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MESSAGE FROM THE DISTRICT CHIEF

The U.S. Geological Survey has been describing the water resources of California for more than 100
years. The California District consists of 250 staff members at nine locations, all of whom have contributed in
some way to the studies described in this report. To accomplish the mission of describing the water resources of
the State, the Survey staff works with more than 130 cooperating local, State, and Federal agencies with common
interests in this most valuable resource.

Climate extremes, such as the recent drought which is still fresh in people’s minds, serve to focus our
attention on the need for timely, high-quality water information. The flooding that occurred in southern
California during the winter of 1992-93 is a reminder that climate extremes can change quickly.

The studies described in this report cover a wide range of water issues in California that are important
to water managers and scientists. The complex water issues in the San Joaquin Valley are being addressed as
part of the National Water Quality Assessment Program (NAWQA). National-, regional-, and local-scale studies
are included in the NAWQA design because hydrologic issues usually cross political boundaries. Beginning in
1994, the Sacramento Valley also will be included in the NAWQA program. Important hydrodynamic and
water-quality studies are continuing in the Sacramento-San Joaquin Delta and San Francisco Bay. In southern
California, the Regional Aquifer System Analysis and associated projects are continuing to provide important
information, including seawater intrusion along the coast and the complex hydrology of desert basins. In
addition, evaluations of the effectiveness of water reclamation and recharge practices and assistance to water
agencies in optimum management of water resources are primary focuses of studies in the southern part of the
State. The statewide streamflow-measuring program provides information essential to water management.
Details on these and other studies have been assembled in this report to provide the public with a summary of
the water-resource activities of the U.S. Geological Survey in the State.

The California District staff is dedicated to accomplishing its mission to study and describe California’s
water resources. | welcome any comments or suggestions that you, the users of our information, might have to
help us improve in this area. Please feel free to contact me directly at (916) 978-4633 or write to

Michael V. Shulters

District Chief

U.S. Geological Survey

Federal Building, Room W-2233
2800 Cottage Way

Sacramento, CA 95825
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U.S. GEOLOGICAL SURVEY ORIGIN

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 mission includes publishing and disseminating the earth-science information
needed to understand, to plan the use of, and to manage the Nations’s energy, land, mineral, and water
resources.

Since 1879, the research and factfinding role of the USGS has grown and been modified to meet
the changing needs of the Nation. As part of that evolution, the USGS has become the Federal
Government’s most comprehensive 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

» Assessing the energy and mineral potential of the Nation’s land and offshore areas.

* Geological risk assessment, including issuing warnings of earthquakes, volcanic eruptions, landslides,
and other geologic and hydrologic hazards.

* Conducting research on the tectonics of the Earth.
» Studying the geologic features, structure, processes, and history of the other planets of our solar system.

» Conducting topographic surveys 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 ground- and surface-water hydrology and hydraulics and coordinating water-data
acquisition with other Federal agencies.

» 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."
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WATER RESOURCES DIVISION BASIC MISSION AND PROGRAM

The mission of the Water Resources Division (WRD) is to provide the hydrologic information and
understanding needed for the optimum use and management of the Nation’s water resources. To
accomplish this mission, the WRD, in cooperation with local, State, and Federal agencies, uses a wide
variety of techniques to collect and interpret hydrologic information and to transfer that information to the
water-user community. An integral part of that mission includes publishing and disseminating the earth-
science information needed to understand, plan the use of, and manage the Nation’s energy, land, mineral,
and water resources.

This is accomplished, in large part, through cooperation with other Federal and non-Federal agencies, by

» Systematically collecting data needed for evaluating the quantity, quality, and use of the Nation’s water
resources.

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

* Conducting basic and applied research in hydraulics, hydrology, and water chemistry, solute transport,
and hydraulic modeling to improve the scientific basis for investigations and measurement techniques
and to understand hydrologic systems sufficiently well to quantitatively predict their response to stress,
either natural or manmade.

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

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

 Providing scientific and technical assistance in hydrology fields to other Federal, State, and local
agencies, to licensees of the Federal Energy Regulatory Commission, and to International agencies on
behalf of the Department of State.

CALIFORNIA DISTRICT ORGANIZATION

The headquarters for the California District is in Sacramento. Hydrologic investigations and data
collection during fiscal year 1993 were done from 2 project offices (Sacramento and San Diego) and 8
field offices. These offices and supporting units are shown in the District organization chart (fig. 1). The
location of each office is shown in figure 2. (At the end of fiscal year 1993, several field offices were
closed and one was opened. These are noted to provide up-to-date information.)

2 Activitios of the Water Resources Division, Califomla District, Fiscal Year 1993
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CALIFORNIA DISTRICT ADDRESSES

Inquiries regarding projects described in this report may be directed to the District Office. Addresses for
the offices of the District Chief and Assistant District Chiefs and Field Office Chiefs are listed below. Locations
of the offices are shown in figure 2.

DISTRICT CHIEF
Michael V. Shulters (916) 978-4633 U.S. Geological Survey
District Chief 2800 Cottage Way, Rm W-2233
Sacramento, CA 95825
ASSISTANT DISTRICT CHIEFS

Steven J. Deverel (916) 978-4648 2800 Cottage Way, Rm W-2233
Assistant District Sacramento, CA 95825
Chief-Northern California

Anthony Buono (619) 637-9005 5735 Kearny Villa Road

Assistant District Suite O
Chief-Southern California San Diego, CA 92123

Frederick J. Heimes (916) 978-4640 2800 Cottage Way, Rm W-2233

Assistant District Chief- Sacramento, CA 95825

Information Management
FIELD OFFICE CHIEFS
Bakersfield
Paul D. Hayes (805) 861-4347 3131 Pegasus Drive
Bakersfield, CA 93308

Carnelian Bay

James R. Mullen (916) 546-0187 5229 North Lake Boulevard
P.O. Box 1360
Carnelian Bay, CA 96140
Eureka Office closed August 1993
Redding
Michael F. Friebel (916) 246-5282 11075 Black Marble Way
Redding, CA 96003
Sacramento
Steven W. Anderson (916) 978-4660 3419-A Arden Way
Sacramento, CA 95825
Salinas
Larry F. Trujillo (408) 754-6717 1636 East Alisal Street
Salinas, CA 93905
P.O. Box 5027
Salinas, CA 93915
Santa Rosa Office closed August 1993
Santee
Jeffrey Agajanian (619) 557-5155 10130 Mission Gorge Road
Santee, CA 92071
Ukiah Office opened August 1993
Kenneth L. Markham (707) 462-2794 1240 Airport Park Boulevard

Ukiah, CA 95482
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CALIFORNIA DISTRICT FUNDING

Programs of the Water Resources Division in California are funded by (1) Federal appropriations to the
Geological Survey by Congress; (2) Federal and State cooperation, in which the Water Resources Division represents
national interest and the cooperating agencies represent State and local interest with the funding generally shared
equally (the Federal share comes from direct Congressional appropriations); and (3) other Federal agencies (OFA).
Total funds and sources of funding for fiscal year 1993 are shown in figure 3.

October 1 to September 30 and is designated by the calendar year in which it ends.]

Funding percentages for investigations for fiscal year 1993 in each of the broad categories of hydrologic-data

collection, areal appraisals and interpretive studies, and research projects are shown in figure 4.

In fiscal year 1993, the following State, local, and Federal agencies contributed funds and services under
cooperative programs with the California District:

State Agencies

California Department of Conservation
California Department of Boating and
Waterways
California Department of Parks and Recreation
California Department of Transportation
California Department of Water Resources
California State Water Resources Control Board
California Regional Water Quality Control Board
Central Valley Region
San Francisco Bay Region
California Polytechnic State University-San Luis
Obispo

Local Agencies

Adelanto, city of

Alameda County Flood Control and Water
Conservation District

Alameda County Water District

Antelope Valley-East Kern Water Agency

Atherton, city of

Barstow, city of

Calaveras County Water District

Calleguas Municipal Water District

Carpenteria County Water District

Casitas Municipal Water District

Coachella Valley Water District

Contra Costa County Flood Control and Water
Conservation District

Contra Costa Water District

Crestline-Lake Arrowhead Water Agency

Desert Water Agency

East Bay Municipal Utility District

Eastern Municipal Water District

Energy Growth Partnership

Five Bears Hydroelectric

Georgetown Divide Public Utility District

Highland Hydro Constructors

Local Agencies--Continued

Hopland Band of Pomo Indians

Humboldt Bay Municipal Water District

Imperial County Department of Public Works

Imperial Irrigation District

Independent Hydro Developers

Indian Wells Valley Water District

Lassen Station Hydroelectric

Los Angeles County Department of Public
Works

Louisiana State University and
A&M College

Madera Irrigation District

Malacha Power Project

Marin Municipal Water District

Mendocino County Water Agency

Merced, city of

Merced Irrigation District

Mojave Water Agency

Mono County

Montecito Water District

Monterey County Water Resources Agency

Monterey Peninsula Water Management District

Moronogo Band of Mission Indians

Nelson Creek Power Company

Nevada Irrigation District

Oakdale-South San Joaquin Irrigation District

Olcese Water District

Orange County Water District

Oroville-Wyandotte Irrigation District

Pacific Gas & Electric Company

PacificCorp

Palmdale, city of

Palo Alto, city of

Pechanga Indian Reservation

Placer County Water Agency

Riverside County Flood Control and Water
Conservation District

Rock Creek Limited Partnership

6 Activities of the Water Resources Division, California District, Fiscal Year 1993
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Local Agencies--Continued

Sacramento Municipal Utility District

Sacramento County Regional Sanitation
District

San Benito County Water District

San Bernardino County Flood Control District

San Bernardino Valley Municipal Water
District

San Diego, city of

San Diego County Department of Public Works

San Francisco, city and county of,

Hetch Hetchy Water and Power

San Francisco Water Department

San Luis Obispo County Engineering
Department

San Mateo County

Santa Barbara, city of

Santa Barbara County Flood Control and Water
Conservation District

Santa Barbara County Water Agency

Santa Clara Valley Water district

Santa Cruz, city of

Santa Cruz County Flood Control and Water
Conservation District

Santa Margarita River Watershed (watermaster)

Santa Maria Valley Water Conservation
District

Santa Ynez River Water Conservation
District

Scotts Valley Water District

Sonoma County Planning Department

Sonoma County Water Agency

South Sutter Water District

Southern California Edison Company

STS Hydropower Ltd.

Synergics, Inc.

Tulare County Flood Control District

Tuolumne County

Turlock Irrigation District

United Water Conservation District

Local Agencies--Continued

Ventura County Public Works Agency

Water Replenishment District of Southern
California

Woodbridge Irrigation District

Yolo County Flood Control and Water
Conservation District

Yuba County Water Agency

Federal Agencies

Department of the Air Force
Edwards Air Force Base
Vandenberg Air Force Base

Department of the Army
Corps of Engineers
Los Angeles District
Sacramento District
San Francisco District
Mobile, Alabama District
Fort Irwin

U.S. Department of the Interior
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Reclamation
National Park Service

U.S. Environmental Protection Agency

Department of the Navy

U.S. Navy
Naval Air Station, Point Mugu
Navy Southwest, San Diego

U.S. Marine Corps
Marine Corps Air Ground Combat Center,

Twentynine Palms

Marine Corps Base, Camp Pendleton
Marine Corps Logistics Base, Barstow

California District Addresses 7



State and Local Funds
Federal-State Cooperative Program

Other Federal Agencies

Geological Survey

Federal Program Geological Survey Funds

FY 1993 Federal-State Cooperative Program
TOTAL $18,953,975

Figure 3. Sources of California District funds in fiscal year 1993.

Reseach Projects
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Figure 4. Categories of investigations in the California District, by funding, fiscal year 1993.

8 Activities of the Water Resources Division, California District, Fiscal Year 1993



WATER CONDITIONS

The 1993 water year (October 1, 1992, to September 30, 1993) finally brought statewide relief
from the 6 years of drought that beset California from 1987 to 1992. For the first time since 1986,
precipitation exceeded average throughout the State (fig. 5). Statewide precipitation was 142 percent of
the long-term average--the highest since 1983, a record-setting water year. Runoff was above average in
all but the South Lahontan region (figs. 6 and 7). Statewide runoff was 125 percent of average. Runoff
in the important Sacramento River basin, which typically provides about one-quarter of the water used by
California’s farms and cities, was 122 percent of average (figs. 6 and 8). Reservoir storage, severely
depleted by the 6 years of drought, recovered and, by the end of the water year, was 106 percent of
average for the date (fig. 9)--significantly improved from 56 percent of average for the date at the
beginning of the water year.

The storms that brought relief from the drought also brought severe flooding to southern
California. As shown in figure 7, runoff for 1993 for Arroyo Seco near Pasadena was the highest since
1969--the year of highest runoff on record. This was the second consecutive year of above-average
precipitation and runoff in southern California, and it is safe to say that the drought there is over. The
turnaround for the rest of the State was not so dramatic, however. As shown for all other stations in
figure 7 and for the Sacramento basin in figure 8, runoff for 1993 was the highest since only 1986, the
last nondrought year. Although the statewide drought was declared over by State officials as water-supply
concerns were alleviated, the lingering effects of the drought and the persistence of its associated climatic
patterns may require a wet year in 1994 before all agree with this declaration.

1993 WATER YEAR

The 1993 water year began with hope for a change from the persistent drought with October
precipitation well above average in all regions of the State. However, October is not usually a very wet
month and the above-average precipitation provided more hope than water. November, which typically
marks the beginning of California’s rainy season, returned to well below-average conditions statewide.
Lake Tahoe (fig. 10), below its natural rim since September 1990, reached a record-low elevation of
6,220.26 feet on November 30, 1992. The previous record low was 6,221.74 feet in December 1934.
Early December storms began the period of wet weather that persisted into spring and finally brought the
State out of its drought. In spite of higher than average precipitation in December, however, streamflow
runoff continued to lag and did not reach above-average runoff until January. At the end of December,
reservoir storage was still only 58 percent of average for the date.

January precipitation was more than twice average for most of the State, with precipitation in the
South Coastal region more than 4 1/2 times average. With drainage basins saturated, substantial runoff
began with areas of flooding across the entire length of the State. January runoff was 150 percent of
average statewide but was much greater in the south. Runoff in the Central Coast region was more than
4 times average and in the South Coast region more than 10 times average. Several rivers in southern
California had record peak flow. Mudslides and floods caused death and destruction on several rivers.
In northern California, rivers reached their highest levels since 1986. Smaller reservoirs began to fill or
encroach on storage allocated for flood protection. The Sacramento River overflowed into the flood-
control channels that protect the city of Sacramento, also for the first time since 1986. In January, the
rapid accumulation of snow in the mountains caused the closures of major highways, structural damage
to buildings, and propane-tank explosions caused by leaking gas.

As a result of the January storms, President Clinton ordered Federal disaster aid for 22 counties

and 3 cities across California. Statewide, the storms caused at least 22 deaths and damaged more than
1,000 residences and commercial properties.
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EXPLANATION
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Figure 5. Precipitation for the 1993 water year, in percent, by hydrologic region relative to long-

term average.
Department of Water Resources)

Statewide precipitation was 142 percent.

(Data compiled by California
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average. Statewide runoff was 125 percent. (Data compiled by California Department of Water
Resources)
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Above-average precipitation and runoff continued into February in most parts of the State. The
precipitation distribution pattern that began in October continued, with the southern part of the State
receiving proportionately more precipitation (relative to long-term averages) than the north. In fact,
January and February precipitation in the South Coast region virtually matched, in absolute terms, that in
the Sacramento region and exceeded that in the North Coast region which typically has relatively high
precipitation. February runoff in the North Coast region actually fell below average for the month.

By early February, snowfall in the mountains already had reached or exceeded the average for
April 1 when the snowpack typically reaches its maximum. The snowpack accumulated through the end
of February at a rate nearly that of the winter of 1982-83, the maximum on record. Reservoir storage at
the end of February reached 85 percent of average for the date. Increasing reservoir storage, a large
snowpack, and forecasts of above-average runoff for the year resulted in declarations by water managers
and the governor (February 24, 1993) that "the drought is over."

March ended the winter storm season with precipitation near average in the central part of the
State and well below average in the northern and southern parts of the State. Runoff continued above
average and, in March, snowmelt began to make significant contributions to runoff. Flood-control
operations began for several major reservoirs in the Sacramento River basins. April precipitation was well
below average except in the North Coast and northern Sacramento regions, reversing the distribution
exhibited during the winter. No rain in San Diego during April set a record. The snowpack in the Sierra
Nevada decreased slightly during March and April, unable to keep up with the record pace of the 1983
water year.

A series of storms in late May and early June provided the last significant precipitation for the
year. In May, precipitation fell primarily in the northern part of the State, while in early June precipitation
was statewide. The upper Sacramento River reached the flood-warning stage and overflowed into the
flood bypass channel at the Tisdale Weir, which was the latest in the year for it to overflow since the
height of the weir was raised in 1935. Snowmelt runoff peaked in late May and continued through June
and into early July. Reservoir storage surpassed average for the date by the end of May.

July through September was exceptionally dry, even considering California’s normally dry
summer. Although storm systems in the north brought some showers to the higher mountains, there was
a notable absence of the tropical moisture moving north out of Mexico, which commonly produces
showers in the southern Sierra Nevada and southern deserts. Most observers in the Sierra Nevada reported
little or no rain. In spite of the dry summer, runoff in many areas of the State continued above average
through the end of the water year. Reservoir storage also remained above average.

14 Activities of the Water Resources Division, California District, Fiscal Year 1993
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Figure 10. Water levels in Lake Tahoe. The natural rim is the level below which water cannot flow
out of the lake. Add 6,220 feet to adjust gage heights to elevations above sea level. A, Month-
end water levels for 1900-93. B. Daily water levels for October 1985 to September 1993.
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FLOODING IN SOUTHERN CALIFORNIA, JANUARY-FEBRUARY 1993

From January 6 to February 28, 1993, a series of storms produced 20 to 40 inches of rain over
much of the southern California coastal and mountain areas and more than 52 inches at some locations
in the San Bernardino Mountains.

The first major runoff peak occurred January 6 and 7, as a result of heavy rainfall on a fairly
substantial snowpack that had accumulated in December 1992 in the San Gabriel and San Bernardino
Mountains. The recurrence intervals (average interval of time in which a given peak flow will be equaled
or exceeded once) for these peak flows in the Mojave and Santa Ana River Basins were about 25 to 50
years. In the Victorville area, the Mojave River overtopped a levee, causing damage to a housing tract.

A second major runoff peak occurred late on January 16, with the most severe flooding in the
Santa Margarita and San Luis Rey River basins. Rainfall data show the 6-hour precipitation frequency
(similar to recurrence interval for streamflow) was more than 100 years. This intense precipitation fell
on a drainage basin still saturated from the January 6-7 storm. Several peaks of record were recorded in
the Santa Margarita River basin, some at streamflow-gaging stations with as much as 70 years of record.
Peak flows exceeded a 100-year recurrence interval flood at several streamflow-gaging stations. The peak
stage at the Murrieta Creek near Temecula streamflow-gaging station overtopped the gage shelter,
exceeding the previous peak of record by more than 5 feet. Floodwaters caused damage in the city of
Temecula. The Santa Margarita River near the Temecula streamflow-gaging station, just downstream from
the Murrieta Creek gage, also had a peak stage exceeding the previous peak by more than 5 feet. The
Santa Margarita River caused extensive flooding and damage at the U.S. Marine Corps’ Camp Pendleton
near the mouth of the river, where the debris-choked river washed out a bridge and deposited large
quantities of sediment and debris as floodwaters spread over the broad, flat floodplain.

A nearly identical storm pattern as that in January developed in early February. Major storms and
resultant runoff peaks occurred on February 8 and from February 18 to 19. The peak streamflows were
in the 25- to 50-year recurrence interval range. Significant local flooding occurred because of the
saturated conditions in the drainage basins owing to the January storms. Major bank failures occurred
along the Mojave River in the Silver Lakes area as a result of sustained high flow in the normally dry
channel.

CLIMATOLOGICAL PERSPECTIVES

The winters of water years 1992 and 1993 included periods of nearly continuous storms that
caused severe flooding in southern California, especially during February 1992 and January-February 1993.
The intensity of these winter storms may be the result of a very recent tendency for winter storms to focus
on the southern part of the State, as well as on Arizona. This tendency may be associated with changes
in the frequency and severity of El Nino since about 1965 but is more directly a result of broad changes
in winter atmospheric circulations over the eastern North Pacific Ocean and North America. This change
in winter-storm patterns also seems to be associated with certain long-term atmospheric trends that
facilitated the recent drought in California.

16 Activities of the Water Resources Division, Califomia District, Fiscal Year 1993



The winter storms of both February 1992 and January-February 1993 were spun off from large
regions of low pressure in the atmosphere off the coast of northern California and Oregon. For both
winters, this low-pressure region was forced farther south than normal by a high-pressure area to its north,
over Alaska and the Gulf of Alaska. The storms built strength as they approached southern California by
interacting with subtropical jet streams that also were crossing the Baja California and southern California
coasts carrying large amounts of moisture. In February 1992, the low-pressure system was held far
enough offshore so that the Sierra Nevada received much less precipitation (relatively) than did the coastal
ranges and southern California. In January and February 1993, the high-pressure systems were stronger
to the north of the low-pressure system than to the east and the Sierra Nevada received a considerable
share of the precipitation from the winter storms. However, in both years, southern California took the
brunt of the storms that were spun off the broad low-pressure system.

The high-pressure ridge that held the low-pressure system offshore during the winters of 1992 and
1993 was located along generally the same axis as the ridge of high pressures that was common during
the drought winters and that had decreased the likelihood of winter storms reaching California and the
Pacific Northwest. The ridge of high pressures over the continent and especially over the Pacific
Northwest has prevented storms from arriving in California--especially northern California, resulting in
the recent (and possibly ongoing) California drought--especially in northern California.

Is the Drought Over?

Is the extended drought that began in 1987 really over? Hydrologic conditions for 1993 certainly
indicate the end of the drought and, for most areas of the State, the water-supply problems associated with
the drought also are over. However, it will take years to recover from the effects of the drought on the
environment, ground-water storage, and some surface-water reservoirs. Three major reservoirs--Lake
Tahoe, Lake Berryessa, and New Melones Reservoir--remain low because of their large storage capacity
relative to drainage basin size.

Lake Tahoe (fig. 10), which has a gated dam at the outlet to provide controlled storage (usable
storage capacity 732,000 acre-feet), had a fourth consecutive year with no usable storage at the end of the
water year. However, the wet winter of 1993 did provide some improvement, and in late May 1993, the
lake level rose above the natural rim, providing outflow into the Truckee River. The lake had been
continuously below the rim since September 1990. However, the lake remained above the rim only until
mid-September. It will require several years for the lake to recover to optimal levels.

From a broader perspective, a general consensus that the drought is indeed over may still depend
on what happens during the 1994 water year. Because of the lingering adverse effects of 6 years of
drought, as well as the possibility that dry conditions could recur, 1993 could be just a brief respite in a
longer period of drought. A second wet year would certainly put such questions to rest.

In southern California, 1993 does mark the second consecutive year of above-average precipitation
and runoff. From a local perspective, 1991 was the last year of an 8-year drought in southern California
(fig. 7) (The drought in southern California actually began in 1984, 3 years earlier than in northern and
central California.) The drought ended with the storms in February 1992. Southern California will
maintain a continued interest in the hydrologic conditions to the north, however, because of their
dependence on water supplied from the north.

Water Conditions 17
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SURFACE-WATER STATIONS
Number: CAO001
Location: Statewide (See accompanying map)
Project Chief: Kenneth W. Lee
Period of Project: Continuing

Problem: Surface-water information is needed for surveillance, planning, design, hazard warning, and
operation and management in water-related fields such as water supply, hydroelectric power, flood control,
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: Collect timely and high-quality surface-water data for (1) assessment of water resources; (2)
operation of reservoirs or industries; (3) forecasting flow; (4) disposal of wastes and pollution controls;
(5) discharge data to accompany water-quality measurement; (6) compact and legal requirements; and (7)
research or special studies. Collect data necessary for analytical studies to define the statistical properties
of, and trends in the occurrence of water in streams, lakes, and estuaries for use in planning and design.

Approach: Standard methods of data collection will be used as described in the series "Techniques of
Water-Resources Investigations of the U.S. Geological Survey.” Partial-record gaging is used instead of
continuous-record gaging where it serves the required purpose.

Progress: Surface-water data for 790 continuous-record streamflow stations were collected, reviewed, and
compiled for publication. Data were collected or reviewed from 147 reservoir stations. Data were
collected and compiled for 93 partial-record stream and reservoir sites that provide peak flow, low flow,
seasonal flow, limited range of discharge, or stage information. Installation of additional satellite
data-collection platforms and telephone modems for real-time transmission of streamflow information from
selected sites continued. Data for 1992 were published in four volumes of the annual data report series.

Plans for Fiscal Year 1994: Statewide data collection and review, as well as installation of additional
satellite data-collection platforms and telephone modems, will continue. Streamflow data will be published
in the annual data report for water year 1993.

Reports:

Anderson, S.W., Hunter, T.C., Hoffman, E.B., and Mullen, J.R., 1993, Water resources data--California,
water year 1992. Volume 3. Southern Central Valley basins and the Great Basin from Walker
River to Truckee River: U.S. Geological Survey Water-Data Report CA-92-3, 529 p.

Anderson, S.W., Mullen, J.R., Friebel, M.F., and Markham, K.L., 1993, Water resources data--California,
water year 1992. Volume 4. Northern Central Valley basins and the Great Basin from Honey
Lake basin to Oregon State line: U.S. Geological Survey Water-Data Report CA-92-4, 439 p.

Bowers, J.C., 1993, Southern California storms and floods of January-February 1993: U.S. Geological
Survey Open-File Report 93-411, 2 p. (Water Fact Sheet)

Hoffman, E.B., Bowers, J.C., Mullen, J.R., and Hayes, P.D., 1993, Water tesources data--California, water
year 1992. Volume 1. Southern Great Basin from Mexican border to Mono Lake basin, and
Pacific slope basins from Tijuana River to Santa Maria River: U.S. Geological Survey Water-Data
Report CA-92-1, 448 p.

Markham, K.L., Palmer, J.R., Friebel, M.F., and Trujillo, L.F., 1993, Water resources data--California,
water year 1992. Volume 2. Pacific Slope basins from Arroyo Grande to Oregon State line
except Central Valley: U.S. Geological Survey Water-Data Report CA-92-2, 405 p.
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GROUND-WATER STATIONS
Number: CA002
Location: Statewide (See accompanying map)
Project Chief: Charles E. Lamb
Period of Project: Continuing

Problem: Ground water accounts for 39 percent of freshwater withdrawals in California--more than 14
billion gallons per day. More than 10 million people are served by ground-water supplies. In addition,
12.5 billion gallons per day are withdrawn for irrigation. The distribution and quality of ground water
is highly variable related to geology, natural, and manmade stresses. Monitoring of ground-water levels
and chemistry is essential to the management and development of the resource.

Objectives: Collect ground-water-level and ground-water-quality data to assess the quantity, quality, and
distribution of ground water. These data will serve as management tools for national and local water
planning.

Approach: Water levels will be measured and recorded with varying frequencies: continuously, monthly,
semiannually, and annually. Water samples will be collected for field and laboratory analysis. Standard
methods of data collection will be used as described in the "National Handbook of Recommended Methods
for Water-Data Acquisition” and other Water Resources Department memorandums.

Progress: Collection and compilation of ground-water-level data continued at 1,056 long-term sites, 175
short-term sites, and 34 continuous recorder wells. Samples were collected and analyzed for chemical
quality at 324 scheduled long-term sites and 65 short-term project sites. Data for water year 1992 were
published in a separate volume of the annual data report series.

Plans for Fiscal Year 1994: Statewide data collection and record processing for ground-water levels and
ground-water quality will continue. All data will be published in a separate volume of the annual data
report series.

Reports:

Hamlin, S.N., 1993, Summary of ground-water data and evaluation of ground-water monitoring networks
for eastern Merced County, California: U.S. Geological Survey Water-Resources Investigations
Report 92-4153, 14 p.

Johnson, J.A., and Fong-Frydendal, L.J., 1993, Water resources data--California, water year 1992. U.S.
Geological Survey Water-Data Report CA-92-5, 437 p.
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WATER-QUALITY STATIONS
Number: CA003
Location: Statewide (See accompanying map)
Project Chief: Rick T. Iwatsubo
Period of Project: Continuing

Problem: Water-resource planning and water-quality assessment require a nationwide base level of
relatively standardized information. For informed planning and realistic assessment of the water resource,
the chemical and physical quality of the rivers and streams must be defined and monitored.

Objectives: Provide a national bank of water-quality data for broad Federal planning and action programs
and provide data for Federal management of interstate and international waters.

Approach: A network of water-quality stations will be operated to provide averages for chemical
concentrations, loads, and time trends as required by planning and management agencies.

Progress: Water-quality data were collected periodically at many sites throughout California.
Water-quality samples were collected bimonthly at 12 and quarterly at 6 NASQAN (National Stream
Quality Accounting Network) stations, and quarterly at 3 Hydrologic Benchmark stations. Water
temperature or specific conductance were measured continuously at 48 sites. Precipitation samples were
collected weekly at the National Trends Network stations in the Los Padres National Forest and at Yreka.
Water-quality data also were collected at 73 stream or reservoir sites. Water samples were analyzed from
389 observation wells. Data for 1992 were published in the annual data report series.

Plans for Fiscal Year 1994: Statewide data collection and processing of surface-water, ground-water,
and precipitation samples will continue. All data will be published in the annual data report series.

Reports:

Anderson, S.W., Hunter, T.C., Hoffman, E.B., and Mullen, J.R., 1993, Water resources data--California,
water year 1992. Volume 3. Southern Central Valley basins and the Great Basin from Walker
River to Truckee River: U.S. Geological Survey Water-Data Report CA-92-3, 529 p.

Anderson, S.W., Mullen, J.R., Friebel, M.F., and Markham, K.L., 1993, Water resources data--California,
water year 1992. Volume 4. Northern Central Valley basins and the Great Basin from Honey
Lake basin to Oregon State line: U.S. Geological Survey Water-Data Report CA-92-4, 439 p.

Hoffman, E.B., Bowers, J.C., Mullen, J.R., and Hayes, P.D., 1993, Water resources data--California, water
year 1992. Volume 1. Southern Great Basin from Mexican border to Mono Lake basin, and
Pacific slope basins from Tijuana River to Santa Maria River: U.S. Geological Survey Water-Data
Report CA-92-1, 448 p.

Iwatsubo, R.T., and Woodward, Richard, 1993, California--Stream-water quality, in National Water
Summary 1990-91--Hydrologic events and stream water quality: U.S. Geological Water-Supply
Paper 2400, p 187-196.

Johnson, J.A., and Fong-Frydendal, L.J., 1993, Water resources data--California, water year 1992. U.S.
Geological Survey Water-Data Report CA-92-5, 437 p.

Markham, K.L., Palmer, J.R., Friebel, M.F., and Trujillo, L.F., 1993, Water resources data--California,
water year 1992. Volume 2. Pacific Slope basins from Arroyo Grande to Oregon State line
except Central Valley: U.S. Geological Survey Water-Data Report CA-92-2, 405 p.
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SEDIMENT STATIONS
Number: CA004
Location: Statewide (See accompanying map for water-quality stations, page 25)
Project Chief: James M. Knott
Period of Project: Continuing

Problem: The environmental effects of erosion, movement, and deposition of sediment can be
devastating. Knowledge of sediment transport is essential in the development and management of water
and land resources. The wide variation in drainage basin and precipitation characteristics in California
results in significant differences in the quantity and quality of fluvial sediment; this variability requires
that sediment be monitored frequently at several locations within the State for effective assessment of
sediment transport.

Objectives: Provide sediment data that can be used to (1) develop land-management practices that will
reduce erosion rates; (2) evaluate the effects of timber harvesting on fisheries; (3) determine the effects
of debris basins and drop structures on sediment transport; (4) monitor reservoir capacity losses for flood
control and water supply; (5) determine the relation of sediment to lake algae growth; (6) evaluate changes
in coastal morphology caused by coastal river sediment transport; (7) determine the effects of urbanization
on channel morphology; and (8) estimate channel change resulting from proposed dam sites.

Approach: Suspended-sediment and bed-material samples will be collected at specific streams within the
State. Bed-load samples also will be collected at those sites that are total-load stations if the stream
characteristics are suitable. Daily concentration and suspended-sediment discharge will be computed for
all daily sediment stations. Monthly bed-load discharge will be estimated for all daily total-load stations.
Selected suspended-sediment, bed-load, and bed-material samples will be analyzed for particle-size
distribution.

Progress: Sediment data were collected at 12 daily, 25 periodic, 15 NASQAN (National Stream Quality
Accounting Network), and 3 Hydrologic Benchmark stations. Data for 1992 were published in four
volumes of the annual data report series.

Plans for Fiscal Year 1994: Statewide data collection and processing of sediment samples will continue.
All data will be published in the annual data report series.

Reports:

Anderson, S.W., Hunter, T.C., Hoffman, E.B., and Mullen, J.R., 1993, Water resources data--California,
water year 1992. Volume 3. Southern Central Valley basins and the Great Basin from Walker
River to Truckee River: U.S. Geological Survey Water-Data Report CA-92-3, 529 p.

Anderson, S.W., Mullen, J.R., Friebel, M.F., and Markham, K.L., 1993, Water resources data--California,
water year 1992. Volume 4. Northern Central Valley basins and the Great Basin from Honey
Lake basin to Oregon State line: U.S. Geological Survey Water-Data Report CA-92-4, 439 p.

Hoffman, E.B., Bowers, J.C., Mullen, J.R., and Hayes, P.D., 1993, Water resources data--California, water
year 1992. Volume 1. Southern Great Basin from Mexican border to Mono Lake basin, and
Pacific slope basins from Tijuana River to Santa Maria River: U.S. Geological Survey Water-Data
Report CA-92-1, 448 p.

Markham, K.L., Palmer, J.R., Friebel, M.F., and Trujillo, L.F., 1993, Water resources data--California,
water year 1992. Volume 2. Pacific Slope basins from Arroyo Grande to Oregon State line
except Central Valley: U.S. Geological Survey Water-Data Report CA-92-2, 405 p.
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NATIONAL TRENDS NETWORK FOR MONITORING ATMOSPHERIC DEPOSITION

Number: CA005

Location: Statewide (See accompanying map)
Project Chief: Kenneth W. Lee

Period of Project: Continuing

Problem: Some lakes in the United States are becoming
more acidic causing fish populations to decrease.

Objectives: To determine the areal and temporal
variation of wet-atmospheric deposition in the United
States. Sites in California are part of a national program.

Approach: Sample and analyze wet-atmospheric
deposition and determine the annual loading in areas
of California.  Atmospheric-deposition samplers are
operated at Chuchupate Ranger Station in Los Padres
National Forest, Ventura County, California, and at a
station near Yreka, Siskiyou County. Other sites may be
added as needed.

Progress: Precipitation data were collected at the Chuchupate Ranger Station in the Los Padres National
Forest, Ventura County, with assistance from the U.S. Forest Service. Operations at the precipitation

stations near Yreka, Siskiyou County, were reviewed.

Plans for Fiscal Year 1994: Collection and analysis of atmospheric-deposition samples will continue at

the Chuchupate Ranger Station. Inspections of the Yreka site will continue annually.

Reports: None
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WATER-USE INFORMATION FOR CALIFORNIA
Number: CA007

Cooperating Agency: California Department of Water
Resources

Project Chief: William E. Templin STUDY AREA

(STATEWIDE)

Period of Project: Continuing

Problem: Water-use estimates are needed to manage the
water resources of the Nation at three levels: national
and state levels and within drainage basins. Water-use
estimates must be consistently updated and reevaluated
to assure the validity of the comparisons and conclusions
of the estimates. California continually has the largest
water-use volume of any state in the Nation; its
multiagency water-management organizational structure
and magnitude of water users create a complex water-use
information environment. The challenge is to meet
present and future water-use information needs within the
limits of available resources.

Objectives: (1) Determine how much fresh and saline surface and ground water is withdrawn and for
what purposes, how much of this water is consumed during use, and how much water is returned to
surface and underground sources after use; (2) maintain and improve computerized systems to store and
retrieve statewide and site-specific water-use information; (3) identify and evaluate methods commonly
used to collect, analyze, and disseminate water-use information and then devise and apply new methods
and techniques as necessary to improve these methods; and (4) and make available the values and
applications of water-use information.

Approach: For fiscal year 1994, focus will be on water use in the Sacramento-San Joaquin Delta. All
existing information and data collection activities will be coordinated to develop the best available set of
water-use data for this area. Methods to improve the quantification of water diversions from and returns
to the delta channels will be researched. Water-use information will continue to be coordinated with the
work of other Federal, State, and local agencies through close involvement with the California Water-Use
Coordination Committee and its subcommittees.

Progress: Water-Use Information Program personnel in coordination with personnel from the Project
Section focused on developing estimates of water used in three areas of California: the Antelope Valley,
the South San Francisco Bay area, and the Central Valley. A report on past, present, and future water uses
in the Antelope Valley was written. Existing information on surface- and ground-water uses in the South
San Francisco Bay area was compiled. Previously compiled data, collected for these areas as part of the
statewide estimates of water use in 1990, were used in the Antelope Valley and the South San Francisco
studies. These studies indicated that much more information was available locally than had been gathered
for these areas during statewide collection efforts. These local studies provided land- and water-use
information for other hydrologic studies done in these areas and improved our understanding of water uses
in these areas, as well as the adequacy of our data bases.

The results of these studies will be used to help us expand information collection statewide. An
article was published in coordination with researchers from the University of Wyoming on an application
of the MWD_MAIN urban water-demand forecasting system. Four abstracts were published by the
American Water Resources Association on the findings of these water-use studies: (1) water use in the
Antelope Valley; (2) ground-water pumpage estimates using power-consumption data; (3) industrial water
use in California; and (4) commercial water uses for golf courses, amusement parks, and ski areas. Data
on power consumption in the Central Valley were aggregated by township and analyzed for its use in
estimating agricultural water uses during 1985-90.
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Plans for Fiscal Year 1994: The reports in progress will be completed. A program will be developed
for water use in the delta area. Work on priority issues for the National Water-Use Program will be done
throughout the year as the issues arise.

Reports:

Cherry, D.E., Templin, W_.E., and Haltom, T.C., 1993, Industrial water use in California (abs.): American
Water Resources Association, Annual Conference and Symposium, 29th, Proceedings, Tucson,
Arizona, August 29-September 2, 1993.

Cherry, D.E., Wright, .M., Templin, W E., and Haltom, T.C., 1993, Water use at golf courses, amusement
parks, and ski areas in California (abs.): American Water Resources Association, Annual
Conference and Symposium, 29th, Proceedings, Tucson, Arizona, August 29-September 2, 1993.

Haltom, T.C., and Templin, W.E., 1993, Estimating agricultural ground-water pumpage in California
(abs.): American Water Resources Association, Annual Conference and Symposium, 29th,
Proceedings, Tucson, Arizona, August 29-September 2, 1993.

Templin, W.E., Haltom, T.C., and Cherry, D.E., 1993, Water supply and demand in the Antelope Valley,
California (abs.): American Water Resources Association, Annual Conference and Symposium,
29th, Proceedings, Tucson, Arizona, August 29-September 2, 1993.
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GROUND-WATER APPRAISAL, U.S. MARINE CORPS BASE, TWENTYNINE PALMS
Number: CAQ027

Cooperating Agency: U.S. Marine Corps, Air Ground
Combat Center, Twentynine Palms

Project Chief: Peter Martin (advisor)
Period of Project: Continuing through September 1993

Problem: Most of the water supply for the Marine
Corps Base at Twentynine Palms is obtained from wells San Francisco
in the Surprise Spring ground-water basin, which is about
10 miles northwest of base headquarters and housing.
Pumping in the Surprise Spring basin has caused
considerable decline in ground-water levels, and there
is a continued need to monitor ground-water levels
and quality. The Marine Corps would like to develop
additional ground-water supplies near the base head-
quarters in the Mesquite Lake basin, but geohydrologic
information is limited.

Objectives: Assist the Marine Corps with monitoring
and development of its ground-water resources as needed.

Approach: Monitoring ground-water levels and quality will continue. If further assistance is required,
additional hydrologic studies, including test drilling, will be completed.

Progress: Water levels were monitored semiannually in 19 wells in the Surprise Spring basin, in 2 wells
in the Mesquite Lake basin, and in 2 wells in the Deadman basin. Three wells in the Surprise Spring
basin and one well in the Mesquite Lake basin were sampled for chemical analyses of major dissolved
ions, nitrate, and fluoride.

Plans for Fiscal Year 1994: Monitoring of ground-water levels and chemical quality will continue under
Project 002. If requested, the U.S. Geological Survey will conduct additional hydrologic studies to assist
the Marine Corps with development and management of their ground-water resources.

Reports: None

30 Project CA027



APPRAISAL OF GROUND-WATER RESOURCES, INDIAN WELLS VALLEY

Number: CA030

Cooperating Agencies: Indian Wells Valley Water
District; and U.S. Navy, Naval Weapons Center,
China Lake

Project Chief: Roy A. Schroeder

Period of Project: Continuing through September 1993

Problem: Water supply for the Naval Ordinance Test
Station and other users in Indian Wells Valley is ground
water pumped from wells. Other sources of water are
not available; therefore, a dependable ground-water
supply and knowledge of the characteristics of this
ground-water supply is vital for long-range planning by
the various users.

STUDY AREA

Objectives: Define current ground-water conditions in
the valley using a water-level and water-quality
monitoring network and develop a computer model that
can be used to predict aquifer response to future
ground-water development.

Approach: Water levels will be measured, ground-water pumpage will be estimated, and samples will
be collected for chemical analyses. Previous model data will be reorganized and reevaluated to develop
a steady-state and transient-state digital flow model of the basin. The flow model will be used to predict
ground-water levels primarily in the current pumping centers of the basin under selected management
alternatives. Current and historical chemical data will be used to show spatial variations and changes in
ground-water quality. The solute-transport model, MODPATH, will be used to illustrate the movement
of solutes in response to pumping.

Progress: A report describing variations in ground-water quality, processes affecting chemical quality,
variations in oxygen- and hydrogen-isotope ratios, and computer simulations of solute transport in Indian
Wells Valley has received Director’s approval.

Plans for Fiscal Year 1994: Network monitoring will continue under Project 002 with biannual
measuring of ground-water levels in 22 wells and annual sampling for ground-water quality in 10 wells
in Indian Wells Valley.

Reports: None
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FLOOD HYDROLOGY OF BUTTE BASIN, SACRAMENTO VALLEY
Number: CA271

Cooperating Agency: California Department of Water
Resources

Project Chief: Jerry G. Harmon

Period of Project: Continuing

Problem: Flooding in the Sacramento River basin may
cause changes in the magnitude and duration of overbank
flows to Butte basin and increased amounts of lateral
erosion. Continued lateral migration of the channel may
cause the Sacramento River to change course and enter
Butte basin or allow excessive flows down the main
channel of the river, where the design channel capacity
decreases in leveed reaches.

Objectives: (1) Define relations and document changes
in the proportional division of floodflows between the
Sacramento River and Butte basin; (2) show the results
of channel scour, channel fill, and streambank erosion at
monumented cross sections of the river; and (3) present
water-surface profiles of floods to provide a base for
documenting changes in channel-flow characteristics.

Approach: Flood data (part of the ongoing data-collection program) will be collected. Channel
cross-section data at monumented sites will be collected annually. Flood data will include streamflow and
surveyed or recorded stage measurements.

Progress: Annual cross-section surveys and streamflow-recording gage and crest-stage gage operations
continued. Floodflow and flood-stage data were collected during and after the flood of January 1993.
Elevations and descriptions of reference marks were documented for surveys of high-water marks along
the Sacramento River and in Butte Basin, including the Goose Lake Flood-Relief structure. An open-file
report was approved and is being prepared for transmittal to the printer, and a water-resources
investigations report is being prepared to be submitted to the Director for approval for publication.

Plans for Fiscal Year 1994: Streamflow-recording gages and crest-stage gages will be in operation
during the 1993-94 flood season. The data-collection network will include peak-stage data near the Goose
Lake Flood-Relief structure. Elevations and descriptions of reference marks will be documented to relate
to floodflow measurements and surveys of high-water marks along the Sacramento River and in Butte
basin. Flows will be measured and recorded to document changes or stability in the characteristics of
floodflows. Monumented cross sections of the river will be resurveyed annually and compared with data
from previous surveys for each of the seven sites. A report is planned that will describe the channel
morphology of the Sacramento River in a selected reach.

Reports: None
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GROUND-WATER RESOURCES OF THE SANTA BARBARA AREA
Number: CA342

Cooperating Agency: Santa Barbara, city of

Project Chief: John R. Freckleton

Period of Project: July 1977 to September 1993

Problem: Reduced efficiency of surface reservoirs re-

sulting from siltation will place increased demand on the
ground-water supply in the Santa Barbara ground-water

basin. Because of anticipated pumpage in the basin and San Francisco
the resultant possibility of seawater intrusion into the

freshwater aquifer, it has become necessary to develop

and implement a ground-water program capable of

evaluating these effects on the ground-water basin.

Objectives: Design a comprehensive program to
regularly monitor water levels and water quality in the
ground-water basin in order to quantity the effects of
increased pumping and the potential movement of
seawater into the ground-water reservoir. Develop math-
ematical models to simulate basin operation under stress
and changing water-quality conditions.

STUDY AREA
D

Approach: Previous investigations will be reviewed. Historical water-level and water-quality data and
rainfall and streamflow records will be collected and analyzed. Additional hydraulic data, such as siorage
coefficient and transmissivity estimates, will be collected and input to mathematical simulation models.

Progress: Work on a report describing the geohydrology of Storage Unit III and on a combined Santa
Barbara areawide flow model continued. The "Geohydrology" and "Water Quality" sections of the report
were rewritten and the "Modeling" section of the report was expanded. The project is complete except
for report.

Plans for Fiscal Year 1994: The report will be completed.

Reports:

Hsieh, P.A., and Freckleton, J.R., 1993, Documentation of a computer program to simulate horizontal-flow

barriers using the U.S. Geological Survey’s modular three-dimensional finite-difference ground-water
flow model: U.S. Geological Survey Open-File Report 92-477, 32 p.
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ESTIMATING TIDAL AND RESIDUAL CIRCULATION IN SAN FRANCISCO BAY AND
THE SACRAMENTO-SAN JOAQUIN DELTA

Number: CA419

Cooperating Agencies: California Department of Water
Resources; California State Water Resources
Control Board; U.S. Army Corps of Engineers;
and Contra Costa Water District

Project Chief: Lawrence H. Smith
Period of Project: Continuing

Problem: California State and Federal water projects
regulate the quantity of fresh water flowing into San
Francisco Bay from the Sacramento-San Joaquin River
Delta. These legislatively mandated changes have caused
a decrease in the annual inflow of fresh water to the bay
and has altered the time sequences of inflows during the
year. The effect of decreased inflow may be altering the Los Angeles
mixing characteristics of the bay and adversely affecting

fish and invertebrate populations.

Objectives: To determine the magnitude and location of

variations in hydrodynamics (water currents and salinity) within San Francisco Bay that result from
changes in freshwater inflows from the Sacramento-San Joaquin River Delta. To measure tidal flows in
the delta and to distinguish between natural variations of flow and variations of flow caused by State and
Federal water projects.

Approach: Two- and three-dimensional mathematical models will be used to project the effect of
variations in delta flows on water currents and salinity in the bay. Currents and salinity will be measured
during a wide range of delta-flow conditions. A new prototype of a ship-mounted acoustic Doppler
current profiling system will be tested and used to measure vertical profiles of currents. A high-resolution
in situ, conductivity-temperature-depth system will be used to measure vertical salinity profiles. Field data
will be used as appropriate to calibrate and validate mathematical models. Ultrasonic velocity meters will
be used to measure flows continuously in delta channels.

Progress: Three ultrasonic velocity meters (UVM) in the Sacramento-San Joaquin Delta were installed,
and calibrations were begun. Analysis of data from two other UVMs showed the sources, paths, and
quantities of water that reach the State and Federal export pumps for various hydrologic and export
conditions. A large hydrographic data set was collected in Suisun Bay during winter and spring runoff
conditions. Preliminary analyses of these data showed a rapid seaward movement of the salt field in the
main channel during runoff and a rapid, partial recovery afterward. Coding of a new three-dimensional
model for all San Francisco Bay continued. Optical backscatter sensor (OBS) measurements, began as
part of this project, were extended to include measurements in central San Francisco Bay and transferred
to a new project, "Suspended-Sediment and Trace-Metal Transport Processes in South San Francisco Bay."

Plans for Fiscal Year 1994: Three to four additional UVMs will be installed in the delta, and
calibrations will be achieved during the year for at least three sites using a broad-band acoustic Doppler
current profiling system (ADCP) and the Survey’s vessel-mounted acoustic Doppler discharge
measurement system (ADDMS). Additional hydrographic and suspended-sediment time series will be
collected in Suisun Bay to document the responses of circulation and mixing in the nontidal current null
zone to changes in freshwater inflow. Emphasis will be placed on the recovery period after runoff
subsides. Coding of a three-dimensional model of all San Francisco Bay will be completed, and
calibration will begin. A study of low-frequency variations of salinity and water levels will continue.
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Reports:

Burau, J.R., Simpson, M.R., and Cheng, R.T., 1993, Tidal and residual currents measured by an acoustic
Doppler current profiler at the west end of Carquinez Strait, San Francisco, California, March to
November 1988: U.S. Geological Survey Water-Resources Investigations Report 92-4064, 79 p.

Smith, P.E., and Larock, B.E., 1993, A finite-difference model for 3-D flow in bays and estuaries, in
Shen, HW., Su, S.T., and Wen, Feng, eds., Hydraulic engineering *93--Proceedings of the 1993
Conference, v. 2, San Francisco, July 25-30: New York, American Society of Civil Engineers,
p. 2116-2122.

Smith, P.E., and Larock, B.E., 1993, An efficient finite-difference model for three-dimensional flow in
bays and estuaries (abs): American Society of Civil Engineers, National Conference on Hydraulic
Engineering and International Symposium on Engineering Hydrology, San Francisco, July 25-30,
1993, Program.
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SOUTHERN CALIFORNIA REGIONAL AQUIFER-SYSTEM ANALYSIS
Number: CA424

Cooperating Agency: None. (U.S. Geological Survey
Federal Program)

Project Chief: Peter Martin

Period of Project: October 1990 to September 1994
(reactivated)

Problem: To meet the needs for hydrologic information
on a regional scale and to develop predictive capabilities
to effectively manage the Nation’s ground-water
resources, the U.S. Geological Survey has initiated a
series of hydrologic investigations in the Regional
Aquifer-Systems Analysis (RASA) program. The RASA
study of the southern California basins covers a 75,000-
square-mile area. The area includes 89 drainage basins
that can be grouped into coastal and desert basins
according to common characteristics and relations.

STUDY AREA

Objectives:  To analyze major problems and issues

affecting ground-water use in southern California

including (1) ground-water depletion, (2) ground-water contamination, (3) seawater intrusion, (4) quantity
and distribution of recharge, (5) inter-aquifer flow, and (6) conjunctive use of ground and surface water.
Because of the large size of the study area and the number of basins involved, it is impractical to study
these problems and issues for each basin. Thus, at least one coastal basin and one desert basin will be
selected for intensive study to determine the major geohydrologic processes and human activities that
control or influence these problems.

Approach: The coastal basin selected for intensive study is the Santa Clara-Calleguas basin; the desert
basin selected is the Mojave basin. The study will involve assembling available geohydrologic data into
the Geographic Information System (GIS), defining the regional geohydrology and geochemistry, and
developing ground-water flow and solute-transport models to help understand the ground-water-flow
system. Information obtained from these intensive studies will aid in the effective management of the
ground-water resources of these and other basins in southern California.

Progress: Santa Clara-Calleguas basin: Water-level and water-quality data were collected to monitor
seawater intrusion. Flow-meter data from production wells were compiled and evaluated. Aquifer tests
at selected production wells near RASA multiple-well monitoring sites were evaluated. These data were
used to refine the preliminary ground-water-flow model previously developed for the basin. Pumpage and
streamflow data were estimated for the transient-state flow model. A preliminary cross-sectional solute
transport model was developed in conjunction with the cooperatively funded study of Oxnard Plain.

Mojave River basin: Twelve multiple-well monitoring sites were completed along the Mojave
River to define aquifer or depth dependent ground-water flow and water-quality characteristics. Water
levels were measured for more than 300 wells to determine the regional flow pattern. More than 100
wells were sampled and analyzed for major ions, nutrients, selected trace elements, and stable isotopes of
oxygen and hydrogen. The geochemical data were used to define the source and age of recharge to the
basin. Surface geophysical techniques (direct current resistivity and seismic refraction) were completed
in areas of suspected faulting in an attempt to determine vertical displacement. GIS was developed for
the Mojave area to analyze and display available geohydrologic information. A preliminary water-level
map of the regional aquifer for winter 1993 was prepared to document water-level rises resulting from
1992 and 1993 major flows into the Mojave River. A preliminary ground-water-flow model was
developed for the entire river basin.
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Plans for Fiscal Year 1994: The preliminary draft of the professional paper describing the results of the
Santa Clara-Calleguas basin study will be completed. The report will describe the geohydrologic and
geochemical frameworks of the basin, discuss major problems/issues affecting water use in the basin, and
describe the ground-water-flow model developed for the basin. Data collection and analysis will continue
in the Mojave basin. ‘Model development and calibration will be completed.

Reports: None
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HYDROLOGIC STUDIES RELATED TO VOLCANIC ACTIVITY IN
LONG VALLEY CALDERA

Number: CA431

Cooperating Agency: U.S. Geological Survey Federal
Program; and Mono County

Project Chief: Christopher D. Farrar

Period of Project: Continuing

Problem: Long Valley caldera is a large volcanic
depression located along the eastern Sierra Nevada
Frontal fault system. Since 1978, earthquake activity
increased in the caldera. This earthquake activity, as
well as a total uplift of 0.6 meter, probably is a result of
rising magma. On May 26, 1982, the U.S. Geological
Survey issued a notice of potential volcanic hazard in the
Long Valley area. Since then, the Survey has taken the
lead in studies that include monitoring, assessment of
potential hazards, and research for methods of prediction.

Objectives: Monitor ground water and surface water to
detect changes in the hydrologic system caused by
geologic processes and phenomena associated with
vulcanism or with magma at depth in Long Valley caldera. Delineate type and magnitude of pressure
response that would be expected in the ground-water system of Long Valley caldera prior to volcanic
eruption. Revise the current conceptual model of the ground-water-flow system, including nonthermal and
thermal aquifers, as new <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>