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little seasonal fluctuation, generally less than 1 foot, with
slightly higher water levels occurring in late spring or

. early summer. Hydrographs for wells completed in the
shallower Qva show seasonal fluctuations of 2 feet or
more. Water levels generally were highest in [ate winter
and early spring and lowest in summer and early fall.
When graphs of precipitation data (fig. 13) are compared
to hydrographs of wells in Qva, a lag of several months
between periods of highest precipitation (November
through January) and highest water levels (February
through April) is apparent; this is likely due to impedance
of recharge water by the overlying till and (or) glacio-
marine drift.

Water-level fluctuations caused by marine tidal infiu-
ences were recorded in two coastal wells, 35N/01E-21.01
and 36N/1E-36C04, in late December 1992 when the
difference between high and low tides was at a maximum
(approximately 10 feet). Ground-water levels were
recorded every 5 minutes and the values were graphed and
then compared with a graph of tide levels for the same
period of time. Both wells are completed in Qva, are
within approximately 400 feet of the shoreline, and have
similar depths—64 feet for 2L01 and 54 feet for 36C04,
However, the altitudes of the open intervals of the wells
differ considerably, being 45 feet below sea level in 2L01
but only 9 feet below sea level in 36C04. As illustrated in

. figure 19, water levels in 2101 closely follew the tidal
curve, showing a large tidal influence. Well 2L01 had a
maximum water-leve] fluctuation of approximately 7 feet
while the maximurmn tidal fluctuation was nearly 10 feet.
The water-level curve for 36C04, on the other hand, shows
almost no response to the tidal influence; fluctuations in
this 'well were less than half a foaot.

The observed responses of ground-water levels to
tidal fluctuations on Guemes Istand result from a hydraulic
connection between the aquifer(s) and the seawater of the
Puget Sound and (or) from tidal loading on top of less-
permeable units above the aquifer(s). Direct hydraulic
connection between the aquifer and the sea causes water
levels in coastal wells to rise and fall--as tides rise and

fall--due to increasing or decreasing pressure on the satu-

rated zone of the aquifer. If the aguifer is overlain by a
less permeable unit, water-leyel changes can be caused by
pressure loading transmitted through the material overly-
ing the aquifer. Apparently, the hydraulic connection and
(or) tidal loading is much greater for well 2L01 than it is
for well 36C04.

SEAWATER INTRUSION

Wells in many coastal areas are in a delicate balance
between rates of ground-water pumping that safely pro-
vide freshwater supplies and increased pumping rates that
might result in the intrusion of seawater into near-shore
aquifers. Generally, prevention or detection of seawater
intrusion is desirable. Excessive salts in drinking water
supplies produce unpalatable tastes and possible adverse
physiological effects, are corrosive to plumbing, and may
increase the cost of water treatment. Moreover, once sea-
water intrudes a coastal aquifer, control or reversal of the
condition can be difficult and expensive. Because ground
water moves slowly, remedial measures may require years
or decades to take effect.

Freshwater-Seawater Relations

In order for seawater intrusion to occur, an uncon-
fined or confined aguifer must be in hydraulic connection
with the sea, and the hydraulic head of the fresh ground
water must be less than that of the saline water. Around
1900, hydrologists working along coastal areas of Europe
observed that saline water occurred beneath freshwater at
a depth below sea level of about 40 times the height of the
freshwater surface above sea level. The freshwater
appeared to "float” on the seawater as a lens-shaped body.
This relation, known as the Ghyben-Herzberg relation
after the two scientists who first described it, occurs
because the density of freshwater (1.000) is stightly less
than the density of seawater (1.025).

The Ghyben-Herzberg relation states that in an
homogeneous unconfined aquifer, for every 1 foot of alti-
tude of the water table above sea level, fresh pround water
will extend about 40 feet below sea level. For example, 1f
the water table at a site is 3 feet above sea level, the fresh-
water-seawater interface is about 120 feet below sea level
and the thickness of the freshwater zone is about 123 feet.
The relation also indicates that if the water table is lowered
1 foot, the interface will rise 40 feet, thereby reducing the
total thickness of the freshwater lens by 41 feet. This rela-
tion is of primary importance when considering the effects
that long-term pumping or drought could have on a coastal
aquifer by reducing the quantity of fresh ground water.
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Sketches summarizing freshwater-seawater relations
before and after seawater intrusion are shown in figure 20.
.n a confined aquifer under natural conditions, the altitude

of the potentiometric surface in a coastal area is higher
than sea level and decreases toward the shoreline
(fig. 20a). Fresh ground water under these conditions
maoves downgradient toward the sea. When the poteatio-
metric surface drops (such as from reduced rates of
recharge or increased rates of pumping) and 1ts gradient
decreases (fig. 20b), the seaward flow of fresh ground
water decreases and the interface moves landward and
upward. Conversely, when the potentiometric surface
tises, the interface moves seaward and downward.

Uncontaminated ground water in most coastal areas
of Washington generally contains less than 10 mg/L of
chloride, whereas seawater contains about 19,000 mg/L. of
chloride. For this study, chloride concentrations in excess
of 100 mg/L. were considered to represent seawater intru-
sion even though such high concentrations could actually
be the result of contamination from surface sources, the
presence of relict seawater, or sea spray.

Numezrous wells on Guemnes Island have been
affected by seawater intrasion (Walters, 1971; Dion and
Sumioka, 1984; D. P. Garland, Washington State Depart-
ment of Ecology, written commun., 1992). The areal

istribution of chloride concentrations in ground water on

uemes Island, based on ficld analyses of 83 samples col-
lected during the inventory phase of this study, 1s shown in
figure 21. Although field chloride analyses are not as
precise or accurate as laboratory anatyses, they give a
good indication of where high chloride concentrations
occur. The chloride concentrations varied from less than

a. Non-pumping or moderate pumping conditions

20 mg/L to more than 200 mg/L. High chlonide concentra-
tions {greater than 100 mg/L) were found near West
Beach, North Beach, and in the west-central part of the
island. Chloride concentrations between 20 and 100 mg/L
were detecied near Kelly’s Point, South Shore, and
Holiday Hideaway.

From an islandwide perspective, significant seawater
intrusion is unlikely at the present time given the small
quantity of ground-water discharge that goes to pumping
wells. However, the geographic distribution of the pump-
ing wells is a critical factor in seawater intrusion.
Excessive ground-water withdrawal in a near-shore arca
can cause large local movement of the freshwater-
seawater interface especially if the aquifer is thin. The
degree of seawater intrusion depends on the proximity of
the well’s opening to the freshwater-seawater interface, the
rates of recharge and puinping, and the local permeability
of the hydrogeologic unit.

Another important factor in seawater intrusion, and
in the availability and storage of fresh ground water, is the
thickness of the unconsolidated deposits that overlie low-
permeability bedrock. The thickness of the unconsoli-

* dated depaosits, or depth to bedrock, is largely unknown for
most of Guemes Island. A thick assemblage of unconsoli-
dated deposits would result in a relatively thick freshwater
lens and a freshwater-seawater interface located seaward.
A thin assemblage of unconsolidated deposits would result
in a thinner freshwater lens and a freshwater-seawater
interface located landward. In terms of seawater intrusion,
a thick freshwater lens would be less likely to be affected
than a thin lens, given the same near-shore pumping

b. Excessive pumping conditiens

Potentiometric
MNonpumping

{modified from Lum and Walters, 1976).

Potentiometric
.’/ surface

Figure 20.--Hypothetical hydrologic conditions (a) before and (b) after seawater intrusion
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Sketches summarizing freshwater-seawater relations
before and after seawater intrusion are shown in figure 20.
In a confined aquifer under natural conditions, the altitude
of the potentiometric surface in a coastal area is higher
than sea level and decreases toward the shoreline
(fig. 20a). Fresh ground water under these conditions
moves downgradient toward the sea. When the potentic-
metric surface drops (such as from reduced rates of
recharge or increased rates of pumping) and its gradient
decreases {fig. 20b), the seaward flow of fresh ground
water decreases and the interface moves landward and
upward. Conversely, when the potentiometric surface
rises, the interface moves seaward and downward.

Uncontarninated ground water in most coastal areas
of Washington generally contains less than 10 mg/L of
chloride, whereas seawater contains about 19,000 mg/L of
chloride. For this study, chloride concentrations in excess
of 100 mg/LL were considered to represent seawater intru-
sion even though such high concentrations could actually
be the result of contamination from surface sources, the
presence of relict seawater, or sea spray.

Numerous wells on Guemes Island have been
affected by scawater intrusion (Walters, 1971; Dion and
Sumioka, 1984; D. P. Garland, Washington State Depart-
ment of Ecalogy, written commun., 1992). The areal
distribution of chloride concentrations in ground water on
Guemes Island, based on field analyses of 83 samples col-
lected during the inventory phase of this study, is shown in
figure 21. Although field chloride analyses are not as
precise or accurate as laboratory analyses, they give a
good indication of where high chleride concentrations
occur. The chioride concentrations varied from less than

a. Non-pumping or moderate pumping conditions

Potentiometric

Nonpumping suriace

well

Mean sea lavel—

20 mg/L to more than 200 mg/L.. High chloride concentra-
tions {greater than 100 mg/L) were found near West
Beach, North Beach, and in the west-central part of the
island. Chloride concentrations between 20 and 100 mg/L
were detecied near Kelly’s Point, South Shore, and
Holiday Hideaway.

From an islandwide perspective, significant seawater
intrusion is unlikely at the present time given the small
quantity of ground-water discharge that goes to pumping
wells. However, the geographic distribution of the pump-
ing wells is a critical factor in seawater intrusion.
Excessive ground-water withdrawal in a near-shore area
can cause large local movement of the freshwater-
seawater interface especially if the aquifer is thin. The
degree of seawater intrusion depends on the proximity of
the well's opening (o the freshwater-seawater interface, the
rates of recharge and pumnping, and the local permeability
of the hydrogeologic unit.

Another important factor in seawater intrusion, and
in the availability and storage of fresh ground water, is the
thickness of the unconsolidated deposits that overlie low-
permeability bedrock. The thickness of the unconsoli-
dated deposits, or depth to bedrock, is largely unknown for
most of Guemes Island. A thick assemblage of unconsoli-
dated deposits would result in a relatively thick freshwater
lens and a freshwater-seawater interface located seaward.
A thin assemblage of unconsolidated deposits would result
in a thinner freshwater lens and a freshwater-seawater
interface located landward. In terms of seawater intrusion,
a thick freshwater lens would be iess likely to be affected
than a thin lens, given the same near-shore pumping

h. Excessive pumping conditions

~Potentiometsic
surface

~

Pumping -~

well P

Figure 20.--Hypothetical hydrologic conditions {(a) before and (b} after seawater intrusion

(modified from Lum and Walters, 1976},
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cenditions. Additionally, a thick freshwater lens would
account for a greater availability of fresh ground water if
the unconsolidated deposits are permeable. '

Variability of Chloride Concentrations

Chloride concentrations in waters from coastal wells
may vary in response to changes in the position of the
freshwater-seawater interface. Factors affecting the posi-
tion of the interface include the timing and quantities of
pumping and recharge. Tides have a similar but much
smaller effect on the position of the interface, by pushing
it landward during high tide and seaward during low tide.
Recent reconnaissance studies done on Lummi Island apd
Camano Island indicate that the differences in chloride
concentrations at low and high tides are less significant
than the overall increase in chloride due to the cumulative
pumping duration (D. P. Garland, Washington State
Department of Ecology, written commun., 1992 and
1993).

Seasonal variability of chloride concentration on
Guemes Island was measured by sampling 12 coastal
wells on a monthly basis from December 1991 through
December 1992 (Appendix 5). Chloride concentrations
varied seasonally in some wells but not in others (fig. 22).
Wells yielding water with high chloride concentrations
(above 100 mg/L) showed greater seasonal variability than
those with low chloride concentrations. Most wells yield-
ing water with concentrations less than 50 mg/L showed
little or no seasonal variability. In general, the highest
concentrations occurred from April through September,
when water levels are typically declining. Similar
seasonal chloride variability was observed in wells on
Camano Island where chlonde concentrations were high-
est in August and lowest from November through April
{Garland and Saficles, 1988).

Chioride concentration and rate of pumping were
measured by Ecology (D. P. Garland, Washington Depart-
ment of Ecology, written commun., 1992} in a public-
supply well (36N/G1E-35G02) in West Beach, completed

20 feet below sea level, between April 1988 and October
~ 1989. Chloride concentrations generally ranged from
400 to 600 mg/L. and were highest during summer when
pumping rates were highest.
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QUALITY OF GROUND-WATER

In this section, the quality of the ground water on
Guemes Island 1s described, on the basis of the results of
chemical analyses of water samples collected in June
1992. Chemical concentrations and characteristics are
discussed and related to hydrogeologic units, concentra-
tions are compared with applicable U.S. Environmental
Protection Agency (USEPA) dnnking water standards, and
causes of widespread or common water-quality problems
are identified.

Ground-Water Chemistry

Most of the data that describe the general chemistry
of the ground water are presented statistically in summary
tables. Table 5 summarizes values of the common consti-
tuents determined; table 6 shows median concentration
values for each of the comnion constituents, by hydro-
geologic unit. Similar summary tables are presented for
other constituents, as needed for the discussion. All sup-
porting data are presented in Appendixes 6-8. Locations
of the 24 wells from which samples were collected are
shown on plate 1.

For many constituents, some concentrations may be
reported as “less than™ (<} a given value, where the value
given is the detection limit of the analytical method. For
example, the concentration of nitrate was often reported as
<0.05 mg/L, where the detection limit is 0.05 mg/L.. The
correct interpretation of such a concentration is that the
constituent was not detected at or above that particular
concentration. The constituent may be present at a lower
concentration, such as 0.01 mg/L, or it may not be present
at all, but that 1s impossible to tell with the analytical
method used.

Specific Conductance, pH, Dissolved Oxygen, and

Hardness

Specific conductance is a measuie of the water’s
ability to conduct an electric current and increases with the
dissolved minerals content. The specific conductance
vatues of the 24 samples, corrected for water temperature,
ranged from 221 to 1370 pS/cm (microsiemens per centi-
meter). The median specific conductance was 352 uS/cm
(table 3).
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Table 5 --Summary of concentrations of common constituents, June {992

[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; [Lg/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 oxygen: 0 <1 7 2.4 9.2
Specific conductance (LS/cm, field) 221 266 352 586 1,370 )
Hardness (as CaCO5) 63 91 120 170 270
Calcium 10 i6 20 31 53
Magnesium 1.5 12 i6 22 33
Sodium ’ 10 13 19 72 200
Percent sodium? 9 18 26 53 85
Potassium .5 1.8 32 52 11
Alkalinity (as CaCO3) 48 68 128 172 286
Sulfate <1 LG 22 36 82
Chloride 13 16 21 59 330
Fluoride <.1 <1 <1 .1 3
Silica i3 28 30 35 50
Dissolved solids' 141 178 236 357 760
Nitrate (as nitrogen)1 ' <03 <05 08 1.3 6.8
Iron (ug/L) 10 19 160 1,170 7,100
Manganese (1g/L) 1 0 34 150 1,500

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

The acidity or basicity of water is measured by pH,
and is gauged on a scale from O to 14. A pH of 7.0 is peu-
tral; lower values are acidic and higher valuaes 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 concenirations ranged from less than

38

0.1 10 9.2 mg/L, and the median concentration was

0.7 mg/L. Asshown 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 CaCOj3. 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 wers classified as moderately

hard or hard, as defined by the following scheme (Hem,
1989):

o
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Table 6.--Median concentrations of common constituents by hydrogeologic unit, June 1992
[Hydrogeologic unit: Qsc, Surficial confining unit; Qva, Vashen aquifer; Ow, 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; nSfcm, microsiemens per centimeter at 25° Celsius;
<, not detected at the piven concentration; Hg/L, micrograms per liter]

Hvdrogeologic unit (Number of samples)

39

with the major components.

Qsc Qva Qw Qdb Br
(1} (6} (2) (13) (2)
pH (standard units} 7.2 6.5 8.2 7.6 17
Dissolved oxygen 4 2.4 <] 4 1.2
Specific conductance
{uS/cm) 347 242 557 345 500
Hardgess (as CaC03) . 150 83 172 120 230
Calcium 38 18 33 19 47
Magnesium 13 10 21 18 30
Sodmum 14 16 55 24 17
“Percent sodium 17 29 38 27 14
Potassium 1.9 1.6 5.7 37 472
Alkaiinity (as CaCO5) 142 61 247 135 194
Sulfate ' 18 29 27 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 nittogen) 55 1.0 <05 05 06
Iron (pg/1) 33 19 971 500 157
Manganese {|1g/L} 36 3 54 150 20
Arsenic (pg/L) <1 <1 1 <] <1
I Based on 12 samnples.
Dissolved Solids
Hardness range
(milligrams per ~ Number of  Percentage The concentration of dissolved solids is the sum of
Description liter of CaCO4) 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
o e components but rarely are found in large encugh concen-
24 100 trations to make a significant difference in comparison
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Dissolved-solids concentrations ranged from 141 to
760 mg/L., with a median concentration of 236 mg/L. (table
53, and the concentrations tended to be larger in the deeper
{older) units (table 6). Some of this variation is because of
different geologic matertal 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-selid contents greater than 400 mg/L,
possibly because of seawater intrusion.

Major lons

Most of the major components of dissolved solids are
1ons, meaning they have an electrical charge. Cations
have a positive charge and include calcium, magnesiam,
sodium, potassium, and most metals. Aontons have a nega-
tive charge and include bicarbonate, sulfate, chlonde,
nitrate, carbonate, and fiuoride. 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 mgfL, in a
sample from well 35N/02E-07H04, which is completed in
Qw. The median concentrations of sulfate, chloride,
nitcate, 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 effluent, 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 1991.7 All of the chloride concentra-
tions are above the background concentrations of 3 1o

5 mg/L typically found in ground water 1n other parts of
western Washington., A source of chloride other than
seawater intrusion may be atfecting ground water in
Guemes Island wells not located in near-shore areas.

Chlonde concentrations in water from some coastal
wells in North Beach and West Beach exceeded 200 mg/L.,
Concentrations as large as 330 g/, in a sample from
well 36MN/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.

Councentrations ranged from less than 0.05 mg/L
to 6.8 mg/L., but the median conceniration was only
0.08 mg/L (table 5). Concentrations in most samples were
1.0 mg/L or less. Two arcas 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 smailer than those repotted 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 (Turncy, 1986).

The nitrate in the Guetnes 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 feetdeep. In fact, the maximum concentration of
nitrate (6.8 mg/L) was detected in a sample from well
36N/OLE-35F01, which 1s 182 feet deep. Nitrate concen-
trations in samples {rom several nearby deep wells, such
as wells 36N/Q1E-26H0L, 36N/AHE-26301, and
36N/01E-35F01 at Indian Village and North Beach,
indicate areal rather than poit-source contamination.
Deeper wells may contain nitrate from local sources, but
the cause of contamunation is often poor well constouction
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-06E01 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 and Manganese

Concentrations of iron and manganese greater than
300 pgf/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 ngfl. (table 3). 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 ng/L (fig. 26).

Manganese concentrations ranged from 1 pg/L to
1,500 pp/l., and the median concentration was 34 g/l
{(table 5). Like iron, the median concentration for individ-
ual units was largest for sampies from Qw and Qdb.
‘Manganese concentrations followed the same general
patiern as iton concentrations.

The variation and range of iron and manganese
concentrations seen on the istand are typical of western
Washington ground waters (Van Denburgh and Santos,
1965; Tumey, 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 dissclved
oxygen. Water that is depleted of oxygen will dissolve
iron from the surrounding minerals as the chemically
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.under these conditions and large concentrations can result.
- If the water is reoxygenated, the iron is oxidized to the

reduced ferrous (F62+) form of iron. Iron is highly soluble

ferric (Fe> ') 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 sumilar set of reactions. Because
these reactions are oxygern-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 I 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 g/l in the fifth
sample, from well 36IN/O1E-360Q01. The sample from
well 3601 also had one of the largest concentrations of
dissolved solids (574 mg/L} and chloride (180 mg/L) on
the istand. The U.S. Environmental Protection Agency
{USEPA) currently has set the maximum contaminant
level (MCL) for arsenic at 50 ng/L; however, that value is
being reviewed and may be lowered to 3 pg/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 igheous 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 g/l were reported in water from numerous wells
(D. P. Garland, Washington Department of Ecology,
written commun., 1993; V. A, Stern, Washington Depart-
meht of Health, written commun., 1993).

Barium, which occurs naturally, was present in five
samples, ranging in concentration from 15 to 63 ug/L -
(table 7); the median concentration was 48 ug/L. Zinc was
also present in all samples, but the concentrations varied
greatly, ranging from 6 to 540 pg/l.. A major anthro-
pogenic source of zine 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.--Surmmary of concentrations of selected trace constituents, June 992
[Concentrations in micrograms per liter unless otherwise noted. Al 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 <l 14 5 21
Barium 5 15 48 63 5 100
Cadmiumn 5 <l <1 <1 0 0
Chromium 5 <l <1 1 1 20
Copper 5 <1 <1 4 I 20
Lead 5 <1 <l <1 ] 0
Mercury 5 <. <.1 <1 0 0
Selenium 5 <1 <1 2 i 20
Silver 5 <l < <I 0 0
Zinc 3 6 200 544 5 100
Radon (pCifL) 5 <80 120 390 3 60

Radon concentrations ranged from less than 80 pCi/L
{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 15 part of the radioactive decay chain of uranium. The
USEPA has proposed an MCL of 300 pCi/L. However,
the radon concentrations observed on Guetnes Island are
considerably less than those found in ground water in
Thurston and King Counties, where median radon concen-
tration:s were 410 and 250 pCi/L, respectively (Dian and
others, 1994; Tuney 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-08EQ2, but at a concentration of only | yg/L.
Such levels likely reflect the natural occurrence of chro-
mium in the mineral matrix. Copper and selenium were
peesent only in the sample from well 36N/01E-26J01, at
concentrations of 4 and 2 [1g/L., respectively. The source
for capper 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 intruston or connate water; sele-
niurt at small concentrations is a natural component of
scawater. Finally, cadmium, lead, mercury, and silver
were not detected in any samples,
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Yolatite Organic Compounds

The individual volatile orgaric 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 36NAHE-36C05 and 35N/Q1E-02L01,
respectively (table 9). Benzene, which is present in gaso-
line, was detected in water from welt 36N/O1E-26P01 at

0.2 ug/L. Possible sources of these volatile organic com- -

pounds inclyde sampling and laboratory coptaminants,
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 m 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.
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Table 8.--Volatile organic compounds analyzed, June 1992

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

Constituents

Chloromethane
Dichloromethane
Trichloromethane
Tetrachloromethane

Bromomethane

Bromochloromethane
Dibromomethane
Tribromomethane
Bromodichloromethane
Dibromochlcromethane

Trichlorefluoromethane
Dichlorodifluoromethane
Chloroethane
1,1-dichloroethane
1,2-dichloroethane

1,1, 1-trichlorcethane
1,1.2-trichlorcethane
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
1,2-chbromoethane

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

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

2,2-dichloropropane
1,2,3-trichloropropane
1,2-dibromo,3-chleropropane
Propenol

1,1-dichloropropene

Cis-1,3-dichloropropene
Trans-1,3-dichloropropene
Hexachlorobutadiene
2—chloroefhylvinylether
Tert-butylmethylether

Benzene
Chlorobenzene
i,Z—dichIorobenzenc
1.3-dichlorobenzene
1,4-dichlorobenzene

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

p-chlorotoiuene
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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Table 9.--Concentrations of volatile organic compounds in wells where they were detected

[Hydrogeologic unit: Qva, Vashon aquifer]

Depth of Hydrogeo- Caoncentration
Local well number well (feet) logic unit Constituent {imcrograms per liter)
35N/01E-02L01 64 Qva 1,1, -trichloroetharie 0.2
36N/G1E-26P01 26 Qva Benzenc 2
J6N/O1E-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 n the
more populated areas of the island, and are included in
Appendix §.

MBAS was detected at small concentrations (0,02
and 0.03 mg/L) in water from two wells: 36N/Q1E-26P01
and 36N/OEE-36C05. Nitrate was present in the same
samples at the relatively high concentrations of 4.8 and
1.90 mg/L, respectively.

Boron concentiations ranged from 20 to 420 pg/L,
with a median concentration of 50 pg/l.. Boron concen-
trations measured during this study correlated poorly with
MBAS and nitrate concentrations. In fact, small concen-
trations of boron (20 pLg/L) were measured 10 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-07HO4, 36N/01E-
26HO1, and 36N/01E-36C01, respectively, which had
MBAS concentrations below the 0.02 pg/T. detection
limit. Nitrate, however, although undetected in the sample
from well 35N/02E-07HO04, 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 bacterta are indicators; that is, they are not pathogenic
themsetves, but can occur in conjunction with pathogenic
bacteria. The only sample with bacteria present was from
a 35-feet deep dug well (35SN/OZE-Q7GO).

Water Types

Another way fo 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 ene of the ions, that
either furnishes ot 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
williequivalent of calcium. The mitliequivalents 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
milliequivalenats, are plotied on a trilinear, or Piper,

0567
SR04




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 1on, an ion must account for 50 percent or more
of the cation or anion sum, and the analysis will be plotied
near one of the cormers. 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 jons, such as chloride and-nitrate, are
included on a single axis of the ptot. If both together
contribute 20 percent, then the sample will plot as though
chlonde is a dominant anion, even though chlonde 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 cafcium, but both plot in the same section of the
dlagram. It also should be noted that the diagram, which
is based on percentages, does not show actual concen-
trations or mitliequivalents.

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 aguifers 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/OLE-0ZL01, 36N/01E-26H01, 36N/01E-26101,
36N/O1E-36C01, and 36N/C1E-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 mect 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 propased, the sample from one
well (36N/O1E-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 ug/L. However,
as described elsewhere, these large manganese concentra-
tions occur paturally and are commeon 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 pg/l. Extremely large concentra-
tions of manganese may cause human health problems, but
no such instances have ever been reported in the United 7
States (U.5. 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 rumber of samples not meeting them
[mg/L, milligrams per liter; (tg/L, micrograms per liter; cols. per 100 mL., colonies per 100 milliliters)
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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
Pnmary drinking water regulations
Tnorganic i
Fluoride 4 mg/l. 0 0 24
Nitrate (as nitrogen) 10 mg/L. 0 0 23
Arsenic 50 pg/L 0 0 24
Barium 2,000 pe/L 0 0 5
Cadmium 5 ug/L 0 0 5
Chromium 100 pg/l. G 0 5
Lead 50 g/l 0 0 5
Mercury 2 upfl, 0 0 5
Selenium 50 pg/L 0 0 5
Silver 50 pgd. 0 0 5
Crganic
Trihalomethapes 100 pe/L 0 0 5
Tetrachloromethane 5ug/l 0 0 5
1,2-dichloroethane 5ug/l 0 0 5
1,1,1-trichloroethane 200 pg/L 0 0 5
1,2-dibromoethanc .05 ug/L 0 0 5
Chloroethene 2 pg/l 0 0 5
1,1-dichloroethene 7 ug/L 0 0 5
Cis-1,2-dichloroethene 70 pp/LL 0 0 5
Trans-1,2-dichloroethene 100 pg/L. 0 0 5
Trichloroethene 5 pg/l 0 0 5
Tetrachioroethene 5 g/l 0 0 5
1,2-dichloropropane 5 ug/L D 1] 5
Benzene 5 g/l 0 0 5
Chlorobenzene 100 pg/l 0 0 3
1,2-dichlorocbenzene 600 pg/L 0 0 5
1.3-dichlorobenzene 600 pg/L 0 0 - 5
1,4-dichlorobenzene 75 pg/lL 0 0 5
Toluene 1,000 pg/L 0 0 5
Xytene 10,000 p1e/L 0 o 5
Ethylbenzene 700 pg/LL 0 0 5
Ethenylbenzene 100 pg/L 0 0 5
Microbiological
Total coliform {} cols. 0 0 24
per 100 mL

05
JAo-53

-~
f

0



Table 10, -~Drinking water regulations and the number of samples not meetin g them--Continued

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

—_—

———— . .

L Includes trichloromethane, tribromomethane, bromodichloromethane, and dibromochloromethane.

Only 1 of the 24 saraples 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 S to 9
is usually considered acceptable for domestic uses (U.S.
Environmental Protection Agency, 1986). Water with
small pt 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 chioride
concentrations abave the SMCL, of 250 mg/l.: concentra-
tions in wells 36N/O1E-26HO01 and 36NATE-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 SMCI. of 500 mg/L;
the concentrations ranged from 543 to 760 mg/l.. The
SMCL for dissolved solids 1s 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, 19884, 19838b,
1988¢, 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 pumnped faster
than it was being recharged from rainfall.

A minimum level of water-quality monitoring would
invelve collecting samples periodically from selected
wells for the analysis of chloride, nitrate, and bacteria. At
the time of collection, perhaps guarterly, pH, specific
conductance, dissojved-oxygen concentration, and
temperature also could be measured in the field. Samples
could be collected and analyzed for concentrations of
common ons and trace elements at times of highest and
lowest water levels. The resulting data conld be compared
1o that collected during this and previous studies in order
to identify cyclic or lonig-term changes in water chemistry.
Degradation of ground-water gnality 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 tevel 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. Maodifications could be made
as necessary, but should be kept to a minimum because the
success of any monitoring program depends largely on its
contnuity.

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 withdrawais.

SUMMARY AND CONCLUSIONS

The ground-water resource of Guemes Istand
provides all of the freshwater used by 535 year-round
residents and an additionat 1,605 seasonal residents.
Poputation 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 vanable 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:

(I)_ Beach aquifer ((3b);
(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 (otal thickness of the aquifer is unknown.

The Vashen aquifer does not occur istandwide, ranges in
thickness from zero to 100 feet, and is saturated only in
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places. The Beach aquifer occurs only in nearshore areas
where beach deposits have accumulated to thicknesses of
10 to 20 feet.

Threc less-permeable units, the Bedrock unit, the
Whidbey coufining unit, and the Surficial confining unit,
occur on Guemes Island. The Bedrock unit 1s exposed in
the southeastern part of the island and underlies the uncon-
solidated deposits throughout the rest of the isiand. Few
wells are completed in the Bedrock unit, and those that are
tend to have low yields of water The Whidbey confining
unitis 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 ts 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 umit is
commonty 20 feet thick whese ull atone occurs, but may
be 200 or more feet thick where glaciomarine drift occurs.
Few inventoried wells are completed in (Jsc:

Hydraulic conductivity values of the hydrogeolgic
units were estimated using specific-capacity data. Median
values of hydraulic conductivity for the Double Bloff
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 mches runs off, 12-22 inches
evapotranspires; and 2- 10 inches recharges the ground-
water systern. Only ¢.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 systemm, 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, itis
unknown how much of the recharge actually moves down-
ward to the principal aquifer on the istand, the Double
Bluff aguifer. 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.

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 13
geaerally suitable for domestic usc. 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, magnestum,
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 (.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 ug/L, with a median concentration
af 34 pg/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 pg/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 thres water samples. All of the samples
with a volatile organic compound (VOC) present were
collected from shallow wells. Possible sources of the
V(OCs (trichloromethane, 1,1, i-trichloroethane, and
benzene) inciude sampling and laboratory contamination,
accidental spills, improper disposal of fuels or solvents, or
leaking storage tanks.

05
G30-€2,

73



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 dissobved 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 mel, inclading
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 carly stages of seawater
intrusion. Chloride concentrations greater than 20 mg/T.,
but less than 100 mg/L, were found in water samples
collected near Kelly's Point and aleng 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 chlonde concentra-
tian are likely caused by shifting of the freshwater-
seawater interface. This shifting most fikely 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 Briller’s Year
Local well number Driller's description of materials {feet) (feet) name drilled
35N/OLE-01A0T Topsoil 6 6 Brown 1976
Sandy loam 3 9
Tan clay _ 25 34
Coarse sand 44 8
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
3SN/OLE-01C02 Topsoil i 1 Hayes 1990
Boulder i 2
Brown clay and gravel 18 20
Brown sand and gravel 35 55
Brown sand, gravel, and water 19 74
Gray clay G 83
Brown peat 1 84 .
Brown clay : | 85 .
Gray clay 17 142
35N/O1E-01D01 Dirty sand and gravel 6 6 Dahlman 1990
Brown clay 2 - 18
Blue clay 67 85
Water and gravel 5 - 90
35N/Q1E-01MO] 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/Q1E-01R01 Gravelly hard clay 31 31 Whidbey 1980 -
Hardpan 9 40
Soupy sand 18 58
Clay 59 117
Gravelly hard clay i04 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 inaterials {feet) {feet) name drilled
35N/O1E-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 stlt, sand, clay, and seepage 4 15
Gray clay 1 76
Semi-consolidated gravel, sand, and water 5 81
Coarse gravel, sand, and water 2 83
35N/01E-02GO1 Topsoil 2 2 Hayes 1588
Tan clay and gravel 15 17
Brown sand and gravel 38 35
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 i6 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
I5NOTE-O2LO3 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 i0 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
3SNAE-11P04 Topsoil 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 9 114
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 I 220
35N/O1E-12R01 Brown clay 10 10
Blue clay 140 150
Silt, sand, and water 5 155
Clay 3 158
5ilt, sand, and water 12 170
35N/AOTE-12R02 Topsoil 2 2 Dahlman  [990
Brown clay 53 55
Blue clay 95 150
Fine sand and water 8 158
35N/OZE-05F01 Brown loam i 1 Skagii 1990
Sand and gravel 7.5 85
Sand, gravel, and water _ 3 11.5
35N/O2E-06C1 Topsoil 2 2 Hayes 1991
Brown clay and gravel 8 10
Green basalt 70 8O
3SN/OZE-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 94
Gray gravel, sand, and water 8 99
3A5N/O2E-06GO1 Brown clay 18 18 Dahlman 1981
Rock 106 124
Soft shale with clay 2 126
Rock, water at 150 feet 39 163
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Appendix 2.--Drillers’ lithelogic logs of wells used in the construction of hydrogeologic sections--Continued

Depth
of
Thickness hottom Driller’s Year
Local well number Driller’s description of matertals (feety ~ (feet) name drilled
ISN/O2E-06G02 Dirty sand and gravel 20 20 Dahlman 1985
Green granite; water at 183 feet 244 264
35N/OZE-OTAO2 Topsotl 3 3 Dahlman 1982
Brown clay 27 30
Biue 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/OZE-OTADS 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 f18
35N/02E-O8E02 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 i i31
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Appendix 2.--Drillers’ lithologic logs of wells used in the construction of hydrogeologic sections--Continued .

Depth
of
: Thickness boltom Driller’s Year
Local well number Driller’s description of materials (feet) (feet) name dritted
35N/02E-08EQ3--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-08GO! Brown clay and rock 12 12 Dahiman 1988
Hard greenish rock 396 408
36N/01E-26H01 Gravel 6 6 Whidbey 1976
Hardpan 19 25
Gravel 44 a9
Sandy clay 23 92
Hardpan 15 107
Sand 3 110
Dry gravel 6 116
Water and grave! 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 i40
Sand and clay i4 154
Clay 13 167
Hardpan 9 176
Gravel, hard 5 181
Gravel and water 13 194
30NM1E-35G02 Topsail h] 5 Dahlman 1985
Brown clay 20 25
Blue clay 10 35
Brown sandy clay B 50
Brown clay and gravel 35 85
Brown sand and clay 26 111
Blue clay 37 148
Water, sand, and gravel 12 160
36N/O1E-36R01 Dirty sand and gravel 10 10 Dahiman 1983
Blue clay 12 22
Brown clay and gravel 21 43
Sand i2 55
Blue clay 20 75
Brown clay 59 134
Sand 3 137 , 0 &
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 bottomn Diiller’s Year
Local well number Driller’s description of materials {feet) (feet) name drilled
36N/2E-31MO1 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

[Anpacortes 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 .90 1.05 0.90 111 0.84
November 1991 537 4.82 5.23 3.0i 5.39 548 494
December 1991 1.99 1.79 2.26 1.96 1.68 2.40 2.25
Janwary 1992 4.46 3.88 453 3.84 4.49 5.08 5.14
February 1992 228 2.04 241 225 2.12 2.40 2.47
March 1992 T2 .69 .83 T2 .80 86 .94
April 1992 307 3.09 3.16 3.14 3.04 3.68 3.03
May 1992 50 A7 A7 45 49 56 45
June 1992 1.88 1.87 2.10 2.11 2.00 2.31 2.02
July 1992 .80 1.66 1.81 1.72 1.64 2.28 1.62
August 1992 98 .84 .88 S0 96 98 1
September 1992 342 3.41 3.60 3.46 3.09 377 2.99
October 1992 1.68 1.28 1.46 1.48 1.55 1.65 1.56
November 1992 540 4.90 5.68 5.50 552 5.75 6.31
December 1992 3.16 2.34 2.32 2.70 288 2.56 293

! See figure 14 for location of stations.
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Appendix d.--Monthly water-level measurements _ Appendix 4.--Monthly water-level measurements-- .

Continued
Date Water level Date Water level
water level {feet below water level {feet below
Locat well number  measured fand surface) Local well number  measured land surface)
ISN/OLE-01 AQT 12-17-91 134.01 10-21-92 16.32
01-04-92 133.99 11-20-92 1541
02-19-92 134.05 12-21-92 14.99
03-15-92 134.00
04-21-92 133.95 ISN/GIE-11Q02 12-16-91 21.86
03-20-92 134.08 0!-14-92 -21.89
06-16-92 134.05 02-19-92 - 21.57
07-18-92 134.08 03-18-92 22.19
08-20-92 134.04 04-21.92 2185
09-17-92 134.19 05-21-92 22,41
10-21-92 134.23 06-16-92 22.34
11-21-92 134.15 07-16-92 22.28
12-21-92 134,22 08-20-92 2231
09-16-92 22.34
3I5N/01E-01MOL 12-16-91 [56.72 10-21-92 22.25
01-14:92 156.63 11-19-92 2225
02-19-92 [156.62 12-21-92 21.96
03-18-92 157.10 - )
04-21-92 156.59 ASN/OIE-11R02 12-16-91 79.41
05-20-92 156.93 - 01-14-92 79.88
06-16-92 157.50 02-19-92 - 7982
07-16-92 © o 1597.35 03-18-92 79.85
08-20-92 157.08 04-21-92 79.77
09-16-92 157.05 05-20-92 7982
1Q-21-92 156.8% 06-16-92 79.85
11-21-92 156.70 07-16-92 79.85
12-21-92 156.64 08-20-92 79.90
09-16-92 79.91
35N/O1E-01R0O1 12-17-91 Q015 16-21-92 79.98
01-14-92 93.02 11-20-92 80.06
02-19-92 79.62 12-21-92 80.08
03-18-92 89.96
04-21-92 - £9 872 ISN/QLE-12E.02 12-16-91 97.58
05-20-92 aG.18 01-14-92 97.94
06-16-92 90.30 02-19-92 97170
07-16-92 903.25 03-18-92 97.70
08-20-92 90.36 04-21-92 97.28
09-16-92 91.57 03-20-92 97.40
10-21-92 90.15 06-16-92 97.48
11-19-92 90.49 07-16-92 97.52
12-21-92 90.03 08-20-92 97.60
. 09-16-92 97.76
35N/O1E-021.01 12-16-91 15.73 10-22-92 - 97.90
01-14-92 16.23 ' 11-20.92 98.11
(02-19-92 16.52 12-22-92 98.04
03-19-92 17.55
T 04.21-92 19.17 35N/O1E-12P03 12-16-91 71.40
05-20-92 20.84 01-14-92 71.04
06-16-92 21.50 02-20-92 70.72
07-18-92 17.56 03-18-92 7243
08-20-92 17.36 04-23-92 70.99
09-16-92 16.96 05-2092 70.96
06-16-92 7131

'@
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Appendix 4.--Momh1y water-level measurements-- Appendix 4.--Monthly water-fevel measurements--

Continued Continued
Dale 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 3727
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/OZE-DRGOY 12-17-91 49.07
ISN/OIE-12R0O2 12-17-9] 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 34.55 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/OIE-25N06 12-16-91 148.71
3SN/O2E-06G01T §2-17.91 14.81 01-14-92 150.49
(11-14-92 13.36 02-19-92 148.67
02-19-92 10.10 03-18-92 148.83
03-18-92 .45 04-21-92 148.44
04-21-92 10.99 (5-22-92 148.86
05-20-92 13.97 06-16-92 148.97
06-16-92 14.52 07-16-92 148.87
07-16-92 15.03 08-20-92 [49.09
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/O1E-26A01 01-14-92 16.55
35N/O2E-07AD] 12-17-91 62.35 02-19-92 15.91]
01-14-92 62.64 03-26-92 17.17
022092 62.15 04-21-92 16.84
03-18-92 62.50 05-21-92 1837
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 17.9%
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
3SNARZE-0THO1 12-17-91 1.79 03-18-92 152.80
01-14-92 1.40 04-21-92 152.37
02-19-92 5 05-22-92 153.34
03-18-92 1.30 06-16-92 153.05
04-21-92 i.18 07-16-02 153.05
(5-20-92 3370 08-20-92 152.8%
06-16-92 37.61 09-16-92 152.69
07-16-92 35.43 : 10-22-92 15299

0592
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Appendix 4.--Monthly water-fevel medasurements--

Continued
Date Water level
water level (feet below
Local well number  measured [and surface)
11-20-92 [52.03
12-22-92 152.38
36N/O1E-36C03 03-18-92 [4.15
04-21-92 13.42
05-22-92 13.86
06-16-92 [3.96 .
07-16-92 13.87
03-21-92 13.95
09-16-92 14.10
10-21-92 13.91
11-20-92 13.88
12-22-92 13.67
I6NMTE-36P01 12-16-91 6.67
01-19-92 6.53
(3-18-92 582
04-21-92 3t
05-20-92 6.04
06-16-92 6.50
¥7-16-92 1.15
08-20-92 7.85
09-16-92 7.75
10-22-92 8.15
11-21-92 7.63
12-21-92 8.19
JEN/OTE-36Q01 12-16-91 101.53
' (01-§4-92 101.38
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
Q7-16-92 101.88
08-20-92 102.55
09-16-92 101.90
10-21-92 i01.70
11-19-92 101.60
12-21-92 101.44
16N/O2E-31P01 01-14-92 7892
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 0 5‘3 |
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Appendix 5.--Monthly values of chloride concentration and specific conductance
[mg/L., milligrams per liter; HS/cm, microsiemens per centimeter at 25 degrees Celsiug]

Chlonide, Specific
dissolved conductance

Local well number Date (mg/L. as CL} (uS/cm)
35NAIE-2LO1 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
9-16-92 197 962
: 10-21-92 183 930
11-20-92 183 435
3 12-21-92 179 912

¥

© ASN/O1E-11R02 12.16-91 48.4 41
01-14-92 45.4 166
02-19.92 47.5 466
03-18-92 47.9 466
_ 04-21-92 47.5 465
; . 05-20-92 475 467
_ 06-16-92 47.5 467
07-16-92 48.0 467
08-20-92 47.0 467
09-16-92 46.0 461
10-21-92 46.0 463
11-20.92 45.0 457
12-21-92 45,0 456
3SN/OIE-12R0] 12-16-91 30.3 377
01-14-92 27.1 390
02-19-92 28.0 394
03-18-92 284 395
04-21-92 29.1 397
05-22-92 30.8 402
) 06-16-92 33.0 409
07-16-92 34.0 411
08-20-92 35.0 418
09-16-92 35.0 415
10-21-92 33.0 408
11-19.92 310 403
12-21-92 31.0 402

0594
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Appendix 5.--Monthly values of chloride concentration and specific conductance--Continued

Chlorde, Specific
dissolved conductance
Local well number Date (mg/L as CL} (pS/cm)
ISN/OILE-14B02 12-16-91 54z 444
01-14-92 53.8 476
03-18-92 53.5 476
03-18-92 30.5 302
05-21-92 51.0 530
06-16-92 443 541
08-2092 AL 523
09-16-92 310 488
10-23-92 320 499
11-21-92 44.0 602
12-23-92 350 352
35N/G2E-07A01] 12-17-941 21.1 442
01-14-92 20.7 497
02-19-92 20.9 505
03-18-92 20.6 494
04-21-92 209 507
05-20-92 20.6 504
06-16-92 20.9 502
07-16-92 210 495
08-20-92 20 483
02-17-92 20 451
10-21-92 21 487
11-21-92 21 497
12-21-92 21 447
35N/Q2E-07HOL 12-17-91 49.4 399
01-14-92 463 398
02-19-92 119 298
03-18-92 30.5 302
05-21-92 S1 330
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 K] 352
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Appendix 5.--Monthly values of chloride concentration and specific conductance--Continued
Chloride,
dissolved

Local well number Date (mg/L as CL)

JEN/OTE-26A0] 01-14-92 32.0

02-19-92 32.2
03-18-92 39.0
04-21-92 351
05-21-92 372
06-16-92 36.5
07-16-92 35.0
08-20-92 64.0
09-16-92 48.0
10-22-92 34.0
11-20-92 41.0
12-21-92 39.0
36N/O1E-35F01 - 12-17-91 16.8
Qi-14.92 159
3-18-92 67.0
04-21-92 41.1
05-20-92 19.9
06-16-92 28.4
07-16-92 31.0
08-20-92 44.0
09-16-92 320
10-24.92 29.0
11-21-92 31.0
12-23-92 25.0
36N/O1B-36C01 12-16-91 345
0l-14-92 348
02-19-92 347
03-26-92 381
04-21-92 368
05-22-92 352
06-16-92 344
07-16-92 346
08-2092 323
i 09-16-92 313
10-21-92 309
11-20-92 316
12-21-92 331

7

Specific

conductance
(uSicm)

457
241
285
276
279
276
267
388
329
271
291
288

277
285
468
378
304
335
347
395
352
345
352
333

1310
1,450
1,470
1,570
1,530
1,490
1,450
1,460
1,380
1,350
1,350
1,380
1,430

0596
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Appendix 5.--Monthly values of chloride concentration and specific conductance--Continued

Chlonide, Specific
dissobved conductance
Local well number Date (mg/L as CL) (1eS/cm)
36N/01E-36C03 03-18-92 86.9 530
04-21-92 168 818
05-22-92 189 891
06-16-92 194 209
07-16-92 194 892
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/ 1E-360Q0! 12-16-91 148 865
01-14-52 122 868
02-19-92 125 864
03-18-92 126 263
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
02-19-92 152 261
03-18-92 14,9 261
04-21-92 14.9 259
05-20-92 14.5 257
06-16-92 4.5 256
07-16-92 4.0 233
08-20-92 14.0 252
09-17-92 14.0 254
10-21-92 15.0 259
11-21-92 160 261
12-22-92 15.0 260
05 .
940-é¢
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Appendix 6.--Values and concentrations of field measurements, common constituents, arsenic, and radon

{deg, C, degrees Celsius; (18/cm, microsiemens per centimeter at 25 degrees Celsivg; mg/L, milligrams per liter; mg/L.,
micrograms per liter; <, not detected 2t the given concentration; cols. per 100 mL, colonies per 100 millliters; pCi/L, picocuries
per iiter; —, not determined]

Spe-
Spe- cific Hard-
cific con- pH, ness Calctum,
Temper-  con- duct- pH, lab Oxygen, total dis-

3 ature duct- ance {stan- (stap-  dis- {mg/L solved
Local water ance lab dard dard solved  as {mg/L
;:? well number Date Time {deg. C}  (uSfcm)  (uS/cm)  units) units)  (mg/L) CaCOy)  as Ca)

35NME-01C02 06-15-92 1525 12.5 234 231 - 66 6.8 13 78 16

35NAOTE-01DO01 06-17-92 1205 10,0 358 352 74 17 2 140) 24

35NAIE-OIMOT  06-16-92 1300 12.5 345 383 7 7.6 2 160 30

35N/OIE-OIROL 06-16-92 1703 10.5 334 347 8.1 78 <1 120 25

35N/01E-02L01 06-16-92 1530 L] 749 972 7.2 74 .9 200 31

3SN/OLTE-12F01 06-16-92 1705 i2.5 221 219 6.2 6.5 25 78 18

A5N/01E-12P03 06-17-92 0830 12.0 336 329 7.9 7.9 4 150 29

35N/01E-12R02 06-15-92 0920 11.0 511 488 8.2 82 .5 110 19

35NALE-14B02  06-16-92 1200 11.0 481 485 7.1 71 <1 180 34

35N/02E-O6E0 06-17-92 4940 11.5 248 244 0.3 71 87 89 14

. 35N/O2ZBE-06GOT 06-16-92 1135 13.0 555 549 7.2 75 2.3 ) 53

A5NMZE-QO7AM 06-15-92 1205 11.0 518 3505 1.9 7.8 <1 250 51

ISNAOZE-GTGON 06-17-92 1040 4.0 347 341 7.2 7.4 4 [ 5¢ 38

ISN/OZE-OTHD4  06-15-92 1405 11.5 597 593 8.5 8.5 <.} 94 16

ISN/QZE-08E02  06-16-92 1530 11.5 446 467 8.2 8.1 B 190 31

J6N/OTE-26H01  06-16-92 0920 125 1330 1280 6.7 6.9 1.7 100 10

36N/OLE-26101 06-15-92 1655 105 707 679 7.2 74 92 140 20

JON/OLE-26FP01 06-15-92 1400 10.5 250 255 6.2 6.5 3.2 88 17

J6N/OIE-35F0] 06-15-92 1230 10.0 318 335 6.9 7.0 8.9 OO 17

36MN/OIE-36CH1 06-15-92 1530 1.5 1370 1430 6.9 7.0 2.3 190 22

36N/OLE-36C05 06-15-92 1700 il.¢ 222 225 6.4 6.6 5.3 74 15

36N/OIE-36001  06-16.92 1600 1.5 970 1010 7.9 76 1 63 13

36N/OZE-3IMD) 06-16.92 1040 ~ 14.0 302 208 7.6 1.7 2.2 120 19

JON/OZE-31PO 06-15-92 1000 1G.5 254 254 7.6 7.6 <1 99 15

. 0598
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Appendix 6.--Values and concentrarions of field measurements, common constituents, arsenic, and radon--Continued

Magne- So- Potas- Alka- Alka- Chle- Fhio-
sinm, Sodium, dium sium, linity linity Sulfate, ride, ride,
dis- dis- So- ad- dis- lab ficld dis- dis- dis-
solved solved dium, sorp- solved {mg/L {mg/L solved solved  solved
Local (mg/L (mg/L, per- tign (mg/L as as (mg/L (mg/L (mg/l.
well number as Mg) as Na) cent ralio as K} CaCO;)  CaCOs) a5 SOy) as ClI) as F)
ISN/OLE-01C02 9.2 12 25 0.6 1.7 55 - 35 14 0.1
35N/01E-01DO! 19 2{ 24 8 472 159 12 13 3
35N/01E-01 MO1 20 17 19 6 34 135 134 11 30 1
35N/0LE-01ROE 15 23 LS, [ 37 163 -- 3 15 <.!
35N/O1E-02L.01 30 110 34 3 55 122 -— 50 210 <1
ISN/O1E-12F0! 8.1 11 23 5 1.5 33 - 22 i6 <1
35N/OTE-12P03 18 13 16 5 EXU 147 -- 4.2 17 <1
33N/GLE-12R02 15 Gl 53 3 52 174 174 1 57 !
35SN/OLE-14B0G2 22 30 27 1 38 148 162 I[4] a0 1
I5SN/O2E-06ED] 12 10 19 ] 1.8 57 - 24 19 <1
ISN/O2E-06 GO 33 14 10 4 1.6 197 -~ 68 21 <1
3SN/O2E-07A01 30 12 9 3 2.0 208 208 36 24 <1
ISNZE-07GOL - 13 14 17 5 1.9 142 - i8 13 <.1
35N/O2E-07HO4 I3 499 67 4 94 286 - 7.1 24 2
3SNOZEORED2 28 24 13 B o9 7 191 -- 32 1% <1
I6NQTE-26HO1 19 190 78 8 1t 51 - 82 310 2
I6N/0LE-26J01 22 76 53 3 53 104 -- 52 120 1
36NATE-26P01 i 13 31 ki 50 &7 - - 17 16 <
36N/O1E-35F01 4 24 34 1 232 72 - 2t 27 <1
36N/QLE-36C01 iz 200 6y 6 8.8 1135 - &7 330 <1
J6N/OLE-36C05 8.8 13 27 i 12 48 - 23 21 <1
36N E-360Q01 7.5 130 85 10 43 247 247 <.l 180 2
36N/GZE-31M01 18 13 18 5 3.1 L6 - 19 1 & <.1
36N/02E-31P01 5] 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--Continged

Selids, Nitro-

sum of gen, Manga- Coli- Strep-
Silica, | consti- NO,+ Iron, nese, Arsenic,  form, tococci,
dis- fuents, NO;, dis-  dis- ~ dis- dis- fecal fecal Radon
solved dis- solved solved solved solved {cols. (cols. 222
Local {mg/L solved (mg/L (Hg/L (e (g/L per per total
well nimber as 310;)  (mg/L) as N} as Fe) as Mn) as As) 100 mL) 100 mL) {pci/L)
i ISNAOIE-01CO2 1 156 0.75 270 79 <1 <1 <l -
5 ISNJOLE-01 DO 44 234 - 770 890 <1 <1 <1 -
35N/OLE-01 MO1 34 237 <05 1,300 190 <1 <1 <1 -
3 35N/O1E-O1 RO} 30 223 <05 480 190 <1 <1 <l 120
; I5SN/OTE-021.01 0 543 75 10 3 ] <1 <1 -
i 35NIOTE-12F01 27 141 1.3 18 12 <1 <1 <
f 35N/D1E-12P03 D 223 <05 500 150 <l < <l -
35NID1E-12R02 23 286 <05 1,300 150 <l <] <1 -
35N/O1E-14B02 43 310 <05 7,100 1,500 < <l <l <BO
3SN/D2E-06E01 29 159 2.9 12 31 <1 <1 <1 -
3ISNA2E-06G0} 29 338 08 54 21 <1 <l <i 170
35N/02E-07A0] 36 318 <05 1,900 9% ! <1 <1 .
35N/O2E-07GO1 13 199 55 33 36 <1 <1 2 -
. 35N/02E-0THO4 23 364 <05 42 13 <t <l <l -
35N/OZE-UREQ? 12 284 <05 260 19 <] <1 <l <80
36N/O1E-26H01 25 693 34 140 26 <l <1 <I 390
36N/01E-26101 30 394 1.2 16 2 <1 <1 <l -
36N/O1E-26P01 34 175 48 20 2 <i <1 <1 .
36N/01E-35F01 31 209 6.8 14 1 <l <1 <I .
36N/01E-36C01 28 760 75 18 2 <1 <1 <t -
36N/OLE-36C05 30 149 19 39 4 <1 <] <1 -
36N/01E-36Q01 4] 574 <05 1,400 280 14 <l <1 -
36N/O2E-3 1 MO 32 189 <05 180 120 I <1 <1 -
36N/02E-31P01 29 167 <05 1,900 150 1 <1 <1 .

0600
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Appendix 7.--Concentrations of trace metals

[1g/L, micrograms per liter]

Local
well number

Local
weil number

Chrom-
Arsenic, Barium, Cadmium, miumt,
dis- dis- dis- dis-
solved solved solved solved
(Hg/L (He/L (ne/l. (Mg/L
Date Time as As) as Ba} {as Cd) as Cr)
35N/OTE-01MO1 06-16-92 1300 <1 48 <l <1
35N/01E-14BG2 06-16-92 1200 <l 63 <l <1
35N/02E-08EQ2 06-16-92 1530 <] 25 <l 1
36N/01E-26J01 06-15-92 1655 <1 15 <i <1
36N/01E-36Q01 06-16-92 1000 14 50 <l <1
Sele-
Copper, Lead, Mercury, niurn, Silver, Zing,
dis- dis- dis- dis- dis- dis-
solved solved solved solved solved solved .
(ug/l g/l (/L {ng/L {(ug/L. (ng/L
as Cu) as P'b) as Hg) as Se) as Ag) as Zn)
35N/ E-01IMO1 <1 <1 <0.1 <] <l 7
35MN/O1E-14BO2 <1 <1 <1 <1 <1 220
35N/02E-08E02 <1 <1 <.l <l <l 6
36N/OLE-26J01 4 <1 <. 2 <l 540
<1 <l <1 | <l 200

36N/O1E-36001
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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 nember Date Tiine (mg/l. as N) {ng/L as B) (mg/L)
35N/OIE-01MO1 06-16-92 1300 - <0.05 30 <0.02
35N/O1E-02L01 06-16-92 1530 A5 60 <02
35N/O1E- 12F01 06-16-92 1705 130 20 <l
: 35N/OTE-14B02 06-16-92 1200 <05 50 <.02
35N/O2E-07H04 06-15-92 1405 <05 420 <2
35N/02E-08EO2 06-16-92 1530 <05 100 <02
36N/01E-26H01 06-16-92 0920 3.40 120 <02
36N/01E-26J01 06-15-92 1655 1.20 50 <02
36NMIE-26P0} 06-15-92 1400 4.80 20 02
36N/OI1E-36C01 06-15-92 1530 5 110 <02
36N/GIE-36C05 06-15-92 1700 1.90 20 03
I 3G6N/D2E-31P01 06-15-92 1000 <05 20 <02
06n2

5309
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Potlatch Beach Water Association
c/o Dix Baker

430A West Shore Road

Guernes Island, Washington 98221

Subjcr:t:‘ Potlatch Beach Hydrogeologic Study
Dear Mr. Baker:

Please find attached, our hydrogeologic report evaluating seawater intrugion contamination of the
Potlatch Beach Water Association’s wells. Unfortunately, our analysis indicates that seawater
intrusion will preclude or limit additional ground water development in the north end of Guemes
Island and only through significant reductions in water usage and pumping can you halt or reverse
the increases in chloride concentrations in your existing wells. If you have any questions or
comments about the report, please contact us. 'We enjoyed working with you and appreciate the

opportunity to be of service on this project. . .
Sincerely,

Hong West & Associates, Inc.

B g D

Robert E. Long Jr. Larry West
Hydrogeologist o Hydrogeologist

19730-64th Ave. W,
Lynnwood, WA 98035-5904
Tel 206-774-0108

Fax. 206-775-7506
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INTRODUCTION

At the request of the Potlatch Beach Water Association (the Association), Hong West & Associates,
Inc. (HWA) conducted a preliminary hydrogeologic study of sea water intrusion on Guemes Island,
Skagit County, Washington. The Association is under an Ecology water rights order of compliance to
submit regular results of chloride concentration testing, record of flow rate, and water levels for the
Association’s wells. We characterized site hydrogeology using existing information supplemented with
data collected by the Potlatch Beach Water Association. _

SCOPE OF WORK

Waork for this project (outlined in our proposal dated September 21, 1993) consisted of two Tasks, as
follows:

TASK | Collect and Review Hydrogeologic Information
TASK 2 Evaluate Site Aquifer and Prepare Hydrogeologic Report

The objectives of this investigation include characterizing hydrogeologic conditions of the production

aquifer in the vicinity of the Association’s wells and assessing the potential for additional or future

seawater intrusion of the aquifer. This information will provide a basis for evaluating options to

reduce chloride concentrations in the Association’s wells and/or whether or not the Association should .
construct additional wells. '

SOURCES OF INFORMATION & ANALYSES

The evaluations, conclusions and recommendations included in this report are based on existing
published information, and a brief site reconnaissance. In addition, we have reviewed Ecology water
well reports (refer to Appendix A) and data collected by the USGS as pait of their current seawater
intrusion study of Guemes Island. The USGS study has not been completed and our conclusions are
not based an the data interpretations or conclusions reached by the USGS. However, a review of the
USGS data has provided insight to the hydrogeologic character of north Guemes Island.

During our site reconnaissance, we visited Potlatch Beach Water Association on March 12, 1994 to
conduct general surface geologic reconnaissance of the arca, inspect the pump house operations, and
collect available groundwater information collected by Potlatch Beach Water Association
representatives. We received chemical data, a record of water levels, pumping rates from Potlatch
Wells #1 and #2, and measured the water levels on this date. In addition, with the permission of Mr,
Tim Fanton, we received one set of chemistry data and measured the water level in the T. Fanton Well.
We performed 2 comparative analysis of the data provided by the Association. These analyses are
illustrated in graphical form (refer to Appendix A) and include:
006 06
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e Average Water Use in gallons per day (gpd) over time, compared to the Chloride
Concentration in parts per million (ppm) for Potlatch Wells #1 and #2 (Graph 1 and Graph
2 respectively).

o Average Water Use in gallons per day (gpd) over time, compared to the Water Level in
Feet (below ground surface) for Potlatch Wells #1 and #2 (Graph 3 and Graph 4
respectively).

« A comparison of Average Water Use in galions per day (gpd) aver time between Potlatch
Well #1 and Potlatch Well #2 (Graph 5).

The extreme peaks for water use in Well #2 near the beginning of December 1993 and the negative
values for Well #1 resulted from a faulty valving and metering mechanism.

PROJECT LOCATION AND DESCRIPTION

Figure 1, Vicinity Map And Cross-Section Locations, illustrates Potlatch Beach Water Association
well positions at the north west side of Guemes Island. The site is located in the Southwest 1/4 of the
Northeast 1/4 of Section 35, Township 35 North, Range 1 East of the Willamette Meridian, as shown
on the USGS Cypress Island, Washington 7.5 minute topographic quadrangle. Access to the site is
gained by ferry from Anacortes, Washington. The elevations in the area of the site range between
approximately sea level and elevation 160 feet.

HYDROGEOLOGY

Guemes Island is located due north of the City of Anacortes, Washington, at the mouth of Padilla Bay.
Guemes Island is about 4 miles long and 3.4 miles in width at its widest point. In the area of the
Potlatch Beach Water Association Wells #1 and #2 the width tapers to approximatety 0.85 miles.
Topography of the island is characterized by glacially deposited rolling uplands in the north reaching
180 feet above sea level. In the south, bedrock outcrops form steep hills reaching 688 feet above sea
level, wide shallow bays form a shoreline with steep slopes and cliffs composed of compact glacial
deposits.

The geology of Guemes Istand is dominated by a complex sequence of glacial and interglacial
sediments deposited during the Quaternary Period (about 1.6 million to 10,000 years before present).
At least 4 major glacial advances and retreats are believed to have occurred. The most recent, termed
the Vashon stade of the Fraser Glaciation, occurred between 10,000 and 20,000 years before present.
This most recent glacial advance left well exposed deposits of two units that mantle most of Guemes
Island surface; the Vashon Till and the Yashon Advance Outwash. Older deposits that may be present
and are buried beneath the Vashon deposits include (from youngest to oldest). the Possession Drift
(glacial), the Whidbey Formation (interglacial), and the Double Bluff Drift (glacial). Refer to Figure
2, Generalized Stratigraphic Section, for a schematic of typical vertical sequence of geologic units on
Guemes Island.
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GEOLOGIC UNITS

Geologic conditions directly influence the occurvence and flow of ground water. Exposures of glacial
deposits along the extensive sea cliffs and bluffs of Guemes Island, together with well logs, have
provided an opportunity for geologic mapping and interpretation of the island’s complex sediraents.
The following geologic unit descriptions are based largely on USGS water supply studies completed in
Island County where similar geologic conditions prevail, and on recorded drilling logs from numerous
locations on Guemes Island. They are presented in order from youngest to oldest:

Vashon Till - Symbol Qvt

‘Much of the Puget Lowland is covered by this very dense matenial formed at the base of the
moving glacier. The till is comprised of an unsorted, nonstratified mixture of clay, silt, sand
and gravel, with cobbles and boulders. Till often mimics pre-existing topography and is found
to have great variability in thickness and location. In the northern area of Guemes Island, the
till.covers most of the upland areas, and varies in thickness from about 10 to 35 feet. Referto
Figures 3 and 4, Cross Sections. Where present, till overlies either advance outwash, or when
the outwash is not present, older sediments such as the Whidbey Formation (USGS, 1982).

Vashon Advance Qutwask - Symbol Qva

Meltwater streams emanating from the advancing glacial front produced extensive outwash
deposits composed primarily of sand and gravel that filled existing topographic depressions
which were subsequently overridden by glacial ice. Typically found beneath till, advance
outwash sediments consist of gray silty fine sands to sandy gravels which typically become
coarser upwards and are well sorted. They exhibit subhorizontal and cross bedded
stratification. Over-consolidation (as evidenced by high density), produced by the weight of
the glacier ice, is common. The lower part of the unit may transition into or include the upper
part of the Whidbey Formation.

Transitional Beds - Symbol Qtb

These fine grained interglacial deposits generally separate the Vashon glacial materials from
older glacial deposits. Deposited during the Discovery interglacial period, the Transitional
Beds typically consist of gray silts and very fine sands. Beneath north Guemes Island and the
Potlatch area, the Transitional Beds appear to be absent along with the underlying Possession
Drift.

Possession Drift - Symbol Qpd

After the Vashon glacial deposits, the next-oldest glacial unit is termed the Possession Driff, an
undivided mixture of till, glaciomarine sediments and outwash. The unit is discontinuous due
to partial removal by subsequent glacial and nonglacial erosion. Based on existing data, it
appears that the Possession Drift is not present beneath the Potlatch Beach project site.

IN
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Whidbey Formation - Symbel Qw

The Whidbey Formation represents the first significant interglacial deposit exposed beneath the
Vashon (and where present, Possession) glacial units. It consists of medium to fine sand, fine
sand and silt, with minor gravel. Peat beds and organic rich fine grained layers are an
identifying feature. Thickness ranges from about 150 to 200 feet.

Double Bluff Drift - Symbol Qdb

This unit, the oldest glacial deposit recognized in the project area, resembles the Possession
Drift, except for its lowermost stratigraphic position and distinctive wood-bearing lower
sil/sand unit. Thickness ranges between about 20 and 70 feet. This unit appears to occur at
about 10 to 20 feet below sea level (approximately 150-170 feet below the project site). The
drift contains sand and gravel layers which yicld water 1o the Potlatch Beach Water
Association Wells #1 and #2, as well as others in the area,

Bedrock

Bedrock outcrops oceur in the southern part of the island and likely form the base of the
Double Bluff Drift. However, none of the wells in the northern part of the Island have
penetrated the bedrock, :

GROUND WATER OCCURRENCE

All of the above-described Pleistocene sediments are capable of storing and transmitting ground water
to some degree. On Guemes Island, ground water is typically withdrawn from the coarser glacial sand
and gravel deposits. For the purpose of this investigation we will adopt the established nomenclature
from previous studies in nearby Island County (West et.al 1989; Anderson 1968) that have identibed
and named the vertical succession of petential water producing units, referred to as aguifers. Finer-
grained deposits, including glacial till, and interglacial silt and clay, which tend to inhibit fateral and
vertical ground water flow are referred to as aquitards. A discontinuous vertical sequence of aquifers
has been identified (M.A. Jones, USGS, 1985). Refer to Table 1 for a listing of the aquifers and
aquitards in the Guemes Island vicinity.

The Vashon Advance Qutwash aquifer appears locally unproductive. Only a few wells in the northern
part of the island produce from the Advance Outwash and they typically exhibit low yields (5 to 10
gallons per minute). This aquifer also experiences significant water level declines during drought
periods.

Water well reports for the Potlatch area indicate the presence of only one significant aquifer, the
Double Bluff Drift. Both the Association’s supply wells produce from this aguifer which occurs
beneath the site, at a depth of about 150 to 180 feet, approximately 20 to 30 feet below sea level. The
available data indicate a confined aquifer with a potentiometric head (water level in the wells) above
the top of the aquifer and above the base of the overlying Whidby Formation aguitard which serves as
the confining unit,

5L/
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TABLE 1

HYDROSTRATIGRAPHY
Hydrogeologic Unit Geologic Unit ““Present/Absent at Site
Aquifer Vashon Recessional Absent, typically a
Qutwash seasonally perched
aquifer where present.
Aquitard Vashon Till Present
Agquifer Vashon Advance Present, but locally not
Outwash productive
Aquitard Transitional Beds  Absent
Aquifer Possession Drift Absent
Agquitard Whidbey Formation Present
Aquifer Double Bluff Drift Present
Aquitard ? Bedrock Present, depth unknown.

OBJ‘
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AQUIFER RECHARGE AND DISCHARGE

Recharge to the aquifers of Guemes Island is exclusively from infiltration of precipitation. Al-tho_ugh
total annual precipitation is slightly greater than 25 inches, the low permeability of the Va;hon Tilk
mantling most of the north end of Guemes Island and steep slopes favor rapid runoff of ramf_alll.
Consequently, only a small fraction of the total precipitation infiltrates to the underlying aquifers.
Where the till thins or is absent, to the north of Potlatch Beach Wells #1 and #2 (Figure 3}, rates of
recharge may increase by several orders of magnitude providing ready recharge for the Vashon
Advance Outwash aquifer. The fine grained, low permeability Whidbey Formation aquitard further
reduces the recharge of infiltration of precipitation to the underlying Double Bluff Drift aquifer.

Natural discharge of ground water occurs as springs and seeps from the Advance Outwash aquifer
along the bluffs and directly to Puget Sound from the deeper Double Bluff Drift aquifer. In addition,
ground water discharges to wells. Over the period of data collection, September 1993 to March 1994,
Potlatch Beach Wells #1 and #2 discharged an approximate average of 56 gallons per day {(gpd) and
138 gallons per day {gpd), respectively. Refer to Data Graphs in Appendix A.

GROUND WATER FLOW

Ground water flow is governed by the differences in elevation or hydraulic pressure between the
recharge and discharge areas and the permeability of the aquifer material. Insufficient data exist to
adequately characterize ground water flow rate and direction beneath the Potlatch area. The Double
Bluff Drift aquifer appears confined and in all cases ground water would flow from an area of high
pressure to low pressure. The available information indicate the aquifer receives recharge from the
upland areas, it follows that the general ground water flow direction would be from the uplands, toward
the surrounding sea water. However, when discharge from wells within the aquifer exceeds the
recharge rate and/or pumping levels in wells drop below sea level, the direction of ground water flow
may reverse. A reversal of ground water flow direction in the Double Bluff Drift aguifer appears likely
considering the high chloride concentrations recorded in Potlatch Beach Wells #1 and #2.

GROUND WATER QUALITY

The data graphs presented in Appendix A show the range of chloride concentrations in Well #1 from a
low of 210 mg/! in early 1993 to a high of 355.4 mg/l in August 1993. Chloride concentrations for
Well #2 range from 429 mg/} to 540 mg/l. The average chloride concentration for Potlatch Beach
‘Wells #1 and #2 are approximately 268 mg/L and 504 mg/L respectively. In both cases, chlonide
concentrations exceed State of Washington water quality standards. Both the Potlatch Beach Water
supply wells are completed in the Double Bluff Drift aquifer and are screened below sea level. Wells
within this aquifer throughout the north end of the Island are known to be susceptible to sea water
intrusion, a serious and nearly always irreversible water quality problem. Water quality data for wells
north and east of the Potlatch area indicate ground water chloride concentrations greater than 250 mg/L
are common.

0616
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SEA WATER INTRUSION

Data graphs presented in Appendix A indicate chloride concentrations are increasing in Well #2 despite
decreased pumping since the beginning of the year. Sea water intrusion into the coastal aquifers of
Washington State is not uncommon and has been documented by Walters, 1971. On Guemes Island,
sea water intrusion was identified by the Walters study in wells on the northeastern shore as early as
1866. :

The general hydrogeologic conditions that cause sea water intrusion are fairly simple; the aquifer must
be in hydraulic connection with the sea and the withdrawal, called discharge, of fresh water must be
sufficient to lower water levels within the fresh water aquifer below that of sea level. This induces the
sea water to enter the aquifer, and to encroach landward in the direction of the water withdraw. Refer
to Figure 5. The interface between the encroaching sea water and the fresh water with in the aquifer is
called the zone of diffusion.

The degree to which seawater enters the aquifer and the zone of diffusion advances landward depends
on the balance between the net rate of water withdrawn (discharge) and the net rate at which fresh
water naturally enters the aquifer, via infiltration from the surface (recharge). Typically, the wells
closest to the saltwater experience the earliest and worst seawater intrusion. In the Potlatch system’s
case, Well #2 appears to sxperience the worst intrusion of the two, although Well #2 is further from the
saltwater. This anomalous condition implies the presence of low-flow/no-flow zone or barrier near
‘Well #2 which significantly reduces freshwater recharge to the aquifer on the landward side of the well .
inducing a greater rate of seawater intrusion. This situation is illustrated hypothetically as the
“barrier” in Figure 5.

Based on the distribution of geologic units, the northern part of the isiand apparently experienced a
period of significant erosion documented by the absence of the Possession Drifi and the Transition
Beds in the Potlatch area. During this erosional event, a decp channel may have been cut well into the
Double Bluff Drift aquifer immediately south of the Potlatch wellfield. Silt and clay infilling of the
channel would form an hydraulic barrier minimizing subsurface flow to the aquifer from the southemn
part of the island.

In effect, the aquifer the Potlatch wells produce from is like a pipe with an open end to the marine !
waters and a closed end to the fresh water. When the wells pump, the wates they pull in is replaced by
seawater. '

CONCLUSIONS AND RECOMMENDATIONS

Over<tlw period of this investigation the Association required nearly 200 gallons of water a day to
sustain operations. This investigation was conducted over the low water use and high water recharge
time of year, late fall to early spring. During the summer months we expect the addition of summer
residents to significantly increase the Association’s water consumption. Presently, plans exist for

continued development of properties within the Association that will place additional demand on the 06 L
Potlatch water system. 6
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Review of the site geology, hydrogeology, and ground water quality history provided to us by the
Association lead us to the following conclusions:

«  Ground water quality of Potlatch Beach Well #1 appears marginal with respect to chloride
concentrations at the present rate of pumping.

+  Ground water quality of Potlatch Beach Well #2 clearly exceeds the allowed chloride
drinking water standard of 250 ppm at the present pumping rate.

»  The low infiltration rate of surface waters through the Vashon Till that caovers the majority
of Guemes Island uplands impedes recharge to ground water resources. .

e Recharge of the Double Bluff Drift aquifer appears greater north of the Potlatch Beach
Wells. However it is not known if this area will support additional development of ground
water resources. '

«  Undiscovered aquifers in older glacial materials may exist below the Double Bluff Drift.
No evidence of wells or borings penetrating below the upper part of the Double Bluff Drift
was found in the course of our investigation. '

e Ground water resources are not well characterized within the Advance Outwash deposits .
but due to the lack of wells screened in this unit they appear relatively unproductive.

o The likely presence of a ground water flow barrier immediately south of the Potlatch wells
implies that recharge to aquifers in the northern end off the island will be limited only to
very limited infiltration of precipitation occurring on the northern end of the island.

» Eventually, at current rates of withdrawa!, most of the wells on the north end of the island
will likely experience significant seawater intrusion. Additional development will
exacesbaie this trend.

s Construction and pumping of new wells in the northern part of the island will likely
produce low chloride water for only a short time before additional seawater Intrusion
begins to take place.

Unfortunately, the data do not indicate positive conditions for either increasing good quality ground
water production in the Potlatch Beach area or for significantly reducing chloride concentrations in the
existing wells over the near term. Below we present a few options for the Association to consider
which might reduce the chloride problems over the longer term.

»  Significantly reduce present water use by elimination of nonessential water consumption.

»  Augment ground water supply with roof rain collectors and cisterns.

»  Further reduction of the production rate in Potlatch Beach #1 might result in lowering
chloride concentrations below the state standards.

e Significant pumping reductions in Well #2 are not likely to significantly reduce chloride
concentration from present values over the short term. However, stopping or reducing
production to only few galions/day may help over the long term.

e Stretch daily pumping on both wells out over a longer period (i.¢. cut rate of pumping by
fifty percent but pump twice as long).

« Insufficient data exist for an accurate analysis of seawater intrusion parameters; therefor
the association should continue collecting flow, water level and water quality data as they
have since the begining of 1994.

0.9
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One of the most significant constraints on the Association is the Department of Ecology’s compliance
order with the requirement to not promote further degradation of the ground water quality by inducing
seawater intrusion and Skagit County Health Department’s concern over the health implications of

drinking high chlonde water. Implementation of a chloride treatment system and construction of new

wells may be the only way for the Association to meet these requirements.

Based on the available data, the most likely Jocation to obtain acceptable quality ground water supplies
which would not experience seawater intrusion problems in the short terny, would be in the central part

of the island about 2+ miles southeast of Potlatch Beach Well #2 and well beyond any barrier
structure. '

Several very low yield (20-30 gpd) wells drilled north east of the existing Potlatch wells might provide
short term relief. However, with time, these wells would likely experience seawater intrusion also.
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Potlatch Beach Water Association Well #2
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Potlatch Beach Water Association Well #2
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GERALD STEEL, PE

ATTORNEY-AT-LAW
7303 YOUNG ROAD NW
OLYMPIA, WA 98502
Telifax (360) 867-1166

April 20, 2007

Corinne Story, Environmental Health Supervisor
Skagit County Health Department

700 South 2nd, Room 301

Mount Vernon, WA 98273

RE: Comments on Chapter 12.48 SCC Revisions

Dear Ms. Story:

I submit these comments on behalf of myself and Friends of Guemes Island. I have two
comments. First, the Maximum Contaminant Levels (MCI s) reported in revised Table 1 in
proposed SCC 12.48.110 do not agree with and do not implement the MCLs defined in WAC
246-290-310 and elsewhere in WAC and C.F.R.

Second, SCC 14.24,350(2) requires conformance with the “Seawater Intrusion Policy™ in
effect under SCC 12.48. I do not find such a palicy in your draft. I have reviewed Resolution
#15570 adopting an interim seawater intrusion policy. This interim policy is unacceptable for
areas with a sole source aquifer such as Guemes Island. The problem on Guemes Island is that
evidence suggests that the existing aquifers may not even be able to sustain in the long term
the current level of pumping on the island which is almost solely for domestic use. HongWest
& Associates, Inc., Potlatch Beach Hydrogeologic Study (1994) at 7-8 (“Based on the
available data, the most likely Jocation to obtain acceptable quality ground water supplies
which would not experience seawater intrusion problems in the short term, would be in the
central part of the island.”) {emphasis supplied).

Currently, every new well that is allowed on Guemes will likely speed up the failure by
seawater Intrusion of other existing wells. In the interim on Guemes, I suggest that there be
a moratorium on new freshwater wells unless the owner of the new well contracts with other
existing well owners to reduce others’ water consumption so that there is no net increase in
pumping on the whole island. Meanwhile, there should be commissioned a study to determine
and monitor a safe pumping level for the whole island that can be sustained in the long term
and actions should then be taken to ensure that this safe pumping level will not be exceeded
with full development of the island.

Respectfullyy
/

,
M

Gerald Steel, PE
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threshold presently set forth in the Plan. Policy language has also been added that would commit
the County to consider permitting certain mining activities through an administrative approval
process.

63. In addition to the refinements described in finding 62, a significant undertaking of the
Update included the reevaluation of the existing Mineral Resource Overlay for accuracy,
omissions, and etrors. To accomplish this, the County engaged a geotechnical firm to apply the
designation criteria and the most recent geological data to review the extent of the current MRO,
confirm known resources, identify previously omitted mineral resource-rich geologic formations,
and map those areas of potential significance. Further review and field verification by the
County geologist, mineral industry experts, and staff led to the final draft MRO that is
recommended by the Planning Commission. ,

64.  The Planning Commission finds that limiting the mineral resource lands overlay 1o
designated resource areas only, leaves substantial areas containing significant mineral resources
within the rura} portion of the County without meaningful regulatory protections. Many of these i
rural areas contain mineral resources that may be more easily extracted than those present within
resource-designated areas, and closer to the markets and populations to be served by the
resource. The Planning Commission specifically finds that this potential inequity warrants
farther scrutiny by the County in the future, and that the County should contemnplate providing
protections for minetal resource extraction activities wherever they are located, provided that the
impacts of such activities can be effectively mitigated.

(This recommendation was made by a 8-1 vote)

65. The County’s mineral resource overlay designation encompasses areas containing a
diversity of various mineral resources, including various hard rock resources (e.g., olivine and
limestone) as well as a wide range of different types and qualities of sands and gravels with
different properties and applications in construction. The Planning Commission finds that given
the multiplicity of varying mineral resource types and qualities, that identification and
designation of a 20-year supply of mineral resources is largely impractical, and that flexibility
must be retained within the County’s regulations to extract the resources needed by the market
wherever they may be located within resource areas of the County.

Environmert (Chapter 3)

66.  The Planning Commission finds that the Update changes to the Environment Element are
largely minor and non- substantive in nature at this time. However, the Planning Commission
acknowledges the requirements under RCW 36.70A.,130 and 36.70A.1 72 to classify, designate
and regulate to protect critical areas using the “best available science,” and notes that a
comprehensive review and sevision to the critical areas chapter of the Skagit County Code is in
progress.

67.  The Planning Commission received considerable public comment pertajning to the data
sources used in classifying and designating floodplain areas within the County, as well as the
potential impact of climate change on the potential exten of flood hazard areas. In this regard,
the Planning Commission specifically finds that both the current Comprehensive Plan policies

SKAGIT COUNTY
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2005 GROWTH MANAGEMENT UPDATE

Adopting Ordinance |

Countywide Planning Policy

September 10, 2007
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Ordinance # Q20070008
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1.1 Urban growth shall be allowed only within cities and towns, their designated UGAs and
within any non-municipal urban growth areas already characterized by urban growth;
identified in the County Comprehensive Plan with a Capital Facilities Plan meeting urban -
standards. Population and commercial/industrial land allocations for each UGA shall be
‘consistent with thoge allocations shown in the following table:

RESHENTIAL COMMERCIAL/ANDUSTRIAL

URBAN GROWTH AREAS POPULATION (204525) LAND ALLOCATIONS (NEW)
Anacortes 18,300 558
Bayview Ridge’ 2,4205.600 75'0
Burlington 106512000 242
Concrete 1:56+1,350 28
) Hamilton 345450 60
La Conner 030950 2
Lyman 370550 0
Mount Vernen 4173547900 2805955
Sedro-Woolley 12:63615,000 243278
'~ Swinomish 23203650 ¢
Regerve” 909 0

{z

LRBAN GROWTH AREA TOTALACOUNTRISHF8105,750 $,3362,877

' The residential population has been placed in a reserve category until the completion of the Bayview Ridge

[+))
8
EQ
38§
subarea plan. At that tims, it will either be accommodated in the proposed Bayview Ridge UGA, reallocated to O 8 "
other UGAs, or a combination thereof, The Port of Skagit County has 258 acres of the designated commercial / = "
industrial praperties. A sub-area plan and implementing regulations are proposed to be adopted for the Bayview g "':, ',,‘,
p Ridge UGA-by-Fune-1-200+; the urban standards set forth {n this plan/regulations for roads, sewer, and stormwater x 2 4
. shallmeetor v e
g
Proposed Countywide Planning Policy Amendmeats as Recommended by Planning Commission - — O 2
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Policies 1.2—1.8 [No change}

1, 1999. Police and Fire services shall, at & minimum, meet

exceed those in effect in the City of Burlington on April
the requirements of CPP 1.7. :

SKAGIT COUNTY
Qrdinance # Q20070009

Page 74 of 628
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2.1 Contiguous and orderly development and provision of urban services to such development
within urban growth boundaries shall be required.

2.2 Development within the urban growth area shall be coordinated and phased through inter-
agency agreements,

2.3 Rural development shall be aliowed in areas outside of the urban growth boundaries having
limited resource production values (e.g. agriculture, timber, mineral) and having access to
public services. Rural development shall have access through suftable county roads, have
limited impact on agricultural, imber, mineral lands, critical areas, shorelands, historic
landscapes or cultural resources and must address their drainage and ground water impacts.

ial development shall be consistent with that penmitted by the
cificall mcludmﬂ RCW 36, 70A. 070(5¥d) and mlated

sites in the rural ares.

o
e
3

Master planned sites designated for industrial and large-seale commercial uses shall be
clustered, landscaped, and buffered to alleviate adverse impacts to swrrounding areas.

SKAGIT COUNTY
Crdinance # Q20070008

. Page 75 of 626
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. 258 Commescial areas should be aggregated in cluster form, be pedestrian otiented, provide
. adequate parking and be designed to accormodate public transit. Strip commercial
development shall be prohibited.

269 Urban commercial and urban industrial development, except development directly
dependent on local agriculture, forestry, mining, aquatic and resource operations, and major
industrial development which meets the criteria contained in RCW 36.70A.365, should be
restricted to urban or urban growth areas where adequate transportation networks and
appropriate utility services are available.

The process to consider siting of specific major industrial developments outside of urban
growth areas shall follow the process included in the Memorandum of Understanding
between the County and the cities for adoption of Countywide Planning Policies. Major
industrial developments shall mean a master planned location for specific manufacturing,
industrial, or commercial business that:

1. Requires a parcel of land so large that no suitable parcels are available within an
urban growth area; or

2. Is a natural resource-based industry requiring a location near agricultural land, forest
land, or mineral resource land upon which it is dependent. The major industriai
development shall not be for the purpose of retail commercial development or multi-
tenant office park.

. A major industrial development may be approved outside an urban growth area if the
following criteria ate met:

1. New infrastructure is provided for and/or applicable impact fees are paid;

2. Transit-oriented site planning and traffic demand management programs are
implemented;

3. Buffers are provided between the major industrial development and adjacent non-
- urban areas;

4. Environmental protection including air and water quality has been addressed and
provided for;

5, Development regulations are established to ensure that urban growth will not oceur in
adjacent non-urban areas;

4. Provision is made to mitigate adverse impacts on designated agricultural lands, forest
lands, and mineral resource lands;

7. The plan for the major industrial development is consistent with the County’s
development regulations established for the protection of critical areas; and

SKAGIT COUNTY
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8. An inventory of developable land has been conducted and the County has determined
and entered findings that land suitable to site the major industrial development is
unavailable within the urban growth area. Priority shall be given to applications for
sites that are adjacent 1o or in close proximity to the urban growth areas.

Final approval of an application for a major industrial development shall be considered an
adopted amendment to the Comprehenstve Plan adopted pursuant to RCW 36.70A.070
designating the major industrial development site on the land use map as an urban growth
aree. Final approval of the application shall not be considered an amendment to the
Comprehensive Plan for the purposes of RCW 36.70A.130(2) and may be considered at any
time.

Establishment or expansion of local improvement districts and special purpose taxing
districts, except flood control, diking districts and other districts formed for the purpose of
protecting water quality, in designated commercial forest resource lands shall be
discouraged.

SKAGIT COUNTY
Ordinance # 020070008
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' . SKAGIT COUNTY Comprehensive Plan Preface

Chapter 9; Utilities Blement (and Profile} The policies in this chapter discuss the
following: natural gas, telecommunications, electricity, solid waste, sewer, public water,
water quality, drainage, fleoding and storm runoff.

Chapter 10: Capital Facilities and Essential Public Facilities Element (and Profile) The
focus of this chapter is the planning and provision of needed public facilities for the
County’s unincorporated and eountywide populations. This chapter includes the specific
goals, objectives and policies which address capital costs, financing, levels of service
methods and consequences, statutory requirements, and specific related goals, objectives
and policies. The element also includes goals and policies for the establishment of
regional, or difficult-to-site facilities referred to under state law as essential public
facilities.

Chapter 11: Ezonomic Development Element (and Profile) This chapter details policies
relating to economic needs such as: creating and maintaining diverse employment
opportunities, protecting natural resource utilization, increasing non-resource industry
diversity, promoting a range of commercial retail and service businesses, increasing
tourism, conserving natural resources and open spaces and fostering a healthy public-
private cooperative partnetship in support of diverse business operations and investment.

Chapter 12: Plan Implementation and Monitoring This element describes the concepts
. involved in putting a plan into action, how this Plan is updated and amended, and how
' the Plan is monitored and evaiuated. This chapter also addresses how the Plan and its
development regulations will be applied at the community level, through the
community planning process.

Appendice;

Appendix A contains definitions and a list of acronyms used within this document.

Appendix B contains a chronological list of the Comprehensive Plan process from 1965
to the initial adoption of this Comprehensive Plan in 1997.

Appendix C identifies and describes related plans, studies and regulattons.

Appendix D contains a list of ordinances adopting or amending this Plan.

Technical A

The following documents are included in the Plan, as they are used in the development
and implementation of the Plant’s policies:

pendices (under separate cover)

. October 10, 2007 i 0637
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SKAGIT COUNTY Comprehensive Plan Preface

«  Comprehensive Economic Development Strategy (CEDS), Skagrt Council of
Governments, 2003

+  Skagir County Housing Needs Assessment, March 1993
«  Skagit County Coordinated Water System Plan - Regional Supplement, 2000

« Skagit County Urban Growth Areas Analysis Update: Population, Employment &
UGA Land Allocations by Jurisdiction, March 1997

«  The Capital Facilities Plan (CFP) 2003-2008 - Goals and Policies, Capital.
Improvements, and Implementation Programs

+  Skagit County Transportation Systems Plan, August 2003

v Memorandum of Agreement Regarding Utilization of Skagir River Basin Water
Resources for Instream and Out of Stream Purposes, December 1996

»  Skagit County Comprehensive Solid Waste Management Plan Update and
FEnvironmental Impact Statement, December, 2005

»  Skagit County Draft GMA Puget Power Electrical Facility Plan and map wpdates,
November 1992

o Skagit County Countywide Policies, amended in 1996, 2000 and 2007

. Population & Employment Forecasting & Allocation 2023, December, 2003

The Skagit County Comprehensive Plan/Zoning Map depicts general land-uses, such as
Urban Growth Areas, Rural lands, and Natural Resource Lands, among others. These
land uses are guided by and designated county-wide based on the policies and criteria set
forth in the Comprehensive Plan. The Map also establishes zoning boundaries that are
part and parcel of the Skagit County Code. Within each designated land use are one or
more zoning districts, within which specific Skagit County land-use regulations apply.
Such regulations are consistent with and carry out the policies of the Comprehensive
Plan. Also shown on the map are federally designated lands such as national parks and
wilderness areas.

In recent years, Skagit County has maintained a variety of maps on the County’s website
at www skagitcounty,net. Online mapping technology atlows for greater public access,

@
v October 10, 2007
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SKAGIT COUNTY Comprehensive Plan Transportation Element

8A-3.4  Encourage public transportation services to serve cities, towns, and Rural
Villages, and to link with systems in adjoining counties, when financially
feasible and supperted by the public.

8A-3.5  Encourage private transit providers to continue to provide services that public
transit cannot, inctuding services to the County and State ferry system, and
local and regional airports.

PASSENGER RAIL

GOAL Ad PASSENGER RATL TRANSPORTATION

Support passenger rail service to and through Skagit County
as an important element of a balanced transporiation system.

Policies
8A-4.1  Encourage rail agencies to implement a public education program on railroad
safety.

8A-42  Work with the Washmgton State Department of Transportation, local
jurisdictions other agencies, and the public to make safety and other
improvements to the rail corridors to allow for increased speeds.

8§4-4.3 Work wnh the W hmg‘gfm State Denartment of Transportation, iocal
urisdictions, o determine the logation of

FERRY SERVICE

GOAL A5 FERRY SERVICE

Work to maintain county and state ferry services as an

Page § of 15 SKAGIT COUNTY Octgber 10, 2007

Ordinance # Q20070009
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SKAGIT COUNTY Comprehensive Plan Transportation Element

important element of the transportation network.
Palicies

8A-5.1  Encourage the provision of adequate street, highway, and road facilities to
- accommodate traffic to the ferry terminals in Anacortes. :

8A-5.2  Wotk with the City of Anacortes, property owners, and residents on
Guemes Island to develop and maintain adequate parking areas.

8A-5.3  To meet fiture increases in demand, increase service capacity of the Guemes
Island Ferry by: (=) encouraging car-pooling and walk-on passengers; (b)
increasing the frequency of ferry runs based on demand; (c) considering
additional ferry capacity if the aforementioned procedures fail to
accormmodate demand; and (d) adding additional runs outside the current
schedule. '

3A-5.4 In making all decisions related to the Guemes Island Ferry, balance the needs
of the Island residents, the non-resident property owners, and the County
citizenry as a whole. Decisions that would have significant service or
financial impacts should be made after providing ample opportunities for
pubtic review and comment.

8A-5.5  Contitwe to provide safe and adequate ferry service between Anacories and
Guemes Island, and a fare structure designed to recover as much operating
cost as Washington State Ferries does from the users.

8A-5.6  Support the State’s continued provision of ferry service to and from
Anacortes~ San Juan Islands-Vancouver [stand, B.C.

NON-MOTORIZED TRANSPORTATION

GOAL A6 NETWORK

Provide a safe and efficient network of trails and bikeways,
including both on- and offroad facilities that link populated
areas of the County with important travel destinations.

Achieve high standards in meeting the needs of non-
motorized users, through appropriate planning, design,
construction and maintenance of user~friendly facilities.

5@
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ECONOMIC DEVELOPMENT
PROFILE

INTRODUCTION

This profile includes a summary of analysis and strategies that support the goals and policies
in the Fconomic Development Element. The source of this information is the Skagit County
Comprehensive Economic. Development Strategy, maintained by the Skagit Council of
Governments. This profile, together with the economic development chapter containing goals
and poticies, fulfills the County’s obligations under the GMA to include an economic
development element in the Comprehensive Plan.

BACKGROUND SUMMARY

DEMOGRAPHIC PROFILE

As of 2005, Skagit County’s population was estimated at 110,900 by the state Office of
Financial Management {OFM). This represents an average annual increase of 1.5% since the
2000 Census, significant!y slower than the 2.6% average annual population growth rate the
county realized during the 1990s. The county’s largest cities are Mount Vernon (over 26,200
residents in 2000), Anacortes (14,600), Sedro-Woolley (8,700) and Burlington (6,800).
Growth projections for 2025 allocate the highest growth rates to Mount Vernon and Sedro-
Woolley, and the significantly smaller East County towns of Concrete and Hamilton. Table |
below shows average annual growth rate.

Table 1 Skagit County Population Trends (1980-2000)

Average Annual Growth Rate

Jurisdiction 1980 19%) 2040 1950- 1990 1990-2000
Cities & Towns .
Anacertes 9,013 11,451 ' 14,357 2.4% 2.4% ’
Burlington 3894 4,349 6,757 1.1% 4.5%
Coticrete 592 735 780 2.2% 0.7%
Hamilion 283 228 309 -2.1% 11%
iLa Conner 560 686 761 0.4% 1.0%
Lyman 285 275 . 409 -0.4% 4.0%
Mount Yemon 13,008 17,647 26,232 31% 4.0%
Sedro-Woolley 6,110 06,333 8,658 0.4% 3.2%
Unincorporated Area 30,202 37,841 44,506 23% 1.6%
Qctober 18, 2007 Page 1 of 9
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SKAGIT COUNTY Comprehensive Plan Economic Development Piro-ﬁle .

Skagit County 64,138 79,545 102,579 32% 2
State of Washingtan 4,132,154 4,866,663 5,854,121 I.6% 1

Spurce; Skagit County OEDP 2000, LS, Census Bureau,

Average annual population growth is generally expected to slow for all jurisdictions after
2000. Annual projected growth rates from 2000 - 2025 range from around 1.0% {Anacortes,
La Conner, and unincorporated regions of the County) to 2.1% for Mount Vernon and 3.1%
for the County’s unincorporated urban growth areas {(UGAs). The County average annyal
growth rate is projected to be 1.5% through 2025. Table 2 below shows populations
projections through 2025 for Skagit County.

Table 2 Skagit County Population Projections (2025)

Increase by 2028
2000 Adopted 2025 Number Percent
Jurisdiction Population Lacation Allocation
Cities
Anacories 14,647 £8,300 3.653 25%
Burlington B,728 -5 Corridor 12,000 3,272 %
Concrele ’ 960 1,350 390 41%
Hamilton 309 450 141 46%
La Conngr 761 250 185 25%
Lyman 450 550 141 34%
Mount Vernon 28,332 i-5 Comdor 47,900 19.568 69%
Sedro-Woolley HL358 I-5 Carridor 15,000 4,643 45%
Subtotal Cities & UGAs 64,504 96,500 31,996 0%
UGas
Swinomish 2,664 3,650 986 37%
Bayview 1.700 I-8 Cocridor 5,600 3.900 229%
Subtotal UGAs 4,364 9,250 4,386 11294
Total Lrban - 68,868 105,750 36,882 54%
Total Rural 34.110 43,330 9220 - 27%
Totat Skagit County 102,978 149,080 36,102 45%

Sourve: Growth Management Act Steering Cammitiee, March 2003,

The county’s housing costs have responded to its rapid 1990s growth rate, with median home
values rising 88% in that decade (compared with 70% for the state as a whole). Rents have

also increased dramatically, more than double the rate of any other I-5 corridor county. Thisis -
in part due to the county’s low rental costs in 1990. More information on housing costs is

located in the Housing Profile,

Incomes have also risen rapidly in comparison. In 2002, county median household income
averaged $42,400. This was 93% of the statewide median income, up from 91% in 1990, The
largest household income gains were seen in Burlington, La Conner and Sedro-Wooliey.
Poverty declined in almost all Skagit County jurisdictions during the 1990s, with the exception

5@
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Skagit County Comprehensive Plan Acranyms and Definitions

Traffic Demand Models (Traffic Models)
Software systems that use land use information to simulate the traffic patterns
of an area. These models can convert future land use growth projections into
future traffic volumes.

Transfer of Development Rights (TDR)
The transfer of the right to develop or build, expressed in ¢welling units per
acre, either on land within one zoning district under contiguous ownership, or
from land in one zoning district to land in another district where such
density/development is permitted.

Transit

A general term applied to passenger rail and bus service available for the use
by the public and generally eperated on fixed routes with fixed schedules.

Transitional Honsing
Per the definition of Transitional Housing from the Federal McKinney Act,
transitional housing is made available for up to 24 months to people who are
homeless or are leaving emergency shelters.

Transportation Demand Management (TDM)

Metbods or sirategies aimed at changing travel behavior by reducing the
demand for single occupancy vehicle travel rathet than by expanding
transportation facilities to meet travel demand. The strategies can include such
things as expanding transit of ride-sharing options, changing parking policies,
promating work hour changes, and providing for telecommuting.

Transportation Improvement Program (TIP)
A plan or schedule showing specific expenditures for transportation capital
projects over a specific time period, often for six years.

Transportation Facilities
Includes capital facilities related to air, water or land transportation.

Transpertation Level of Service Standards
A measure that describes the operational condition of the trave] stream and
acceptable adequacy requirements. Such standards may be expressed in terms
such as speed and travel time, freedom 0 maneuver, fraffic interruptions,
comfort, convenience, geographic accessibility, and safety.

October 10, 2007 A-27
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BEFORE THE WESTERN WASHINGTON
GROWTH MANAGEMENT HEARINGS BOARD

FRIENDS OF GUEMES ISLAND,
NO. 07-2-0023
Petitionet,
PETITIONER’S OPPOSITION TO
v. DISMISSAL OF PREHEARING
ORDER ISSUE 11

SKAGIT COUNTY,

Respondent.

)

Friends of Guemes Island (“FGT™) responds to Skagit County’s Motion to Dismiss
Challenge to Resolution No. R20060184. The County’s Motion should be denied.
EACTS
As the County states, Resolution No. R20060184 was ;dopted on May 30, 2006 as
a petm anent ordinance (as opposed to an interim ordinance under RCW 16.70A.390). There
was no publication of the adoption of the Resolution pursuant to RCW 36.70A.290(2)(b).

The Resolution (Exhibit 506) makes significant changes to the method of operation of the

‘ Exhibits 500 to 331 are all relevant to the adoption of the Resolution and to
the issues raised in this case. These oxhibits are listed in the Petitioners’ additions dated

12/27107.

PETITIONER'S OPPOSITION TO DISMISSAL GRRALD STEEL, PR
OF PREHEARING ORDER ISSUE 11 -1 O RO
QLYNMPIA, WA 585707
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Guemes Island Ferry. First, it expands the Ferry’s transportation service from Anacortes to
unincorporated Guemes Island. Second, it decreases the frequency of Guemes Ferty runs
based on demand.
It expands the Ferry’s transportation service to unincorporated Guemes Island by
significantly expanding the schedule day for Ferry service on weeknights, Monday through
Thursday. Historically, since ferry service was established in the early | 1900's, the last
scheduled run of the day on Monday through Thursday was at 6:00 PM. The number ( or
frequency) of runs at 6:00 PM was based on demand.
Although the County does not have a Ferry System level of
service in place, it does have a practice in effect: all vehicles in
line at Anacortes at 6:00 p.m. are provided with passage to the
island. '

Addendum to Eavironmental Checklisﬁ, Exhibit 513 at 10.

The Resolution expands the Ferry’s transportation service by extending the schedule
day, Monday throﬁ.gh Thursday, by adding scheduled commurer-hour ferry service after 6:00
p.m. The weeknight expansion of service adds five scheduled runs after 6:00 p.m. that
include runs at 6:30 p.m., 7:00 p.m., 8:30 pm,, 9:00 p.m. and 10:00 p.m. Compare the
schedule established by Attachment A of the Resolution (Exhibit 506) with the schedule in
effect immediately prior to adoption of the Resolution {(Exhibit 508). The record shows that
the weeknight schedule day ended at 6:00 p.m. back in 1977. 1997 DEIS (changing the ferry
size to the current ferry) Table F, Exhibit 504.

The Resolution also terminated the practice of increasing the frequency (or number)

of ferry runs at 6:00 p.m. based on demand. Attachment B of the Resolution (Exhibit 506},

PETITIONER’S OPPOSITION TO DISMISSAL i};}}g&gﬁ 2TETFLAT\:I
OF PREHFEARING ORDER ISSUE 11-2 7305 YOUNG ROAD Ny
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ANALYSIS

The expaﬁsion of weeknight ferry service will have profound impacts on Guemes
Island. Because of the historic lack of weeknight commuter-hour ferty service, the growth
rate on the istand has been much lower than the average growth rate in Skagit County. For
example, Exhibit 509 at 10 reports that there were 592 houses on Guemes [sland registered
in the 2000 Census and that 35 additional permits were issued by May, 2007. This
corresponds to a total growth rate over that period of (33)/(592) = 0.039 or 5.9%. Proposed
Exhibit 798 (attached to Skagit County’s Motion to Supplement the Record dated January
3, 2008) shows a countywide population of 1 02,979 in year 2000 and 113,100 in year 2006
for an overall countywide increase over that petiod of 10.121. This corresponds to a total
growth rate over that petiod of (10,121)/(102.979) = 0.098 or 9.8%. Thusthe overall growth
rate in Skagit County has been double the growth rate on Guemes Island.

The demographics on Guemes Island reflect the prior lack of weeknight commuter-

hour ferry service. Approximately 50% of the houses on Guemes Island are listed as vacant

‘n the 2000 Census because they are only used seasonally. Exhibit 509 at 19. With 50% ol

the households collecting social secutity, the average occupancy per dwelling unit is only
1.96 persons, substantially lower than the 2.6 persons per household Countywide. Id. Only
13 households on the Istand have children. id.

With hi.s;,tori,c ferry service ending at 6 p.m. on weekdays, families with children with
weeknight activities were di scouraged from living on the island and families supported hy

persons who worked where they could not return to the island each weeknight by 6 p.m. were

discouraged from living on the island. There is a unique rural character that has developed

PETITIONER'S OPPOSITION TO DISMISSAL (;\}:rl.lzg][{r?‘ﬁc;’"rtpm?g
OF PREHEARING ORDER ISSUE 11 -3 o
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on the island where people are generally not dependent on being off the island on weeknights
after 6 p.m. Because this li,fesfy}e is not satisfactory to everyone, it has limited the growth
rate of new homes on the island to half of that experienced Countywide.

With the expanded weeknight ferry service, access to the island for families and
commuters is substantially improved and it should be expected that the demographics will
change to be more similar to Countywide averages. Today the population on Guemes Island
is 563 people. Exhibit 509 at 11, If the increased access to the island caused the existing
vacant houses to become occupied and if the persons per household increased to the
Countywide average, the population would increase to 1,630 people just consideting the new
occupants of the existing houses alone. Id.

The rate of development of the existing vacant lots should also increase. Withoutany
further subdivision, approximately 962 homes could be built on existing parcels. Id. at 10.
Under the current zoning approximately 52 additional parcels and homes on those parcels
would be allowed. Id. If all of the potential homes were occupied on the island at the
Countywide rate of persons per household, the population would increase 1o 4,272 people.
Id. at 10-11.

Exhibit 500 establishes the likelihood that increased access to the island will result
in increased growth rate and population on the island. While Exhibit S09 identifies several
concerns regarding inereased growth caused by expanded week_night ferry service, the most
important problem will be loss of potable water supply to the existing residents and to the
new residents. Id. at 12-14. The County has not even started a long-term watershed resource

planning study for Guemes Island as is provided for in RCW 90.82. Id. at 13-14.

PETITIONER’S OPPOSITION TO DISMISSAL GERALDSTEEL 1t
OF PREHEARING ORDER ISSUE 11 - 4 ATTORNEC-AT-LA%
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The water supply on Guemes is tenuous with the curent

population and increased population drawing water from the

aquifer system is likely to create a crisis situation.
Id. at 12-15. The looming water crigis is a subject of concern that is relevant to Issues 4 to
12 the December 18, 2007 Prehearing Order. To delve into this issue properly will require
consideration of virtually all of Exhibits 500 to 531 in Pefitioners” additions dated 12/27/08.

Focusing on Prelearing Order Issue 11 sought to be dismissed by the County in its

Motion, Petitioner’s first argument is that this issue is cémplex and it will require more than
a limited review of the record. In choosing not to review previous dispositive motions, this
Board has stated that it would:

reach our decision on a dispositive motion by reviewing an
inter-related combination of criteria as to the size of the limited
record in conjunction with time availability, the nature of the
motion, the complexity of the issue including whether it is one
of first impression, and the reasonableness of the claims

ICCGMC v. Island County, WWGMHB No. 98-2-0023¢ (Order on Dispositive Motions,

March 2, 1999) at 4. This Board should refuse to decide this Dispositive Motion because the
issue is complex and requires review of an extensive record. Id.

FGI agrees with the County that the Resolution did not adopt an amendment to the
Comprehensive Plan. Sge Motion at 1. It is a question of law, and not a fact as the County
asserts in its Motion at 1, as to whether the Resolution is a development regulation. Whether
the Resolution is or is not a deve.lo—pment regulation, it certainly anthorized an activity that

was inconsistent with duties established in the Comprehensive Plan. This Board has quoted

with favor the Central Board’s decisionin COPAC-Preston Mill v, King County, CPSGMHB
Case No. 96-3-0013c (Final Decision and Order, August 21, 1996) at 10 that states: “when

PETITIONER’S OPPOSITION TO DISMISSAL C::Er;}(ﬁ%r?grfrﬂmg
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a local government includes a self-imposed duty in its plan . . . the consistency requirements

il of RCW 36.70A.070 and .120 oblige it to meet this duty.” Wiesen v, Whaicom County

| WWGMHB No. 06-2-0008 (Order Granting Motion to Dismiss, July 18, 2006) at 10; See

Id. at 11-12.

In Wiesen, the duty was a deadline. [d at 10-12. In the instant casc, there are several

duties. To fully discuss these duties and the way that the Resolution violates these duties is
a complex__ issue that requires review of all of the duties imposed by the 2000 Comprehensive
Plan (Exhibit 364 (Ordinance No. 17938) Case Nos. 00-2-0046¢ through 00-2-0050c) that
was in effect when the Resolution was adopted, requires review of background documents
that gi.vé the history regarding ferry scheduling before the Resolution was adopted, requires
review of the demographics of Guemes before the Resolution was adopted, requires re;view
of the several surveys taken before the Resolution was adopted that the show fack of public
support for expanding thé weeknight ferry hours, and yequires this Board to become familiar
with the water supply issues that impact the Island. Itis inappropriate to address all of thesc
iasues in a Dispositive Motion.

The relevant self-imposed duties of the County will be more ful.ly addressed in the
briefing for the hearing on the merits. In this Response, Petitioner will introduce some of
these relevant duties. The County adopted the Resolution when the July 24, 2000
Comprehensive Plap was in effect. The first duty to be discussed is in Policy 9A:8 2 of that

Plan. See Attachment E at 9-9, Exhibit 364 (Ordinance No. 17938) Case Nos. 00-2-0046¢

S——

through 00-2-0030c (attached heteto).

Policy 9A-8.2 states:

PETITIONER’S OPPOSITION TO DISMISSAL GERALD STEEL, PF
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To meet future increases in demand, increase service capacity
of the Guemes Island Ferry by: (a) encouraging car-poolihg and

walk-on passengers; (b) increasing the frequency of ferry runs
based on demand; (c) considering additional ferry capacity if
the aforementioned procedures fail to accommodate demand.
id.
This Comprehensive Plan policy establishes a duty for the County to use three
specific options to meet future increases in detand-for the Guemes Ferry. The first two

options are (a) to encourage car-pooling and walk-on passengers and (b) to increase the
frequency of ferry runs during the schedule day. If these procedures fail to accommodate the
demand, the third option was to consider adding ferry capacity.

However, there is no record of a County program to encourage car-pooling and wallk-
on passengers. The Resolution does not mention such a program. The County had a duty
to conduct such a program if it found a need to meet increases in demand for the Ferry.
Instead of increasing the frequency of on~demand ferry runs as required by Policy 9A-8.2,
the County acted to decrease and eliminate the on-demand runs at 6 p.m. This is contrary
to the duty imposed in Policy 9A-8.2. The County had a duty under Policy 9A-8.2 1o seck
to accommodate demand by aprogram to encéurage walk-on passengers and car-pooling and
by increasing “on-demand” runs before it took any other action to accommodate demand.
1f these actions failed to accommodate the demand, the County had the duty to next consider
adding ferty capacity. The Resolution does not mention consideration of adding ferry
capacity. The activity imposed by the Resolution was inconsistent with the duty imposed by
Policy 9A-8.2 and therefore the activity and Resolution are in violation of RCW

16.70A.070(preamble) and 36.70A.120. See Wiesen at 10-12.
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The second duty to be discussed is established by 2000 Comprehcnsi{fe Plan Policy
9A-6.1. See Attachment E at 9-6 to 9-7, Exhibit 364 (Ordinance No. 1 7938) Case Nos. 00-2-
0046¢ through 00-2-0050c (attached hereto). Policy 9A-6.1 states:

Skagit Qounty supports expansion of public transportation
service into the unincorporated areas only with public support.

The Resiolution {Exhibit 506) does not document any public support. The record presented
to the BOCC at the time of the adoption of the Resolution showed overwhelmingly that the
proposal to extend weekday ferry service from 6 p.m. to 10 p.m. did not have public support.
Exhibit 505 shows the results of the official February, 2006, Ferry Committee survey which
asked the guestion: “Should ferry service, Mond@ through Thursday, be extended from 6
pmto 10pm?” The response with 289 votes against and 94 votes in favor showed that more
than 75 percent of the pttblic opposed this expansion of public transportation service.

Petitioner’s letter to the BOCC on May 23, 2006, prior to adoption of the Resolution,
explained to the BOCC that a super majority of respondents to the 2006 Ferry Survey
opposed the weeknight hour extension, and it informed the BOCC that there was a conflict
with County duties found in Policies 9A-6.1 and 9A-8.2. Exhibit 502.

Another relevant self-imposed duty is provided in Objective 3 of the Rural Element
of the 2000 Comprehensive Plan. See Attachment E at 6-8,: Exhibit 364 (Ordinance No.
17938) Case Nos. 00-2-0046¢ through 00-2-0050c (attached hereto). Said Objective 3

provides:

Assure that the provision of public facilities, services, roads
and utilities are consistent with rural character and lifestyles.

As Petitioner’s have described earlier in this Response, the Guemes residents have a unigue

PETITIONER’S OPPOSITION TO DISMISSAL : GERALD STEEL. PI:
OF PREHEARING ORDER ISSUE 11 - 8 T e o Yo

QLYMPIA, WA Q8502
Telifax (360) 887-1 166

0651



o o

11
12
13
14
15
16
17
18
19
20
21
22
23

24}

25
26
27
28

rura} character and lifestyle with unusual demographics where people are generally not
dependent on being off the island on weeknights after 6 p.m. Supra, this brief at 3-4. This
has led to a tightly knit and caring community where neighbors help neighbors and crime is
almost non-existent. The provision of weeknight ferry servic.e is not consistent with the rural
character and lifestyle on the island which the residents desire to preserve. On-going
weeknight ferry service will lead to a water crisis that is definitely inconsistent with rural
character and lifestyles.

Because the County includes self-imposed duties in its Comprehensive Plan, it
violated the consistency requirements of RCW 36.70A.070 and .120 when it adopted the
Resolution and the adoption of this Resolution fails to comply with the GMA.

The County cites to RCW 36.70A.280(1) for the jurisdiction of this Board. Metion
at 2. This statute authorizes this Board to hear a petition that alleges “that a . . . county. .
planning under this chapter is not in compliance with the requirements of this chapter.” One
of the requirements of the GMA is that the County shall perform its activities (such as the
operation of the Guemnes Island Ferry) in compliance with its Comprehensive Plan. RCW
36.70A.120. The County is obligated to perform its activities in accord with the duties in Its
Comprehensive Plan. |

The County also cites to RCW 36.70A.280(1) which provides a filing time
requirement for certain challenges. Motion at 2. This statute is irrele;vant to Petitioner’s

challenge to the Resolution because 1) the Resolution either is or is not a development

regulation and 2} if it is not a development regulation, the 60 day-after-publication

requirement of RCW 36.70A.290(2) does not apply and 3) if it is a development regulation,
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the 60 day-after-publication requirement is met becauée ti],e County did not publish. Supra,
this brief at 1.

The County argues that the schedule change under Resolution No. R20060184 was
a proprietary, and not legislative, act. Motion at 2. RCW 36.70A.120 establishes that the
activities of the County must conform to the duties in its Comprehensive Plan. Whether
proprietary ot legislative, if the activities are the County’s activities, they must comply with
duties in the Comprehensive Plan. The County recognizes that it is responsible for capital

facilities and service levels for the Guemes Ferry. See 2007 Comprehensive Plan (provided

by County), Chapter 10 at 1 (Ordinance No. 020070009, Book 21 Exhibit 775) (“Skagit

County is responsible for capital facilities and service levels related to. . . . County
roads/ferry”

Just as the County would be responsible under RCW 36.70A.070(3) for complying
with water capital facilities and service requitements in the Comprehensive Plan if it
operated a County public water system, it is also responsible for complying with RCW
36.70A.070(6) for its public transportation systems that it operates. It matters not that the
County systems might be proprietary.

The County argues that the Resolution is not a development regulation ¢itingto RCW
36.70A.030(7) which states that development regulation means the controls placed on land
use activities. Motion at 3. Neither the GMA nor the Comprehensive Plan defines “land use
activities.” In this case one can rely on the common meaning of the terms. Ferry loading and
unloading operations at the ferry terminals qualifies as a land use activity. Establishing a

schedule gualifies as establishing controls over this land use activity. Therefore Petitioner

PETITIONER’S OPPOSITION TO DISMISSAL GERALD STERL. PT
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concludes that the Resolution is a development regulation. However, this s not a material
iasue in the instant case as discussed previously. Supra, this brief at 9-10.

Because Petitibn_er has a valid claim that the County’s activities authorized by the
Resolution are not consistent with the duties in its Comprehensive Plan, this Board should

Gnd that Petitioner has the right to bring a challenge to the Resolution under RCW

| 36.70A.280(1) and this Board should dismiss the County’s Motion. Alternatively, this Board

should find that the matier is complex and not appropriate for a limited record and this Board
should deny the Motion and delay its decision until after the hearing on the merits. See
ICCGMC at 3.

As Petitioner’s Attorney previously informed the Board, he will not be available for
a hearing on any motion before February 5, 2008 and he understood that the parties agreed,
as indicated in the Prehearing Order schedule, that there would be no separate hearing for
motions.

Dated this 17" day of January, 2008.

Respectfully submitted, -

By: o

erald Steel PE, WSBA #3108
Attorney for Eriends of Guemes Istand
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