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Reconnaissance Hydrogeology and Water Quality of

the Swinomish Indian Reservation, Skagit County,

Washington

By S. S. Embrey and J. L. Jones

ABSTRACT

Data were collected during 1990-91 from five wells
in the north-central part of the Swinomish Indian Reserva-
tion, two of which are Swinomish Tribal Community
wells, to describe the hydraulic characteristics and the
extent of a newly found, coarse-grained aquifer that exists
near sea level. This aquifer, called the sea-level aquifer, is
confined and had water levels during the study period that
were about 20 to 80 feet above the top of the aquifer. At
the Tribal well field, the sea-level aquifer is 10 to 20 feet
thick and extends at least one-half mile to the northwest
and to the south. Median normalized specific capacity for
the sea-level aquifer was 0.60 gallons per minute per foot
of drawdown per foot of open interval. Gross estimated
hydraulic conductivity for the sea-level aquifer ranged
from 28 to 580 feet per day; gross estimated transmissivity
ranged from 560 to 9,000 square feet per day. Withdraw-
als from the sea-level aquifer provided about 40 percent of
the average 1991 withdrawal from the ground-water
IEServVoir.

In general, water from the sea-level aquifer in the
vicinity of the Tribal well field was hard and low in
dissolved oxygen. Concentrations of trace elements and
nitrate were commonly less than analytical reporting
limits. Iron concentrations in water samples from three of
the five wells and manganese concentrations in samples
from all five wells exceeded U.S. Environmental Protec-
tion Agency’s secondary maximum contaminant levels
recommended for drinking water.

Water samples from ground-water seeps about
800 feet east of an inactive petroleum waste-disposal site
did not contain detectable amounts of selected volatile

organic compounds. On the basis of the chemistry of the
samples, the seeps appeared to contain water with a
relatively short residence time in the ground.

INTRODUCTION

During 1975-76, the U.S. Geological Survey (USGS)
investigated the ground-water resources of the Swinomish
Indian Reservation to (1) describe the hydrologic system
on the Reservation, (2) provide information needed for
long-range water conservation planning, and (3) aid the
Swinomish Indian Tribe (the Tribe) in making manage-
ment decisions regarding future development on the Res-
ervation. That investigation (Drost, 1979) documented the
existence of three major hydrogeologic units that contain
productive aquifers in the upper 200 to 300 feet of a thick
assemblage of unconsolidated sediments beneath the Res-
ervation. These three units are an uppermost till unit, a
middle unit of outwash, and a lower clay unit. At the time
of the USGS investigation, all wells were completed in
aquifers within one of these three units, and no well went
completely through the clay unit. In the summary of the
study, Drost (1979) reasoned that a coarse-grained layer
might underlie the lower clay unit. During 1986-89, two
of the Tribe’s public-supply wells and three private
domestic wells were drilled in the north-central part of the
Reservation to depths greater than the clay unit, and a
coarse-grained aquifer was indeed found at about 250 feet
below land surface, or approximately at sea level. In this
report the newly found aquifer is referred to as the
sea-level aquifer.



In about 1981, an inactive waste-disposal site was
discovered about a mile northeast of the Tribe’s well field.
The Tribe determined that the site had been used from
1961 to 1970 for the disposal of petroleum refinery wastes.
A 1986 investigation by a private consultant to the Tribe
found that soils at the waste-disposal site still contained
polycyclic aromatic hydrocarbons, aliphatic hydrocarbons,
and volatile organic compounds. The possibility of con-
tamination of the three shallow aquifers and the deeper
sea-level aquifer by the waste site was unknown.

In August 1990, the USGS began a second study for
the Swinomish Indian Tribe. The objectives of the study
were to describe, to the extent possible using limited infor-
mation, the hydrogeologic characteristics of the sea-level
aquifer and to assess any hazard to ground-water quality
posed by the waste-disposal site.

Purpose

The purpose of this report, which is based on the
results of a reconnaissance study, is to:

(1) update previous information about the shallow
aquifers of the Swinomish Indian Reservation with newly
collected data;

(2) determine ground-water flow directions in the
sea-level aquifer;

(3) estimate the hydraulic characteristics of all
aquifers beneath the Reservation;

(4) estimate present (1990-91) ground-water
withdrawals from all aquifers; and

(5) assess the likely hazard to ground-water
resources, especially near the Tribe’s well field, from the
refinery waste-disposal site.

Description of the Study Area

The study area is the Swinomish Indian Reservation.
The Reservation is part of Fidalgo Island in northwestern
Washington, about 50 miles north of Seattle (fig. 1) and
covers about 17 square miles (miz). The study area can be
considered a separate island because it is connected to the
remainder of Fidalgo Island by only a small, low-lying
landmass. As such, it has an independent hydrologic
system (Drost, 1979). A north-south trending remnant of

glacial drift forms the study area island. The land surface
is composed mostly of till and ranges in altitude from sea
level to about 330 feet above sea level.

The study area has a maritime climate with warm,
dry summers and cool, wet winters. It is protected from
severe coastal winter storms by the Olympic Mountains to
the west and from cold continental air by the Cascade
Range to the east. Prevailing southwesterly and north-
westerly winds from October through April bring precipi-
tation that falls mostly as rain. Long-term precipitation
records are maintained at Anacortes, about 10 miles north-
west of the Reservation. For the 30-year period 1951-80,
average annual precipitation at Anacortes was 26 inches
(National Oceanic and Atmospheric Administration,
1982). The average monthly precipitation at Anacortes
ranges from about 1 inch in July to about 4 inches in
December.

The population of the Reservation in 1976 was about
1,750, of which about 400 were members of the Swino-
mish and other tribes. Most of the population resided
along the western shoreline of the Reservation and near
Shelter Bay. The population in 1991 was about 2,500, of
which about 400 were registered members of the Swino-
mish Indian Tribe (John Petrich, Swinomish Utility
Authority, oral commun., August 1991). The 1991
population distribution was similar to that of 1976.

Well-Numbering System

The well-numbering system used by the USGS in the
State of Washington is based on a rectangular division of
land that indicates township, range, section, and 40-acre
tract within the section. For example, in well number
34N/02E-15R03, the characters preceding the hyphen
indicate the township (T 34N) and range (R 2E) north and
east of the base line and Willamette Meridian, respec-
tively. Because all townships mentioned in this report are
north of the base line and east of the Willamette Meridian,
the letters “N” and “E” are omitted in the text. The first
number following the hyphen (15) indicates the section
and the letter (R) designates the 40-acre tract within that
section (fig. 2). The last number (03) is the serial number
of the well and indicates that this is the third well inven-
toried in that 40-acre tract by USGS personnel. In this
report, all leading zeroes are omitted from the numbers,
and in the figures, only the 40-acre tract designation and
sequence number are shown. Thus, well 34N/02E-15R03
is referred to in the text as 34/2-15R3 and is shown in the
figures as R3.



























the value used by Drost (1979), the average withdrawal
rate from the ground-water reservoir was about

102,000 gal/day. About 60 percent of that amount, or
61,000 gal/day, was withdrawn from the shallow ground-
water system; the remainder, or 41,000 gal/day, was with-
drawn from the sea-level aquifer. In his study, Drost
(1979) estimated that 1,200 ground-water users withdrew
about 80,000 gal/day, all of it from the shallow ground-
water system. It appears, therefore, that with the discov-
ery and development of the sea-level aquifer, withdrawals
from the shallow ground-water system have decreased.

Hydraulic Characteristics

Specific capacity, defined as a well’s yield divided by
the drawdown produced by that yield, is a convenient
method of assessing an aquifer’s production potential.
Specific capacity is usually expressed in terms of gallons
per minute per foot of drawdown. As mentioned previ-
ously, for this report specific-capacity values were normal-
ized by dividing them by the length of the well’s open
interval, that is, the difference between the top and bottom
of the open interval (see appendix A). Thus, normalized
specific-capacity values are expressed in units of gallons
per minute per foot of drawdown per foot of open interval,
or [((gal/min)/ft)/ft]. A summary of the normalized
specific-capacity values is presented in table 2.

Shallow Ground-Water System

The median normalized specific capacities for the till
and outwash, calculated with additional 1990-91 data, are
similar to those reported by Drost (1979). The revised
value for till is 0.08 [((gal/min)/ft)/ft]; the 1979 value
was (.06 [((gal/min)/ft)/ft]. The revised value for outwash
is 1.0 [((gal/min)/ft)/ft]; the 1979 value was 1.0 [((gal/
min)/ft)/ft]. New data for wells finished in sand or gravel
lenses within the clay (the topmost part of Qns) resulted in
arevised value of 0.03 [((gal/min)/ft)/ft], whereas the
1979 value was 0.02 [((gal/min)/ft)/ft].

Sea-Level Aquifer

The median normalized specific capacity for the five
wells completed in the sea-level aquifer was 0.60 [((gal/
min)/ft)/ft]; the range was 0.43 to 3.1 [((gal/min)/ft)/ft].
Well 34/2-15R2, with the highest value, is open to 7 feet of
the sea-level aquifer, which is about 10 feet thick in this
location.

Because the sea-level aquifer is likely to be the focus
of most future ground-water development, additional
hydraulic tests were made of that unit. The principal
hydraulic characteristics of an aquifer are hydraulic
conductivity, transmissivity, and storativity. Hydraulic

Table 2.--Normalized specific capacities of the till, outwash, and clay units, and of the sea-level aquifer

[1979 data from Drost (1979); --, no data]

Normalized specific capacity!

Number of

wells tested Minimum Median Maximum
Unit or
aquifer 1979 1990 1979 1990 1979 1990 1979 1990
Till unit 20 30 0.02 0.02 0.06 0.08 0.40 0.90
Outwash unit 18 33 0.13 0.04 1.0 1.0 2.6 3.0
Clay unit 14 19 0.01 0.00 0.02 0.03 0.09 0.83
Sea-level aquifer -- 5 -- 0.43 -- 0.60 -- 3.1

I Expressed as specific capacity (gallons per minute per foot of drawdown) per foot of open interval of the well.
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conductivity (K) can be thought of as the rate at which a
volume of water will move through a unit cross-section of
aquifer material under a unit gradient. It is usually
expressed in dimensions of ft/day (feet per day), which is
simplified from ft3/ft?/day (cubic feet per square foot per
day). Transmissivity (T) is defined as the rate of flow
through a vertical section of the aquifer 1 foot wide and
extending the full saturated thickness of the aquifer under
aunit gradient. It is usuvally expressed in dimensions of
ft2/day (square feet per day), which is simplified from
ft3/ft/day (cubic feet per foot per day). Storativity (S)is a
dimensionless measure of the volume of water the aquifer
will release from storage per unit surface area per unit
decline in hydraulic head.

The approach chosen to estimate the hydraulic char-
acteristics of the sea-level aquifer is one that requires that
water be added to or removed from the aquifer while the
pressure response (as reflected by water levels in wells) is
monitored in one or more locations (wells) in the aquifer.
With this approach, estimates of T and K can be made by
observing the pressure response at the well from which
water was removed. Data were available from aquifer
tests made on wells 34/2-15R2 and 34/2-15R3 by the
driller; these aquifer tests consisted of pumping water
from each well at a constant rate and measuring the rate of
water-level decline in the same well.

Several techniques, including the Theis curve (Theis,
1935) and Jacob straight line, were used to analyze the
aquifer-test data. Numerous publications, notably
Lohman (1979), describe in detail the estimation tech-
niques. Different subsets of test data from the wells were
also used, depending on the quality of the data. Because
the resulting estimates of T and K used data of varying
quality and different methods, the values are considered
approximations at best. Using multiple analyses for the
two wells, estimates of K for the sea-level aquifer range
from 28 to 580 ft/day; estimates of T range from 560 to
9,000 ft2/day.

The quality of the individual estimates were judged
on how well the raw data matched a characteristic
response curve and on how well the hydrogeologic con-
ditions matched the assumptions of the estimation tech-
niques and methods. The best estimates of T and K for
well 34/2-15R?2 were about 2,500 ft2/day and 250 ft/day,
respectively; for well 34/2-15R3 the best estimates were
600 ftzlday and 30 ft/day, respectively. Over a distance of
only a few hundred feet (from well 34/2-15R2 to
34/2-15R3), the estimates of T varied by a factor of about
4, and the estimates of K varied by a factor of about 8.
This range is relatively small for a glacial environment.

12

The T and K values noted in the previous paragraph
for the sea-level aquifer show that wells 34/2-15R2 and
34/2-15R3 are spaced far enough apart to avoid significant
interference with each other when pumped at 40 gal/min,
the maximum rate allowed with existing pump installa-
tions. There are not sufficient data, however, to quantify
the hydraulic characteristics of the overlying clay unit or
the amount of water moving through it to the sea-level
aquifer. A test that would provide these data would
require a much higher pumping rate, the installation of
several small-diameter observation wells at varying
distances from the pumped well, and a pumping period of
at least several weeks.

Figure 6 illustrates the effects (estimated using
Theis’ analytical method; Lohman, 1979) that different
values of T can have on water levels in the sea-level aqui-
fer when water is pumped from one of the Tribe’s wells.
For selected values of T, the water-level drawdown out to
1,000 feet away from the pumped well is shown for a
range of pumping rates. For purposes of this illustration,
2 days of constant pumping at the indicated rate (Q) and
an aquifer storativity of 1 5x10°° (a typical value for a con-
fined aquifer) were assumed. Four different values of T
were chosen to demonstrate water-level drawdowns:

* 600 ft2/day, representative of the T estimated for well
34/2-15R3;

* 1,200 ft*/day, an intermediate value of T for the two
wells, 34/2-15R2 and 34/2-15R3;

* 2,500 ft2/day, representative of the T estimated for well
34/2-15R2; and

¢ 5,000 ft2/day, a large value relative to those listed above.

As shown in figure 6, smaller values of T result in
greater water-level drawdown at the pumping well and
beyond than do larger values of T. For example, at a
pumping rate of 100 gal/min, the drawdown 50 feet from
the pumped well is about 30 feet with a T of 600 ft2/day
but is only about 15 feet with a T of 1,200 ft?/day.
Increased pumping rates also affect the amount of draw-
down. Fora T of 600 ft2/day, the drawdown associated
with a pumping rate of 50 gal/min is about 15 feet, but at
a pumping rate of 250 gal/min the drawdown is about
80 feet.

The extent of water-level drawdown is also affected
by the duration of pumping. To illustrate these effects,
values assumed to be representative of the hydraulic con-
ditions of the sea-level aquifer and the Tribe’s well field
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were chosen: a T of 1,200 ft2/day, a Q of 100 gal/min, an
S of 1.5x10 , and a well spacing of 500 feet between
pumping and observation wells. Under these conditions,
the rate of water-level decline is initially large, with most
of the decline occurring during the first 2 or 3 days of
constant pumping (fig. 7). As time progresses, the rate of
decline becomes smaller.

WATER QUALITY

The quality and chemical characteristics of ground
water on the Swinomish Indian Reservation are described
in this section, using the results of chemical analyses of
water samples. The samples were analyzed for specific
conductance, pH, and concentrations of dissolved oxygen,
alkalinity, major ions, nitrate, and selected trace ele-
ments. The constituent concentrations and characteristics
were compared to applicable drinking water standards.
Primary drinking water standards (U.S. Environmental
Protection Agency, 1991a) generally address chemicals
that affect human health and can be enforced by specific
regulating agencies. Secondary drinking water standards
(U.S. Environmental Protection Agency, 1991b) pertain to

the aesthetic quality of water and are recommended guide-
lines only. Both sets of regulations directly apply only to
public supplies, but they can also be useful in assessing the
water quality of private systems. Of the constituents
determined in this study, nitrate and fluoride concentra-
tions and trace-clement concentrations such as copper,
lead, and mercury are governed by primary drinking water
standards that specify a maximum contaminant level
(MCL). Dissolved solids, sulfate, chloride, fluoride, iron,
manganese, zinc, and pH are governed by secondary
drinking water standards that recommend a secondary
maximum contaminant level (SMCL).

Data describing the general chemistry of water sam-
ples from the sea-level aquifer and seeps are presented in
appendixes B and C, respectively. A statistical summary
of chemical data for the sea-level aquifer is presented in
table 3, as are the MCLs and SMCLs in mg/L (milligrams
per liter) or pg/L (micrograms per liter). For some constit-
uents, the concentrations are reported as less than (<) a
given value where the given value is the reporting limit of
the analytical method. This means the constituent might
be present at a lower concentration or not present at all.

o
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Figure 7. Idealized relation between water-level drawdown and duration of pumping period for constant
values of transmissivity, pumping rate, storativity, and distance from pumping well.
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Table 3.--Summary of constituents and properties determined in water samples from five wells open to the sea-level
aquifer

[Concentrations in milligrams per liter (mg/L) unless otherwise noted; LS/cm, microsiemens per centimeter at 25°
Celsius; pg/L, micrograms per liter; <, less than; --, no value or no U.S. Environmental Protection Agency (USEPA)
drinking water regulation; SMCL, secondary maximum contaminant level; MCL, primary maximum contaminant level.
All are dissolved concentrations except bicarbonate, carbonate, and alkalinity]

Number of
Mini- Maxi- USEPA USEPA wells exceeding
Constituent or property mum mum SMCL MCL SMCL or MCL
Specific conductance (US/cm) 344 401 -- -- --
pH (standard units) 73 79 6.5-8.5 -- 0
Oxygen 0 0.1 -- - --
Hardness as CaCOj 140 180 - - --
Calcium 27 33 -- -- --
Magnesium 15 25 -- -- --
Sodium 16 17 - -- --
Potassium 2.8 5.0 -- -- --
Bicarbonate 200 214 -- -- --
Carbonate 0 0 -- -- --
Alkalinity as CaCO4 162 175 - - -
Sulfate <0.1 28 250 -- 0
Chloride 13 19 250 -- 0
Fluoride 0.2 0.2 2.0 4.0 0
Total dissolved solids 224 267 500 - 0
Nitrite + nitrate, as nitrogen <0.05 <0.05 -- 10.0 0
Organic carbon 1.0 20 -- -- --
Arsenic (ug/L) <1 <1 -- 50 0
Barium (pg/L) 47 93 -- 1,000 0
Cadmium (ug/L) <10 <1.0 -- 10 0
Chromium (pg/L) <1 <1 -- 50 0
Copper (ng/L) <1 1 -- 1,000 0
Iron (ug/L) 180 3,300 300 - 3
Lead (ng/L) <1 1 -- 50 0
Manganese (pug/L) 59 120 50 -- 5
Mercury (ug/L) <0.1 <0.1 -- 2 0
Selenium (pg/L) <1 <1 -- 10 0
Silver (ug/L) <1.0 <1.0 -- 50 0
Zinc (ug/L) 5 680 -- 5,000 0
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General Characteristics of Water-Quality
Analyses

Two properties of water commonly measured in
water samples are specific conductance and pH. Specific
conductance is a measure of the electrical conductance of
the water (corrected for water temperature), and increases
with the amount of dissolved minerals. Specific conduc-
tance is a good indicator of what is commonly referred to
as dissolved-solids concentration. The pH of a substance,
in this case water, is a measure of the hydrogen-ion activ-
ity and is gaged on a scale from O to 14. The pH is high in
alkaline, or basic, solutions and is low in acidic solutions;
apH of 7.0 is considered neutral. Because the scale is log-
arithmic, water with a pH of 6.0 has 10 times the activity
of hydrogen ions, or is 10 times more acidic, than water
with a pH of 7.0. Water with low (acidic) pH values can
be corrosive to plumbing and can result in increased con-
centrations of trace elements such as copper, lead, and
zinc. Water with high (basic) pH values can interfere with
the chlorination process and contribute to the deposition of
carbonate in pipes. The U.S. Environmental Protection
Agency (1991b) recommends a pH of 6.5 to 8.5 for water
used for domestic purposes.

Dissolved-oxygen concentrations determine in part
the types of chemical reactions that can occur in water.
Small dissolved-oxygen concentrations indicate that a
chemically reducing reaction can occur whereas large con-
centrations indicate that a chemically oxidizing reaction
can occur. In particular, the concentrations of iron and
manganese (discussed in a later paragraph) are determined
largely by the amount of oxygen dissolved in water. In
some instances, large dissolved-oxygen concentrations
might be caused by aeration of the water by pumps or by
leaking tanks or pipes. Sampling methods that minimized
aeration were used in this study.

Dissolved solids that typically are measured in water
samples include calcium, magnesium, sodium, potassium,
bicarbonate, sulfate, chloride, nitrate, and silica. Other
constituents, such as carbonate and fluoride, and metals
such as iron and manganese, are also dissolved solids, but
their concentrations are usually too small to make a
substantial contribution to dissolved-solids concentra-
tion. Most of the dissolved-solids are ions. Cations are
ions with a positive charge and include calcium, magne-
sium, sodium, potassium, and most metals. Anions are
ions with a negative charge and include bicarbonate,
sulfate, chloride, nitrate, carbonate, and fluoride. Silica
has no charge and is the only typical dissolved solid that is
not a cation or anion.
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Water hardness is calculated from the concentrations
of calcium and magnesium. Increasing water hardness
requires that a larger amount of soap be used to produce a
lather and can result in scale deposit on the inside of
plumbing pipes and boilers. Water hardness can be
classified in terms of an equivalent concentration of
calcium carbonate (CaCOj3) (Hem, 1989).

Hardness Range

Description (mg/L of CaCOs3)
Soft 0-60
Moderately Hard 61-120
Hard 121 - 180
Very Hard Greater than 180

Nitrogen is found in water as anions of nitrite or
nitrate, as ammonium cations, as ammonia, and at inter-
mediate oxidation states as part of organic solutes (Hem,
1989). Nitrogen in reduced or organic forms is unstable in
water with dissolved oxygen present; it is converted
readily by soil bacteria into nitrite and then to nitrate. In
this study, the analysis for nitrate nitrogen included both
the nitrite and nitrate forms. However, because nitrite
concentrations in ground water are typically negligible
and temporary, the analytical values can be considered as
entirely nitrate and are referred to in this discussion as
nitrate concentrations.

Large concentrations of dissolved iron and manga-
nese are common in ground water of western Washington
and are due largely to natural processes. These processes
are dependent on ambient geochemical conditions, partic-
ularly the concentration of dissolved oxygen. Water that is
nearly anoxic (low in dissolved-oxygen content) will dis-
solve iron or manganese from the surrounding minerals as
a chemically reduced form. If the water is reoxygenated,
the iron or manganese is oxidized to a less soluble form
than the reduced form and will precipitate as an oxide or a
carbonate. Because of these oxygen-sensitive reactions,
concentrations of dissolved iron and manganese can vary
considerably in a given area. In addition, the iron and
manganese content of aquifer material is highly variable.
Large concentrations of dissolved iron and manganese can
cause objectionable taste in drinking water and can stain
laundry and plumbing fixtures.



Sea-Level Aquifer

In general, water from the sea-level aquifer near the
Tribe’s well field was hard; hardness averaged 160 mg/L
as CaCO3. Concentrations of dissolved solids were mod-
erate ranging from 224 to 267 mg/L (table 3). Because the
water was nearly anoxic, it contained relatively large
concentrations of dissolved iron ranging from 180 to
3,300 pg/L, and of dissolved manganese, ranging from
59 to 120 pg/L.. The pH of the water was nearly neutral
with values ranging from 7.3 to 7.9.

Calcium and magnesium were the most prevalent
cations, with average concentrations of 30 and 20 mg/L,
respectively. Bicarbonate was the most prevalent anion,
with an average concentration of 204 mg/L. Sodium
accounted for most of the remaining cation contribution to
the dissolved-solids concentrations whereas sulfate and
chloride accounted for most of the remaining anion
contribution.

The percent contribution of the major ions to the dis-
solved-solids content can be used to characterize the water
type. Cation and anion percentages (in milliequivalents
per liter) were plotted on a trilinear diagram to show the
composition of the five water samples from the sea-level
aquifer (fig. 8). One (triangular) plot defines the dominant
cation, the other the dominant anion. The individual
cation and anion plots were then projected into the
diamond-shaped plot. If an analysis plots near one of the
vertices of the cation or anion triangle, that ion will
account for at least 60 percent or more of the cation or
anion sum and can be defined as a sole dominant ion. As
shown in figure 8, calcium and magnesium combined
made up about 80 percent of the cations, and bicarbonate
accounted for more than 70 percent of the anions. The
results indicate a mixed water type of calcium-magnesium
or magnesium-calcium bicarbonate. These mixed water
types are typical of the glacial deposits of western Wash-
ington (Van Denburgh and Santos, 1965; Turney, 1986).

Iron concentrations as large as 3,300 pg/L and man-
ganese concentrations as large as 120 pg/L, found in the
study water samples, are typical of western Washington
ground waters (Van Denburgh and Santos, 1965; Turney,
1986, 1990). Samples from all five wells had manganese
concentrations that exceeded the U.S. Environmental
Protection Agency (USEPA) SMCL of 50 pg/L, and
samples from three wells had iron concentrations that
exceeded the SMCL of 300 pg/L (table 3).
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Concentrations of most trace elements and of nitrate
were typically less than analytical reporting limits; all
trace-element and nitrate concentrations were substantially
less than the USEPA MCLs. Zinc was detected in all five
samples in concentrations ranging from 5 to 680 pg/L
(appendix B). Likely sources of zinc in the samples were
galvanized pipe used in wells and home plumbing systems
(N. P. Dion, U.S. Geological Survey, written commun.,
June 1991). Barium also was detected in all five samples
in concentrations ranging from 47 to 93 pg/L, with a
median of 63 pg/L.

Seeps Near Inactive Waste-Disposal Site

An inactive petroleum waste-disposal site is located
at the northeastern end of the Swinomish Indian Reserva-
tion in Sections 10 and 11 of Township 34, Range 2 (see
plate 1A). The site is about 1 mile northeast of the Tribe’s
well field at an altitude of about 140 feet above sea level.
The waste-disposal site covers about 7 acres.

The site was prepared by a major oil company in the
early 1960’s to dispose of petroleum refinery wastes (Jeff
Whidden, Ecology and Environment, Inc., written com-
mun., June 1986). Soils at the site are 3 to 5 feet thick and
are underlain by about 40 feet of till, 60 feet of outwash,
and 100 feet of the clay unit. Ground water at the site is
about 40 feet below land surface and generally flows in a
north-northeastward direction (Jeff Whidden, Ecology and
Environment, Inc., written commun., June 1986). In the
construction phase, three waste-disposal pits were dug to a
depth of about 2 feet into the soil and bermed with the
excavated soil. Several shallow ponds eventually formed
in these pits and the ponds persisted until the site was
closed in 1970. Since the site closure in 1970, brush and
deciduous trees have grown over the area. The total quan-
tity of waste dumped in the ponds is unknown, but one
refinery alone reportedly dumped more than 8,300 cubic
yards of material. Several refineries used the dump before
it was closed, and unauthorized private parties also were
dumping there as of 1986 (Jeff Whidden, Ecology and
Environment, Inc., written commun., June 1986).

Soil and water samples at the site were collected by a
consulting firm in February 1986. Soil samples contained
polycyclic aromatic hydrocarbons, aliphatic hydrocarbons,
toluene, benzene, xylene, pentane, hexane, and octane, but
these contaminants were not found in water samples from
a large puddle near the site or from surface runoff near the
top of the bluff (Jeff Whidden, Ecology and Environment,
Inc., written commun., June 1986).
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Figure 8. Percent composition of major ions in water samples from wells completed in the sea-level aquifer.
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Water samples from two seeps in a ravine about
800 feet east of the disposal site (see plate 1A) were col-
lected in late May 1991 after the spring rains had subsided
and direct runoff down the ravine from the land surface
had ceased. These seeps offered the closest available sam-
pling points in an area with the potential of receiving con-
tamination from the waste site. Analyses for a variety of
volatile organic compounds (VOCs), including those
contaminants mentioned in the previous paragraph, did not
detect any VOCs in water samples from sites 1 or 2
(appendix C). Sample analyses showed the water in the
seep flow to be a mixed type in that no one cation was
dominant; bicarbonate was the dominant anion. The total
dissolved-solids concentrations were small and the water
was soft. In general, the water carried slightly larger
concentrations of dissolved substances than are typical of
surface-water runoff in the Puget lowland area (David P.
Dethier, U.S. Geological Survey, written commun.,
January 1982) or of direct runoff on the Swinomish Indian
Reservation (Drost, 1979). However, the concentrations
of dissolved substances were slightly less than those
reported by Drost (1979) for streamflow water that was a
mix of direct runoff plus spring flow. On the basis of
concentrations of dissolved solids and other constituents,
the seeps appeared to contain ground water with a
relatively short residence time in the ground.

The effects of the disposal site on the aquifers in
general and the Tribe’s well field in particular cannot be
fully determined without additional hydrologic and
water-quality data from points closer to the waste-disposal
site. The fact that contaminants were not detected in
samples collected from the two seeps does not preclude
the possibility that other contaminants not analyzed for are
present in the samples, nor does this mean that contami-
nants from the disposal pits have not yet reached the seeps.
Although it is logical to assume the contaminants are mov-
ing generally north-northeastward, it is possible that
various hydrologic factors, including patterns of recharge
and ground-water withdrawals, could change the hydraulic
gradients and the direction of contaminant transport.

SUMMARY

In 1979, Drost described the aquifer system in the
upper 200 to 300 feet of a 900-foot assemblage of uncon-
solidated sediments on the Swinomish Indian Reservation.
Since that time, five wells have been drilled into a deeper,
coarse-grained aquifer layer that exists beneath the shal-
low units at an altitude near sea level. The purposes of this
study, in part, were to describe the extent and hydraulic
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characteristics of the newly found sea-level aquifer, and to
update previous (1975-76) information about the over-
lying, shallow aquifers with data collected in 1990-91.

Four unconsolidated hydrogeologic units were
defined using descriptions of the deposits in drillers’
reports; these units were correlated with the major hydro-
geologic units described by Drost (1979). The four units
included till, outwash, and clay units as defined by Drost
(1979), and the sea-level aquifer. At the Swinomish
Indian Tribe’s well field, the sea-level aquifer is from 10 to
20 feet thick and extends out from the well field at least
one-half mile to the northwest and to the south.

The till, outwash, and clay units, and the sea-level
aquifer are all used for public and domestic water supply.
Most of the wells in the study area are finished in the till
and outwash. At the time of Drost’s study (1975-76), the
outwash was the most productive of the three known units.
Data for 1990-91 indicated a median normalized specific
capacity of 1.0 (gal/min)/ft per foot of open interval for the
outwash and of 0.60 (gal/min)/ft per foot of open interval
for the sea-level aquifer. The estimated withdrawal
from the sea-level aquifer provided about 40 percent
(41,000 gal/day) of the 1991 average daily withdrawal
(102,000 gal/day) from the ground-water reservoir.

The sea-level aquifer is a confined aquifer; water
levels were about 20 to 80 feet above the top of the aquifer

-at the time of this study. Ground water in the sea-level

aquifer probably flows radially outward from near the cen-
ter of the island toward the coast. The pattern is consistent
with generalized flowlines associated with an island aqui-
fer system in which ground water moves radially outward
and discharges into adjacent saltwater bays and sea-level
mudflats. With data from only five wells, however, the
regional flow pattern of the sea-level aquifer could not be
determined adequately.

Hydraulic characteristics of the sea-level aquifer
were estimated using data collected by the driller from the
Swinomish Indian Tribe’s wells 34/2-15R2 and 34/2-15R3
at the time they were completed. Hydraulic conductivity
was estimated to range from 28 to 580 ft/day, and trans-
missivity ranged from 560 to 9,000 ft?/day. Data to
calculate the storativity of the sea-level aquifer and the
hydraulic characteristics of the overlying clay unit were
not available at the time of this study.

Water samples for chemical analyses were collected
from all five wells finished in the sea-level aquifer. In
general, water from the sea-level aquifer near the Tribe’s
well field was anoxic and hard; average hardness was



160 mg/L.. Concentrations of trace elements and of nitrate
were small in that they were commonly less than analyti-
cal reporting limits. On the basis of the percent compo-
sition of the major ions, water from the sea-level aquifer
was a mixed water type of calcium-magnesium or magne-
sium-calcium bicarbonate, which is typical of western
Washington ground water in glacial deposits. Largely
because of the anoxic conditions, the water contained
relatively large concentrations of dissolved iron and of
dissolved manganese. Iron concentrations in three of the
five wells, and manganese concentrations in all five wells,
exceeded U.S. Environmental Protection Agency second-
ary maximum contaminant levels recommended for
drinking water.

Water samples from ground-water seeps about
800 feet east of an inactive petroleum waste-disposal site
located northeast of the Swinomish Indian Tribe’s well
field did not contain detectable amounts of selected vola-
tile organic compounds. Their chemistry of the water
samples indicated that the seeps contain ground water with
a relatively short residence time in the ground. Without
additional hydrologic and water-quality data from points
closer to the waste-disposal site, however, the effects of
the waste products on the ground-water aquifers cannot be
assessed.

NEED FOR ADDITIONAL STUDY

The data and insights generated by this reconnais-
sance study of limited scope point to the need for addi-
tional, in-depth studies to more fully describe and assess
the ground-water resources of the Swinomish Indian
Reservation. In particular, a more thorough knowledge of
the thickness, geographic extent, and configuration of the
newly discovered sea-level aquifer is needed to properly
assess its long-term potential as a source of ground water.
Estimates of the aquifer’s hydraulic characteristics pro-
vided in this report could be used to determine the loca-
tions and depths of future production and observation
wells. The testing of these wells, in turn, would provide
more accurate values of the aquifer’s hydraulic charac-
teristics.

Because the Reservation is on an island, the danger
of seawater intrusion from excessive ground-water with-
drawals is a constant threat. The threat is even more
significant given the relatively low water levels observed
in the sea-level aquifer as part of this study. Persons
responsible for the long-term management of the sea-level
aquifer will have to consider the benefits derived from the
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water withdrawn and the potential dangers of over-
withdrawal. These considerations can best be addressed
with the use of a digital ground-water model.

The thick, unconsolidated sediments that overlie the
bedrock could be explored to determine if they contain
important aquifers and, if so, the quality of the water
produced. Such an effort would require a great deal of
exploratory drilling, usually an expensive undertaking.
Exploratory drilling would also be required to more fully
describe the sea-level aquifer.

Should residential development extend to the vicinity
of the inactive waste-disposal site and should that devel-
opment be dependent on ground water to meet domestic
needs, it would be necessary to determine if ground-water
contamination from that site has occurred and, if so, the
nature and extent of that contamination. Again, such an
effort would require exploratory drilling and extensive
water-quality testing.
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Appendix B.--Water-quality data for samples from wells completed in the sea-level aquifer

[--, no data; <, less than; mg/L, milligrams per liter; pg/L, micrograms per liter; LS/cm, microsiemens per centimeter
at 25°Celsius; CaCOj3, calcium carbonate. Concentrations are dissolved unless otherwise noted]

Local well number 34/2-15L.2 34/2-15L3 34/2-15R2 34/2-15R3 34/2-22H1
Date sampled 05-20-91 05-20-91 05-20-91 05-20-91 05-20-91
Land surface altitude 280 280 240 240 280
(feet above sea level)
Total well depth (feet 280 272 273 261 263
below land surface)
Specific conductance 381 390 359 344 401
(1S/cm)
pH (standard units) 7.5 7.6 7.8 7.9 73
Temperature (degrees 13.5 11.0 11.0 11.5 11.5
Celsius)
Oxygen (mg/L) 0 0 0.1 0.1 0
Hardness (mg/L as CaCO3) 160 160 150 140 180
Calcium (mg/L) 27 27 33 32 29
Magnesium (mg/L) 22 22 16 15 25
Sodium (mg/L) 17 17 17 17 16
Percent sodium 18 18 20 20 16
Sodium adsorption ratio 0.6 0.6 0.6 0.6 0.5
Potassium (mg/L) 4.9 50 2.8 2.8 5.0
Bicarbonate (mg/L as CaCO3) 202 202 214 200 203
Carbonate (mg/L as CaCOj3) 0 0 0 0 0
Total alkalinity (mg/L 164 166 175 162 166
as CaCOy)
Sulfate (mg/L) 16 26 <0.1 0.3 28
Chloride (mg/L) 13 18 18 19 18
Fluoride (mg/L) 0.2 0.2 0.2 0.2 0.2
Silica (mg/L) 46 45 39 39 44
Sum of dissolved 248 264 -- 224 267
constituents (mg/L)
Nitrite plus nitrate <0.05 <0.05 <0.05 <0.05 <0.05
nitrogen (mg/L)
Arsenic (ug/L) <1 <1 <1 <1 <1
Barium (ug/L) 93 79 48 47 63
Cadmium (pg/L) <1.0 <1.0 <1.0 <1.0 <1.0
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Appendix B.--Water-quality data for samples from wells completed in the sea-level aquifer--Continued

Local well number

34/2-15L2 34/2-15L3 34/2-15R2 34/2-15R3 34/2-22H1
Chromium (jtg/L) <1 <1 <1 <1 <1
Copper (ug/L) 1 1 1 <1 1
Iron (pg/L) 2,700 3,300 180 180 1,600
Lead (ug/L) 1 <1 1 <1 1
Manganese (ug/L) 120 120 79 59 120
Mercury (ug/L) <0.1 <0.1 <0.1 <0.1 <0.1
Selenium (pg/L) <1 <1 <1 <1 <1
Silver (ug/L) <1.0 <1.0 <1.0 <1.0 <1.0
Zinc (ug/L) 93 680 5 40 310
Organic carbon (mg/L) 1.1 1.0 2 1.8 1.1
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Appendix C.--Water-quality data for samples from seeps

[<, less than; mg/L, milligrams per liter; pg/L, micrograms per liter; |tS/cm, microsiemens per centimeter at
25°Celsius; ww, whole water. Concentrations are dissolved unless otherwise noted]

Seep-flow site name Seep site 1 Seep site 2
Date sampled 05-21-91 05-21-91
Land surface altitude (feet above sea level) 70 10
Specific conductance (ILS/cm) 93 98
pH (standard units) 7.2 7.4
Temperature (degrees Celsius) 9.5 9.5
Oxygen (mg/L) 10.7 10.6
Hardness (mg/L) 31 32
Calcium (mg/L) 6.6 6.8
Magnesium (mg/L) 35 3.6
Sodium (mg/L) 6.1 6.4
Percent sodium 29 29
Sodium adsorption ratio 0.5 0.5
Potassium (mg/L) 1.3 1.3
Bicarbonate (mg/L as CaCO3) 28 33
Carbonate (mg/L as CaCO3) 0 0
Total alkalinity (mg/L as CaCOj) 23 27
Sulfate (mg/L) 11 10
Chloride (mg/L) 4.6 4.9
Fluoride (mg/L) 0.1 <0.1
Silica (mg/L) 18 18
Solids, residue at 180°Celsius (mg/L) 85 95
Sum of dissolved constituents (mg/L.) 68 68
Nitrite plus nitrate nitrogen (mg/L) 0.070 0.087
Iron (ug/L) 230 290
Manganese (11g/L) 25 37
Organic carbon (mg/L) 11 11
Dibromomethane (ww, jLg/L) <0.20 <0.20
Dichlorobromomethane (ww, pg/L) <0.20 <0.20
Carbon tetrachloride (ww, ng/L) <0.20 <0.20
1,2-Dichloroethane (ww, pg/L) <0.20 <0.20
Bromoform (ww, pg/L) <0.20 <0.20
Chlorodibromomethane (ww, pLg/L) <0.20 <0.20
Chloroform (ww, g/L) <0.20 <0.20
Toluene (ww, pg/L) <0.20 <0.20
Benzene (ww, jg/L) <0.20 <0.20
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Appendix C.--Water-quality data for samples from seeps--Continued

Seep-flow site name Seep site 1 Seep site 2
Chlorobenzene (ww, pg/L) <0.20 <0.20
Chloroethane (ww, pg/L) <0.20 <0.20
Ethylbenzene (ww, pg/L) <0.20 <0.20
Methylbromide (ww, pg/L) <0.20 <0.20
Methylchloride (ww, pg/L) <0.20 <0.20
Methylenechloride (ww, pg/L) <0.20 <0.20
Tetrachloroethylene (ww, pg/L) <0.20 <0.20
Trichlorofluoromethane (ww, pg/L) <0.20 <0.20
1,1-Dichloroethane (ww, pg/L) <0.20 <0.20
1,1-Dichloroethylene (ww, pg/L) <0.20 <0.20
1,1,1-Trichloroethane (ww, ug/L) <0.20 <0.20
1,1,2-Trichloroethane (ww, pg/L) <0.20 <0.20
1,1,2,2-Tetrachloroethane (ww, pg/L) <0.20 <0.20
1,2-Dichlorobenzene (ww, pg/L) <0.20 <0.20
1,2-Dichloropropane (ww, pug/L) <0.20 <0.20
1,3-Dichlorobenzene (ww, ug/L) <0.20 <0.20
1,4-Dichlorobenzene (ww, pg/L) <0.20 <0.20
Dichlorodifluoromethane (ww, pug/L) <0.20 <0.20
trans-1,3-Dichloropropene (ww, pg/L) <0.20 <0.20
cis-1,3-Dichloropropene (ww, pg/L) <0.20 <0.20
Vinyl Chloride (ww, pug/L) <0.20 <0.20
Trichloroethylene (ww, pug/L) <0.2 <0.2
1,2-Dichloroethene (whole recoverable, pg/L) <0.2 <0.2
Styrene (ww, ug/L) <0.2 <0.2
1,1-Dichloropropene (ww, LLg/L) <0.2 <0.2
2,2-Dichloropropane (ww, pLg/L) <0.20 <0.20
1,3-Dichloropropane (ww, pg/L) <0.20 <0.20
2-Chlorotoluene (ww, ug/L) <0.20 <0.20
4-Chlorotoluene (ww, pug/L) <0.20 <0.20
1,2,3-Trichloropropane (ww, pg/L) <0.20 <0.20
1,1,1,2-Tetrachloroethane (ww, pg/l) <0.20 <0.20
1,2-Dibromoethane (ww, ptg/L) <02 <0.2
Xylene (total recoverable, ng/L) <0.2 <0.2
Bromobenzene (ww, pg/L) <0.20 <0.20
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