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MESSAGE FROM THE DISTRICT CHIEF

The collection of hydrologic data and the investigation and assessment of the quantity,
quality, and use of surface- and ground-water resources are major components of the mission of
the Water Resources Division, U.S. Geological Survey. 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 river and tributaries; (2) chemistry and
suspended-sediment concentration of selected rivers; (3) levels and quality of principal aquifers;
and (4) surface- and ground-water use. Data from this network are compiled and entered in the
Survey’s National Water Information System data base, located in Reston, Virginia, and are
published annually in the report series “Water Resources Data—Arizona.” The Hydrologic Data
Section has made substantial progress in developing a real-time hydrologic data base. Surface-
and ground-water data at 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.

The Water Resources Division (WRD) will implement the National Water Information
System-II (NWIS-II) during 1995. This data-base system will replace the data-base systems
currently in use. NWIS-II will provide data-handling and data-storage procedures that are
uniform across all disciplines of WRD, will serve as an archive for all data used in published
products, will provide a national water data base and index, and will comply with industry
software and data standards.

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 1995—
96 is to provide timely, objective hydrologic information to Federal, Tribal, State, and local
agencies regarding water-supply availability, 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 within their reservation boundaries. The District is working cooperatively with several
Tribes to assist them in their efforts to manage their water resources.
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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.
Ground-water studies employing modeling and geochemical techniques are proposed for both the
San Pedro and Verde River basins. Population growth and industrial expansion along the
international border with Mexico is placing demands upon a limited water supply and this may be
affecting the quality of ground and surface waters. Studies of transboundary aquifers and the
movement of contaminated ground water are proposed to begin in FY 1995-96. Intensive
pumping of ground water for irrigation and municipal use in Arizona continues to cause the land
surface to subside in alluvial basins. The greatest measured land subsidence in the State of
Arizona has occurred near Luke AFB 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.

Work will continue on the study of the effects of releases of water from Glen Canyon Dam
through the Grand Canyon National Park. A large controlled release of water is planned during
FY 1996 to determine the effects of the flow on the beaches and other sediment-transport
processes in the canyon. This work is critical for the future management of Glen Canyon Dam
and the preservation of Grand Canyon National Park.

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
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CONVERSION FACTORS

Multiply By To obtain
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 4,047 square meter
square mile (mi?) 2.590 square kilometer
acre-foot (acre-ft) 0.001233 cubic hectometer
cubic foot per second /s 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06308 liter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second

Fiscal Year and Water Year: Both comprise the 12-month period from October 1 through
September 30 and are designated by the year in which that period ends (for example, Fiscal Year

1986 began October 1, 1985, and ended September 30, 1986).
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ORIGIN OF THE U.S. GEOLOGICAL SURVEY

~ The U.S. Geological Survey (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
mapmaking agency, the primary source of data on the Nation’s surface- and ground-water
resources, and the employer of the largest number of professional earth scientists. Today’s
programs serve a diversity of needs and users. Programs include:

» Conducting detailed assessments of the energy and mineral potential of the
Nation’s land and offshore areas.

« Investigating and issuing warnings of earthquakes, volcanic eruptions, landslides,
and other geologic and hydrologic hazards.

» Conducting research on the geologic structure of the Nation.

« Studying the geologic features, structure, processes, and history of the other planets
of our solar system.

» Conducting topographic surveys of the Nation and preparing topographic and
thematic maps and related cartographic products.

» Developing and producing digital cartographic data bases and products.

» Collecting data on a routine basis to determine the quantity, quality, and use of
surface and ground water.

» Conducting water-resource appraisals in order to describe the consequences of
alternative plans for developing land and water resources.

» Conducting research in hydraulics and hydrology and coordinating all Federal
water-data acquisition.

» Using remotely sensed data to develop new cartographic, geologic, and hydrologic
research techniques for natural-resources planning and management.

 Providing earth-science information through an extensive publications program and
a network of public-access points.

Along with its continuing commitment to meet the growing and changing earth-science
needs of the Nation, the USGS remains dedicated to its original mission to collect, analyze,
interpret, publish, and disseminate information about the natural resources of the Nation—
providing “Earth science in the public service.”



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 U.S.
Geological Survey independent of, or in cooperation with, other Federal and non-Federal agencies.
These programs include the following:

+ Collecting, on a systematic basis, data needed for the continuing determination and
evaluation of the quantity, quality, and use of the Nation’s water resources.

» Conducting analytical and interpretive water-resource appraisals of the occurrence,
availability, and the physical, chemical, and biological characteristics of surface
water and ground water.

 Conducting 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.

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

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

» Providing 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

Water-resources activities of the U.S. Geological Survey in Arizona consist of collecting
water-resources data and conducting interpretive hydrologic investigations and research. The
water-resources data and the results of the interpretive investigations and research are published or
released by the U.S. Geological Survey or by cooperating agencies. This report describes the
data-collection activities and water-resources investigations in Arizona for fiscal years 1995-96
(October 1, 1994, to September 30, 1996). Reports published in fiscal years 1992-94 are included
in the back of this report to provide a complete list since the last activities report, which included
reports published in fiscal years 1984-91.



Organization

The Arizona District, which is headquartered in Tucson, 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 1994,
the Arizona District employed a total of about 100 persons (89 full time and 11 other than full
time)—15 in Flagstaff, 21 in Tempe, 57 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.

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),
such as the U.S. Army Corps of Engineers (OF A program); and by funds appropriated directly to
the U.S. Geological Survey (Federal program). In fiscal year 1995, the financial support for these
programs in Arizona was about $7.8 million, which was distributed as shown in figure 2. Agencies
that supported water-resources investigations through cooperative agreements 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 Safford

City of Tucson

Cochise County Flood Control District

Flood Control District of Maricopa County

Gila Valley Irrigation District

Gila Valley Water Commission

The Hopi Tribe

The Hualapai Tribe

The Havasupai Tribe
The Navajo Nation

Metro Water District

Metropolitan Water District of Southern
California

Pima County Board of Supervisors

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

Show Low Irrigation Company
Tohono O’Odham Nation
University of Arizona

The Yavapai Tribe

Federal Agencies

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

U.S. Department of Agriculture
Forest Service

U.S. Department of the Interior
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Reclamation
Fish and Wildlife Service
National Park Service
Office of the Secretary

U.S. Department of Defense
U.S. Army Corps of Engineers
U.S. Air Force
U.S. Army



Arizona District Office
375 South Euclid Avenue
Tucson, Arizona 85719
520 670-6671

Office for Northern Arizona Program

2255 North Gemini Drive
Flagstaff, Arizona 86001
520 556-7136

Office for Central Arizona Program
1545 West University Drive
Tempe, Arizona 85281

602 379-3086

Yuma Field Office

1940 South Third Avenue
Yuma, Arizona 85364
520 7826024

2z
R
>

I 2 O

a o
l——-—l Elagstaff

Office of the District Chief

Assistant District Chief

Computer Support Section

Administrative Services

{ Reports Section

l

Hydrologic Data Management
& Review Section

[

I_l_l

Graphics Editorial
Unit Unit

Hydrologic Data Program

National Water Information
System Development
Support

Special Assignment—
Office of Water Quality

Tucson Yuma
Field Office | | Field Office

Office for Central
Arizona Program,
Tempe, Arizona

Hydrologic Investigations
& Research Program

Office for Northern
Arizona Program,
Flagstaff, Arizona

November 1995

Figure 1. Location of Water Resources Division offices and organization of the Arizona District, 1995.
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Runoff patterns in Arizona vary greatly. In desert areas of the Plateau uplands water
province and the Basin and Range lowlands water province, average annual runoff is less than 0.1
inch. In the mountainous parts of these provinces and in most of the Central highlands water
province, annual runoff is as much as 5 inches. Runoff from perennial streams in the Central
highlands is collected in storage reservoirs that provide water for use in the Basin and Range
lowlands. Some runoff infiltrates and recharges the ground-water reservoirs. The quantity of
monthly runoff for water year 1994 compared with median monthly runoff for water years
195180 for three representative gaging stations is shown in figure 7.

Except for the Colorado River, few streams in the Plateau uplands water province are
perennial. In the Central highlands water province, the principal stream is the Gila River, which
has its headwaters in New Mexico. The Salt, Verde, and Aqua Fria Rivers originate in the Central
highlands and are important tributaries to the Gila River. In the deserts of the Basin and Range
lowlands water province, few streams are perennial. Major agricultural areas and the homes of
seven of every eight Arizonans are in this province; the economy depends on ground water and
water from surface storage reservoirs. Three reservoirs in the Basin and Range lowlands are
provided with runoff from perennial streams in the Central highlands.

Ground Water

The Basin and Range lowlands province is the most highly developed of the three water
provinces. In 1990 about 3.2 million acre-feet of ground water was withdrawn in the province,
which was more than 94 percent of the total ground-water withdrawal in the State. In general, most
water levels declined significantly during the 1950’s through the 1970°s when ground-water
withdrawal was the greatest. Since the mid-1970’s, however, ground-water withdrawal has
decreased and the rate of water-level declines has been reduced, and in some areas, water levels
are rising. The Central highlands province is the transition zone between the other two provinces
and is the smallest. Only a few thousand acres of land is cultivated and the quantity of ground
water withdrawn has not resulted in notable water-level declines. In 1990, about 87,000 acre-feet
of water was withdrawn in the province. Annual ground-water withdrawals in this province are
generally increasing and reached an all time high of 92,000 acre-ft in 1989. In the Plateau uplands
province, ground-water development is small compared with that in the Basin and Range lowlands
province. Ground water is used mainly by scattered farms and homesites, industrial and utility
sites, and a few population centers. In 1990, about 106,000 acre-feet of water was withdrawn.
Annual ground-water withdrawals in this province are generally increasing and reached an all time
high of 112,000 acre-ft in 1989.

Quality of Water

Many rivers in Arizona provide water suitable for most uses, although human activities
have adversely affected the quality of surface water in parts of the State. In 1994,
surface-water-quality data were collected at 45 sites (fig. 8). Hydrologic modifications in the form
of dams, reservoirs, diversion canals, vegetation removal, sand and gravel mining, and irrigation
return flows have had a significant negative effect on native fish and wildlife in Arizona and
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directly impair water quality. Livestock grazing, mining activities, intense recreational use, and
urbanization have also negatively affected stream quality.

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, (2) leachates from mining 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.
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Water-Resources Remote-Sensing Data Base (AZ151)

Location: Various international areas

Project Chief: Wesley D. Meehan

Period of Project: Continuous since October 1994
Funding Agency: U.S. Army Corps of Engineers

Problem: In the past, U.S. military deployments have been in nonarid regions of the world where
fresh surface-water supplies were readily available. Recently, U.S. military planners have
recognized a need for water-support planning in the event of rapid deployment in unfamiliar parts
of the world where adequate water resources are not easily accessible.

Objectives: To evaluate quantity, quality, and availability of surface-water, ground-water, and
water-supply facility resources in arid regions of the world. Studies of the various areas will result
in a better understanding of the water resources of the world and provide valuable information for
defense needs. Products from the study will serve as input to an automated data base and overall
hydrologic evaluation of assigned areas for future use in defense planning and operations.

Approach: Assignments of study areas are made by the U.S. Army Corps of Engineers, through
the U.S. Geological Survey/Water Resources Division (USGS/WRD) Reston office. First, all
available geohydrologic information is reviewed. Significant hydrologic and geologic data is
incorporated into the Water-Resources Data-Base Program. The information is then used to
evaluate surface-water, ground-water, and water-supply facility resources. Unpublished
interpretative reports are generated that summarize all aspects of water availability within a
specified region.

Plans for Fiscal Year 1995: The project will be initiated with the assignment of personnel and
space allocations. Training will begin in May 1995, and project work will begin immediately after
training.
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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;

» U.S. Geological Survey, Earth Science Information Center, Box 25046, Building 25,
Room 1813, Denver Federal Center, MS504, Denver, CO 80225-0046; telephone
(303) 236-5829;

» U.S. Geological Survey, Earth Science Information Center, Building 3, Room 3128,
345 Middlefield Rd., Menlo Park, CA 94025; telephone (415) 329-4309 or -4390;

e U.S. Geological Survey, Earth Science Information Center, Room 8105, Federal
Building, 125 South State Street, Salt Lake City, UT 84138-1177; telephone (801)
524-5652; and

» U.S. Geological Survey, Earth Science Information Center, U.S. Post Office Building,
Room 135, West 904 Riverside Avenue, Spokane, WA (509) 353-2524.

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, Earth Science Information Center, Open-File Reports Section,
Box 25286, MS517, Denver Federal Center, Denver, CO 80225-0286; telephone (800)
435-76217.

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

o U.S. Geological Survey, Map Distribution, Box 25286, Denver Federal Center,
Building 810, Denver, CO 80225-0286; telephone (800) 435-7627.

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 Earth Science Information Center, Open-File Reports Section (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 Retrieval
System, by state), and most Water-Resources Investigations Reports released before 1982—are
available from:
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» National Technical Information Service, U.S. Department of Commerce, 5285 Port
Royal Road, Springfield, VA 22161; telephone (703) 487-4650.

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, 421 National Center, Reston,
VA 22092; telephone (703) 648-6848.

New reports are announced monthly in “New Publications of the Geological Survey,”
subscriptions to which are available upon request from:

» U.S. Geological Survey New Publications, 582 National Center, Reston, VA 22092.

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; telephone (415) 329-4309 or -4390.

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

» U.S. Geological Survey, Water Resources Division, 375 South Euclid Avenue, Tucson,
AZ 85719; telephone (520) 670-6671 or -6201.
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