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SECTION 3
Summary of Water Monitoring Data

This section summarizes water data collected between 2005 and 2007 from the ambient and
outfall monitoring programs.

Data for individual stations and by parameter are provided in Appendix A. Station locator maps
are provided in Section 2 along with specific information such as matrix, parameters, and
frequency measured. Station coordinates are presented in Appendix F.

A summary of results for specific parameters (e.g., salinity, bacteria) are provided in this section.
Also included in this section is a summary of climate data as precipitation and air temperature
can affect water column results and fecal indicator bacteria levels.

3.1 2005-2007 Climate Data

Precipitation data measured at the Sea-Tac International Airport station (station #24233) were
obtained from the National Climatic Data Center. Precipitation data measured at Vashon Island
were obtained from the Vashon Island Treatment Plant on the eastern side of the island and
Boeing Creek (station # 43U) data were obtained from the King County hydrologic data website
at http://green.kingcounty.gov/WLR/Waterres/hydrology/GaugeTextSearch.aspx. Precipitation
data at three separate sites located in King County are presented as rainfall patterns can vary
dependent upon location. The three sites are representative of location-dependent rainfall
patterns. Vashon Island, particularly the northern end, tends to receive higher amounts of
precipitation than other areas within King County. The Boeing Creek station is located near the
eastern Puget Sound shoreline, just south of Richmond Beach.

In terms of precipitation, 2005 was a typical year when compared to the 30-year average with a
total annual rainfall of 35.44 inches at the Sea-Tac station. The total amount of rainfall in 2007
(38.95 inches) was also typical and just above the 30-year average. However, in 2006 there was
a total of 48.42 inches of rain which was more than 15 inches above the 30-year average (Figure
3-1). The amount of rainfall that fell in 2006 was the second highest on record since 1969. In
2006, over 11 and 15 inches of rain fell in January and November, respectively. For 2005 and
2006, the total annual rainfall was 31.21 inches and 44.68 inches at the Boeing Creek
respectively. The gage malfunctioned towards the end of 2007, therefore, the annual total is not
available for this site. Between 2005 and 2007, the total annual rainfall at the Vashon Island TP
station was 42.32 inches, 62.83 inches, and 45.48 inches, respectively. As stated above, Vashon
Island receives more rainfall than other areas within King County and received, on average, more
than 6.7 inches of rain than Sea-Tac in 2005 and 2007 and received over 14 inches more than
Sea-Tac in 2006. Monthly rainfall totals for all three sites is provided in Figure 3-2.
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Figure 3-1. Total Monthly Precipitation at Sea-Tac Airport
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Figure 3-2. Monthly Precipitation at Three Locations in King County

Air temperature is also recorded at the Sea-Tac Airport. Average monthly air temperatures in
2005 were fairly typical when compared to the 30-year (yr) average, with slightly warmer spring
temperatures. Although 2006 had a much warmer January and warmer May through September
than the 30-yr average, February through April were slightly cooler than the 30-yr average as
was October through December. Cooler air temperatures near the end of 2006 carried over into
January 2007. The middle of 2007 was typical when compared to the 30-yr average, with cooler
temperatures from June through the end of the year.
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Around September 2006, a mild El Niño event (a warming episode of Pacific Ocean waters)
developed in the Pacific Ocean and dissipated in early 2007. Warmer air temperatures
preceding this El Niño event were apparent in June and July 2006. Although there were no days
in 2005 with air temperatures above 90 oF, there were five days in 2006 with temperatures above
90oF, four of which occurred in July and one in June. One day in 2007 (July) had an air
temperature above 90 oF. Figure 3-3 shows average daily air temperatures for July between 2005
and 2007 and Figure 3-4 shows the departure from normal air temperatures for June.
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Figure 3-3. Average Daily Air Temperatures at Sea-Tac for July
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Figure 3-4. Departure from Normal Air Temperatures at Sea-Tac for June
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3.2 Water Column Data Results

Water column sampling is a major component of the County's water quality monitoring program
and includes offshore and beach sites (see sample locations in Section 2). The monitoring
program is structured to detect natural seasonal changes in the water column and to identify
anthropogenic inputs and influences.

Water quality parameters, including temperature, salinity, dissolved oxygen, total suspended
solids, Secchi disk transparency, fluorescence (indicator of chlorophyll-a), pheophytin,
photosynthetically active radiation, and nutrients (ammonia, nitrate+nitrite, and total phosphorus)
were measured at all offshore stations in between 2005 and 2007 (see matrix tables in Section 2).
Turbidity was measured at offshore stations in 2005 and transmissivity measured in 2006 and
2007 due to a method change. Temperature, salinity and nutrients were measured monthly at
beach stations.

Fecal indicator bacteria (fecal coliforms and enterococci) were monitored monthly at all stations
between 2005 and 2007.

3.2.1 Bacteria

Fecal coliforms and enterococci were monitored at all water stations. Washington State primary
contact recreation fecal coliform standards for surface marine waters (formerly Class AA
designation) state that organism counts shall not exceed a geometric mean value of 14
colonies/100 mL, and not more than 10 percent of the samples used to calculate the geometric
mean may exceed 43 colonies/100 mL. Freshwater standards for primary contact recreation
(formerly Class A designation) state that organism counts shall not exceed a geometric mean
value of 100 colonies/100 mL, and not more than 10 percent of the samples used to calculate the
geometric mean may exceed 200 colonies/100 mL. Freshwater standards for secondary contact
recreation (formerly Class B designation) state that organism counts shall not exceed a geometric
mean value of 200 colonies/100 mL, and not more than 10 percent of the samples used to
calculate the geometric mean may exceed 400 colonies/100 mL. Marine fecal coliform standards
are used in the evaluation of all stations except for the freshwater station located in Piper’s
Creek, which is compared to the secondary contact freshwater fecal coliform standards.

Geometric mean values are calculated from the 12 most recent surface (1 meter) samples.
Revisions to Ecology’s water quality standards recommend that the period of averaging not
exceed 12 months. The monitoring program collects samples on a monthly basis, so the data are
averaged over a 12-month period and geometric mean values should be interpreted accordingly.

Offshore Waters. As in previous years, all offshore outfall and ambient sites met both the
geometric mean and peak standards for fecal coliforms between 2005 and 2007 (Tables 3-1 to 3-
3). Most values for offshore waters were either 1 colony forming unit (CFU)/100 ml or not
detected (Figure 3-5). Fecal coliform counts at the South TP and West Point TP outfalls were
similar to the counts at the ambient stations.
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Fecal coliform counts at the Elliott Bay and Quartermaster Harbor stations tended to be higher
more frequently than the other stations located in the Central Basin. The Elliott Bay stations had
a higher proportion of values in the 6 to 50 CFU/100 ml range than the other stations. Table 3-4
shows the percentage of samples with various fecal coliform counts.

Enterococcus counts were similarly low with most surface samples (61%) having either no
detectable levels or a value of 1 CFU/100 mL (17%). The highest enterococcus counts occurred
in November 2006 at the West Point outfall station and December 2007 at the two Elliott Bay
stations. Figure 3-6 shows enterococcus results for all offshore stations between 2005 and 2007
and Figure 3-7 shows enterococcus results plotted against concurrent fecal coliform values.

Table 3-4. Percentage of 2005-2007 Offshore Station Fecal Coliform Values in Various
Categories

Total # of

Station Location 0 1 2 - 5 6 - 20 21 - 50 >50 Samples

Elliott Bay 0% 41.7% 29.2% 25% 4.2% 0% 72

Quartermaster H. 21.7% 45.6% 17.4% 15.2% 0.0% 0.0% 46

All other offshore 22.2% 66.5% 10.7% 0.3% 0.0% 0.3% 337

Value (CFU/100 ml)

0

10

20

30

40

50

60

8
-J

a
n

-0
5

9
-M

a
r-

0
5

8
-M

a
y-

0
5

7
-J

u
l-

0
5

5
-S

e
p

-0
5

4
-N

o
v-

0
5

3
-J

a
n

-0
6

4
-M

a
r-

0
6

3
-M

a
y-

0
6

2
-J

u
l-

0
6

3
1

-A
u

g
-0

6

3
0

-O
ct

-0
6

2
9

-D
e

c-
0

6

2
7

-F
e

b
-0

7

2
8

-A
p

r-
0

7

2
7

-J
u

n
-0

7

2
6

-A
u

g
-0

7

2
5

-O
ct

-0
7

2
4

-D
e

c-
0

7

E
n

te
ro

co
cc

u
s

(C
F

U
/1

00
m

l)

66

Figure 3-6. 2005-2007 Offshore Station Surface Water Enterococcus Counts (n=476)
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Figure 3-7. 2005-2007 Offshore Station Surface Water Paired Fecal Coliform and
Enterococcus Counts

The low numbers of fecal indicator bacteria seen in offshore surface water samples between
2005 and 2007, as well as in previous sampling years, are explained by the low survival rates of
fecal indicator bacteria in estuarine waters (Rhodes and Kator, 1988) in addition to distance from
nearshore sources of bacteria. An EPA-sponsored study also supports these data results as it
showed that the greatest single determinant of fecal indicator level is distance from the shoreline
at which the sample was collected (Wymer et al., 2005).

Beach Waters. Fecal coliform levels at beach stations are more variable than offshore stations
due to their varying degrees of proximity to freshwater sources. Tables 3-5 through 3-7 provide
a summary of station results between 2005 and 2007. Of the 15 stations monitored in all three
years, 2 passed both standards all years (KSSN04 and MSSM05) and 3 failed either one of both
standards all years (KSLU03, KSQU01, and LTEH02). Stations KSLU03, KSQU01, and
LTEH02 have also consistently failed standards in the past as these sites are near a freshwater
bacteria source. The other 10 stations varied from year to year with respect to standards
compliance. As in previous years, no spatial patterns were detected in fecal coliform
distributions from north to south. Additionally, no seasonal patterns were apparent. The highest
fecal coliform counts were observed January of 2005 and 2006, particularly at stations near a
freshwater source. The sampling dates in these months corresponded with major precipitation
events within two days prior to sampling.

Eight stations were added to the beach sampling program in 2007 to increase spatial coverage
within King County. Of the eight stations, five passed both fecal coliform standards and two
failed both standards. The two sites that failed standards were Des Moines Creek Park and
Redondo. The Redondo station, NTFK01, had consistently high bacteria counts from May
through August. The geometric mean for NTFK01 was 40 CFU/100 mls and was calculated in
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The results of ranking stations by the FOE index calculated between 2005 and 2007 are shown in
Figure 3-8. The Redondo station, NTFK01, exhibited a twofold exceedence of the geometric
mean bacteria guideline and a threefold exceedence of the peak guideline. The stations at Des
Moines Creek Park (MTUJ01), Elliott Bay off Pier 48 (LTEH02), and Dumas Bay (NSJY01)
also frequently exceeded the bacteria guidelines. All offshore stations, including the outfall
stations, had the lowest FOE index for fecal coliforms.
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Figure 3-8. 2005-2007 FOE Index

Enterococcus counts at beach stations varied geographically and temporally. Values were
generally highest in the winter months, although high counts were observed in the summer
months at some locations. Correlation between fecal coliform and enterococcus counts varied
considerably from location to location. Figure 3-9 shows enterococcus counts between 2005 and
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2007 at all marine beach stations. The highest counts were seen at the Seattle waterfront station,
LTEH02, followed by the Redondo station, NTFK01. The enterococcus counts at sites in the
vicinity of outfalls were either similar to or lower than ambient stations. The counts near the
outflow of Piper’s Creek (station KSHZ03) were significantly higher than values at the site just
north (ITCARKEEKP) and outside the influence of Piper’s Creek.
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Figure 3-9. 2005-2007 Enterococcus Counts at Beach Stations

3.2.2 Water Temperature

Offshore Stations. Monthly temperature measurements were taken throughout the water column
from the surface to just above the seafloor at each offshore station. For offshore stations
sampled in 2005, 2006, and 2007, temperatures ranged from 4.6 to 19.5 °C (including data from
all depths), with the greatest temperatures found at or near the surface. The mean temperature
between 2005-2007 was 10.5 °C, which is similar to the mean temperature of 10.7 °C in 2004.
Temperatures ranged in 2005 from 4.9 to 15.6 °C (mean = 10.7°C), in 2006 from 7.4 to 19.5 °C
(mean = 10.6 °C), and in 2007 from 4.6 to 18.9 °C (mean = 10.2 °C). For all three years, the
warmest temperatures were measured in surface waters in July. In 2006 and 2007, the warmest
temperatures were seen at the shallow Quartermaster Harbor stations (NSAJ02 and MSWH01)
and in 2005 at station KSBP01. The coldest temperature was also seen in Quartermaster Harbor.

The average air temperature for the month of July for 2005, 2006, and 2007 was 65.6, 67.5, and
67.8 °F, respectively. Air temperatures heavily influences sea surface temperatures and this
relationship can be seen during the summer months in many of the offshore stations (Figures 3-
10 and 3-11). This relationship was especially pronounced in 2006 due to the onset of El Niño
conditions midway through the year. Figure 3-12 shows the changing steepness of the June
thermocline over the course of the three years for stations CK200P, KSBP01, and LTED04.
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Figure 3-10. 2005-2007 Temperature Variations at Stations KSBP01 and LSNT01
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Figure 3-11. 2005-2007 Temperature Variations at Stations LTED04 and NSEX01
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Figure 3-12. 2005-2007 June Temperatures for Selected Offshore Stations

In all three years, a seasonal thermocline (a depth range over which temperature decreases
rapidly with depth) developed sometime between April and June at several of the offshore
stations, particularly at stations CK200P and KSPB01. The thermoclines were much more
pronounced in 2006 than in 2005 and 2007, likely due to El Niño conditions in mid-2006. By
May, the thermoclines had developed more fully and extended deeper into the water column. By
June, the temperature gradients in the upper water column had reached near maximum and began
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to decrease in July and August as the water temperature of the deeper water increased. By
October the water column was well-mixed and thermoclines were no longer evident.

Water temperatures measured over the three year period shown in Figures 3-10 and 3-11 for
stations KSBP01, LSNT01, and NSEX01 are typical for offshore waters in the Central Basin,
excluding Elliott Bay. As shown in Figure 3-11, the warm waters in Elliott Bay during the
summer months extend deeper through the water column than at other sample sites. With the
exception of the summer months, the figures indicate a well-mixed water column throughout the
year. Temperature values at discrete depths are provided in Appendix A.

Beach Stations. Temperatures at beach stations ranged from 6.9 to 19.3 °C (mean = 11.6 °C) in
2005, from 7.6 to 19.2 °C (mean = 11.3 °C) in 2006, and from 4.1 to 18.3 °C (mean = 11.0 °C)
in 2007. As shown in Figure 3-13, temperatures varied dependent upon location sampled.
Temperature data for beach stations are provided in Appendix A.

Between 2005 and 2007, water temperatures were lower at the Vashon Island station MSJL01,
which is influenced by freshwater runoff from Gorsuch Creek. Station KSQU01 located at the
exit of the Lake Washington Ship Canal near Shilshole Bay had some of the highest overall
water temperatures. This station is highly influenced by freshwater exiting Lake Washington
and Lake Union through the Ship Canal.

During the winter months, the coldest temperatures were observed at stations with the most
freshwater input: Shilshole Bay (KSQU01), Piper’s Creek (KTHA01), and the Seattle Waterfront
(LTEH02). In January 2007, the Burton Acres station (MSXK01) in Quartermaster Harbor had
the coldest temperature observed of 4.1 oC. Ice was observed floating on the surface in inner
Quartermaster Harbor when samples were collected in January 2007.

During the summer months, the two Vashon Island stations generally had the lowest
temperatures. Although the Shilshole Bay station had colder temperatures during the winter
months, this station had some of the highest temperatures during the summer months. As stated
above, this station is highly influenced by the warm Lake Washington waters exiting through the
Ship Canal.
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Figure 3-13. Water Temperature at Beach Stations from 2005 to 2007
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3.2.3 Salinity and Density

Offshore Salinity. Salinity measurements were collected throughout the water column at all
offshore stations. For offshore stations sampled in 2005, 2006, and 2007, salinities ranged from
14.85 to 31.06 on the Practical Salinity Scale (PSS), with a mean salinity of 29.65 PSS.
Salinities ranged in 2005 from 26.86 to 30.97 PSS (mean = 29.91 PSS), in 2006 from 23.60 to
31.08 PSS (mean = 29.57 PSS), and in 2007 from 14.85 to 30.74 PSS (mean = 29.47 PSS). Low
salinity values occurred in surface waters of various stations for all three years, where river input
and heavy rain events can be strong influencing factors. The highest salinities for all three years
were found offshore at depths greater than 150 m during the month of October. This may be
attributed to the increased input of salty deep oceanic water upwelled along the Pacific coast and
entering Puget Sound during late summer and fall. Salinity values at discrete depths are
provided in Appendix A for offshore stations.

Salinities varied due to seasonal influences as shown in the vertical salinity profiles for stations
CK200P and KSSK02 (Figure 3-14). Apart from the surface layer where wide ranges were
observed, salinity showed little variability over the depth profile indicating a well-mixed water
column. In 2005, the lowest salinities were found in the surface waters of Elliott Bay (stations
LTBC43 and LTED04) primarily due to freshwater runoff from the Duwamish River following
rain events and summer snow melt. In 2006, the lowest salinities occurred at the northern
Central Basin stations (KSBP01, KSSK02, JSUR01). Station KSBP01 (Jefferson Head) had a
salinity value of 23.60 PSS in November 2006, which can be attributed to the 15.63 inches of
rain experienced that month. Stations KSSK02 and JSUR01 (West Point Outfall and Point
Wells) had salinity values of 24.95 and 25.53 PSS, respectively, in early February 2006 which
can also be attributed to large rain events. A total of 11.65 inches of rain was recorded in
January 2006, with over 3 inches falling within the last four days of the month.

In 2007, the lowest salinities occurred at station KSRU03 (outer Salmon Bay) which is located
on the marine (west) side of the Hiram Chittendum Locks. Salinities were recorded as low as
14.85, 16.28, and 16.63 PSS in the months of March, April and December, respectively, which is
due to input of freshwater from Lake Washington and rain events during those months. Besides
station KSRU03, low salinities occurred at the usual Elliott Bay stations (LTBC43 and
LTED04). Generally, salinities were highest from August to December, likely from an increased
contribution of saltier, deep Pacific Ocean water from upwelling along the outer coast during late
summer in combination with a decrease in freshwater input from rivers and runoff.

Salinity profiles between 2005 and 2007 are shown in Figures 3-15 and 3-16 for four selected
stations throughout the Central Basin. Overall, the figures indicate a well-mixed water column
throughout much of the year, particularly from November through January. Development of a
halocline (a rapid change in salinity with depth) occurs in the winter and spring for reasons
described previously. The halocline is more defined at station LTED04 due to the greater
influence of freshwater at this location compared to the other three stations. A strong decrease in
salinity can be seen in January of 2006 at all four stations due to major rain events that month.
The cycle of coastal upwelling and its influence upon the waters of Puget Sound is seen as a
deep, salty signal in late summer and fall of each year.
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Figure 3-14. 2005-2007 Vertical Salinity Profiles from Stations CK200P and KSSK02


