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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 4,047 square meter
square mile (mi2) 259.0 hectare
gallon (gal) 3.785 liter
acre-foot (acre-ft) 1,233 cubic meter
inch per day (in/d) 254 millimeter per day
foot per day (ft/d) 0.3048 meter per day
square foot per day (ft¥/d) 0.09290 square meter per day
cubic foot per day (ft*/d) 0.028317 cubic meter per day
gallon per minute (gal/min) 0.06308 liter per second
gallon per day (gal/d) 0.003785 cubic meter per day
degree Celsius (°C) %F=1.8x (°C+32) degree Fahrenheit (°F)

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.
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Hydrogeology and Quality of Ground Water on

Guemes Island, Skagit County, Washington

By S. C. Kahle and T. D. Olsen

ABSTRACT

Guemes Island is an 8.2-square-mile island in the
northern part of Puget Sound in western Washington State.
The population of the island is increasing, as is the
demand for ground water, which is the island’s sole source
of freshwater.

The island consists of unconsolidated Pleistocene
deposits and bedrock. A net of five hydrogeologic sec-
tions and a map of surficial geology were constructed and
used to delineate six hydrogeologic units. The Double
Bluff, Vashon, and beach aquifers are the most productive
hydrogeologic units on the island. The thickness of the
unconsolidated deposits under most of the island is
unknown.

Discharge to pumping wells was estimated to be
64.6 acre-feet during 1992, and virtually all the water was
used for public supply and domestic purposes. An approx-
imate water budget indicates that of the 21-29 inches of
precipitation that falls on the island in a typical year,
0-4 inches runs off as surface water, 12-22 inches evapo-
rates or transpires, and 2-10 inches recharges the ground-
water system. Only 0.1-0.3 inch of the recharge is with-
drawn by wells; the remainder recharges deeper aquifers
or discharges from the ground-water system fairly rapidly
to drainage ditches or the sea.

Water samples were collected from 24 wells to deter-
mine the chemical quality of ground water on the island.
All samples were analyzed for concentrations of common
ions, iron, manganese, arsenic, and fecal-streptococci and
fecal-coliform bacteria. The median dissolved-solids

concentration was 236 mg/L (milligrams per liter). The
secondary maximum contaminant level (SMCL) for
dissolved solids, 500 mg/L, was exceeded in four samples.
Twelve water samples were classified as moderately hard,
the remainder as hard or very hard. Although calcium-
magnesium/bicarbonate water types were most common,
samples with relatively high amounts of sodium and chlo-
ride also were found. The median chloride concentration
was 21 mg/L; two samples had chloride concentrations
above the chloride SMCL of 250 mg/L. The median
nitrate concentration of 0.08 mg/L indicates that there is
no widespread contamination from septic systems or from
livestock. More samples did not meet the SMCL for
manganese than for any other constituent; 11 samples
exceeded the 50 pg/L (micrograms per liter) limit. Simi-
larly, nine samples did not meet the SMCL of 300 pg/L for
iron. Arsenic was detected in 5 of 24 samples and concen-
trations ranged from 1 to 14 pg/L. Fecal-streptococci
bacteria were detected in one sample; fecal-coliform
bacteria were not detected at all.

Water from five wells was analyzed for concentra-
tions of volatile organic compounds, and trace concentra-
tions of a single but different compound were detected in
three samples; trichloromethane, 1,1,1-trichloroethane,
and benzene were each present in one sample. All
samples containing a volatile organic compound were
collected from wells less than 70 feet deep. Of the five
water samples analyzed for radon, one sample exceeded
the proposed radon maximum contaminant level of
300 picocuries per liter.



Several coastal wells in West Beach, North Beach,
and Indian Village yielded water with chloride concentra-
tions exceeding 100 mg/L, possibly indicating early stages
of seawater intrusion. Chloride concentrations appeared
to vary seasonally in wells that had chloride concentra-
tions greater than 100 mg/L; the higher values occurred
from April through September and lower values occurred
from October through March.

INTRODUCTION

Ground water is the sole source of freshwater for
Guemes Island in the northern part of Puget Sound in
Washington State, and there is no potential for local
surface-water development. Because the population of the
island is increasing rapidly, there is concern that the fresh
ground-water resource is not adequate to support contin-
ued growth and that increased pumpage will adversely
affect its availability and quality. The potential for sea-
water intrusion on Guemes Island is great because parts of
the island’s two major aquifers are below sea level, the
rates of recharge to the aquifers are low, and most wells
are in near-shore areas. Seawater intrusion along some of
the more densely populated coastal areas of the island has
been documented in previous studies (Walters, 1971; Dion
and Sumioka, 1984). Arsenic in ground water also is a
concern because it has been found at high concentrations
in ground water on nearby Lummi Island.

Although some water-quality information was
available, a comprehensive assessment of the island’s
hydrogeology and water chemistry had not been made.
Realizing the importance and need for this type of infor-
mation to properly manage, protect, and (or) develop the
local ground-water resource, a group of island residents
coordinated efforts to initiate such a study. Consequently,
in 1991 the U.S. Geological Survey (USGS) began a
ground-water investigation on Guemes Island in coopera-
tion with the Guemes Island Environmental Trust and the
Skagit County Conservation District. The results of that
study are presented in this report.

The objectives of the study are to:

(1) describe and quantify the ground-water system using
existing or readily collectable data;

(2) determine the general chemical characteristics of
waters in the major hydrogeologic units;

(3) describe any apparent widespread ground-water-
quality problems, including seawater intrusion;

(4) prepare a generalized water budget of the island; and

(5) discuss options for monitoring ground-water quantity
and quality based on the results of this study.

Purpose and Scope

This report summarizes the findings of the objectives
listed in the Introduction. The topics covered in this report
include regional and local geologic history; areal distribu-
tion and physical properties of significant hydrogeologic
units; basic principles of the hydrologic cycle and ground-
water occurrence; precipitation; recharge and discharge of
ground water on the island; water-level fluctuations and
trends; water budget of the island; seawater intrusion;
general chemistry of ground water; and the need for
monitoring and additional studies.

Description of the Study Area

Guemes Island is one of numerous islands located in
the coastal waters of Washington State. The island covers
8.2 mi? in western Skagit County, just north of the city of
Anacortes (fig. 1). Other islands in the immediate vicinity
include Lummi Island to the north and Cypress Island to
the west. The mainland is located to the east and south of
Guemes Island. Public access to the island is limited to a
county-operated ferry, which runs between Anacortes and
Guemes Island.

The southeastern part of Guemes Island is hilly and
composed of bedrock; the remainder is a gently rolling
plain that is underlain by glacial drift (plate 1). The high-
est point on Guemes Island, located at the southeastern
end of the island, is a bedrock hill 690 feet above sea level.
The highest point on the glacial drift plain is about
190 feet.

Precipitation on the island averages about 25 in/yr
(U.S. Department of Agriculture, 1965). A small peren-
nial stream flows down the island's steep eastern bedrock
slope and discharges into Square Harbor. An intermittent
stream, located in a north-south trending valley just west
of the bedrock part of the island, flows southward during
wet periods. Wetlands exist locally, in poorly drained
depressions or in low-lying coastal areas.

The year-round population of the island is about 540,
and the summer population nears 2,200. Much of the
island has a rural setting with most of the population
concentrated along the coast. The more densely populated
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Vashon aquifer (Qva)

300~ <> 35N/01E-14B02,-65, Double Bluff aquifer (Qdb)
O 35N/01E-11R02,-65, Double Biuff aquifer (Qdb)
A 35N/01E-12R01,-100, Double Bjuff aquifer (Qdb)
O 35N/02E-07A01,-25, Whidbey confining unit (Qw)
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Vashon aquifer (Qva)
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Vashon aquifer (Qva)
100 T

36N/01E-36Q01,-90,
Double Bluff aquifer (Qdb)

CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER

EXPLANATION

36N/01E-36C01,-4, Local number, approximate

Vashon aquifer (Qva) altitude of top of open interval
of well, in feet, hydrogeologic
unit in which the well is open.

Figure 22.--Concentrations of chloride in water from selected wells on
Guemes Island, December 1991 through December 1992.
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Table 5.--Summary of concentrations of common constituents, June 1992

[Concentrations in milligrams per liter unless otherwise noted. All are dissolved concentrations. Values are for
samples from 24 wells unless noted; pS/cm, microsiemens per centimeter at 25 °Celsius; <, not detected at the given

concentration; pg/L, micrograms per liter]

Concentrations
25th 75th

Constituent Minimum percentile Median percentile Maximum
pH (standard units) 6.2 6.8 7.2 7.9 8.5
Dissolved oxygen1 0 <.1 i 24 9.2
Specific conductance (US/cm, field) 221 266 352 586 1,370
Hardness (as CaCO3) 63 91 120 170 270
Calcium 10 16 20 31 53
Magnesium 7.5 12 16 22 33
Sodium 10 13 19 72 200
Percent sodium? 9 18 26 53 85
Potassium .5 1.8 3.2 5.2 11
Alkalinity (as CaCOs) 48 68 128 172 286
Sulfate <1 10 22 36 82
Chloride 13 16 21 59 330
Fluoride <1 <1 <1 1 3
Silica 13 28 30 35 50
Dissolved solids! 141 178 236 357 760
Nitrate (as nitrogt:n)l <.05 <.05 .08 1.3 6.8
Iron (ug/L) 10 19 160 1,170 7,100
Manganese (ug/L) 1 6 34 150 1,500

! Based on 23 samples.
2 Sodium as a percentage of total cation milliequivalents.

The acidity or basicity of water is measured by pH,
and is gauged on a scale from 0 to 14. A pH of 7.0 is neu-
tral; lower values are acidic and higher values are basic.
The pH values of the samples collected ranged from 6.2 to
8.5 and the median was 7.2. Wells completed in Qva
generally yielded acidic waters, whereas wells completed
in Qdb yielded basic waters. The median pH of waters
ranged from 6.5 in Qva to 8.2 in Qw (table 6).

Dissolved-oxygen concentrations help determine the
types of chemical reactions that can occur in water. Small
dissolved-oxygen concentrations indicate that a chemi-
cally reducing reaction can occur, and large concentrations
indicate that a chemically oxidizing reaction can occur.
Dissolved-oxygen concentrations ranged from less than
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0.1 t0 9.2 mg/L, and the median concentration was

0.7 mg/L.. As shown in table 6, median concentrations
varied considerably by unit, being largest in Qva and
smaller in Qsc, Qw, and Qdb. However, there was much
variation within individual units.

Hardness is primarily caused by the presence of
calcium and magnesium and is expressed as milligrams
per liter of CaCO3. The most familiar effects of hard
water are poor production of lather from soap and forma-
tion of scale deposits on plumbing.

Most water samples were classified as moderately
hard or hard, as defined by the following scheme (Hem,
1989):



Table 6.--Median concentrations of common constituents by hydrogeologic unit, June 1992

[Hydrogeologic unit: Qsc, Surficial confining unit; Qva, Vashon aquifer; Qw, Whidbey confining unit; Qdb, Double Bluff
aquifer; and Br, Bedrock. Concentrations in milligrams per liter (mg/L) unless otherwise noted. All are dissolved
concentrations except pH, dissolved oxygen, and specific conductance; LS/cm, microsiemens per centimeter at 25° Celsius;
<, not detected at the given concentration; pg/L, micrograms per liter]

Hydrogeologic unit (Number of samples)

Qsc Qva Qw Qdb Br
M (6) @) (13) @)
pH (standard units) 7.2 6.5 8.2 7.6 7.7
Dissolved oxygen 4 24 <1 4 1.2
Specific conductance
(uS/cm) 347 242 557 345 500
Hardness (as CaCO3) 150 83 172 120 230
Calcium 38 18 33 19 42
Magnesium 13 10 21 18 30
Sodium 14 16 55 24 17
Percent sodium 17 29 38 27 14
Potassium 1.9 1.6 5.7 3.7 4.2
Alkalinity (as CaCO3) 142 61 247 135 194
Sulfate 18 29 22 12 50
Chloride 13 18 24 27 20
Fluoride <.1 <1 2 1 <.1
Silica 13 30 29 32 30
Dissolved solids 199 165 341 1234 311
Nitrate (as nitrogen) .55 1.0 <.05 <05 .06
Iron (ug/L) 33 19 971 500 157
Manganese (ug/L) 36 3 54 150 20
Arsenic (ug/L) <1 <1 1 <1 <1
! Based on 12 samples.
Di li
Hardness range
(milligrams per ~ Number of  Percentage The concentration of dissolved solids is the sum of
Description liter of CaCO3)  samples of samples the concentrations of all the minerals dissolved in the
water. The major components of dissolved solids depend
Soft 0-60 0 0 on many factors, but usually include calcium, magnesium,
Moderately hard 61-120 13 54 sodium, potassium, bicarbonate, sulfate, chloride, nitrate,
Hard 121-180 6 25 and silica. Other constituents, such as carbonate and
Very hard Greater than 180 5 21 fluoride, or metals such as iron and manganese, are also
. . components but rarely are found in large enough concen-
24 100 trations to make a significant difference in comparison
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with the major components.



Dissolved-solids concentrations ranged from 141 to
760 mg/L, with a median concentration of 236 mg/L (table
5), and the concentrations tended to be larger in the deeper
(older) units (table 6). Some of this variation is because of
different geologic material in the units, but some is likely
due to increased residence time of water in the deeper
units. Water that has been in the ground for a longer time
generally has had the opportunity to dissolve more
minerals than water with a shorter residence time.

The areal distribution of dissolved-solids concentra-
tions varied widely (fig. 23). A few wells near the shore
had dissolved-solid contents greater than 400 mg/L,
possibly because of seawater intrusion.

jor Ion:

Most of the major components of dissolved solids are
ions, meaning they have an electrical charge. Cations
have a positive charge and include calcium, magnesium,
sodium, potassium, and most metals. Anions have a nega-
tive charge and include bicarbonate, sulfate, chloride,
nitrate, carbonate, and fluoride. Silica has no charge.

In Guemes Island ground water, the median concen-
tration of dissolved calcium (table 5) was 20 mg/L, the
largest of any of the cations. Magnesium and sodium had
median concentrations of 16 and 19 mg/L, respectively,
and account for most of the remaining cations. The
median concentration of potassium was 3.2 mg/L.

The anion having the largest median concentration
was bicarbonate, as indicated by the median alkalinity
concentration of 128 mg/L (table 5). Alkalinity is attri-
buted to the activities of bicarbonate, carbonate, and
hydroxide, but the concentrations of each are dependent
upon pH. At all pH values observed, bicarbonate is the
major component of alkalinity. The largest alkalinity con-
centration observed in the study area was 286 mg/L, in a
sample from well 35N/02E-07H04, which is completed in
Qw. The median concentrations of sulfate, chloride,
nitrate, and fluoride were small compared with alkalinity.

Chloride

Large chloride concentrations can indicate water-
quality problems such as seawater intrusion, contamina-
tion from septic tank effiuent, or the presence of connate
water. Concentrations greater than about 250 mg/L
commonly impart a salty taste. The distribution of chlo-
ride concentrations for June 1992 is shown in figure 24.
Chloride concentrations in samples from wells in the
central part of the island were generally less than 20 mg/L.
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Concentrations greater than 100 mg/L were found only in
samples from wells in near-shore areas. Chloride concen-
trations islandwide ranged from 13 to 330 mg/L, with a
median concentration of 21 mg/L (table 5). The range of
median concentration by unit was small, from 13 mg/L in
Qsc to 27 mg/L in Qdb (table 6). The chloride data from
these 24 samples are consistent with the inventory data
collected in October 1991.All of the chloride concentra-
tions are above the background concentrations of 3 to

5 mg/L typically found in ground water in other parts of
western Washington. A source of chloride other than
seawater intrusion may be affecting ground water in
Guemes Island wells not located in near-shore areas.

Chloride concentrations in water from some coastal
wells in North Beach and West Beach exceeded 200 mg/L.
Concentrations as large as 330 mg/L, in a sample from
well 36N/01E-36C01, were found in these areas. Concen-
trations at Kelly’s Point and along South Shore range from
17 to 100 mg/L.

Nitrate

Large concentrations of nitrate may indicate ground-
water contamination from septic tanks, animal wastes, or
fertilizer. Concentrations of nitrate greater than 10 mg/L
may cause a sometimes fatal disease in infants. The actual
analysis for nitrate includes both nitrite and nitrate;
however, nitrite concentrations in ground water are usually
much smaller than nitrate concentrations (National
Research Council, 1978). The values determined,
therefore, are considered to be mostly nitrate.

Concentrations ranged from less than 0.05 mg/L
to 6.8 mg/L, but the median concentration was only
0.08 mg/L (table 5). Concentrations in most samples were
1.0 mg/L or less. Two areas appear to have nitrate concen-
trations generally exceeding 1.0 mg/L: near Indian Village
and along North Beach (fig. 25); both areas are relatively
densely populated. The values determined for the island
are generally smaller than those reported for other parts of
western Washington. Median nitrate concentrations have
been reported as 0.16 mg/L in Clark County (Turney,
1990), 0.33 mg/L in Thurston County (Dion and others,
1994), and 0.10 mg/L or greater for much of the Puget
Sound area (Turney, 1986).

The nitrate in the Guemes Island ground water
probably originated from such local sources as septic
tanks, lawn fertilizers, or domestic farm animals. Usually,
shallow wells (less than 100 feet deep) are more suscep-
tible to nitrate contamination than deeper wells. However,
five of the seven wells where samples had nitrate
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concentrations exceeding 1.0 mg/L were more than

100 feet deep. In fact, the maximum concentration of
nitrate (6.8 mg/L) was detected in a sample from well
36N/01E-35F01, which is 182 feet deep. Nitrate concen-
trations in samples from several nearby deep wells, such
as wells 36N/01E-26H01, 36N/01E-26J01, and
36N/01E-35F01 at Indian Village and North Beach,
indicate areal rather than point-source contamination.
Deeper wells may contain nitrate from local sources, but
the cause of contamination is often poor well construction
that allows seepage of contaminated surface water into the
ground along the well casing. This may be the case at
wells 35N/O1E-12F01 and 35N/02E-06EO1 in the central
part of the island. Overall, there was no strong correlation
of nitrate concentration with either hydrogeologic unit or
well depth on the island.

Iron an nganes

Concentrations of iron and manganese greater than
300 pg/L and 50 pg/L, respectively, commonly stain
plumbing fixtures and give water a poor taste. Iron con-
centrations ranged from 10 to 7,100 pg/L, with a median
concentration of 160 pg/L (table 5). Median concentra-
tions were smaller in Qsc, Qva, and Br, and larger in Qw
and Qdb (table 6). All but one of the samples with iron
concentrations greater than 300 pg/L. were from wells
completed in Qdb, whereas most samples from Qva had
concentrations much lower than 300 pg/L (fig. 26).

Manganese concentrations ranged from 1 pg/L to
1,500 pg/L, and the median concentration was 34 pg/L
(table 5). Like iron, the median concentration for individ-
ual units was largest for samples from Qw and Qdb.
Manganese concentrations followed the same general
pattern as iron concentrations.

The variation and range of iron and manganese
concentrations seen on the island are typical of western
Washington ground waters (Van Denburgh and Santos,
1965; Turney, 1986, 1990; Dion and others, 1994),
although the median values are somewhat larger. Ground-
water samples from studies in Thurston, east King, and
Whatcom Counties had median iron concentrations of 23,
24, and 38 pg/L, and median manganese concentrations of
5, 17, and 10 pg/L (Dion and others, 1994; Turney and
others, 1995; and S. E. Cox, U.S. Geological Survey,
written commun., 1993). Large iron and manganese con-
centrations are due typically to natural processes. These
processes depend closely upon ambient geochemical
conditions, in particular the concentration of dissolved
oxygen. Water that is depleted of oxygen will dissolve
iron from the surrounding minerals as the chemically
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reduced ferrous (Fe?*) form of iron. Iron is highly soluble
under these conditions and large concentrations can result.
If the water is reoxygenated, the iron is oxidized to the
ferric (Fe3+) form, which is much less soluble than the
ferrous form and will precipitate as an oxide or a carbon-
ate, resulting in a smaller dissolved-iron concentration.
Manganese undergoes a similar set of reactions. Because
these reactions are oxygen-sensitive and the oxygen
content of the ground water may vary considerably in a
given area, dissolved iron and manganese concentrations
also may vary greatly.

Trace Constituents

Concentrations of most trace constituents were
small. For all except barium and zinc, the median concen-
trations were less than 1 pg/L (table 7). Arsenic was
detected in 5 of 24 samples, with concentrations of 1 pg/L
in 4 samples and a concentration of 14 yg/L in the fifth
sample, from well 36N/01E-36Q01. The sample from
well 36Q01 also had one of the largest concentrations of
dissolved solids (574 mg/L) and chloride (180 mg/L) on
the island. The U.S. Environmental Protection Agency
(USEPA) currently has set the maximum contaminant
level (MCL) for arsenic at 50 pg/L; however, that value is
being reviewed and may be lowered to 3 pug/L or less.

The source of the arsenic in the ground water is prob-
ably natural. Arsenic is present to some degree in many
igneous rocks, which are the source material for much of
the unconsolidated deposits in the Puget Lowland.
Furthermore, arsenic tends to concentrate in alumino-
silicate minerals and igneous rocks that contain iron
oxides (Welch and others, 1988), both of which are present
in the study area. Elevated concentrations of arsenic have
been documented in nearby areas of western Washington
and are thought to be due to natural conditions. In parti-
cular, on the north end of nearby Lummi Island, concen-
trations commonly ranging from 30 to 50 pg/L but as large
as 465 pg/L were reported in water from numerous wells
(D. P. Garland, Washington Department of Ecology,
written commun., 1993; V. A. Stern, Washington Depart-
ment of Health, written commun., 1993).

Barium, which occurs naturally, was present in five
samples, ranging in concentration from 15 to 63 pg/L
(table 7); the median concentration was 48 pg/L.. Zinc was
also present in all samples, but the concentrations varied
greatly, ranging from 6 to 540 ug/L. A major anthro-
pogenic source of zinc is the pipe used in wells and in
home plumbing systems. Concentrations of barium and
zinc were well within applicable drinking water regula-
tions in all cases.
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Table 7.--Summary of concentrations of selected trace constituents, June 1992

[Concentrations in micrograms per liter unless otherwise noted. All are dissolved concentrations. <, not detected at

the given concentration; pCi/L, picocuries per liter]

Concentrations
Number Wells with trace
of Mini- Maxi- constituent present
Constituent samples mum Median mum Number Percent
Arsenic 24 <1 <1 14 5 21
Barium 5 15 48 63 5 100
Cadmium 5 <1 <1 <1 0 0
Chromium 5 <1 <1 1 1 20
Copper 5 <1 <1 4 1 20
Lead 5 <1 <1 <1 0 0
Mercury 5 <.1 <1 <1 0 0
Selenium 5 <1 <1 2 1 20
Silver 5 <1 <1 <1 0 0
Zinc 5 6 200 540 5 100
Radon (pCi/L) 5 <80 120 390 3 60
Radon concentrations ranged from less than 80 pCi/L ile Organic unds

(picocuries per liter) to 390 pCi/L, with a median concen-
tration of 120 pCi/L. The picocurie is a measure of radio-
activity, not mass. Radon is a naturally occurring element
and is part of the radioactive decay chain of uranium. The
USEPA has proposed an MCL of 300 pCi/L. However,
the radon concentrations observed on Guemes Island are
considerably less than those found in ground water in
Thurston and King Counties, where median radon concen-
trations were 410 and 250 pCi/L, respectively (Dion and
others, 1994; Turney and others, 1995).

The remaining trace elements are rarely present, and
when present are not significant chemically or in terms of
health. Chromium was present in one sample, from well
35N/02E-08E02, but at a concentration of only 1 pg/L.
Such levels likely reflect the natural occurrence of chro-
mium in the mineral matrix. Copper and selenium were
present only in the sample from well 36N/01E-26]J01, at
concentrations of 4 and 2 pg/L, respectively. The source
for copper is likely plumbing systems because, like zinc, it
is commonly used in pipe and fixtures. Selenium, on the
other hand, is probably naturally occurring and may be
associated with seawater intrusion or connate water; sele-
nium at small concentrations is a natural component of
seawater. Finally, cadmium, lead, mercury, and silver
were not detected in any samples.
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The individual volatile organic compounds ana-
lyzed for are shown in table 8. The presence of any of
these volatile organic compounds is generally considered
to represent some type of anthropogenic source. The wells
sampled for volatile organic compounds were selected
because they are located in populated areas. Trace con-
centrations of volatile organic compounds were detected
in three of the samples collected from five wells (table 9).

Trichloromethane and 1,1,1-trichloroethane, both
commonly used as solvents, were detected at 0.2 ug/L in
water from wells 36N/01E-36C05 and 35N/O1E-02L01,
respectively (table 9). Benzene, which is present in gaso-
line, was detected in water from well 36N/O1E-26PO01 at
0.2 ug/L. Possible sources of these volatile organic com-
pounds include sampling and laboratory contaminants,
accidental spills, improper disposal, and in the case of ben-
zene, leaking fuel storage tanks. All samples containing a
volatile organic compound were taken from shallow wells
ranging in depth from 26 to 64 feet. The two samples that
had no volatile organic compounds detected were both
from relatively deep wells (90 and 114 feet). It is impor-
tant to recognize, however, that the compounds detected
were at low concentrations and that resampling would be
needed in order to verify their presence or absence.



Table 8.--Volatile organic compounds analyzed, June 1992

[Volatile organic compounds listed below are those analyzed for in samples from five wells. Except for those noteTi
8, none was present at the detection limit of 0.2 micrograms per liter]

Constituents

Chloromethane
Dichloromethane
Trichloromethane
Tetrachloromethane
Bromomethane

Bromochloromethane
Dibromomethane
Tribromomethane
Bromodichloromethane
Dibromochloromethane

Trichlorofluoromethane
Dichlorodifluoromethane
Chloroethane
1,1-dichloroethane
1,2-dichloroethane

1,1,1-trichloroethane
1,1,2-trichloroethane
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
1,2-dibromoethane

Trichlorotrifluoroethane
Chloroethene
1,1-dichloroethene
Cis-1,2-dichloroethene
Trans-1,2-dichloroethene

Trichloroethene
Tetrachloroethene
Cyanoethene
1,2-dichloropropane
1,3-dichloropropane

2,2-dichloropropane
1,2,3-trichloropropane

1,2-dibromo,3-chloropropane

Propenol
1,1-dichloropropene

Cis-1,3-dichloropropene
Trans-1,3-dichloropropene
Hexachlorobutadiene
2-chloroethylvinylether
Tert-butylmethylether

Benzene
Chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene

1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
Bromobenzene
Toluene
o-chlorotoluene

p-chlorotoluene
Dimethylbenzene
Ethylbenzene
Ethenylbenzene
1,2,4-trimethylbenzene

1,3,5-trimethylbenzene
N-propylbenzene
Isopropylbenzene
N-butylbenzene
Sec-butylbenzene

Tert-butylbenzene
1,methyl-4-propylbenzene
Naphthalene
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!‘oncentrations of volatile organic compounds in wells where they were detected

eologic unit: Qva, Vashon aquifer]

Depth of Hydrogeo- Concentration
Local well number well (feet) logic unit Constituent (micrograms per liter)
35N/01E-02L01 64 Qva 1,1,1-trichloroetharie 0.2
36N/01E-26P01 26 Qva Benzene 2
36N/01E-36C05 41.5 Qva Trichloromethane 2
Septage-Related Compounds Bacteria

Methylene blue active substances (MBAS) and
boron are present in household waste water as detergent
residues, and have been identified in septage-contaminated
ground water (LeBlanc, 1984). Boron is also present in
seawater and rocks, however, and its presence does not
necessarily indicate septage contamination. The presence
of MBAS or boron in ground water, if found in conjunc-
tion with nitrate, may indicate contamination from septic
systems. Concentrations of MBAS and boron were deter-
mined for samples from 12 wells, mostly situated in the
more populated areas of the island, and are included in
Appendix 8.

MBAS was detected at small concentrations (0.02
and 0.03 mg/L) in water from two wells: 36N/01E-26P01
and 36N/01E-36C0S. Nitrate was present in the same
samples at the relatively high concentrations of 4.80 and
1.90 mg/L, respectively.

Boron concentrations ranged from 20 to 420 pg/L,
with a median concentration of 50 pug/L. Boron concen-
trations measured during this study correlated poorly with
MBAS and nitrate concentrations. In fact, small concen-
trations of boron (20 pg/L) were measured in samples
from wells with detectable concentrations of MBAS
(36N/01E-26P01 and 36N/01E-36C05). Samples with the
three largest boron concentrations (420, 120, and
110 pg/L) were from wells 35N/02E-07H04, 36N/01E-
26H01, and 36N/01E-36CO01, respectively, which had
MBAS concentrations below the 0.02 pg/L detection
limit. Nitrate, however, although undetected in the sample
from well 35N/02E-07H04, was detected in the other
samples at 3.40 and 0.75 mg/L, respectively.
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Fecal-streptococci bacteria were detected in water
from 1 of the 24 wells sampled; fecal-coliform bacteria
were not detected in any of the sampled wells. Both types
of bacteria are indicators; that is, they are not pathogenic
themselves, but can occur in conjunction with pathogenic
bacteria. The only sample with bacteria present was from
a 35-feet deep dug well (35N/02E-07G01).

ater

Another way to describe the composition of water is
to determine the water types (or dominant ions) from the
analytical results. First, concentrations of the major ions
are converted from milligrams, which are based on mass,
to milliequivalents, which are based on the number of
molecules and electrical charge. A milliequivalent is the
amount of a compound, in this case one of the ions, that
either furnishes or reacts with a given amount of H" or
OH". When expressed as milliequivalents, all cations or
anions are equivalent for the purpose of balancing
equations; a milliequivalent of sulfate will balance a
milliequivalent of calcium. The milliequivalents of all the
cations and anions are each summed to obtain a cation
sum and anion sum, in milliequivalents. Because the
water is electrically neutral, the cation and anion sums
should be close in value. The contribution of each ion to
the appropriate sum is then calculated as a percentage.
The cation(s) and anion(s) that are the largest contributors
to their respective sums define the water types.

To make the determination of water types easier, the
percentages of cations and anions for a given sample, as
milliequivalents, are plotted on a trilinear, or Piper,



diagram, as shown in figure 27. The water type is then
determined from the area of the diagram in which the
sample is plotted. One plot defines the dominant cation,
the other the dominant anion. Combined water types,
where more than one cation or anion dominate, are possi-
ble and are actually common. An inspection of the expla-
nation diagram in figure 27 shows that to be defined as a
dominant ion, an ion must account for 50 percent or more
of the cation or anion sum, and the analysis will be plotted
near one of the corners. On the other hand, an ion that
accounts for less than 20 percent of the sum will not be
included in the water type. An exception to the latter case
occurs when two ions, such as chloride and nitrate, are
included on a single axis of the plot. If both together
contribute 20 percent, then the sample will plot as though
chloride is a dominant anion, even though chloride and
nitrate contributions individually may be less than 20
percent. For this study, the actual percentages were used
to determine the water type, and if both were less than 20
percent neither was considered dominant. Also, for
combined water types, the ions were listed in order of
dominance. For example, a calcium-magnesium bicarbo-
nate type has more calcium than magnesium, and a mag-
nesium-calcium bicarbonate type has more magnesium
than calcium, but both plot in the same section of the
diagram. It also should be noted that the diagram, which
is based on percentages, does not show actual concen-
trations or milliequivalents.

All 24 samples were plotted on a single trilinear
diagram (fig. 27) with a different symbol representing
each hydrogeologic unit. Samples with magnesium and
calcium as the dominant cations and bicarbonate as the
dominant anion were fairly common throughout the study
area. Such water types are common in aquifers made up
of the glacial and interglacial deposits of western
Washington (Van Denburgh and Santos, 1965; Turney,
1986; Dion and others, 1994). High percentages of
sodium, chloride, and sulfate may indicate varying degrees
of seawater intrusion, or possibly the presence of incom-
pletely flushed connate water. Five samples, from wells
35N/01E-021L01, 36N/01E-26H01, 36N/01E-26J01,
36N/01E-36C01, and 36N/01E-36Q01, had sodium
chloride water types, a possible indication of seawater
intrusion.

Drinking Water Regulations

The USEPA establishes maximum concentrations of
constituents allowed in public drinking water. Primary
drinking water regulations concern constituents that affect
human health. The maximum concentration allowed for
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each constituent is referred to by USEPA as the maximum
contaminant level, or MCL (U.S. Environmental Protec-
tion Agency, 1988a, 1988b, 1989, 1991), and is legally
enforceable by the USEPA or State regulatory agencies.
Secondary drinking water regulations (U.S. Environmen-
tal Protection Agency, 1988c, 1991) pertain to the esthetic
quality of water and are guidelines only. A secondary
maximum contaminant level, or SMCL, is not enforceable
by a Federal agency. Both sets of regulations legally apply
only to public supplies, but also can be used to help assess
the quality of water from private systems.

The drinking water regulations for all constituents
analyzed in this study are shown in table 10. Because the
standards are subject to revision, this report will use the
MCL or SMCL in effect at the time the samples were
collected. Along with each MCL or SMCL, the number of
wells from which samples did not meet the standard is also
shown in table 10.

None of the primary MCLs was exceeded during this
study. However, if the USEPA lowers the MCL for
arsenic to 3 pg/L or less, as proposed, the sample from one
well (36N/01E-36Q01) would exceed it. The current
arsenic MCL of 50 pg/L is based on the concentration at
which chronic arsenic poisoning can occur if continually
ingested. The USEPA is considering lowering the current
MCL because it does not take into account the carcino-
genic effects of arsenic. Total-coliform bacteria were not
analyzed for, but fecal-coliform bacteria, which are a
subgroup of total coliform, were not detected in any of the
samples.

Of 24 wells sampled, samples from 11, or 46 percent,
did not meet the manganese SMCL of 50 pg/L.. However,
as described elsewhere, these large manganese concentra-
tions occur naturally and are common in the ground waters
of Puget Lowland. The SMCL for manganese is based on
the level at which staining of laundry and plumbing
fixtures may occur; the stain is usually black or purple. In
addition, the taste of the water may be affected at concen-
trations greater than 50 pug/L.. Extremely large concentra-
tions of manganese may cause human health problems, but
no such instances have ever been reported in the United
States (U.S. Environmental Protection Agency, 1986).

Concentrations of iron in samples from nine wells
(38 percent) did not meet the SMCL for iron of 300 pg/L.
As with manganese, these large concentrations are likely
due to natural causes. Iron concentrations exceeding the
SMCL may cause an objectionable taste and may stain
plumbing fixtures a characteristic red or brown color.
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Table 10.--Drinking water regulations and the number of samples not meeting them

[mg/L, milligrams per liter; Lg/L, micrograms per liter; cols. per 100 mL, colonies per 100 milliliters]

Maximum Number of
contaminant wells with
level (MCL) samples not Percentage Total
or secondary meeting MCL of wells not number of
Constituent MCL (SMCL) or SMCL meeting MCL wells sampled
Primary drinking water regulations
Inorganic
Fluoride 4 mg/L 0 0 24
Nitrate (as nitrogen) 10 mg/L 0 0 23
Arsenic 50 ug/L 0 0 24
Barium 2,000 pg/L 0 0 5
Cadmium Sug/L 0 0 5
Chromium 100 pg/L 0 0 5
Lead 50 ug/L 0 0 5
Mercury 2 pug/L 0 0 5
Selenium 50 pg/L 0 0 5
Silver 50 ug/L 0 0 5
Organic
Trihalomethanes! 100 pg/L 0 0 5
Tetrachloromethane 5 ug/l 0 0 5
1,2-dichloroethane 5 ug/lL 0 0 5
1,1,1-trichloroethane 200 ng/L 0 0 5
1,2-dibromoethane .05 ug/L 0 0 5
Chloroethene 2 ug/L 0 0 5
1,1-dichloroethene 7 ug/L 0 0 5
Cis-1,2-dichloroethene 70 ug/L 0 0 5
Trans-1,2-dichloroethene 100 ug/L 0 0 5
Trichloroethene 5ug/l 0 0 5
Tetrachloroethene 5 pg/L 0 0 5
1,2-dichloropropane Sug/L 0 0 5
Benzene 5ug/ll 0 0 5
Chlorobenzene 100 pg/L 0 0 5
1,2-dichlorobenzene 600 pg/L 0 0 5
1,3-dichlorobenzene 600 ug/L 0 0 5
1,4-dichlorobenzene 75 pg/L 0 0 5
Toluene 1,000 pg/L 0 0 5
Xylene 10,000 ng/L 0 0 5
Ethylbenzene 700 ng/L 0 0 5
Ethenylbenzene 100 pg/L 0 0 5
Microbiological
Total coliform 0 cols. 0 0 24
per 100 mL
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Table 10.--Drinking water regulations and the number of samples not meeting them--Continued

Maximum Number of
contaminant wells with
level MCL) samples not Percentage Total
or secondary meeting MCL of wells not number of
Constituent MCL (SMCL) or SMCL meeting MCL wells sampled
Secondary drinking water regulations
Inorganic
pH 6.5-8.5 units 1 4 24
Sulfate 250 mg/L 0 0 24
Chloride 250 mg/L 2 8 24
Fluoride 2 mg/L 0 0 24
Dissolved solids 500 mg/L 4 17 24
Iron 300 pg/L 9 38 24
Manganese 50 pg/L 11 46 24
Copper 1,000 pg/L 0 0 5
Silver 100 pg/L 0 0 5
Zinc 5,000 pg/L 0 0 5
Organic
MBAS (methylene blue
active substances) .S mg/L 0 0 12

I ncludes trichloromethane, tribromomethane, bromodichloromethane, and dibromochloromethane.

Only 1 of the 24 samples had a pH value (6.2) out-
side the acceptable range of 6.5 to 8.5. The pH range used
in the SMCL is based largely on the acceptable range for
marine aquatic life, which is not readily applicable to
ground-water systems. Water with a pH range from 5 to 9
is usually considered acceptable for domestic uses (U.S.
Environmental Protection Agency, 1986). Water with
small pH values may be corrosive to pipes and plumbing
and can increase copper, lead, zinc, and cadmium concen-
trations. Water with large pH values may adversely affect
the chlorination process and may cause carbonate deposits
to form in pipes.

Samples from two wells (8 percent) had chloride
concentrations above the SMCL of 250 mg/L.: concentra-
tions in wells 36N/01E-26H01 and 36N/01E-36C01 were
310 and 330 mg/L, respectively. The SMCL for chloride
is the level at which a salty taste is discernible by most
people.
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Samples from four wells (17 percent) had dissolved-
solids concentrations greater than the SMCL of 500 mg/L;
the concentrations ranged from 543 to 760 mg/L. The
SMCL for dissolved solids is based largely on taste,
although other undesirable properties such as corrosive-
ness or hardness may be associated with large dissolved-
solids concentrations.

The USEPA is in the process of establishing an MCL
for radon of 300 pCi/L. Only one sample did not meet this
proposed MCL.

For more information on drinking water regulations,
the reader is referred to documents of the U.S. Environ-
mental Protection Agency (1976, 1986, 1988a, 1988b,
1988c, 1989, 1991).



FUTURE MONITORING AND
ADDITIONAL STUDIES

Long-term ground-water level and ground-water
quality data for Guemes Island are generally sparse. Such
data could be useful in detecting and characterizing natural
or anthropogenic changes in the ground-water system.
Measuring water levels in several wells monthly or
bimonthly, with a representative number of wells in the
major aquifers, Qva and Qdb, would allow the delineation
of temporal trends. Declining water levels might indicate
that the ground-water resource was being pumped faster
than it was being recharged from rainfail.

A minimum Ievel of water-quality monitoring would
involve collecting samples periodically from selected
wells for the analysis of chloride, nitrate, and bacteria. At
the time of collection, perhaps quarterly, pH, specific
conductance, dissolved-oxygen concentration, and
temperature also could be measured in the field. Samples
could be collected and analyzed for concentrations of
common ions and trace elements at times of highest and
lowest water levels. The resulting data could be compared
to that collected during this and previous studies in order
to identify cyclic or long-term changes in water chemistry.
Degradation of ground-water quality might indicate
inappropriate land-use practices or, in the case of seawater
intrusion, overpumping of the ground-water resource.
Long-term monitoring of chloride concentration and water
levels in coastal wells finished below sea level would
detect seawater intrusion.

Any monitoring efforts would need to be reviewed at
least annually to ensure that the objectives of the data
collection were being met. Modifications could be made
as necessary, but should be kept to a minimum because the
success of any monitoring program depends largely on its
continuity.

The depth to bedrock on most of the island is mostly
unknown, and therefore the total thickness of the potential
water-bearing sediments above the bedrock is also
unknown. Geophysical surveys and (or) drilling could
help determine the geometry of the top of the underlying
bedrock and of the island’s most extensive and heavily
used aquifer (Qdb).

The water-level maps constructed for this report
could be refined with additional data, thereby allowing a
better evaluation of ground-water flow directions. In the
case of Qdb, which has a relatively flat potentiometric
surface, more data points (water levels) and (or) more-
accurate water-level altitudes would be useful in
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generating a water-level contour map of the unit. Refine-
ment of water-level altitudes would involve determining
the altitudes of the inventoried well heads more accurately
than was done for this study. Additional data points could
be gathered by locating and measuring water levels in new
or previously uninventoried wells, preferably in areas
where well coverage was limited at the time of this study.

The effects of additional ground-water development
on the island’s ground-water system cannot be accurately
quantified at present. A mathematical ground-water
model of the island is a tool that could help determine the
effects of increased ground-water withdrawals.

SUMMARY AND CONCLUSIONS

The ground-water resource of Guemes Island
provides all of the freshwater used by 535 year-round
residents and an additional 1,605 seasonal residents.
Population growth on the island is increasing the demand
for ground water. Three water-use categories were recog-
nized on the island: livestock (2 percent), public supply
(28 percent), and domestic self-supplied (70 percent).

Guemes Island is composed of a sequence of uncon-
solidated glacial and interglacial deposits overlying
consolidated bedrock. The unconsolidated deposits are
lithologically variable and often are not present island-
wide. Bedrock is exposed on the eastern end of the island;
depth to bedrock on the remainder of the island is not
known everywhere, but in places it may be greater than
300 feet. Six hydrogeologic units were identified on
Guemes Island:

(1) Beach aquifer (Qb);

(2) Surficial confining unit (Qsc);
(3) Vashon aquifer (Qva);

(4) Whidbey confining unit (Qw);
(5) Double Bluff aquifer (Qdb); and
(6) Bedrock unit (Br).

The Double Bluff aquifer is the most laterally exten-
sive hydrogeologic unit and is the unit from which most
water is obtained. This unit generally occurs at or below
sea level and the total thickness of the aquifer is unknown.

The Vashon aquifer does not occur islandwide, ranges in
thickness from zero to 100 feet, and is saturated only in



places. The Beach aquifer occurs only in near-shore areas
where beach deposits have accumulated to thicknesses of
10 to 20 feet.

Three less-permeable units, the Bedrock unit, the
Whidbey confining unit, and the Surficial confining unit,
occur on Guemes Island. The Bedrock unit is exposed in
the southeastern part of the island and underlies the uncon-
solidated deposits throughout the rest of the island. Few
wells are completed in the Bedrock unit, and those that are
tend to have low yields of water. The Whidbey confining
unit is generally fine-grained but has coarse-grained lenses
that supply small yields of water to numerous wells. This
unit is generally less than 120 feet thick and is found at
depth over much of the island. The Surficial confining
unit, which is composed of till and (or) glaciomarine drift,
occurs on the surface of most of the island. The unit is
commonly 20 feet thick where till alone occurs, but may
be 200 or more feet thick where glaciomarine drift occurs.
Few inventoried wells are completed in Qsc.

Hydraulic conductivity values of the hydrogeolgic
units were estimated using specific-capacity data. Median
values of hydraulic conductivity for the Double Bluff
aquifer, the Vashon aquifer, the Whidbey confining unit,
and the Surficial confining unit are 68, 43, 1.6, and 23,
respectively. Data were unavailable for the Beach aquifer
and the Bedrock unit.

An approximate water budget of the island indicates
that of the 21-29 inches of precipitation falling on the
island in a typical year, 0-4 inches runs off, 12-22 inches
evapotranspires, and 2-10 inches recharges the ground-
water system. Only 0.1-0.3 inch of the recharge is with-
drawn (discharges) from wells. Discharge to springs and
the sea was not quantified.

Although current (1992) withdrawals from wells
may appear to be of little significance, the locations and
density of pumping wells are critical factors affecting the
ground-water system, especially in an island setting.
Overpumping in near-shore areas could move the fresh-
water-seawater interface landward, thereby increasing the
likelihood of seawater intrusion. Additionally, it is
unknown how much of the recharge actually moves down-
ward to the principal aquifer on the island, the Double
Bluff aquifer. A significant part of this recharge water
may be intercepted by pumping wells completed in over-
lying units, or part of the recharge water may leave the
ground-water system at natural discharge points.
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A water-level map for the Double Bluff aquifer illus-
trates that the unit has a fairly flat potentiometric surface,
with hydraulic head varying less than 30 feet across the
island. Water levels in wells completed in this aquifer
generally had less than 0.5 foot of seasonal fluctuation. A
water-level map for the Vashon aquifer shows that head
ranges from O to 80 feet across the island. Water levels in
wells completed in this unit generally showed slightly
more than 2 feet of seasonal fluctuation. However, water-
level fluctuations up to 7 feet were observed in coastal
wells in response to tidal influences.

The chemical quality of ground water on the island is
generally suitable for domestic use. Dissolved-solids
concentrations ranged from 141 to 760 mg/L., with a
median concentration of 236 mg/L.. Dissolved-solids
concentrations tended to be larger in the deeper units, and
most water was moderately hard. Typically, magnesium,
calcium, and bicarbonate were the dominant ions.
Chloride concentrations ranged from 13 to 330 mg/L, with
a median concentration of 21 mg/L. Nitrate concentra-
tions were generally small, ranging from less than 0.05 to
6.8 mg/L, with a median concentration of 0.08 mg/L.

Iron and manganese concentrations varied greatly
and in some cases were large. Iron concentrations ranged
from 10 to 7,100 pg/L., with a median concentration of
160 pg/L. The largest concentrations of iron were found
in the Double Bluff aquifer. Manganese concentrations
ranged from 1 to 1,500 pg/L, with a median concentration
of 34 ug/L.. The largest concentrations of manganese were
found in the Whidbey confining unit.

Arsenic was detected in 5 of 24 samples, at concen-
trations ranging from 1 to 14 pug/L.. The arsenic probably
occurs naturally and is present in ground water in other
areas of western Washington. Radon concentrations
ranged from less than 80 to 390 pCi/L, with a median
concentration of 120 pCi/L.

Trace concentrations of volatile organic compounds
were detected in three water samples. All of the samples
with a volatile organic compound (VOC) present were
collected from shallow wells. Possible sources of the
VOC:s (trichloromethane, 1,1,1-trichloroethane, and
benzene) include sampling and laboratory contamination,
accidental spills, improper disposal of fuels or solvents, or
leaking storage tanks.



Concentrations of selected constituents were com-
pared with maximum contaminant levels (MCLs) for
applicable USEPA drinking water regulations. No pri-
mary MCLs were exceeded during this study. The
secondary maximum contaminant level (SMCL) of
500 mg/L for dissolved solids was exceeded in four
samples. Two of the four samples also had chloride con-
centrations larger than the chloride SMCL of 250 mg/L,
suggesting seawater intrusion conditions. More samples
did not meet the SMCL for manganese than for any other
constituent; 11 samples exceeded the limit of 50 pg/L.
Similarly, nine samples did not meet the SMCL of
300 pg/L for iron. Only one sample, with a pH of 6.2,
exceeded the lower limit of the SMCL for pH. All other
applicable drinking water regulations were met, including
those for trace elements and organic compounds. How-
ever, one sample out of the five that were analyzed for
radon would not meet the proposed radon MCL of
300 pCi/L.

Chloride concentrations in West Beach, North
Beach, and Indian Village were generally above
100 mg/L, perhaps indicating the early stages of seawater
intrusion. Chloride concentrations greater than 20 mg/L,
but less than 100 mg/L, were found in water samples
collected near Kelly’s Point and along South Shore.

Chloride concentrations were determined monthly in
water samples collected from 12 coastal wells. Water
from wells with chloride concentrations generally in
excess of 100 mg/L showed the greatest seasonal varia-
tion, with larger values occurring from April through
September and smaller values occurring from October
through March. Seasonal variations in chloride concentra-
tion are likely caused by shifting of the freshwater-
seawater interface. This shifting most likely is due to
seasonal changes in pumpage and in recharge to the
ground-water system.
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Appendix 2.--Drillers’ lithologic logs of wells used in the construction of hydrogeologic sections

Depth
of
Thickness bottom Driller’'s  Year
Local well number Driller’s description of materials (feet) (feet) name drilled
35N/01E-01A01 Topsoil 6 6 Brown 1976
Sandy loam 3 9
Tan clay 25 34
Coarse sand 44 78
Gravel 14 92
Coarse sand and fine gravel 41 133
Large rocks and gravel 4 137
Coarse sand 9 146
Fine gravel 7 153
Coarse gravel and fine sand;
water bearing strata 153-156 feet 10 163
35N/01E-01C02 Topsoil 1 1 Hayes 1990
Boulder 1 2
Brown clay and gravel 18 20
Brown sand and gravel 35 55
Brown sand, gravel, and water 19 74
Gray clay 9 83
Brown peat 1 84
Brown clay 1 85
Gray clay 17 102
35N/01E-01D01 Dirty sand and gravel 6 6 Dahlman 1990
Brown clay 12 18
Blue clay 67 85
Water and gravel 5 90
35N/01E-01MO01 Dirty sand and gravel 8 8 Dahlman 1986
Brown clay 7 15
Blue clay 35 50
Sand and gravel 53 103
Brown clay 15 118
Blue clay 60 178
Water and gravel 7 185
35N/01E-01R01 Gravelly hard clay 31 31 Whidbey 1980
Hardpan 9 40
Soupy sand 18 58
Clay 59 117
Gravelly hard clay 104 221
Water and sand 7 228
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Appendix 2.--Drillers’ lithologic logs of wells used in the construction of hydrogeologic sections--Continued

Depth
of
Thickness bottom Driller’'s  Year
Local well number Driller’s description of materials (feet) (feet) name drilled
35N/01E-02A01 Topsoil 2 2 Hayes 1988
Brown sand 2 4
Tan clay 14 18
Gray clay and gravel 12 30
Tan clay 5 35
Tan clay, sand, and gravel 4 39
Gray dirty sand 2 41
Hard gray layered clay 28 69
Gray clay, wood, and silt 2 71
Gray silt, sand, clay, and seepage 4 75
Gray clay 1 76
Semi-consolidated gravel, sand, and water 5 81
Coarse gravel, sand, and water 2 83
35N/01E-02G01 Topsoil 2 2 Hayes 1988
Tan clay and gravel 15 17
Brown sand and gravel 38 55
Tan clay and gravel 2 57
Brown sand and gravel 13 70
Dirty gray fine sand and seepage 3 73
Hard peat 3 76
Gray clay and wood 7 83
Gray clay and silt 12 95
Tan clay, wood, and silt 22 117
Gray clay 16 113
Brown silt and sand and seepage 20 153
Gray clay 2 155
Consolidated brown gravel and water 2 157
Brown gravel and water 1 158
35N/01E-02L03 Dirty sand and gravel 50 50 Dahlman 1989
Brown clay 15 65
Blue clay 37 102
Gravel and water 5 107
35N/01E-11B01 Brown clay 32 32 Dahlman 1988
Blue clay and gravel 18 50
Brown clay and gravel 10 60
Sand and gravel 10 70
Brown clay 10 80
Blue clay 48 128
Water and gravel 7 135
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Appendix 2.--Drillers’ lithologic logs of wells used in the construction of hydrogeologic sections--Continued

Depth
of
Thickness bottom Driller’s Year
Local well number Driller’s description of materials (feet) (feet) name drilled
35N/01E-11P04 Topsoil 1 1 Hayes 1989
Tan gravel, sand, and clay 15 16
Brown sand 14 30
Brown sand and gravel 65 95
Dark layered gray and brown
clay and wood 19 114
Layered gray and brown clay 6 120
Dirty brown sand 15 135
Brown sand 25 160
Brown sand and water 19 179
35N/01E-12H02 Topsoil 5 5 Dahlman 1983
Brown clay 17 22
Blue clay 197 219
Water, sand, and clay 1 220
35N/01E-12R01 Brown clay 10 10
Blue clay 140 150
Silt, sand, and water 5 155
Clay 3 158
Silt, sand, and water 12 170
35N/01E-12R02 Topsoil 2 2 Dahlman 1990
Brown clay 53 55
Blue clay 95 150
Fine sand and water 8 158
35N/02E-05F01 Brown loam 1 1 Skagit 1990
Sand and gravel 7.5 8.5
Sand, gravel, and water 3 11.5
35N/02E-06C01 Topsoil 2 2 Hayes 1991
Brown clay and gravel 8 10
Green basalt 70 80
35N/02E-06C02 Brown sand and gravel 17 17 Hayes 1991
Brown clay and gravel 16 33
Brown gravel and sand 42 75
Brown gravel and water 16 91
Gray gravel, sand, and water 8 99
35N/02E-06G01 Brown clay 18 18 Dahlman 1981
Rock 106 124
Soft shale with clay 2 126
Rock, water at 150 feet 39 165
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Appendix 2.--Drillers’ lithologic logs of wells used in the construction of hydrogeologic sections--Continued

Depth
of
Thickness bottom Driller’s  Year
Local well number Driller’s description of materials (feet) (feet) name drilled
35N/02E-06G02 Dirty sand and gravel 20 20 Dahlman 1985
Green granite; water at 183 feet 244 264
35N/02E-07A02 Topsoil 3 3 Dahlman 1982
Brown clay 27 30
Blue clay 60 90
Brown sand 20 110
Gray sand and water 8 118
Blue clay 22 140
35N/02E-07A03 Topsoil 2 2 Dahlman 1978
Clay and stone 78 80
Clay and sand 25 105
Water and gray sand 18 123
35N/02E-07A05 Topsoil 1 1 Hayes 1990
Tan sandy clay 14 15
Tan silty clay and gravel 9 24
Tan silty clay 30 54
Gray clay 13 67
Brown clay and scattered gravel 7 74
Gray clay 39 113
Gray fine sand and water 4 117
Gray clay and fine sand 1 118
35N/02E-08E02 Topsoil 2 2 Olympic 1979
Gravelly clay 18 20
Blue clay 5 25
Brown cemented sand and gravel 5 30
Gray cemented sand and gravel 23 53
Gray clay 88 141
Sand and clay 19 160
Gray hardpan 26 186
Shattered rock 3 189
35N/02E-08E03 Topsoil 1 1 Hayes 1990
Brown gravel, sand, and clay 11 12
Gray clay and gravel 46 58
Gray gravel, sand, and clay and seepage 3 61
Gray clay 5 66
Gray clay and gravel 4 70
Gray clay 29 99
Gray clay and little gravel 11 110
Gray clay 20 130
Gray clay and gravel 1 131
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Appendix 2.--Drillers’ lithologic logs of wells used in the construction of hydrogeologic sections--Continued

Depth
of
Thickness bottom Driller’s  Year
Local well number Driller’s description of materials (feet) (feet) name drilled
35N/02E-08E03--cont Gray clay 53 184
Gray clay and little gravel 16 200
Gray silty sand and water 5 205
Layered gray clay and water 12 217
35N/02E-08GO01 Brown clay and rock 12 12 Dahlman 1988
Hard greenish rock 396 408
36N/01E-26H01 Gravel 6 6 Whidbey 1976
Hardpan 19 25
Gravel 44 69
Sandy clay 23 92
Hardpan 15 107
Sand 3 110
Dry gravel 6 116
Water and gravel 18 134
36N/01E-26R01 Gravel 6 6 Whidbey 1976
Gravelly clay 16 22
Gravel and sand 43 65
Gravel 33 98
Sand 26 124
Gravelly hardpan 16 140
Sand and clay 14 154
Clay 13 167
Hardpan 9 176
Gravel, hard 5 181
Gravel and water 13 194
36N/01E-35G02 Topsoil 5 5 Dahlman 1985
Brown clay 20 25
Blue clay 10 35
Brown sandy clay 15 50
Brown clay and gravel 35 85
Brown sand and clay 26 111
Blue clay 37 148
Water, sand, and gravel 12 160
36N/01E-36R01 Dirty sand and gravel 10 10 Dahlman 1983
Blue clay 12 22
Brown clay and gravel 21 43
Sand 12 55
Blue clay 20 75
Brown clay 59 134
Sand 3 137
Gravel and water 7 144
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Appendix 2.--Drillers’ lithologic logs of wells used in the construction of hydrogeologic sections--Continued

Depth
of
Thickness bottom Driller’s Year
Local well number Driller’s description of materials (feet) (feet) name drilled
36N/02E-31M01 Sand 3 3 Kounkel 1973
Gravel 12 15
Sand 7 22
Gravel 13 35
Yellow clay 15 50
Clayey sand 45 95
Blue clay 30 125
Gravel 10 135
Sand, gravel, and water 13 148

Appendix 3.--Monthly precipitation totals

[Anacortes values were obtained from the National Oceanographic and Atmospheric Administration (1992); all units
are inches]

Guemes Island Station!

Date 1 2 3 4 5 6 Anacortes
October 1991 0.98 0.84 0.90 1.05 0.90 1.11 0.84
November 1991 5.37 4.82 5.23 5.01 5.39 5.48 4.94
December 1991 1.99 1.79 2.26 1.96 1.98 2.40 2.25
January 1992 4.46 3.88 4.53 3.84 4.49 5.08 5.14
February 1992 2.28 2.04 2.41 2.25 2.12 2.40 2.47
March 1992 72 .69 .83 12 .80 .86 94
April 1992 3.07 3.09 3.16 3.14 3.04 3.68 3.03
May 1992 .50 47 47 45 .49 .56 45
June 1992 1.88 1.87 2.10 2.11 2.00 2.31 2.02
July 1992 1.80 1.66 1.81 1.72 1.64 2.28 1.62
August 1992 .98 .84 .88 .90 .96 . .98 1
September 1992 3.42 341 3.60 3.46 3.09 3.77 2.99
October 1992 1.68 1.28 1.46 1.48 1.55 1.65 1.56
November 1992 5.40 4.90 5.68 5.50 5.52 5.75 6.31
December 1992 3.16 2.34 2.82 2.70 2.88 2.56 2.93

I See figure 14 for location of stations.
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Appendix 4.--Monthly water-level measurements

Date Water level
water level (feet below
Local well number  measured land surface)
35N/01E-01A01 12-17-91 134.01
01-04-92 133.99
02-19-92 134.05
03-19-92 134.00
04-21-92 133.95
05-20-92 134.08
06-16-92 134.05
07-18-92 134.08
08-20-92 134.04
09-17-92 134.19
10-21-92 134.23
11-21-92 134.15
12-21-92 134.22
35N/01E-01M01 12-16-91 156.72
01-14-92 156.63
02-19-92 156.62
03-18-92 157.10
04-21-92 156.59
05-20-92 156.95
06-16-92 157.50
07-16-92 157.35
08-20-92 157.08
09-16-92 157.05
10-21-92 156.89
11-21-92 156.70
12-21-92 156.64
35N/01E-01R01 12-17-91 90.15
01-14-92 93.02
02-19-92 89.62
03-18-92 89.96
04-21-92 89.82
05-20-92 90.18
06-16-92 90.30
07-16-92 90.25
08-20-92 90.36
09-16-92 91.57
10-21-92 90.15
11-19-92 90.49
12-21-92 90.03
35N/01E-02L.01 12-16-91 15.73
01-14-92 16.23
02-19-92 16.52
03-19-92 17.55
04-21-92 19.17
05-20-92 20.84
06-16-92 21.50
07-18-92 17.56
08-20-92 17.36
09-16-92 16.96
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Appendix 4.--Monthly water-level measurements--

Continued
Date Water level
water level (feet below
Local well number measured land surface)
10-21-92 16.32
11-20-92 15.41
12-21-92 14.99
35N/01E-11Q02 12-16-91 21.86
01-14-92 21.89
02-19-92 21.57
03-18-92 22.19
04-21-92 21.85
05-21-92 22.41
06-16-92 22.34
07-16-92 22.28
08-20-92 22.31
09-16-92 22.34
10-21-92 22.25
11-19-92 22.25
12-21-92 21.96
35N/01E-11R02 12-16-91 79.41
01-14-92 79.88
02-19-92 79.82
03-18-92 79.85
04-21-92 79.77
05-20-92 79.82
06-16-92 79.85
07-16-92 79.85
08-20-92 79.90
09-16-92 79.91
10-21-92 79.98
11-20-92 80.06
12-21-92 80.08
35N/01E-12L.02 12-16-91 97.58
01-14-92 97.94
02-19-92 97.70
03-18-92 97.70
04-21-92 97.28
05-20-92 97.40
06-16-92 97.48
07-16-92 97.52
08-20-92 97.60
09-16-92 97.76
10-22-92 97.90
11-20-92 98.11
12-22-92 98.04
35N/01E-12P03 12-16-91 71.40
01-14-92 71.04
02-20-92 70.72
03-18-92 72.43
04-23-92 70.99
05-20-92 70.96
06-16-92 71.31



Appendix 4.--Monthly water-level measurements-- Appendix 4..-Monthly water-level measurements--

Continued Continued
Date Water level Date Water level
water level (feet below water level (feet below
Local well number measured land surface) Local well number  measured land surface)
07-16-92 71.16 08-20-92 37.48
08-21-92 71.23 09-16-92 37.70
09-16-92 72.08 10-20-92 37.27
10-21-92 71.04 11-23-92 10.37
11-21-92 73.99 12-22-92 1.08
12-22-92 72.55
35N/02E-08G01 12-17-91 49.07
35N/O1E-12R02 12-17-91 54.15 01-14-92 49.76
01-14-92 55.02 03-18-92 52.59
02-19-92 53.85 04-27-92 30.87
03-18-92 54.55 05-20-92 46.68
04-21-92 55.08 06-16-92 59.54
06-15-92 55.46 07-16-92 72.30
07-16-92 55.00 08-20-92 54.08
08-20-92 54.90 09-16-92 29.27
09-16-92 55.00
36N/01E-25N06 12-16-91 148.71
35N/02E-06G01 12-17-91 14.81 01-14-92 150.49
01-14-92 13.36 02-19-92 148.07
02-19-92 10.10 03-18-92 148.83
03-18-92 9.45 04-21-92 148.44
04-21-92 10.99 05-22-92 148.86
05-20-92 13.77 06-16-92 148.97
06-16-92 14.52 07-16-92 148.87
07-16-92 15.03 08-20-92 149.09
08-20-92 16.72 09-16-92 149.20
09-17-92 16.15 10-21-92 148.95
10-21-92 15.47 11-20-92 148.92
11-21-92 13.60 12-21-92 148.63
12-21-92 11.27
36N/01E-26A01 01-14-92 16.55
35N/02E-07A01 12-17-91 62.35 02-19-92 1591
01-14-92 62.64 03-26-92 17.17
02-20-92 62.15 04-21-92 16.84
03-18-92 62.50 05-21-92 18.37
04-21-92 62.39 06-16-92 17.67
05-20-92 62.65 07-16-92 17.85
06-16-92 62.78 08-20-92 18.02
07-16-92 62.80 09-16-92 17.99
08-20-92 62.85 10-22-92 17.75
09-17-92 63.10 11-20-92 18.57
10-21-92 62.82 12-21-92 17.86
11-21-92 63.08
12-21-92 63.43 36N/01E-35F01 12-17-91 151.76
01-14-92 152.69
35N/02E-07HO1 12-17-91 1.79 03-18-92 152.80
01-14-92 1.40 04-21-92 152.37
02-19-92 75 05-22-92 153.34
03-18-92 1.30 06-16-92 © 153.05
04-21-92 1.18 07-16-92 153.05
05-20-92 33.70 08-20-92 152.89
06-16-92 37.61 09-16-92 152.69
07-16-92 35.43 10-22-92 152.99
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* ux 4.--Monthly water-level measurements--

Jued
Date Water level
water level (feet below
Local well number  measured land surface)
11-20-92 152.03
12-22-92 152.38
36N/01E-36C03 03-18-92 14.15
04-21-92 13.42
05-22-92 13.86
06-16-92 13.96
07-16-92 13.87
08-21-92 13.95
09-16-92 14.10
10-21-92 13.91
11-20-92 13.88
12-22-92 13.67
36N/01E-36P01 12-16-91 6.67
01-19-92 6.53
03-18-92 5.82
04-21-92 5.71
05-20-92 6.04
06-16-92 6.50
07-16-92 7.15
08-20-92 7.85
09-16-92 1.75
10-22-92 8.15
11-21-92 7.63
12-21-92 8.19
36N/01E-36Q01 12-16-91 101.55
01-14-92 101.38
02-19-92 101.05
03-18-92 101.42
= 04-21-92 101.36
05-20-92 101.80
06-16-92 102.56
07-16-92 101.88
08-20-92 102.55
09-16-92 101.90
10-21-92 101.70
~ 11-19-92 101.60
12-21-92 101.44
36N/02E-31P01 01-14-92 78.92
02-19-92 "78.79
03-18-92 78.82
04-21-92 78.70
05-20-92 79.02
06-16-92 79.00
07-16-92 78.90
08-20-92 78.81
09-17-92 79.14
10-21-92 79.06
11-21-92 79.09
12-22-92 79.00
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Appendix 5.--Monthly values of chloride concentration and specific conductance
[mg/L, milligrams per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius]

Chloride, Specific
dissolved conductance
Local well number Date (mg/L as CL) (uS/cm)
35N/01E-02L01 12-16-91 191 865
01-14-92 191 938
02-19-92 196 959
03-18-92 194 951
04-21-92 191 941
05-20-92 214 1,030
06-16-92 199 972
07-18-92 218 1,040
08-20-92 183 917
09-16-92 197 962
10-21-92 183 930
11-20-92 183 935
12-21-92 179 912
35N/01E-11R02 12-16-91 484 441
01-14-92 484 466
02-19-92 475 466
03-18-92 479 466
04-21-92 47.5 466
05-20-92 475 467
06-16-92 475 467
07-16-92 48.0 467
08-20-92 470 467
09-16-92 46.0 461
10-21-92 46.0 463
11-20-92 45.0 457
12-21-92 45.0 456
35N/01E-12R01 12-16-91 30.3 377
01-14-92 27.1 390
02-19-92 28.0 394
03-18-92 28.4 395
04-21-92 29.1 397
05-22-92 30.8 402
06-16-92 33.0 409
07-16-92 340 411
08-20-92 35.0 418
09-16-92 350 415
10-21-92 33.0 408
11-19-92 31.0 403
12-21-92 31.0 402
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Appendix 5.--Monthly values of chioride concentration and specific conductance--Continued

Chloride, Specific
dissolved conductance
Local well number Date (mg/L as CL) (uS/cm)
35N/01E-14B02 12-16-91 54.2 444
01-14-92 53.8 476
03-18-92 535 476
03-18-92 30.5 302
05-21-92 51.0 530
06-16-92 443 541
08-20-92 37.0 525
09-16-92 31.0 488
10-23-92 320 499
11-21-92 44.0 602
12-23-92 35.0 352
35N/02E-07A01 12-17-91 21.1 442
01-14-92 20.7 497
02-19-92 209 505
03-18-92 20.6 494
04-21-92 20.9 507
05-20-92 20.6 504
06-16-92 20.9 502
07-16-92 21.0 495
(8-20-92 20 483
09-17-92 20 451
10-21-92 21 487
11-21-92 21 497
12-21-92 21 447
35N/02E-07HO1 12-17-91 49.4 399
01-14-92 46.3 398
02-19-92 31.9 298
03-18-92 30.5 302
05-21-92 51 530
06-16-92 443 541
08-20-92 37 525
09-16-92 31 488
10-23-92 32 499
11-21-92 44 602
12-23-92 35 352
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Appendix 5.--Monthly values of chloride concentration and specific conductance--Continued

Chloride, Specific
dissolved conductance
Local well number Date (mg/L as CL) (uS/cm)
36N/01E-26A01 01-14-92 320 457
02-19-92 322 241
03-18-92 39.0 285
04-21-92 35.1 276
05-21-92 37.2 279
06-16-92 36.5 276
07-16-92 35.0 267
08-20-92 64.0 388
09-16-92 48.0 329
10-22-92 34.0 27
11-20-92 41.0 291
12-21-92 39.0 288
36N/01E-35F01 12-17-91 16.8 271
01-14-92 15.9 285
03-18-92 67.0 468
04-21-92 41.1 378
05-20-92 19.9 304
06-16-92 28.4 335
07-16-92 31.0 347
08-20-92 44.0 395
09-16-92 32.0 352
10-24-92 29.0 345
11-21-92 31.0 352
12-23-92 25.0 333
36N/01E-36C01 12-16-91 345 1,310
01-14-92 348 1,450
02-19-92 347 1,470
03-26-92 381 1,570
04-21-92 368 1,530
05-22-92 352 1,490
06-16-92 344 1,450
07-16-92 346 1,460
08-20-92 323 1,380
09-16-92 313 1,350
10-21-92 309 1,350
11-20-92 316 1,380
12-21-92 331 1,430
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Appendix 5.--Monthly values of chloride concentration and specific conductance--Continued

Chloride, Specific
dissolved conductance
Local well number Date (mg/L as CL) (uS/cm)
36N/01E-36C03 03-18-92 86.9 530
04-21-92 168 818
05-22-92 189 891
06-16-92 194 909
07-16-92 191 892
08-21-92 215 986
09-16-92 157 769
10-21-92 131 692
11-20-92 144 735
12-22-92 147 744
36N/01E-36Q01 12-16-91 148 865
01-14-92 122 868
02-19-92 125 864
03-18-92 126 865
04-21-92 114 845
05-20-92 149 921
06-16-92 176 1,020
07-16-92 167 977
08-20-92 169 1,030
09-16-92 180 1,000
10-21-92 162 963
11-19-92 153 948
12-21-92 141 917
36N/02E-31P01 01-14-92 15.6 260
02-19-92 15.2 261
03-18-92 149 261
04-21-92 14.9 259
05-20-92 14.5 257
06-16-92 14.5 256
07-16-92 14.0 253
08-20-92 14.0 252
09-17-92 14.0 254
10-21-92 15.0 259
11-21-92 16.0 261
12-22-92 15.0 260
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Appendix 6.--Values and concentrations of field measurements, common constituents, arsenic, and radon

[deg. C, degrees Celsius; lLS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; mg/L,
micrograms per liter; <, not detected at the given concentration; cols. per 100 mL, colonies per 100 milliliters; pCi/L, picocuries
per liter; --, not determined]

Spe-
Spe- cific Hard-
cific con- pH, ness Calcium,

Temper-  con- duct- pH, lab Oxygen, total dis-

ature duct- ance (stan- (stan-  dis- (mg/L solved
Local water ance lab dard dard solved  as (mg/L
well number Date Time (deg.C) (uS/cm) (uS/cm) units) units) (mg/l) CaCO;) asCa)
35N/O1E-01C02  06-15-92 1525 12.5 234 231 6.6 6.8 1.3 78 16
35N/01E-01D0O1  06-17-92 1205 10.0 358 352 74 7.7 2 140 24
35N/01E-01MO1  06-16-92 1300 12.5 345 383 7.7 7.6 2 160 30
35N/01E-01R01  06-16-92 1705 10.5 334 347 8.1 7.8 <1 120 25
35N/01E-02L01  06-16-92 1530 10.5 749 972 7.2 7.4 9 200 31
35N/O1E-12F01  06-16-92 1705 12.5 221 219 6.2 6.5 2.5 78 18
35N/01E-12P03  06-17-92 0830 12.0 336 329 79 79 4 150 29
35N/01E-12R02  06-15-92 0920 11.0 511 488 8.2 8.2 .5 110 19
35N/01E-14B02  06-16-92 1200 11.0 481 485 7.1 7.1 <.l 180 34
35N/02E-06E01  06-17-92 0940 11.5 248 244 6.3 7.1 8.7 89 16
35N/02E-06G01  06-16-92 1135 15.0 555 549 7.2 7.5 2.3 270 53
35N/02E-07A01  06-15-92 1205 11.0 518 505 7.9 7.8 <1 250 51
35N/02E-07G01  06-17-92 1040 14.0 347 341 7.2 74 4 150 38
35N/02E-07HO4  06-15-92 1405 11.5 597 593 8.5 8.5 <.l 94 16
35N/02E-08E02  06-16-92 1530 11.5 446 467 8.2 8.1 1 190 31
36N/O1E-26HO01  06-16-92 0920 125 1330 1280 6.7 6.9 1.7 100 10
36N/01E-26J01 06-15-92 1655 10.5 707 679 7.2 74 - 92 140 20
36N/01E-26P01 06-15-92 1400 10.5 250 255 6.2 6.5 32 88 17
36N/01E-35F01  06-15-92 1230 10.0 318 335 6.9 7.0 8.9 100 17
36N/01E-36C01  06-15-92 1530 11.5 1370 1430 6.9 7.0 23 190 22
36N/01E-36C05  06-15-92 1700 11.0 222 225 6.4 6.6 5.3 74 15
36N/01E-36Q01  06-16-92 1000 11.5 970 1010 79 7.6 1 63 13
36N/02E-31MO01  06-16-92 1040 14.0 302 298 7.6 77 22 120 19
36N/02E-31P01 06-15-92 1000 10.5 254 254 7.6 7.6 <l 99 15
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Appendix 6.--Values and concentrations of field measurements, common constituents, arsenic, and radon--Continued

Magne- So- Potas- Alka- Alka- Chlo- Fluo-
sium, Sodium, dium sium, linity linity Sulfate, ride, ride,
dis- dis- So- ad- dis- lab field dis- dis- dis-
solved solved dium, sorp- solved (mg/L (mg/L solved solved  solved
Local (mg/L (mg/L per- tion (mg/L as as (mg/L (mg/L  (mg/L
well number as Mg) as Na) cent ratio as K) CaCO;) CaCO;)  as SOy as Cl) as F)
35N/01E-01C02 9.2 12 25 0.6 1.7 55 -- 35 14 0.1
35N/01E-01D01 19 21 24 .8 42 159 -- 12 13 3
35N/01E-01M01 20 17 19 .6 34 135 134 11 39 1
35N/01E-01R01 15 25 30 1 3.7 165 -- 3 15 <1
35N/01E-02L01 30 110 54 3 5.5 122 -- 50 210 <1
35N/01E-12F01 8.1 11 23 .5 1.5 53 -- 22 16 <1
35N/01E-12P03 18 13 16 .5 3.0 147 -- 4.2 17 <.1
35N/01E-12R02 15 61 53 3 52 174 174 1 57 1
35N/01E-14B02 22 30 27 1 3.8 148 162 10 60 1
35N/02E-06E01 12 10 19 .5 1.8 57 -- 24 19 <1
35N/02E-06G01 33 14 10 4 1.6 197 -- 68 21 <1
35N/02E-07A01 30 12 9 3 2.0 208 208 36 24 <1
35N/02E-07G01 13 14 17 S 1.9 142 - 18 13 <.1
35N/02E-07H04 13 99 67 4 9.4 286 -- 7.1 24 2
35N/02E-08E02 28 20 18 .6 6.9 191 -- 32 19 <1
36N/01E-26HO1 19 190 78 8 11 51 -- 82 310 2
36N/01E-26J01 22 76 53 3 53 104 - 52 120 1
36N/01E-26P01 11 18 31 .8 .50 67 -- 17 16 <1
36N/01E-35F01 14 24 34 1 22 72 - 21 27 <1
36N/01E-36C01 32 200 69 6 8.8 115 -- 67 330 <1
36N/01E-36C05 8.8 13 27 i 1.2 48 -- 23 21 <1
36N/01E-36Q01 75 180 85 10 43 247 247 <1 180 2
36N/02E-31M01 18 13 18 .5 31 116 -- 19 15 <.1
36N/02E-31P01 15 13 22 .6 2.2 79 83 25 16 <1
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Appendix 6.--Values and concentrations of field measurements, common constituents, arsenic, and radon--Continued

Solids, Nitro-

sum of gen, Manga- Coli- Strep-

Silica, consti- NO,+ Iron, nese, Arsenic, form, tococci,

dis- tuents, NO;,, dis-  dis- dis- dis- fecal fecal Radon

solved dis- solved solved solved solved (cols. (cols. 222
Local (mg/L solved (mg/L (ug/L (ug/L (ug/L per per total
well number as Si0,)  (mg/L) as N) as Fe) as Mn) as As) 100mL) 100 mL) (pci/L)
35N/01E-01C02 31 156 0.75 270 79 <1 <1 <1 --
35N/01E-01DO01 44 234 - 770 890 <1 <1 <1 -
35N/01E-01M01 34 237 <.05 1,300 190 <1 <1 <1 --
35N/01E-01R01 39 223 <.05 480 190 <1 3 <1 120
35N/01E-02L01 30 543 75 10 3 1 <1 <1 --
35N/01E-12F01 27 141 1.3 18 12 <l <1 <1 --
35N/01E-12P03 50 223 <.05 500 150 <1 <1 <1 --
35N/01E-12R02 23 286 <.05 1,300 150 <1 <1 <1 --
35N/01E-14B02 43 310 <.05 7,100 1,500 <1 <1 <1 <80
35N/02E-06E01 29 159 29 12 31 <1 <1 <1 --
35N/02E-06GO1 29 338 .08 54 21 <1 <1 <1 170
35N/02E-07A01 36 318 <.05 1,900 96 1 <1 <1 -
35N/02E-07GO01 13 199 .55 33 36 <1 <1 2 --
35N/02E-07HO4 23 364 <05 42 13 <1 <1 <1 --
35N/02E-08E02 32 284 <.05 260 19 <1 <1 <1 <80
36N/01E-26H01 25 693 34 140 26 <1 <1 <1 390
36N/01E-26J01 30 394 12 16 2 <1 <1 <1 --
36N/01E-26P01 34 175 4.8 20 2 <1 <1 <1 -
36N/01E-35F01 31 209 6.8 14 1 <1 <1 <1 -
36N/01E-36C01 28 760 75 18 2 <1 <1 <1 --
36N/01E-36C05 30 149 1.9 39 4 <1 <1 <1 --
36N/01E-36Q01 41 574 <.05 1,400 280 14 <1 <1 -
36N/02E-31M01 32 189 <.05 180 120 1 <1 <1 --
36N/02E-31P01 29 167 <.05 1,900 150 1 <1 <1 --
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Appendix 7.--Concentrations of trace metals
[ug/L, micrograms per liter]

Chrom-
Arsenic, Barium, Cadmium, mium,
dis- dis- dis- dis-
solved solved solved solved
Local (ng/L (ng/L (ng/L (ng/L
well number Date Time as As) as Ba) (as Cd) as Cr)
35N/01E-01MO01 06-16-92 1300 <1 48 <1 <1
35N/01E-14B02 06-16-92 1200 <1 63 <1 <1
35N/02E-08E02 06-16-92 1530 <1 25 <1 1
36N/01E-26J01 06-15-92 1655 <1 15 <1 <1
36N/01E-36Q01 06-16-92 1000 14 50 <1 <1
Sele-
Copper, Lead, Mercury, nium, Silver, Zinc,
dis- dis- dis- dis- dis- dis-
solved solved solved solved solved solved
Local (ng/L (ng/L (ng/L (ng/L (ng/L (ng/L
well number as Cu) as Pb) as Hg) as Se) as Ag) as Zn)
35N/01E-01MO01 <1 <1 <0.1 <1 <1 7
35N/01E-14B02 <1 <1 <.1 <1 <1 220
35N/02E-08E02 <1 <1 <1 <1 <1 6
36N/01E-26J01 4 <1 <1 2 <1 540
36N/01E-36Q01 <1 <1 <.1 <1 <1 200
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Appendix 8.--Concentrations of septage-related constituents
[mg/L, milligrams per liter; pg/L, micrograms per liter]

Methylene

Nitrogen, blue

NO,+NO; Boron, active
Local dissolved dissolved substance
well number Date Time (mg/L as N) (ug/L as B) (mg/L)
35N/01E-01M01 06-16-92 1300 <0.05 30 <0.02
35N/01E-02L01 06-16-92 1530 35 60 <.02
35N/01E-12F01 06-16-92 1705 1.30 20 <.02
35N/01E-14B02 06-16-92 1200 <.05 50 <.02
35N/02E-Q7H04 06-15-92 1405 <05 420 <.02
35N/02E-08E02 06-16-92 1530 <.05 100 <.02
36N/01E-26HO01 06-16-92 0920 3.40 120 <.02
36N/01E-26J01 06-15-92 1655 1.20 50 <.02
36N/01E-26P01 06-15-92 1400 4.80 20 .02
36N/01E-36C01 06-15-92 1530 75 110 <.02
36N/01E-36C05 06-15-92 1700 1.90 20 .03
36N/02E-31P01 06-15-92 1000 <.05 20 <.02
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