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SUMMARY OF WATER-RESOURCES ACTIVITIES
OF THE U.S. GEOLOGICAL SURVEY
IN WASHINGTON: FISCAL YEAR 1989

INTRODUCTION

Water-resources-related activities of the U.S. Geological Survey in
Washington consist of collecting water-resources data and conducting interpre-
tive 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
Washington for the 1989 fiscal year (October 1, 1988, to September 30, 1989).

In 1984, the Oregon and Washington Districts combined to form the Pacific
Northwest District. The District Chief of the Pacific Northwest District is
Garald G. Parker, Jr. The Pacific Northwest District office is located in
Tacoma, Washington. The Washington State office is also in Tacoma, and Philip
J. Carpenter was the State Chief in 1989. The Washington Office has three field
offices located in Tacoma, Spokane, and Pasco, and the Cascades Volcano
Observatory located in Vancouver. Requests for information should be addressed

to:

District Chief

U.S. Geological Survey

Water Resources Division

1201 Pacific Avenue, Suite 600
Tacoma, Washington 98402
Telephone: (206) 593-6510

Tacoma Field Office

U.S. Geological Survey

Water Resources Division

1201 Pacific Avenue, Suite 520
Tacoma, Washington 98402
Telephone: (206) 593-6520

Pasco Field Office

U.S. Geological Survey
Water Resources Division

403 W. Lewis, P.0O. Box 1344
Pasco, Washington 99301-1344
Telephone: (509) 547-2571

Washington Office Chief

U.S. Geological Survey

Water Resources Division

1201 Pacific Avenue, Suite 600
Tacoma, Washington 98402
Telephone: (206) 593-6510

Spokane Field Office

U.S. Geological Survey
Water Resources Division
Room 694, U.S. Court House
West 920 Riverside Avenue
Spokane, Washington 99201
Telephone: (509) 353-2633

Cascades Volcano Observatory
U.S. Geological Survey

Water Resources Division
5400 MacArthur Boulevard
Vancouver, Washington 98661
Telephone: (206) 696-7812



MISSION OF THE U.S. GEOLOGICAL SURVEY

The U.S. Geological Survey was established by an act of Congress on March 3,
1879, in order to answer the need for a permanent government agency at the
Federal level to conduct, on a continuing, systematic, and scientific basis,
investigations of the "geological structure, mineral resources, and products of
the national domain." Although a number of laws and executive orders have
expanded and modified the scope of the Survey'’s responsibilities during its 110-
year history, the Survey has remained principally a scientific and technical
investigation agency, as contrasted with a developmental or regulatory one.
Today the Survey is mandated to provide information for society to mitigate the
impact of floods, earthquakes, landslides, volicanoes, and droughts; to monitor
the Nation’s ground- and surface-water supplies; to study the impact of man on
the Nation’s water resources; to provide mapped information on the Nation'’s
landscape and land use; and to assess onshore and offshore energy and mineral
resources. The Survey is the principal source of scientific and technical
expertise in the earth sciences within the Department of the Interior and the
Federal Government. The Survey’s activities span a wide range of earth science
research and services in the fields of geology, hydrology, and cartography, and
represent the continuing pursuit of the long-standing scientific missions of the

Survey.1

1Source: Adapted (and updated December 1984) frem U.S. Geological Survey
Yearbook for Fiscal Year 1983.



MISSION OF THE WATER RESOURCES DIVISION

The mission of the Water Resources Division, which supports the mission of
the Geological Survey and the U.S. Department of the Interior, is to develop and
disseminate scientific knowledge and understanding of the Nation'’s water
resources. The activities carried out by the Water Resources Division fall into
three broad categories: (1) resource assessment; (2) research; and (3) co-
ordinating the activities and cataloging the products of numerous other entities
involved in water research, data acquisition, or information transfer.

Resource Assessment. Resource assessment consists of:

o Collecting data on the quantity, quality, and use of surface water
(rivers, streams, lakes, reservoirs, estuaries, and glaciers); the
quantity, quality, and use of ground water (including water in the
unsaturated zone); the quantity and quality of precipitation (as
related to specific hydrologic investigations); and the quantities of
evaporation, transpiration, and ablation.

o Storing and disseminating these data.

o Interpreting these data and publishing the results of these
interpretations. This interpretation involves the inference of
hydrologic causes, effects, and probabilities; and the extension, over
space and time, of information contained directly in the data.

o Developing and applying new methods of hydrologic data collection,
analysis, and interpretation.

o Conducting areally focused interpretive investigations and appraisals
at national, regional, State, or local scales. These include
characterizations of ground and surface waters and of precipitation
chemistry; evaluation of natural hydrologic hazards; and studies of
other water-related topies. Frequently, these investigations involve
the development, testing, and application of mathematical models
capable of predicting the hydrologic consequences of management
actions, development plans, or natural phenomena. These investigations
are carried out through specific Federal programs or in cooperation
with State and local governments or other Federal agencies. Results
are published in State, local, U.S. Geological Survey, or other Federal
agency publications or in technical journals.

o Reporting to the Nation, on a regular basis, on the overall status of
water resources and on hydrologic events and water-resource issues.

Research. The Division conducts research in a wide variety of scientific
disciplines--geochemistry, ecology, geomorphology and sediment transport, water
chemistry, ground-water hydrology, and surface-water hydrology--particularly as
these disciplines relate to the quantity, flow, and quality of surface water and
ground water and to other aspects of the hydrologic cycle. The research is
intended to:



Improve the overall understanding of the pathways, rates of movement,
chemical processes, and biological processes in the hydrologic cycle.

Improve the overall understanding of the hydraulic, chemical, and
biological factors, both natural and anthropogenic, that affect the
water resource.

Provide new strategies of data collection, analysis, and
interpretation, in the light of new knowledge and evolving scientific
capabilities.

Improve methods of predicting the reéponse of hydrologic systems to
stresses, whether hydraulic or chemical, and whether of natural or
human origin.

Coordinating the Activities and Cataloging the Products of Other Entities

Involved in Water Research, Data Acquisition, or Information Transfer. This

function has four major components:

(o]

2Source:

The coordination of water-data acquisition activities of Federal
agencies (as mandated by Office of Management and Budget Circular A-
67).

The acquisition of water-use data and development of State and national
water-use data bases in cooperation with State governments.

The operation of water information exchanges and centers, which provide
all interested parties with indexing and access to many sources of
water data and information.

The administration of extramural water-resources research, technology,
development, academic training, and Information-transfer programs
mandated by the Water Resources Research Act of 1984 (Public Law 98-
424). The Act mandates research oriénted to the environmental values
assoclated with the resource. The research promoted by the Act
involves many disciplines and activities other than those required in
the assessment, research, and coordinating functions of the Water

Resources Division.2

|
Mission statement by the Chief Hydr%logist, September 18, 1984,
updated to reflect recent additions



COOPERATING AGENCIES

In Washington, many water-resources data-collection activities and
interpretive hydrologic investigations are conducted in cooperation with
Federal, State, and local agencies. The agencies cooperating with the U.S.
Geological Survey during fiscal year 1989 were:

Washington Department of Ecology
Washington Department of Community Development
Division of Emergency Management
Washington Department of Fisheries
Washington Department of Transportation
City of Bellevue
City of Pullman
City of Castle Rock
City of Kelso
City of Longview
City of Moscow, Idaho
City of Portland, Oregon
Municipality of Metropolitan Seattle
City of Seattle Light Department
Seattle-King County Department of Public Health
City of Tacoma Department of Public Utilities
City of Tacoma Department of Public Works
Chelan County Public Utilities District No. 1
Clark County Intergovernmental Resource Center
Cowlitz County
King County Department of Public Works
King County Planning Department
Kitsap County Public Utilities District No. 1
Lewis County Board of Commissioners
Pierce County Public Works Department
Pierce County Surface Water Management Utility
Skagit County Department of Public Works
Snohomish County Board of Commissioners
Thurston County Department of Public Works
Thurston County Health Department
Regional Water Association of South King County
University of Idaho
Washington State University
Confederated Tribes and Bands of the Yakima Nation
Hoh Indian Tribe
Makah Indian Tribe
Puyallup Tribe of Indians
Quinault Indian Business Committee
Tulalip Tribal Board of Directors
Umatilla Indians
Upper Skagit Indian Tribe
U.S. Department of Agriculture
Forest Service
U.S. Department of the Army
Corps of Engineers
U.S. Department of Commerce
National Marine Fisheries Service
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Department of the Interior
Bureau of Indian Affairs

Bureau of Land Management
Bureau of Reclamation

National Park Service
Department of Energy

Bonneville Power Administration
Environmental Protection Agency
State Department



COLLECTION OF WATER-RESOURCES QUANTITY AND QUALITY DATA

Hydrologic-data stations are maintained at selected locations throughout
Washington and constitute a water-resources data network for obtaining records
on stream discharge and stage, reservoir and lake stage and storage, ground-
water levels, well and spring discharge, and the quality of surface and ground
water (plate 1; table 1). Every year new stations are added to the network and
other stations are terminated; thus, the U.S. Geological Survey has both a
current and a historical file of hydrologic data. Most water-resources data are
stored in the U.S. Geological Survey'’s WATSTORE (National Water Data Storage and
Retrieval System) data base, and are available on request to water planners and
others involved in making decisions affecting Washington'’s water resources.

Most Washington water-resources data are stored in the Washington State Office’'s
NWIS (National Water Information System) data base, and likewise are available
to the public. These data can be retrieved in machine-readable form or in the
form of computer-printed tables, statistical summaries, and digital plots.

Local assistance in the acquisition of services or products from WATSTORE or
NWIS can be obtained by contacting the Washington Office Chief in Tacoma,
Washington.

Surface-Water Data

Surface-water discharge (streamflow), stage (water level), and surface-
water-quality data are collected for general hydrologic purposes, such as
assessment of water resources, areal analysis, determination of long-term
trends, research and special studies, or for management and operational
purposes. Data-collection platforms (DCP’s), used for the transmission of
satellite-telemetered river-stage information, have been installed at 107 sites
throughout the State. Satellite-telemetry acquisition of the information is
essential to many agencies for operating reservoirs, predicting river stage and
flood conditions, and optimizing the availability and use of water resources.
Data are received directly and in near real time from the U.S. Geological Survey
ground-receive site located in Tacoma, Washington. After processing, the data
are made available in near real time to other agencies.

Information from water-quality stations is used to monitor the quality of
surface water in Washington. The frequency of sample collection can vary from
continuous for selected constituents such as temperature, conductivity, and pH,
to annual for data such as pesticide or radiochemical constituents. In addition
to the water-quality data collected at recurring intervals, a variety of
information is collected at miscellaneous sites as part of interpretive

hydrologic studies. This information also is available from the U.S. Geological
Survey files.

Periodic water-quality data (common ions, nutrients, and (or) trace metals)
are obtained at 17 surface-water stations (see table 1). Eleven of these
stations are part of a U.S. Geological Survey nationwide network known as NASQAN
(National Stream Quality Accounting Network), and one is part of the nationwide
Bench-Mark network that provides data used in the evaluation of trends in stream
quality.



Table 1.--Water-resources data-collection stations in operation during
fiscal year 1989, by station classification

Station Number of
classification stations

SURFACE WATER

Streamflow:
Discharge: Continuous record 191
Partial record 32
Stage only: Continuous record 6
Partial record 5
Real-time stage and discharge 107

(data collection platforms)

Lakes and reservoirs:
Stage and content 70

Water quality:

Periodic chemical quality 17
Continuous or daily quality monitoring 17
Temperature 14
Specific conductance 5
pH 4
Suspended sediment:
Daily or more often than weekly ! 6
Periodic 30

GROUND WATER

Water level:

Continuous 1
Long term | 54
Short term 4

Water quality:

Periodic chemical--monthly or more frequent 1
Periodic chemical--less than monthly 38
METEOROLOGICAL
Precipitation
Weekly quantity 20
Real-time quantity 9
Weekly quality 1




Water temperature is monitored continuously or daily at 14 sites, specific
conductance at 5 sites, and pH at 4 sites. Automatic instruments measure the
characteristic of interest continuously throughout each day, enabling the
information to be summarized for the day as the daily maximum, minimum, and
mean.

Suspended-sediment data are collected at 36 stations in Washington. Six
stations are operated as daily stations, and of the 30 periodic stations, 17 are
NASQAN stations. For the daily stations, concentrations of suspended sediment
are determined for each daily sample, and particle size is determined in
selected samples. For the periodic stations, both concentrations and particle
size are determined for each sample collected.

Ground-Water Data

Data on ground-water levels, well and spring discharge, and ground-water
quality are collected at a network of observation wells established throughout
the State. The data are used to study the behavior of the major aquifer systems
and to provide information used by water users and managers in making decisions
about the management of their ground-water resources. Water levels were
measured continuously at 1 well, on a long-term basis at 54 wells, and on a
short-term basis at 4 wells. Periodic water-quality samples were taken monthly
at 1 station and more frequently at 38 statioms.

Meteorological Data

One station located in Washington is part of the nationwide NTN (National
Trends Network) program to monitor long-term precipitation-quality changes.
Composite samples are collected weekly by an observer who records precipitation
quantities, measures pH and specific conductance of the composite sample, and
submits the sample to the laboratory for chemical analysis.

Hourly quantity data are collected at four stations in relation to rainfall-
runoff investigations in one county and at six sites in conjunction with the
collection of flow data at stream-gaging stationms.

INTERPRETIVE HYDROLOGIC INVESTIGATIONS

Forty interpretive hydrologic investigations were conducted during fiscal
year 1989, in cooperation with 44 Federal, State and local agencies.
Hydrologic investigations are being conducted that will provide information to
answer hydrologic questions specific to the State’s needs and scientific
questions about hydrologic processes, as well as questions addressing statewide,
multistate, and nationwide hydrologic problems. A summary of each investiga-
tion, including problem, objectives, approach, progress, and plans, follows.



PROJECT TITLE: Washington Water-Use

Program
PROJECT NUMBER: WA-007
STUDY LOCATION: Statewide

COOPERATING AGENCY: State of Washington
Department of Ecology

PROJECT CHIEF: Ronald C. Lane
PROJECT DURATION: Ongoing, beginning in 1978

PROBLEM: Water use in Washington has evolved in the past century from meager
domestic and stockwater needs to the present complex requirements of large
irrigation projects, municipalities, indu#trial plants, recreation, power
generation facilities, waste dilution and transport, and aquatic habitat.
Advances have been made in the ability to [control, divert, and develop
water, but accurate accounts have not been kept of the actual quantity of
water used. With the ever-increasing competition for water (especially
during periods of drought), accurate water-use information will be of
considerable value in determining future water availability and making sound
resource-management decisions.

OBJECTIVE: Beginning in fiscal year 1978, the State Department of Ecology, with
assistance from the U.S. Geological Survey, began a water-use data-
collection program appropriate for Washington. In succeeding years, the
objective will be (1) to build the program to a level of data-collection and
information that will accommodate the needs of all users in the State and
Federal sectors; and (2) where possible, to relate withdrawals and
diversions to specific sources--aquifer for ground-water supplies; specific
stream reach or other location for surface-water supplies.

APPROACH: (1) Develop a local data-base systém, based on and compatible with
the National Water Use Data Base System (NEWSWUDS), that allows for storage,
retrieval, and agregation of data by Water-Resource Inventory Area (WRIA),
county, latitude-longitude, range-township, and (or) project identification
number; and (2) develop and maintain an extensive data base for water-use
information that will be accessible to all users at local, State, and
Federal levels. ‘

PROGRESS: An INFO-based version of NEWSWUDS, [called New Info System (NIS), was
developed to meet the requirements of approach 1. Data pertaining to
statewide public-supply water use in 1988 were obtained from the Washington
Department of Social and Health Services (DSHS) and entered into the INFO
data base. Sites for about a third of the public water-supply systems have
been reconciled with the USGS’s National Eater Information System. Work
began to develop ARC-INFO coverages of the Stvate to display the collected
data on maps. 1

10



PLANS FOR FY 1990: The 1985 Washington water-use report and a water-use fact
sheet will be completed and approved for publication. Reconciliation of the
1988 public-supply water-use data and the NWIS data base will be completed,
and the NIS data system updated. The 1989 public-supply water-use data will
be obtained from DSHS and processed. Assistance will be given to the USGS’s
water resources projects in collecting water-use data for their project
areas. ARC-INFO capabilities will continue to be developed, and an ARC-INFO
water-use data base will be developed, to replace the current INFO-based

system.

11



PROJECT TITLE: Ground-Water Availability
and Predicted Water-Level
Declines Within the Basalt
Aquifers of the Horse Heaven
Hills, South-Central

Washington
PROJECT NUMBER: WA-232
STUDY LOCATION: South-Central Washington

COOPERATING AGENCY: State of Washington
Department of Ecology

PROJECT CHIEF: Frank A. Packard

PROJECT DURATION: Complete, except for report

PROBLEM: The Horse Heaven Hills area of south-central Washington contains about
10 percent of the potentially irrigable land of the State. Since 1970,
surface water has been imported from the Columbia River to irrigate the
southeastern parts of the area; a smaller quantity of irrigation water is
also pumped from deep wells in the central part of the area. Recent deep-
well drilling has been for the purpose of developing the remaining irrigable
land. However, the State Department of Ecology is concerned about stresses
being placed on these aquifers and the possibility that pumpage rates may
exceed water availability now or in the near future.

OBJECTIVE: The purpose of this investigation is to determine the availability
of ground water in the Horse Heaven Hills area and to develop a numerical
model to simulate ground-water movement, for use as a management tool by the
Department of Ecology.

APPROACH: Data collected during a 1977 study and data generated by subsequent
development will be used to determine the extent to which the geohydrologic
setting of the study area can be described. The study will be conducted in
two phases. Phase I will include (1) definition of the ground-water-flow
system from available and field-reconnaissance data; (2) construction of a
preliminary numerical model to assist in determining the data-collection
scheme; and (3) determination of the time| and cost needed to collect the
remaining information and construct a fin#l model. Phase II will consist of
collecting the data identified during phase I and refining and calibrating
the numerical model.

PROGRESS: Report is being revised after technical review.

PLANS FOR FY 1990: Report will be published when approved.

12



PROJECT TITLE: Real-Time Hydrologic Data
in the Pacific Northwest
District and Alaska by
Independent GOES Telemetry

PROJECT NUMBER: WA-241
STUDY LOGCATION: Washington, Oregon, and
Alaska
PROJECT CHIEF: Stewart A. Tomlinson
PROJECT DURATION: Ongoing, beginning in June 1980

PROBLEM: The use of GOES (Geostationary Orbiting Environmental Satellite)
telemetry to relay remotely collected hydrologic data is now well
established. The uses and demands for the data are increasing at a rapid
rate, however. Cooperating agencies and WRD users want an accurate and
reliable product they can use for a variety of purposes, including flood
warning, control, and monitoring; power regulation; basic-records working;
and special studies.

OBJECTIVE: (1) To maintain the Pacific Northwest District Independent GOES
network and increase its reliability and efficiency; (2) to establish and
encourage new uses of GOES data; and (3) to investigate the most
economically effective way to manage and operate the Pacific Northwest
District GOES System.

APPROACH: Two complete Direct Readout Ground Stations (DRGS) were installed in
Tacoma, Washington, the first in FY 1982, the second in FY 1988, and both
have been successfully operated and maintained. Two redundant dedicated
computers for data compilation, storage, and cooperator relay on
uninterruptable power systems (UPS’s) are needed to increase system
reliability. Hardware and software modifications will be made continually
as current technology changes.

PROGRESS: A Data Collection Platform (DCP) network of telemetry stations for
the Pacific Northwest District was established in the late 1970’s and grew
from 45 to about 200 stations from 1985 to 1989. The increased network
growth is encouraged and is expected to continue through FY 1992.
Cooperator-dedicated lines for receipt of DCP data were upgraded to 1200-
band. U.S. Geological Survey-owned printers and modems were installed at
dedicated cooperator sites for receipt of data to provide equipment
standardization and to allow easy future system upgrades. ADAPS software,
which includes satellite data processing, was installed. All DCP data
software was moved to a PRIME 6350, which replaced the PRIME 9955 and PRIME
750. These system enhancements allow 96 to 98 percent of satellite data to
be processed within 5 minutes of DCP transmission time, up from 60 to 70
percent in FY 1988. Twenty-two new DCP sites were added in FY 1989,
bringing network size in the Pacific Northwest DRGS system to about 200.
Conversion of cooperator data relay software to utilize ADAPS was begun.

13



PLANS FOR FY 1990: Finish conversion of cooperator data relay software to
utilize ADAPS. Obtain an uninterruptable power supply for the PRIME 6350 to
decrease down time during power outages or power inconsis-tencies. Add
about 25 new DCP sites to the system in FY 1990.

14



PROJECT TITLE: Quantitative Evaluation of
the Water Resources of the
Tulalip Indian Reservation
and Surrounding Areas,
Snohomish County, Washington

PROJECT NUMBER: WA-244

STUDY LOCATION: Northwestern Washington

COOPERATING AGENCY: Tulalip Tribal Board of

Directors
PROJECT CHIEF: William E. Lum II
PROJECT DURATION: Complete, except for report

PROBLEM: The population of the Tulalip Reservation doubled between 1960 and
1975, and growth has continued since 1975 with an additional influx of about
1,600 residents each summer. The well field established in 1975 is
experiencing a water-level decline of about 1.5 feet per year, and has been
estimated to have a remaining useful life of perhaps 15-20 years under
present conditions. There is potential for industrial development, however,
that would require additional water supply. Seawater intrusion has occurred
in wells on the reservation, but is not yet a serious problem. Data from
the ground-water phase of a 1975 study by the U.S. Geological Survey were
not sufficient to answer these new questions because the study was limited
to interpretation of data available from existing wells and two test holes
drilled on the reservation.

OBJECTIVE: A comprehensive study is proposed to determine, in terms of areal
distribution and quantity, the availability of ground water on the
reservation from aquifers generally above sea level.

APPROACH: Quantification of the ground-water resources of the reservation
requires mapping of aquifers in the unconsolidated deposits underlying the
reservation, determining aquifer characteristics, and determining the
hydraulic relations between the ground-water system and streams. The study
may include modeling of ground-water flow in aquifers at or above sea level
to quantify the available supply and ascertain the effects of future
development.

PROGRESS: Report has been revised in response to technical review.

PLANS FOR FY 1990: Report will be submitted for Director’s approval.

15



PROJECT TITLE: Sediment Transport--
Mount St. Helens

PROJECT NUMBER: WA-256
STUDY LOCATION: Western Washington, Oregon

COOPERATING AGENCY: None, U.S. Geological Survey
funds only

PROJECT CHIEF: John E. Costa

PROJECT DURATION: Oongoing, beginning in May 1981

PROBLEM: Extensive sediment deposition after the eruption of Mount St. Helens
in 1980 drastically changed the sediment transport characteristics of the
Toutle River system. As a result of the eruption and subsequent mudflow,
the Toutle River has an annual sediment yield of 76,000 tons per square
mile, which makes it the highest measured sediment-producing stream in the
United States and possibly the world. Various sediment-modeling theories
have been attempted or proposed to estimate future effects from the Toutle
River basin on continual economic and ecological problems already created in
the Cowlitz and Columbia Rivers. Testing the applicability of these models
requires the monitoring of both suspended-lsediment discharge and bedload.

OBJECTIVE: (1) To define the influence of suspended-sediment concentration on
velocity distribution and sediment transport; (2) to define the influence of
bedforms on velocity distribution, roughness, and sediment transport; (3) to
study interaction between bedload and suspended load; and (4) to modify
existing transport formulas to fit site-specific conditions.

APPROACH: Synoptic measurements in addition Jo sediment and discharge
measurements at gaging stations will be made to define the sediment and
hydraulic characteristics of the basin. As the detailed field data are
collected, library and laboratory research on the mechanisms of erosion and
sediment transport will be carried out. Transport formulas for both
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