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MESSAGE FROM THE DISTRICT CHIEF

The collection of hydrologic data and the investigation of the quantity, quality, and use of
surface- and ground-water resources are major components of the mission of the Water Resources
Division (WRD), U.S. Geological Survey (USGS). To accomplish this mission, the Arizona
District is organized into a District office in Tucson and field offices in Tempe, Flagstaff, and
Yuma, Arizona. These offices are geographically located in the State to provide access and
response to hydrologic events and to maintain liaison with cooperating State and Federal agencies.
The Arizona District technical staff is organized into two major sections: (1) the Hydrologic Data
Section, which maintains the systematic hydrologic-data programs for the State, and (2) the
Hydrologic Investigations and Research Section, which investigates and assesses the quantity,
quality, and use of the State’s water resources.

The Hydrologic Data Section maintains a network of hydrologic data-collection sites and
compiles hydrologic data collected from these sites for public distribution. These hydrologic data
include records of (1) stage and discharge of principal rivers and tributaries; (2) chemistry and
suspended-sediment concentration of selected rivers; (3) water levels and quality of the water in
the principal aquifers; and (4) surface- and ground-water use. Data from this network are compiled
and entered into the District data base and published annually in the report series “Water
Resources Data—Arizona.” To provide a single point of retrieval for the public, data from this
network also are compiled on the USGS World Wide Web server, located in Reston, Virginia
(water.usgs.gov). The Hydrologic Data Section has made substantial progress in developing a
real-time hydrologic data base. Surface-water data from selected sites are transmitted to the
Arizona District’s central hydrologic data base at regular intervals using satellite telemetry. This
information is accessible to scientists or water managers to assess current hydrologic conditions.
Real-time stream-discharge data for 121 streamflow-gaging stations are available at the Arizona
District home page on the World Wide Web at http://wwwdaztcn.wr.usgs.gov.

The updated version of the National Water-Information System (NWIS) was installed in all
WRD offices in 1997. This version is a Unix-based system that runs on the Data General platform.
This release includes improvements for the National Water-Quality Assessment (NAWQA) study,
programs to retrieve real-time data for display on the World Wide Web, and programs to facilitate
management of real-time data. As this report was being compiled, the Arizona NWIS staff was
working on another NWIS release scheduled for December 1997 that would include performance
and technical improvements.

The investigation and assessment of the surface- and ground-water resources of Arizona is
accomplished through a series of projects conducted by the Hydrologic Investigations and
Research Section. Each project is managed by a designated project chief who is responsible for
managing the investigative aspects of the project, maintaining a project budget, and providing
public access to the findings of the project. Program emphasis for the Arizona District in 1998-99
is to provide timely, objective hydrologic information to Federal, tribal, State, and local agencies
regarding water-supply availability, water quality, water-source identification, and water-resource
management. Programs are expected to grow in the Lower Colorado River region where a method
of accounting for ground-water withdrawal from wells is being implemented by the Bureau of
Reclamation. Native Americans in the State are working to understand and protect the water
resources on their lands. The District is working cooperatively with many of the tribes in Arizona
to assist them in their efforts to manage their water resources.
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The characterization of ground-water and surface-water quality in the Central Arizona
Basins study area is a major focus for the NAWQA program in Arizona. Surface-water quality,
aquatic ecological communities, and bioaccumulation of contaminants in bed sediment and tissue
are being assessed at 11 major surface-water sites in the Santa Cruz, San Pedro, Salt, Gila, and
Verde River Basins. Continuous water-quality measurements from several sites will be used to
determine the quantity of nutrients and salts that enter and leave the 34,700 square-mile study area.
Three of the surface-water sites are effluent-dependent streams where data will be used to evaluate
the differences in water quality and ecology between these “manmade streams” and natural
streams in an arid environment. Plans for fiscal year 1998 include the completion of 2 years of
surface-water quality sampling at the 11 sites and the third and final ecological assessment at the
multiple-year, multiple-reach sites on the San Pedro River and West Clear Creek.

Ground-water quality sampling in the Central Arizona Basins study area will provide a
broad assessment of water-quality conditions for the most important present and future
ground-water resources (subunit survey) and to determine the effects of particular land uses on
recently recharged ground water (land-use survey). Subunit surveys were completed in the west
Salt River Valley, which includes Phoenix, and in the Sierra Vista area of the San Pedro Basin in
1997. Assessing the effects of agriculture on shallow ground-water quality was the focus of a
land-use survey in the west Salt River Valley. Most of the approximately 30 wells sampled for
each subunit and land-use survey are existing domestic wells; however, 9 shallow monitoring
wells were installed by NAWQA staff in the west Salt River Valley in fiscal year 1997 in order to
more thoroughly assess land-use effects on shallow ground water. Plans for fiscal year 1998
include a subunit survey for the Tucson Basin with additional wells sampled in the Tucson
metropolitan area.

The San Pedro and Verde River basins are rapidly growing in population and are
particularly water-scarce regions of the State. Significant controversy exists between water users
as to whether ground-water withdrawals are diminishing the flow of water in the adjacent rivers.
Modeling and geochemical techniques have been used in ground-water studies of the San Pedro
River Basin and are planned for use in a study of the Verde River Basin. Population growth and
industrial expansion along the international border with Mexico are increasing the demands on the
limited water supply. Additional development of water resources could potentially affect the
quality of ground and surface waters. Studies of transboundary aquifers and the movement of
contaminated ground water are needed to improve the understanding of the effects of this rapid
development. In some alluvial basins of Arizona, intensive pumping of ground water for irrigation
and municipal use continues to cause the land surface to subside. The greatest measured land
subsidence in the State has occurred near Luke Air Force Base west of Phoenix. Land subsidence
has gained renewed attention as a geohydrologic hazard and more study of the processes and
potential means of mitigation are expected.

The effects of releases of water from Glen Canyon Dam on sediment-related resources
along the Colorado River in the Grand Canyon have been the focus of the Glen Canyon
Environmental Studies of the Bureau of Reclamation since 1982. As a part of that program and
now under the auspices of the Grand Canyon Monitoring and Research Center, District staff have
been monitoring flow, sediment transport, and sand storage in the river and major tributaries and
are working with staff of the USGS National Research Program (NRP) to develop a suite of
models for prediction of the response of flow and sand deposits to dam releases. In 1996, a
controlled flood in the river created by releases that exceeded the powerplant range enabled the
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collection of data to verify model predictions and permit revisions to the models to increase the
accuracy of predictions for future releases designed for sandbar building. The Record of Decision
on an Environmental Impact Statement on operations of Glen Canyon Dam was signed by the
Secretary of the Interior in November 1996. That signing set in motion a process of adaptive
management that recognizes the need to consider the downstream environmental effects in the
operation of the dam and to incorporate in that management current scientific knowledge about
the status of the riparian system and the effects of releases on it. The ongoing monitoring and
research activities of the District staff and their NRP colleagues is a critical part of that knowledge
and predictive capability.

Because much of southern Arizona’s population depends on ground water for municipal
supplies, the hydrologic budgets of source-water areas are a topic of significant interest and
concern to planners, resource managers, and environmental groups. The Arizona District has been
at the forefront of the application of microgravity measurements to determine ground-water
storage changes. Work is ongoing in the San Pedro and Tucson Basins to monitor storage changes
that result from recharge of episodic flows in specific ephemeral streams. The upper San Pedro
Basin also is the site of a microgravity network designed to measure basinwide storage changes.
Conventional gravity measurements have been used in the Plateau Uplands physiographic
province of northern Arizona to augment USGS understanding of the framework of the
geohydrologic system in an area where the potentiometric surface is on the order of 1,200 ft below
land surface.

Utilizing the energy and interests of the Arizona District staff, the Arizona District will
continue to assist cooperating agencies and the public by providing accurate and timely hydrologic
information. I look forward to continuing partnerships that will provide the basis for the
management and beneficial use of Arizona’s water resources.

Nick B. Melcher
District Chief

U.S. Geological Survey
Tucson, Arizona



OUTREACH INITIATIVE

As part of the USGS outreach initiative, the Arizona District staff participates in community
programs that serve to increase public understanding of the Earth Sciences. This participation
includes an emphasis on information transfer using general-audience reports and presentations at
symposiums and conferences, information release using videotapes and the Internet, and
participation in local education and community functions. In response to the increasing public
awareness and concern for water issues, it is imperative that the scientific findings and knowledge
of the USGS be the basis for the development of public policy. Commitment to the District
- outreach program will help to facilitate this goal for Arizona.
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INTRODUCTION

The U.S. Geological Survey (USGS) has been collecting water-resources data in Arizona
since 1889. Since 1921, the USGS has maintained a District office in Arizona and has worked in
cooperation with local, State, and Federal agencies to provide hydrologic information for the use
and management of the State’s water resources. This report describes the data-collection activities
and water-resources investigations in Arizona for fiscal years 1996 and 1997 (October 1, 1995, to
September 30, 1997). The water-resources data and the results of the interpretive investigations
and research are published or released by the USGS or by cooperating agencies. Reports published
in fiscal years 1995, 1996, and 1997 are included in the section entitled, “Publications from the
Arizona District, fiscal years 1995-97,” at the back of this report.

ORIGIN OF THE U.S. GEOLOGICAL SURVEY

The USGS was established by an act of Congress on March 3, 1879, to provide a permanent
Federal agency to conduct the systematic and scientific “classification of the public lands, and
examination of the geological structure, mineral resources, and products of national domain.” An
integral part of that original mission includes publishing and disseminating the earth-science
information needed to understand, to plan the use of, and to manage the Nation’s energy, land,
mineral, and water resources.

Since 1879, the research and fact-finding role of the USGS has grown and been modified
to meet the changing needs of the Nation it serves. As part of that evolution, the USGS has become
the Federal Government’s largest earth-science research agency, the Nation’s largest civilian
map-making agency, the primary source of data on the Nation’s surface-water and ground-water
resources, and the employer of the largest number of professional earth scientists. Information
provided by the USGS is used to (1) minimize loss of life and property from natural disasters;
(2) manage water, biological, energy, and mineral resources; (3) enhance and protect the quality
of life; and (4) contribute to wise economic and physical development.

BASIC MISSION AND PROGRAM OF THE
WATER RESOURCES DIVISION

The mission of the Water Resources Division, which supports the overall mission of the
U.S. Department of the Interior and the Geological Survey, is to provide the hydrologic
information and understanding needed for the best use and management of the Nation’s water
resources for the benefit of the people of the United States.

The mission of the Division is accomplished through programs supported by the USGS
independent of, or in cooperation with, other Federal and non-Federal agencies. These programs
include:



« Data collection on a systematic basis for the continuing determination and
evaluation of the quantity, quality, and use of the Nation’s water resources.

» Analytical and interpretive water-resources appraisals to describe the occurrence,
availability, and the physical, chemical, and biological characteristics of surface
water and ground water.

» Basic problem-oriented research in hydrology to improve the scientific basis for
investigations and measurement techniques and to predict quantitatively the
response of hydrologic systems to stress.

» Dissemination of water data and results of investigations and research through
reports, maps, computerized information services, and other forms of public
releases.

» Coordination of the activities of Federal agencies in the acquisition of water data
for streams, lakes, reservoirs, estuaries, and ground water.

» Scientific and technical assistance in hydrology to other Federal, State, and local
agencies; to licensees of the Federal Power Commission; and to international
agencies on behalf of the Department of State.

ARIZONA DISTRICT

History and Organization

The USGS has been involved in water-resource activities in Arizona since 1889 when
personnel began measuring streamflow in the Gila River Basin. Ground-water studies began with
an assessment of water resources in the Sulphur Springs Valley in 1910. Cooperative agreements
were established with the State government in 1912 and the first permanent field office was
established in Phoenix in 1915. The USGS established a separate District in Arizona in 1921 with
headquarters in Tucson.

The Arizona District is under the direction of the District Chief, Nick Melcher. Hydrologic
investigations and data-collection activities are conducted from offices in Tucson, Tempe,
Flagstaff, and Yuma. At the end of fiscal year 1997, the Arizona District employed a total of 98
employees (88 full time and 10 other than full time)—16 in Flagstaff, 21 in Tempe, 54 in Tucson,
and 7 in Yuma. The location of Water Resources Division offices and the organization of the
Arizona District are shown on figure 1. Inquiries regarding projects described in this report may
be directed to one of the offices listed in figure 1.



Arizona District Office

(520) North Park Avenue, Suite 221
Tucson, Arizona 85719

(520) 670-6671

Office for Northern Arizona Program
2255 North Gemini Drive

Flagstaff, Arizona 86001

(520) 556-7136

|

! "L Flagstaff
i - agstal
|

Office for Central Arizona Program D e W S }
1545 West University Drive ™

Tempe, Arizona 85281
(602) 379-3086

Yuma Field Office

1940 South Third Avenue
Yuma, Arizona 85364
(520) 782-6024

Office of the District Chief,
Tucson, Arizona

Assistant District Chief J— .. . .
Administrative Services

FCOmputer Support Section [ Hydrologic Data Management
| & Review Section

. National Water Information
Reports Section S
ystem Development

| Support

Graphics Editorial
Unit Unit

Hydrologic Investigations
& Research Program

Hydrologic Data Program
I I

Tucson Yuma
Field Office | | Field Office

Office for Central Office for Northern
Arizona Program, Arizona Program,
Tempe, Arizona Flagstaff, Arizona

Figure 1. Location of Water Resources Division offices in Arizona and organization of the Arizona District, 1997.



Funding and Cooperating Agencies

The hydrologic investigations and data-collection efforts in the Arizona District are
supported by services and joint funding provided by State and local agencies on a 50-50 basis with
Federal monies (cooperative program); by funds transferred from other Federal agencies (OFA
program), such as the U.S. Army Corps of Engineers; and by funds appropriated directly to the
USGS (Federal program). In fiscal year 1997, the financial support for these programs in Arizona
was about $8.4 million, which was distributed as shown in figure 2. Agencies that supported
water-resources investigations through cooperative agreements in fiscal years 199697 are listed

below:

Local and State Agencies

Arizona Department of Environmental Quality
Arizona Department of Water Resources
Arizona Game and Fish Department

Arizona Municipal Water Users’ Association
Central Arizona Water Conservation District
City of Flagstaff

City of Nogales

City of Safford

City of Scottsdale

City of Tucson

City of Williams

Cochise County Department of Highways
and Flood Control

Flood Control District of Maricopa County

Fort McDowell Indian Community

Gila Valley Irrigation District

Gila Valley Water Commission

The Havasupai Tribe

The Hopi Tribe

The Hualapai Tribe

Kaibab-Paiute Indian Tribe

The Navajo Nation

Metropolitan Domestic Water Improvement
District

Metropolitan Water District of Southern
California

Pima County Board of Supervisors
(Pima County Department of Trans-
portation and Flood Control District)

Salt River Valley Water Users’ Association
San Carlos Irrigation and Drainage District
Show Low Irrigation Company

Tohono O’odham Nation

Town of Oro Valley

University of Arizona

The Yavapai Tribe

Federal Agencies

Federal Energy Resource Commission
(Arizona Public Service and Phelps
Dodge Corporation)

International Boundary and Water Commission
U.S. Department of Agriculture
Forest Service
U.S. Department of the Interior
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Reclamation
U.S. Fish and Wildlife Service
National Park Service
Office of the Secretary
U.S. Department of Defense
U.S. Air Force
U.S. Army
U.S. Ammy Corps of Engineers
U.S. Environmental Protection Agency



























Quality of the ground water is a major concern because ground water is the principal source
for public supply. Most of the ground water is of suitable quality for human consumption and most
other uses although ground-water-quality problems exist locally at several locations throughout
the State. Ground-water-quality problems attributed to anthropogenic and naturally occurring
contamination can be found throughout Arizona. In some areas, changes in ground-water quality
are caused by (1) recirculation of salts in irrigation water and infiltration of chemicals used in
agriculture, (2) leachates from septic tanks, mining and livestock operations, (3) disposal of toxic
wastes, (4) leaking underground storage tanks, and (5) leachates from landfills.

Water Use

Water-use patterns in Arizona are dominated primarily by agriculture and secondarily by
rapidly growing urban population centers in Maricopa and Pima Counties. Almost all field and
orchard crops are irrigated because the climate is semiarid and precipitation is too little and erratic
to be useful for growing crops. Land irrigated by surface water is concentrated in the valleys and
basins near the Colorado, Gila, Salt, and Verde (Yavapai County) Rivers. Land irrigated by
ground water is mainly in the alluvial basins in the southern and the western parts of the State. In
the Basin and Range Lowlands province, about 81 percent of the total amount of ground water
withdrawn in 1995 was for irrigation, 12 percent was for public supply, and 4 percent was for
industrial use. In 1995, about 50 percent of withdrawals in the Central Highlands province was for
public water supply, and mining and irrigation withdrawals represented 28 and 15 percent,
respectively. In 1995, withdrawals in the Plateau Uplands province for public supply, industrial
use, and irrigation were 25, 40, and 27 percent, respectively, of the total withdrawal for this
province. Additional withdrawals in the State were used for commercial, domestic, and stock uses.
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PROJECTS FUNDED IN FISCAL YEARS 1997 AND 1998
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Surface-Water Stations (41Z2001)

Location: Statewide (see figures 4, 5, and 6)
Project Chief: Christopher F. Smith
Period of Project: Continuous since 1912

Cooperating Agencies: Arizona Department of Environmental Quality, Arizona Department of
Water Resources, Arizona Public Service Co., Bureau of Land Management, Bureau of
Reclamation, Central Arizona Water Conservation District, City of Tucson, Cochise County
Department of Highways and Flood Control, Federal Energy Resource Commission, Flood
Control District of Maricopa County, Forest Service, Gila Valley Irrigation District, International
Boundary and Water Commission, Metropolitan Water District of Southern California, National
Park Service, Pima County Department of Transportation and Flood Control District, Salt River
Valley Water Users’ Association, Show Low Irrigation Company, U.S. Army, U.S. Army Corps
of Engineers, and U.S. Fish and Wildlife Service

Problem: Surface-water runoff is highly variable, both areally and seasonally, throughout the
State. Information is needed for purposes of hydrologic surveillance, planning, design, hazard
warning, and management. Monitoring of runoff is essential to water-related fields such as water
supply, hydroelectric power, flood control, flood warning, irrigation, bridge and culvert design,
wildlife management, pollution abatement, flood-plain management, and water-resources
development. An appropriate data base is necessary to provide this information.

Objectives: Data are collected for (1) assessment of surface-water resources; (2) operation of
reservoirs for power, flood control, and irrigation; (3) flow forecasting and flood warning; (4)
monitoring of flow for instream-use requirements; (5) water-quality estimations; (6) waste
disposal and pollution control; (7) compact and legal requirements; and (8) definition of statistical
streamflow characteristics needed for research, planning, and design of dams, bridges, culverts,
canals, flood-management projects, and ground-water-recharge facilities.

Approach: Standard USGS methods are used to measure and record stages and discharges of
streams and stages and contents of lakes and reservoirs. Frequency of data collection is determined
by the principal purpose of each site.

Progress and Significant Results, Fiscal Years 1996 and 1997: Monitoring continued at
continual-record streamflow-gaging stations, partial-record peak-flow stations, lakes and
reservoirs, and supplemental streamflow stations. In fiscal year 1996, data from 192
continual-record streamflow-gaging stations, 18 partial-record peak-flow stations, 9 lakes and
reservoirs, and 1 supplemental streamflow station were collected and compiled for publication. In
fiscal year 1997, data from 194 continual-record streamflow-gaging stations, 19 partial-record
peak-flow stations, 9 lakes and reservoirs, and 2 supplemental streamflow stations were collected
and compiled for publication. Retrieval programs for real-time and historical data were placed on
the Arizona District Internet home page. Data records were checked for accuracy and
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completeness and the data were stored in the District computer data base. Annual data reports for
the 1995 and 1996 water years were published.

Plans for Fiscal Year 1998: Statewide surface-water data collection, computation, and
compilation will continue. Field surveys and computations for indirect measurements of flow will
be made as needed. The annual data report for 1997 will be compiled and published, and data will
be stored in the District computer data base.

Publications, Fiscal Years 1995-97:

Pope, G.L., 1996, Surface-water quality-assurance plan for the Arizona District of the U.S.
Geological Survey: U.S. Geological Survey Open-File Report 96332, 25 p.

Smith, C.F., Anning, D.W., Duet, N.R. Fisk, G.G., McCormack, H.F., Pope, G.L., Rigas, P.D.,
and Wallace, B.L., 1995, Water Resources Data, Arizona, water year 1994: U.S.
Geological Survey Water-Data Report AZ-94-1, 320 p.

Smith, C.F., Duet, N.R. Fisk, G.G., McCormack, H.F., Partin, C.K., Pope, G.L., Rigas, P.D., and
Tadayon, Saeid, 1996, Water Resources Data, Arizona, water year 1995: U.S. Geological
Survey Water-Data Report AZ—95-1, 306 p.
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Hydro 21 (4Z00146)

Location: International
Project Chief: Nick Melcher
Cooperating Agencies: Federal Program

Problem: Many of the methods for standard hydrologic-field measurements were developed over
50 years ago and remain unchanged. The methods for computing discharge require periodic direct
measurements of river width, depth, and velocity, and the equipment needed for these
measurements are a major part of the costs associated with hydrologic-data collection. The costs
and limitations associated with these methods are severely affecting the ability of the USGS to
provide critical hydrologic information needed for resource management, future planning,
economic growth, and natural-hazard mitigation.

Objective: The principal objective is to identify and incorporate new technologies in the USGS
hydrologic-data network to ensure the vitality of these programs.

Approach: New technologies will be identified and incorporated using a multistep approach:

Create a USGS technology network.

Identify potential technologies.

Systematically assess new technologies.

Develop and build prototypes of new instruments.
Implement new instruments.

Al

Progress and Significant Results, Fiscal Years 1996 and 1997: A workplan was completed and
approved during fiscal year 1997. Members of the Hydro 21 Committee attended several symposia
during the year and visited a number of research laboratories. Opportunities were identified in
remote sensing, electo-optics, lasers, and acoustics. An internal call for new technologies from
USGS staff was released. The potential for ion-specific sensors is being evaluated. Several
research laboratories agreed to submit proposals for new technologies to the Hydro 21 Committee.

Plans for Fiscal Year 1998: The search for relevant new technologies will continue. Identified
technologies will be assessed to learn more about capabilities and limitations. Briefing statements
for potential technologies will be developed. A technology solicitation will be submitted to the
Small Business Administration.
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Ground-Water Stations (4Z2002)

Location: Statewide

Project Chief: Norbert R. Duet, Jr.

Period of Project: Continuous since 1939

Cooperating Agency: Arizona Department of Water Resources

Problem: Long-term water-level records are needed to evaluate the effects of climatic variations
on the recharge to and discharge from the ground-water systems, provide a data base from which
the effects of development can be measured, assist in the prediction of future supplies, and provide
data for management of the resource.

Objectives: (1) Ground-water-level data will be collected and a long-term data base will be
provided that can be used to monitor the general response of the hydrologic system to natural and
manmade stresses. (2) A data base will be provided against which the short-term records acquired
in areal studies can be analyzed. The analysis must provide an assessment of the ground-water
resource, allow prediction of future conditions, and provide the data base necessary for
management of the resource.

Approach: In 1990, the ADWR expanded their role in the operation of the observation-well
network. Each year, the ADWR conducts investigations in several ground-water areas. The
studies include well inventories, water-level measurements, and water-quality samples. The
results of the studies are published in the State’s Hydrologic Map Series Reports (HMS), which
typically show depth to water, change in water levels, altitude of the water levels, and quality of
water. The USGS publishes water-quality data from wells sampled by the ADWR in the annual
data reports for Arizona.

Progress and Significant Results, Fiscal Years 1996 and 1997: Since 1991, the ADWR has
maintained the leading role in collection of ground-water data. The ADWR presently has a
monitoring network of approximately 1,200 ground-water data-collection sites. The ADWR
maintains the responsibility for ground-water basin studies and published three map reports
(HMS) during 1996-97. Water-quality data from 202 wells were published in the USGS 1995 data
report for Arizona and water-quality data from 201 wells were published in the USGS 1996 data
report.

Plans for Fiscal Year 1998: The ADWR will continue maintaining the network, and the USGS
will continue with minimal data collection, review, and entry into the Ground-Water Site
Inventory (GWSI) data base.
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Ground-Water Site Feasibility for the
Havasupai Indian Reservation (4200202)
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Location: Northern Arizona, Hualapai Hilltop

Project Chief: Robert J. Hart
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Period of project: October 1, 1996, to
September 30, 1997

Cooperating Agency: Havasupai Indian Tribe

Problem: Because of present water-supply
conditions, the Havasupai Indians are currently
limited to living in Havasu Canyon, a remote
tributary canyon to the Grand Canyon in northern Arizona. The only modes of transportation to
the village of Supai is by Supai pony, by foot, or by helicopter. The tribe’s only option for
expansion and growth is to move out of the canyon onto their lands on the rim country. Access to
water supplies on the rim is difficult, and because surface-water resources are not adequate, the
tribe must rely on ground water. Drilling and development costs are high, however, because
depths to ground water exceed 2,500 ft. Gaining an understanding of the regional geohydrology
of the rim country is important in assessing the water-supply conditions on the reservation.

Objective: The objective of the study is to provide the Havasupai Tribe with information on the
regional ground-water flow system that can be used in the management of their ground-water
resources.

Approach: Review available literature and data on the hydrology and geology near the
Havasupai Indian Reservation and summarize the available information. Field reconnaissance of
the reservation will be made to determine geohydrologic characteristics and geologic structure.
Information on ground-water wells in the area will be compiled from the USGS data base. This
well information will be used to characterize the primary aquifer from which ground water is
withdrawn.

Progress and Significant Results, Fiscal Years 1996 and 1997: An exploratory well
exceeding 3,000 ft in depth was drilled into the Redwall Limestone to provide information on the
regional ground-water system in the vicinity of Hualapai Hilltop. Water levels in the well rose
several hundred feet in the well casing. Valuable data on aquifer characteristics and borehole
properties were obtained from the exploratory well. Because the exploratory well has the
potential for producing water, the Indian Health Service currently is planning the infrastructure
for a water-distribution system using the well. Information on the ground-water flow system was
provided to the tribe.

Plans for Fiscal Year 1998: There are no plans for further evaluation of reservation
ground-water resources. Discussions and technical expertise will be provided as requested.
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Ground-Water Site Feasibility for the
Kaibab-Paiute Indian Reservation (4200212)

Location: Northern Arizona, Arizona Strip

Project Chief: Robert J. Hart

Period of Project: October 1, 1996, to
September 30, 1997

Cooperating Agency: Kaibab Band of Paiute
Indians

Problem: The small Kaibab-Paiute Indian
Reservation consists of about 120,000 acres
(188 mi?) and is on the Arizona Strip of northern Arizona. The residents of the reservation rely
on various sources for their water supply. Sixmile Village and the community of Steamboat
Springs, on the east side of the reservation, currently receive their water supply from the Town of
Fredonia through a contractual agreement. The tribe wants to develop a water supply within their
reservation boundary to eliminate their reliance on the Town of Fredonia and also to begin
development of service facilities near the junction of Highway 389 and Sixmile Road.

Objective: The objective of the study is to provide the Kaibab-Paiute Indian Tribe with
information on the ground-water flow system on the reservation, particularly in the eastern part.

Approach: Review available literature and data on the hydrology and geology near the
Kaibab-Paiute Indian Reservation and summarize available information. Field reconnaissance of
the reservation will be made to determine the geohydrologic and topographic characteristics.
Surface-water and spring sites will be field checked, and flow and field-chemistry measurements
will be made to help determine the sources of the water. Available information on ground-water
wells in the area will be compiled from the USGS data base. This well information will be used
to determine the primary aquifer from which ground water is being withdrawn.

Progress and Significant Results, Fiscal Years 1996 and 1997: Field reconnaissance and
review of available literature and data were completed. Depths to ground water were estimated
using historical data, spring characteristics, and drillers’ logs from existing wells on the Arizona
Strip. Information was compiled and provided to the tribe.

Plans for Fiscal Year 1998: Additional resource evaluations have not been planned for fiscal
year 1998.
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Quality of Water Stations (4Z003)

Location: Statewide (see figure 8)
Project Chief: Christopher F. Smith
Period of Project: Continuous since 1969

Cooperating Agencies: Arizona Department of Environmental Quality, Bureau of Indian
Affairs, Bureau of Reclamation, and U.S. Army Corps of Engineers

Problem: Water-resource planning and water-quality assessment require a nationwide data base
of standardized information. For intelligent planning and realistic assessment of the water
resource, the chemical, biological, and physical quality of the surface water of Arizona must be
defined and monitored.

Objectives: Provide nationally consistent water-quality data needed by government agencies and
other groups involved in natural or regional water-quality planning and management. This
includes data necessary for Federal management of interstate waters.

Approach: A network of surface-water/water-quality stations is operated to provide average
chemical concentrations, loads, and time trends as required by planning and management
agencies.

Progress and Significant Results, Fiscal Years 1996 and 1997: The sampling and analytical
program was continued throughout the year. Data from this program are entered into the District
data base. Data from 20 streamflow-gaging stations were published in the 1995 data report for
Arizona and data from 16 streamflow-gaging stations were published in the 1996 data report.

Plans for Fiscal Year 1998: Water-quality data will be collected at 16 surface-water sites.
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Sediment Stations (1Z004)

Location: Statewide
Project Chief: Gregory G. Fisk
Period of Project: Continuous since 1925

Cooperating Agencies: Bureau of Reclamation, Flood Control District of Maricopa County, and
U.S. Army Corps of Engineers

Problem: Water-resources planning and water-quality assessment require a nationwide data base
of standardized information. Erosion, transport, and deposition of sediment can have major effects
on streams, lakes, and reservoirs;, knowledge of sediment transport is essential for appropriate
planning and assessment. To obtain the necessary information, bed material and suspended-
sediment transport must be monitored on a regular basis on a wide variety of streams throughout
the country.

Objective: Provide data on bed material and suspended-sediment transport in streams in the arid
Southwest in a computer data base for use in broad Federal and State planning and action
programs and for Federal management of interstate waters.

Approach: Bed-material and suspended-sediment samples are collected at regular intervals at a
network of stations in Arizona, and the data are entered into the national data base. Bed-material
samples are collected from one to four times per year. Suspended-sediment samples are collected
from 6 to 12 times per year during regular site visits or on a storm basis by automatic sampler.

Progress and Significant Results, Fiscal Years 1996 and 1997: Suspended-sediment and
bed-material samples were collected during regular site visits at streamflow-gaging station
09474000, Gila River at Kelvin. Suspended-sediment samples were collected during regular site
visits and by automatic samplers at streamflow-gaging stations: 09382000, Paria River at Lees
Ferry; 09397300, Little Colorado River near Joseph City; and 09402000, Little Colorado River
near Cameron. For water years 198994, daily suspended-sediment loads and concentrations were
computed for streamflow-gaging stations 09397300, Little Colorado River near Joseph City, for
days when the instantaneous discharge was greater than 500 ft*/s; and 09401000, Little Colorado
River at Grand Falls, for days when the instantaneous daily discharge was greater than 200 ft3/s.
For water years 1990-96, daily suspended-sediment loads, sand loads, and sand concentrations
were computed for streamflow-gaging stations 09382000, Paria River at Lees Ferry, when the
daily discharge exceeded 30 ft/s, and 09402000, Little Colorado River near Cameron, when the
daily discharge exceeded 20 ft*/s. Sample collection was discontinued at streamflow-gaging
station 09473100, San Pedro River below Aravaipa Creek near Mammoth, at the end of the 1995
water year.

Plans for Fiscal Year 1998: Collection of data will continue at the sites listed above. Discrete
suspended-sediment and bed-material data collected during water year 1997 for the Gila River will
be published in the 1997 annual data report. Daily suspended-sediment loads and concentrations
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will be computed for streamflow-gaging stations 09397300, Little Colorado River near Joseph
City, for the 1995 and 1996 water years; and 09402000, Little Colorado River near Cameron, and
09382000, Paria River at Lees Ferry, for the 1997 water year.
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Water Use (4Z2007)

Location: Statewide

Project Chief: Saeid Tadayon

Period of Project: Continuous since June 1979

Cooperating Agency: Arizona Department of Water Resources

Problem: Water-use data presently are collected by several local, State, and Federal agencies.
Water use refers to the quantity of water withdrawn and used for agricultural, industrial,
power-generation, municipal, or domestic purposes and returned to the ground-water or
surface-water system. A comprehensive water-use data base was needed to provide (1) data for
planners or governmental agencies that need generalized information relating water use to
irrigated acreage, ore production, municipal use, and other uses; (2) data with areal and temporal
detail that can be used to model and evaluate management alternatives; and (3) easy accessibility.

Objectives: Information on water-use rates and consumptive use by area for specific time periods
will be provided so that decisions can be made realistically regarding changes in delivery systems
and associated economic studies. A data base of ground-water withdrawals will be provided that
(1) can be used to evaluate management alternatives through modeling techniques, (2) is easily
accessible by authorized agencies and which, at the same time, will honor and protect the privacy
of individual water users, and (3) will be expandable to accommodate new development and will
permit the removal of out-of-date or abandoned points of withdrawal.

Approach: The Arizona District water-use program in fiscal year 1998 will continue collecting
data on ground-water withdrawals outside the State of Arizona Active Management Areas and
Irrigation Non-Expansion Areas. Data will be compiled for municipal, industrial, and irrigation
withdrawals using the ground-water basin boundaries defined by the Arizona Department of
Water Resources (ADWR). The USGS and ADWR will cooperate on the development of a new
method for estimating nonmetered ground-water withdrawals for irrigation. The two agencies will
use this new method in the analysis of data for 1996.

Progress and Significant Results, Fiscal Years 1996 and 1997: As part of the 1995 estimate of
the use of water in Arizona, the Arizona District compiled and entered the water-use data into the
Aggregate Water-Use Data System. Most of the ground-water withdrawals for 1991-95 also were
estimated using the ADWR ground-water basin boundaries.

Plans for Fiscal Year 1998: The overall goal for Arizona’s fiscal year 1998 water-use program

is to continue collecting and compiling total basin withdrawals by ADWR ground-water basins
for municipal, industrial, and irrigation use. The data for 1991-95 will be published.
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Special Site Studies for Other Federal Agencies (41Z023)

Location: Statewide

Project Chief: Nick Melcher

Period of Project: Continuous since 1971
Cooperating Agencies: Other Federal agencies

Problem: Other Federal agencies occasionally require the assistance of the USGS for special
small-scale studies to assist them in their work.

Objectives: Special site studies are used to provide technical assistance to other Federal agencies
for small-scale assignments of a consulting nature.

Approach: Technical assistance is provided as requested.

Progress and Significant Results, Fiscal Years 1996 and 1997: Consulting services and
technical assistance were provided as requested by other Federal agencies.

Plans for Fiscal Year 1998: Work for other Federal agencies will continue as requested.
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Monitoring Hydrologic Effects of

Ground-Water Withdrawals and
Strip Mining at Black Mesa
(AZ028 and AZ080) S
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Problem: Strip mining of coal on Black Mesa has caused concern about the effects of
ground-water withdrawals on the potentiometric surface of the N aquifer (Navajo Sandstone).

Objectives: The magnitude of water-level changes in the N aquifer near Black Mesa and
water-level changes caused by pumping by Peabody Coal Company and by nearby communities
for public supply will be determined.

Approach: Observation wells and Peabody Coal Company wells will be used to monitor
water-level changes in the N aquifer. Flowmeters will measure pumpage from all public-supply
wells and Peabody wells to determine the total quantity of water withdrawn from the system.

Progress and Significant Results, Fiscal Years 1996 and 1997: Continued data collection of
water levels and water chemistry from selected wells; discharge and water chemistry of selected
springs; annual pumpage from coal-mine well fields and Indian communities; and continuous
discharge data on one stream. In 1995, water levels declined in about 60 percent of those wells
penetrating the confined part of the N aquifer and in about 55 percent of those wells penetrating
the unconfined parts. Water chemistry was consistent with that of samples collected from the
same wells in previous years. Ground-water pumpage decreased slightly from 1995 to 1996. A
presentation was made at the Arizona Hydrological Society meeting in September 1996.

Plans for Fiscal Year 1998: Data collection and data evaluation will continue. Discharge will
be measured along Laguna Creek, Moenkopi Wash, Dinnebito Wash, and Polacca Wash. A
progress report for the 1997 calendar year will be prepared.

Publications, Fiscal Years 1995-97:

Littin, G.R., and Monroe, S.A.,1995a, Results of ground-water, surface-water, and water-quality

monitoring, Black Mesa area, northeastern Arizona—1992-93: U.S. Geological Survey
Water-Resources Investigations Report 954156, 37 p.
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1995b, Results of ground-water, surface-water, and water-chemistry monitoring, Black
Mesa area, northeastern Arizona—1994: U.S. Geological Survey Water-Resources
Investigations Report 954238, 25 p.

1996a, Monitoring ground-water withdrawals from the N aquifer in the Black Mesa area,
northeastern Arizona, in Wanted—Water for Rural Arizona: Arizona Hydrological
Society Proceedings of the Ninth Annual Symposium, Extended Abstracts, Prescott,
Arizona, September 12—14, 1996, p. 155-157.

1996b, Ground-water, surface-water, and water-chemistry data, Black Mesa area,
northeastern Arizona—1995: U.S. Geological Survey Open-File Report 96616, 22 p.
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Contaminant-Transport Interactions in
Ground Water and Surface Water in
Pinal Creek Basin near Globe, Arizona
(AZ082)

Location: East-central Arizona

Project Chief: James G. Brown

Period of Project: Continuous since April 1984

Supporting USGS program: U.S. Geological
Survey Toxic Substances Hydrology Program

Problem: Ground water in the Pinal Creek Basin is contaminated with acidic-waste solutions
from copper-mining and extraction activities. Trace metals have been mobilized in large
concentrations in the alluvial aquifer, and emergence of trace metals with ground-water discharge
to Pinal Creek may eventually threaten water quality at Lake Roosevelt, a major water supply for
the city of Phoenix. Research at Pinal Creek has significantly advanced understanding of the role
of mineral-water reactions in controlling transport of trace metals in contaminated ground water;
however, important questions remain unresolved and are the focus of ongoing and planned
studies in the Pinal Creek Basin.

Objectives: Research in the Pinal Creek Basin has the overall objective of increasing scientific
understanding of the controls on contaminant transport of metals in ground water and streamflow.
This effort includes developing new methods and models to investigate contaminant transport and
publishing outstanding findings. Research has been and continues to be a cooperative effort
among personnel of the Arizona District, the National Research Program (NRP) in Reston and
Menlo Park, the University of Arizona, and Arizona State University. The methods and models
developed at Pinal Creek should be applicable to some of the thousands of sites nationwide that
have been affected by acidic contamination from abandoned and active mines.

Approach: The reactions that controlled the observed chemical changes in the plume are being
identified through sampling of ground water, unsaturated-zone gases, and aquifer materials; and
geochemical transport modeling. Chlorofluorocarbon-age dates will be used to help calibrate a
three-dimensional ground-water flow model of the basin currently under development.
Interactions between contaminated ground water and surface water are being characterized
through the use of stream-tracer experiments, detailed sampling, and computer modeling of
stream/shallow ground-water transport interactions.

Progress and Significant Results, Fiscal Years 1996 and 1997: A USGS Water-Supply Paper
was published in 1996. The report summarizes nearly a decade of research at Pinal Creek. An
article on the analysis and modeling of plume evolution was approved and submitted to the
Journal of Hydrology for publication in a special volume on simulation of reactive transport in
natural systems. A USGS Fact Sheet that includes an overview of contamination at the site, a
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summary of recent findings, and a discussion of ongoing activities and research goals was
published in 1997. Information from the Fact Sheet is available on the Internet at the project home
page. Four new wells were drilled in February 1997 near the front of the acidic plume. Core
material was collected for use in laboratory and field experiments. District personnel assisted with
water-quality and tracer sampling and sediment coring during a surface-water field experiment in
May 1997 led by NRP and University of Arizona researchers. Slug tests were done at selected
monitor wells in September 1997. A network of 10 rainfall collectors was installed in the Pinal
Creek basin for isotope analysis.

Plans for Fiscal Year 1998: The development of a three-dimensional ground-water
finite-difference model of the basin will continue. Working with NRP researchers, core material
from the drilling in 1997 will be placed in selected wells for 6 to 18 months to examine
mineralogic changes that result from contact with contaminated ground water. An article on the
comparison of two reactive-transport models and reactive-transport simulation of a column
experiment will be submitted for approval and to the journal Groundwater. Reaction kinetics will
be incorporated into one-dimensional reactive-transport models of the study area. Sampling of
rainfall for isotope analysis by NRP researchers will continue through the spring of 1998.

Publications, Fiscal Years 1995-97:

Brown, J.G., Bassett, R.L., Glynn, P.D., and Parkhurst, D.L., 1995, Reactive transport of metal
contaminants in ground water in Pinal Creek Basin, Arizona, in Geddis, A.M., ed., Water
Use in Arizona—Cooperation or conflict: Arizona Hydrological Society Proceedings of
the Eighth Annual Symposium, September 14—-16, 1995, p. 104-105.

Brown, J.G., Brew, Robert, and Harvey, J.W., 1997, Research on acidic metal contaminants in
Pinal Creek Basin near Globe, Arizona: U.S. Geological Survey Fact Sheet FS—005-97,
4p.

Brown, J.G., and Favor, Barbara, eds., 1996, Hydrology and geochemistry of aquifer and stream
contamination related to acidic water in Pinal Creek Basin near Globe, Arizona: U.S.
Geological Survey Water-Supply Paper 2466, 103 p.

Brown, J.G., and Harvey, JJW., 1996, Hydrologic and geochemical factors affecting metal
contaminant transport in Pinal Creek Basin near Globe, Arizona, in Morganwalp, D.W.,
and Aronson, D.A., eds., U.S. Geological Survey Toxic Substances Hydrology Program—
Proceedings of the Technical Meeting, Colorado Springs, Colorado, September 2024,
1993: U.S. Geological Survey Water-Resources Investigations Report 94-4015, v. 2,
p. 1035-1042.

Harvey, JW., and Fuller, C.C.,, 1994, Hydrologic controls on manganese transport in a
contaminated stream-aquifer system, Pinal Creek Basin, Arizona [abs.]: American
Geophysical Union 1994 Fall Meeting, Supplement to EOS, November 1, 1994, p. 259.
1995, Role of stream-subsurface water exchange in enhancing manganese precipitation in
a contaminated drainage basin; American Geophysical Union, Programs and Abstracts of
Fifteenth Annual Hydrology Days, Report 95.2, April 3—7, 1995, Fort Collins, Colorado.
1996, Association of selected metals with colloidal and suspended particulate material in
shallow ground water and surface water at Pinal Creek, Arizona, in Morganwalp, D.W.,
and Aronson, D.A., eds., U.S. Geological Survey Toxic Substances Hydrology Program—
Proceedings of the Technical Meeting, Colorado Springs, Colorado, September 2024,
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1993: U.S. Geological Survey Water-Resources Investigations Report 944015, v. 2,
p. 1073-1079.

Harvey, J.W., Fuller, C.C., and Wagner, B.J., 1996, Interactions between shallow ground water
and surface water that affect metal transport in Pinal Creek, Arizona, in Morganwalp,
D.W., and Aronson, D.A., eds., U.S. Geological Survey Toxic Substances Hydrology
Program—Proceedings of the Technical Meeting, Colorado Springs, Colorado, September
2024, 1993: U.S. Geological Survey Water-Resources Investigations Report 94-4015,
v.2,p. 1065-1072.

Hulsapple, Scott, Conklin, Martha, and Harvey, Judson, 1995, A field study of volatile solute
transpott in a stream contaminated with heavy metals: American Geophysical Union 1995
Fall Meeting, December 11-15, 1995, San Francisco, California, published as a
supplement to EOS, November 7, 1995, p. F226.

Konieczki, A.D., and Angeroth, C.E.,, 1997, Hydrologic data from the study of acidic
contamination in the Miami Wash-Pinal Creek area, Arizona, water years 1994-96: U.S.
Geological Survey Open-File Report 97-247, 94 p.

Wagner, B.J.,, and Harvey, JW., 1997, Experimental design for estimating parameters of
rate-limited mass transfer—Analysis of stream tracer studies: American Geophysical
Union, Water Resources Research, v. 33, no. 7, p. 1731-1741.
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National Water Information System (NWIS) Program—Development and Support (41Z114)

Location: National
Project Chief: Colleen A. Babcock
Period of Project: Continuous since January 1989

Supporting USGS program: Headquarters

Problem: Hydrologic data for the WRD are currently stored in several data bases. These data
bases have been designed and developed over the past 25 to 30 years. The current data bases are
either hierarchical or sequential in design. In recent years as water issues are being evaluated with
a more multidiscipline approach, accessing several different archaic data systems hampers the
effective use of the hydrologic data. Newer technology provides for better integration of data
through the use of a relational data model. The new National Water Information System (NWIS)
must be designed, developed, and implemented and the existing NWIS maintained.

Objectives: The Arizona NWIS Team provides data-management support to the Division. The
Team will develop new software (programs), maintain existing software, and provide user
assistance and training related to analysis, storage, and retrieval of hydrologic data.

Approach: This project will provide funds for the project chiefs in District, State, and Field
offices to provide the following software design and maintenance activities: (1) Assure computer
software compatibility with new revisions of the UNIX operating system, test all software
functions under new revisions of the UNIX operating system, and make necessary modifications
to software and report operating-system problems to the distributed-information systems (DIS)
staff; (2) identify and repair reported malfunctions in the computer software and prioritize items
needing attention on the basis of importance, identify solutions to problems using various
software-debugging techniques, make modifications to software code, and test revised software;
(3) prepare revisions of the computer software as a part of NWIS releases; (4) provide user support
and training for computer-processing techniques in a distributed-computer environment; (5)
coordinate activities with other NWIS data managers; and (6) evaluate new hardware and software
technology to determine features for the hydrologic data bases.

Progress and Significant Results, Fiscal Years 1996 and 1997: Converted the PRIME-based
NWIS to a UNIX-based system. The conversion uses Ingres, a relational data-base management
system. Divisionwide implementation of NWIS on UNIX-based platforms was completed in
September 1997.

Plans for Fiscal Year 1998: Performance and technical improvements will be developed, tested,
and documented for release in the winter of 1997. The Data Base Administrator (DBA) guide will
be completed, and a DBA course will be developed. The NWIS team is planning two releases each
year to meet the identified requirements for the NWIS data-base system.
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The studies are being carried out in collaboration with the NRP, and include the work of J. Dungan
Smith, Stephen M. Wiele, Eleanor R. Griffin, and others in that program as well as that of Arizona
District personnel.

Progress and Significant Results, Fiscal Years 1996 and 1997: Data from streamflow-gaging
stations and a network of more than 40 stage-gaging stations aided in the development of an
accurate one-dimensional discharge-routing model. The model was used to compute hydrographs
at 38 sites along the river. The model also is in use by Arizona District personnel to aid in
streamflow gaging and to compute discharge at ungaged locations.

Bathymetric surveys were combined with topographic data above the water line to develop
topographic maps of the river channel downstream from the Paria and Little Colorado Rivers and
to prepare grids that represent the channel geometry for use in multidimensional models.
Multidimensional models of flow, sand transport, and bed evolution were used to estimate sand
deposition in the channel of the Colorado River that resulted from a flood on the Little Colorado
River in January 1993. Data from monumented cross sections show that model results agree with
measured changes to within about 5 percent.

Sand-storage monitoring shows that sand brought to the river by tributaries and deposited in the
channel is transported downstream even under the relatively low daily peak discharges allowed
under the restricted dam operating rules in effect since 1991. Sand initially deposited in eddies
along the channel margins is eroded more slowly than sand in the channel. High runoff in the
upper Colorado River Basin has caused dam releases to be higher and steadier than average since
June of 1995. Tributary inflows downstream from the dam were below average during the same
period until August 1997.

Releases of 45,000 ft*/s from Glen Canyon Dam in March 1996 created a controlled flood that
provided an opportunity for collection of data for testing model predictions at discharge rates
larger than normal powerplant releases. Because of the combined effect of higher preceding dam
releases and low tributary inflows, sand storage in the channel downstream from the Paria River
was less immediately before the controlled flood than when first measured in 1992. The flood
releases scoured sand from the channel bed, however, and redeposited it in higher elevation
sandbars as predicted. Load-cell sensors were installed in one sand bar before the flood and
documented the short-term changes in sand storage and bar evolution during the rising stage and
floodflow. River stage monitored at 29 locations during the controlled flood provided data on
amplitude and shape of the free surface wave for extension of the previously developed
one-dimensional discharge-routing model to releases larger than the powerplant range. The
stage-gage network was discontinued following the flood experiment. Reach-average velocity
measured by tracing rhodamine wt dye through a 225-mile reach was 1.8 m/s (6 ft/s).

A series of floods on the Paria River, the primary source of sand to the reach of river upstream
from the Little Colorado River, prompted additional measurements of sand storage at the
monumented cross sections and sampling of bed material and suspended sand at the
streamflow-gaging station at the downstream end of that reach in August and September of 1997.

Plans for Fiscal Year 1998: A new study plan focusing on the 100-mile reach downstream from
the dam will be implemented. The plan includes monitoring at a reduced number of monumented
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cross sections but extends the network upstream from Lees Ferry into Glen Canyon. The plan
includes measurement of sand storage and sampling of bed material at cross sections twice during
the year and additional measurements if flows from the dam are greater than powerplant releases.
Sampling of bed material and suspended sediment at streamflow-gaging stations at Lees Ferry
(river mile 0), above the Little Colorado River (river mile 61), and near Grand Canyon (river
mile 87) will be done to track the movement of sand carried to the river by flows in the Paria River.
Expanded measurement of water temperature, specific conductance, pH, and turbidity at those
streamflow-gaging stations also is planned.

A short period of dam releases near the powerplant maximum releases (31,000 ft3/s) was used in
November 1997 to test the ability of powerplant releases to move sand to eddies and to sandbars
above the normal operation stage. Data collected on sand-storage changes since the 1996
experimental flood and data on bed-material evolution and suspended-sediment transport will be
evaluated to provide information on the rate and mechanism of downstream movement of sand
brought to the river by floods on the Paria River. An increased emphasis on sampling floods on
the Paria River also will be implemented to improve estimates of sand delivered by the Paria
River.

Publications, Fiscal Years 1995-97:
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and Groundwater Resources: Association of Engineering Geologists 38th Annual Meeting
and the Groundwater Resources Association of California 4th Annual Meeting, Programs
and Abstracts, p. 40.
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of the Ninth Annual Symposium, Extended Abstracts, Prescott, Arizona, September

1214, 1996, p. 29-31.
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p. F271.
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Colorado River, Grand Canyon National Park, Little Colorado River confluence to Tanner
Rapids: U.S. Geological Survey Open-File Report 95-726, 7 sheets.

Graf, J.B., Jansen, S.M.D., Smith, J.D., and Wiele, S.M., 1995, Development of channel-geometry
information for flow and sediment-transport models, in Wright, P.J., Wegner, D.L., and
Protiva, Frank, A Pilot for Long-Term Monitoring of Resources on the Colorado River in
the Grand Canyon using Geographic Information System: Bureau of Reclamation Report
R-95-14, p. 29-36.

Graf, J.B, Marlow, J.E., Fisk, G.G., and Jansen, S.M.D., 1995, Sand-storage changes in the
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to February 1994: U.S. Geological Survey Open-File Report 95446, 61 p.

Graf, J.B., Marlow, J.E., Rigas, P.D., and Jansen, SM.D., 1997, Sand-storage changes in the
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Konieczki, A.D., Graf, J.B., and Carpenter, M.C., 1997, Streamflow and sediment data collected
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River between Lees Ferry and Diamond Creek, Arizona: U.S. Geological Survey
Open-File Report 97224, 55 p.

O’Day, C.M,, and Graf, J.B., 1996, Effects of the 1996 controlled flood on channel-sand storage
in the Colorado River, Grand Canyon, Arizona: American Geophysical Union 1996 Fall
Meeting, Supplement to EOS, Transactions, v. 77, no. 46, November 12, 1996, abstract no.
H42A-2, poster presentation, p. F271.

Rote, J.J., Flynn, M.E., and Bills, D.J., 1997, Hydrologic data, Colorado River and major
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PUBLICATIONS FROM THE ARIZONA DISTRICT,
FISCAL YEARS 1995-97
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SOURCES OF PUBLICATIONS AND INFORMATION

Many U.S. Geological Survey products and information are available as over-the-counter sales
from Earth Science Information Centers across the Nation. Included among these are:

« U.S. Geological Survey, Earth Science Information Center, Room 101, 4230
University Drive, Anchorage, AK 99508-4664; telephone: (907) 786-7011, email:
gfdwrscher@usgs.gov;

« U.S. Geological Survey, Earth Science Information Center, Box 25286, Building 810,
Room 1813, Denver Federal Center, MS504, Denver, CO 80225-0046; telephone:
(303) 202-4200, email: infoservices@usgs.gov;

» U.S. Geological Survey, Earth Science Information Center, Building 3, Room 3128,
345 Middlefield Rd., Menlo Park, CA 94025-3591; telephone: (650) 329-4309, email:
esic west@usgs.gov,

» U.S. Geological Survey, Earth Science Information Center, 2222 West 2300 South,
2nd floor, Salt Lake City UT, 84119-2020; telephone: (801) 975-3742, email:
slcesic@usgs.gov; and

» U.S. Geological Survey, Earth Science Information Center, U.S. Post Office Building,
Room 135, 904 West Riverside Avenue, Spokane, WA 99201; telephone: (509)
353-2524, email: esnfic@mailmcanl.wr.usgs.gov.

Most book reports (Professional Papers, Water-Supply Papers, Bulletins, Circulars, Water-
Resources Investigations Reports, and Open-File Reports) may be ordered from:

« U.S. Geological Survey, Information Services, Box 25286, Denver Federal Center,
Denver, CO 80225-0046; telephone: (303) 202-4200.

Hydrologic Investigations Atlases, Hydrologic Unit Maps, topographic maps, and other maps
pertaining to Arizona are available from:

» US. Geological Survey, Map Distribution, Box 25286, Denver Federal Center,
MS806, Denver, CO 80225-0286; telephone: (800) 435-7627, or 1-800—-USA-MAPS.

Circular 900, titled “Guide to Obtaining U.S. Geological Survey Information,” is a free
publication designed to help the public utilize U.S. Geological Survey resources. A copy of
Circular 900 may be obtained at the Earth Science Information Centers listed above or ordered
from the U.S. Geological Survey, Information Services (which also is listed above).

Certain reports—Those reports having an alpha-numeric designation such as “PB—89 167 399”
at the end of the citation, annual U.S. Geological Survey Water-Data Reports (which contain all
data collected and stored in the U.S. Geological Survey National Water Data Storage and
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Retrieval System, by State), and most Water-Resources Investigations Reports released before
1982—are available from:

» National Technical Information Service, U.S. Department of Commerce, 5285 Port
Royal Road, Springfield, VA 22161; telephone: (703) 605-6000, or 1-800—553-6847;
email: info@ ntis.fedworld.gov; orders@ ntis.fedworld.gov.

The National Water Data Exchange (NAWDEX) was established to assist users of water data in
identifying, locating, and acquiring needed data. NAWDEX maintains two data bases: A
Water-Data Sources Directory and a Master Water-Data Index that identifies and describes
water data. These are available from:

» U.S. Geological Survey, National Water Data Exchange, 12201 Sunrise Valley Drive,
MS421, Reston, VA 2019219881; telephone: (703) 648-5663.

New reports are announced monthly in “New Publications of the Geological Survey,” which is
available on line at: http://pubs.usgs.gov/publications. The printed version can be obtained by
writing to:

» US. Geological Survey New Publications, 903 National Center, Reston, VA
20192-9881.

Topographic, orthophotoquad, land-use, and land-cover maps, and geographic-name and
geodesic-control lists pertaining to Arizona are available from:

» U.S. Geological Survey, Earth Science Information Center, Building 3, Room 3128,
345 Middlefield Rd., Menlo Park, CA 94025-3591; telephone: (650) 329-4309.

Reports and maps produced by the Arizona District are available for inspection in the Tucson,
Arizona, office:

» U.S. Geological Survey, Water Resources Division, 520 N. Park Avenue, Suite 221,
Tucson, AZ 85719-5035; telephone: (520) 670-6671, extension 246.
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