.

Clearinghouse

IWARDS will provide reference services for Iowa's water data by
maintaining a data index and bibliography, and will also serve as a National

1/

—'Manager, Iowa Water Resources Data System, Iowa Geological Survey,
Towa City, Iowa.
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Water Data Exchange (NAWDEX) Local Assistance Center. IWARDS will assist in
the retrieval of data for requesters and will store frequently-requested
data on the state computer for direct access by participants. Priorities
and procedures for data acquisition and exchange are to be set by the

IWARDS Advisory Committee.

Systems Analysis

IWARDS will assist State agencies in evaluating the applicability
of the DBMS for their data processing needs, in training of operators, and
in performing transition tasks. IWARDS will also perform non-routine
analysis and display processing for a nominal charge. This service will
include statistical summaries, cross-tabulations; and graphic display from
package programs available at the University Computer Center in Iowa City.

Research

In support of studies performed by State agencies, IWARDS will under-
take investigations directly related to ADP techniques and information
systems issues, in response to needs identified by the Advisory Committee.

These four categories of service each represent a type of need identified
by the agencies participating in water plan activity. By developing one
data service for a number of agencies, IWARDS enables a .relatively cost-
free upgrading of data management techniques, and encourages system compati-
bility that will ease data transfer. IWARDS is an information and reference
service, rather than a data bank, per se. Emphasis is on increasing the
accessibility of data, although IWARDS will maintain data files when doing
so is more efficient than referring requesters to existing sources. IWARDS
service is guided by the Advisory Committe. This committee establishes data
transfer priorities and procedures, and recommends data conventions, for example,
for locational referencing, quality control and documentation.

Initial Research

A survey was conducted of water data management in all 50 States. Then,
a follow-up survey was sent to States whose responses to the first question-
naire indicated experience relevant to IWARDS development. Focus in these
surveys was on information about Data Base Management Systems that might
be acquired or emulated by IWARDS. Following evaluation of the surveys,
site visits were made to the Louisiana Environmental Management System,
and to the "OMNIANA" system in New Mexico. In addition to surveying water-
related systems, research was done on generalized data base management
systems and practices, and on strategies for design, development and
implementation of geographic information systems.

Systems Management also surveyed agencies represented by the Advisory
Committee to determine what services and processing capabilities were most
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needed to improve efficiency and effectiveness in data management. Based on
this survey the staff wrote narrative descriptions of agency data handling.
Also, examples of specific tasks needing IWARDS support were written to form
a basis for appraisal of potential IWARDS benefits. These narratives and
task examples are incorporated in the present report.

System Development Decisions

The Advisory Committee approved a Systems Management proposal to
develop, rather than acquire, the software for data base management; and
adopted a procedure for making design and development decisions. Other
major tasks performed by the Advisory Committee during the system develop-
ment phase included defining the scope of IWARDS services and setting guide-
lines for procedures and policies of IWARDS operation. The continuing
involvement by the Advisory Committee, as a working team, is evidenced by
this design report, which in essence, reports on the results of deliberations
by this group.

GOALS AND OBJECTIVES

IWARDS goals and objectives were formulated in recognition of the
water planning context, and of the scope and direction foreseen for the
project by the Task Force on Data Base and Needs. The statement of goals
and objectives adopted by the Advisory Committee reads as follows:

"Increasing demands on natural resources in recent years have
brought an acute awareness of the need for rational resource manage-
ment programs. Resource shortages can have disastrous effects on the
state, national and international economy, and can result in an unstable
political environment and serious degradation of the quality of life.
This is especially true of water. As industrial, municipal, and
agricultural uses of water increase, and as Iowans in ever-growing
numbers seek out water-based recreation opportunities, care must
be taken to see that this resource is managed and used wisely so
that adequate supplies of good quality water will always be available,
Rational management of Iowa's water supply is the goal of the State
Water Plan, now being developed by the Iowa Natural Resources Council
with input from a consortium of other agencies and organizations.

"Wise planning requires information to support the decision-
making processes. Baseline information concerning the distribution
of, variability in quantity and quality of, and demand for water
in Iowa is being incorporated in the Framework Study which is now
in preparation. However, the need for information is ongoing.
Continually updated information is necessary to monitor the effects
decisions have on the supply or quality of water. Making available
the best data for continual study of the water cycle is essential
to increase our understanding of the movement of water in the environ-
ment. To serve these purposes, the Iowa Water Resources Data System
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(IWARDS) is being developed. The goal of this system is to_support
comprehensive water planning and management in Iowa, by improving the
availability and usefulness of water resource and related data.

"An information system can support the water planning and manage-
ment effort in several ways:

—- Monitoring ongoing conditions to detect infraction of
regulations;

—— Monitoring local conditions to determine the effects of
management decisions on the quality or availability of water;

-— Assessing local conditions to predict or model the effect of
changes (new withdrawals, effluents, etc.) on water availability
or quality.

-~ Research, to provide a better understanding of the hydrosphere
and man's relationship to it; and

-- Other activities which may affect the quality and quantity of
water available in Iowa.

Primary information systems are already in existence in various agencies
and institutions to support these functions. IWARDS is not intended to
supplant these existing systems, but to supplement them and enhance their
usefulness by improving interagency data communication. Ultimately, it
may be in the interest of each agency to use IWARDS software to handle
their in-house data but this decision can only be made after careful
study of agency needs.

"There are many kinds of information needs related to water manage-
ment and development. While a major contribution by IWARDS will be the
development of a computerized storage-retrieval system, its scope is not
limited to that activity alone. Specific objectives that reflect the
broader purview of IWARDS are to:

1. Develop a management structure within which development and
operation may proceed in the most cost-efficient manner;

2. Encourage interagency and State-Federal cooperation in the
use of water data by providing a vehicle for the interagency
exchange of data, and access to water data in Federal data
systems;

3. Design and implement a computerizéd data storage and retrieval
system;

4. Study and identify the data needs of State agencies involved
in water related activities;
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10.

11.

12.

13.

14.

15.

16.

ORGANIZATION

Inventory available machine-readable data supplies held by
State and Federal agencies;

Specify and document a design for the system, including the
establishment of procedures for input, update, retrieval, .
and distribution of data;

Determine hardware needs for a successful system and acquire
needed hardware;

Provide assistance to potential users in identifying their
requirements and estimating their expenses if they wish to
use the system;

Acquire or produce software to support the operation of the
system;

Document the software in order to make the system easy for
all to use;

Acquire data for storage in the system;

Publish indices of data included in the system for the
benefit of data users;

Continue development of the system after its implementation,
by the addition of advanced processing capabilities.

Develop standards for geographic and site identifiers and
coding of data for computer storage and processing;

Identify, and eliminate where possible, unnecessary duplication
in the collection, storage, and processing of data;

Compile and publish certain types of water-related information
which are not suitable for inclusion in the computerized
storage-retrieval system, specifically: a bibliography of
water-related data pertaining to Iowa; a directory of State

and Federal agencies with responsibilities relating to water
resources in Iowa; a summary of Iowa's water laws and regulations;
and an index of water-related data held in the files of State

and Federal agencies."

Basic components of IWARDS organization are Systems Management, the
Advisory Committee, and the community of Data Users/Generators.
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Systems Management is the staff component of IWARDS. Supported by
the Iowa Geological Survey, it receives guidance from the Advisory Committee
on priorities for allocation of its services. Systems Management also
assists the Committee by providing background information for policy and
procedure decisions. Personnel matters affecting Systems Management are
the responsibility of the Iowa Geological Survey.

Specific Responsibilities of the Advisory Committee

In outline, the responsibilities of the Advisory Committee include:
1. Guiding IWARDS design, development, implementation and operation.

2. Reviewing needs and setting priorities for obtaining (access to)
data, and for storing data in a data bank;

3. Recommending conventions for data coding definitions, documentation,
and quality control;

4. Cooperating in and coordinating data collection and exchange;

5. Communicating data management needs of their respective agencies
that might be served by IWARDS; and

6. Identifying and recommending new or revised procedures for
collecting and transferring data.

Advisory Committee Decisionmaking Procedure

Throughout the design and development of IWARDS, the Advisory Committee
has provided input regarding data management needs, the appropriate mechanisms
for serving those needs, and the procedures and arrangements for effective
and efficient operation. A concensus-seeking procedure has been implemented
for identifying various issues or questions, and resolving them. The pro-
cedure is structured similarly to a planning technique called "Delphi",
but is less formalized. It provides adequate opportunity for members to
express their view; to examine the views of others, and then if desired,
modify their initial positions. The systems management staff acts as a
"courier" of information among members prior to their addressing the
question in a group.

BASIC CONCEPTS

What Does the Data Base Management Software Do? How Does it Work?

The manipulation of data by computer is accomplished through use of
instructions in some language —-- FORTRAN, COBOL, ALGOL, etc. These instruc-
tions are compiled into a set of basic, arithmetic steps that are performed
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by the computer. Higher-level languages use English-like instructions;
and highest level languages are not altogether different from simple
comnands, like '"Read the ABC file," and "Write the ABC file for cases
without brass widgets." The IWARDS DBMS is a "highest' devel language.

It uses simple commands to perform rather complicated sets of machine
operations. The use of the DBMS language can eliminate the need to write
special programs each time there is a need for different sélections or
computations of data -- and, the DBMS is well suited for doing specialized
data searches and retrievals.

Features of the DBMS

The system is modular, with higher-level subroutines performing system
control tasks and lower-level subroutines performing specific file and
record processing. The data structure is hierarchical and uses variable
length records. The DBMS will make efficient use of available space.
IWARDS files can be created from user-defined input or can be derived from
other available files. The format of the data stored need not be known to
the user but the characteristics of a hierarchically structured file need
to be understood to use the system most effectively.

File and Record Security Measures

To maintain the security of data within the system, files can be
protected from unauthorized access by using passwords. Users can create
and update their own files with password protection and have complete
control over the storage and retrieval of data in their own files. They
can also use password protection on specific records in their files so that
portions of the file can be accessed by other users with permission, but
protected information cannot. This allows the user a great deal of flexibility
in sharing his data with other users. He can make all of his data available
to users or he can make none of it available, or he can protect certain
records from unauthorized access.

The Command Language
Data Base Management commands are of three types, including:

A. File Commands, such as

SIGNON - "starts" the system,

CREATE - allocates space for and creates an IWARDS file,

DELETE - deletes an IWARDS file and frees storage space,

TRACE - prints diagnostics with output,

SETUP - informs the system of the characteristics of external files
to be processed,

LOAD - loads a 'dictionary" for a newly created file,

SORT - sorts a file or subfile into a specified sequence,
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DEFINE - creates and stores a new macro command for later use.

UPDATE - initiates a sequence of actions, to add, change, or delete
data items within existing records, or delete complete
records,

EXECUTE - initiates execution of a preceding sequence of record commands;
and

B. Record commands, which operate on individual records or the data items
within them, including

INPUT - inputs one record of data from an external file,

READ - makes a record of IWARDS data available for processing,

FIND - searches the hierarchy file for a particular record or set of

records and makes the record available for processing,

REPEAT - used with INPUT, READ, or FIND generates control code enabling
the entire file or some subset to be made available for
processing.

TABULATE - uses data made available by the above-mentioned commands

to generate tables of the contents of records,

LIST - uses retrieved data to generate lists of the contents of records,

TAPE - generates fixed format output to external tape or disc files,

PUNCH - generates fixed format output to a punched card file,

OUTPUT - generates IWARDS records and hierarchy descriptors for output
to an IWARDS file (on disc),

LET - introduces an arithmetic expression,

IF, THEN, ELSE, and END - test a specified condition, and generate

actions based on the results of that test;

PERFORM ~ executes a subroutine provided by the user. This command

enables the user to provide his own programs for functions
which are not handled by the supplied DBMS software; and

C. Sequences of file and record formats that may be stored on disc and
invoked by the use of a single '"Macro" command. These sequences may
be defined for some routine function, such as producing a periodic
report. '

Implementation of the DBMS in the State Computer

The DBMS will be implemented on the State computer, and is available
for use by any State agency that wishes to do so. IWARDS Systems Management
provides free training and assistance in the use of the system. Although
designed primarily for use in water plan activity, the system is well suited
for any application in which search, selective retrieval, and computation on
raw data are frequently required. Repetitive, report-generating tasks can
be performed more economically by special purpose programs; however, non-
routine tasks seldom justify the expense of special programs. Examples of
appropriate uses for the DBMS are presented below in this report; and the
second volume of the Data Catalog is devoted to documentation of the system.
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What is the IWARDS Data Bank?

Although IWARDS is primarily an information resource and data access
service, there will be some data in sufficient demand by more than one user,
so that easiest access would be from a centrally maintained data base on the
Comptroller Data Processing (CDP) Computer. These will be free-access read
only files that may be used by anyone with access to the CDP computer without
prior arrangement being made with the data generator. The files are to be
selected by the Advisory Committee. Every effort will be made to format
the files, standardize parameters, assure quality control, and provide
adequate documentation, to make these files widely applicable. Users can
selectively retrieve data from the files and process the data to fit their
needs. Because the Advisory Committee oversees selection, coding, quality
control measures and documentation, the cost of storage will be balanced
against the benefits of rapid success, in deciding what data will be entered
into the Data Bank.

Contribution of Data to the Data Bank

Contribution to the Data Bank is strictly voluntary. Agencies are
encouraged to supply documentation and follow standard data specifications
recommended by the Advisory Committee. System monitoring by IWARDS staff will
enable new data sets to be catalogued soon after they are entered. IWARDS
staff will assist as needed, to prepare files for the data bank. The standard
procedure for creating new data bank files will be for the contributing agency
to request IWARDS staff assistance; for the agency to follow advice of IWARDS
staff as regards documentation and data transformations; and for the agency
to follow through with necessary encoding and file processing. The new
data set will then be added to the IWARDS data catalog, along with appropriate
documentation. Data Bank files are then available, without restriction, to
members of the participating agency group. ''Non-standard" procedures will
be possible and are to be developed through consultation with the Advisory
Committee.

How Will Clients be Informed of Available Data?

Systems Management, in performing as a data Clearinghouse, will maintain
indexes to data by type; by location, period of time or collection; and by
source. Printed computerized and manual records of data documentation will
be used for reference in assisting clients to locate data. Current programs
of routine data collections are reported in another section of this Data
Catalog. Other, special purpose data sets created in a research or special
study context, will be catalogued by Systems Management as a part of the
Clearinghouse function. Incidental publications by IWARDS will help keep
potential users advised, though the principal means for obtaining information
will be by direct inquiry to Systems Management.
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How Will Data Be Collected and Coded for IWARDS? Who Decides What Data
are to be Included?

Most data to be handled through IWARDS are currently collected and
maintained by line agencies. When a need is established for collection of
new data, the end users will cooperate to arrange data collection and
processing. The IWARDS staff is not configured for data collection; its
primary focus is on assisting in the management of existing data, and on
maximizing the utility of that data. Depending on the type of data considered
in new collection programs, there are several agencies whose expertise and
experience recommend themselves as data collectors. IWARDS would not
appropriately supplant the functions of these agencies.

Data Encoding Issues

Data coding issues dominate the problem of interagency data sharing.
Coding may be the most costly processing step when quality control is ade-
quately maintained; and it certainly is the step for which potential data
"sharers'" express the most apprehension or lack of confidence. Systems
Management, though not presently staffed to undertake a data coding program,
has cooperated with the U.S. Geological Survey in a data coding project for
water well strip log data and water quality analyses. This coding project
may serve as a model for coding procedures in other cooperative programs.

Alternative Solutions to the Coding Cost Problem

When a data generator is unable to perform coding for IWARDS, there
are alternatives that would share coding costs among data users. These
alternatives may be far less costly to users than would be a separate effort.
Options include:
1. Coding of acquired data by the user;

2. User-contributed resources for coding by the data generator;

3. A jointly sponsored but centrally managed (by the IWARDS group of agencies)
project that provides data coding to all;

4. Provision for coding costs in externally funded research or analysis
projects;

5. Voluntarily increased work load for current data coding activity in
one or more agencies to assist other agencies in data coding.

The Advisory Committee will consider these in seeking suitable arrangements
for coding the data they identify as needed for water plan-related activity.
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What Data Will be "Banked"?

All IWARDS dataare not placed in the Data Bank. The Advisory Committee
will select data that arefrequently needed by more than one user, for
inclusion in the Data Bank. In every case, the least cumbersome and most
efficient method will be followed. In many instances, IWARDS' only function
will be as a locator of data for a user, who will then obtain the data on
his own. In some cases IWARDS will process data from some source and have
it printed at the client's terminal.

How Will Data Standardization and Quality be Provided For?

Data Standards

Use of data combined from different sources is inhibited by differences
in locational referencing, definition, frequency of collection, etc. The
objective of standardization is to generalize the usefulness of data, and
to make different data series compatible. There are two approaches to
data standardization: One is to establish conventions and urge the data
community to adopt them; and the other is to transform data, using special
purpose conversion programs. Either or both may be used, but standards
should be established nonetheless.

The National Bureau of Standards is delineating procedures for
developing standards for information management. Standardized water quality
analysis procedures are being instituted by the U.S. Department of the
Interior, in cooperation with a number of federal agencies. These are just
two of many sources for guidance that will be tapped by Systems Management
to provide information for decisions by the Advisory Committee regarding data
conventions and data quality control. Based on background reports and
recommendations by Systems Management, the Advisory Committee will take
positions on the issues.

Data Documentation

Data Documentation, according to conventions approved by the Advisory
Committee, is a part of the information to be maintained by IWARDS Systems
Management in connection with its Clearinghouse function. This documentation
will clearly and fully describe each data file, its contents, formats,
quality control methods, data source, collection procedures, and any other
information bearing on a decision to use the data.

Sensitive Data
As indicated in connection with the software description, password
protection is provided within the IWARDS system. Additional discretionary

measures are available. Agencies concerned about the sensitivity or
confidentiality of data may confer with IWARDS staff on processing techniques
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to produce maximum usable information with minimum risks. A variety of
data processing techniques of a relatively rudimentary nature, such as
aggregation, statistical summarization, identification stripping, partial
deletion, etc., are available for the protection of privacy and to avoid
violations of confidence. Resolution of these concerns is feasible without
suppressing information needed for the planning processes. This has been
demonstrated in other contexts, e.g., by Census Public Use Sample data.

Data Quality Control

Information derived from analysis of raw data can be misleading for a
number of reasons, including: inadequate sample size or biased sample;
measurement error, coding error, or obsolete data; and specification error,
or inappropriate analytical methods. It will be the responsibility of the
data generator to document files according to generally acceptable criteria
so that data users may evaluate data as to suitability for their intended
use. Documentation does not mean the same thing as certification that data
is accurate. Rather it means assessing and reporting on the reliability of
the data, usually by statistical means. To the extent possible, statistical
measures of data quality should be employed; and sources and collection pro-
cedures should be identified. Systems Management, in cooperation with
participating agencies and the Advisory Committee, will set criteria for
evaluating data quality. It may be found that two agencies (or more) could
use data if it were collected in a different manner or if it were more
accurate than necessary for the purposes of the data generator. The Advisory
Committee will review 'status and needs' reports by IWARDS staff, and strongly
encourage joint responsibility among agencies collecting similar data.

Howare Data Transferred among Users/Generators?

Passing data between Data Users/Generators is termed ''query-response'.
A "query-response mode'" is the means by which dataare requested and received.
A number of alternative query-response modes are available, depending on the
source and form of requested data, and on the inquirer's needs and facilities
for processing.

Alternative Query-Response Modes

All modes have in common the feature of being initiated through direct
inquiry to Systems Management. Through this contact, the best feasible
method is devised for transferring appropriate data. Among typical alternatives:

a. A request for data maintained in machine readable form at the national
level is fulfilled by Systems Management. The data to be transferred
arewritten out on the IWARDS tape device while the batch terminal in
Towa City is linked to the Department of the Interior (NAWDEX, WATSTORE)
computer in Reston, Virginia. The data tape is then output to the
inquirer's terminal or to disc storage through a link with the Comptroller
Data Processing (CDP) Computer at Des Moines. (See figure 1).
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b. A request is received for data in the IWARDS Data Bank. Systems Manage-
ment provides the inquirer with necessary documentation to enable direct
access to the data from the inquirer's remote batch station, using the
IWARDS DBMS command language.

c. A request is received for data existing as a card data set at a research
institution. The institution is asked to read the data to a temporary
disc file where it can be read remotely from Iowa City. IWARDS Systems
Management processes the data set as neéded, and then makes it available
on the CDP computer.

d. Data currently maintained only in manual formare€requested. An arrange-
ment is sought whereby the data can be encoded for machine processing, if
it is determined that doing so would contribute towards IWARDS goals. If
not, the inquirer is provided with printed copies of the data.

e. Dataarerequested that exists in the files of a State agency; however,
only a subset of that agency's file is needed. IWARDS requests the
agency to selectively retrieve its data and generate a new file that
can be read by the requestor.

These of course are only hypothetical, illustrative query-response
modes. IWARDS will strive for complete flexibility to match user needs with
data resources and access methods. With the exception of data contributed to
the Data Bank for unrestricted access, no data will be exchanged without the
permission of the contributor. 1In no case is there any means for a user to
access data without the permission and assistance of the contributor. Systems
Management is unable to access data except when permission is granted. 1In
other words, IWARDS does not take control of the data, it assists in data
management. Control remains entirely with data proprietors.

What Authority does IWARDS Have?

Authorization for IWARDS Development

Thie Technical Coordinating Committee for the Water Framework study, and
the Interagency Resources Council both approved the IWARDS development
proposal, as presented by the Iowa Geological Survey. Thus, the development
of IWARDS has had authorization by those responsible for the water plan, and
may be regarded as a partial fulfillment of the mandate by the legislature to
the water framework study group. Beyond July 1978, the prospects for IWARDS
implementation are contingent upon a renewed commitment by policymakers.

Interagency Support
Because IWARDS is not a stand-alone project, it depends on a concerted

interagency expression of support. It is imperative that Systems Management
and the Advisory Committee bring the concepts and benefits of the project to
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the attention of agency decisionmakers. At appropriate times, well-
documented presentations should be made before the Interagency Resources
Council, demonstrating applications of the system. In turn, endorsement of
IWARDS by the interagency group must be communicated to policymakers in the
executive branch and legisldture.

How Can IWARDS Reduce Duplication of Effort and Data Base Gaps?

Inventory of Data Collection Programs

With its Clearinghouse function, IWARDS will maintain a reference file
on data collection by government, planning, and research organizations.
Besides providing reference materials for those seeking data, this fill will
enable assessment of duplication and omission of needed data. Frequent
interaction with technical staff among the data community will enable a
continuing update of this reference file.

Relationship to Other Data Exchanges

IWARDS is by no means the only data service available to Iowa, even
in the area of water data. A number of agencies, especially through federal
programs, are expanding their data bases and seeking ways to facilitate
exchange. Of special importance among these are the U.S. Geological Survey,
with its National Water Data Exchange (NAWDEX); the Environmental Protection
Agency and its Storage and Retrieval (STORET) system; and the National Weather
Service, which creates machine-readable precipitation data files. As an
affirmative move to avoid paralleled effort, IWARDS has become a Local
Assistance Center for the NAWDEX program, and cooperates closely with the
Iowa City District Office of the U.S. Geological Survey in this connection.
The principal, unduplicated function of IWARDS is to know where the data are
and how best to retrieve data.

Generalized Applicability of System Software

The IWARDS DBMS is a general system that can be used effectively and
with ease for a wide variety of data management tasks. Implementation of
this software on the State computer makes it available at no cost to all
State agencies. Training and assistance are to be provided by IWARDS, also
at no cost. The IWARDS staff will engage in extensive outreach efforts to
make all potential users aware of possible benefits to them. IWARDS
conducted surveys before deciding to create this software, and found that
appropriate capabilities were either unavailable or far too expensive, among
candidate systems for acquisition.

COST OF IWARDS SERVICES

Charges to Users

Users of the IWARDS DBMS for their data processing will pay the usual
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machine costs. There are no charges by IWARDS for use of the software or

for Clearinghouse or other services. In some cases, for example bibliography
searches through the Water Resources Scientific Information Center (WRSIC),
charges reflecting computer costs are passed to the information requester.

In cases where IWARDS consulting or data analysis services are beyond the
scope of routine services, cost sharing agreements will be made beforehand.
Letters of agreement will specify work to be done and the requesters' cost
for that work, in such instances.

Cost Considerations for Expanded Services

IWARDS staff are prepared to expand their scope of services to include
geographic data processing, computer-based map data retrieval and display,
and spatial analysis. However, certain hardware acquisitions would be
necessary for initiation of an expanded operation. Major equipment items
would include digitizing and plotting devices and ancillary equipment.
Because of rapidly changing technology and cost factors, specifications for
this expansion step have not been formulated at this time. Some preliminary
research, development and demonstration work in this area has already been
completed for the State of Iowa, particularly through university research.
IWARDS would also draw upon literature generated by other tates' experience
in this area, in order to provide cost-effective services.

DATA PROCESSING AND DATA MANAGEMENT NEEDS

Iowa's natural resources agencies use data for a variety of purposes.
Traditionally, data is primarily used for record keeping -- storing and
recalling "observations' of ''cases" without extensive reference or comparison
to other observations. Monitoring, on the other hand, requires comparison
of observations with standards and/or previous observations at the same site.
Planning entails trend projections, impact assessment, suitability studies
and evaluation of alternative policies and programs. This activity places
the most stringent requirements on data management. The emerging task of
water resource planning has spurred interest by Iowa's agencies in improving
the quantity, quality, and accessibility of machine-readable data. At the
same time, increased workload and greater demand for information have placed
a burden on agency recordkeeping and monitoring as well. The description
given below is intended to illustrate some present needs and to indicate
how IWARDS can help achieve greater efficiency and effectiveness. This
description should not be regarded as a comprehensive report on agency
activity. It is presented to illustrate specific benefits of IWARDS software
and services.

APPLICATION EXAMPLE: IOWA GEOLOGICAL SURVEY

As might be expected (because it is primarily an information-oriented,
rather than regulatory agency), the Survey's data handling tasks lean more
heavily towards the planning than towards the recordkeeping category. Yet,
because of its long history, the preponderance of data archived by the Survey
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is currently in printed or handwritten form. However, the Survey is cooper-
ating with the U.S. Geological Survey to place geologic and water-quality

data on computer files. Data from these files are frequently requested by
well drillers, petroleum engineers, and others, for site selection, facility
planning, exploration, impact analysis, etc. Several special-purpose

computer programs are used to display information form these files of geologic
and water-quality data. These programs print tables showing all the infor-
mation on record for each county.

Aquifer Water Quality

A recent task connected with water planning makes a good example of
the need for a more general-purpose, user-oriented program to selectively
retrieve and display information from the files, in any desired manner.
In support of the water plan framework study a map was constructed that
shows how water quality in the Silurian-Devonian aquifers varies in
different areas of the state underlain by these aquifers. Even though
the data are encoded for computer processing, it was necessary to include
a number of manual steps:

1. Modify an existing program to search the geologic file for wells
having Silurian-Devonian aquifers as their only water source, to
produce punched cards listing the identifiers of selected wells.

2. Manually inspect written records (strip logs) for the selected
wells, to eliminate those that were incorrectly selected by the
computer program.

3. Modify another program to compare the selected wells with those
listed in the water quality file. This program will print a
table of water quality indicators for the selected wells.

4, Draw in the data values, on individual maps, for each water
quality parameter. These are '"point data' maps.

5. Draw data value '"contours" on the maps by hand, to show regional
trends in values of each parameter. '

Since the manual steps are involved, and programs have to be modified,
the advantages of computer processing are not fully realized.

The IWARDS DBMS will enable most of the manual steps to be performed
by computer. The general nature of the DBMS allows "program'" modifications
by simple commands, as well. Judgmental aspects of the task are not replaced
by the DBMS. In other words, the computer processing can be done by a
researcher with minimal computer experience but the analysis task cannot
be done by a computer programmer with minimal research experience.
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Using the DBMS, step 1 might be achieved with the following sequence
of commands:

SETUP (WELLFILE, IWARDS)
CREATE TEMPFILE...
READ GEO NODE FROM WELLFILE
IF (BRKTOP .EQ. 'SILURIAN' .OR. BRKTOP .EQ.
'DEVONIAN') .AND. DEPTH .GT. FPBRK .AND. DEPTH .LT. DTOP
(ORDOVIC) THEN OUTPUT (ALL.WELL) TO TEMPFILE AS WELL NODE
TABULATE (as desired) ONTO PRINTER
READ QW NODE FROM WELLFILE
OUTPUT (ALL. QW) TO TEMPFILE AS QW NODE
REPEAT FOR QW NODE
END
REPEAT FOR GEO
REPEAT FOR WELL
EXECUTE

This sequence creates a subfile containing records of wells that satisfy the
specified condition. It also prints out a table of these wells, with other
information as desired. Step 2 should still be performed manually to assure
that the proper well records were selected. (For instance some wells have
other sources in addition to the primary aquifer.) The table produced by
Step 1 can be used to identify the wells which are judged to draw water from
more than one source, and these records may be deleted from TEMPFILE by
using the UPDATE command. Step 3 is satisfied by the printout produced in
Step 1. Step 4 (plots of all the data left in TEMPFILE) may be produced
with the following sequence:

SETUP (TEMPFILE, IWARDS)

READ WELL NODE FROM TEMPFILE

READ QW NODE FROM TEMPFILE

PLOT (SO4, HARDNESS), (NO3), (DISSOLID)
REPEAT FOR QW

REPEAT FOR WELL

EXECUTE

These commands produce maps indicating the raw data values. This laborious
part of producing '"point data'" maps, is done entirely by computer. The
drawing of contour lines is still done manually, in Step 5, although this
may be done by computer in cases where rough approximations are acceptable.

In summary, the above procedures utilize the IWARDS DBMS to select
records of wells which draw water from the Silurian and Devonian aquifers.
This set is further reduced by review of those selected by the system using
a computer-generated table and the UPDATE command. Since the geologic data
and the ground-water quality data used for selecting the wells desired are
in the same file, no match-up step is required when using the DBMS. (This
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merging is done when the files are created). Using the graphics capabilities
of the system, maps of the raw data are produced directly by the computer and
these are used to produce contour maps showing the values of the various

water quality parameters.

Well Predictions

Well predictions address many points in addition to reviewing ground-
water availability and quality, for example,

selecting test drilling locations;

proper spacing, to reduce well interference;

well construction recommendations;

well development techniques;

solutions to well contamination problems;

well abandonment and plugging advice;

water quality from the various aquifers;

the potentiometric surface of aquifers;

likelihood of interchange of water between aquifers;
ground water flow direction;

pumping test extrapolations of the radius of influence;
and others.

Frequently it is useful to make a prediction of the geologic section at
the well site.

Several different sources of information are searched in order to
compile a well prediction, for example,

ground water files,
bedrock and geologic structure maps,
well logs, and others.

It is a time-consuming task to search separate files and compile information.
Because most of the files are also used by other analysts, there are some-
times missing or misfiled items. To the extent that the files are machine
readable, much preliminary searching can be done by computer. The IWARDS
Data Base Management Software (DBMS) will select the desired data items

from several different sources and produce a summary table. From the summary
table and from other information, the analyst can determine what information
is needed to fulfill the well prediction request. He can then compose a
narrative report. The machine-readable data can be used for computer-generated
supplementary information. For instance, the geologic section could be
computer drawn at low cost and included in the report.

Suitability Analysis

Frequently the Iowa Geological Survey (IGS) receives requests to provide
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geologic and hydrologic information for feasibility studies and/or environ-
mental impact statements associated with proposed projects. As in the previous
example, the source of most of the information is the strip log file. As an
example, IGS might be asked to prepare information for application in

planning the construction of a cross-country pipeline and assessment of
environmental impacts:

1. The route is plotted on a base map that shows legal boundaries.

2. The location coordinates for sections of land traversed by the
pipeline are recorded.

3. The strip log file is then researched for all wells of record
that are closely adjacent to the proposed route.

4. Geologic cross-section diagrams are prepared along the route
and notes are made concerning hydrologic circumstances.

5. A report is generated discussing geologic and hydrologic
conditions and implications along construction route.

With an adequate system with digitized inputs and plotting capability,

steps 1-4 could be mechanically performed with the savings of considerable
time. Because the IGS data base contains locational references for each
sample site, machine processing is feasible. Appropriate data are retrieved
from the data base by the IWARDS DBMS, and a computer plotting program is
utilized to create wovking maps. Other graphic routines may be adpated for
assisting in display of geologic cross sections for specified geographic
areas.

IMPLEMENTATION

Development and Implementation Strategy

IWARDS implementation is staged as a strategy for maximizing the
communication of demand and response between designers, administrators and
users of the system. Alternative strategies would have been to (a) design
a full system, then train users; or (b) focus entirely on the specific
individual needs of users, and develop system elements a piece at a time.
The '"'staged" strategy is a middle-of-the-road approach. Consequently,
certain capabilities of the IWARDS project are being demonstrated at the
present time, along with user consultation. Other capabilities will be
introduced gradually, and full services are scheduled to be available by
June 1978.

Allocation of Staff Time to Implementation Tasks

The implementation schedule provides for staff support to Committee
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decisionmaking. Some issues are treated on a continuing basis, for example,
'"Data Collection and Transfer Needs.'" 1In other cases, such as "Data Coding
Conventions,'" the Advisory Committee decisionmaking procedure will be followed,
and recommendations will be issued by the Committee. Some services to be
performed by Systems Management are unspecified at this time; these are to

be identified by the Advisory Committee in connection with their evaluation

of "Data Collection and Transfer Needs."

Current State of Progress

The design phase is essentially complete at this time (March 1978);
design of software, and basic policy and procedural concepts have also been
generally completed. Current activity is focused on completion of software
and on selecting priorities and specific arrangements for implementation of
services. Implementation of the project includes the major task of completing
a data directory and a data source directory. As indicated earlier, the
guidance of the Advisory Committee will be relied upon in establishing
appropriate conventions for documentation of data.
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DATA NEEDS FOR STORMWATER MODELING, TREATMENT AND CONTROL
By Miguel A. Medina, Jr.l/
INTRODUCTION

The first Engineering Foundation conference on urban hydrology in 1965,
cosponsored by the American Society of Civil Engineers' Council on Urban
Water Resources Research, revealed a nationwide lack of basic information
on sewered catchment dynamics. A serious need for field data on rainfall-
runoff-quality was clearly identified, yet almost a decade later not much
new data had been acquired on these catchments using flumes or weirs rather
than stage gages for determining discharge from urban runoff (McPherson, 1974).
Only recent funding of Public Law 92-500, Section 208, metropolitan water
quality planning studies, has resulted in major data-gathering efforts on
the quantity and quality aspects of urban runoff.

The dynamic processes that govern the movement of a body of water
involve the transport of energy, mass, and momentum by conduction (diffusion),
convection (advection), and radiation. These transport processes are readily
expressed mathematically through rate equations, or differential equations
as they are better known, since the amounts transferred are directly propor-
tional to the gradient existing in the fluid medium. Mathematical modeling
of hydrologic processes has developed rapidly in the last two decades
through the use of numerical solution techniques and high-speed digital
computers. Continuous simulation allows the analyst to estimate the proba-
bility of occurrence of events of various magnitudes (Linsley and Crawford,
1974), which has essentially rendered the single '"design storm' concept
obsolete in the decisionmaking process. Hydrologists and meteorologists
have until recently concentrated their efforts largely upon the determination
of quantity of water in each of its physical phases as it passes through
the different stages of the hydrologic cycle.

Conversely, environmental engineers and scientists have placed great
emphasis within the last decade on assessing the quality of our receiving
waters (streams, lakes, oceans) as characterized by a rather diverse number
of physical, chemical, and bioLogical indicators, or water quality parameters.
More often than not, experience suggests the water quality parameters to be
measured in determining the degree of acceptability of a body of water for a
specific intended use. The strength or concentration exhibited by each of
the chosen parameters provides a means of comparison with approved sfandards.
Standards usually express the allowable maximum concentration of a pollutant
or the minimum allowable concentration of an essential element for living
systems, such as dissolved oxygen. A great deal of controversy surrounds
the setting of standards in terms of both numerical value and intended

1/
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goals, and a discussion of this topic is beyond the scope of this paper.
A high degree of sophistication has been reached in instrumental methods
of analysis and we are now able to characterize precisely a water or
wastewater in terms of most physical and chemical parameters. Biological
indicators are another matter; reproducibility of results is extremely
difficult, if not nearly impossible in some cases.

We are reasonably capable of predicting transient water quality
within the boundaries of the nrecediving watens. However, such predictions
are necessarily dependent on meaningful quantification of surface runoff
from accurate rainfall data, verification of pollutant washoff rates from
various land uses, and existing records of receiving water quality prior
to each storm event. The task of modeling water quality changes within
the hydrologic cycle is a formidable one and will require close inter-
disciplinary and interagency cooperation. The U.S. Geological Survey
collects, analyzes, processes, stores, retrieves and publishes enormous
volumes of water-quality related data annually. Chemical, physical, biolo-
gical and radiochemical parameters for both surface and ground waters are
encoded for inclusion in the Survey's National Water Data Storage and
Retrieval System (WATSTORE). A control program also provides an interface
for the transmittal of such data into and from the U.S. Environmental
Protection Agency's Storage and Retrieval (STORET) information system
(Edwards, 1974). Users of continuous hydrologic simulation models are
perhaps most familiar with the precipitation records of the Environmental
Data Service (EDS), National Oceanic and Atmospheric Administration (NOAA).
In essence, vast amounts of water data are collected periodically by
thousands of public and private organizations.

The inconvenience to engineers, planners, scientists and other
potential users in dealing with such diverse information systems led to the
establishment in 1976 of the National Water Data Exchange (NAWDEX). This
confederation is the response to the need for improving the transfer of
water data from collectors to users and, thus, constitutes one of its
primary missions (Edwards, 1977). As a central source of information on
data availability rather than a repository, its success rests ultimately
on the strength of its members and their active participation.

A common denominator of mathematical models of urban hydrologic pro-
cesses is that they require large amountsof data for operation and with
which to calibrate and verify model representations of physical processes.
Storm-specific information for 41 catchments in 21 cities has been assembled
by the University of Florida, under sponsorship of the U.S. Environmental
Protection Agency, into an Urban Rainfall-Runoff-Quality Data Base (Huber
and Heaney, 1977). The emphasis of such a data base is not the develop-
ment of an additional storage and retrieval system, but rather its
specialized nature. It is anticipated that the actual data will be placed
on the EPA STORET system in the future, and in turn indexed eventually by
NAWDEX.
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USE OF MODELS IN URBAN STORMWATER MANAGEMENT

The enactment by Congress by Public Law 92-500, notably sections
208 and 303 (e), essentially required the development and application of
hydrologic and water-quality models by mandating the preparation of area-
wide wastewater management plans and river basin waste allocation studies.

Planning and Public Works Agencies

Under contract with the Office of Water Research and Technology,
U.S. Department of the Interior, a survey of planning and public works
agencies was conducted by Hydrocomp, Inc., of model usage in identifying
and evaluating four kinds of water problems (Donigian, 1977):

Hydrology (surface runoff, ground water, water yield, flood frequency)

Hydraulics (streams, lakes, reservoirs, estuaries)

Water Quality (in-stream processes, nonpoint pollution sources,
municipal and industrial point sources, environmental
impact of pollutant sources)

Economics (project evaluation, benefit-cost analysis, economic
impact).

Only urban agencies with a jurisdictional population of 50,000 or higher
were sampled, which included all 176 of the designated Section 208 ,
(PL 92-500) planned agencies. Of 2301 questionnaires mailed, 349 agencies
(15%) responded. These included 72 Section 208 planning agencies, 41% of
the total number designated and 217 of the total number of respondents.
Selected results of the survey are presented in tables 1 through 5. It is
important to note that 52 percent of the 220 model applications had an
impact on the management plan adopted.

Continuous Simulation and Frequency Curves

Rational water resource management must account for hydrologic
uncertainty and associated water quality variability. The justification
for continuous hydrologic simulation in dealing with problems of urban
stormwater runoff quantity and quality is as stated previously, the
probability of occurrence of .events of various magnitudes (Linsley and
Crawford, 1974). The practice of performing frequency analysis on
historical data collected from natural phenomena has been in existence
for almost a century. Frequency analysis of streamflow data is believed
to have been first applied to flood studies by Herschel and Freeman (Foster,
1934). Today, modern electronic computers are used to generate synthetic
streamflows because in many cases existing records are not sufficiently
extensive to provide estimates of important statistics. Such approximate
models are sufficiently realistic to improve the planning process signifi-
cantly (Fiering and Jackson, 1971).
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Table 1.--Agencies Actually Involved in Model Usagea

(Hydrocomp, Inc., 1977)

Agencies Model Applications

Number Percent  Number Percent
Planning agencies 129 77 174 77
Public works agencies 38 23 46 21
Total 167 100 220 100
Section 208 agenciesP (63) (38) (91) (41)

80f the total number of respondents, 48 percent.

bIncluded in totals above.

Table 2.--Categories of Model Use (Hydrocomp, Inc., 1977)

Use Response
Water quality 87
Storm drainage o 59
Wa