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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for a specific contamination problem; oper-
ational decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation
of the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local
agencies. The objectives of the NAWQA Program are
to:

*Describe current water-quality conditions for a
large part of the Nation’s freshwater streams,
rivers, and aquifers.

*Describe how water quality is changing over
time.
*Improve understanding of the primary natural
and human factors that affect water-quality
conditions.
This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic set-
tings. More than two-thirds of the Nation’s freshwater
use occurs within the 60 study units and more than
two-thirds of the people served by public water-supply
systems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

Robert M. Hirsch
Chief Hydrologist
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BIBLIOGRAPHY, INDICES, AND DATA SOURCES OF
WATER-RELATED STUDIES, UPPER COLORADO RIVER BASIN,
COLORADO AND UTAH, 1872-1995

By Nancy J. Bauch and Lori E. Apodaca

ABSTRACT

As part of the U.S. Geological Survey's National Water-Quality Assessment Program, cur-
rent water-quality conditions in the Upper Colorado River Basin in Colorado and Utah are being
assessed. This report is an initial effort to identify and compile information on water-related
studies previously conducted in the basin and consists of a bibliography, coauthor and subject
indices, and sources of available water-related data. Computerized literature searches of scien-
tific data bases were carried out to identify past water-related studies in the basin, and govern-
ment agencies and private organizations were contacted regarding their knowledge or
possession of water-related publications and data. Categories of information in the bibliography
include: aquatic biology, climate, energy development, geology, land use, limnology, runoff,
salinity, surface- and ground-water hydrology, water chemistry, water quality and quantity, and
water use and management. The approximately 1,400 indexed references date from 1872 through
February 1995 and include books, journal articles, maps, and reports. In many instances, an
abstract has been provided for a given reference. Sources of water-related data in the basin are
included in a table.

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS) began full implementation of the National Water-
Quality Assessment (NAWQA) Program. The major goals of the NAWQA Program are: to describe
current water-quality conditions for a large part of the Nation’s freshwater streams, rivers, and
aquifers; to describe how water quality is changing over time; and to improve understanding of the
primary natural and human factors that affect water-quality conditions. The water-quality
information collected and analyzed by the NAWQA Program will be useful to Federal, State, and
local water managers and policy makers in decision making to protect, use, and enhance water
resources.

A major feature of the NAWQA Program is the national investigation of water-quality conditions
on different regional scales. The primary building blocks for the program are the ongoing and
proposed studies of 60 hydrologic systems, referred to as study units, that include parts of the
Nation's principal river basins and aquifer systems. These study units range in size from under 1,000
to more than 60,000 square miles and include a variety of hydrologic and geologic settings. More than
two-thirds of the Nation's freshwater use and population served by public water-supply systems are
represented by the study units. Twenty study-unit investigations began in 1991, an additional 20
started in 1994, and the remaining 20 are scheduled to begin in 1997. These investigations form the
basis on which a national synthesis and assessment of comparable water-quality information will be
conducted. The Upper Colorado River Basin in Colorado and Utah was one of the 20 study units that
began in 1994.

ABSTRACT 1



In undertaking a multidisciplinary basinwide assessment of water quality, sources of available
water-related information for the basin, both descriptive and quantitative, need to be identified;
therefore, in 1994 and 1995, as a first step in conducting the Upper Colorado River Basin investigation,
already-existing water-related publications and data for the basin were compiled and organized. A
computerized literature search was done to identify many of the publications that would be useful in
the water-quality assessment of the basin. In addition, Federal, State, and local government agencies
and private organizations working, or having an interest, in the study unit were contacted regarding
their knowledge or possession of water-related publications and data for the basin.

Pur n

This report presents a bibliography, coauthor and subject indices, and data sources of water-
related information and publications for the Upper Colorado River Basin in Colorado and Utah and
is a centralized source for this information. The bibliographic part of the report is a comprehensive
collection of approximately 1,400 references on water-related studies conducted in the Upper
Colorado River Basin. Journal articles, published reports and books, unpublished master’s theses
and doctoral dissertations, conference proceedings, book reviews, approved in-press publications,
and maps dating from 1872 through February 1995 are referenced. Unpublished manuscripts are not
included. For some bibliographic citations, abstracts have been provided.

The listing of water-related data sources for the Upper Colorado River Basin includes information
on surface- and ground-water hydrology and aquatic biology. The hydrologic data consist of
streamflow and diversion records; water-quality information on inorganics, organics, pesticides,
salinity, and trace metals; water-level records; and well data. The aquatic-biology sources provide
information on algae, fish, and invertebrates in the basin.

D ription of St nit

The Upper Colorado River Basin study unit includes parts of the States of Colorado and Utah.
More than 99 percent of the approximately 17,800 square-mile drainage area is located in Colorado
(fig. 1). The main stem of the Colorado River originates in the mountains of central Colorado and
flows about 230 miles southwest into Utah. The major tributaries to this part of the Colorado River
are the Blue, Eagle, Roaring Fork, and Gunnison Rivers (fig. 1). These tributaries also originate in the
mountainous eastern and southern parts of the study unit that are bounded by the Continental
Divide.

The two-State study unit is largely rural and has a population of about 234,000 people (Bureau of
Census, 1991), most of whom reside in Colorado. The majority of the population in the basin is
concentrated in the Grand Junction, Colorado, area. Population fluctuates during the year as a result
of tourism, a major year-round industry in the basin, and large increases in population occur during
the summer and winter.

Most of the mountainous regions in the study unit have been set aside specifically for recreational
activities. In the river valleys and on the plateaus, irrigated agriculture is the principal land use.
Mining was the first major industry in the study unit and still is an important industry in some
locations. Urban land use, presently (1995) a small land-use category in the study unit, is increasing
as a result of people moving from more densely urbanized areas of the country to the less densely
urbanized mountain areas in the West.

2 Bibliography, Indices, and Data Sources of Water-Related Studies, Upper Colorado River Basin, Colorado
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Figure 1. Location of the Upper Colorado River Basin study unit.
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f Water-Relgted In ion

A computerized literature search for water-related studies about the Upper Colorado River Basin
was conducted on selected scientific data bases through the online DIALOG service of Knight-Ridder
Information, Inc., Mountain View, California. DIALOG is a collection of over 450 data bases covering
a wide range of disciplines and topics. The 21 data bases searched for the study unit and their
relevant descriptive information are listed in table 1. The online search was performed using
keywords that consist of a combination of broad and specific hydrologic names and terms (fig. 2).

To supplement the computerized retrieval, the following agencies supplied information on water-
related publications that might not have been cited in the 21 data bases searched:

Agricultural Research Service, Fort Collins, Colorado

Colorado Department of Public Health and Environment, Denver, Colorado

Colorado Division of Wildlife, Denver, Colorado

Colorado Division of Wildlife, Regional Office and Research Center, Fort Collins, Colorado
Colorado Water Resources Research Institute, Fort Collins, Colorado

Denver Water Department, Denver, Colorado

National Park Service, Curecanti National Recreation Area, Gunnison, Colorado

National Park Service, Rocky Mountain Regional Office, Denver, Colorado

Upper Gunnison River Water Conservancy District, Gunnison, Colorado

U.S. Department of Energy, Uranium Mill Tailings Remedial Action Project, Albuquerque,
New Mexico

U.S. Environmental Protection Agency, National Enforcement Investigations Center Library,
Denver, Colorado

U.S. Fish and Wildlife Service, Grand Junction, Colorado
U.S. Geological Survey, Central Region Library, Denver, Colorado

U.S. Geological Survey, Colorado Water Resources Library, Denver, Colorado

4  Bibliography, Indices, and Data Sources of Water-Related Studies, Upper Colorado River Basin, Colorado
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Table 1. List of data bases searched for water-related studies about the Upper Colorado River Basin study

unit

Name of data base

Time coverage of

data base

Description

Aquatic Sciences and
Fisheries Abstracts

BIOSIS Previews

CA Search

CAB Abstracts

Conference Papers Index

Dissertation Abstracts Online

Ei Compendex* Plus

Enviroline

Environmental Bibliography

FLUIDEX (Fluid
Engineering Abstracts)

GeoArchive

GEOBASE

GeoRef

1979 to 1994

1969 to 1994

1967 to 1993

1972 10 1993

1973 to 1994

1861 to 1994

1970 to 1994

1970 to 1993

1974 to 1993

1973 to 1994

1974 to 1994

1980 to 1994

1785 to 1994

Comprehensive data base on the science, technology, and
management of marine and freshwater environments

Comprehensive worldwide coverage of research in the
biological and biomedical sciences

Indexing data base on chemistry and its applications

Comprehensive data base of agricultural and biological
information

Centralized source of information on reports of research
and development from papers presented at conferences and
meetings

Indexing data base of all American dissertations accepted
at accredited institutions

Indexing data base on engineering and technology

Indexing and abstracting data base covering all aspects of
the environment

Bibliographic data base covering the fields of human
ecology, atmospheric studies, energy, land resources, water
resources, and nutrition and health

Indexing and abstracting data base for literature on every
aspect of fluid engineering

Comprehensive data base covering the geosciences

Comprehensive data base providing worldwide coverage
on geography, geology, ecology, and their related
disciplines

Indexing earth science data base covering worldwide
technical literature on geology and geophysics
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Table 1. List of data bases searched for water-related studies about the Upper Colorado River Basin study
unit--Continued

Time coverage of

Name of data base data base Description

Life Sciences Collection 1978 to 1993 Abstracting data base providing worldwide coverage of
life sciences including animal behavior, ecology, and
toxicology

NTIS (National Technical 1964 to 1994 National Technical Information Service data base of

Information Service) government-sponsored research, development, and
engineering reports

Pascal 1973 to 1993 Multidisciplinary indexing and abstracting data base that
includes biology, chemistry, earth sciences, energy, food
and agricultural sciences, life sciences, and pollution

Pollution Abstracts 1970 to 1994 Indexing data base of environmental-related literature on
pollution, its sources, and its control

SciSearch 1974 to 1994 Multidisciplinary index to the literature of science and
technology

Water Resources Abstracts 1968 to 1994 Indexing and abstracting data base that includes
ground- and surface-water hydrology; water-
resources economics, planning, and management; and
water-related aspects of nuclear radiation and safety

WATERNET 1971 to 1993 Comprehensive index of water and wastewater publications

Zoological Record Online 1978 to 1993 Online data base that provides worldwide coverage of

zoological literature

6 Bibliography, Indices, and Data Sources of Water-Related Studies, Upper Colorado River Basin, Colorado
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KEYWORDS

COUNTIES
Delta Montrose
Eagle Ouray
Garfield Pitkin
Grand (Colo.) Routt
Gunnison Saguache
Hinsdale Summit
Mesa

HYDROLOGIC UNITS

Blue River Highline Canal Roaring Fork River
Colorado River Leadpville Limestone Rock Creek
Crystal River Main Elk Creek Smith Fork
Eagle River Muddy Creek Taylor River
East River Parachute Creek Tomichi Creek
Escalante River Piney River Uncompahgre River
Fraser River Plateau Creek Williams Fork
Gunnison River Roan Creek

SPECIFIC TERMS
Aquatic Biology Land Use Water Chemistry
Climate Limnology Water Management
Fish Populations Riparian Habitats Water Pollution
Ground Water Stream Sediment Water Quality
Hydrology Surface Water Water Use

Urban Runoff

Figure 2. Keywords used in computerized retrieval of water-related studies from DIALOG data bases.
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Additional references were identified by searching published bibliographies on the biology,
geology, and hydrology of the Upper Colorado River Basin (Joseph, 1977; Wydoski and others, 1980;
Banta and Lane, 1992). Banta and Lane (1992), in particular is a comprehensive bibliography and
index on ground-water hydrology and geology of Colorado west of the Continental Divide and is an
excellent resource for detailed information on hydrogeology in the Upper Colorado River Basin study
unit. Other bibliographic literature pertaining to the study unit includes a series of comprehensive
reports on Colorado geology (American Geological Institute, 1976; 1983 a, b; 1987; 1990), geothermal
reports in Colorado (Pearl and others, 1981), and limnology and fishery biology of Colorado (Olive,
1953). A complete listing of bibliographies applicable to the study unit can be obtained by referencing
“bibliography” in the subject index of this report.

Government agencies and private organizations were contacted by telephone in 1994 for

- information on the availability of water-related data on the Upper Colorado River Basin, including
water-quality data for surface- and ground-water and aquatic-biology data. Information collected
included: type of data available, storage mechanism (paper or digital), and general location of water
body. The sources of water-related data for the study unit are listed in table 2.

Arrangement of References

References are listed alphabetically by principal author, either individual or corporate, and are
numbered consecutively. A few reference numbers have been skipped due to editing, and additional
references identified late in the review process have been added at the end of the alphabetical listing.
Every effort has been made to ensure that all references in this bibliography are correct. However,
because the bibliography is the result of a computerized search of reference data bases, some citations
might be incomplete or might contain errors. Notall references could be checked or verified. In some
instances, the cited reference might not meet U.S. Geological Survey standards for publication of
references. Where possible, abstracts were downloaded along with the references and included in the
bibliography. Since the abstracts are considered direct quotes, no attempt was made to edit the
abstracts. Terminology and abbreviations might be inconsistent between abstracts.

Coauthor and subject indices are located at the back of this report. The numbers following the
index entries correspond to the reference numbers in the bibliographic section. Subject-index terms
were chosen from a thesaurus prepared by the Office of Water Research and Technology (1980).
Additional terms were added by the authors to facilitate the finding of a given reference.

8 Bibliography, Indices, and Data Sources of Water-Related Studies, Upper Colorado River Basin, Colorado
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Table 2. Sources of water-related data for the Upper Colorado River Basin study unit

Organization name, mailing address,
telephone number

Type and form of data available
(P, paper; D, digital)

General location

Bureau of Reclamation
P.O. Box 60340

Grand Junction, CO 81506
(970) 241-9371

City of Aurora

1470 South Havana St., Suite 400
Aurora, CO 80012

(303) 695-7460

City of Grand Junction
250 North 5th Street
Grand Junction, CO 81501
(970) 244-1509

Clifton Water District
P.O. Box 100

137 Third St.

Clifton, CO 81520
(970) 434-7328

Colorado Department of Natural Resources
Division of Minerals and Geology

1313 Sherman St., Room 215

Denver, CO 80203

(303) 866-3567

Colorado Department of Natural Resources
Division of Water Resources

Office of the State Engineer

1313 Sherman St., Room 818

Denver, CO 80203

(303) 866-3581

Colorado Department of Natural Resources
Division of Wildlife

6060 Broadway

Denver, CO 80216

(303) 297-1192

Colorado Department of Natural Resources
Soil Conservation Board

1313 Sherman St., Room 219

Denver, CO 80203

(303) 866-3351

Surface- and ground-water quality
(field parameters, major ions, and trace
elements): P,D

Surface-water quality: P

Surface-water quality (field
parameters, major ions, trace elements,
and volatile organic compounds): D

Surface-water quality (field
parameters, major ions, and trace
elements): D

Surface-water quality at active coal
mine areas: P

Surface-water, surface-
drainage, and well data: P

Surface-water quality: P, D

Ground water (field parameters, major
ions, trace elements, lithologic logs,
and water levels): P, D

Diversion records: P, D

Streamflow records: P, D

Surface-water quality and aquatic
biology: P

Surface-water quality (field parameters
and trace elements) and aquatic
biology: P

Nonpoint source assessments for salin-
ity: P

Grand and Uncompahgre
Valleys and Lower
Gunnison River Basin

Upper Eagle River
tributaries (Cross and
Homestake Creeks)

Gunnison River and
Colorado River

Colorado River near Grand
Junction

Upper Colorado River Basin

Upper Colorado River Basin

Upper Colorado River Basin

Upper Colorado River Basin

Eagle River

Upper Colorado River Basin

INTRODUCTION 9




Table 2. Sources of water-related data for the Upper Colorado River Basin study unit--Continued

Organization name, mailing address,

telephone number

Type and form of data available
(P, paper; D, digital)

General location

Colorado Department of Public Health and

Environment

4300 Cherry Creek Drive South
Denver, CO 80222-1530

(303) 692-2000

Colorado River Decision Support System
Colorado Water Conservation Board
1313 Sherman St., Room 721

Denver, CO 80203

(303) 866-3441

Denver Water Department
1600 West 12th Avenue
Denver, CO 80254

(303) 692-6000

National Park Service

1201 Oak Ridge Drive, Ste. 250
Fort Collins, CO 80525

(970) 225-3501

National Park Service

Curecanti National Recreation Area
102 Elk Creek

Gunnison, CO 81230

(970) 641-2337

Northwest Colorado Council of
Govemnments

P.O. Box 2308

Silverthorne, CO 80498

(970) 468-0295

U.S. Department of Agriculture
Agricultural Research Service
AERC-CSU

Fort Collins, CO 80523

(970) 491-8511

Surface-water quality (field parameters,
major ions, nutrients, and trace ele-
ments), ground-water quality (field
parameters, major ions, nutrients, pesti-
cides, and trace elements), and aquatic

biology: P,D

Surface- and ground-water quality (field
parameters and trace elements): P

Monthly streamflow data and reservoir
characteristics: D

Surface-water quality: D

Surface-water quality: P, D

Stream and reservoir water-quality
monitoring (field parameters and major
ions) and aquatic biology: P, D

Water-quality management plan: P

Salinity from irrigation: P
Crop water use: P

Upper Colorado River Basin

Eagle Mine site on Eagle
River

Colorado River Basin and
Gunnison River Basin

Blue River and Snake River
upstream from Dillon
Reservoir, Williams Fork,
and Fraser River

Rocky Mountain National
Park, Curecanti National
Recreation Area, and Black
Canyon of the Gunnison
National Monument

Upper Gunnison River Basin

Eagle, Grand, Jackson,
Pitkin, Routt, and Summit
Counties

Grand Valley and Upper
Gunnison River Basin
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Table 2. Sources of water-related data for the Upper Colorado River Basin study unit--Continued

Organization name, mailing address,

telephone number

Type and form of data available
(P, paper; D, digital)

U.S. Department of Agriculture

Natural Resources Conservation Service
655 Parfet Street, Room E200C
Lakewood, CO 80215

(303) 236-2886

U.S. Department of Energy
(UMTRA)

P.O. Box 5400

Albuquerque, NM 87185-5400
(505) 845-5657

U.S. Fish and Wildlife Service
764 Horizon Drive

South Annex A

Grand Junction, CO 81506
(970) 243-2778

U.S. Geological Survey

Water Resources Division
Colorado District Office

P.O. Box 25046, Mail Stop 415
Denver, CO 80225-0046

(303) 236-4882

U.S. Geological Survey
Water Resources Division
Wayne Aspinall Federal
Building, Room 223

402 Rood Avenue

Grand Junction, CO 81501
(970) 245-5257

Monitoring and evaluating for the
Colorado River Salinity Control
Program: P

Surface- and ground-water quality
(field parameters, major ions,
radionuclides, and trace elements): P,
D

Aquatic biology: P

Surface-water quality and quantity
(field parameters, major ions, nutrients,
trace elements, and discharge) and
ground-water quality and quantity
(field parameters, major ions, nutrients,
trace elements, lithologic logs, and
water levels): P,D

Irrigation drainage studies: surface-
water quality and quantity (field
parameters, major ions, nutrients, trace
elements, and discharge), ground-water
quality and quantity (field parameters,
major ions, nutrients, trace elements,
and water levels), and aquatic biology:
P,D

Grand Valley

Old Rifie, New Rifle,
Gunnison, and Grand
Junction uranium mill
tailings sites

Upper Colorado River Basin

Colorado (National Water
Information System files)

Lower Gunnison River
Basin and Grand Valley

INTRODUCTION 11
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This report examines the relationship between energy development and water quality
in Upper Colorado and Upper Missouri River basins. To provide a background for
problem assessment, the general physiographic, water resources, and water quality
setting is described for each of the basins. The locations and types of energy resources
and present and possible future developments are also identified relative to the water
resource systems. The water quality problems and impacts from energy developments
are discussed in terms of various pollutants generated by energy extraction and
processing activities and the pollution transport mechanisms and pathways by which
they can enter surface water and groundwater. Looking at the problem from another
perspective, the report discusses the implications for energy development of the water
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western water law: (1) junior rights and water transfer; (2) the beneficial use question;
and (3) the reasonable use measure of certain water quality practices.
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significance. Water transfers would require foregoing some existing uses and would
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approach and position; evaluation network; and general aspects of recognition--
seeding contract and other project support.

Bureau of Reclamation, 1971, Colorado River Basin project in cloud seeding, 4 year weather
modification experiment in SW Colorado for augmenting water supplies (final environmental
impact statement): Washington, D.C., Bureau of Reclamation, 33 p. [Available from National
Technical Information Service, Springfield, VA 22161 as NTIS Report PB-210 086-F.]

The project is a test of large-scale application of cloud seeding techniques for
increasing snowfall in mountainous areas, using the San Juan Mountain area in
southwestern Colorado as a test area. There will be four winter seasons of seeding,
beginning with the 1970-71 season. Seeding is being conducted over a 1,300-square-
mile target area of the 3,300-square-mile San Juan Mountain project area. The
Colorado State University experiments conducted at Climax and at Wolf Creek Pass
area of Colorado produced solid evidence that winter cloud seeding with ground-
based silver iodide generators can produce an average snowfall increase of 10 to

30 percent. These findings confirm earlier estimates that about 2 million acre-feet
more streamflow would be possible from target areas in the Upper Colorado River
Basin by cloud seeding. There is concern with regard to the hazards posed by weather
to residents and visitors in this mountainous area. In recognition of the social
response to dangers posed by avalanches, especially in the Ouray-Silverton-Telluride
area, the Bureau decided that there would be no seeding initially in subareas 3 and 4.
Additional snow should not significantly increase snow removal costs. There may be
some concern over the potential contamination of the environment by the silver iodide
used as the seeding material in this experiment. Silver concentrations measured in
precipitation from seeded storms range from 0.000001 to 0.00176 parts per million.
Although several studies have concluded that there is no direct hazard to humans
from the use of silver iodide as a seeding agent, additional studies are needed to
determine if there could be ecological effects of large-scale, long-term use of silver
iodide. The ecological monitoring program includes an investigation of residual and
long-range accumulation effects of the silver iodide.

Bureau of Reclamation, 1971, Crystal Dam, reservoir, and powerplant, Curecanti Unit,
Colorado River Storage Project (draft environmental impact statement): Washington, D.C,,
Bureau of Reclamation, 32 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-202 071-D.]

Crystal Dam is the final feature of three units planned to generate electrical power
from available head in the Gunnison River between Gunnison, Colorado, and the
Black Canyon of the Gunnison National Monument. The first two, Blue Mesa and
Murrow Point, are completed. Releases from Crystal will provide minimum flows in
the Gunnison River which have not been historically available. Major environmental
impact will be from removal of concrete aggregate and other channelization work in
the river channel. Six and one-half miles of quality stream fishery habitat in the
Gunnison River will be inundated. Turbidity in the river will be increased slightly
during construction from aggregate processing and channel excavation. Stabilized
permanent flows in the Gunnison River will occur below the dam. Inundation will
occur in a highly scenic canyon area.
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Construction is proposed of Crystal Dam and a hydroelectric powerplant on the
Gunnison River, Montrose, Colorado. Adverse environmental effects include
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reservoir having a maximum depth of 200 feet at the dam and unavoidable turbidity
increases during the construction period. (Supersedes report dated August 20, 1971,
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Final environmental statement for Crystal Dam, reservoir, and powerplant was filed
December 1971. This supplement covers design changes and results of investigations
which have occurred since that time. The Crystal damsite is situated on the Gunnison
River, 15 miles east of Montrose, Colorado, in Montrose County. Channelizing of the
stream below the damsite has been reduced from a length of 8,000 feet to 5,800 feet,
lessening the impact on the fishery. Esthetic impact will be minimized by eliminating
some overhead power lines, placing part of the crest access road in a tunnel, and
moving the powerplant from the abutment toward the center of the dam. Inundation
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The Colorado River Storage Project (CRSP) provides for the comprehensive
development of the Upper Colorado River Basin. The project furnishes the long-term
regulatory storage needed to permit states in the upper basin to meet their flow
obligation at Lee's Ferry, Arizona, as defined in the Colorado River Compact, and still
utilize their apportioned water. Water stored by the project provides a portion for
direct use in the upper basin. Sediment and flooding are better controlled, and
recreation development and fish and wildlife conservation have benefited. Because of
project development, a significant amount of electrical energy is produced to meet the
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Burgi, P.H., 1979, Winter ice jams on the Gunnison River: Bureau of Reclamation Technical
Report REC-ERC-79-4, 35 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-80 131 543.]

The formation, transport, and accumulation of ice on a 14 km stretch of the Gunnison
River in Colorado was studied during a six year period. The Gunnison River, a
principal tributary of the Colorado River, has an average elevation of 2,300 m above
sea level for the area studied. Located along the study area are two reservoirs, the
Taylor Park Reservoir which is upriver from the Blue Mesa Reservoir at the lower end
of the area. Winter conditions are severe with 3 days in January of 1971 having a
maximum temperature of -18°C or below with the lowest temperature being -38°C.
Various river channelization, river snagging, and clearing operations have been
performed in an attempt to reduce the ice jamming problem. Since 1967, with the
filling of the Blue Mesa Reservoir, descriptive records have been kept on the winter
ice jams. Summaries of these annual descriptions are included. Study results show
that the elevation of the Blue Mesa Reservoir at the end of November is a major factor
in determining the location of the ice jam head at the start of the season. The higher
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operations have had little effect on reducing the jamming; however, the construction
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upstream ice jam movement and average temperature below -10°C. Large releases
from the Taylor Park Reservoir during the winter contribute to the ice formation
problem. Data summaries, maps, and photographs are included.
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The Bureau of Reclamation is conducting studies to find methods for preventing
high salinity point source waters from entering the Colorado River. There are three
point sources that contribute a combined salt load of 344,700 metric tons per year.
Big Sandy River contributes 117,900 metric tons per year, Glenwood Springs
contribute 163,300 metric tons per year, and Dotsero Springs contribute 63,500 metric
tons per year. Water analyses of the three saline point sources were made, and the
water was used in simulating coal slurry transport by pipeline. This study has
confirmed some aspects of the proposed methods for disposal of these waters

(deep well injection or by use in energy development).
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The Bureau of Reclamation is conducting studies to find disposal methods for
preventing high salinity water from 16 identified sources from entering the Colorado
River. The Glen-Dot (Glenwood Springs-Dotsero Springs) is one source that
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contributes 10 percent of the identified salt load or 227,000 metric tons annually.
Basic data on physical and chemical properties of the Glen-Dot waters were needed
for determining methods of disposal. Consequently, a site sampling and analytical
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The groundwater system in many of the irrigated areas of the Colorado River Basin is
derived almost entirely from deep percolation of irrigation water and seepage from
irrigation conveyance and tail-water collection systems. Salt pickup rates from
irrigated soils in the basin vary in the different areas. Among the high salt pickup
areas is the Grand Valley in western Colorado, estimated at 8 tons/acre/year. Water
entering the groundwater supply from irrigation practices in the valley amounts to
about 145,000 acre-feet/year and contributes about 690,000 tons/year to the salt load
of the Colorado River. Samples of base-flow water from the weathered Mancos Shale
aquifer in the valley vary in salinity from about 1,500 to about 9,000 mg/L with a
mean of 4,100 mg/L, while water samples from alluvial aquifers range from 305 to
124,000 mg/L with a mean of about 11,500 mg/L. Base-flow returning to the river in
the drains and washes has concentrations that average about 4,200 mg/L. Water
losses and quantities of irrigation return flows can be reduced by improving farm
irrigation efficiencies and by partial or complete lining of canals, laterals, and ditches.
Increasing on-farm irrigation efficiency through system improvements and irrigation
scheduling is the most cost-effective measure. However, achievement of higher
efficiencies will require changes in water laws to encourage conservation and revised
water pricing policies that discourage waste.
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Soil and water salinity occur in arid regions wherever irrigation is practiced. In the
United States, an estimated 20% of all irrigated land, about 4 million ha (10 million

acres), suffer from salt-caused yield reductions. Salinity constitutes the most serious
water quality problem in the western United States. In the U.S,, the Colorado River

BIBLIOGRAPHY 49



343.

344.

345.

346.

50

Basin contains more major salinity problem areas than any other river basin in the
western United States. Land degradation and reduced agricultural productivity are
some of the likely downstream effects of high salt content in irrigation water. In all
affected river basins, salinity has progressively increased as the water resources have
been developed and put into use. The water in these rivers becomes increasingly
saline from the headwaters to the mouths, mostly from seepage and return flows
from irrigated land. In the Colorado River, salinity concentrations increase from
<50 mg/L in the headwaters to about 900 mg/L at Imperial Dam to about

1,200 mg/L in Mexico.
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Regression analysis was used to develop models for estimating mean annual
suspended-sediment loads for streams in Colorado. Mean annual suspended-
sediment loads at 81 selected streamflow-gaging stations in the central, northwestern,
and southwestern regions of Colorado were expressed as functions of geomorphic and
hydrologic variables. A multiple-regression model that included mean basin
elevation, mean annual streamflow, and drainage-basin area explained 78 percent of
the variance in mean annual suspended-sediment load when all sites were analyzed
together. The State was divided into four regions to decrease variance from spatial
differences in geography and climate, and multiple-regression models were
recomputed for each region. The best multiple-regression models for the central,
northwestern, and southwestern regions of Colorado included mean annual
streamflow and mean basin elevation. A multiple-regression model was not
developed for eastern Colorado because few sites in this region had adequate
sediment-load records. Regionalization of mean annual suspended-sediment loads
resulted in improved multiple-regression models for the central, northwestern, and
southwestern regions of Colorado. The regional multiple-regression models can be
used to estimate mean annual suspended-sediment loads for other streams in these
regions when mean annual streamflow and mean basin elevation are known. Regional
regression models based only on drainage area were also developed, and they can be
used to estimate mean annual suspended-sediment load when annual streamflow is
unknown.
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May 15, 1973): Goleta, Calif., North American Weather Consultants Report NAWC-15-18-1,
328 p. [Available from National Technical Information Service, Springfield, VA 22161 as
NTIS Report PB-232131/3.]

The volume presents the cloud seeding potential for increased streamflow from seven
major river basins in the Western United States. These major basins include the Upper
Colorado, Rio Grande, Truckee-Walker-Humboldt, Sacramento, North Platte, and
Snake. October-April hourly precipitation data were associated with appropriate
rawinsonde data and precipitation-cloud top temperature curves plotted. From the
curves, critical temperatures (the dividing line between cloud top temperatures that
are susceptible to seeding and those that are not) were determined for each massif
within the major basin. The area of effect model was employed in determining
predicted seeded precipitation cloud top temperature curves, and the predicted
curves were fitted to the historical curves based on the predicted not seeded curve in
the critical temperature and colder cloud top temperature range. The seeding
potential was then calculated from the difference between the predicted curve and the
observed historical curve, and the frequency of cases. With this input data, potential
incremental streamflow was computed for the water years 1951-52 through 1970-71.

Elliott, R.D., Shaffer, R.W., Court, Amold, and Hannaford, J.F., 1976, Colorado River Basin Pilot
Project comprehensive evaluation report, five winter seasons, 1970-71 to 1974-75 (final report):
Bureau of Reclamation Report ARI-76-1, 650 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-262 057/3.]

The primary objectives of this evaluation have been to: (1) test the physical concepts
of weather modification potential, and (2) test the practical weather modification
potential for an operations program, as carried out in the Colorado River Basin Pilot
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A simple multi-level nonlinear optimization procedure was utilized to formulate the
most cost-effective array of salinity control strategies for the Upper Colorado River
Basin. The incremental cost-effectiveness methodology qualitatively indicates the
location and general type of alternatives to be implemented in a least-cost basin-wide
salinity control program. The results also qualitatively indicated the anticipated salt
load reduction and expected annual costs of each salinity reduction increase for any
preselected level of control. Costs and salinity contributions associated with various
alternatives were generated using January, 1980 estimated conditions. Marginal cost
analysis based on current damage estimates indicate that the optimal cost-effective
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and remove about 1.2 million megagrams of salt per year.

Evans, R.G., Walker, W.R,, and Skogerboe, G.V., 1983, Strategies for salinity control for the
Upper Colorado River Basin: American Society of Agricultural Engineers Transactions, v. 26,
no. 3, p. 738-742.

A multi-level nonlinear optimization procedure was utilized to develop an array of
strategies for the most cost-effective salinity control program for the Upper Colorado
River Basin. Cost effectiveness functions were developed for each point source
control project for the major canals, aggregate laterals and selected on-farm
improvements in each agricultural area designated in Public Law: 93-320. Marginal
cost analysis showed that a cost-effective Upper Basin salinity control program would
cost $30 million annual and remove 1.2 million megagrams of salt each year.
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A summary of the results of applied research on salinity control of irrigation return
flows in the Grand Valley of Colorado is presented for the period of 1969 to 1976.
Salinity and economic impacts are described for the Grand Valley Salinity Control
Demonstration Project which contains approximately 1,600 hectares and involves
most of the local irrigation companies in the Valley. During the eight years of the
demonstration project, 12.2 km of canals were lined, 26.54 km of laterals were lined,
16,400 meters of drainage tile were installed, a wide variety of on-farm improvements
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were constructed, and an irrigation scheduling program was implemented. On-farm
improvements evaluated were solid-set sprinklers, side-roll sprinklers, drip (trickle)
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Rocks of Mesozoic age in the Upper Colorado River Basin underlie parts of five states
west of the Continental Divide - Arizona, Colorado, New Mexico, Utah, and
Wyoming. These rocks consist of conglomerate, sandstone, shale, siltstone, claystone,
limestone, and evaporites that have been folded, fractured, and faulted by large-scale
tectonic activities that created several large structural basins and uplifts. As of 1987,
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the rock from areas of high to areas of low hydraulic head. Ground water moves
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hydraulic head in adjacent aquifers. Discharge occurs in the main surface drainage
network from rocks exposed in canyon walls cut by streams. Recoverable ground
water in storage of suitable quality for most uses is estimated to be 530 million acre-
feet, about 4 percent of the total volume in storage. Hydrologic properties of the rocks
vary laterally because of changing lithofacies within a geologic formation,
stratigraphic intertonguing between formations, and erosional pinchouts of
formations. In general, water in the Mesozoic rocks is fresh in the southern half of the
study areas, where the aquifers are exposed and easily recharged. Water generally is
very saline to briny in the northern half, where the aquifers are confined beneath
thick overburden and are distant from recharge areas. Sodium chloride water
having a dissolved-solids concentration in excess of 35,000 mg/L is present in deep
structural basins; calcium carbonate water having a dissolved-solids concentration of
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Management of the Colorado River reservoir system is a complex problem influenced
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quantity problems between the United States and Mexico, considerations that have led
to the several agreements between the two countries and possible future actions.

Holburt, M.B., and Valentine, V.E., 1972, Present and future salinity of Colorado River:
American Society of Civil Engineers, Journal of the Hydraulic Division, v. 98, no. HY3,
p- 503-520.

Holden, P.B., 1977, Habitat requirements of juvenile Colorado River squawfish: U.S. Fish and
Wildlife Service Report FWS/OBS-77/65, 70 p.

Holden, P.B., and Stalnaker, C.B., 1975, Distribution and abundance of mainstream fishes of the
middle and Upper Colorado River Basins, 1967-1973: American Fisheries Society Transactions,
v. 104, p. 217-231.

Holland, W.T., and Jarvis, C.S., 1938, Inventory of unpublished hydrologic data:
U.S. Geological Survey Water-Supply Paper 837, 77 p.

BIBLIOGRAPHY 73



534. Holmes, W.H., 1890, Formation of Gunnison and Grand Rivers: Geological Society of America
Bulletin, v. 1, p. 274.

535. Holt, H.E., 1961, Geology of the lower Blue River area, Summit and Grand Counties, Colorado:
Boulder, Colo., University of Colorado, Ph.D. dissertation, 107 p.

536. Hoover, R.L., 1974, Guidelines for identification, designation and administration of significant
wildlife habitats and shorelands of major publically owned reservoirs: Denver, Colo., Colorado
Division of Wildlife, 20 p.

537. Hopkins, ].K., 1975, Water quality management planning for the Roaring Fork River Basin in
western Colorado: Los Angeles, Calif., University of California, Ph.D. dissertation, 254 p.

538. Hopper, RM.,, 1968, Wetlands of Colorado: Denver, Colo., Colorado Division of Wildlife
Technical Publication 22, 89 p.

539. Horn, B., 1990, Interim report on the biological assessment of the Eagle River Superfund Site,
Eagle County, Colorado: Colorado Division of Wildlife, 20 p.

540. Homn, B., and Woodling, J., 1991, Final report, biological monitoring assessment, Eagle River
Superfund Site, Eagle County, Colorado (for 1990 sampling, April and September): Colorado
Division of Wildlife, 23 p.

541. Hom, T.G., 1877, Report on the mineral springs of Colorado, in Colorado State Board of Health,
annual report: Colorado State Board of Health, p. 43.

542. Hornberger, G.M., Bencala, K.E., and McKnight, D.M., 1994, Hydrological controls on dissolved
organic carbon during snowmelt in the Snake River near Montezuma, Colorado:
Biogeochemistry, v. 25, no. 3, p. 147-165.

543. Hotchkiss, R.H., Israelsen, E.K,, and Riley, ].P., 1980, Management of the hydrologic system in
areas subject to coal mining activities: Bureau of Reclamation Report OWRT-A-046-UTAH(1),
93 p. [Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-81 127 383.]

The report examines the effects of present mining activities on the associated
hydrologic system and identifies specific mining procedures and management
techniques which not only minimize negative hydrologic impacts of mining
operations but which also enhance the value of the hydrologic system in terms of
existing and potential social uses. Thus, the results of the research contribute to the
solution of present and future hydrologic problems (both quantity and quality)
associated with coal mining in the western U.S. Emphasis is placed on sites which are
representative of both existing and future coal mining areas. The study suggests not
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operational and management mining techniques which will enhance the social use
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The Colorado River is the major surface water resource of the Southwest. In spite of
John Wesley Powell's forecast that the region would never be useful or inhabited, the
river basin has been fought over and romanticized more than any western river. The
influence of the financial power and the concentration of political power on water
issues have dominated the policy scene, and since passage of the Reclamation Act of
1902, the federal government through the Bureau of Reclamation has been the agent
of project construction and water supply provision. It is a major contention of this
study that the Upper Basin is not and will not be short of water if the states of the basin
use their supplies in an economically reasonable way. Changing values call for
greater protection of instream flows, and the high costs of developing new supplies
for municipal and industrial uses indicate the desirability of transferring water from
agriculture to urban areas. Only extreme shortsightedness and a thoughtless scramble
to put all their water to use quickly could lead to a future water crisis.
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Upper Main Stem sub-basin, an area which contains the origins of the most pressing
problems of the Basin: salinity, shale oil industry future impacts, and expanded
diversions to the Rocky Mountain Eastern slope.
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The Colorado-Big Thompson Project (C-BT) that transfers water from the western
slopes of the Rocky Mountains to northeastern Colorado both required and inspired
institutional innovation. The C-BT had to guarantee the repayment of project costs as
required by the Bureau of Reclamation laws, negotiate solutions to conflicts with the
basin of origin, and allocate water among users with varied water needs. These
challenges led to the establishment in 1937 of the Northern Colorado Water
Conservancy District (NCWCD). Much credit for the success of the C-BT must be
given to the unusual system of water markets that evolved within the district and the
set of legal and administrative conditions that made these markets possible. The
major methods for allocating large water supplies within the market system are
priority allocation rules and proportional rules. Under a priority rule, the various
users are assigned certain quantities of water per time period, and each of these
quantities has a priority number. A proportional rule divides available water among
a group of users according to a fixed set of proportions. The total amount of C-BT
water available to the district each year is determined by the quota system. In the
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C-BT-NCWCD system, return flows are owned by the district. When a buyer and a
seller wish to effect an allotment transfer, they submit an application to the district.
Transfers can sometimes be facilitated by brokers of NCWCD allotments. Rentals
(transfers of water among users for one season only) occur not only with NCWCD
water but also with appropriated and ditch company water. The water markets used
by the NCWCD are more efficient than methods currently used by Federal and State
water agencies and might be copied for many places in the West and elsewhere.
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This salinity management study of the Colorado River watershed uses existing
regional economic models to evaluate water quantity and quality trade-offs between
the Upper and Lower Basins. A cost schedule for salt load reduction is derived for the
upstream area, which contributes most of the salt, and a schedule of marginal benefits
accruing from reduced salinity is derived for downstream water users. The study
concentrates on agricultural water use since agriculture is responsible for about

90 percent of consumptive water use and contributes about 37 percent of the river’s
salinity concentration. Crop yield responses to changing salinity conditions are
examined, and a model of the regional income-generating mechanisms, which
evaluates the economic impacts of salinity-reduced crop output, is discussed. The
effects of agricultural acreage reduction, a major step that could reduce salinity and
increase water availability in the Lower Basin, are considered. Finally, downstream
benefits and upstream costs are viewed concurrently, allowing the selection of
economically efficient steps for mitigating the salinity problems of the Colorado River
Basin.
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Information Service, Springfield, VA 22161 as NTIS Report PB-80 130 180.]

Near the western border of Colorado, the Colorado River is the habitat of four
threatened and endangered fish species as well as the receiving water course for
sewage effluent from the cities of Grand Junction and Fruita. An extensive monitoring
program was conducted to sample four water quality parameters which affect the
concentration of un-ionized ammonia, a substance toxic to fishes at high
concentrations. Temperature, pH, total ammonia, and flow were measured for
thirteen months along a 20 km reach of the river. Collected data and historical data
were compared and analyzed to establish representative background conditions on a
monthly basis. These conditions were then used to determine the monthly total
ammonia loading allocations for the proposed wastewater treatment facilities at each
of the two cities that would maintain a safe level of un-ionized ammonia in the river.
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Changes in the hydrologic equilibrium of a river basin resulting from resource
development also produce changes in the quality pattern. Since the burden of quality
maintenance must be shared by users (just as are quantities) predictions are needed
for quality changes which might result from contemplated development at any
specified location within the river system. This study reports the development of a
computer simulation model of the water and salt flow systems within the Upper
Colorado River Basin. Because of the close relationship between the hydrologic and
salinity flow systems, an understanding of the hydrologic system is essential to
successful management of the salinity system. In this study, development of a
hydrologic model is based on water budgeting or accounting procedures, in which
available data on historical water flows, municipal and industrial uses, and the
demands of agriculture are used. The salinity dimension is then added, and the joint
hydro-salinity model is verified (calibrated and tested) by comparing computed and
observed output values. The utility of the model is demonstrated by applying it to a
particular subbasin of the San Juan River and predicting the effects on down stream
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This basic data section of a report on the water resources of the Upper Colorado River
Basin contains tables of duration of water discharge at 176 stream-gaging sites,
summaries of chemical quality and sediment analyses for surface waters, and chemical
quality and other characteristics of ground water, and isohyetal maps of precipitation.
Also included is an inventory of surface-water records of streamflow, chemical
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This paper addresses the question of whether or not a large (significant in national
terms) energy recovery industry can be developed in the Upper Colorado River Basin
(UCRB), alongside more traditional water use, without causing a problem in the
aggregate quantity of water supplied to the Lower Colorado River Basin. On the
demand side, aggregate water consumption in the UCRB due to water-intensive
energy industry is predicted as a function of the level of energy production. Total
UCRB water consumption can then be found by adding to the energy-related water use
all nonenergy-related consumption. On the supply side, aggregate water availability
is determined from the results of a steady-state, stochastic hydrologic model which
predicts the reliability of flow to the Lower Basin as a function of total UCRB
consumption.
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Over the last few years several potential conflicts have emerged over the manner in
which water is put to beneficial use in the western United States. These potential
problems have been further heightened by the western drought of 1976-1977 and by
the recent upsurge of interest in developing western coal and oil-shale resources. The
conference on Western Water Issues, held at the California Institute of Technology,
17-18 May, 1979, provided a forum for representatives of industry, agriculture,
government, environmental groups, research establishments and universities to
exchange ideas on the subject. Most of the discussions centered on California and the
Colorado River Basin. Specific items discussed included climatic fluctuations and
predictability of the basic water supply; existing water law and needed changes;
economics of water and the lack of real water markets, pending California state
legislation (on the Peripheral Canal in the Sacramento-San Joaquin Delta area and on
the limits to pumping overdrafted ground water basins); water availability for energy
resources development; and competing needs by municipalities, industry, and
agriculture. As a summary of the conference, this report should be regarded as a
source book to clarify the issues and direct the reader to relevant individuals and
references.
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Federal-state relations in the field of water resources development in the Colorado
River Basin are examined through a review of the literature. A framework is set out
in which water policy development in the states of the Colorado River Basin (Arizona,
Colorado, Wyoming, California, Nevada, Utah, and New Mexico) can be explained.
Distributive, redistributive, and regulatory politics are defined as the three arenas in
which water policy discussions take place. After this model is explained,
development of water projects and policies in the Basin is explored. The 1977 Carter
administration's proposal to take water politics out of the distributive arena is
examined, and the authors conclude that the administration yielded on most of its
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Management of a large river basin requires information regarding the interactions of
variables describing the system. A method has been developed to determine these
interactions so that the resources management within a given river basin can proceed
in an optimal way. The method can be used as a planning tool to display how different
management alternatives affect the behavior of the river system. Direct application is
made to the Colorado River Basin. A computer simulation model has been developed
and used to simulate the effects of various management alternatives upon water
conservation, water quality, and power production. Reservoir evaporation,
discharge, discharge salinity, and power generating capacity are examined.
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Grand Valley Mancos Shale, composed of a thick sequence of interbedded shale and
sandstone, is a significant contributor of dissolved solids to the Upper Colorado River.
Research was carried out to describe the area geomorphology and soluble mineral
content relationships of surficial materials in erosionally-unstable landforms, to relate
geomorphic stability to salt release processes from the area, and to recommend land
use and/or salt control measures for reducing salt load to the river. Three landforms
exist in the area studies: pediments, alluvial valley floors, and badlands, with the
latter having the greatest surface area. The badlands are the least stable landform,
releasing more sediment and salt into runoff than the other landforms. Pediments are
capped by cemented gravels and are the most stable landform, while the alluvial
valley floors are generally also stable to sediment/salt production. Recommendations
for understanding erosional and salinity characteristics of runoff from the badlands
and for reducing erosion/salinity related to current land use included examining the
effectiveness of existing sediment retention structures, comparing sediment load and
salinity of runoff from the two drainage basin lithologies, and reducing gully erosion
caused by road drainage ditches/culverts.
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completion report, March 18-June 30, 1975): Bureau of Reclamation Report OWRT-A-076-
WASH(1), 47 p. [Available from National Technical Information Service, Springfield, VA 22161
as NTIS Report PB-244 730/8.]

The study examines the Colorado River Basin salinity management program. The
optimal solution will generally be found by considering the problem on a basinwide
basis. In most cases the optimal solution is one that would result in the least total cost
per unit for the largest salinity reduction. This optimal solution requires extensive
voluntary cooperation among all water users: it has proven quite effective in the
Colorado River Basin. The recommendations for a comprehensive basinwide or
regional management entity to plan and implement a salinity control program for the
Colorado Basin have, to date, produced a voluntary, cooperative interstate discussion
group, the 'Colorado River Basin Salinity Control Forum'. To date all irrigation
efficiency and water use management programs have been voluntary and are based on
education and persuasion rather than on legal regulation. Most water managers and
other experts in the Colorado River Basin believe the voluntary program will, in the
long run, be more effective.
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No water law system developed in the U.S. to date adequately addresses salinity
management. Legal and institutional approaches to pollution control that work
elsewhere are considerably less effective in controlling nonpoint salinity sources. The
Colorado River Compact, the Boulder Canyon Project Act, the Supreme Court decision
in Arizona vs. California, and the 1968 Colorado River Basin Project Act all combine
to apportion supplies among the Lower Basin states. The U.S. is bound by treaty to
deliver to Mexico water of acceptable saline quality. A 1971 EPA study recommended
the prompt setting of numerical salinity limits, the creation of a single institutional
entity with basinwide jurisdiction, legislative authorization and funding of salinity
control projects, a systems analysis to evaluate quality and economic aspects of the
problem and alternative solutions, and additional research on control technology.
Salinity control for the benefit of Mexico is a national, not regional, responsibility and
fiscal obligation. Salinity control for the states is funded 75 percent by the federal
government, and 25 percent by hydroelectric revenues. The augmentation of
Colorado River water by importation of water from northern California and the Pacific
Northwest was rejected. The 7 basin states use the Colorado River Basin Salinity
Control Forum as a voluntary interstate planning entity for drawing up standards and
plans of implementation. The plan recommends state action in urging industrial use
of saline water, irrigation systems improvements, and studies to minimize salinity of
municipal discharges. The plan does not recommend mandatory controls on
irrigation or land use. National economic efficiency has been subordinated to political
equity and income redistribution.
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The focus of this report are the endangered and threatened fishes, but a full
appreciation would not be possible without an adequate knowledge of the ecosystems
in which they live. The six major sections of the report are: abiotic components,
biological components, species description, river basin descriptions, major factors
inducing environmental change, and urgent needs and recommended research
priorities.
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The major emphasis of this bibliography lies with the threatened and endangered
fishes of the Upper Colorado River system: their limiting factors, habitat alteration,
and the numerous environmental factors associated with them. It includes subject,
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Ptychocheilus lucius, the principal native piscivore of the Colorado River basin, was
once widespread and abundant in large rivers and their major tributaries. It occurs
today only in the upstream regions of its historic range and is threatened with
extinction. Growth rate there is much slower than the rate that might once have been
typical in lower-basin rivers. Interaction of slow growth and increased early-life
mortality is probably an important cause of the decline of Colorado squawfish in the
upper basin. The unusually small size of the age-0 fish going into winter might be an
important factor affecting recruitment to the adult stock. Simulations showed how the
effect on increased early-life mortality can be especially significant on populations of
slow-growing fishes. Predation by introduced fishes, as well as other man-induced
causes of increased early-life mortality, probably contributed importantly to the
decline of Colorado squawfish in the remaining habitat. Management efforts that
might help this endangered species to recover include water management to enhance
temperatures for growth, and the control of important introduced fishes.
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The objectives of this study were to determine the salt content of Mancos Shale and
associated alluvium and the release mechanisms of salt from these deposits. When
mixed with distilled water, the time necessary to approach equilibrium decreased
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chemical quality of the aqueous mixtures was of the Ca?*-Mg?*-Na*-S0,2-HCO3 type.
Sodium and magnesium hydrated sulfates appeared to dissolve faster than gypsum or
calcite, and the relative abundance of Na*, Mg?*, and SO, decreased with increased
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highly saline (1.6 percent) and show an increase in salt content with depth. The results
also show that major areas of diffuse sources of salts are also the major sediment
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The objectives were to determine the salt content of Mancos Shale and associated
alluvium and the release mechanisms of salt from these deposits. When mixed with
distilled water, the time necessary to approach equilibrium decreased with an
increase of salt content and with a decrease of sediment concentration, and the time
span required for equilibrium ranged from a few minutes to several days. The
chemical quality of the aqueous mixtures was of the Ca?*-Mg?*-Na*-S0,7-HCO; type.
There is a large inherent variability in the salt content of sampled sediments. Soluble
mineral content of Mancos Shale from hillslopes (2 percent) is significantly larger than
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Much of the salt loading in the Colorado River occurs in the Upper Basin, with most
of the resulting damages occurring in the Lower Basin. In the Upper Basin, only

2 percent of the salt loading is from municipal and industrial uses, 9 percent from
natural point sources, 37 percent from irrigated agriculture, and 52 percent from
natural diffuse sources. Natural point sources can be remedied by collecting and
treatment or disposal. The most cost-effective technologies for irrigated agriculture
are: better irrigation methods combined with improved on-farm water management
practices in order to reduce deep percolation losses, and channel lining losses from
canal laterals.
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A study of annual sediment yields from one carefully logged and two undisturbed
watersheds in the Fraser Experimental Forest showed good correlation between peak
streamflow and accumulated sediment volume. The relationships indicate that a
major part of the sediment load is derived from channel erosion. The effects of logging
on sediment yields are discussed, and magnitude-frequency relationships are
developed for estimating long-term sediment yields.
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To determine the effects of roads and forest-cover changes on sediment yields,
measurements were made on one carefully logged and two undisturbed watersheds
in the Fraser Experimental Forest, Colorado. Annual sediment yield averaged

200 pounds per acre immediately following road construction in 1950-52 and logging
in 1954-56. In the period 1958-66, sediment yield averaged 43 pounds per acre, despite
an estimated 25 percent increase in annual runoff caused by the harvest, compared
with yields of 11 and 21 pounds per acre on the undisturbed watersheds.

Leaf, C.F., 1971, Areal snow cover and disposition of snowmelt runoff in central Colorado:
U.S. Department of Agriculture, Forest Service Research Paper RM-66, 25 p.

Areal snow-cover depletion and resultant snowmelt and water yield were studied on
three small watersheds in the Fraser Experimental Forest. High water yield
efficiencies were observed on two watersheds which had (1) almost complete snow
cover when seasonal snowmelt rates on all major aspects were maximum; (2) a delayed
and short snow-cover depletion season; and (3) moderate recharge and
evapotranspiration losses. Water yield efficiency in one watershed with low-elevation
south slopes was least. In 1969, streamflow from the drainage area on this basin
below 9,850 feet was less that 30 percent of that generated from above this elevation.
Fourteen years of comparative streamflow indicated that water yields from the low-
elevation subdrainage can vary from near zero in poor runoff years to a maximum
during good years of about 50 percent of the flow generated from the high-elevation
subdrainage.
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Specific weight (dry unit weight) is summarized with sediment class and particle size
for sediments deposited in small debris basins on three headwater streams at the

Bibliography, Indices, and Data Sources of Water-Related Studies, Upper Colorado River Basin, Colorado
and Utah, 1872-1995



Fraser Experimental Forest. The effects of vegetation removal on water yields from
the Fool Creek Experimental Watershed are discussed.

693. Leaf, C.F., 1975, Watershed management in the central and southern Rocky Mountains--

694.

695.

696.

697.

698.

A summary of the status of our knowledge by vegetation types: U.S. Department of
Agriculture, Forest Service Research Paper RM-142, 28 p.

The report summarizes a series of comprehensive reports on watershed management
in five major vegetation zones: (1) the coniferous forest subalpine zone; (2) the Front
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This paper draws from several years of study of the management strategies for the
Colorado River and of the policy aspects of planned water reuse in the Colorado River
Basin. One study, sponsored by the U.S. Environmental Protection Agency, Region
VIII, focused on an analysis of state and local management actions which might be
taken to reduce salinity in the Colorado River. The Office of Water Research and
Technology sponsored another study which examined the system of control, planning
and management of water resources in the semi-arid Colorado River region as it
applies to planned reuse of that scarce resource. Unplanned reuse is a regular
occurrence as the Colorado River flows over 1,400 miles of weathering soils and rocks
before it enters Mexico. Increasing salinity, both from natural and man-created
causes, as well as inadequate supplies to meet the demands of a developing region,
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This report demonstrates the feasibility of applying stochastic techniques to linear
water quality models. The Monte Carlo, First Order, and Generation of Moment
Equation techniques are applied to a long term phosphorus model of Lake
Washington. The effect of uncertainty of the phosphorus loading term on simulated
phosphorus levels is analyzed. All three stochastic techniques produced the same
results. The simulated concentrations of phosphorus in the water column are very
responsive to uncertainty of annual phosphorus loading, the sediment concentrations
relatively insensitive. The Monte Carlo technique requires the most computation time
of the three stochastic techniques applied. The Generation of Moment Equation
technique is also applied to a steady state salinity model of the Colorado River system.
The major source of uncertainty in all simulations is the estimation of the steady state
salinity loading with the agricultural loading term becoming important in some
simulated management alternatives.
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The major concern cited is excessive salt concentrations caused by salt loading of
return flows to the Colorado River. Salinity levels measured as milligrams per liter
(mg/L) are monitored closely to ascertain if the United States is maintaining water
quality standards established by the seven Basin states and approved by the
Environmental Protection Agency (EPA). Titie II of the Colorado River Basin Salinity
Control Act is concerned specifically with implementing measures upstream from
Imperial Dam to comply with the salinity standards. USDI, USDA and EPA are
directed by Title II of this Act to coordinate their activities to carry out the objectives
of this Title.
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It is estimated that the water demands of an oil shale industry of about 1.5 million
bbl/day, as well as the water demands of the associated growth, could be satisfied
from surface supplies without having to reduce significantly other existing or
projected consumptive uses in the Upper Colorado River Basin. This conclusion is
premised, however, on four major qualifiers which are examined in detail. Factors
such as the availability of ground water and the impact of developing water supplies
are outlined.
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The cost-effectiveness of selected financial incentives for encouraging reuse of low
quality /saline water collected by the Bureau of Reclamation for electric power plant
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deficiencies and reference stream recommendations. These sections should be useful
in the design and implementation of future studies within the region.

Rumberg, C.B., Gery, B.H., and Butcher, K., 1978, Gunnison County stream water quality study:
U.S. Environmental Protection Agency Report EPA-908/3-78-001, 85 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-295 429.]

This research was done to determine the water quality of all major streams in
Gunnison County during Calendar Year 1977. A large number of biological, chemical,
and physical water quality parameters were assessed. Also included in the study was
review of existing literature and other pertinent water quality data, integrating that
information with the conclusions from other 1977 research.

Runnells, D.D., Brown, D., and Lindberg, R., 1974, Investigation of enrichment of molybdenum
in the environment through comparative study of stream drainages, central Colorado, in
Proceedings of the 1st annual NSF trace contaminants conference, August 8-10, 1973: Oak
Ridge, Tenn., U.S. Atomic Energy Commission Technical Information Center, p. 599-614.

Rushing, D.E., 1963, The analysis of effluents and environmental samples from uranium mills
and of biological samples for uranium, radium, and polonium (supplementary materials):
U.S Public Health Service Report SM-41-44, 74 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-260 010/4.]

Five supplementary papers are presented: (1) determination of uranium, a
fluorimetric method; (2) the determination of radium-225, a simplified emanation
technique; (3) the determination of radium-226 in silicates, a rapid isolation method;
(4) determination of radium-226, preparation and analysis of special types of samples;
and (5) determination of polonium-210. Tables are included with each report.
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Data centered architecture offers a framework for the development of a decision
support system for water resource management. Hydrologic models, geographic
information systems (GIS), databases, and analysis software can be effectively
integrated using a data centered approach. Such a data centered system has been
implemented by the Bureau of Reclamation for water system operation, planning, and
management in the Upper Colorado River Basin. The GIS interface is an effective tool
for monitoring the current conditions of the system. The GIS display provides an easy
method to view current telemetry at gage sites in a selected subbasin. The integration
of the Colorado River database with the River Simulation System (RSS) and the
Modular Hydrologic Modeling System (MHMS) applications simplifies the
preparation of model input data for simulations. The integrated plotting programs
and statistical functionality in MHMS and the connection to S Plus (a tool for
statistical data analysis, time series plotting and visualization of data) in RSS simplify
post processing and analysis of model output as well.
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PB-213 999/6.]

A sample of daily precipitation and temperature data from 30 weather observing
locations in or near the Upper Colorado River Basin have been placed on cards

and partially analyzed by computer techniques. The sample represents a total of
1660 station years, and analytical conclusions give a good representation of the
climatic ranges for this area. Frequency of precipitation at multiple time intervals for
each location are presented. Major storms having a recurrence less than once per year
have been found to contribute significantly to runoff in the Upper Colorado River.
Preliminary techniques for adjusting actual precipitation to more closely relate to
runoff are presented and further refinements are anticipated. Variations in moisture
sources have been studied.

1008. Schmidt, K.H., 1985, Regional variation of mechanical and chemical denudation, Upper
Colorado River Basin, USA: Earth Surfaces Processes and Landforms, v. 10, no. 5, p- 497-508.

The variation of mechanical and chemical denudation is investigated using discharge
and sediment yield data from the Upper Colorado River System. Annual precipitation
ranges from approximately 150 mm to 1500 mm. Mean specific yield ranges from

0.21/s km? (6 mm p a)to 151/s km? (475 mm p a). The hydrolog1cal geomorphological
system adjusts itself to these varying climatic conditions; in some areas, however, the
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effects of lithology or land use seem to override the climatic controls. It is
demonstrated that the increase in the absolute and particularly the relative amount of
suspended sediment is closely related to a decrease in annual runoff and to an increase
in the importance of high magnitude/low frequency events. Events of moderate
magnitude and frequency, which in more humid areas transport most of the dissolved
load, seldom occur. Mechanical and chemical denudation are of equal importance at
a runoff of about 300 mm per year.
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The objective of the research was to investigate both sediment and salt loads in the
Upper Colorado River Basin and to determine the reason for any change. Analysis of
sediment and salt load data shows that, although affected by hydrologic variability,
both sediment (6 stations) and salt (14 stations) loads have decreased since about 1935.
Aerial reconnaissance and field surveys show that the incised channels (arroyos) that
once supplied large quantities of sediment to the Colorado River during the period
starting about 1880 have widened. In addition, new flood plains have formed.
Decreased sediment production from upstream tributaries and from channel side
walls and sediment storage in the flood plains all appear to be the reason for the
significant regional reduction of sediment loads. Reduced erosion and sediment may
account for the reduced salt loads.
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Schuster, R.J., 1989, Colorado River Simulation System, in Ports, M.A,, ed., Hydraulic
engineering: National conference on hydraulic engineering, New Orleans, Louisiana, 1989,
Proceedings, p. 473-478.

The Colorado River Simulation System (CRSS) is a comprehensive computer tool
designed to assist water resource managers in long-range planning and management
of the Colorado River Basin. The CRSS is used to address the many 'what if' questions
that arise from proposed basin development or proposed changes in the methods of
operating the river. The CRSS simulates riverflows, water deliveries, water shortages,
reservoir operations, water quality, and hydroelectric power production.
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The role of sediment in diffuse-source salt loading in the Upper Colorado River Basin
was investigated. The results proved that entrainment and transport of sediment by
overland and channelized flow are crucial factors affecting the salinity of runoff from
diffuse source areas. Increased concentration of transported sediment increases the
availability of soluble minerals; further transported sediment may continue
dissolving due to kinetic disequilibrium and/or when mixed with Colorado River
water.

1022. Sheridan, D., 1983, The Colorado; an engineering wonder without enough water: Smithsonian,
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U.S. Geological Survey in machine-readable form to December 31, 1972, Central Region:
U.S. Geological Survey Water-Resources Investigations 73-22, 954 p.

This report lists water-quality stations operated by the Geological Survey in the
central U.S. for which data are available in machine-readable form. The data are the
results of analyses of water samples and indicate the chemical and physical
characteristics of surface water and groundwater. The stations are listed according to
station number within each state. The water-quality data are identified by 5-digit
parameter codes and are grouped into 21 parameter categories. The analytical results
for all samples in any one year are then grouped within the parameter categories. The
report lists the available retrieval options, the machine-readable output options, user
charges, and how to obtain the data.
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The salinity problem is the most serious water quality problem in the Colorado River
system. The average salt load of the Colorado River at Hoover Dam has been
estimated to be more than 10 million tons annually, based on data for the period
1942-1961 (Bureau of Land Management, 1978). Further downstream at Imperial Dam
the salinity level in terms of concentration averaged 865 mg/L in 1971, with a
projected increase to 1340 mg/L by the year 2000. In the text of Public Law 96-375,
annual economic damages resulting from salinity are estimated in 1979 dollars to be
$343,000 per mg/L increase at Imperial Dam. Clearly economic considerations, as
well as water quality standards and international concerns over salinity of the water
flowing into Mexico, require consideration of all possible methods to reduce salt
loading in the Colorado River system.
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irrigation practices on crop yields in Grand Valley: U.S. Environmental Protection Agency
Report EPA/-5-800687, 208 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-80 101 553.]

An analysis has been undertaken to determine the economically optimal seasonal
depth of irrigation water to apply under conditions of both limited and plentiful water
supply. The objective was to determine if general guidelines having practical utility
could be postulated for all water supply situations. An extensive range of literature
pertaining to the relationship between crop yield and the amount of water applied has
been reviewed and differences suggested by various authors have been resolved. In
addition, 32 plots of corn and 10 plots of wheat were grown under different irrigation
regimes in the Grand Valley of Colorado to supplement the results of other researchers
and to provide further insight into effects of stress at different stages of plant growth.

1036. Skogerboe, G.V., Huszar, P.C., Radosevich, G.E., Trock, W.L., and Vlachos, E.C., 1978, Socio-
economic and institutional factors in irrigation return flow quality control, volume IV, Grand
Valley case study (final report): U.S. Environmental Protection Agency Report EPA/600/2-78-
174D, 151 p. [Available from National Technical Information Service, Springfield, VA 22161 as
NTIS Report PB-287 448/5.]

The Grand Valley was used as a case study area for developing an effective process
for implementing technical and institutional solutions to the problem of pollution
from irrigation return flows. This area is the most significant agricultural salt source
in the Upper Colorado River Basin. The primary source of salinity is from the
extremely saline aquifers overlying the marine deposited Mancos Shale formation.
Subsurface irrigation return flows resulting from conveyance seepage losses and over
irrigation of croplands dissolve salts from this formation before returning to the
Colorado River. The most cost-effective technologies for reducing the salt load are a
combination of lateral lining and on-farm improvements. Farmer participation in
such a program is very important. Implementation will result in excess water being
available for selling, renting, or leasing to water users upstream from Grand Valley.
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220 p. [Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-80 103 609.]

This study was undertaken to evaluate the relationships between leachate volume and
chemical quality. A numerical model of soil moisture and salt transport was used.
Field data were collected on 63 research plots located in the Grand Valley, Colorado.
From the calibration of the moisture flow model using infiltration data, water content
profiles and storage change data, it was concluded that soil moisture flow could be
adequately modeled for the Grand Valley. From comparisons of field and simulated
data used in evaluating the soil chemistry model, it was concluded that total dissolved
solid concentrations were adequately modeled but that individual ionic species
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concentrations were not. The TDS profile calculated at the beginning and end of the
growing season show the salt concentration in the profile below the root zone to be
relatively constant.
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The report discusses a project to evaluate the salinity control effectiveness of canal
and lateral linings for reduction of seepage losses into the ground water. Grand
Valley in the Upper Colorado River Basin was used as a model. A detailed evaluation
of the necessary hydrologic and salinity parameters in the principal demonstration
area was made. A hydro-salinity model has been prepared, which has allowed the
itemizing of the various segments of the dual flow system into water and salt budgets
for the periods prior to and immediately after the construction of the linings. In
addition, the results were employed to derive some generalized valley-wide water
and salt budgets. The salinity control benefits exceeded the costs of the canal lining
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Irrigation return flows in the Grand Valley of Western Colorado contribute to the
serious salinity problems in the Colorado River Basin by carrying large salt loads
resulting from contact with local saline soils and aquifers. Since the valley is one of
the more significant salt sources, it is therefore a logical area for evaluation of the
effectiveness of various salinity control measures. The study has emphasized two
on-farm control alternatives, namely, irrigation scheduling and field drainage. The
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to Mexico by offsetting the increases in salinity that can be expected from additional
water resource development. Completion of all identified salinity control projects
would reduce salt loading by about 2 million tons. Two irrigation source
improvement projects in the Grand Valley of Colorado and the Wellton-Mohawk
Irrigation and Drainage District in Arizona are described in detail.

1082. Strand, R.L, Prichett, H.R,, Boesch, B.E., Keys, ].W., Kruse, E.G., and Swenson, R.S., 1981,
Irrigation in the Colorado River Basin, USA--Solving the salinity problem to save a giant:
Eleventh Congress on Irrigation and Drainage, ICID, Grenoble, France, Vol. III, Question 36,
Pt. II, Transactions, p. 807-823.

1083. Suffern, ].S., West, D.C., Kemp, H.T., and Burgess, R.L., 1976, Biological monitoring and selected
trends in environmental quality: Oak Ridge, Tenn., Oak Ridge National Laboratory, 34 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS Report
ORNL /TM-5606.]

Under a contract with the President's Council on Environmental Quality, the National
Inventory of Selected Biological Monitoring Programs at Oak Ridge National
Laboratory was used to identify documented environmental trends. Fish population
trends were described for the Great Lakes and the Colorado River system. Trends in
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A field study, a computer simulation, and flow velocity experiments were used to
identify the major contributing factors in salt loading of the Colorado River from
hillslopes above the river. The field study of artificially induced runoff over Mancos
Shale was conducted on sites with little vegetation located north of the Grand
Junction, Colorado, airport and in the West Salt Creek Basin near Mack, Colorado. The
longitudinal slopes ranged from 7 to 41 degrees with lengths of from 40 to 225 feet.
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Groundwater has characteristics that make State intervention in its use necessary.
These are: (1) relative scarcity, (2) absolute scarcity, and (3) contamination. This
paper focuses on the first two characteristics. Relative scarcity occurs when pumpers
in a basin cannot obtain required amounts at pre-existing pumping levels. Unlike
surface streams, groundwater basins may not be sucked dry in any given year. Rather,
any shortage that occurs is not to an absolute amount but to an amount of water at a
given pressure head. Economists advise that in order to promote the efficient
allocation of resources, property rights must be well defined, enforced, and
transferable. Well-defined rights are basically rights that make clear, exclusive
assignments to one entity. The other two attributes, enforceability and transferability,
follow from an exclusive assignment. Once an individual sphere of control is
delineated, it is possible to determine what is an interference and to protect the right
holder against it. Clear and enforceable rights are obviously saleable items, if the
resource has value, and thus the right is transferable. With respect to groundwater,
the sticky point is the first characteristic of property right. It is difficult to assign
exclusive rights to a resource when, for physical reasons, one claimant's consumption
inevitably interferes with another claimant's legitimate consumption. A survey of
groundwater law and administration in California, Colorado, New Mexico, and
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District, Colorado. The proposed sewerage system will serve presently unsewered
developed areas, eliminate present sub-standard septic tank and treatment plant
discharge to the lakes, and discharge a properly treated effluent to a stream
nontributary to the lakes. Growth and non-point issues are being addressed by Grand
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Increasingly, values and choices in determining proper land and water use should be
based on ecological considerations. Despite the needs of energy and recreation users
such considerations should remain paramount in all planning developments. If this
is done then the economy and potential development of the Colorado River Basin will
remain competitive so far as agriculture and grazing is concerned.
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Limited experimental cloud seeding was conducted for the first time as a part of the
Colorado River Augmentation Demonstration Program (CRADP) during the 1985-86
winter season. The cloud seeding occurred over the Grand Mesa region of western
Colorado. Seeding activities, which included aerial and ground releases of silver-
iodide-ammonium iodide-acetone, were associated with three research studies, i.e.,
microphysical experiments, transport and dispersion of seeded plumes, and systems
reliability testing of a new prototype cloud seeding generator. Results obtained from
the climatological studies from one winter season (about two months) of cloud
seeding have clearly demonstrated that not only is the Grand Mesa an ideal place to
conduct weather modification research, but also appears to be a very suitable
laboratory that contains an atmosphere which is amenable to cloud seeding effects.
More data needs to be acquired from a larger sample of meteorological conditions to
provide the sort of information needed to improve cloud seeding technology in the
Colorado River Basin. Several transport and dispersion (T and D) studies were made
during the 1985-86 field season which have provided valuable information about the
action of seeding plumes released from the ground or an aircraft. Ground released
plumes were frequently observed to reach an altitude two thousand feet above the
Mesa top, suggesting that ground seeding would be an effective delivery system.
Measurements of liquid water, made with a microwave radiometer, have documented
the frequent occurrence of liquid water in association with 700 mb wind flow from the
south or southwest. Data from the icing rate meters at Rapid Creek and the WAPA
tower substantiate that liquid water is most frequently observed with 'southerly’ flow
but not to the extent the radiometer data suggests. The icing rate meter data clearly
indicates the highest per hour average (in g/cu m) occurs with 'northerly’ flow. There
is some question as to the validity of the radiometer data with northerly flow since air
passing over the radiometer is in a descending mode and is losing liquid water. A
specific recommendation would be to locate the radiometer on top of the Mesa to
acquire the most representative liquid water measurements possible.
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The hydrologic characterization report for Naval Oil Shale Reserve No. 1 (NOSR 1)
summarizes and analyzes the information obtained during the multi-year
predevelopment program conducted for the U.S. Department of Energy. The
compilation and analyses of this data define the baseline hydrologic conditions

and provide important hydrologic information for input into development planning.
Surface water discharge leaving NOSR 1 has been monitored by the U.S. Geological
Survey since water year 1976. Total annual discharge has ranged from a low of
529.9 acre-feet in water year 1977, to a high of 18,296 acre-feet in water year 1979. For
water years 1979 and 1980, total annual surface water discharge in area-inches was
7.37 (18,296 acre-feet) and 6.96 (17,269 acre-feet), respectively. A comparison of these
figures to the estimated total annual precipitation of the same years shows between
25% and 30% of total annual precipitation leaves NOSR 1 as surface water runoff.
Overall quality of surface water on NOSR 1 is good and meets the EPA's standards for
drinking water. Evapotranspiration is estimated to range up to approximately

19 inches. This estimate was based on a study of an adjacent property, and adjusting
values from that study for the vegetation distribution on NOSR 1. The groundwater
system on NOSR 1 consists of four principal water-bearing zones. Zone 1 is found in
the upper part of the Parachute Creek Member above the Big Three rich zone. This
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unconfined, in contrast to the lower zones. Calculated transmissivities range from a
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This statement evaluates and compares the environmental impacts associated with the
remedial actions of the residual radioactive materials remaining at the inactive
uranium processing site and associated vicinity properties at Grand Junction, Mesa
County, Colorado. The site is a 114-acre tract of private and state owned land which
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contains approximately 3.1 million cubic yards of tailings and associated
contaminated soils. The vicinity properties are homes, businesses, public buildings,
and vacant lots which may have been contaminated during construction by the use of
tailings as building material. An estimated 3465 vicinity properties would be cleaned
up during remedial action of the tailings pile. This statement evaluates six
alternatives for stabilization and disposal of the tailings and other contaminated
materials: no action, stabilization at the Grand Junction site, disposal at the Cheney
Reservoir site with truck transport, disposal at the Cheney Reservoir site with train
and truck transport, disposal at the Two Road site with truck transport, and disposal
at the Two Road site with train and truck transport. All of the alternatives except
[document illegible] include remedial action at an estimated 3465 vicinity properties.
Alternative 3 is DOE's preferred alternative.

1137. U.S. Department of Energy, 1986, Remedial actions at the former Climax Uranium Company
uranium mill site, Grand Junction, Mesa County, Colorado, final environmental impact
statement, volume 1, text, volume 2, appendices: U.S. Department of Energy Report
DOE/EIS-0126-F, various pagination.

1138. U.S. Department of Energy, 1987, Remedial actions at the former Union Carbide Corporation
uranium mill sites, Rifle, Garfield County, Colorado, draft environmental impact statement:
U.S. Department of Energy Report DOE /EIS-0132-D, 2 volumes.

1139. U.S. Department of Energy, 1991, Remedial action plan and site design for stabilization of the
inactive uranium mill tailings site at Grand Junction, Colorado, attachment 3, groundwater
hydrology report, final: U.S. Department of Energy Report DOE/AL/050505.0000, 557 p.

1140. U.S. Department of Energy, 1992, Remedial action plan and site design for stabilization of the
inactive uranium mill tailings site at Gunnison, Colorado, attachment 3, groundwater
hydrology report, final: U.S. Department of Energy Report DOE /AL /-050508.0000, 64 p.

1141. U.S. Department of Energy, 1992, Site-specific analysis of the cobbly soils at the Grand Junction
processing site: Albuquerque, N. Mex., U.S. Department of Energy, 162 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report DE-93 010 392/
XAB.]

This report describes a recent site-specific analysis to evaluate the necessity of a
recommendation to install a slurry trench around the Grand Junction processing site.
The following analysis addresses the cobbly nature of the site's radiologically
contaminated foundation soil, reassesses the excavation depths based on bulk
radionuclide concentrations, and presents data-based arguments that support the
elimination of the initially proposed slurry trench. The slurry trench around the
processing site was proposed by the Remedial Action Contractor (RAC) to minimize
the amount of water encountered during excavation. The initial depths of excavation
developed during conceptual design, which indicated the need for a slurry wall, were
reexamined as part of this analysis. This reanalysis, based on bulk concentrations of
a cobbly soil, supports decreasing the original excavation depth, limiting the
dewatering quantities to those which can be dissipated by normal construction
activities. This eliminates the need for a slurry trench and separate water treatment
prior to permitted discharge.
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1142. U.S. Department of Energy, 1994, UMTRA Project water sampling and analysis plan, Gunnison,
CO: U.S. Department of Energy Report DOE/AL/62350-139, REV. 1, various pagination.

1143. U.S. Department of Energy, 1994, Work plan for ground water elevation data recorder/monitor
well installation at Gunnison, CO: U.S. Department of Energy Report DOE/AL/62350-139,
REV. 2, various pagination.

1144. U.S. Department of Housing and Urban Development, 1977, Flood hazard boundary maps,
Gunnison County, Colorado, unincorporated areas: Federal Insurance Administration.

1145. U.S. Department of the Interior, 1973, Final environmental statement for the prototype oil shale
leasing program; volume I, regional impacts of oil shale development; volume II, energy
alternatives; volume III, specific impacts of prototype oil shale development; volume IV,
consultation and coordination with others; volume V, letters received during review process;
volume VI, public hearings held during the review process: Washington, D.C., U.S. Department
of the Interior, various pagination.

1146. U.S. Department of the Interior, 1980, Upper Colorado resource study, Colorado and Utah;
concluding report: U.S. Department of the Interior, 156 p.

1147. U.S. Environmental Protection Agency, 1970, Water quality conditions in Grand Lake, Shadow
Mountain Lake, and Lake Granby: San Francisco, Calif., U.S. Environmental Protection
Agency, 62 p.

1148. U.S. Environmental Protection Agency, 1971, The mineral quality problem in the Colorado
River Basin, appendix A, natural and man-made conditions affecting mineral quality: Denver,
Colo., U.S. Environmental Protection Agency, 189 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-230 716/3.]

The study includes a thorough review of factors which affect mineral quality of
streams; review of previous investigations of the mineral quality problems in the
Colorado River Basin and other similar basins; a rigorous statistical analysis of
existing mineral quality data; and extensive field studies to determine the location and
magnitude of salinity sources throughout the Colorado River Basin.

1149. U.S. Environmental Protection Agency, 1971, The mineral quality problem in the Colorado
River Basin, appendix B, physical and economic impacts: Denver, Colo., U.S. Environmental
Protection Agency, 178 p. [Available from National Technical Information Service, Springfield,
VA 22161 as NTIS Report PB-230 391/5.]

Salinity is one of the most serious water quality problems in the Colorado River Basin.
As a part of its overall study of the salinity problem, the Colorado River Basin Water
Quality Control Project (Project) carried out detailed studies to evaluate the physical
and economic impacts associated with anticipated degradation in the mineral quality
of Colorado River water. The methods of investigation and the results of these studies
are presented in this appendix.
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1150. U.S. Environmental Protection Agency, 1971, The mineral quality problem in the Colorado
River Basin, appendix C, salinity control and management aspects: Denver, Colo.,
U.S. Environmental Protection Agency, 143 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-230 392/3.]

Salinity is one of the most serious water quality problems in the Colorado River Basin.
As a part of its investigation of interstate pollution problems, the Colorado River
Basin Water Quality Control Project (Project) has carried out activities since 1963
directed toward the salinity problem. The objectives of this appendix are to evaluate
the net basinwide economic benefits associated with various degrees of control, and
to investigate and evaluate feasible methods of controlling and minimizing salinity
concentrations and loads in the river.

1151. U.S. Environmental Protection Agency, 1971, The mineral quality problem in the Colorado
River Basin, appendix D, comments on draft report: Denver, Colo., U.S. Environmental
Protection Agency, 72 p. [Available from National Technical Information Service, Springfield,
VA 22161 as NTIS Report PB-230 173/7.]

The more significant findings and data from the salinity studies and related pertinent
information are summarized in the report entitled 'The Mineral Quality Problem in the
Colorado River Basin'. Detailed information pertaining to the methodology and
findings of the Project's salinity studies are presented in three appendices to that
report. Copies of the draft report, including the three appendices, were distributed to
state and Federal government agencies. Comments received in response to that
distribution are included in this appendix. The comments are organized
alphabetically by state.

1152. U.S. Environmental Protection Agency, 1971, The mineral quality problem in the Colorado
River Basin, summary report: Denver, Colo., U.S. Environmental Protection Agency, 73 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-230 389/9.]

The Colorado River system carries a large salt burden (dissolved solids) contributed
by a variety of natural and man-made sources. Salinity investigations are summarized
in this report. A broad range of studies was carried out which included intensive,
short-term water quality field investigations, long-term water quality monitoring,
mathematical simulation of water quality relationships, reconnaissance level
evaluation of specific salinity control measures, and detailed economic studies.

1153. U.S. Environmental Protection Agency, 1971, Water quality evaluation of the Grand Mesa
Project, Colorado: Denver, Colo., U.S. Environmental Protection Agency, 21 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-245 803/2.]

An evaluation of the Bureau of Reclamation's proposed Grand Mesa Project indicates
that with adequate treatment, municipal, industrial and other domestic waste
loadings should not significantly affect water quality for present and projected water
uses in the project area. Therefore, no storage in Electric Mountain and Cactus Park
reservoirs is needed to provide flow regulation for maintaining satisfactory water
quality in the Gunnison River. Control measures are recommended for incorporation
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into construction and operation of the project to mitigate the adverse effects of
increased salinity.

1154. U.S. Environmental Protection Agency, 1972, Pollution of the interstate waters of the Colorado
River and its tributaries; Colorado, New Mexico, Arizona, California, Nevada, Wyoming and
Utah, proceedings of conference session (7th), Las Vegas, Nevada, February 15-17, 1972:
Washington, D.C., U.S. Environmental Protection Agency, 724 p. [Available from National
Technical Information Service, Springfield, VA 22161 as NTIS Report PB-230 750 /2.]

The report is the seventh session of the conference on pollution of the interstate waters
of the Colorado River and its tributaries - Colorado, New Mexico, Arizona, California,
Nevada, Wyoming and Utah for 1972. It includes statements, discussions, and
recommendations on: comparison of salinity projections, changes in water quality
above Hoover Dam, and related information.

1155. U.S. Environmental Protection Agency, 1972, Proceedings of reconvened session of the
conference in the matter of pollution of the interstate waters of the States of California,
Colorado, Utah, Arizona, Nevada, New Mexico, and Wyoming (7th), Denver, Colorado, April
26-27,1972: Washington, D.C., U.S. Environmental Protection Agency, 183 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-255 581/1.]

The report is on the seventh session of the conference in the matter of pollution of the
interstate waters of the Colorado River and its tributaries in the states of California,
Colorado, Utah, Arizona, Nevada, New Mexico, and Wyoming for 1972. It includes
statements, discussions, and recommendations on: water quality improvement
programs; concentrations of total dissolved solids; water quality data; and related
information.

1156. U.S. Environmental Protection Agency, 1972, Report of steering committee on salinity control
of irrigation return flows: Denver, Colo., U.S. Environmental Protection Agency, 33 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-255 566/2.]

The paper has as its purpose a definition of the salinity problem, the enunciation of a
proposed Environmental Protection Agency policy for control of salinity from
irrigated agriculture, and a recommended course of action to implement those
portions of the Federal Water Pollution Control Act (PL 92-500) pertinent to this
problem. The water quality problems associated with irrigation return flows are of
special concern because irrigated agriculture is the largest consumer of water
resources.

1157. U.S. Environmental Protection Agency, 1972, Water quality management analysis of Summit
County, Colorado: Denver, Colo., U.S. Environmental Protection Agency, 138 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-256 463.]

Summit County, Colorado, and the Blue River hydrologic basin are experiencing a
period of dramatic growth in the demand for water and sewer services, generated
primarily by the growth of several recreation oriented communities and
developments. This development has a significant impact on water quality.

BIBLIOGRAPHY 149



Projections indicate that construction of vastly expanded wastewater treatment
facilities will be required, resulting in a dramatic rise in the concentration of nutrients
within local reservoirs. Non-point sources of pollution from construction and
leaching landfills also add to the nutrient levels. Projected inorganic nitrogen levels
will result in a possible eutrophic condition in the reservoirs. Land use controls were
investigated as an alternative to wastewater treatment and the EPA found this
possibility inadequate. The report indicates the most desirable alternative is the
exportation of wastes from the river basin. The final recommendations included
maintenance of current nutrient levels and additional monitoring of pollutant
discharges and their resultant effects on water quality.

1158. U.S. Environmental Protection Agency, 1973, Radium-226, uranium, and other radiological
data collected from water quality surveillance stations located in the Colorado River Basin
of Colorado, Utah, New Mexico, and Arizona, January, 1961 through June, 1972:
U.S. Environmental Protection Agency Report 85A /TIB-24, 272 p. [Available from National
Technical Information Service, Springfield, VA 22161 as NTIS Report PB-244 920/5.]

The RMN ('Radiological’ or 'Radium Monitoring Network') System was established in
1961 at the direction of the 'Conference on the Matter of Interstate Pollution of the
Colorado River and its Tributaries' and has continued to produce measurements of

' radium-226, total uranium, and other surface water parameters affected by the
occurrence, extraction, and refining of uranium ore in the Colorado River Basin. The
report presents all of the available data supplied by the RMN System to date. The
report also examines certain of these data in terms of their long- and short-term
trends. In excess of 3000 measurements of radium-226 and uranium in the dissolved
state are presented as are many measurements of other radioactivity parameters.

1159. U.S. Environmental Protection Agency, 1973, Technical assistance project, Upper Eagle Valley
Sanitation District wastewater treatment facility--Avon, Colorado, March-April, 1973: Denver,
Colo., U.S. Environmental Protection Agency, 17 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report S&A-TSB-23.]

Findings of the Environmental Protection Agency (EPA) technical assistance project
involving the Upper Eagle treatment plant near Vail, Colorado, are presented.
Treatment at the Upper Eagle plant includes pretreatment with bar screening,
aeration, clarification, aerobic digestion, chlorination, sludge drying, and discharge of
effluents to the Eagle River. EPA control testing at the facility included measurements
of dissolved oxygen, centrifuge turbidity, settleability, and sludge blanket depth.
Results indicated that plant performance was hindered by inadequate control over the
return sludge flow rate caused by insufficient manpower at the facility and inadequate
physical control. Other limitations were posed by the size of the aeration basin, the
aerobic digester capabilities, and leaky seals in the final clarifier. Biological activity
and adequate sludge digestion were limited by cold temperature, inadequate
detention times, and excessive solids loading to the digester. Also, no provisions
existed for the removal of floating material. Suggestions by the EPA for modifications
and additions to the Upper Eagle plant included monitoring of effluent quality and
inflow rate, regular repair of clarifier seals, cooperative treatment by the Vail and
Upper Eagle plants, enlargement of the aeration basin, covering and/or heating of the
digester, removal of floatable material during final clarification, and an increase in
plant staffing.
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1161.

1162.

1163.

U.S. Environmental Protection Agency, 1974, Dillon Reservoir-Blue River study, Colorado,
June, July, August 1973: Denver, Colo., U.S. Environmental Protection Agency, 35 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report EPA-908/2-74-002.]

A study of existing nutrient levels in Dillon Reservoir (Colorado), and organic and
nutrient contributions from major tributaries and wastewater treatment plants during
summer 1973, showed that nitrogen concentrations were significant but not excessive
and phosphorus levels were not less than 0.05 mg/1 except at the outlets of the Blue
River Arm and Dillon Bay. Phytoplankton growth indicated the reservoir is gradually
changing from oligotrophy to a more enriched state; diatom bloom was observed in
July. Algal assays on water from three reservoir locations indicated phosphorus
limitation. High molybdenum levels, resulting from mining in the Ten Mile Creek
watershed, were found at all cross-sections of the reservoir (mean -351 micrograms),
especially at the outlet of Ten Mile Creek Arm. Highest concentrations were found
near the bottom. Irrigation of forage crops with water from Ten Mile Creek of Dillon
Reservoir could have toxic effects on livestock. Molybdenum algal assay showed
existing concentrations in the reservoir have no effect on algal growth, however.
Greatest tributary organic and phosphorus loading to the reservoir was in June from
the Blue River - 2368 kg BOD5/day and 45 kg P/day. Three sewage treatment plants
discharge effluents directly to the reservoir (Frisco, East Dillon, and Summit County
No. 1), Breckenridge STP discharges to the Blue River, and Copper Mountain STP
discharges to Ten Mile Creek. Dillon Reservoir provides part of Denver's water

supply.

U.S. Environmental Protection Agency, 1974, Evaluation of the Colorado water supply
program: Denver, Colo., U.S. Environmental Protection Agency, 144 p.

U.S. Environmental Protection Agency, 1976, Preliminary report on Blue Mesa Reservoir,
Gunnison County, Colorado, Colorado National Eutrophication Survey: Corvallis, Oreg.,

Las Vegas, Nev., Corvallis Environmental Research Laboratory, Environmental Monitoring and
Support Laboratory, 44 p.

U.S. Environmental Protection Agency, 1976, Proposed water quality management plan, Blue
River Basin, Summit County, Colorado (draft environmental impact statement): Denver, Colo.,
U.S. Environmental Protection Agency, 179 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-257 042.]

The Federal Water Pollution Control Act requires the states to submit basin-wide
plans to EPA for managing water quality. Under Section 3 (c) of the 1965 version of
the Act, the State of Colorado has submitted a water quality management plan for the
Blue River basin in Colorado. EPA's approval of the plan is subject of this
environmental impact statement (EIS).
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1164. U.S. Environmental Protection Agency, 1977, Blue Mesa Reservoir, Gunnison County,
Colorado: Corvallis, Oreg., National Eutrophication Survey Working Paper-767, 52 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-271 658.]

Annual total phosphorus and total nitrogen loadings to the lake were estimated and
subdivided according to either point or non-point source origin. An assessment of the
lake's trophic condition and limiting nutrient is also provided. All data collected by
the U.S.E.P.A. National Eutrophication Survey during the one year study of the lake
and its tributaries are included.

1165. U.S. Environmental Protection Agency, 1977, Dillon Reservoir, Summit County, Colorado:
Corvallis, Oreg., National Eutrophication Survey Working Paper-769, 60 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-278 484.]

Annual total phosphorus and total nitrogen loadings to the lake were estimated and
subdivided according to either point or non-point source origin. An assessment of the
lake's trophic condition and limiting nutrient is also provided. All data collected by
the U.S.E.P.A. National Eutrophication Survey during the one year study of the lake
and its tributaries are included.

1166. U.S. Environmental Protection Agency, 1977, Grand Lake and Shadow Mountain Lake, Grand
County, Colorado: Corvallis, Oreg., National Eutrophication Survey Working Paper-770, 52 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS Report
PB-272 233.]

Annual total phosphorus and total nitrogen loadings to the lake were estimated and
subdivided according to either point or non-point source origin. An assessment of the
lake's trophic condition and limiting nutrient is also provided. All data collected by
the U.S.E.P.A. National Eutrophication Survey during the one year study of the lake
and its tributaries are included.

1167. U.S. Environmental Protection Agency, 1977, Green Mountain Reservoir, Summit County,
Colorado: Corvallis, Oreg., National Eutrophication Survey Working Paper-771, 43 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-272 235.]

Annual total phosphorus and total nitrogen loadings to the lake were estimated and
subdivided according to either point or non-point source origin. An assessment of the
lake's trophic condition and limiting nutrient is also provided. All data collected by
the U.S.E.P.A. National Eutrophication Survey during the one year study of the lake
and its tributaries are included.

1168. U.S. Environmental Protection Agency, 1977, Upper Eagle Valley and Vail wastewater facilities
plan (attachment to final environmental impact statement): U.S. Environmental Protection
Agency Report EPA-908/5-77-003B, 285 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-80 162 712.]

The purpose of the report is to present the possible environmental impacts of a
wastewater treatment facility plan for eastern Eagle County, 120 miles (193
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1169.

1170.

1171.

kilometers) west of Denver, Colorado. The proposed federal action is the award of an
EPA grant for partial funding of wastewater treatment works in Eagle County. This
option is weighed against a no action alternative, as well as compared to other
possible alternatives.

U.S. Environmental Protection Agency, 1977, Upper Eagle Valley and Vail wastewater facilities
plan (final environmental impact statement): U.S. Environmental Protection Agency Report
EPA-908/5-77/003A, 105 p. [Available from National Technical Information Service,

Snrinofield VA 772161 ac NTIQ Ronnrt PR_&N 147 704 1
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The Upper Eagle Valley Sanitation District and Vail Water Sanitation District have
proposed the expansion and improvement of their respective wastewater facilities
located at Avon and Vail, Colorado. The treatment capacities proposed by the two
Districts are based on a per capita water use rate of 150 gallons per day. EPA believes
that this figure is excessive for this area and will fund capacity to treat wastewater
from the projected population at a rate of 135 gallons per day. EPA will provide
Step II design funds for the proposed treatment facilities at these reduced capacities.
The availability of Step III funds for construction of the improvements and expansions
(at reduced size) of these wastewater treatment facilities will depend on whether two
other conditions are met.

U.S. Environmental Protection Agency, 1977, Water quality study, Grand Lake, Shadow
Mountain Lake, Lake Granby, Colorado, 1974: U.S. Environmental Protection Agency Report
EPA-908/2-77-002, 225 p. [Available from National Technical Information Service, Springfield,
VA 22161 as NTIS Report PB-80 156 144.]

To develop additional information on the effect of point and non-point sources of
wastes and on the trophic condition of three lakes, EPA conducted an investigation of
Grand, Shadow Mountain, and Granby lakes. The study, conducted in June and
repeated again in September, 1974, concentrated on (1) the determination of the
existing nutrient level in each of the lakes; (2) the determination of the existing organic
and nutrient loadings from point and non-point sources; and (3) the determination of
the probable consequences of increased nutrient levels in the three lakes as regards
nuisance algal growth. Sampling was conducted at 71 locations throughout the study
area.

U.S. Environmental Protection Agency, 1986, Superfund Enforcement Decision document (EPA
Region 2) --Smuggler Mountain, Pitkin County, Colorado, September 1986: U.S. Environmental
Protection Agency Report EPA/ROD/R02-86/037, 53 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-87 189 908.]

The Smuggler Mountain site is located immediately northeast of the City of Aspen in
Pitkin County, Colorado. It comprises 110 acres of waste rock, tailings, and slag
containing high levels of lead and cadmium. The mining wastes which characterize
the site are the result of years of extensive mining, milling, and smelting operations.
As a result, wastes are highly dispersed, and little is known about their disposition.
Soil is the primary contaminated medium; however, contaminants have been detected
in some ground and surface waters. The selected remedial action for the site is broken
into distinct operable units. Operable Unit 1 - excavation and permanent onsite
disposal of soils with lead above 5,000 ppm, including a RCRA multi-layer cap; soil
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capping of all areas with lead between 1,000 and 5,000 ppm lead; five-year ground
water monitoring; and provision of a permanent alternate water supply for

5-7 residences. Operable Unit 2 -supplemental RI/FS, with possible ground water
remediation and mine reclamation activities.

1172. U.S. Environmental Protection Agency, 1993, Superfund Record of Decision (EPA Region 8)--
Eagle Mine Site, Operable Unit 1, Eagle County, Colorado, March 1993: U.S. Environmental
Protection Agency Report EPA/ROD/R08-93/068, 91 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-94 964 416.]

This decision document presents the selected remedial action for the Eagle Mine Site,
Operable Unit 1 (OU-1) (Site), located in Eagle County, Colorado. This Operable Unit,
one of two designated for the Site, addresses the principal sources of mine waste
pollution that are impacting the Eagle River and certain ground water resources. The
purpose of this Operable Unit (OU-1) is to control the transport of toxic metals
originating from various sources to the Eagle River and to Site ground waters. The
identified sources include the Eagle Mine, the Roaster Pile area, the Waste Rock Piles,
Rex Flats, the Old Tailings Pile (OTP), the Consolidated Tailings Pile (CTP), and the
Maloit Park wetlands.

1173. U.S. Federal Highway Administration, 1979, Final environmental impact statement--Hotchkiss
to Paonia Dam, Delta and Gunnison Counties, Colorado: Denver, Colo., U.S. Federal Highway
Administration Report RS-133(5), 299 p.

1174. U.S. Federal Water Pollution Control Administration, 1950, Survey of sanitary facilities and
pollution contributed to reservoirs and lakes of the Colorado-Big Thompson Project South
Platte River District: Kansas City, Mo., Bureau of Reclamation, 35 p.

Results are presented of a survey made in August 1950 of sanitary facilities of Bureau
of Reclamation installations and pollution contributed to reservoirs and lakes
involved in the development of the Colorado-Big Thompson Project in order to
observe sanitary defects and to make recommendations for their correction. Three
general areas are considered: Lake Estes-Mary Lake, Shadow Mountain Lake-Granby
Reservoir, and Green Mountain Lake.

1175. U.S. Federal Water Pollution Control Administration, 1966, Colorado River Basin Water Quality
Control Project, program review, Denver, Colorado, April 25, 1966: Denver, Colo., U.S. Federal
Water Pollution Control Administration, 146 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-260 047/6.]

The Colorado River Basin Water Quality Control Project is reviewed. The bulk of this
report deals with activities and accomplishments for FY 1966, including: radiological
pollution; mineral pollution; municipal, industrial and related water pollution
problems; laboratory activities; and STORET activities. Departures from FY 1966
plans are reviewed along with plans and schedules for work proposed for FY 1967.
Details are also offered on the budget justification, technical backup requirements,
and organization and management.
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1176.

1178.

1179.

1180.

1181.

U.S. Federal Water Pollution Control Administration, 1966, Disposition and control of uranium
mill tailings piles in the Colorado River Basin: Denver, Colo., U.S. Federal Water Pollution
Control Administration, 71 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-228 363/8.]

In addition to the more usual organic and inorganic liquid waste disposal problems
encountered at many industrial installations, the uranium milling industry produces
large quantities of solid wastes in the form of radioactivity laden sand tailings pile
material. This report evaluates the radioactivity content of uranium mill tailings piles
in the Colorado River Basin, evaluates their radioactivity water pollution potential
insofar as this is possible, and on a case-by-case basis, indicates feasible and desirable
remedial measures for controlling and limiting the spread of radioactivity from the

piles.

. U.S. Federal Water Pollution Control Administration, 1966, Frequency analysis of specific water

quality parameters for the Colorado River Basin: San Francisco, Calif., U.S. Federal Water
Pollution Control Administration, 48 p. plus 514 p. appendix.

U.S. Federal Water Pollution Control Administration, 1967, Briefing document on uranium mill
tailings: San Francisco, Calif., U.S. Federal Water Pollution Control Administration, various
pagination.

U.S. Federal Water Pollution Control Administration, 1967, Conference in the matter of
pollution of the interstate waters of the Colorado River and its tributaries (6th) session, Denver
Law Center auditorium, Denver, Colorado, July 26, 1967, transcript of proceedings:
Washington, D.C., U.S. Federal Water Pollution Control Administration, 217 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-215 927.]

The purpose of the conference was to bring together the state water pollution control
agencies, representatives of the United States Department of the Interior, and other
interested parties to review the existing situation, the progress which has been made,
to lay a basis for future action by all parties concerned, and to give the states,
localities, and industries an opportunity to take any indicated remedial action under
state and local law.

U.S. Federal Water Pollution Control Administration, 1967, Inmediate water pollution control
needs for the interstate waters in the Colorado River Basin--Wyoming, Colorado, Utah, New
Mexico, Nevada, Arizona, and California: San Francisco, Calif., U.S. Federal Water Pollution
Control Administration, 59 p.

U.S. Federal Water Pollution Control Administration, 1968, Biological studies of selected
reaches and tributaries of the Colorado River: Cincinnati, Ohio, U.S. Federal Water Pollution
Control Administration PR-15, 177 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-228 209/3.]

Biological studies were conducted in 1966 on 921 miles of the Colorado River system,
including parts of the main stream and those tributaries that are interstate waters.
These studies showed that wastes from municipalities, mining activities, and gravel
operations seriously degraded the aquatic life inhabiting 83 miles of the interstate
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waters. Also studied were 581 miles of intrastate streams in the Colorado River
system, of which 97 miles were seriously degraded for aquatic life by man's activities.

1182. U.S. Federal Water Pollution Control Administration, 1969, A report on pollution of the Upper
Colorado River Basin: Cincinnati, Ohio, U.S. Federal Water Pollution Control Administration
PR-16, 82 p. [Available from National Technical Information Service, Springfield, VA 22161 as
NTIS Report PB-216 945.]

Water quality information is presented here for four geographical areas: the Upper
Colorado River Main Stem, Price River system, Gunnison-Uncompahgre River
systems, and the San Juan River system. Water quality characteristics examined were

dissolved oxygen, coliform bacteria, Salmonella bacteria, specific conductance, and
metals. Water uses considered were public water sunnly, water contact recreation,
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fish and aquatic life, and agricultural and industrial water supply.

1183. U.S. Federal Water Pollution Control Administration, 1969, A report on pollution of the Upper
Colorado River Basin, technical appendix: Cincinnati, Ohio, U.S. Federal Water Pollution
Control Administration PR-17, 98 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-216 218.]

The report includes all of the physical, chemical, and bacteriological data determined
from analyses on samples collected during the Technical Advisory and Investigations
Branch of the Federal Water Pollution Control Administration study of the Upper
Colorado River during July and August, 1966 (see also PB-216 945).

1184. U.S. Federal Water Pollution Control Administration, 1969, Water quality evaluation of the
Bluestone Project, Colorado: San Francisco, Calif., U.S. Federal Water Pollution Control
Administration, 23 p. [Available from National Technical Information Service, Springfield, VA
22161 as NTIS Report PB-216 228.]

The water quality evaluation has been prepared for the Bureau of Reclamation, Region
4, U.S. Department of the Interior, Salt Lake City, Utah, for inclusion in their
feasibility report for the Bluestone Reservoir Project, Colorado. The primary purposes
of this evaluation are: to determine the need for and value of separable reservoir
storage for streamflow regulation to control water quality; to assess the overall impact
of the proposed development on water quality, both in and outside the project area;
and to recommend, where applicable, water quality control measures for the project.

1185. U.S. Federal Water Pollution Control Administration, 1970, Cooperative salinity control
reconnaissance study, Upper Colorado River Basin (final review draft): San Francisco, Calif.,
U.S. Federal Water Pollution Control Administration, 128 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-255 279/2.]

Contents: causes of salinity; effects of salinity on uses of water; technical possibilities
for salinity control; status of salinity control activities in the Upper Colorado Basin;
legal, institutional, and financial considerations.
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overview: Salt Lake City, Utah, U.S. Fish and Wildlife Service, 65 p.

1195. U.S.Forest Service, 1982, Mount Emmons mining project, environmental impact statement,
final: Washington, D.C., U.S. Department of Agriculture, Forest Service, 240 p.

1196. U.S. Geological Survey, 1907-1973, Surface water supply of the United States, 1907-1970, part 9,
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for surface-water records to September 30, 1950, Circular 140, 24 p.; 1949, surface-water records
to Sept. 30, 1948, Circular 45, 20 p.]
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1201. U.S. Geological Survey, 1954-1966, Quality of surface waters of the United States, 1950-1963,
parts 9-14, Colorado River Basin to Pacific slope basins in Oregon and lower Columbia
River Basin. Annual reports as follows: 1950, Water-Supply Paper 1189; 1951, Water-Supply
Paper 1200; 1952, Water-Supply Paper 1253; 1953, Water-Supply Paper 1293; 1954, Water-
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1995; 1967, Water-Supply Paper 2015.
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348 p.; 1973, for water year 1968, Water-Supply Paper 2098, 296 p.]

1210. U.S. Geological Survey, 1975, River basins of the United States—-The Colorado: U.S. Geological
Survey Information Leaflet INF-72-8 (R 2), 7 p.

1211. U.S. Geological Survey, 1977-1983, Water resources data, Colorado, water years 1975-1982,
volume 2, Colorado River Basin: U.S. Geological Survey Water-Data Report, variously paged.
[Published annually on a water-year basis (October to September). For water years 1975-1981,
published as Water resources data for Colorado; for water year 1982, volume 2, Colorado River
Basin above Dolores River.]

1212. U.S. Geological Survey, 1981, Catalog of information on water data--Index to water-data
acquisition, Region 14, Upper Colorado, 1980: Reston, Va., U.S. Geological Survey, Office of
Water Data Coordination, 157 p.
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1213. U.S. Geological Survey, 1984, Colorado water issues, in U.S. Geological Survey, National
water summary 1983--Hydrologic events and issues: U.S. Geological Survey Water-Supply
Paper 2250, p. 96-99.

1214. U.S. Geological Survey, 1992, Hydrologic unit map-1974, State of Colorado: U.S. Geological
Survey, 1 sheet, scale 1:500,000.

1216. U.S. Geological Survey and Colorado Mining Industrial Development Board, 1968, Mineral and
water resources of Colorado: Denver, Colo., U.S. Geological Survey, 802 p.
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report on water pollution: U.S. Public Health Service Water Pollut. Ser. 9, 46 p.

1218. U.S. Public Health Service, 1961, Review of action taken under the enforcement provisions of
the Federal Water Pollution Control Act: Washington, D.C., U.S. Public Health Service, 26 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS Report
PB-260 199/5.]

Action under the enforcement provisions of the Federal Water Pollution Control Act
is reviewed for the following areas: Animas River (Colorado-New Mexico), Bear River
(Idaho, Utah, Wyoming), Big Blue River (Nebraska-Kansas), Colorado River and all
tributaries, Lower Columbia River (Washington-Oregon), Corney Drainage System
(Arkansas-Louisana), North Fork of Holston River (Virginia-Tennessee), Mississippi
River (St. Louis metropolitan area), Missouri River (Kansas City, Omaha, St. Joseph,
and Sioux City metropolitan areas), North Platte River (Nebraska-Wyoming).
Potomac River (Washington, D.C. metropolitan area), and Raritan Bay (New Jersey-
New York).

1219. U.S. Public Health Service, 1961, Stream surveys in vicinity of uranium mills, I, area of Grand
Junction, Colorado, August 1960: Denver, Colo., U.S. Public Health Service, 23 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-260 276/1.]

The results of one of three short-term field studies conducted in the vicinity of
uranium processing mills in western Colorado and eastern Utah are presented. The
surveys were conducted to determine the pollutional constituents contained in
uranium mill discharges and the effect of these discharges on receiving waters in areas
of the Colorado River Basin.

1220. U.S. Public Health Service, 1962, River mileage tabulations for the Colorado River Basin--
Communities and major tributaries: Denver, Colo., U.S. Public Health Service, 24 p. [Available
from National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-229
834/7.]

Summary of river mileage for major tributaries of the Colorado River Basin.
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1221. U.S. Public Health Service, 1962, Salinity investigations of Grand Valley and Gunnison River,
1962: Denver, Colo., U.S. Public Health Service, 41 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-260 255/5.]

The results of a two-phase survey of the water of the Colorado River in the Grand
Valley area and of the water of the Gunnison River are presented. The first phase of
the Grand Valley survey was conducted during the nonirrigation season and included
the area from Cameo, Colorado, to below Moab, Utah; the second phase from Cameo
downstream to Westwater, Utah. Flow data is reported, detailed information on total
dissolved solids in the waters is given, and the relative significance of the sources
causing the increase in total dissolved solids in these waters is evaluated.

1222. U.S. Public Health Service, 1962, State and county area tabulations for the Colorado River Basin:
Denver, Colo., U.S. Public Health Service, 22 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-245 734/9.]

The report provides drainage area determinations which have been adopted as
standard basic data for use in the Colorado River Basin Water Quality Control Project.
A check of available data of this type prepared by various public and private agencies
revealed slight variations among the various sources. The data contained in this
report were developed, therefore, to avoid confusion that might arise if a standard set
of these data were not specified for use in this project.

1223. U.S. Public Health Service, 1963, Annotated bibliography on the effects of irrigation practices
on stream water quality with emphasis on salinity and pesticides: Denver, Colo., U.S. Public
Health Service, 37 p.

Bibliography with annotations concerning the effects of irrigation practices on water
quality downstream. Contains information on salinity in the Colorado River Basin.

1224. U.S. Public Health Service, 1963, Colorado River Basin Water Quality Control Project, program
review, Washington, D.C., February 6-7, 1963: Denver, Colo., U.S. Public Health Service, 132 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS Report
PB-260 048/4.]

This is an interim program review of the Colorado River Basin Water Quality Control
Project in progress. Organization and management of the project are presented.
Accomplishments to date and work anticipated for the balance of the fiscal year with
respect to each of the items are detailed in activity reports. Initially the principal
emphasis of this project was placed on investigations related to pollution caused by
uranium milling operations. Considerable engineering field work was devoted to this
problem, and field activities were expanded to fill the requirements of the water
quality management program and to examine existing nonradiological problem areas.
These activities are described in detail. Salinity then became the most significant
problem with respect to water quality of the Basin. At this point the project is
estimated to be 35 percent completed. A bibliography of project reports and
publications is included.
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1225. U.S. Public Health Service, 1963, Interstate conference on pollution of the Colorado River,
technical discussion on accomplishments and future activities, held at Santa Fe, New Mexico on
February 13-15, 1963: Denver, Colo., U.S. Public Health Service, 146 p. [Available from National
Technical Information Service, Springfield, VA 22161 as NTIS Report PB-260 068/2.]

Topics covered at the third conference on pollution of the Colorado River include:
radiological crop surveys; Lake Mead study; uranium mill effluents; Yuma situation;
radiological dike construction criteria; alerting system; Monticello situation; Uravan
surveys; Dolores-San Miguel Rivers Water Quality Study; radium monitoring
network; and basinwide sediments. Emphasis is placed on the Water Quality
Management Program development, including details on the economic base survey,
hydrologic studies, historical USGS water quality data, and waste discharges.

1226. U.S. Public Health Service, 1963, Land ownership in the Colorado River Basin: Denver, Colo.,
U.S. Public Health Service, 21 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-229 689/5.]

In the early stages of the Colorado River Basin Water Quality Control Project, it was
deemed necessary to classify all lands in the Colorado River Basin as to ownership
and/or control. The information in the report provides an essential component in the
analysis of the basin's water quantity and quality management problems. It will
contribute to the development of the economic base study and the engineering studies
which, of course, form the basis for development of the overall water quality
management program underway for the Colorado River Basin.

1227. U.S. Public Health Service, 1963, Physical and chemical stratification in two high altitude
reservoirs of the Colorado River Basin: Denver, Colo., U.S. Public Health Service PR-13, 48 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS Report
PB-260 160/7.]

The field investigations of August 1962 for Lake Granby and Taylor Park Reservoir
were intended to provide general information on stratification phenomena in
reservoirs of the Colorado River Basin, to aid in project evaluation of low-flow
augmentation by proposed reservoirs in the Basin, and promote an understanding of
methods of improving water quality downstream from these reservoirs. Data were
collected for temperature, dissolved oxygen, 5-day BOD, conductivity, alkalinity, pH,
Secchi Disk readings, and plankton enumeration of the main lake, and inflow and
outflow waters. Radiological content of bottom lake muds was also determined.
Statistical data and a bibliography are included.

1228. U.S. Public Health Service, 1963, Pollution of the interstate waters of the Colorado River and its
tributaries, Proceedings of conference held at San Diego, California on May 27, 1963:
Washington, D.C., U.S. Public Health Service, 94 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-229 734/9.]

The conference includes data on: water quality; sampling; warning systems and

surveys on the matter of pollution of the interstate waters of the Colorado River and
its tributaries for 1963.
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1229. U.S. Public Health Service, 1963, Radiological content of Colorado River Basin bottom
sediments, August 1960-August 1961: U.S. Public Health Service Report PR-10, 62 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-260 216/7.]

Data on the radium content of bottom sediment material collected in 1960 and 1961
throughout the Colorado River Basin is provided. For the sediment surveys reported,
254 samples representing 121 different sampling stations were collected in locations
where the sediment was not influenced by uranium mining and milling activity
(background locations). Detailed tables of the results of radium-226, gross alpha, and
gross beta determinations on the sediments collected are included.

1230. U.S. Public Health Service, 1963, The purpose and plan of an economic base survey of the
Colorado River Basin: U.S. Public Health Service Report ER-2, 21 p. [Available from National
Technical Information Service, Springfield, VA 22161 as NTIS Report PB-229 693/7.]

The economic base survey report of the Colorado River Basin provides an analysis of
the economic characteristics, developments, and trends of the past, and a projection
of future economic growth in view of the area's basic available resources. The
economic base survey in turn provides the basis for development of a water quality
management program for the study area.

1231. U.S. Public Health Service, 1963, Water resources study and public health aspects of the Dallas
Creek Project, Colorado--Study of potential needs and value of storage of water for quality
control purposes and the public health aspects of the project: Denver, Colo., U.S. Public Health
Service, 71 p. [Available from National Technical Information Service, Springfield, VA 22161 as
NTIS Report PB-217 450.]

General objectives of the study are to assess the probable effects the proposed project
will have on water quality in local streams and reservoirs; to ascertain the benefits or
harm resulting from changes in water quality; to assess the suitability of the water for
proposed water uses, and to examine the need for regulation of streamflow for the
purpose of water quality control. Need for streamflow regulation was studied not
only in light of present conditions, but also under anticipated economic development
in the Uncompahgre River Basin of the years 1985, 2010, and 2060. The report includes
the results of insect vector control of the project. A preliminary evaluation of the
insect vector problems that may be associated with the project is presented.

1232. U.S. Public Health Service, 1964, Colorado River Basin Water Quality Control Project, program
review, Washington, D.C., January 20-21, 1964: Denver, Colo., U.S. Public Health Service,
175 p. [Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-260 049/2.]

Significant changes have been made in the long range goals and objectives of the
Colorado River Basin Project on water quality control. The scope has been changed
from the development of a comprehensive program to investigation of the critical and
pressing interstate pollution problems which may exist now or in the future in the
Basin. Salinity continues to be the major pollution problem. A surveillance program
with respect to radiological pollution is being carried forward. These programs are
detailed in activities reports. A pesticide investigation has been undertaken to gather
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information on existing concentrations and loading of selected pesticides in the lower
main stream. The significance of the findings are to be assessed with respect to
municipal water use and effects on aquatic life. A limited number of herbicide
analyses’is included in the investigation. Future plans and organization are set forth.

1233. U.S. Public Health Service, 1964, Pollution of the interstate waters of the Colorado River and its
tributaries, Proceedings of conference, session (5th) held at Las Vegas, Nevada, on May 26, 1964:
Washington, D.C., U.S. Public Health Service, 271 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report PB-229 718/2.]

The conference report includes data on: pollution sources; statements; projects and
policies; interindustry transactions; costs of water and related information on the
matter of pollution of the interstate waters of the Colorado River and its tributaries,
between the states of Arizona, California, Colorado, Nevada, New Mexico, Utah,
Wyoming, and the Department of Health, Education, and Welfare for 1964.

1234. U.S. Public Health Service, 1964, Water quality control study and public health aspects of the
West Divide Project, Colorado--The study of potential needs and value of water for the purpose
of water quality control and the public health aspects of the West Divide Project, Colorado:
Denver, Colo., U.S. Public Health Service, 44 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-217 858]

General objectives of the water quality control study are to assess the probable effects
the proposed project will have on water quality in local streams and reservoirs; to
ascertain the benefits or harm resulting from changes in water quality; to assess the
suitability of the water for proposed water uses; and to examine the need for
regulation of streamflow for the purpose of water quality control. The need for
streamflow regulation was studied not only for the present conditions, but also for
anticipated future conditions in the West Divide Project area for the years 1970, 1985,
2010, and 2060. The report includes the results of a study of general public health
aspects and insect vector control of the project. A preliminary evaluation of the insect
vector problems that may be associated with the project is presented.

1235. U.S. Public Health Service, 1964, Water resources study and public health aspects of the West
Divide Project: Denver, Colo., U.S. Public Health Service, 29 p. plus appendix.

1236. U.S. Public Health Service, 1965, A study of municipal, rural, domestic and livestock water
requirements in the Colorado River Basin: Denver, Colo., U.S. Public Health Service, 40 p.

1237. U.S. Public Health Service, 1965, Colorado River Basin Project, program review, Denver,
Colorado, April 7-8, 1965: Denver, Colo., U.S. Public Health Service, 136 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-260 045/0.]

The Colorado River Basin Water Quality Control Project is a pollution study
concerned with (1) identification of pollution sources, (2) estimation of effects of
pollution on legitimate water uses, and (3) development of feasible pollution controls.
The project’'s engineering activities are directed toward the identification of pollution
sources, assessment of damages due to pollution from salinity, and development of
feasible control measures for all sources of salinity pollution, whether they be
agricultural, municipal, industrial, or natural. The economic study projects the level
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and pattern of economic activity for the years 1965, 1980, and 2010 by means of
interindustry input-output tables. This report covers the program content as well as
its organization and management.

1238. U.S. Public Health Service, 1965, Colorado River Basin Project, technical session, Denver,
Colorado, April 14-15, 1965: Denver, Colo., U.S. Public Health Service, 95 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-260 046/8.]

The fifth session of the conference on pollution of the interstate waters of the Colorado
River and its tributaries (Colorado, Utah, Arizona, Nevada, California, New Mexico,
Wyoming) is presented. This report reviews the content of the Colorado River Basin
Project, including the long-range goals, stream measurement studies, special
techniques, economic studies, pesticide usage, Lake Mead effects, legislation, and the
work programs of field and pollution stations. Maps and charts are included.

1239. U.S. Public Health Service, 1965, Preliminary water pollution control study, Colorado River
Basin above Hoover Dam; appendix A, review of developments, methods, costs and controls;
A-1, evaporation; A-2, phreatophytes; A-3, desalination: Denver, Colo., U.S. Public Health
Service, 47 p. [Available from National Technical Information Service, Springfield, VA 22161 as
NTIS Report PB-260 153/2.]

The three appendices review the developments, methods, costs, and controls related
to evaporation, phreatophytes, and desalination. Each of these areas is explored
separately with their own bibliographies included. Evaporation is discussed in terms
of the importance of evaporation losses, types of control, area reduction, mechanical
covers, surface films, the history of films, and U.S. evaporation control studies. Past
and present interest in phreatophytes and their use of water is discussed in some
detail. It is concluded that the future of saline water conversion in providing high
quality will be limited to the area of water treatment and is not likely to be used as a
salinity control procedure for maintaining in-stream water quality.

1240. U.S. Public Health Service, 1965, Water quality control study and public health aspects of the
Battlement Mesa Project: Denver, Colo., U.S. Public Health Service, 40 p. [Available from
National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-230 503.]

General objectives of the study were to assess the probable effects of the proposed
project on water quality in local streams and reservoirs; to ascertain the benefits of
harm resulting from changes in water quality; to assess the suitability of the water for
proposed water uses; and to determine the need for and value of storage for regulation
of stream flow for the purpose of water quality control. The study covers Mesa
County in west central Colorado. The need for streamflow regulation was studied not
only for the existing conditions, but also for anticipated future conditions in the years
1980, 2000, 2030, and 2060.

1241. U.S. Public Health Service, 1969, Evaluation of radon 222 near uranium tailing pilings:
U.S. Public Health Service Report DER 69-1, 67 p.
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1242.
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U.S. Public Health Service, 1970, Radium Monitoring Network, data release number 16: Denver
Colo., U.S. Public Health Service, 32 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report PB-260 231/6. Reports for data release numbers 1-15,
1962-1969, are also available from the National Technical Information Service.]

This sixteenth data release report provides radium-226 and uranium sampling results
that supplement data from 15 previous reports dated October 1962 through July 1969.
The tabular data indicated evidence of radium and uranium below recommended
concentration levels from analysis of composite water samples at stations of the
Radium Monitoring Network of the Colorado River Basin Water Quality Control
Project. The network is a surveillance system consisting of continuous surface water
sampling at 27 locations throughout the basin. It assays the radiological content of
river water over the entire basin.

U.S. Water Resources Council, 1977, Nationwide Analysis, Federal implications workshop
reports, Region 14, Upper Colorado region: Washington, D.C., U.S. Water Resources Council,
34 p. [Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report PB-80 110 588.]

The Nationwide Analysis was conducted by the Water Resources Council's member
agencies and reflects their viewpoints about the existing and future water and related
land requirements. This report summarizes the findings of a WRC sponsored
workshop for the Upper Colorado region in late 1975.

1244. U.S. Water Resources Council, 1978, The Nation's water resources; the Second National Water

1245.

Assessment, 14, Upper Colorado region: Washington, D.C., U.S. Water Resources Council, 81 p.

A summary of water use in the Upper Colorado region (comprised of portions of
Arizona, New Mexico, Utah, Wyoming, Colorado, and Idaho) is provided, with a
projection of water availability, quality, and use through the year 2000. The primary
source of water for the region is the Colorado River and its tributaries, which provide
water for agriculture, energy, mining interests, and recreation. Consumption of water
is projected to increase by 32 percent by 2000. To solve the problems associated with
increased demand, comprehensive Federal water projects should be instituted in the
near future.

U.S. Water Resources Council, 1981, Synthetic fuels development in the Upper Colorado
region--Section 13(a), water assessment report (technical report): Washington, D.C., U.S. Water
Resources Council, 138 p. [Available from National Technical Information Service, Springfield,
VA 22161 as NTIS Report PB-82 156 761.]

The following general conclusions and major specific findings were reached during
the course of the water assessment for the Upper Colorado region. The production of
synthetic fuels in the Upper Colorado River region by the extraction and processing
of oil shale and/or coal will require significant quantities of water. The overall supply
of ground and surface water resources in the region is sufficient to accommodate a
synfuels production level of nearly 3 million barrels oil equivalent per day. While the
gross water supplies in the region are sufficient for accelerated synfuels development,
water supply problems are apparent in some areas.
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1246. Udis, Bernard, ed., 1967, An analysis of the economy of the Upper Main Stem subbasin of the
Colorado River drainage basin in 1960 with emphasis on the heavy water-using industries:
Boulder, Colo., University of Colorado, 220 p. [Report to U.S. Federal Water Pollution Control
Administration.]

1247. Udis, Bernard, ed., 1968, An interindustry analysis of the Colorado River Basin in 1960, with
projections to 1980 and 2010: Boulder, Colo., University of Colorado, 249 p. plus two
appendices. [Final report to U.S. Federal Water Pollution Control Administration.]

1248. Udis, Bernard, Howe, C.W., and Kreider, J.F., 1973, The interrelationship of economic
development and environmental quality in the Upper Colorado River Basin—-An interindustry
analysis (research report): Boulder, Colo., University of Colorado EDA/OER-73-122, 651 p.
[Available from National Technical Information Service, Springfield, VA 22161 as NTIS Report
COM-7311970/3.]

A set of compatible models relating the economic activities of the sub-basins of the
Upper Colorado River, both present and prospective, to air quality and water quantity
and quality resulting from those patterns of economic activity is developed. The
purpose of such a set of models is to enable the planner to test some of the
environmental implications of alternative growth patterns for the region. The report
describes in detail the models which have been developed and calibrated for the three
upper sub-basins (the Upper Main Stem, the Green, and the San Juan), an area which
contains the origins of the most pressing problems of the basin; salinity, shale oil
industry, and the expanding diversions of water of the Rocky Mountain Eastern Slope.

1249. Udis, Bernard, Howe, C.W., Kreider, ].F., and Auger, Camilla, 1976, Socio-economic and
environmental interactions in the Upper Main Stem sub-basin of the Colorado River Basin—
Three alternative energy development futures: Washington, D.C., Economic Development
Administration EDA/OER-77/008, 213 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report PB-266 082/7.]

In July 1973 the Bureau of Economic Research at the University of Colorado submitted
a report to the Economic Development Administration entitled "The Interrelationship
of Economic Development and Environmental Quality in the Upper Colorado River
Basin: An Interindustry Analysis' (NTIS: COM-73-11970, 642 pp.). That study
presented a series of economic and environmental models applicable to the three
upper regions or sub-basins of the Colorado River Basin: the Upper Main Stem, the
Green River, and the San Juan. The work was inter-disciplinary in nature involving
the joint efforts of economists and engineers. Since late 1973 the same research team
(expanded to include sociologists) has been engaged in an effort to apply those models
to a specific case of energy-related development in an effort to determine the direct
and indirect economic and environmental consequences. Underground coal
development in western Colorado was the case selected for the study with particular
emphasis upon a region along the North Fork of the Gunnison River in Delta and
Gunnison counties in western Colorado. This is the report from that study and
includes the aspects of employment analysis, and socio-economic, hydrologic, and air
quality assessments of the impact region under alternative development scenarios.
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1258. University of Arizona, 1978, EPRI Water Supply Data Base System, final report, December 1978:
Tucson, Ariz., University of Arizona, 121 p. [Available from National Technical Information
Service, Springfield, VA 22161 as NTIS Report EPRI-EA-790.]

This is the final report for RP762, Water Supply Data Base for R and D Planning. The
result of this study is the EPRI water data system - a data base or data dictionary, that
describes water data collection efforts. The system has two components: (1) a macro
data base that contains overview information about regions, organizations, and data
sets and their interrelationships, and (2) a micro data base that contains the detailed
structure of each data set, information about each set, and method of accessibility.
This EPRI research effort is focused on national and regional data sets that provide
information about the Colorado River Basin. These data bases are now installed on a
commercial computer that is accessible through a national communication network.
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1259. University of Colorado, 1973, Salinity in water resources: Bureau of Reclamation Report
OWRT-X-137(9081), 178 p. [Available from National Technical Information Service, Springfield,
VA 22161 as NTIS Report PB-244 856/1.]

Current approaches to salinity control in the Colorado River are reviewed. New
concepts regarding greatly increased irrigation efficiencies approaching one hundred
percent are given. A model is described capable of evaluating water quantity and
quality resulting from management strategies of an integrated stream-aquifer system.
An optimizing model for timing, quantity, and quality of irrigation applications is
described. A review of methods for measuring agricultural damages from salinity is
presented, emphasizing farm management techniques to deal with increasing salinity.
Damage to urban water systems is studied. The importance and types of economic
incentives needed to induce water conservation and salinity reducing measures are
studied, with recommendations for a water rights purchase program to reduce salinity
and facilitate water transfers. The importance of cost-sharing arrangements to the
selection of least-cost abatement programs is reviewed. The importance of spotting
bottleneck gaps in knowledge and directing research to those issues is emphasized.

1260. Upper Colorado Region State-Federal Inter-Agency Group, 1971, Upper Colorado region
comprehensive framework study, appendix IX, flood control: Upper Colorado Region State-
Federal Inter-Agency Group, 110 p. [Available from National Technical Information Service,
Springfield, VA 22161 as NTIS Report AD-A043 991/9.]

The Flood Control Work Group finds that flood problems exist in the Upper Colorado
region and that substantial damage can be expected in the future unless adequate
damage reduction programs are implemented. It is estimated that the total average
annual flood damage in 1965 was $2.8 million, and in the absence of additional
damage reduction measures the flood damage will increase to $4.2 million by 1980,
$6.8 million by 2000, and $10.6 million by 2020. The future flood damage reduction
program consists of non-structural flood plain management measures, utilization of
proposed multiple-purpose reservoirs for flood control storage, and construction of
other structural flood control works where required. Flood control storage in
multiple-purpose reservoirs and small flood retarding structures would amount

to 2,300,000 acre-feet. It is estimated the program presented would reduce the
projected average annual flood damage to $3.3 million by 1980, $3.4 million by
2000, and $3.8 million by 2020. The damage projections are based on a modification
of the OBERS baseline projections referred to as the Regional Interpretation of
OBERS (RI-OBERS).

1261. Upper Colorado Region State-Federal Inter-Agency Group, 1971, Upper Colorado region
comprehensive framework study, appendix XVIII, general program and alternatives: Upper
Colorado Region State-Federal Inter-Agency Group, 203 p. [Available from National Technical
Information Service, Springfield, VA 22161 as NTIS Report AD-A043 992/7.]

This document presents the results of comprehensive investigations for formulation
of framework plans to provide a broad guide to the best use, or combination of uses,
of water and related land resources to meet foreseeable needs. It provides appraisals
of natural resources and their geographic distribution, projections of future

requirements, associated problems and needs, and presents a framework program and
alternatives to serve as a general guide for resource development and conservation to
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the year 2020, with intermediate objectives to the years 1980 and 2000. The proposed
levels of development meet the requirements of OBERS projections and use the
available resources of the region in varying degrees. Water in the region, as in all
semiarid areas, is the limiting criterion. However, it appears that the commitments of
the Colorado River Compact can be met and, except for some water deficiency for fish
and wildlife uses in Arizona and New Mexico and local shortage during low stream
flows, on-site demands can be met for the 6.5 MAF development level. At higher
levels, augmentation will be required. Costs have been estimated only for the
framework plan. Installation and annual operation, maintenance, and replacement
(OM and R) costs for water related and associated development for the 1966-80,
1981-2000, and 2001-2020 time frames are shown.

Upper Colorado Region State-Federal Inter-Agency Group, 1971, Upper Colorado region
comprehensive framework study: Upper Colorado Region State-Federal Inter-Agency Group,
136 p. [Available from National Technical Information Service, Springfield, VA 22161 as NTIS
Report AD-A043 990/1.]

This report summarizes the results of comprehensive investigations for the
formulation of proposed plans to provide a broad guide to the best use, or
combination of uses, of water and related land resources to meet foreseeable needs. It
provides appraisals of natural resources and their geographic distribution, makes
projections of future requirements, defines problems and needs, and presents a
framework program and alternatives thereto to serve as a general guide for resource
development and conservation for the years 1980, 2000, and 2020. The 1965 level of
water and related land utilization, management, and development was used as the
base year for planning. The total water supply, which assumes no depletions by man's
activities, averages 14.87 million acre-feet annually based upon the period 1914-1965.
On-site depletions plus the evaporation from reservoirs on the main stem of the
Colorado River for 1965 normalized conditions accounted for 62 percent of the

1965 use, main-stem reservoir evaporation 19 percent, export to adjacent regions

15 percent, and the remaining 4 percent was used for all other purposes.

Upper Colorado River Basin Compact Commission, 1948, Upper Colorado River Basin
Compact: Santa Fe, N. Mex., Upper Colorado River Basin Compact Commission, 28 p.

Upper Colorado River Commission, 1993, Forty-fifth annual report of the Upper Colorado
River Commission: Salt Lake City, Utah, Upper Colorado River Commission, 99 p. [Also
published are annual reports volumes 1 through 44, 1947-1992.]

The Upper Colorado River Commission includes representatives from Colorado, New
Mexico, Utah, Wyoming, and the federal government. The annual transcripts report
on water use and delivery, water storage, flood control, agricultural and industrial
development.

Upper Gunnison River Water Conservancy District, 1994, Upper East River Basin winter water
quality monitoring program: Gunnison, Colo., Upper Colorado River Water Conservancy
District.

URS Corporation, 1981, Problem identification and quantification, salinity investigation of
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river annually by 2.2 million tons. Total capital costs (in 1973 dollars) will be

$160 million to achieve the Act's 1977 requirement of best practicable treatment
technology, with an additional $35 million to achieve best available technology by
1983.

1270. Valdez, R., Mangan, P., Smith, R., and Nilson, B., 1982, Upper Colorado River investigation

(Rifle, Colorado to Lake Powell, Utah, in Miller, W.H., and others, eds., Colorado River Fishery
Project, final report, part two, field studies: Salt Lake City, Utah, U.S. Fish and Wildlife Service
and Bureau of Reclamation, p. 101-279.

1271. Valdez, R.A., and Clemmer, G.H., 1982, Life history and prospects for recovery of the humpback

chub and bonytail chub, in Miller, W.H., Tyus, HM., and Carlson, C.A., eds., Fishes of the
Upper Colorado River system--Present and future: Bethesda, Md., Western Division of the
American Fisheries Society, p. 109-119.

1272. Valdez, R A., Holden, P.B., and Hardy, T.B., 1990, Habitat suitability index curves for

humpback chub of the Upper Colorado River Basin: Rivers, v. 1, p. 31-42.

1273. Valdez, R.A., and Wick, E J., 1983, Natural vs. manmade backwaters as native fish habitat, in

Adams, V.D., and Lamarra, V.A,, eds., Aquatic resources management of the Colorado River
ecosystem, proceedings of the 1981 symposium, Las Vegas, Nevada, November 16-18, 1981:
Ann Arbor, Mich., Ann Arbor Science Publishers, p. 519-536.

1274. Vanderwilt, ].W., 1947, Mineral resources of Colorado: Denver, Colo., State of Colorado

Mineral Resources Board, 547 p.

170 Bibliography, Indices, and Data Sources of Water-Related Studies, Upper Colorado River Basin, Colorado

and Utah, 1872—-1995




1275. Vandivere, W.B., and Vorster, P., 1984, Hydrology analysis of the Colorado River floods of 1983:
GeoJournal, v. 9, no. 4, p. 343-350.

Despite an extensive system of river regulation works, the mainstream of the Colorado
River in 1983 experienced the highest flows on record, resulting in severe flood
damage. The efficacy of runoff and inflow prediction methodologies utilized to
formulate reservoir operational responses during the winter and spring of 1983 is
evaluated. Given the restrictions inherent in the forecasting network, the reservoir
release schedule followed during the period by the US Bureau of Reclamation (USBR)
is then reviewed. Two alternative reservoir release schedules are presented, and their
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State University, Master’s thesis, 94 p.

The contribution to the salt load of the Colorado River as it passes through the Grand
Valley in Colorado is the most significant increase in the upper basin. Seepage and
deep percolation losses enter shallow saline aquifers, resulting from interaction with
salt deposits in the underlying Mancos Shale formation. This study produced a model
of the groundwater, hydrology, and salinity in the Grand Valley.

1290. Walker, W.R,, 1976, Integrating desalination and agricultural salinity control technologies:
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from National Technical Information Service, Springfield, VA 22161 as NTIS Report PB-281
381.1 \

The cost-effectiveness relationships for various agricultural and desalination
alternatives for controlling salinity in irrigation return flows are developed. Selection
of optimal salinity management strategies on a river basin scale is described as a
problem of integrating optimal strategies with individual subbasins and irrigated
valleys. Desalination systems include seven processes: (1) multi-stage distillation;
(2) vertical tube evaporation in conjunction with (1); (3) a vapor compression form of
(2); (4) electrodialysis; (5) reverse osmosis; (6) vacuum freezing-vapor-compression;
and (7) ion exchange. Agricultural salinity control alternatives include conveyance
linings, irrigation scheduling, automation, sprinkler irrigation systems, and trickle
irrigation systems. A case study of the Grand Valley in western Colorado is presented
to demonstrate the analysis developed.
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Springfield, VA 22161 as NTIS Report PB-82 255 415.]

Field data were collected from experimental plots located near Grand Junction,
Colorado. Data collections were designed to provide a sufficiently broad range of
conditions such that a simulation model could be verified. The experimental plots
were planted to corn and were furrow irrigated. The basic management practices
investigated were irrigation frequency, irrigation efficiency, and manure loading rate.
Climatological conditions, soil moisture, potential evapotranspiration, and irrigation
system performance were measured in the field. Soil samples and percolation water
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species, total organic carbon, and salinity cations and anions. Model simulations were
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A nontechnical summary of several research activities in the Grand Valley is given.
Analyses of alternative measures of reducing the salt load originating from the Valley
as a result of irrigation return flows are presented. These alternatives include
conveyance channel linings, field relief drainage, on-farm improvements (such as
irrigation scheduling, head ditch linings, sprinkler and trickle irrigation), economic
control measures such as taxation and land retirement, modified legal constraints, and
collection and treatment of return flows with desalting systems. The best
management practices for salinity control in the Grand Valley should be primarily the
structural rehabilitation and operational modification of the local irrigation canal
systems. Canal linings appear in the optimal strategies at higher levels of valley-wide
salinity control emphasis but only so far as lining the Government Highline Canal is
concerned. Desalting would become a cost-effective alternative after major irrigation
system improvements are implemented.
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deseasonalized snow water equivalent is the input, and the streamflow residual from
the PAR model is the output, was formulated. The building of the transfer function
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comparisons of the proposed forecast method were made versus multiple regression
approaches currently used by agencies responsible for managing Colorado water
resources. It was shown that the single input-single output periodic transfer function
model gives better monthly streamflow forecasts than the multiple regression
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