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CONVERSION FACTORS

Inch-pound units used in this report may be converted to SI (Internation-
al System) units by the following conversion factors:

Multiply inch-pound units By To obtain SI units
foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (mi2) 2.590 square kilometer (km?2)
cubic foot (ft3) 0.02832 cubic meter (m3)

cubic foot per second (ft3/s) 0.02832 cubic meter per second

(m3/s)
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THE STREAM-GAGING PROGRAM IN COLORADO

By James E. Kircher and Harold E. Petsch, Jr.

ABSTRACT

This report documents the results of a study of the streamflow-informa-
tion program in Colorado. Presently (1983), 353 continuous surface-water
stations are operated in Colorado on a budget of $2,005,786. Data uses and
funding sources are identified for each of the 353 stations. Data from most
stations have multiple uses.

INTRODUCTION

The U.S. Geological Survey is the principal Federal agency collecting
surface-water data in the Nation. The collection of these data is a major
activity of the Water Resourses Division of the U.S. Geological Survey. The
data are collected in cooperation with State and local governments and other
Federal agencies. The U.S. Geological Survey is presently (1983) operating
approximately 8,000 continuous-record gaging stations throughout the nation.
Some of these records extend back to the turn of the century. Any activity of
long standing, such as the collection of surface-water data, should be re-
examined at intervals, if not continuously, because of changes in objectives,
technology, or external constraints. The last systematic nationwide evalu-
ation of the streamflow-information program was completed in 1970, and is
documented by Benson and Carter (1973). The U.S. Geological Survey is pres-
ently (1983) undertaking another nationwide analysis of the stream-gaging pro-
gram, to be completed over a 5-year period with 20 percent of the program
being analyzed each year (Fontaine and others, 1983).

For every continuous-record gaging station, this report identifies the
principal uses of the data and funding sources. In addition, gaging stations
are categorized as to whether the data are available to users on a real-time
basis, on a daily basis during flood events, on a periodic basis, or at the
end of the water year.



History of Stream-Gaging in Colorado

The program for collection of streamflow data by the U.S. Geological
Survey in Colorado has evolved as Federal and State interests in surface-water
resources have increased. The first steps in Colorado to obtain guantitative
information concerning its water supplies were taken in 1881 by an act of the
State Engineer to supervise the public-water supplies in the State. On June
20, 1881, the first stream-gaging station was established in the Cache La
Poudre River at the mouth of the canyon, 12 miles west of Fort Collins,
Colorado. Other stations were subsequently established, and, in 1884, the
State Engineer installed at the Cache La Poudre station what is believed to be
the first water-stage recorder placed on any river in the United States. The
U.S. Geological Survey first established a stream-gaging station in Colorado
on the Arkansas River in April of 1889. At that time, the State was operating
ten stream-gaging stations on rivers, plus several other stations on canals
and ditches.

On August 18,1894, Congress appropriated funds for a nationwide stream-
gaging program, as an amendment to the Sundry Civil Bill. In 1895, formal
cooperation between the U.S. Geological Survey and the State of Colorado
began. Those two happenings brought about an increase in the State from 9
stations in 1894 to 27 stations in 1895. Activities of the Reclamation
Service caused a significant increase in stations from 36 in 1903 to 62 in
1904. A reduction of Reclamation Service appropriations caused a decrease
that was just as significant in 1906. Increasing State needs, however,
brought the total back up to 60 in 1909. The beginning of cooperation with
the U.S. Forest Service increased the number of stations to 112 in 1910.

Since 1910 many events have caused increases in the number of stream-
gaging stations including investigations by the Corps of Engineers, starting
in 1928 and in 1936, funding by "Depression" Agencies in the mid-thirties, and
increased investigations by the Bureau of Reclamation, beginning in 1938. The
number of stations in 1930 was 138; the number of stations in 1935 was 170;
and the number of stations in 1940 was 267. Thereafter, the growth rate re-
duced; at times, a slight decrease in growth occurred. By 1965, there were
336 stations in the State.

Projects to study specific problems have created a need for gaging
stations, thereby increasing the size of the stream-gaging network. For in-
stance, the design of highway crossings and the study of the effects of urban
hydrology, each had their effect. During the period 1968-72, 75 storm-runoff
partial-record sites were installed in cooperation with the Colorado Depart-
ment of Highways and the Urban Drainage and Flood Control District (Denver
metropolitan area). By 1981, most of those sites had been terminated because
their project objectives had been fulfilled. From 1978-81, 18 crest stage
gages were installed in the foothill areas of the State to assist in studying
the effect that mixed-population (snowmelt and rain produced) floods have on
frequency determinations. The energy crisis of the early 1970's and the en-
suing oil-shale investigations caused the installation of over 20 gaging
stations in the Piceance basin during 1974-75. At present (1983), there are
353 continuous streamflow gages being operated in Colorado. The historical
sequence of continuous streamflow gages being operated within the State of
Colorado is given in figure 1.
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Figure 1.--History of continuous stream gaging in Colorado.

Current Colorado Stream-Gaging Program

Colorado can be divided into four major physiographic regions--the Great
Plains, the Wyoming basin, the Rocky Mountains, and the Colorado Plateau. The
locations of the 353 stream gages currently operated by the Colorado office of
the U.S. Geological Survey and the boundaries of (Hunt, 1974) are shown in
plate 1. Eighty-six gages are located in the Great Plains; 22 are located in
the Wyoming basin; 160 are located in the Rocky Mountains; and 85 are located
in the Colorado Plateau Region.

Currently, the stream-gage network 1is maintained through agreements
between State, local, and Federal agencies, and the U.S. Geological Survey.
The State engineer has cooperated continuously with the U.S. Geological Survey
since 1895. At present (1983), the U.S. Geological Survey has 27 cooperative
agreements with 6 cities, 5 counties, 13 special districts (such as irrigation
or conservancy districts), 2 State agencies, and 1 interstate compact admin-
istration, which share the cost of stream gages. The U.S. Geological Survey
independently funds gaging stations in support of four interstate compacts.
In addition eight other Federal agencies provide funds for station operation.

Selected hydrologic information, including station number and name,
drainage area, period of record, and mean-annual flow, for the 353 stations
are given in table 1.
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USES, FUNDING, AND AVAILABILITY OF CONTINUOUS STREAMFLOW DATA

The relevance of a stream gage is defined by the uses made of the data
produced from the gage. The uses of the data from each gage in the Colorado
program were identified by a survey of known data users. The survey document-
ed the importance of each gage, and it can be used to identify gaging stations
that may be considered for discontinuation.

Data uses identified by the survey were separated into nine categories,
which are defined following table 1. Currently (1983), 353 continuous sur-
face-water stations are operated in Colorado on a budget of $2,005,786. The
sources of funding for each gage and the frequency at which data are provided
to the users were also compiled and are defined later.

Data-Use Classes

The following definitions were used to categorize each known use of
streamflow data for each continuous stream gage.

Regional Hydrology

For data to be useful in defining regional hydrology, a stream gage must
be largely unaffected by manmade storage or diversion. In this class of use,
the effects of man on streamflow are not necessarily small, but these effects
are limited to those caused primarily by land-use and climate changes. Large
amounts of manmade storage may exist in the basin, providing the outflow is
uncontrollied. These stream-gaging stations are useful in developing region-
ally transferable information about the relationship between basin character-
istics and streamflow.

Thirty-three stations in the Colorado network are classified in the
regional hydrology data-use class. Four of the stations are special cases in
that they are designated bench-mark or index stations. Hydrologic bench-mark
stations are part of a national network of 57 stations operated on watersheds
that are relatively free of manmade alterations; the network is intended to
define long-term trends. Index stations are used to prepare a national
monthly summary of water conditions.

Hydrologic Systems

Stations that can be used for accounting, that is, for defining current
hydrologic conditions and the sources, sinks, and fluxes of water through
hydrologic systems including regulated systems, are designated as hydrologic
systems stations. This class includes stations which monitor diversions and
return flows, as well as those that are useful for defining the interaction
within water systems.
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The bench-mark and index stations are included in the hydrologic systems
class, because they are accounting for current and long-term conditions of the
hydrologic systems that they gage. Depending on streamflow conditions in any
particular year, water may have to be allocated amoung users by the State of
Colorado. This may be needed statewide or in only a few river basins. Many
stream-gaging stations are used by the State of Colorado for administration of
water rights throughout the State. These stations are included under this
class. Also included in this class are stations used for accounting of flows
in U.S. Bureau of Reclamation irrigation project areas, and for accounting of
flood-control projects developed by the U.S. Corps of Engineers.

Legal Obligations

Some stations provide records of flows for the verification or enforce-
ment of existing treaties, compacts, and decrees. This class contains those
stations that the U.S. Geological Survey is required to operate to satisfy a
legal responsibility.

Planning and Design

Stream-gaging stations in this class of data use are used for the plan-
ning and design of a specific project (for example, a dam, levee, floodwall,
navigation system, water-supply diversion, hydroelectricpower plant, or waste-
treatment facility, or group of structures. The planning and design class is
limited to those stations that were instituted for such purposes, where this
purpose still is valid.

Project Operation

Stream-gaging stations in this class are used, on an ongoing basis, to
assist water managers in making operational decisions such as reservoir re-
leases, hydroelectricpower operations, or diversions. The project operation
use generally implies that the data are routinely available to the operators
on a rapid-reporting basis. For projects on large streams, data only may be
needed every few days.

Hydrologic Forecasts

Stream-gaging stations in this class are used regularly to provide infor-
mation for hydrologic forecasting, such as flood forecasts for a specific
river reach, or periodic (daily, weekly, monthly, or seasonal) flow-volume
forecasts for a specific site or region. Hydrologic-forecast use generally
implies that the data are routinely available to the forecasters on a rapid-
reporting basis. On large streams, data only may be needed every few days.

27



Stations in the Colorado program included in this class are those that
have been designated by the National Weather Service, U.S. Corps of Engineers,
and local entities as being needed for flood forecasting. In addition to the
National Weather Service, other agencies may use the information from the
stations during flooding events. Twenty stations are in this class, and all
of these stations have direct access through telemetry equipment.

Water-Quality Monitoring

Stream-gaging stations, where regular water-quality or sediment-transport
monitoring is conducted, and where the availability of streamflow data contri-
butes to the utility of, or is essential to the interpretation of, water
quality or sediment data, are designated as water-quality monitoring sites.
Stations operated as part of the National Stream-Quality Accounting Network
(NASQAN) are included in this category. NASQAN stations are operated to
define both areal variability and trends in stream quality.

Two of these stations are designated bench-mark stations; seven are
NASQAN stations. Water-quality samples from bench-mark stations are used to
indicate water-quality characteristics of streams that have been and probably
will continue to be relatively free of manmade influence.

Research

Stream-gaging stations in this category are operated for a particular re-
search or water-investigations study. Typically, these are only operated for
a few years. Ninety-one of these stations fall into this class. In addition
to the eight data-use classes described above, one station is used as a U.S.
Geological Survey National Training Center training facility.

Funding

The four sources of funding for the streamflow-data program are:

1. Federal program.--Funds that have been directly allocated to the U.S.
Geological Survey for independent operation of gaging stations.

2. Other Federal Agency (OFA) program.--Funds that have been transfered
to the U.S. Geological Survey by Other Federal agencies.

3. Coop program.--Funds that come jointly from U.S. Geological Survey
cooperative-designated funding and from a non-Federal cooperating agency.
Cooperating agency funds may be in the form of direct services or cash.

4. Other non-Federal.--Funds that are provided entirely by a non-Federal
agency and are not matched by U.S. Geological Survey cooperative funds.

In all four categories, the identified sources of funding pertain only to
the collection of streamflow data; sources of funding for other activities,
particularly collection of water-quality samples that might be carried out at
the site, may not be the same as those identified herein.
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Frequency of Data Availability

Frequency of data availability refers to the times at which the stream-
flow data may be furnished to the users. In this category, four distinct
possibilities exist. Data can be furnished by: (1) Direct-access telementry
equipment for immediate use (includes both telephone-accessed equipment and
satellite data collection platforms designated T in table 2); (2) telephone
calls, usually daily, made by local observers or U.S. Geological Survey per-
sonnel directly to the National Weather Service during floods, designated C in
table 2; (3) periodic release of provisional data, designated P in table 2;
(4) in publication format through the annual data report published by the U.S.
Geological Survey for Colorado (U.S. Geological Survey, 1982), designated A in
table 2. In the current Colorado program, data for all 353 stations are made
available through the annual report (A); data from 37 stations are available
on a real-time basis (T); data from many stations are relayed directly to the
National Weather Service (C); and at least some data are released on a pro-
visional basis at the majority of stations (P).

Data-Use Presentation

Data-use and ancillary information are presented for each continuous
stream-gaging station in table 2; footnotes expand the information. The entry
of an asterisk in the table indicates that the station falls into the
specified category of data used or funding; however, no footnote is required.

SUMMARY OF DATA USE AND FUNDING

A review of the data used in funding information presented in table 2 in-
dicates that the data from most stations in the Colorado network have multiple
uses. Many of the stream-gaging stations are used on an ongoing basis for
accounting and for project operation. Although some stations may have been
established for one specific purpose, the availability of the data have, pro-
duced other uses. Stations that are used for planning and design of a speci-
fic project often are continued after the project is completed, to monitor a
changed hydrologic condition. Those stations should be reevaluated at the
conclusion of the specific projects.

The streamflow information program in Colorado was documented in this
paper. Currently (1983), 353 continuous surface-water stations are operated
in Colorado on a budget of $2,005,786. Data uses and funding sources were
jdentified for each of the 353 stations. Data uses fell into eight classes:
regional hydrology, hydrologic systems, legal obligations, planning and de-
sign, project operation, hydrologic forecasts, water-quality monitoring, and
research. The sources of funding for each stream gage, and the frequency with
which data are provided to users, were also compiled.
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