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Ground-Water Hydrology of the Tacoma-Puyallup

Area, Pierce County, Washington

By M. A. Jones, L. A. Orr, J. C. Ebbert, and S. S. Sumioka

ABSTRACT

The northwestern part of Pierce County, Washington,
is undergoing growth in population and in urban develop-
ment, creating increased demands for municipal and
domestic water supplies. Because most surface waters are
already appropriated, ground-water resources are expected
to meet the increasing demands. This report describes the
ground-water system in the Quaternary deposits of this
area.

The 88-square-mile study area is underlain by uncon-
solidated Quaternary deposits as much as 1,800 feet thick.
Subsurface stratigraphy was delineated by extrapolating
information from published surficial geologic maps and
from 255 drillers’ lithologic logs. The preparation of
17 sections aided in defining 10 hydrogeologic units--

5 aquifers 5 semiconfining units--and 1 undifferentiated
unit. Maps of the five uppermost units show the extent
and topography of the tops of those units. The two major
-aquifers are units Qcl and Qc2.

Precipitation over the study area averages an
estimated 38 inches per year. Of this, 14 inches per year
enters the ground-water system as recharge. Ground water
generally moves northward to Puget Sound and east and
northeast to the Puyallup River. Locally, the ground water
discharges to streams, creeks, and springs within the study
area. Discharge from these areas is estimated at 11 inches
per year. Another 4.5 inches per year is withdrawn from
wells.

During the 1996 water year, 22 billion gallons of
water were used to supply the study area’s needs. Of this,
15 billion gallons were imported from surface-water
sources outside the study area. Approximately 9 billion
gallons of water were used for commercial and industrial

supplies and 8 billion gallons for public supplies. Much of
the remainder was used for domestic supplies, agriculture,
aquaculture, and irrigation.

The overall quality of the ground water in the study
area is good based on information from the sampled site.
Four constituents were found at concentrations above pri-
mary drinking water standards or guidelines. Two of the
four constituents, the pesticide dieldrin in water from one
well and total coliform bacteria in water from four wells or
springs, were at levels exceeding standards or guidelines
related to human health. Concentrations of iron or manga-
nese in water from eight wells and springs exceeded
secondary drinking water standards. Concentrations of
iron or manganese in ground water above secondary
drinking water standards are common for the Puget Sound
region. Concentrations of the other constituents were
below drinking water standards or guidelines.

INTRODUCTION

The northwestern part of Pierce County (fig. 1) is one
of several areas in the Puget Sound region of western
Washington that is experiencing rapid growth in popula-
tion and urban development and therefore has increasing
demands for water for public supply, domestic, commer-
cial, and industrial uses. Historically, the area has relied
on surface water from the Green River and ground water
from local springs and wells to meet water demands.
However, increasing demands have resulted in several
municipalities in northwestern Pierce County drilling
additional public-supply wells or replacing older wells
with more productive wells to satisfy both normal and
peaking water demands.
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The availability of ground water and the effects of
withdrawals from wells on nearby wells, lakes, springs,
and wetlands are becoming important issues. The Wash-
ington Department of Ecology (Ecology), which manages
the State’s water resources and issues rights for both
ground- and surface-water withdrawals, has currently lim-
ited appropriations for ground water within the study area
and no longer issues them for surface water there because
these rights have been fully appropriated. Thus, many
municipalities have transferred appropriations from older,
less productive wells to newly drilled, more productive
wells. Another concern is that ground-water recharge may
be reduced by current land development that impedes pre-
cipitation from infiltrating downward into the ground, thus
increasing surface runoff and the potential of flooding
during large storms.

In addition, ground-water quality is of concern.
These concerns include potential contamination related to
industrial and waste-disposal practices, the distribution
and large number of septic systems in the area, land-use
practices, the potential for seawater intrusion along the
shore of Puget Sound, and large iron and manganese
concentrations that naturally occur in some of the wells
completed in Quaternary deposits.

In order to plan for the development, use, and man-
agement of the water resources of the area, a better under-
standing of the entire natural hydrologic system is needed,
including the geometry of the aquifers and semiconfining
units, directions of the ground-water movement system,
water-quantity characteristics, recharge rates, and the
water budget.

Concerns about how to effectively plan and provide
for the increased water demand for the rapidly increasing
industrial and residential growth in northwestern Pierce
County are not new. Regional studies evaluating the
ground-water resources in the Tacoma-Pierce County area
were conducted in the mid 1930’s (LaRocque and Piper,
1938; and Piper and LaRocque, 1938) and continued
through the late 1960’s (Griffin and others, 1962; and
Walters and Kimmel, 1968).

Since the completion of these studies, state and local
agencies responsible for managing the water resources
have become increasingly concerned about ground-water
quantity and quality problems. Thus, in 1995, the U.S.
Geological Survey (USGS) began a cooperative study to
assess the ground-water system of the Quaternary deposits
that underlie northwestern Pierce County. Agencies coop-
erating with the USGS in this study include Ecology, the
Tacoma-Pierce County Health Department, the City of

Puyallup, and the City of Tacoma. The objectives of the
study were to

(1) describe and quantify the ground-water system
to the extent allowed using available and readily collect-
ible data;

(2) describe the general water chemistry of the
major hydrogeologic units and any regional patterns of
contamination; and

(3) prepare a water budget of the study area.

Purpose and Scope

This report describes and quantifies the ground-water
system in the Quaternary deposits in northwestern Pierce
County, based on the objectives listed in the Introduction
section. The report includes descriptions of the geometry
and physical characteristics of selected hydrogeologic
units, ground-water movement system, recharge, water
use, water-level fluctuations, and general ground-water
chemistry.

Description of the Study Area

The northwestern Pierce County study area is irregu-
larly shaped and covers 88 mi? (square miles) (fig. 1). The
area is bounded on the northwest by The Narrows and on
the north by Puget Sound and Commencement Bay. The
Puyallup River forms the boundary from Commencement
Bay on the north, along the east side of the study area to
just west of the town of Orting. The southern boundary
extends from Orting west to the town of Frederickson.
The southwestern boundary approximately follows the
northeastern drainage divides of Clover and Chambers
Creeks (fig. 1).

The physiography of the study area is a product of
the most recent glaciation and the more recent alluvial
processes of the Quaternary Period. The study area con-
sists of an upland drift plain that covers most of the study
area and has been transected by three glacial outwash
channels and of an alluvial valley on the east that is part of
the Puyallup River Valley.

The upland drift plain ranges from 200 to 600 ft
(feet) above sea level and is generally composed of
fine-grained deposits. The outwash channels that traverse
the upland drift plain are from north to south, the South
Tacoma, Clover Creek, and Kirby Channels (Bretz, 1913;
and Walters and Kimmel, 1968) (fig. 1). The outwash
channels were cut by meltwater streams formed when
successively lower outlets from an ice-dammed lake were



exposed as a glacier receded from the Puget Sound Low-
land. As lower outlets formed, the outwash filled channels
with coarse-grained sand and gravel deposits.

The Puyallup River Valley ranges in altitude from
sea level near Tacoma to 150 ft near Orting (fig. 1). The
valley floor is composed of coarse- to fine-grained depos-
its that include alluvial, marine, and mudflow deposits
(Walters and Kimmel, 1968; Dragovich and others, 1994).

The study area has a temperate marine climate with
warm, dry summers and cool, wet winters; the mean
annual temperature is about 52°F. The warmest month of
the year is July, with an average temperature of about
63°F, and the coolest month of the year is January, with an
average temperature of about 38°F (National Oceanic and
Atmospheric Administration, 1995 and 1996).

About 70 percent of the precipitation in the area
occurs during the months of October through March,
based on long-term data from the McMillin Reservoir and
the Tacoma weather stations (1941 to 1996) (National
Oceanic and Atmospheric Administration, 1996).
Although the seasonal distribution of precipitation is simi-
lar throughout the area, annual precipitation totals vary
with altitude. Precipitation at the Tacoma weather station,
altitude 25 ft, has averaged 37 inches a year, and at
McMillin Reservoir, altitude 579 ft, it has averaged
42 inches a year (Daly and others, 1994; National Oceanic
and Atmospheric Administration, 1996).

The area is transected by several creeks whose head-
waters originate within the study area, and the area is
bordered on the east by the Puyallup River, which origi-
nates at Mount Rainier in the Cascade Range. The creeks
include Swan, Clear, and Clarks Creeks, which flow north-
ward into the Puyallup River and out to Commencement
Bay, and Clover and Chambers Creeks, which flow south-
west into the Puget Sound (fig. 1).

Much of the area is urban, with most of the popula-
tion concentrated in the cities. Seventy-three percent of
the estimated 1996 population of 228,000 within the study
area reside within the incorporated Cities of Puyallup and
Tacoma (Puget Sound Regional Council, 1997). The pop-
ulation increased 5.6 percent from 1990 to 1996, with
most of the growth occurring in the cities. Most of the
water supplied to the area is from eight public-supply
systems. About 97 percent of water use is for residential,
commercial, and industrial purposes. About 3 percent of
the water is used for agriculture, aquaculture, irrigation,
and system losses. About 75 percent of the population in
the study area are on municipal sewer systems.

The sewered areas include the Cities of Puyallup and
Tacoma and a small portion of the unincorporated part of
the study area. Treated water from Tacoma and the
unincorporated part of the study area sewer systems is
discharged into Commencement Bay, and treated water
from the Puyallup sewer system is discharged into the
Puyallup River.

Well-Numbering System

The USGS assigns numbers to wells and springs in
Washington that identify their location in a township,
range, and section. Well number 19N/03E-10P02 indi-
cates, successively, the township (T. 19 N.) and range
(R. 03 E.) north and east of the Willamette base line and
meridian. The first number following the hyphen indicates
the section (10) within the township, and the letter follow-
ing the section number gives the 40-acre subdivision of
the section, as shown below (fig. 2). The number (02) fol-
lowing the letter is the sequence number of the well within
the 40-acre subdivision. This number indicates that the
well was the second one inventoried by the USGS person-
nel in that 40-acre tract. An “S” following the sequence
number indicates that the site is a spring, a “D1” after the
sequence number indicates that the original reported depth
of the well has been changed once, and successive num-
bers indicate the number of changes in the well depth.
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Company (UNOCAL), and American Smelting and Refin-
ing Company (ASARCO). Consultants that provided
information and reports from their investigations of these
sites are K.V. Lew of Agra Earth and Environmental, Kurt
Fraese of Geo-Engineers, Howard Small of Texaco Envi-
ronmental Services, Gary Gunderson of UNOCAL, John
Johnson of Pacific Environmental Group, Al Thatcher of
Dames and Moore, and Rens Verburg of Hydrometrics,
Inc. These individuals and firms provided information for
sites within municipal boundaries where ground-water
data are sparse.

STUDY METHODS

This study began with the compilation of existing
spring, well, piezometer, test hole, and bridge boring
records obtained from files of the USGS, Ecology, consult-
ing firms, and well owners. Beginning in March of 1995,
more than 1,750 records were reviewed; from these
records 400 sites were selected for field inventory. The
selection of wells to be inventoried was based on the well
owner’s or tenant’s permission to visit the well, the loca-
tion and depth of the well, the availability of a driller’s log
or equivalent, and the ease of access to the well. Priority
was also given to wells previously inventoried by the
USGS and wells that were open to only one hydrogeologic
unit.

An attempt was made to inventory an even areal dis-
tribution of the wells within the study area. But this was
not possible for the entire study area. Because of a lack of
wells in the northwestern part of the study area, a few
wells were inventoried in an adjacent area outside the
study area. In many instances, only one or two wells in a
given section were available to inventory, which limited
the areal distribution. However, where several wells were
available, field personnel inventoried the most readily
accessible well. As a result, a well may have been inven-
toried simply because the owner was home.

The springs selected for inventory were primarily
from the list of previously inventoried springs published in
Walters and Kimmel (1968). A few additional springs
identified by water purveyors and USGS field personnel
were also inventoried. '

During the summer of 1995, 318 sites were inven-
toried by USGS field personnel; of these, 287 were wells
and 31 were springs. Ten of the springs had been
destroyed (fig. 3 and appendix 1). General information
gathered at all inventoried sites included site location, land
surface altitude, specific conductance and temperature

(when available) of the water, primary use of water,
owner’s or tenant’s comments on water quality and yield,
surrounding land-use practices, and construction details of
the site. Site locations were plotted on USGS 1:24,000-
scale topographic maps. Altitudes of the land surface at
each well or spring were interpolated from the topographic
maps with an accuracy of plus or minus 10 ft. Latitude
and longitude locations were also estimated from the topo-
graphic maps with an accuracy of plus or minus 5 seconds
(a few hundred feet). Randomly selected wells were cross
checked using a satellite-based Global Positioning System
(GPS) with a horizontal accuracy of 10 feet. Specific con-
ductance and temperature measurements were determined
for water samples from 129 wells and 18 springs with a
field meter that was calibrated daily. Washington Depart-
ment of Ecology identification tags were attached to 112
wells and 1 spring after obtaining the owner’s permission.
Information collected during the inventory was entered
into the USGS National Water Information System
(NWIS) data base.

In addition, the depth to water in the wells was mea-
sured when possible (appendix 1) using a graduated steel
tape accurate to plus or minus 0.01 ft or an electric tape
accurate to 0.1 ft. The accuracy of the water-level
altitudes (land surface altitude of the well minus depth to
water) depends primarily on the accuracy of the land
surface altitudes of the wells. The land surface altitudes
were interpolated from topographic maps; thus the accu-
racy of the water-level altitude is plus or minus 10 feet.

At spring sites, discharge measurements and hydro-
geologic unit identifications were made. Depending on
the amount and location of the spring discharge, measure-
ments were made with one or more of the following: a
3-inch Parshall flume (U.S. Geological Survey, 1983), a
5-gallon bucket and a stopwatch, a standard 90 degree
V-Notched weir, or a standard rectangular weir. Discharge
measurements at springs were made twice, once during the
fall of 1995 and again in the spring of 1996. Hydrogeo-
logic unit assignments were made by noting the location
and altitude of the spring and by examining the type and
thickness of exposed geologic deposits above and below
the spring.

A network of 36 inventoried wells was selected for
bimonthly measurements of water level and, when possi-
ble, specific conductance and temperature to track
seasonal water-level variations. Closely spaced wells, for
example, 20N/03E-20P1 and 20N/03E-20P2, completed at
different depths, 117 ft and 254 ft, respectively, were
selected to evaluate the vertical differences between
the two aquifer units. Because data were sparse in



the northwestern part of the study area, three wells
(20N/02E-12M01, 20N/02E-12M02, and 20N/02E-12Q1)
just outside the study area were selected for bimonthly
visits. One of the bimonthly sites, well 19N/04E-03K02,
was destroyed 16 months after the inventory began.

Hydrogeologic Methods

Information from previous publications on the surfi-
cial geology (Walters and Kimmel, 1968), coastal and
bluff outcrop geology (Washington Department of
Ecology, 1979; Crandell and Mullineaux, 1965), and
nearby lithologic sections (Brown and Caldwell, 1985)
was used along with the driller’s lithologic logs and infor-
mation from field observations to approximately delineate
the hydrogeologic units of the area. From the inventoried
wells, 153 wells were used to construct 17 hydrogeologic
sections trending north-south and east-west across the
study area. From these 17 sections, 5 representative
sections are presented in this report (see Hydrogeologic
Framework). The 71 lithologic logs used to construct the
5 sections are provided in appendix 2. The sections were
used to identify and correlate the continuity of aquifer and
semiconfining hydrogeologic units in the study area.
Starting at land surface and moving downward through the
unconsolidated Quaternary deposits, each hydrogeologic
unit was extrapolated laterally to the extent available data
would allow. Generally, the thinner or deeper the hydro-
geologic unit, the less certain is its correlation. Because
the hydrogeologic units identified are a generalization of
the lithologies based on their hydrologic properties, they
do not necessarily represent time-stratigraphic geologic
units.

Information from the sections, surficial geology, and
the remaining 102 inventoried wells with drillers’ logs that
were not used in the construction of the 17 sections was
then used to construct maps of the altitudes of the tops of
the uppermost hydrogeologic units. These altitudes are
listed in table 15 (at end of text). The tops of the units
commonly reflect the trend of the surface topography. The
thicknesses reported in the text are based on interpreta-
tions of these same inventoried wells. The surficial
hydrogeologic map was constructed by combining similar
lithologies of the surficial geologic map, interpretations
from the sections, and information from the driller’s
lithologic logs.

Horizontal hydraulic conductivities were estimated
based on pump or bail-test specific-capacity data reported
in the drillers’ logs. Information was available for 138
inventoried wells and 14 noninventoried wells in the study
area (appendix 1). All wells used to estimate the hydraulic

conductivity were open to one hydrogeologic unit, and all
but 14 wells had complete specific-capacity information
(discharge rate, drawdown, time, well-construction data,
and a geologic log). The test duration at the 14 wells was
not reported but was assumed to be 1 hour, which is typi-
cal for specific-capacity tests in the area (appendix 1). If
the actual time for the specific-capacity test was longer,
the hydraulic conductivity of the well would have been
greater than the one calculated for these wells.

Two different methods were used to calculate the
horizontal hydraulic conductivity. For those wells con-
structed with screened or perforated intervals, the modi-
fied Theis equation (Theis, 1963) for nonleaky artesian
aquifers (Ferris and others, 1962) was first used to
estimate test transmissivity values. This equation is

0 ln2.25Tt

= ams s ' (l)
where
T = transmissivity of the hydrogeologic unit, in fi?/d
(square feet per day);
Q = discharge, or pumping rate, of the well, in ft’/d
(cubic feet per day);

s =drawdown in the well, in feet;

¢ =length of time the well was pumped, in minutes;
r = effective radius of the well, in feet; and

S = storage coefficient, a dimensionless decimal.

The modified Theis equation also requires an
assumed value for the storage coefficient; a value of
0.0002 was used for wells in confined aquifers, and a
value of 0.2 was used for wells in unconfined aquifers.
The potential error to the calculated hydraulic conduc-
tivity is directly proportional to the error in the assumed
storage coefficient value. In general this might amount to
a factor of 2 or less. To then estimate an average hydraulic
conductivity, the transmissivity value was divided by the
length of open-interval of the well.

Kh=T/b, (2)

where
Kh =horizontal hydraulic conductivity of the
hydrogeologic unit, in ft/d;
T = transmissivity, as calculated above; and
b = thickness of the hydrogeologic unit, in feet,
approximated by the length of the open
interval as described on the driller’s log.
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Figure 3. Locations of wells and springs inventoried in the Tacoma-Puyallup area, Washington.
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This method assumes that well entrance losses are
negligible, that the well is screened across the full thick-
ness of the aquifer, and that flow into the well is sustained
by withdrawal from storage within the screened interval of
the well. In reality some of the water flows vertically to
the well from above and below the well screen. Even
though neglecting the vertical flow conditions may result
in an overestimation of the horizontal hydraulic conduc-
tivity and aquifer transmissivity, the amount of error is
probably small because the layering within the hydrogeo-
logic units tends to make horizontal flow easier than
vertical flow.

For wells having only an open end and thus no verti-
cal dimension to the open interval, Bear (1979) provides
for an equation for hemispherical flow of a well just pene-
trating a hydrogeologic unit. When modified for spherical
flow to an open-ended well within a unit, the equation to
estimate the hydraulic conductivity becomes

K Q

h = Fnsr’

where
Kh = horizontal hydraulic conductivity of the
hydrogeologic unit, in ft/d;
Q =discharge, or pumping rate of the well, in ft3/d;
s = drawdown in the well, in feet; and
r =radius of the well, in feet.

This equation assumes that ground water can flow
equally in all directions and specifically that horizontal
and vertical hydraulic conductivities are equal. This is not
likely to be true for aquifers in the study area, given their
heterogenous nature. However, the errors associated with
violating this assumption for open-ended wells are thought
to be less than those resulting from using the modified
Theis equation described above.

Ground-water recharge from precipitation was
estimated based on the results obtained from a deep-
percolation recharge model (Bauer and Vaccaro, 1987)
completed in southwest King County, just northeast of the
study area in similar lithologic deposits (Woodward and
others, 1995). The regression equations from this model
were used to create two curves based on precipitation,
recharge, and lithology for a study completed in east King
County (Turney and others, 1995). These two curves and
more recent publications on recharge in till-mantled catch-
ments by Bauer and Mastin (1997) were used to calculate
the recharge for the study area. The equations and inter-
pretation are discussed in greater detail in the section on
recharge (Ground-Water Recharge).
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Water-Use Methods

Water-use data for this study were determined for
water year 1996 (October 1995 through September
1996). Most of the data collected were obtained by
telephone canvassing of the major water users in the study
area. Major categories of water use included metered and
estimated pubic-supply systems, public-supply systems
water loss, domestic, irrigation, agriculture, aquaculture,
commercial, and industrial uses. Information on the water
users in the study area was obtained from Ecology, Wash-
ington State Department of Health, available drillers’ logs
or equivalents, and information gathered from owners or
water managers during field inventory. Because some
water users may not have been contacted, all water-use
totals represent minimum values. Selected water-use data
collected from all sites included owner’s name, mailing
address, site location address, contact person, sources of
water, actual or estimated ground-water withdrawal, and
whether the ground-water withdrawal from the well or
spring was metered. Depending on the use of the site,
additional information was gathered that included the
percent of commercial, industrial, water loss, and residen-
tial use, both permanent and seasonal; the amount of land
irrigated; the types of crops grown; and the types and
number of livestock using the water. The quantity of
ground water withdrawn was then categorized by hydro-
geologic unit based on the open-interval of the well.

Water-use estimates were made for all public-supply
systems in the study area. Public water systems at the time
of this study were divided into two classes, Group A and
Group B, by the Washington Department of Health (Wash-
ington Department of Ecology, 1994). Group A systems
are defined as having 15 or more connections and are
subject to federal and state regulations. Group B water
systems are defined as having 2 to 14 connections and are
subject only to state and local regulations. Within the
study area, 8 Group A and 12 Group B public-water
systems were identified. Data available from six Group A
systems and eight Group B systems were metered, and the
actual ground-water withdrawal data were used. For the
remaining two Group A and four Group B water systems,
for which metered withdrawal values were unavailable,
water managers provided estimates of the number of
connections and average number of persons per connec-
tion. The withdrawal and population data from the
metered systems were used to determine the average water
use per person per day (93.5 gallons). This data and the
information provided by the water managers were then
entered into the following formula from which water-use
estimates were made for the nonmetered systems.



W=CxPx935 gallons per
person per day x 366 days

(4)

where
W = estimated annual system withdrawal, in gallons;
C = number of connections;
P = average number of persons per connections;
93.5 gallons per person per day = per capita rate
based on average water use per person per day
for Group A and B metered systems; and
366 days = number of days in 1996 water year.

The average estimated water loss was 7 percent,
based on information from the public-supply systems
inventoried in the study area.

Annual ground-water withdrawals from privately
owned wells and springs for domestic use were calculated
by first determining the population of the study area whose
homes were supplied by Group A or Group B public-
supply systems (172,000 people) and subtracting the
number from the total population of the study area
(228,000 people). The difference (56,000) was then multi-
plied by 366 days and then by the per capita rate of
93.5 gal/d (gallons per day).

Ground-water withdrawals for irrigation, agriculture,
and aquaculture activities were based on the operators’
estimates. Information on water use for irrigated acreage
and herd size were obtained by telephone and personal
contact with farmers identified by USGS personnel during
the well-inventory process. If estimates were unknown or
uncertain, withdrawals were calculated by one of the
following methods. For crop irrigation, one of two meth-
ods were used: (1) the pumping capacity of the irrigation
well was multiplied by the owner’s estimate of duration of
pumping; or (2) an application rate of water specific to the
crop being raised (W. R. Bidlake, U.S. Geological Survey,
written commun., 1997; and James and others, 1988) was
multiplied by the estimates of irrigated acreage per year
(irrigation season). To determine agricultural and aqua-
cultural consumption, the number of stock or fish was
multiplied by the estimated daily consumption per animal
and the number of days of consumption (U.S. Soil Conser-
vation Service, 1975).

Water-use estimates for commercial and industrial
use were supplied either by operators whose water supply
was self-supplied from the company’s privately owned
well or by managers of public-supply systems who supply
water for commercial and industrial use. It is unlikely,
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however, that all commercial and industrial wells in the
study area were identified and inventoried during this
study.

Water-Quality Methods

Water samples were collected from 33 sites, which
included 29 wells and 4 springs, in late June and early July
of 1996. Samples from all 33 sites were analyzed for con-
centrations of major ions, bacteria, arsenic, and nitrates.
In addition, on-site measurements of carbonate, bicarbo-
nate, alkalinity, temperature, specific conductance, pH,
and dissolved-oxygen concentrations were made at all
sites. Subsets of the samples from 33 sites were analyzed
for additional constituents. In urban areas where septic
tank density was generally high, samples from 22 sites
were analyzed for boron and methylene blue active sub-
stances (MBAS). Samples from 12 sites, generally
springs and shallow wells (generally less than 100 ft),
were analyzed for trace elements, which included arsenic,
cadmium, chromium, copper, lead, mercury, selenium,
silver, and zinc (table 1 and appendix 3). When a trace
element analysis was performed, a separate analysis for
arsenic was not done because arsenic is included in the
trace element analysis. Another group of samples from 12
sites composed of springs and shallow wells was analyzed
for volatile organic compounds (VOCs) (table 2). Sam-
ples from 12 sites, of generally shallow wells and springs,
were analyzed for pesticides (table 3). Samples from 11
sites were analyzed for radon, and samples from 12 sites
were analyzed for total organic carbon (TOC).

Many factors played a role in the selection of
sampling sites and the analysis performed on these
samples. Sampling sites were selected on the basis of
surficial geology and land use, which included agriculture,
forested, urban, and rural areas; of previous sampling
of wells; of well location, whether in a sewered or
nonsewered area; and of permission by the owner to sam-
ple. Because of the regional nature of this study, no
attempt was made to sample sites affected by known
small-scale or point source problems. However, an effort
was made to sample sites that might be representative of
widespread water-quality problems. Thus, areas of poten-
tial ground-water-quality problems, such as elevated
nitrate, bacteria or the presence of pesticides, were consid-
ered in the site-selection process. An effort was also made
to collect samples near large commercial or industrial
areas for analysis of VOCs, TOCs, and trace metals.
However, only two such wells could be found.



Table 1.--Chemical Abstract Services registry number and minimum reporting level for selected major ions, trace
elements, and other constituents in the Tacoma-Puyallup area, Washington

[mg/L, milligrams per liter; ug/L, micrograms per liter; pCi/L, picocuries per liter; col./100 mL, colonies per

100 milliliters]

Chemical Abstract Minimum

Services (CAS) reporting
Constituent registry number level
Major ions
Bicarbonate (measured onsite) none , 1 mg/L
Calcium (dissolved) 7440-70-2 0.02 mg/L
Carbonate (measured onsite) 3812-32-6 1 mg/L
Chloride (dissolved) 16887-00-6 0.1 mg/L
Fluoride (dissolved) 16984-48-8 0.1 mg/L
Magnesium (dissolved) 7439-96-5 0.01 mg/L
Nitrite + nitrate (dissolved) none 0.05 mg/L
Potassium (dissolved) 7440-09-7 0.1 mg/L
Sodium (dissolved) - 7440-23-5 0.2 mg/L
Sulfate (dissolved) 14808-79-8 . 0.1 mg/L
Trace elements
Arsenic (dissolved) 7440-38-2 1 wng/L
Barium (dissolved) 7440-39-3 2 pg/L
Boron (dissolved) 7440-42-8 4 g/l
Cadmium (dissolved) 7440-43-9 1 ug/L
Chromium (dissolved) 7440-47-3 1 ung/L
Copper (dissolved) 7440-50-8 1 pg/L
Iron (dissolved) 7439-89-6 3 g/l
Lead (dissolved) 7439-92-1 1 pg/L
Manganese (dissolved) 7439-96-5 1 ug/L
Mercury (dissolved) 7439-97-6 0.1 pg/L
Radon-222 (total) 14859-67-7 80 pCi/L
Selenium (dissolved) 7782-49-2 1 ug/L
Silver (dissolved) 7440-22-4 1 g/l
Zinc (dissolved) 7440-66-6 3 pne/L
Bacteria
Escherichia coli none 1 col./100 mL
Streptococci, Fecal none . 1 col./100 mL
Total coliform none 1 co0l./100 mL
Other constituents
Alkalinity (measured onsite) 471-34-1 1 mg/L
Dissolved solids none computed value mg/L
Methylene blue active substances (MBAS) none 0.02 mg/L
Organic carbon (total) none 0.1 mg/L
Silica (dissolved) 7631-86-9 0.1 mg/L
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Table 2.--Volatile organic compound analyzed for, Chemical Abstract Services registry number, and minimum
reporting level
[1g/L, micrograms per liter]

Chemical Abstract Minimum
Services (CAS) reporting

Volatile organic compounds registry number level (ug/L)
1,1,1,2-Tetrachloroethane 630-20-6 0.2
1,1,1-Trichloroethane 71-55-6 0.2
1,1,2,2-Tetrachloroethane 79-34-5 0.2
1,1,2-Trichloroethane 79-00-5 0.2
1,1,2-Trichlorotrifluoroethane 76-13-1 0.2
1,1-Dichloroethane 75-34-3 0.2
1,1-Dichloroethene 75-35-4 0.2
1,1-Dichloropropene 563-58-6 0.2
1,2,3-Trichlorobenzene 87-61-6 0.2
1,2,3-Trichloropropane 96-18-4 0.2
1,2,4-Trichlorobenzene 120-82-1 0.2
1,2,4-Trimethylbenzene 95-63-6 0.2
1,2-Dibromo-3-chloropropane (DBCP) 96-12-8 1
1,2-Dibromoethane (EDB) 106-93-4 0.2
1,2-Dichlorobenzene (ortho) 95-50-1 0.2
1,2-Dichloroethane 107-06-2 0.2
1,2-Dichloropropane 78-87-5 0.2
1,3,5-Trimethylbenzene 108-67-8 0.2
1,3-Dichlorobenzene (meta) 541-73-1 0.2
1,3-Dichloropropane 142-28-9 0.2
1,4-Dichlorobenzene (para) 106-46-7 0.2
2,2-Dichloropropane 594-20-7 0.2
2-Chlorotoluene 95-49-8 0.2
4-Chlorotoluene 106-43-4 0.2
Benzene 71-43-2 0.2
Bromobenzene 108-86-1 0.2
Bromochloromethane 74-97-5 0.2
Bromodichloromethane 75-27-4 0.2
Bromoform 75-25-2 0.2
Bromomethane 74-83-9 0.2
n-Butylbenzene 104-51-8 0.2
Carbon tetrachloride 56-23-5 0.2
Chlorobenzene 108-90-7 0.2
Chloroethane 75-00-3 0.2
Chloroform 67-66-3 0.2
Chloromethane 74-87-3 0.2
Chlorodibromethane 124-48-1 0.2
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Table 2.--Volatile organic compound analyzed for, Chemical Abstract Services registry number, and minimum
reporting level--Continued

Chemical Abstract Minimum
Services (CAS) reporting
Volatile organic compounds registry number level (ug/L)
Dichlorodifluoromethane (CFC 12) 75-71-8 0.2
Ethylbenzene 100-41-4 0.2
Hexachlorobutadiene 87-68-3 0.2
Isopropylbenzene 98-82-8 0.2
Methylene chloride 75-09-2 0.2
Methyl tert-butyl ether (MTBE) 1634-04-4 0.2
Naphthalene 91-20-3 0.2
n-Propylbenzene 103-65-1 02
p-Isopropyltoluene 99-87-6 0.2
Styrene (total) ' 100-42-5 0.2
Tetrachloroethene 127-18-4 0.2
Toluene 108-88-3 0.2
Trichloroethene 79-01-6 0.2
Trichlorofluoromethane (CFC 11) 75-69-4 0.2
Vinyl chloride 75-01-4 0.2
Xylenes (total) 1330-20-7 02
cis-1,2-Dichloroethene 156-59-2 0.2
cis-1,3-Dichloropropene 10061-01-5 0.2
sec-Butylbenzene 135-98-8 0.2
tert-Butylbenzene 98-06-6 0.2
trans-1,2-Dichloroethene 156-60-5 0.2
trans-1,3-Dichloropropene 10061-02-6 7 0.2
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Table 3.--Pesticide target analytes, Chemical Abstract Services registry number, method detection limits, and
drinking water standards

[ng/L, micrograms per liter; H, herbicide; I, insecticide; M, metabolite; F, fungicide; --, no data; drinking water
standards are U.S. Environmental Protection Agency (USEPA) maximum contaminant levels for drinking water
from USEPA (1996), unless otherwise footnoted]

Chemical Drinking

Trade Type Abstract Method water

or of Services detection standard or
Pesticide common pesti- registry limit guideline
target analyte name(s) cide number (ug/L) (ug/L)

Analyzed by Gas Chromatography/Mass Spectrometry

Acetochlor Surpass H 34256-82-1 0.002 --
Alachlor Lasso H 15972-60-8 0.002 2
Atrazine AAtrex H 1912-24-9 0.001 3
Azinphos-methyl! Guthion I 86-50-0 0.001 -
Benfluralin Balan, Benefin H 1861-40-1 0.002 --
Butylate Sutan +, Genate Plus H 2008-41-5 0.002 2350
Carbaryl '3 Sevin, Savit I 63-25-2 0.003 2700
Carbofuran'-? Furadan I 1563-66-2 0.003 40
Chlorpyrifos Lorsban I 2921-88-2 0.004 220
Cyanazine Bladex H 21725-46-2 0.004 1
DCPA Dacthal H 1861-32-1 0.002 24,000
p,p’-DDE none M 72-55-9 0.006 40.1
Desethylatrazine! none M 6190-65-4 0.002 -
Diazinon several I 333-41-5 0.002 20.6
Dieldrin Panoram D-31 I 60-57-1 0.001 40.002
2,6-Diethylanaline none M 579-66-8 0.003 -
Dimethoate’ Cygon I 60-51-5 0.004 -
Disulfoton Di-Syston I 298-04-4 0.017 20.3
EPTC Eptam, Eradicane H 759-94-4 0.002 --
Ethalfluralin Sonalan, Curbit EC H 55283-68-6 0.004 -
Ethoprop Mocap I 13194-48-4 0.003 --
Fonofos Dyfonate I 944-22-9 0.003 210
alpha-HCH none M 319-84-6 0.002 40.006
gamma-HCH Lindane I 58-89-9 0.004 0.2
Linuron® Lorox, Linex H 330-55-2 0.002 -
Malathion several I 121-75-5 0.005 2200
Methyl parathion Penncap-M I 298-00-0 0.006 9
Metolachlor Dual, Pennant H 51218-45-2 0.002 2100
Metribuzin Lexone, Sencor H 21087-64-9 0.004 2100
Molinate Ordram H 2212-67-1 0.004 --
Napropamide Devrinol H 15299-99-7 0.003 -
Parathion several I 56-38-2 0.004 --
Pebulate Tillam H 1114-71-2 0.004 --
Pendimethalin Prowl,Stomp H 40487-42-1 0.004 --
cis-Permethrin Ambush, Pounce I 57608-04-5 0.005 --
Phorate Thimet, Rampart I 298-02-2 0.002 -
Prometon Pramitol H 1610-18-0 0.018 2100
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Table 3.--Pesticide target analytes, Chemical Abstract Services registry number, method detection limits, and
drinking water standards--Continued

Chemical Drinking
Trade Type Abstract Method water
or of Services detection standard or
Pesticide common pesti- registry limit guideline
target analyte name(s) cide number (ng/L) (ng/L)
Analyzed by Gas Chromatography/Mass Spectrometry--Continued
Pronamide Kerb H 23950-58-5 0.003 250
Propachlor Ramrod H 1918-16-7 0.007 290
Propanil Stampede H 709-98-8 0.004 --
Propargite Comite, Omite I 2312-35-8 0.013 --
Simazine Aquazine, Princep H 122-34-9 , 0.005 4
Tebuthiuron Spike H 34014-18-1 0.01 2500
Terbacil! Sinbar H 5902-51-2 0.007 - 290
Terbufos Counter I 13071-79-9 0.013 20.9
Thiobencarb Bolero H 28249-77-6 0.002 --
Triallate Far-Go H 2303-17-5 0.001 --
Trifluralin Treflan, Trilin H 1582-09-8 0.002 25
Chemical Drinking
Trade Type Abstract water
. or of Services Reporting standard or
Pesticide common pesti- registry level guideline
target analyte name(s) cide number (ug/L) (ug/L)
Analyzed by High-Performance Liquid Chromatography
2,4-D several H 94-75-7 0.15 70
2,4-DB none I 94-82-6 0.24 --
2,4,5-T several H 93-76-5 0.035 270
2,4-5-TP’ Silvex H 93-72-1 0.021 50
3-Hydroxy-
carbofuran’ none M 1563-38-8 0.014 -
Acifluorfen Blazer H 50594-66-6 0.035 4
Aldicarb®’ Temik I 116-06-3 0.55 7
Aldicarb sulfone®’ Standak M 1646-88-4 0.10 7
Aldicarb sulfoxide® none M 1646-87-3 0.021 7
Bentazon Basagran H 25057-89-0 0.014 220
Bromacil Hyvar, Urox B H 314-40-9 0.035 290
Bromoxynil Buctril, Brominal H 1689-84-5 0.035 --
Carbary!>’ Sevin, Savit I 63-25-2 0.008 2700
Carbofuran®’ Furadan I 1563-66-2 0.12 40
Chloramben Amiben, Vegiben H 133-90-4 0.42 2100
Chlorothalonil® Bravo F 1897-45-6 0.48 41.5
Clopyralid Stinger, Lontrel H<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>