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Background Information

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

Lake Samish experiences periodic algal blooms, includlogrbs of potentially

toxic cyanobacteria. The major goal of the monitoring pcbjeas to collect data
that would help identify the causes of the blooms, and posgitovide insight

into how to protect the lake from water quality degradation.

The Lake Samish monitoring project was initiated in June52@0collect water

quality data from the lake and from major tributaries in thre@vshed. This report
describes work done as a continuation of the monitoringegtggtarted in 2005.
Additional information is available in previous summarpoets (Matthews, et al.,
2006; Matthews and Vandersypen, 2007; 2008; 2010).

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

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

in the lake. A full assessment of lake management optionsysid the scope
of this project, but several important observations can beaenconcerning 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 agament options and
factor heavily into the success of any lake managementtefake Samish is
predominantly a shallow, mesotrophic lake. With the exioepof the west arm,
which is unusual in itself, the lake favors the growth of aguplants, whether
they are algae, cyanobacteria, or shoreline vegetatiore rniéan depth in the
east arm is only 9.4 m (Bortleson, et al., 1976), and all ofethst arm sites have
had high chlorophyll concentrations at some point durirggrtfonitoring project.
While the lake is shallow enough to support algal growth digitout the water
column, it is deep enough to stratify in both arms. Becaus#&somesotrophic
state, the hypolimnion in both arms becomes anoxic, relggshosphorus. The
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water column in the west arm may not mix thoroughly duringteir{Figure 3,
page 10), which can result in extended periods of anoxiadrmtfpolimnion that
persist past winter and into the next period of stratifigatibhis has the potential
to release of large amounts of phosphorus into the lake fh@sediments (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 manageofdatke Samish.

A second important feature that affects lake managemeanis lise in the Lake
Samish watershed. The tributary data revealed that these¢asial phosphorus
loading from the watershed. The lakeshore is developed, mostly siitble-
family homes, and the upper watershed is largely devotednesfry and tim-
ber harvesting. A major interstate highway, with heavy krand vehicle traffic,
passes along the eastern side of the lake. Although thedeseactivities are not
necessarily incompatible with recreational use of the,ltik&y are not particularly
desirable in a lake that provides drinking water for lakesiresidents.

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 compreteciagie management
plan.

This list of recommendations was presented in an earlier Lake Samish annual
report by Matthews and Vandersypen (2008); the original text has been updated
to provide continuity.

e Develop an environmental education program to help ressdafithe Lake
Samish watershed understand the water quality issues lakbgand what
can be done at the individual level. While it may be difficdtrheasure
the direct success of public education programs in termsadémquality
improvement, an educated public is more likely to undebstamd support
watershed and lake management actions.
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e Develop strategies for controlling external phosphorasling. 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 rutiaft enters the
lake (e.g., adding retention/detention basins that fatdiinfiltration into
the groundwater). Because of the scale of this task, thesbeWdater Dis-
trict should work with an experienced storm water constlitardevelop a
comprehensive storm water management plan for the watkrshe

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

e Optionally, after external phosphorus loading has beemesddd, develop
strategies for reducing internal phosphorus loading. &laee many lake
management techniques that, given sufficient funding fetaitationand
maintenance, can be used to reduce internal loading. The addition of ehem
icals such as alum will bind with phosphorus, often resgliim years of
reduced algal densities. The effect is temporary, and feappn of the
chemical is required on a periodic basis. Hypolimnetictesaare available
that can maintain sufficient oxygen in the hypolimnion tover& internal
phosphorus loading. Aerators are also available thatleirethe entire wa-
ter column, but in most stratified lakes, this is not a desg&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 andritigtion 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 privieking water
intakes. Finally, the lake is subject to potentially haparsl cyanobacteria
blooms and exposed to potentially hazardous chemicals haating activ-
ities and the nearby highway. These represent an ongoktprisdividuals
drawing domestic drinking water from the lake.
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e Conduct an evaluation of on-site sewage disposal in therupatershed,
and its potential influence on water quality in Lake SamishisTevalua-
tion should be included in the assessment of external ploogphoading
into the lake. On-site sewage disposal may be a minor faotphospho-
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.

¢ Although monitoring priority pollutants is beyond the seagf this project,
Lake Samish was placed on Washington State’s 2004 and 20G8 Q/aal-
ity Assessment 303(d) list due to the high levels of PCBs iortspfish
collected from the lake. The levels of PCBs were high enoogienerate
a “Category 5” listing, which results in placement on the @)3ist. The
lake was listed at Category 2 (“waters of concern”) based ercuory levels
in fish.
High levels of mercury and PCBs have been found in fish tissare many
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. Nesledb, 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 (d&de 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 includgeyly sampling
from June 2007 through October 2010. This effort has suppheed by IWS,
at no additional cost, to provide additional sampling at take sites (Sites A
and B) when resources were available. Water samples waeryeallected from
Barnes Creek, Finney Creek, Friday Creek (outlet), and mweamed tributariés
approximately twice each year (Tables 2—4, pages 28-30).

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

at each site using a Hydrolab field meter. Beginning in Mai@®62 conductivity
and pH profiles were also collected at 1 meter depth intewsilsg the Hydro-
lab field meter. Secchi depth was measured at each site byitane black and
white disk into the water and recording the depth at whicheiswo longer visible
from the lake surface. The field measurement protocols anerguized in Table

1 (page 27).

Surface and bottom water samples were collected at eachkitakand transported
to the laboratory to measure pH, conductivity, phosphaisl(phosphorus and
soluble orthophosphate), nitrogen (total nitrogen, tefirEtrite?, ammonium), tur-
bidity, and alkalinity following the protocols listed in b 1. Separate surface
and bottom water samples were collected to measure fedaédroolcounts; the
coliform samples were delivered on ice to the Samish Watstridoi or to a certi-
fied 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 front@pmately 10-
20% of the depths where fluorescence was measured, and #resaatples were
used to measure chlorophyll biomass (Table 1). A linearaggjon between the

1The unnamed tributaries are listed as Mia Creek and Mud Gretitle results and discussion.
2Nitrate 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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pairedin vivo fluorescence and chlorophyll biomass data was used to déstima
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 wateslsarollected at
approximately 5 meter depth intervals. For more informatdoutin 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 were measured
using a field meter. Water samples were collected at eacanstsée and trans-
ported to the laboratory to measure pH, conductivity, phosps (total phospho-
rus and soluble orthophosphate), nitrogen (total nitrog@nate/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 desanifatile 1.

3Chlorophyll biomass is more commonly used to describe lakghic status than fluorescence,
but fluorescence is easier to measure in the field.



Lake Samish 2011 Report Pager

1 Annotated Figures and Tables

The Lake Samish monitoring project started in June 2005 asddsulted in the
accumulation of more than five years of lake and creek dat& |3ke data are
summarized in a series of annotated figures (Figures 1 —fj@s—22) designed
to show seasonal and annual patterns in the lake. Each figtiueles a descriptive
caption that provides background information as well asief mterpretation of

the Lake Samish results. The creek data are summarized lesTab9 (pages
31-35).

The field hydrolab profiles for all sampling dates are ploitedppendix A, be-
ginning on page 37. Chlorophyit vivo fluorescence profiles and biomass mea-
surements are included in Appendix B, beginning on page &Qv &ata reports
for the current sampling program are included in Appendixf@he printed re-
port; online copies of this report will not contain the rawtalaut electronic data
files are available from the Institute for Watershed Studies

As discussed in the methods section, some lake sites wergleshimmore fre-
guently than others. Sites A and B, in particular, have besanpted more fre-
qguently to provide additional water quality data from theplest sites in the lake’s
east and west arms. As a result, the plots on the followingpagve fewer sam-
ple points for Sites C and D than for Sites A and B.
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Figure 1. Lake Samish tributary and lake sampling sites52Q010 (map pro-
vided by S. Freelan, Institute for Spatial Information amb/ysis, Huxley Col-
lege of the Environment, Western Washington University).
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Figure 2: Surface and bottom water temperatures, June 2006gh October
2010. Temperature profiles show that much of the lake isifsdirom spring
through early fall (see Appendix A). Only Site D, which is yehallow, remains
thermally unstratified throughout the year. During stredifion the warmer upper
portion of the water columrefilimnion) 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 girdbctober 2010.
The primary source of dissolved oxygen is the atmosphergalAihotosynthe-
sis is a source of oxygen during the day, but algae consumgeoxgt night for

respiration, so the net oxygen gain is minimal. All of theasfired sites in Lake
Samish experience oxygen depletion in the hypolimnionctvig usually caused
by bacteria decomposing organic matter (e.g., dead algaé, firagments, and
other organic debris). When the lake destratifies, oxygeresihroughout the
water column, so the winter oxygen concentrations are airfok the surface and
bottom samples at Sites B-D. Site A exhibits intermittentomexis (Matthews

and Vandersypen, 2008), where the water column does noysiwe completely

during the winter.
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Figure 4: Alkalinity concentrations, June 2005 throughabetr 2010. Alkalinity,
pH, and specific conductance (conductivity) are relatedinfase 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 samplaeng 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 analydisme 2005 through
October 2010. Alkalinity, pH, and specific conductance ¢tantivity) are related
in surface waters. The pH in water is determined by the cdanaton of H" ions.
During photosynthesis, algae remove dissolved, @@m the water, which can
temporarily raise pH by reducing the concentration of dis=t 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), J@@85 through October
2010. Alkalinity, pH, and specific conductance (condutyivare related in sur-
face waters. Conductivity is determined by the types and.enrtaf dissolved ions
in the water. The soil type and land use in the watershed imfleithe amount of
dissolved ions entering the lake from runoff and groundwadlogical 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 stratifiates with low
oxygen concentrations near the sediments.
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Figure 7: Total phosphorus concentrations, June 2005 giw@ctober 2010 (hor-
izontal red line = detection limit of mg-P/L). Total phosphorus includes organic
phosphorus (phosphorus associated with algae and othi) lzind dissolved
phosphorus (primarily soluble orthophosphate). Phosghis an important nu-
trient for algae and is usually the nutrient that limits th@oant of algae in a lake.
Phosphorus is released from anaerobic sediments, so tloerbeamples at Sites
A and B often contained high concentrations of total andlsdelphosphorus (see
Figure 8). Although median total phosphorus concentratiware fairly low at
each site (10-12g-P/L), the bottom concentrations often exceeded@®/L.
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Figure 8: Soluble orthophosphate concentrations, Jun& #@@ugh October

2010 (horizontal red line = detection limit of 83-P/L). Soluble orthophosphate
is the soluble inorganic portion of total phosphorus. Skdyihosphate concen-
trations are often low in the water column, even when algalceatration are

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

and other microbiota. Soluble phosphate is released framerabic sediments,
which accounts for the high concentrations occasionallgsueed in the bottom

samples. The atypical surface sample outlier (587P/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 throDgtober 2010. To-
tal nitrogen represents the combined concentrations @mecgitrogen (nitrogen
associated with algae and other biota) and dissolved inargatrogen (DIN =
nitrate + nitrite + ammonium). In Lake Samish, about twodhkiof the total ni-
trogen was inorganicaferage % = 68%). Algae use inorganic nitrogen for
growth, so it is common to see depletion of total nitrogen B during the
summer in samples collected aLl0 meters. (Photosynthesis is usually limited
by insufficient light in deeper samples.) Nitrogen rarefyits total algal growth
because cyanobacteria can convert dissolved nitrogerNgagfo inorganic ni-
trogen. Low concentrations of inorganic nitrogen, howewalt limit the growth
of certain types of algae and favor the growth of cyanobaxcter
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Figure 10: Nitrate/nitrite data, June 2005 through Oct&@0 (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 ntagomponent of dissolved
inorganic nitrogen (DIN), the primary nitrogen source ftgad growth. In Lake
Samish, most DIN was in the form of nitrate/nitritevrage 22 = 84%).
The Lake Samish nitrate/nitrite concentrations were deglen both the surface
and bottom samples during the summer, but for differentaes®sThe depletion
in samples<10 meters was due to algal uptake; the depletion in deepgrleam
(bottom samples at Sites A and B) was due to nitrate redubffaanaerobic bac-

teria that use nitrate (and nitrite) as an alternative taexy
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Figure 11: Lake Samish ammonium data, June 2005 throughb@cf®10 (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 sureaters comes
from decomposition of organic matter or is excreted by afsma aerobic water,

ammonium is rapidly converted into nitrite and nitrate bygtieaia or lost through

volitization. When oxygen concentrations are low, howetlese bacteria are in-
active, so ammonium can build up, especially in the hypoiannin Lake Samish,

ammonium concentrations were low except in bottom samplesgl periods of

stratification at sites that developed anoxia in the hypoilan. 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 Oc-
tober 2010. Chlorophyll is the primary photosynthetic pegrnin algal cells and
is generally the best indicator of the amount of algae pteselakes. In Lake
Samish, as in most lakes, chlorophyll levels were usuallydaring the winter,
with peaks in the spring and summer coinciding with springisier 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: Secchi depths, June 2005 through October 201échBéepth is an
indicator of lake transparency and is defined as the deptthathva black and
white disk is no longer visible from the lake surface. Seatdpth determines
the approximate depth of thahotic zone, where light conditions favor photosyn-
thesis. Lake Samish Secchi depths were usually 4-6 metergafe = 4.3 m),
consistent with peak chlorophyll concentrations, but fioy particular sampling
date, the relationship between Secchi depth and chlorbplagl weak. This in-
dicates that inorganic and non-algal sediments contrifautiee cloudiness of the
water column.
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Figure 14: Turbidity data, June 2005 through October 2010bidity is a mea-
sure of the suspended particles in water, which includeegligarganic particles,
and non-living organic matter. When most of the suspendéttfes in the water
column are algae, chlorophyll concentrations are closalbted to Secchi depth
and turbidity. If non-algal particles are abundant, thattehship between Secchi
depth and turbidity is still good, but neither are closebated to chlorophyll. Tur-
bidity levels in the lake did not show typical near-surfaogenser peaks. Instead,
the turbidity peaks were related to suspended particldseifmypolimnion.
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Figure 15: Fecal coliform data, June 2005 through Octob&02Becal coliforms
are normally found in the intestinal tract and feces of watooted animals, so
their presence in water samples can be used to detect sewégemabcontami-

nation. Most types of fecal coliforms are not pathogenid,ibtecal coliforms

are present, other potentially harmful pathogens may aspresent. The fecal
coliform counts in Lake Samish were low, with only two sanspéxceeding 10
cfu/100 mL (cfu=colony-forming unit). If there are concerabout swimming
beaches or drinking water safety, however, additional $asrghould be collected
following the protocols described by the Washington Adsiirgitive Code Section
173-201A, which deals with coliform standards in recreaiovaters.
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Figure 16: Median TS}, values at Site A, June 2005 through October 2010. Carl-
son’s Trophic State Index (TgJ; Carlson and Simpson, 1966) is a simple way to
classify lakes based on biological productivity using cbfhyll measurements.
The shaded rectangles show summer months (July-Octob@dh\are often de-
scribed as having higher TSIs compared to the rest of the Yé& is not always
true for Lake Samish. Most of the Site A values fell betweendhgotrophic and
mesotrophic ranges, indicating that this site had lowealatgncentrations and
would be less likely to experience algal blooms than othetiquas of the lake.
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Figure 17: Median Lake Samish T.glvalues at Site B, June 2005 through Oc-

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

tober 2010; the shaded rectangles show summer monthsQ@aubper). The TSI
values at Site B were higher than Site A, and most were nedetet that in-
dicates a mesotrophic or moderately productive lake. $td3, located in the
shallower arm of Lake Samish, are more likely to experierigaldlooms than

Site A.
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Figure 18: Median Lake Samish T.glvalues at Site C, June 2005 through Oc-

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

tober 2010; the shaded rectangles show summer monthsQ@aubper). The TSI
values at Site C were higher than Site A, and some of the valees in the eu-
trophic range, indicating high levels of algal productviSites B-D, located in
the shallower arm of Lake Samish, are more likely to expeeealgal blooms

than Site A.
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Figure 19: Median Lake Samish T.glvalues at Site D, June 2005 through Oc-
tober 2010; the shaded rectangles show summer monthsQ@aubper). The TSI
values at Site D were higher than Site A, and some of the valees in the eu-
trophic range, indicating high levels of algal productviSites B-D, located in
the shallower arm of Lake Samish, are more likely to expeeealgal blooms
than Site A.
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Detection Limit/

Analyte Abbr. Method Reference (APHA 2005) Sensitivity
Alkalinity Alk SM2320, titration +0.5 mg CaCQ/L
Chlorophyll - field Chl Turner fluorometer (field meter) NA
Chlorophyll - lab Chl SM10200 H, acetone extraction +0.1ug/L
Conductivity - field/lab ~ Sp. Cond SM2510, lab or field meter +0.1 units
Dissolved oxygen - field DO SM4500-0 G.,membrane electréidkl (meter) +0.1 mg/L
Dissolved oxygen-lab DO SM4500-0 C., Winkler, azide +0.1 mg/L
Fecal coliforms FC SM9221 E , MPN* <2

Nitrogen - ammonium Nk SM4500-NH3 H., flow inject, phenate 1y NHs-N/L
Nitrogen - nitrate/nitrite = N@ SM4500-NO3 I., flow inject, Cd reduction 18y NOs-N/L
Nitrogen - total TN SM4500-NO3 I., flow inject, persulfateydst 10ug N/L

pH - field/lab pH SM4500-H, electometric lab or field meter +0.1 units
Phosphorus - soluble Sol P SM4500-P G., flow inject 1g3PO,-P/L
Phosphorus - total TP SM4500-P G., flow inject, persulfagesti 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 Analyti8@ 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 Parametefs 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 msfil

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

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 fllps

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. d¢pth
September 13, 2007 all field/lab analyses (no coliforms) barhass (misc. depths)
December 20, 2007  all field/lab analyses chl biomass (5 mvialt®)
March 25, 2008 all field/lab analyses chl biomass (5 m intsjva
June 10, 2008 all field/lab analyses chl biomass (5 m intgyval
January 25, 2009 all field/lab analyses chl biomass (5 mvalgxr
April 27, 2009 all field/lab analyses chl biomass (5 m intésya
July 1, 2009 all field/lab analyses chl biomass (5 m intejvals
October 20, 2009 all field/lab analyses chl biomass (5 mvatey
February 17, 2010 all field/lab analyses chl biomass (5 nmiats)
April 22, 2010 all field/lab analyses chl biomass (5 m intésya
July 15, 2010 all field/lab analyses chl biomass (5 m intsjval
October 19, 2010 all field/lab analyses chl biomass (5 mvatey

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

Table 2: Lake Samish contract sampling dates for Sites A-abI€er3 lists supple-
mental (no-cost) lake sampling dates and Table 4 liststaigisampling dates.
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Measured Chlorophyll

Date Parametefs Measurements

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

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

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

January 30, 2007 all field/lab analyses (no coliforms)  chfifgs

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) dbihiass (5 m intervals)
January 29, 2008 all field/lab analyses (no coliforms) chiass (5 m intervals)
April 21, 2008 all field/lab analyses (no coliforms) chl biass (5 m intervals)
May 15, 2008 all field/lab analyses (no coliforms) chl biomésm intervals)
July 22, 2008 all field/lab analyses (no coliforms) chl bieséb m intervals)
October 23, 2008 all field/lab analyses chl biomass (5 mvatey
January 26, 2010 all field/lab analyses (no coliforms) chiiass (5 m intervals)

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

Table 3: Lake Samish supplemental (no-cost) lake samphbitgsdor Sites A—B.
Table 2 lists contract sampling dates when all four sited))Awere sampled and
Table 4 lists tributary sampling dates.
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Measured
Date Parametefs 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, FinnegayriMia, Mud
July 16, 2007 all field/lab analyses Barnes, Finney, Frifidia dry), Mud
March 17, 2008 all field/lab analyses Barnes, Finney, Frit¥ag, Mud
February 18,2009  all field/lab analyses Barnes, FinnegalyriMia, Mud
July 13, 2009 all field/lab analyses Barnes, Finney, Frit¥ag, Mud
February 18,2010  all field/lab analyses Barnes, FinnegayriMia, Mud
July 16, 2010 all field/lab analyses Barnes, Finney, Fritvag, 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 supplerhdatas when Sites
A-B were sampled.
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2005 2005 2007 2008 2009 2009 2010 2010
Jull5 Nov10 Jull6 Marl7 Feb18 Jull3 Feb18 Jullé6

Alkalinity (mg/L) 52.0 375 59.7 40.0 52.0 55.9 45.5 58.1
Conductivity @S/cm) 128.7 103.4 139.7 102.6 127.1 103.8 112.8 1375
Dissolved oxygen (mg/L) 10.2 14.7 10.0 12.5 12.2 10.5 129 .310

Nitrogen - ammoniumg(g-N/L) 17.1 <10 <10 10.0 <10 19.7 13.2 10.5
Nitrogen - nitrate/nitrite 4g-N/L) 916 1518 678 767 677 619 572 496

Nitrogen - total {:g-N/L) 1083 1670 757 882 776 772 656 629
pH 7.2 7.5 7.3 7.6 7.7 7.7 7.7 7.7
Phosphorus - soluble:g-P/L) 26.9 9.0 24.3 11.6 12.7 16.3 11.9 19.0
Phosphorus - tota}{g-P/L) 46.0 15.1 18.0 17.1 13.4 24.8 35.2 23.8
Temperature (C) 12.5 9.0 12.9 6.0 5.9 12.8 6.5 12.3
Turbidity (NTU) 4.6 2.7 1.2 2.7 0.6 11 1.6 1.8
Fecal coliforms (cfu/100 mL) 23 23 240 4 <2 130 <2 50

Data Summary - All Sites
Minimum Median Mean Maximum

Alkalinity (mg/L) 12.2 21.8 29.5 59.7
Conductivity («S/cm) 60.0 86.0 111.3 399.0
Dissolved oxygen (mg/L) 4.0 10.5 10.6 14.7
Nitrogen - ammoniumg(g-N/L) <10 10.0 16.3 108.6
Nitrogen - nitrate/nitrite g£g-N/L) <10 572 692 1944
Nitrogen - total (1g-N/L) 323 719 868 2308
pH 6.1 7.2 7.2 7.7
Phosphorus - soluble:g-P/L) <3 8.2 10.8 35.3
Phosphorus - tota}{g-P/L) 5.4 171 18.7 49.8
Temperature (C) 4.3 10.7 10.7 21.9
Turbidity (NTU) 0.3 14 2.0 11.9
Fecal coliforms (cfu/100 mL) <2 23 116 1600

Table 5: Water quality data from Barnes Creek compared tavsany data from
all sites. Barnes Creek is one of the major tributaries irdkd_Samish. This site
had slightly higher alkalinities, conductivities, and palwes compared to the all-
site median, indicating that the water contains more digsbtompounds. The
nitrogen and phosphous concentrations were variable, bst values were close
to the all-site medians. All but two of the Barnes Creek oot counts in Barnes
Creek were<50 cfu/100 mL.
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2005 2005 2007 2008 2009 2009 2010 2010

Jul15 Nov10 Jull6 Marl7 Feb18 Jull3 Feb18 Jull6
Alkalinity (mg/L) 28.0 12.2 41.4 16.2 21.8 42.1 17.1 37.4
Conductivity («S/cm) 149.8 752 399 92.9 140 260 86 246
Dissolved oxygen (mg/L) 9.7 14.6 8.8 12.7 12.9 9.5 13.5 9.5
Nitrogen - ammoniumg(g-N/L) 11.7 <10 24.2 <10 <10 16.0 <10 <10
Nitrogen - nitrate/nitrite fg-N/L) 622 1860 435 1089 782 455 633 326
Nitrogen - total {:g-N/L) 748 2062 586 1197 948 652 719 436
pH 7.1 7.2 7.2 7.3 7.3 7.6 7.6 7.6
Phosphorus - soluble:g-P/L) 35.3 5.7 21.4 7.2 7.5 11.2 6.5 15.1
Phosphorus - totaj{g-P/L) 33.1 15.1 9.8 13.2 12.8 20.9 13.2 19.7
Temperature (C) 13.5 9.2 16.2 5.6 4.6 14.5 5.7 14.2
Turbidity (NTU) 0.8 3.0 0.3 3.9 15 0.8 2.3 0.8
Fecal coliforms (cfu/100 mL) 23 130 170 52 12 1600 6 130

TUnusual result - soluble phosphate higher than total prarsishresults verified.

Data Summary - All Sites

Minimum Median Mean Maximum

Alkalinity (mg/L) 12.2 21.8 29.5 59.7
Conductivity («S/cm) 60.0 86.0 111.3 399.0
Dissolved oxygen (mg/L) 4.0 10.5 10.6 14.7
Nitrogen - ammoniumg(g-N/L) <10 10.0 16.3 108.6
Nitrogen - nitrate/nitrite £g-N/L) <10 572 692 1944
Nitrogen - total {1g-N/L) 323 719 868 2308
pH 6.1 7.2 7.2 7.7
Phosphorus - soluble:g-P/L) <3 8.2 10.8 35.3
Phosphorus - tota}{g-P/L) 5.4 17.1 18.7 49.8
Temperature (C) 4.3 10.7 10.7 21.9
Turbidity (NTU) 0.3 1.4 2.0 11.9
Fecal coliforms (cfu/100 mL) <2 23 116 1600

Table 6: Water quality data from Finney Creek compared torsang data from

all sites. Finney Creek is one of the major tributaries inaké. Samish. This
site had highly variable results, with most parametersirangrom well below

to well above the all-site medians. Soluble phosphate,Xample, ranged from
5.7 ng-P/L to 35.3ug-P/L (maximum value recorded for all sites). Similarlygth
coliform count ranged from 6 cfu/100 mL to 16000 cfu/100 mhagddive of the
samples had counts50 cfu/100 mL. The variability suggests that there may be
some sort of intermittent watershed disturbance upstream the sample site.
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2005 2005 2007 2008 2009 2009 2010 2010
Jul1l5 Nov10 Jull6 Marl7 Feb18 Jull3 Feb18 Jull6

Alkalinity (mg/L) 31.8 18.0 NA 32.0 32.7 NA NA 52.1
Conductivity (S/cm) 82.7 73.9 NA 131.8 1554 NA NA 1245
Dissolved oxygen (mg/L) 9.1 13.6 NA 10.9 11.4 NA NA 9.8

Nitrogen - ammoniumg(g-N/L) 14.5 9.6 NA 13.2 36.1 NA NA <10
Nitrogen - nitrate/nitrite 4g-N/L) 293 1666 NA 534 1944 NA NA 405

Nitrogen - total (1g-N/L) 478 1891 NA 801 2236 NA NA 552
pH 6.7 7.1 NA 7.0 7.3 NA NA 7.1
Phosphorus - soluble:g-P/L) 30.9 10.3 NA 5.7 9.4 NA NA 15.5
Phosphorus - totaldg-P/L) 49.8 21.2 NA 20.5 12.8 NA NA 19.4
Temperature (C) 13.4 9.2 NA 6.5 5.7 NA NA 12.5
Turbidity (NTU) 25 1.9 NA 11.9 1.2 NA NA 0.8
Fecal coliforms (cfu/100 mL) 23 23 NA 104 <2 NA NA 130

Data Summary - All Sites
Minimum Median Mean Maximum

Alkalinity (mg/L) 12.2 21.8 29.5 59.7
Conductivity («S/cm) 60.0 86.0 111.3 399.0
Dissolved oxygen (mg/L) 4.0 10.5 10.6 14.7
Nitrogen - ammoniumg(g-N/L) <10 10.0 16.3 108.6
Nitrogen - nitrate/nitrite £g-N/L) <10 572 692 1944
Nitrogen - total {1g-N/L) 323 719 868 2308
pH 6.1 7.2 7.2 7.7
Phosphorus - soluble:g-P/L) <3 8.2 10.8 35.3
Phosphorus - tota}{g-P/L) 5.4 17.1 18.7 49.8
Temperature (C) 4.3 10.7 10.7 21.9
Turbidity (NTU) 0.3 14 2.0 11.9
Fecal coliforms (cfu/100 mL) <2 23 116 1600

Table 7: Water quality data from Mia Creek compared to sungrdata from all
sites. Mia Creek is a small unnamed tributary to Lake Saniikk.flow at the site

is often too low to sample, resulting in missing values on tlae. When flowing,
Mia Creek has fairly typical water quality. The coliforms mge-50 cfu/100 mL
on two sampling dates and50 cfu/100 mL on three sampling dates, so it is
difficult to tell whether there is consistent contaminatatrthis site.
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2005 2005 2007 2008 2009 2009 2010
Jul15 Nov10 Jull6 Marl7 Feb18 Jull3 Feb18 Jull6

2010

Alkalinity (mg/L) 24.7 15.9 19.2 15.1 16.1 19.8 17.9
Conductivity @S/cm) 94.2 74.8 83.8 67 71.2 72.8 68.4
Dissolved oxygen (mg/L) 8.3 14.6 9.1 12.5 12.7 8.6 13.3

Nitrogen - ammoniumg(g-N/L) <10 108.6 31.7 <10 <10 256 <1

0

Nitrogen - nitrate/nitrite 4g-N/L) 474 1902 465 1211 920 625 738

Nitrogen - total f1g-N/L) 582 2308 551 1328 1057 781 840
pH 6.3 7.1 6.4 7.1 7.1 6.7 7.1
Phosphorus - soluble:g-P/L) 15.5 8.7 8.2 7.2 8.1 4.6 5.9
Phosphorus - tota}{g-P/L) 20.2 18.6 11.7 9.1 8.8 9.1 23.1
Temperature (C) 12.9 8.5 13.5 5.9 4.3 12.8 5.8
Turbidity (NTU) 0.8 0.9 1.1 1.4 0.6 0.4 1.4
Fecal coliforms (cfu/100 mL) 23 13 23 4 <2 130 10

21.3
81.1
9.0
<10
462
594
7.0
7.9
14.5
12.2
1.4
130

Data Summary - All Sites
Minimum Median Mean Maximum

Alkalinity (mg/L) 12.2 21.8 29.5 59.7
Conductivity («S/cm) 60.0 86.0 111.3 399.0
Dissolved oxygen (mg/L) 4.0 10.5 10.6 14.7
Nitrogen - ammoniumg(g-N/L) <10 10.0 16.3 108.6
Nitrogen - nitrate/nitrite £g-N/L) <10 572 692 1944
Nitrogen - total (1g-N/L) 323 719 868 2308
pH 6.1 7.2 7.2 7.7
Phosphorus - soluble:g-P/L) <3 8.2 10.8 35.3
Phosphorus - tota}{g-P/L) 5.4 171 18.7 49.8
Temperature (C) 4.3 10.7 10.7 21.9
Turbidity (NTU) 0.3 1.4 2.0 11.9
Fecal coliforms (cfu/100 mL) <2 23 116 1600

Table 8: Water quality data from Mud Creek compared to surgrdata from all
sites. Mud Creek is an unnamed tributary to Lake Samish witficgent flow to
sample on all dates. The site often has very high total réincand nitrate/nitrite
concentrations. The low coliform counts (usua0 cfu/100 mL), low ammo-
nium concentrations, and average phosphorus concemisatimgest that the high
nitrogen was not necessarily from upstream contaminati@ould instead come
from upstream AldersAlnus rubra), which form a relationship with soil micro-
biota that can contribute large amounts of soluble nitrdgemnadjacent streams.
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2005 2005 2007 2008 2009 2009 2010 2010
Jull5 Nov10 Jull6 Marl7 Feb18 Jull3 Feb18 Jull6
Alkalinity (mg/L) 21.3 19.7 19.7 17.6 17.9 20.1 23.4 194
Conductivity («S/cm) 69.4 68.4 66.5 66.4 68.8 60 67.3 66.9
Dissolved oxygen (mg/L) 4.0 8.5 4.8 12.4 11.7 4.3 12.4 6.7
Nitrogen - ammoniumg(g-N/L) 40.6 28 23.0 9.2 9.3 21.1 <10 24.3
Nitrogen - nitrate/nitrite £g-N/L) 10 188 88 424 466 92 253 <10
Nitrogen - total (1g-N/L) 362 410 358 590 664 420 416 323
pH 6.1 7.2 6.4 7.3 7.3 6.8 7.4 6.9
Phosphorus - soluble:g-P/L) <3 <3 7.8 <3 3.5 <3 <3 <3
Phosphorus - tota){g-P/L) 25.9 9.6 13.8 5.4 10.4 14.9 24.1 17.9
Temperature (C) 20.5 10.7 21.9 6.4 5.7 19.5 7.7 20.2
Turbidity (NTU) 3.7 0.9 1.4 15 1.9 1.8 1.3 4.3
Fecal coliforms (cfu/100 mL) 130 8 80 8 500 300 4 50
Data Summary - All Sites
Minimum Median Mean Maximum
Alkalinity (mg/L) 12.2 21.8 29.5 59.7
Conductivity (+S/cm) 60.0 86.0 111.3 399.0
Dissolved oxygen (mg/L) 4.0 10.5 10.6 14.7
Nitrogen - ammoniumg(g-N/L) <10 10.0 16.3 108.6
Nitrogen - nitrate/nitrite £g-N/L) <10 572 692 1944
Nitrogen - total (1g-N/L) 323 719 868 2308
pH 6.1 7.2 7.2 7.7
Phosphorus - soluble:g-P/L) <3 8.2 10.8 35.3
Phosphorus - tota}{g-P/L) 5.4 171 18.7 49.8
Temperature (C) 4.3 10.7 10.7 21.9
Turbidity (NTU) 0.3 14 2.0 11.9
Fecal coliforms (cfu/100 mL) <2 23 116 1600

Table 9: Water quality data from Friday Creek (outlet) conepldo summary data
from all sites. Lake outlets have very different water giyaiompared to tributary
creeks, with the outlet usually resembling lake water dquallhis was very ap-
parent in Friday Creek. The soluble phosphorus and nitri&tiéé concentrations
were very low, reflecting uptake of these essential algalenis in Lake Samish.
The alkalinity, conductivity, and turbidity values wereMer and more consistent
than at other sites, reflecting the moderating effect of Ls&mish. The coliform
concentrations were 50 cfu/100 mL on five sampling dates, which is somewhat
unusual for lake outlets. (Fecal coliforms generally do suotvive long outside
their host, so they are not usually high unless there is eogesource.) The col-
iform counts at Site D in Lake Samish were €20 cfu/100 mL (Figure 15, page
22), so the coliforms may be coming from some source nearutieto
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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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Water Temperature — July 2005
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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.



Lake Samish 2011 Report Paged0
Water Temperature — August 2005 Dissolved Oxygen — August 2005
o - o -
o _| o ]
- -
€ E
g ®7 £ ]
O [
o —e— Site A o —e— Site A
o | ) o _| )
[32] —— Site B (] —— Site B
Site C Site C
o _| —#- SiteD o _| —#- SiteD
< <
T T T T T T T T T
5 10 15 20 25 0 5 10 15
Temp (C) DO (mg/L)
Lake pH — August 2005 Specific Conductivity — August 2005
o o -
No Hydrolab data No Hydrolab data
o _| o ]
- -
E E
= o _] = o _|
a o a o
[ [
a —e— Site A o —e— Site A
o _ . o _| .
[57] —— Site B ™ —— Site B
Site C Site C
o - SiteD o -~ SiteD
< <
T T T T T T T T T T T T
6 7 8 9 10 50 55 60 65 70 75 80
pH Cond (uS/cm)

Figure 22: Lake Samish Hydrolab profiles for Sites A-D, Aud 2005. Field

pH and conductivity data were not collected on this date.
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Water Temperature — September 2005
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Figure 23: Lake Samish Hydrolab profiles for Sites A—D, Seyiiter 20, 2005.
Field pH and conductivity data were not collected on thigdat
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Water Temperature — October 2005 Dissolved Oxygen — October 2005
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Figure 24: Lake Samish Hydrolab profiles for Sites A-D, Oetdls, 2005. Field
pH and conductivity data were not collected on this date.



Lake Samish 2011 Report

Water Temperature — November 2005
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Figure 25: Lake Samish Hydrolab profiles for Sites A-D, Notkem20, 2005.

Field pH and conductivity data were not collected on thigdat
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Water Temperature — January 2006
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Figure 26: Lake Samish Hydrolab profiles for Sites A-D, Janp@a, 2006. Field
pH and conductivity data were not collected on this date.
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Water Temperature — February 2006
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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, Matéh2006.
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Figure 29: Lake Samish Hydrolab profiles for Sites A-D, A@B| 2006.
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Figure 30: Lake Samish Hydrolab profiles for Sites A-D, May 2006.
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Water Temperature — June 2006 Dissolved Oxygen — June 2006
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Figure 31: Lake Samish Hydrolab profiles for Sites A—D, Jube2D06.
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Figure 32: Lake Samish Hydrolab profiles for Sites A-D, Jily 2006.



Lake Samish 2011 Report Pagesl

Water Temperature — August 2006 Dissolved Oxygen — August 2006
o - o
o _| o ]
- -
€ E
£ 81 £ 81
O [
[a] (]
o _| o
5} ™
—e— Site A —e— Site A
o _| —— Site B o _| —— Site B
< <
T T T T T T T T T
5 10 15 20 25 0 5 10 15
Temp (C) DO (mg/L)
Lake pH — August 2006 Specific Conductivity — August 2006
o . o s
o _| o ]
- -
E E
= o _] = o _|
a o a o
[ [
a o
o | o _|
™ ™
—o— Site A —o— Site A
o —— SiteB o —— SiteB
< <
T T T T T T T T T T T T
6 7 8 9 10 50 55 60 65 70 75 80
pH Cond (uS/cm)

Figure 33: Lake Samish Hydrolab profiles for Sites A and B, éatg?4, 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 tSmber 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,aDet 22, 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, d»eloer 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 Buday 30, 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,rkaty 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, éha29, 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,il&3%, 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, M4y2007. Sites
C and D were not sampled on this date.
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Figure 42: Lake Samish Hydrolab profiles for Sites A-D, Juhe?D07.
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Figure 43: Lake Samish Hydrolab profiles for Sites A-D, Seqtiter 13, 2007.
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Figure 44: Lake Samish Hydrolab profiles for Sites A and B, &uaber 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, Delsen?0, 2007.
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Figure 46: Lake Samish Hydrolab profiles for Sites A and Buday 29, 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, Ma2&h2008.
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Figure 48: Lake Samish Hydrolab profiles for Sites A and B,il&ik, 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, Nl&y2008. Sites
C and D were not sampled on this date.
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Figure 50: Lake Samish Hydrolab profiles for Sites A-D, June2D08.
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Figure 51: Lake Samish Hydrolab profiles for Sites A and By 22, 2008. 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,aDet 23, 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, Jan@a, 20009.
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Figure 54: Lake Samish Hydrolab profiles for Sites A—D, Agiil 2009.
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Figure 55: Lake Samish Hydrolab profiles for Sites A-D, Jyl2009.
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Figure 56: Lake Samish Hydrolab profiles for Sites A—D, Oeta20, 2009.
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Figure 57: Lake Samish Hydrolab profiles for Sites A and Buday 26, 2010.
Sites C and D were not sampled on this date.
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Figure 58: Lake Samish Hydrolab profiles for Sites A-D, Fabyul7, 2010.
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Figure 59: Lake Samish Hydrolab profiles for Sites A-D, Agél 2010.
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Figure 60: Lake Samish Hydrolab profiles for Sites A-D, Jully2010.
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Figure 61: Lake Samish Hydrolab profiles for Sites A—D, Oetol®, 2010.



Lake Samish 2011 Report PageB0

B Lake Samish Chlorophyll Profiles



Lake Samish 2011 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 (ug/L)

June 2005 - Site C

No Profile Data

—O- Estimated

Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

Depth (m)

Depth (m)

15 10

20

10

PageBl

June 2005 - Site B

- Estimated
-5~ Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

June 2005 - Site D

—&- Estimated
—E- Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

Figure 62: Lake Samish chlorophyll data for Sites A—D, Jube?005.
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Figure 63: Lake Samish chlorophyll data for Sites A—D, July 2005.
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Figure 64: Lake Samish chlorophyll data for Sites A—D, Audi& 2005.
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Figure 65: Lake Samish chlorophyll data for Sites A and B tSaber 20, 2005.
Data from Sites C and D have been omitted due to equipmentuntion.
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Figure 66: Lake Samish chlorophyll data for Sites A and B,dDet 16, 2005.
Data from Sites C and D have been omitted due to equipmentuntion.
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Figure 67: Lake Samish chlorophyll data for Sites A—D, Noten20, 2005.
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Figure 68: Lake Samish chlorophyll data for Sites A-D, Jan@a, 2006.
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Figure 69: Lake Samish chlorophyll data for Sites A—D, Faby26, 2006.
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Figure 70: Lake Samish chlorophyll data for Sites A—D, Matéh2006.
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Figure 71: Lake Samish chlorophyll data for Sites A—D, Agal 2006.
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Figure 72: Lake Samish chlorophyll data for Sites A—D, May 2006.
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Figure 73: Lake Samish chlorophyll data for Sites A—D, Jube2D06.
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Figure 74: Lake Samish chlorophyll data for Sites A—D, Ji8y 2006.
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Figure 75: Lake Samish chlorophyll data for Sites A and B, éatg?4, 2006.
Sites C and D were not sampled on this date.
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Figure 76: Lake Samish chlorophyll data for Sites A and BtSmaber 18, 2006.
Sites A and B had two measured water column samples; Sitesl © avere not
sampled on this date.
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Figure 77: Lake Samish chlorophyll data for Sites A and B,dDet 22, 2006.

Sites C and D were not sampled on this date.
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Figure 78: Lake Samish chlorophyll data for Sites A and B, é»aloer 18, 2006.

Sites C and D were not sampled on this date.
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Figure 79: Lake Samish chlorophyll data for Sites A and Buday 30, 2007.

Sites C and D were not sampled on this date.
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Figure 80: Lake Samish chlorophyll data for Sites A and B,rkaty 27, 2007.
Sites C and D were not sampled on this date.
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Figure 81: Lake Samish chlorophyll data for Sites A and B, 8&9, 2007. Sites
C and D were not sampled on this date.



Lake Samish 2011 Report

Depth (m)

Depth (m)

Figure 82: Lake Samish chlorophyll data for April 24, 2008 @hlorophyll data

10

20

30

40

15 10

20

April 2007 - Site A

No Profile Data

— Estimated
-8~ Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

April 2007 - Site C

No Profile Data

—O- Estimated

Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

Depth (m)

Depth (m)

15 10

20

10

PagelOl

April 2007 - Site B

No Profile Data

- Estimated
-5~ Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

April 2007 - Site D

No Profile Data

—&- Estimated
—E- Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

were collected; the plot is included for information only).
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Figure 83: Lake Samish chlorophyll data for Site B, May 24)20Sites C and D
were not sampled on this date and only two samples were tadlet Site A.
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Figure 84: Lake Samish chlorophyll data for Sites A—D, Juhe?D07.
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Figure 85: Lake Samish chlorophyll data for Sites A—D, Segtter 13,2007.
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Figure 86: Lake Samish chlorophyll data for Sites A and B, &fber 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 87: Lake Samish chlorophyll data for Sites A-D, Delsen?0, 2007. All
sites were sampled at 5 meter depth intervals.
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Figure 88: Lake Samish chlorophyll data for Sites A and Buday 29, 2008.
Sites A and B were sampled at 5 meter depth intervals; Sitesd@Mawere not
sampled on this date.
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Figure 89: Lake Samish chlorophyll data for Sites A—D, Ma&8h2008. All sites

were sampled at 5 meter depth intervals.
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Figure 90: Lake Samish chlorophyll data for Sites A and B,ilAit, 2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andr® mat sampled
on this date.
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Figure 91: Lake Samish chlorophyll data for Sites A and B, M&y2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andr® mat sampled
on this date.
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Figure 92: Lake Samish chlorophyll data for Sites A—-D, Jude2D08. All sites
were sampled at 5 meter depth intervals.
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Figure 93: Lake Samish chlorophyll data for Sites A and By 22, 2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andr® mat sampled
on this date.
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Figure 94: Lake Samish chlorophyll data for Sites A and B,dDet 23, 2008.
Sites A and B were sampled at 5 meter depth intervals; Sitesd@Mawere not
sampled on this date.
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Figure 95: Lake Samish chlorophyll data for Sites A-D, Jan@®, 2009. All
sites were sampled at 5 meter depth intervals.
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Figure 96: Lake Samish chlorophyll data for Sites A—D, A@idl 2009. All sites

were sampled at 5 meter depth intervals.
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Figure 97: Lake Samish chlorophyll data for Sites A-D, July2Q09. All sites
were sampled at 5 meter depth intervals.
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Figure 98: Lake Samish chlorophyll data for Sites A—D, Oetop0, 2009. All
sites were sampled at 5 meter depth intervals.
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Figure 99: Lake Samish chlorophyll data for Sites A-D, Feabyul7, 2010. All
sites were sampled at 5 meter depth intervals.
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Figure 100: Lake Samish chlorophyll data for Sites A—D, Ap2i, 2010. All sites

were sampled at 5 meter depth intervals.
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Figure 101: Lake Samish chlorophyll data for Sites A-D, Jully2010. All sites

were sampled at 5 meter depth intervals.



Lake Samish 2011 Report

Depth (m)

Depth (m)

10

20

30

40

15 10

20

October 2010 - Site A

— Estimated
-8~ Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

October 2010 - Site C

—O- Estimated

Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

Depth (m)

Depth (m)

15 10

20

10

Pagel?21l

October 2010 - Site B

- Estimated
-5~ Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

October 2010 - Site D

—&- Estimated
—E- Measured

T T T
5 10 15

Chlorophyll Biomass (ug/L)

Figure 102: Lake Samish chlorophyll data for Sites A and BtoBer 19, 2010.
All sites were sampled at 5 meter depth intervals.
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C Lake Samish Monitoring Data

This appendix includes the lake data from 2005 through theentisampling year,
edited to show detection limits and updated to include cbioas or modifications
made since the last summary report. All abbreviations atediin Table 1 (page
27). Electronic copies of these files are available from tstitute for Watershed
Studies.
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