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Background Information

This report describes work done as a continuation of the ISaaish monitoring
project started in June 2005. Additional data and lake mé&dion is available in
the 2006—2008 final reports (Matthews, et al., 2006; Matthamd Vandersypen,
2007; Matthews and Vandersypen, 2008).

Lake Samish is a valuable aquatic resource, providing p@acess for boating,
fishing, swimming, picnicking, and other water and lakestamtivities. Residents
around the lake enjoy outstanding views of both the lake tmsuirrounding wa-
tershed, and the lake serves as a water supply for many aikksHore residents.
Lake Samish is located in the Washington State Departmegicofogy’s Wa-
ter Resource Inventory Area #3 (WRIA 3), and discharges intdayriCreek, a
salmon spawning tributary of the Samish River.

The Lake Samish monitoring project was initiated in JuneX2@Dcollect wa-
ter quality data from the lake and from major tributarieshie tatershed. Lake
Samish experiences periodic algal blooms, including b®offrpotentially toxic
cyanobacteria. The major goal of the monitoring project Wweasollect data that
would help identify the causes of the blooms, and possibbyige insight into
how to protect the lake from water quality degradation.

Although the primary goal for this project was to collect &ase water quality

data, a second goal was to begin looking as options for pgiotewater quality

in the lake. A full assessment of lake management optionsysid the scope
of this project, but several important observations can beenconcerning the
direction of future lake management efforts.

Lake Samish features that affect management choices:First, is it important
to recognize the features of Lake Samish that will affect agement options and
factor heavily into the success of any lake managementtefiake Samish is
predominantly a shallow, mesotrophic lake. With the exoepof the west arm,
which is unusual in itself, the lake favors the growth of aguplants, whether
they are algae, cyanobacteria, or shoreline vegetatiore niéan depth in the
east arm is only 9.4 m (Bortleson, et al., 1976), and all of ttst arm sites have
had high chlorophyll concentrations at some point durirggrttonitoring project.
While the lake is shallow enough to support algal growth trmut the water
column, it is deep enough to stratify in both arms. Becaus&<fresotrophic
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state, the hypolimnion in both arms becomes anoxic, relggsnosphorus. The
water column in the west arm does not mix thoroughly duringteri (Figure 3,

page 10), which can result in extended periods of anoxiadrhtipolimnion that

persist past winter and into the next period of stratifigatibhis has the potential
to release of large amounts of phosphorus into the lake fnr@sé¢diments (Figure
7, page 14). The release of phosphorus from sediments dog/toxygen con-

centrations in the hypolimnion is calledternal phosphorus loading, and is one

of the items that must be considered in the future manageofdsrike Samish.

A second important feature that affects lake managemeand lise in the Lake
Samish watershed. The tributary data revealed that thes¢asial phosphorus
loading of phosphorus from the watershed. The lakeshore is dewalaopestly
with single-family homes, and the upper watershed is lgrdel/oted to forestry
and timber harvesting. A major interstate highway, withvyetauck and vehicle
traffic, passes along the eastern side of the lake. Althcuggetland use activities
are not necessarily incompatible with recreational usa®fdke, they are not par-
ticularly desirable in a lake that provides drinking watar lakeshore residents.

Recommendations for maintaining Lake Samish water quality: Our recom-
mendations for Lake Samish focus on controlling externalsphorus loading,
minimizing internal phosphorus loading, and educatingensdted residents about
drinking water issues and lake stewardship. These recouatiens are not in-
tended to serve as a substitute for developing a comprefeeiagie management
plan.

Thislist of recommendations was presented by Matthews and Vander sypen (2008)
in the previous Lake Samish annual report; the text has been included here to
provide continuity.

e Develop an environmental education program to help residefithe Lake
Samish watershed understand the water quality issues itakee and
what can be done at the individual level. One example of thishe
Watershed Pledge Program developed for the Lake Whatconrshate
(http://www.watershedpledge.org). While it may be diffictd measure
the direct success of public education programs in termsadémquality
improvement, an educated public is more likely to undestamd support
watershed and lake management actions.
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e Develop strategies for controlling external phosphorasliog. Phosphorus
is very difficult to remove after it get into streams or lakes where possi-
ble, source control remains the best approach. This metres eeducing
the amount of phosphorus that enters surface runoff (esmgphosphorus-
free fertilizers) or decreasing the amount of surface rutiadt enters the
lake (e.g., adding retention/detention basins that tatdiinfiltration into
the groundwater). The Watershed Pledge Program lists a emailways
to reduce phosphorus in surface runoff near homes. Becatise stale of
this task, the Samish Water District should work with an exreed storm
water consultant to develop a comprehensive storm wateageament plan
for the watershed.

Lake Samish is already mesotrophic, and in some cases bidy&o re-
ducing external phosphorus loading from the watershedpaibably not
eliminate cyanobacteria blooms. If external loading isucsdi, however,
the lake should stabilize around its current levels of potiglity, and possi-
bly even show some improvement over a long period of time.

e Optionally, after external phosphorus loading has beemesded, develop
strategies for reducing internal phosphorus loading. &laee many lake
management techniques that, given sufficient funding fetailationand
maintenance, can be used to reduce internal loading. The addition of ehem
icals such as alum will bind with phosphorus, often resgltim years of
reduced algal densities. The effect is temporary, and feappn of the
chemical is required on a periodic basis. Hypolimnetic toesaare available
that can maintain sufficient oxygen in the hypolimnion toverg internal
phosphorus loading. Aerators are also available thatleitethe entire wa-
ter column, but in most stratified lakes, this is not a des&&rapproach, and
may even increase algal growth. All of these techniquesiregusignifi-
cant initial investment, long-term funding for maintenanand are unlikely
to be effective if external loading is not controlled.

e Consider developing a public drinking water supply and tigtron system.
The algal densities in the lake were very high and probabiyrdmite to the
formation of harmful disinfection by-products, partictjain systems that
disinfect the water by chlorinatation. Although the califolevels were low
in the lake, the results may not reflect conditions at priieking water
intakes. Finally, the lake is subject to potentially hapaigl cyanobacteria
blooms and exposed to potentially hazardous chemicals ha@ating activ-
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ities and the nearby highway. These represent an ongoktprisdividuals
drawing domestic drinking water from the lake.

e Conduct an evaluation of on-site sewage disposal in the upatarshed,
and its potential influence on water quality in Lake SamishisTevalua-
tion should be included in the assessment of external pleogphoading
into the lake. On-site sewage disposal may be a minor fastphospho-
rus loading into the lake because the Lake Samish shoraliserved by a
public sewer line, so only portions of the upper watershedikely to have
on-site sewage disposal.

e Although monitoring priority pollutants was beyond the geoof this
project, Lake Samish was placed on Washington State’s 2GQdnQuality
Assessment 303(d) list due to the levels of PCBs and mercupoirissfish
collected from the lake. The levels of PCBs were high enougleterate
a “Category 5” listing, which will require the Department af@ogy to de-
velop a Total Maximum Daily Load (TMDL) assessment aimecdedurcing
PCBs in the lake. The mercury levels were lower, resulting int@gay 2
listing that identifies “waters of concern” where there iglence of a water
quality problem but not enough data to require a TMDL.

High levels of mercury and PCBs have been found in fish tissue fany
other lakes in Washington, and throughout North Americahsgresence
of these pollutants in Lake Samish reflects widespread nuntdion of
freshwater lakes rather than a unique local source. Nesledgh, due to
the popularity of sports fishing in Lake Samish, we recommestditional
monitoring of priority pollutants in water, sediments, disth tissue in Lake
Samish.
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Methods

Water samples were collected at representative sites ie Saknish (Figure 1,
page 8) and analyzed following the protocols in Table 1 (d2®)e The original
scope of work specified monthly sampling at four lake sité®§3A—D) from June
2005 through July 2006; the contract was amended to includeeyly sampling
from June 2007 through December 2009. This effort was supgiéed by IWS,
at no additional cost, to provide additional sampling at teke sites (Sites A
and B) when resources were available. Water samples wereallscted from
tributaries to the lake and Friday Creek (outlet) approxetyatwice each year.
All sampling dates are listed in Tables 2—-4, pages 29-31.

Lake sampling methods: Temperature and dissolved oxygen field measure-
ments were collected at 1 meter depth intervals from theasarto the bottom

at each site using a Hydrolab field meter. Beginning in Mardb62@onductivity
and pH profiles were also collected at 1 meter depth intensifyy the Hydrolab
field meter. Secchi depth was measured at each site by layeeblack and white
disk into the water and recording the depth at which it wasomgér visible from

the lake surface. All field measurements followed the prai®summarized in
Table 1 (page 28).

Surface and bottom water samples were collected at eackitakand transported
to the laboratory to measure pH, conductivity, phosphotaisl(phosphorus and
soluble orthophosphate), nitrogen (total nitrogen, tefiEtrite', ammonium), tur-
bidity, and alkalinity following the protocols listed in ke 1. Separate surface
and bottom water samples were collected to measure fedéroolcounts; the
coliform samples were delivered on ice to the Samish Watstridi or to a certi-
fied commercial laboratory contracted by the District.

From June 2005 through May 2007, chlorophyll fluorescence mvaasured in
the field {n vivo) at 1 meter depth intervals from the surface to the bottom us-
ing a field fluorometer. Water samples were collected fromr@pmately 10-
20% of the depths where fluorescence was measured, and #esaatples were
used to measure chlorophyll biomass (Table 1). A linearaggjon between the
pairedin vivo fluorescence and chlorophyll biomass data was used to déstima

INitrate and nitrite were analyzed together because nitdteentrations are usually very low
in surface water and require low level analytical techngjieemeasure accurately.
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chlorophyll biomass at all depths along the fluorescencél@sd Due to equip-
ment failure, the field fluorometer was not used after May 20B&ginning in
June 2007, chlorophyll biomass was measured using wateplsarollected at
approximately 5 meter depth intervals. For more informatoutin vivo flu-
orometric chlorophyll measurements, refer to the previcaise Samish annual
reports (Matthews, et al., 2006; Matthews and Vandersyp@d/; Matthews and
Vandersypen, 2008).

Creek sampling methods: Temperature and dissolved oxygen was measured
using a field meter. Water samples were collected at eachnstsge and trans-
ported to the laboratory to measure pH, conductivity, phosps (total phospho-
rus and soluble orthophosphate), nitrogen (total nitrognate/nitrite, ammo-
nium), turbidity, and alkalinity. Separate water samplesercollected to measure
fecal coliform counts; the coliform samples were deliveoadce to the Samish
Water District or to a certified commercial laboratory caeted by the District.

All water samples collected in the field were stored on ice ianthe dark until
they reached the laboratory, and were analyzed as desanifedlle 1.

2Chlorophyll biomass is more commonly used to describe ladfhic status than fluorescence,
but fluorescence is easier to measure in the field.
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1 Annotated Figures

The Lake Samish monitoring project started in June 2005 hasdesulted in the
accumulation of nearly five years of regular water qualitpngkng. In order to
accommodate the increasing amount of data while still piiogi a useful annual
summary, we are changing the style of presentation, baginwith this year’s
report. The cumulative lake data will be summarized in aesedf annotated
figures (Figures 1 -19, pages 8 —26) designed to show seaswhahnual patterns
in the lake. Each figure includes a descriptive caption thatides background
information as well as a brief interpretation of the Lake &&mmesults.

Raw data plots and tables are included in a series of appendicthe end of
this report. The field hydrolab profiles for all sampling dateave been plotted
in Appendix A, beginning on page 35. Chlorophyilvivo fluorescence profiles
and biomass measurements are illustrated in Appendix Bnbig on page 74.
Raw data reports for the current sampling program are indiiléppendix C
of the printed report; online copies of this report will nantain the raw data,
but electronic data files are available from the InstituteVitatershed Studies. In
addition, the Institute’s web site (http://www.ac.wwuwédiws) includes a short
description of the lake monitoring program and simple tabah and plotting
program that allows the user to view water quality data kg aitd depth.

As discussed in the methods section (page 5), some of theilesavere sampled
more frequently than others. Specifically, Sites A and B vgarapled as a no-cost
service by IWS to provide additional water quality data frdra teepest sites in
the lake’s east and west arms. As a result, the plots on tlewiog pages have

fewer sample points for Sites C and D than for Sites A and B.
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Figure 1: Lake Samish tributary and lake sampling sites520010 (map pro-
vided by S. Freelan, Institute for Spatial Information anablsis, Huxley Col-
lege of the Environment, Western Washington University).
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Figure 2: Surface and bottom water temperatures, June 2006gh January
2010. Temperature profiles show that much of the lake isifstihfrom spring
through early fall (see Appendix A). Only Site D, which is yeshallow, remains
thermally unstratified throughout the year. During stredifion the warmer upper
portion of the water columrepilimnion) does not mix with the colder water near
the bottom fypolimnion). In the fall, after the surface water cools, the water
column will start to mix againdestratify), and will continue to mix throughout
the winter and early spring unless there is ice cover.
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Figure 3: Dissolved oxygen concentrations, June 2005 girdanuary 2010. The
primary source of dissolved oxygen is the atmosphere. Algatosynthesis is a
source of oxygen during the day, but algae consume oxygeig/att for respira-

tion, so the net oxygen gain is minimal. All of the stratifietbs in Lake Samish
experience oxygen depletion in the hypolimnion, which isally caused by bac-

teria decomposing organic matter (e.g., dead algae, laghfents, and other or-

ganic debris). When the lake destratifies, oxygen mixes h@avater column, so

the winter oxygen concentrations are similar for the s@faied bottom samples

at Sites B-D. Site A exhibits intermittent meromixis (Mattlssand Vandersypen,
2008), where the water column may not mix completely durivgwinter.
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Figure 4: Alkalinity concentrations, June 2005 throughudam 2010. Alkalinity,
pH, and specific conductance (conductivity) are relatedunfase waters. Alka-
linity measures thduffering capacity or how resistant water is to pH changes.
The alkalinity levels in Lake Samish are low, indicatingtttize water is poorly
buffered against pH changes. This is typical for lakes inregion. The alkalinity
levels fluctuate seasonally, especially in surface samplasng photosynthesis,
algae remove dissolved G@om the water, which can temporarily raise pH and
lower alkalinity.
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Figure 5: Surface and bottom pH levels (laboratory anadlydise 2005 through
January 2010. Alkalinity, pH, and specific conductance @cwtivity) are related
in surface waters. The pH in water is determined by the cdnagon of H"ions.
During photosynthesis, algae remove dissolved, @@m the water, which can
temporarily raise pH by reducing the concentration of dis=i carbonic acid,
which is formed when CQreacts with water: kD + CO, « H,CO; (carbonic
acid). This relationship is illustrated very clearly in themmer surface samples
at Sites A and B.
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Figure 6: Conductivity levels (laboratory analysis), Jul@®2 through January
2010. Alkalinity, pH, and specific conductance (condutyivare related in sur-
face waters. Conductivity is determined by the types and aafidissolved ions
in the water. The soil type and land use in the watershed imfleithe amount of
dissolved ions entering the lake from runoff and groundwadelogical activity

and chemical interactions determine whether dissolved remain in the water
column. In Lake Samish, the conductivity levels are faidw| which is typical

for low-alkalinity lakes. The conductivity levels are diity elevated near the bot-
tom of the lake at Sites A and B, which is typical for stratifiettds with low

oxygen concentrations near the sediments.
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Figure 7: Total phosphorus concentrations, June 2005 giwrdanuary 2010 (hor-
izontal red line = detection limit of mg-P/L). Total phosphorus includes organic
phosphorus (phosphorus associated with algae and oth&) lsind dissolved
phosphorus (primarily soluble orthophosphate). Phosghi® an important nu-
trient for algae and is usually the nutrient that limits tihecaunt of algae in a lake.
Phosphorus is released from anaerobic sediments, so tleerbsamples at Sites
A and B often contained high concentrations of total andldelphosphorus (see
Figure 8). Although median total phosphorus concentratiware fairly low at
each site (10-1hg-P/L), the bottom concentrations often exceeded@®/L.
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Figure 8. Soluble orthophosphate concentrations, Jun®& 2@@ugh January

2010 (horizontal red line = detection limit of 33-P/L). Soluble orthophosphate
is the soluble inorganic portion of total phosphorus. SEuyhosphate concen-
trations are often low in the water column, even when algalceatration are

high, because this form of phosphorus is easily and rapahegrnt up by algae

and other microbiota. Soluble phosphate is released fraaerabic sediments,
which accounts for the high concentrations occasionallgsus=d in the bottom

samples. The atypical surface sample outlier (5&7P/L at Site A on Jan 25,
2009) probably resulted from sample contamination bectnestotal phosphorus
concentrations in the sample was only 12¢8P/L.
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Figure 9: Total nitrogen concentrations, June 2005 thralagtuary 2010. To-
tal nitrogen represents the combined concentrations afnicgnitrogen (nitrogen
associated with algae and other biota) and dissolved inargatrogen (DIN =
nitrate + nitrite + ammonium). In Lake Samish, about twodhkiof the total ni-
trogen was inorganicagerage % = 68%). Algae use inorganic nitrogen for
growth, so it is common to see depletion of total nitrogen B during the
summer in samples collected €tl0 meters. (Photosynthesis is usually limited
by insufficient light in deeper samples.) Nitrogen rarelyits total algal growth
because cyanobacteria can convert dissolved nitrogeri\Ngasno inorganic ni-
trogen. Low concentrations of inorganic nitrogen, howgewelt limit the growth

of certain types of algae and favor the growth of cyanobagcter
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Figure 10: Nitrate/nitrite data, June 2005 through Jan2&d0 (horizontal red
line = detection limit of 1Qug-P/L). Nitrate and nitrite are often measured simul-
taneously because nitrite concentrations are usuallygielgl and below analyt-
ical detection levels. Nitrate/nitrite is usually the magomponent of dissolved
inorganic nitrogen (DIN), the primary nitrogen source ftgad growth. In Lake
Samish, almost all DIN was in the form of nitrate/nitriter¢rage % = 86%).
The Lake Samish nitrate/nitrite concentrations were deglen both the surface
and bottom samples during the summer, but for differentaessThe depletion
in samples<10 meters was due to algal uptake; the depletion in deepgsleam
(bottom samples at Sites A and B) was due to nitrate reductianberobic bac-

teria that use nitrate (and nitrite) as an alternative tayexy
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Figure 11: Lake Samish ammonium data, June 2005 througltada8010 (hor-
izontal red line = detection limit of 1@g-P/L). Ammonium is easily taken up
by algae as a nitrogen source. Most of the ammonium in surfeters comes
from decomposition of organic matter or is excreted by atsma aerobic water,
ammonium is rapidly converted into nitrite and nitrate bgtieaia or lost through
volitization. When oxygen concentrations are low, howetherse bacteria are in-
active, so ammonium can build up, especially in the hypolannin Lake Samish,
ammonium concentrations were low except in bottom samplesgl periods of
stratification at sites that developed anoxia in the hypoilim. The highest am-
monium concentrations were from bottom samples at Site Aglwimay be due
to incomplete water column mixing at that site.
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Figure 12: Lake Samish near-surface chlorophyll levelage 2005 through Jan-
uary 2010. Chlorophyll is the primary photosynthetic pigmienalgal cells and
is generally the best indicator of the amount of algae pteiselakes. In Lake
Samish, as in most lakes, chlorophyll levels were usuallydaring the winter,
with peaks in the spring and summer coinciding with spriagisier algal blooms.
This figure shows chlorophyll biomass that was either messir the laboratory
(preferred method), or estimated framvivo fluorescence measured in the field.
For more information about these methods, see Matthews, (2088).
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Figure 13: Median TS}, values at Site A, June 2005 through January 2010. Carl-
son’s Trophic State Index (Tgl; Carlson and Simpson, 1966) is a simple way to

classify lakes based on biological productivity using cofihyll measurements.
The shaded rectangles show summer months (July-Octobbkighwften have
higher TSIs compared to the rest of the year. Most of the Sital&es fell be-
tween the oligotrophic and mesotrophic ranges, indicatiagthis site had lower
algal concentrations and would be less likely to experightek algal blooms
than other portions of the lake.



Lake Samish 2010 Report Page21

Median Trophic Index — Site B

« = Eutrophic
= - Mesotrophic
= = Oligotrophic
o _]
©
o
8____ ..... - . _ .. Q== == - _ .. = o —|
O o D) o
o o
— o
= o o o
S o °o o o ©
n ° ® e
= g__;______ﬁ_ _____ e e e e e | ] —_—— e ]
(¢]
o o0 ©
o
¢ o
(¢] o o
O _L 1l o|lc oo o 4 P P R P - - - -
™
o
summer summer summer summer summer
2005 2006 2007 2008 2009
o ]
N

TSl = 9.81 (In Chl @ug/L) + 30.6)

Figure 14: Median Lake Samish T§lvalues at Site B, June 2005 through Jan-
uary 2010; the shaded rectangles show summer months (&ubp€r), which
often have higher TSIs compared to the rest of the year. ThedlGes at Site B
were higher than Site A, and most were near the level that@tels a mesotrophic
or moderately productive lake. Sites B-D, located in thelsha&ir arm of Lake
Samish, are more likely to experience noticeable algalrhko



Lake Samish 2010 Report

Median Trophic Index — Site C

Page22

60

TSlchl
40

30
|
T
1
1

summer
2005

20

« = Eutrophic
= - Mesotrophic
= = Oligotrophic

summer
2006

summer
2007

summer
2008

summer
2009

Figure 15: Median Lake Samish T§lvalues at Site C, June 2005 through Jan-

TSl = 9.81 (In Chl @ug/L) + 30.6)

uary 2010; the shaded rectangles show summer months (&ubp€r), which
often have higher TSIs compared to the rest of the year. Thevdl8es at Site
C were higher than Site A, and some of the values were in theghit range,
indicating high levels of algal productivity. Sites B-D, &ied in the shallower
arm of Lake Samish, are more likely to experience noticealgal blooms.
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Median Trophic Index — Site D
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Figure 16: Median Lake Samish T.glvalues at Site D, June 2005 through Jan-
uary 2010; the shaded rectangles show summer months (&ubp€r), which
often have higher TSIs compared to the rest of the year. Thevdl8es at Site

D were higher than Site A, and some of the values were in th@ghit range,
indicating high levels of algal productivity. Sites B-D, &ied in the shallower
arm of Lake Samish, are more likely to experience noticealglal blooms.
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Figure 17: Secchi depths, June 2005 through January 20&6hiQkepth is an in-
dicator of lake transparency and is defined as the depth atvailack and white
disk is no longer visible from the lake surface. Secchi dejgtermines the ap-
proximate depth of thehotic zone, where light conditions favor photosynthesis.
Lake Samish Secchi depths were usually 4-6 meters (averddew), consistent
with peak chlorophyll concentrations that occurred betwé&e7 m, but for any
particular sampling date, the relationship between Sedepih and chlorophyll
was weak. This indicates that inorganic and non-algal sexlisrcontribute to the
cloudiness of the water column.
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Figure 18: Turbidity data, June 2005 through January 2010bidity is a mea-
sure of the suspended particles in water, which includesaligarganic particles,
and non-living organic matter. When most of the suspendditfesin the water
column are algae, chlorophyll concentrations are closelted to Secchi depth
and turbidity, but if non-algal particles are abundant, tektionship between
Secchi depth and turbidity is still good, but neither areselg related to chloro-
phyll. Turbidity levels in Lake Samish did not show a typinahr-surface summer
peaks. Instead, the major turbidity peaks were related spended particles in
the hypolimnion.
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Figure 19: Fecal coliform data, June 2005 through Januat®.2Becal coliforms
are normally found in the intestinal tract and feces of watooted animals, so
their presence in water samples can be used to detect sew&gmabcontami-
nation. Most types of fecal coliforms are not pathogenid,ibtecal coliforms
are present, other potentially harmful pathogens may atsprbsent. The fe-
cal coliform counts in Lake Samish were low, with only one p&s exceeding
10 cfu/100 mL (cfu=colony-forming unit); however, if theaee concerns about
swimming beaches or drinking water safety, additional damphould be col-
lected following the protocols described by the Washingidministrative Code
Section 173-201A, which deals with coliform standards treational waters.
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2 Tables
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Detection Limit/

Analyte Abbr. Method Reference (APHA 2005) Sensitivity
Alkalinity Alk SM2320, titration +0.5 mg CaC@Q/L
Chlorophyll - field Chl Turner fluorometer (field meter) NA
Chlorophyll - lab Chl SM10200 H, acetone extraction +0.1 mg/n¥
Conductivity - field/lab Cond SM2510, lab or field meter +0.1 units
Dissolved oxygen - field DO SM4500-0 G.,membrane electrfidiel(meter) +0.1 mg/L
Dissolved oxygen - lab DO SM4500-0 C., Winkler, azide +0.1 mg/L
Fecal coliforms FC SM9221 E , MPN* <l.lor<2
Nitrogen - ammonium Nkl SM4500-NH3 H., flow inject, phenate 3@y NH3-N/L
Nitrogen - nitrate/nitrite N@ SM4500-NO3 I., flow inject, Cd reduction 1y NOs-N/L
Nitrogen - total TN SM4500-NO3 I., flow inject, persulfateydst 10:g N/L

pH - field/lab pH SM4500-H, electometric lab or field meter +0.1 units
Phosphorus - orthophosphate OP SM4500-P G., flow inject g BO,-P/L
Phosphorus - total TP SM4500-P G., flow inject, persulfagest 5ug P/L
Temperature - field Temp SM2550 thermistor (field meter) +0.1C
Turbidity Turb  SM2130, nephelometric +0.2 NTU

*Fecal coliform analyses were provided by Edge Analyti885 Orchard Dr., Bellingham, WA
and Exact Scientific Services, 3929 Spur Ridge Ln., BellamghWA.

Table 1: Summary of analytical methods used by the Instituté/atershed Stud-
ies in the Lake Samish monitoring project.
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Measured Chlorophyll
Date Parametets Measurements
June 21, 2005 all field/lab analyses except pH/cond chl pofiA, B, D)
July 20, 2005 all field/lab analyses except pH/cond chl psfil

August 23, 2005 all field/lab analyses except pH/cond  cHilpso

September 20, 2005 all field/lab analyses except pH/cond profiles (A, B)
October 16, 2005 all field/lab analyses except pH/cond aifilps (A, B)
November 20, 2005 all field/lab analyses except pH/cond iflles

January 22, 2006 all field/lab analyses except pH/cond cimhbss(misc. depths)

February 26, 2006 all field/lab analyses chl profiles

March 19, 2006 all field/lab analyses chl profiles

April 23, 2006 all field/lab analyses chl profiles

May 21, 2006 all field/lab analyses chl profiles

June 20, 2006 all field/lab analyses chl profiles

July 19, 2006 all field/lab analyses chl profiles

June 21, 2007 all field/lab analyses chl biomass(misc. g@gpth
September 13, 2007 all field/lab analyses (no coliforms) bahhass (misc. depths)
December 20, 2007 all field/lab analyses chl biomass (5 mviait®)
March 25, 2008 all field/lab analyses chl biomass (5 m intsjva
June 10, 2008 all field/lab analyses chl biomass (5 m intgyval
October 23, 2008 all field/lab analyses chl biomass (5 mvatey
January 25, 2009 all field/lab analyses chl biomass (5 mvalkgxr
April 27, 2009 all field/lab analyses chl biomass (5 m intégya
July 1, 2009 all field/lab analyses chl biomass (5 m intejvals
October 20, 2009 all field/lab analyses chl biomass (5 matey

T Field/lab analyses include Secchi depth, dissolved oxywater temperature, pH, conductivity,

alkalinity, total nitrogen, nitrate/nitrite, ammoniunotal phosphorus, soluble orthophosphate,
turbidity, chlorophyll, and fecal coliforms.

Table 2: Lake Samish sampling dates for Sites A—D. Table8diates when only
Sites A—B were sampled and Table 4 lists tributary samplaitgsl
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Measured Chlorophyll

Date Parametefs Measurements

August 24, 2006 all field/lab analyses (no coliforms) chifiies

September 18, 2006 all field/lab analyses (no coliforms) bakthass (misc. depths)
October 22, 2006 all field/lab analyses (no coliforms)  chfipes

December 18, 2006 all field/lab analyses (no coliforms) cbfijes

January 30, 2007 all field/lab analyses (no coliforms) chbfif@s

February 27, 2007 all field/lab analyses (no coliforms) cabfifes

March 29, 2007 all field/lab analyses (no coliforms)  chl pesfi
April 24, 2007 all field/lab analyses (no coliforms) no chtala
May 24, 2007 all field/lab analyses (no coliforms) chl prcfile

November 15, 2007 all field/lab analyses (no coliforms)  ébihiass (5 m intervals)
January 29, 2008 all field/lab analyses (no coliforms) cbfifas

April 21, 2008 all field/lab analyses (no coliforms) chl pres
May 15, 2008 all field/lab analyses (no coliforms) chl prcfile
July 22,2008 all field/lab analyses (no coliforms) chl pegil

January 26, 2010 all field/lab analyses (no coliforms)  chfifas

T Field/lab analyses include Secchi depth, dissolved oxygater temperature, pH, conductivity,
alkalinity, total nitrogen, nitrate/nitrite, ammoniunotal phosphorus, soluble orthophosphate,
turbidity, chlorophyll, and fecal coliforms.

Table 3: Lake Samish lake sampling dates for Sites A—B (supehtal no-cost
sampling by IWS). Table 2 lists dates when all four lake sifedX) were sampled
and Table 4 lists tributary sampling dates.
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Measured
Date Parametets Sampling Locations
July 15, 2005 all field/lab analyses Barnes, Finney, Mia, Mud
August 9, 2005 all field/lab analyses Friday
November 10, 2005 all field/lab analyses Barnes, FinnegalriMia, Mud
July 16, 2007 all field/lab analyses Barnes, Finney, Fri{idia dry), Mud
March 17, 2008 all field/lab analyses Barnes, Finney, Fritag, Mud
February 18, 2009  all field/lab analyses Barnes, FinnegalriMia, Mud
July 13, 2009 all field/lab analyses Barnes, Finney, Fritdag, Mud

T Field/lab analyses include dissolved oxygen, water teatpeg, pH, conductivity,
alkalinity, total nitrogen, nitrate/nitrite, ammoniunotal phosphorus,
soluble orthophosphate, turbidity, and fecal coliforms.

Table 4: Lake Samish tributary sampling dates. Table 2 diates when all four

lakes sites (A-D) were sampled and Table 3 lists dates whies 8B were
sampled.
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DO Temp Alk Turb Cond
Site Date (mg/L) (C) (mg/L) (NTU) pH x«S)
Barnes July 15, 2005 10.2 12.5 52.0 4.6 7.2 128.7
Creek November 10, 2005  14.7 9.0 37.5 2.7 75 1034
July 16, 2007 10.1 12.9 59.7 1.2 7.3 139.7
March 17, 2008 12.5 6.0 40.0 2.7 7.6 102.6
February 18, 2009 12.2 5.9 52.0 0.6 7.7 127.1
July 13, 2009 10.5 12.8 55.9 11 7.7 103.8
Finney July 15, 2005 9.7 135 28.0 0.8 7.1 1498
Creek November 10, 2005  14.7 9.2 12.2 3.0 72 75.2
July 16, 2007 8.8 16.2 41.4 0.3 7.2 399.0
March 17, 2008 12.7 5.6 16.2 3.9 7.3 929
February 18, 2009 12.9 4.6 21.8 15 7.3 140.0
July 13, 2009 9.5 14.5 42.1 0.8 7.6 260.0
Unnamed July 15, 2005 9.1 134 31.8 2.5 6.7 827
(Mia Creek)  November 10,2005 13.6 9.2 18.0 1.9 7.1 739
March 17, 2008 10.9 6.5 32.0 119 7.0 1318
February 18, 2009 11.4 57 32.7 1.3 7.3 1554
July 13, 2009 NA NA NA NA NA NA
Unnamed July 15, 2005 8.3 12.9 24.7 0.8 6.3 94.2
(Mud Creek) November 10,2005 14.6 8.5 15.9 0.9 7.1 748
July 16, 2007 9.1 135 19.2 1.1 6.4 83.8
March 17, 2008 12.5 5.9 151 14 7.1 67.0
February 18, 2009 12.7 4.3 16.1 0.6 7.1 71.2
July 13, 2009 8.7 12.8 19.8 0.4 6.7 728
Friday August 9, 2005 4.1 20.5 21.3 3.7 6.1 694
Creek November 10, 2005 8.5 10.7 19.7 0.9 7.2 684
(outlet) July 16, 2007 4.8 21.9 19.7 1.4 6.4 66.5
March 17, 2008 12.4 6.4 17.6 15 7.3 66.4
February 18, 2009 11.7 5.7 17.9 1.9 7.3 68.8
July 13, 2009 4.3 19.5 20.1 1.8 6.8 60.0

Table 5: Dissolved oxygen (DO), temperature (Temp), atkigli(AlK), turbidity
(Turb), pH, and conductivity (Cond) results for Lake Samishtershed creeks
(Figure 1). Water temperatures were higher and dissolvgdarxconcentrations
were lower in Friday Creek. All of the sites had relatively lalkalinities (<60
mg/L) and low to moderate conductivities (60—4a®). Turbidities were generally
low (1-3 NTU), with occasional spikes that did not follow amlyvious seasonal
or site-specific pattern. The pH levels ranged from sligatidic to slightly basic
(6-8), but none were as high as the pH peaks present in the lake
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NH; TN NO; TP OP FC (cfu/
Site Date g-N/L)  (ug-N/L)  (ug-N/L)  (nug-P/L)  (ug-P/L) 100 mL)
Barnes July 15, 2005 17.1 1082.7 915.6 46.0 26.9 >23°
Creek November 10, 2005 <10 1670.0 1518.2 151 9.0 23
July 16, 2007 <10 756.9 678.4 18.0 24.3 240
March 17, 2008 10.0 882.0 767.0 17.1 11.6 4
February 18, 2009 <10 776.0 677.0 13.4 12.7 1
July 13, 2009 19.7 772.1 618.8 24.8 16.3 130
Finney July 15, 2005 11.7 747.6 622.2 33.1 35.3 >28
Creek November 10, 2005 <10 2061.5 1860.4 15.1 5.7 130
July 16, 2007 24.2 585.9 434.8 9.3 214 170
March 17, 2008 <10 1196.6 1089.0 13.2 7.2 52
February 18, 2009 <10 948.0 782.0 12.8 7.5 12
July 13, 2009 16.0 651.7 455.0 20.9 11.2 1600
Unnamed July 15, 2005 14.5 478.3 293.4 49.8 30.9 >23
(Mia Creek)  November 10, 2005 <10 1890.9 1666.2 21.2 10.3 23
March 17, 2008 13.2 801.0 534.0 20.5 5.7 104
February 18, 2009 36.1 2236.0 1944.0 12.8 9.4 0
July 13, 2009 NA NA NA NA NA NA
Unnamed July 15, 2005 <10 582.1 474.3 20.2 155 >23°
(Mud Creek) November 10, 2005 108.6 2308.4 1901.7 18.6 8.7 13
July 16, 2007 31.7 551.2 464.9 11.7 8.2 23
March 17, 2008 <10 1328.0 1211.1 9.1 7.2 4
February 18, 2009 <10 1057.0 920.0 8.8 8.1 0
July 13, 2009 25.6 780.6 624.5 9.1 4.6 130
Friday August 9, 2005 40.6 361.9 10.2 259 <3 130
Creek November 10, 2005 28.0 409.8 187.9 96 <3 8
(outlet) July 16, 2007 23.0 358.3 88.0 13.8 7.8 80
March 17, 2008 <10 590.0 423.8 5.4 <3 8
February 18, 2009 <10 664.0 466.0 10.4 35 500
July 13, 2009 21.1 419.7 92.1 14.9 <3 300

*Sample above detection limit of 23 cfu/100 mL

Table 6: Ammonium (NH), total nitrogen (TN), nitrate/nitrite (N¢), total phos-
phorus (TP), soluble orthophosphate (OP), and fecal ¢aiif(FC) results for
Lake Samish watershed creeks. The total nitrogen and efiittite concentra-
tions were high, with the exception of a few samples from &yi€reek. Am-
monium concentrations were highly variable, with many slasexceeding 20
1g-N/L. Total and soluble phosphorus concentrations wewoallyshigher in the
tributary creeks than in Friday Creek due to algal uptake asphorus in Lake
Samish. Coliform counts were variable; 36% of the samplesexked 100 cfu/100
mL, suggesting that the sites might not pass surface wateriar
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A Lake Samish Hydrolab Profiles
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Figure 20: Lake Samish Hydrolab profiles for Sites A-D, JuheZD05. Field
pH and conductivity data were not collected on this date.
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Figure 21: Lake Samish Hydrolab profiles for Sites A—D, Jily2005. Field pH
and conductivity data were not collected on this date.
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Figure 22: Lake Samish Hydrolab profiles for Sites A-D, Audig 2005. Field
pH and conductivity data were not collected on this date.
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Figure 23: Lake Samish Hydrolab profiles for Sites A-D, Segtter 20, 2005.
Field pH and conductivity data were not collected on thigdat
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Figure 24: Lake Samish Hydrolab profiles for Sites A-D, Oetals, 2005. Field
pH and conductivity data were not collected on this date.
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Figure 25: Lake Samish Hydrolab profiles for Sites A—D, Noleem20, 2005.

Field pH and conductivity data were not collected on thigdat
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Figure 26: Lake Samish Hydrolab profiles for Sites A-D, Janpda, 2006. Field
pH and conductivity data were not collected on this date.
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Figure 27: Lake Samish Hydrolab profiles for Sites A-D, Fabyw26, 2006.

Field pH and conductivity data were not collected on thigdat
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Figure 28: Lake Samish Hydrolab profiles for Sites A—D, Maté&h2006.
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Figure 29: Lake Samish Hydrolab profiles for Sites A-D, A@al 2006.
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Figure 30: Lake Samish Hydrolab profiles for Sites A—D, May 2006.
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Figure 31: Lake Samish Hydrolab profiles for Sites A—D, JudeZ®06.
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Figure 32: Lake Samish Hydrolab profiles for Sites A-D, Jily 2006.
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Figure 33: Lake Samish Hydrolab profiles for Sites A and B, Asidi#, 2006.
Sites C and D were not sampled on this date.
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Figure 34: Lake Samish Hydrolab profiles for Sites A and B, &aier 18, 2006.
Sites C and D were not sampled on this date.
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Figure 35: Lake Samish Hydrolab profiles for Sites A and B, OGet®2, 2006.
Sites C and D were not sampled on this date.
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Figure 36: Lake Samish Hydrolab profiles for Sites A and B, Ddwer 18, 2006.
Sites C and D were not sampled on this date.
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Figure 37: Lake Samish Hydrolab profiles for Sites A and B, dan30, 2007.
Sites C and D were not sampled on this date.
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Figure 38: Lake Samish Hydrolab profiles for Sites A and B, Ealy 27, 2007.
Sites C and D were not sampled on this date.
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Figure 39: Lake Samish Hydrolab profiles for Sites A and B, Maz6, 2007.
Sites C and D were not sampled on this date.
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Figure 40: Lake Samish Hydrolab profiles for Sites A and B, Apt| 2007. Sites
C and D were not sampled on this date.
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Figure 41: Lake Samish Hydrolab profiles for Sites A and B, M&yZD07. Sites
C and D were not sampled on this date.
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Figure 42: Lake Samish Hydrolab profiles for Sites A—-D, JuheZ®07.
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Figure 43: Lake Samish Hydrolab profiles for Sites A-D, Segtter 13, 2007.
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Figure 44: Lake Samish Hydrolab profiles for Sites A and B, Maber 15, 2007.
Sites C and D were not sampled on this date.
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Figure 45: Lake Samish Hydrolab profiles for Sites A-D, Delsen20, 2007.
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Figure 46: Lake Samish Hydrolab profiles for Sites A and B, dan29, 2008.
Sites C and D were not sampled on this date.
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Figure 47: Lake Samish Hydrolab profiles for Sites A—D, Ma28h2008.
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Figure 48: Lake Samish Hydrolab profiles for Sites A and B, Aitj 2008. Sites
C and D were not sampled on this date.
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Figure 49: Lake Samish Hydrolab profiles for Sites A and B, May2D08. Sites
C and D were not sampled on this date.
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Figure 50: Lake Samish Hydrolab profiles for Sites A—D, Jude2D08.
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Figure 51: Lake Samish Hydrolab profiles for Sites A and B, 22y2008. Sites
C and D were not sampled on this date.
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Figure 52: Lake Samish Hydrolab profiles for Sites A and B, OGetd3, 2008.
Sites C and D were not sampled on this date.
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Figure 53: Lake Samish Hydrolab profiles for Sites A-D, Jayp@&, 2009.
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Figure 54: Lake Samish Hydrolab profiles for Sites A-D, Agidl 2009.
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Figure 55: Lake Samish Hydrolab profiles for Sites A-D, Juyl2a09.
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Figure 56: Lake Samish Hydrolab profiles for Sites A-D, Oetat0, 2009.
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Figure 57: Lake Samish Hydrolab profiles for Sites A and B, dan26, 2010.
Sites C and D were not sampled on this date.
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B Lake Samish Chlorophyll Profiles



Lake Samish 2010 Report

Depth (m)

Depth (m)

10

20

30

40

15 10

20

June 2005 - Site A

— Estimated
-8~ Measured

T T T
5 10 15

Chlorophyll Biomass (mg/m3)

June 2005 - Site C

No Profile Data

—O- Estimated

Measured

T T T
5 10 15

Chlorophyll Biomass (mg/m3)

Depth (m)

Depth (m)

15 10

20

10

Pagers

June 2005 - Site B

— Estimated
-5~ Measured

T T T
5 10 15

Chlorophyll Biomass (mg/m3)

June 2005 - Site D

—&- Estimated
—5- Measured

T T T
5 10 15

Chlorophyll Biomass (mg/m3)

Figure 58: Lake Samish chlorophyll data for Sites A—D, JuBe2D05.
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Figure 59: Lake Samish chlorophyll data for Sites A—D, July 2005.
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Figure 60: Lake Samish chlorophyll data for Sites A-D, Audig 2005.
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Figure 61: Lake Samish chlorophyll data for Sites A and B, &ajier 20, 2005.
Data from Sites C and D have been omitted due to equipmentincibn.
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Figure 62: Lake Samish chlorophyll data for Sites A and B, Oetal6, 2005.
Data from Sites C and D have been omitted due to equipmentincibn.
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Figure 63: Lake Samish chlorophyll data for Sites A—D, Nolken?0, 2005.
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Figure 64: Lake Samish chlorophyll data for Sites A—D, Jap@a, 2006.
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Figure 65: Lake Samish chlorophyll data for Sites A—D, Faby26, 2006.
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Figure 66: Lake Samish chlorophyll data for Sites A-D, Matéh2006.
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Figure 67: Lake Samish chlorophyll data for Sites A-D, Agal 2006.
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Figure 68: Lake Samish chlorophyll data for Sites A—D, May 2006.
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Figure 69: Lake Samish chlorophyll data for Sites A—D, Jude2D06.



Lake Samish 2010 Report

Depth (m)

Depth (m)

10

20

30

40

15 10

20

July 2006 - Site A

[u]
— Estimated
-8~ Measured
T T T
5 10 15

Chlorophyll Biomass (mg/m3)

July 2006 - Site C

—O- Estimated

Measured

T T T
5 10 15

Chlorophyll Biomass (mg/m3)

Depth (m)

Depth (m)

15 10

20

10

PageB7
July 2006 - Site B
o
— Estimated
-5~ Measured
T T T
5 10 15

Chlorophyll Biomass (mg/m3)

July 2006 - Site D

—&- Estimated
—5- Measured

T T T
5 10 15

Chlorophyll Biomass (mg/m3)

Figure 70: Lake Samish chlorophyll data for Sites A—D, Jily 2006.
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Figure 71: Lake Samish chlorophyll data for Sites A and B, Asidi4, 2006.

Sites C and D were not sampled on this date.
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Figure 72: Lake Samish chlorophyll data for Sites A and B, Sajer 18, 2006.
Sites A and B had two measured water column samples; Sitesl © avere not
sampled on this date.
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Figure 73: Lake Samish chlorophyll data for Sites A and B, Oetd22, 2006.

Sites C and D were not sampled on this date.
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Figure 74: Lake Samish chlorophyll data for Sites A and B, Ddwer 18, 2006.

Sites C and D were not sampled on this date.
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Figure 75: Lake Samish chlorophyll data for Sites A and B, aan30, 2007.

Sites C and D were not sampled on this date.
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Figure 76: Lake Samish chlorophyll data for Sites A and B, bBaby 27, 2007.

Sites C and D were not sampled on this date.
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Figure 77: Lake Samish chlorophyll data for Sites A and B, M&®, 2007. Sites
C and D were not sampled on this date.
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Figure 78: Lake Samish chlorophyll data for April 24, 2008 @hlorophyll data
were collected; the plot is included for information only).
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Figure 79: Lake Samish chlorophyll data for Site B, May 24, 208ites C and D
were not sampled on this date and only two samples were tadledt Site A.
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Figure 80: Lake Samish chlorophyll data for Sites A—D, Jubhe2®07.
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Figure 81: Lake Samish chlorophyll data for Sites A—D, Seyiter 13, 2007.
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Figure 82: Lake Samish chlorophyll data for Sites A and B, Naler 15, 2007.
Sites A and B were sampled at 5 meter depth intervals; Sitesd@Mawere not
sampled on this date.
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Figure 83: Lake Samish chlorophyll data for Sites A-D, Delsen?0, 2007. All
sites were sampled at 5 meter depth intervals.



Lake Samish 2010 Report

January 2008 - Site A

Chlorophyll Biomass (mg/m3)

PagelOl

January 2008 - Site B

o o o o
o
= o [to) o
£ o E
- o =t = o
g2 « . =
a a
Ty)
o - ©
™
- Estimated o - Estimated
o -8~ Measured N -8~ Measured
<
T T T T T T
5 10 15 5 10 15
Chlorophyll Biomass (mg/m3) Chlorophyll Biomass (mg/m3)
January 2008 - Site C January 2008 - Site D
o ] o .
No Profile Data No Profile Data
o N
E 5 E ~
s - =
o T o©
0O [a}
—
o)
o —O- Estimated - Estimated
N Measured o —5- Measured
—
T T T T T T
5 10 15 5 10 15

Chlorophyll Biomass (mg/m3)

Figure 84: Lake Samish chlorophyll data for Sites A and B, aap29, 2008.
Sites A and B were sampled at 5 meter depth intervals; Sitesd@Mawere not
sampled on this date.
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Figure 85: Lake Samish chlorophyll data for Sites A—D, Ma&8h2008. All sites

were sampled at 5 meter depth intervals.
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Figure 86: Lake Samish chlorophyll data for Sites A and B, Agiti 2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andrP mget sampled
on this date.
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Figure 87: Lake Samish chlorophyll data for Sites A and B, May2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andrP mget sampled
on this date.
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Figure 88: Lake Samish chlorophyll data for Sites A—D, June2D08. All sites

were sampled at 5 meter depth intervals.
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Figure 89: Lake Samish chlorophyll data for Sites A and B, A8y2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andrP mget sampled
on this date.
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Figure 90: Lake Samish chlorophyll data for Sites A—D, OetoB3, 2008. All

sites were sampled at 5 meter depth intervals.
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Figure 91: Lake Samish chlorophyll data for Sites A-D, Jan@s, 2009. All

sites were sampled at 5 meter depth intervals.
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Figure 92: Lake Samish chlorophyll data for Sites A-D, A@iil 2009. All sites

were sampled at 5 meter depth intervals.
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Figure 93: Lake Samish chlorophyll data for Sites A-D, July2Q09. All sites

were sampled at 5 meter depth intervals.
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Figure 94: Lake Samish chlorophyll data for Sites A—D, Oeto®0, 2009. All

sites were sampled at 5 meter depth intervals.
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Figure 95: Lake Samish chlorophyll data for Sites A and B, aap26, 2010.
Sites A and B were sampled at 5 meter depth intervals; Sitesd@Mawere not
sampled on this date.
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C Lake Samish Monitoring Data

Printed versions of this report include tables of raw lake tmitbutary monitoring
data, edited to show detection limits. Online reports doincdude copies of the
original data, but electronic data files are available froenltstitute for Watershed
Studies. In addition, the IWS web site (http://www.ac.wvdueiws) features
“dynamic” plots of the Lake Samish water quality data anddslzontaining the
most recent results from the lake.
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