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Executive Summary

Purpose of the Program

TheLake Stewardship Program focuseson small lakesin King County,
collaborating with volunteer monitorsto build adatabase of reliable
environmenta information onindividua |akesand to document trendsas
well asunusua eventsor situations. Theintent of thisannual reportisto
providecitizens, scientists, managers, and other interested individua swith
current information on water quality and water level fluctuationsfor the
monitored bodies of water. The dataisavailablefor assessment purposes
andfor usein addressing general questionsregarding characteristicsof
specificlakes. Theinformation presented inthereport can help with
guidance of protective management and stewardship activitiesat partici-
pating lakes. However, the dataand accompanying analysisare not
detailed enough to substitutefor more specificlimnologica studiesthat
may be needed to produce specific management recommendationsfor
restoration activitieson particular lakes.

Monitoring Program

Twolevelsof participation are offered to citizen volunteers. The Levd |
program measuresdaily precipitation and water levelsof thelakes, in
addition to surface water temperatures, and Secchi depths. TheLevel |1
program includesthe collection of water samplesfor [aboratory analysisof
total phosphorus, total nitrogen, chlorophyll a, and phytoplankton, aswell
asthe measurement of water temperatures and Secchi depths.

Precipitation wasjust abovethe 50-year averagein water year 2002 for
the Sea-Tac weather station. Records of rainfall werekept for at least
part of theyear at 38 1akes, including Lake Sammamish. Of these, 23
were sufficient to estimate yearly accumulation totals. Water level data
were collected for 38 lakes, of which 28 had enough datato evaluate
seasonal variation and responseto large-scalerainfall events. Most lakes
followed apattern of annual high winter levels, dropping throughthe
summer to aminimum stand in early autumn, but there are several excep-
tionsto thispattern. Many showed quick responsetimesto large storm
eventsin thewet season.

King County Lake Monitoring Report  Xxi
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Executive Summary

Water quality wasrated by trophic state or degree of
biologica activity (Carlson 1977). Lakeswere
classfiedinto threelevelsfromlow to high productiv-
ity: oligotrophic, mesotrophic and eutrophic. In 2002,
al of the48lakeswithlevel 11 monitorshad sufficient
datato ratetheir trophic states. Of these, eleven
lakeswererated oligotrophic, ninewereborderline
oligotrophic to mesotrophic, eighteen were me-
sotrophic, six were borderline mesotrophicto
eutrophic, and four wereeutrophic. Detailson each
lakeparticipatingin Level 11 monitoring can befound
in Chapters 3 through 5. Whilemany lakeshave

retai ned the samerating over theyears, there appear
to bemore declinesin productivity than increases
over thelast fiveyears, thussuggesting apossible
overdl ganinwater quality onacountywidebass.

Detailed phytoplankton anayseswere completed for
thethird year, adding an additiona sourceof infor-
mation to the database and providing another way to
assessthe health and character of the ecosystems
and water quality of themonitored | akes.

Program Thanks and Outlook

Wewant to emphasi ze our gratitudefor theinvalu-
ablework done by the more than 100 volunteer lake
monitors. They braved the cold, rain, and winds of
our climate (aswell asthetreat of unexpected
sunshine on occasi on) to measure the properties of
their lakes. Thesevolunteersdeserveto havegreat
weather whenever they go out to sample, whether
we can arrangethat or not!

A rough cal culation of how muchit would cost King
County to pay staff to do all thework onlakesdone
by volunteer monitorsisestimated to beintherange
of $600,000. Thus, volunteer effortsare essential to
the scopeand successof thisprogram; it smply
could not bedonewithout their hard work and
dedication.

The L ake Stewardship Program at King County has
undergone many changesover the past several years,
and more changes may occur asKing County
restructuresitsbudget and evaluatesthe servicesit
provides. However, weare committed to keeping the
primary goals of the program constant: to monitor as

King County Lake Monitoring Report

many small lakesinthe county as possiblewithin our
allotted budget; to summarizeal findingsfor useby
citizens, groupsandjurisdictionsin planning for lake
protection and stewardship; and to providetechnica
support and limnological adviceinresponseto
requestsfrom asmany groupsand individualsaswe
can accommodate.

Heartfelt thanksto al our volunteers, and ahappy
welcometo al whowould liketo help out inthe
future,
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Purpose of Report

Thisreport istheeighthin aseriesthat summarizesdatacollected by
volunteer lakemonitorsannually. Thisvolume, covering water year
2002 (October 2001 through September 2002) and extending into
October 2002 for water quality measurements, providescitizens,
scientists, lakemanagers, and other interested individua swith current
information on King County lakewater quality and physical condi-
tionsfor lakesmonitored by participating citizens.

For many lakes, these datarepresent the only available source of
informationfor ng current water quality and addressing ques-
tionsregarding the characteristicsof aparticular lake. Theinformation
inthisreport may hel p to guidelake protection and stewardship
activitiesin King County and can be used to suggest further work
that could be done to address specific questionsabout alake's
conditions. These dataand the accompanying analyses cannot
substitutefor detailed limnologica studiesthat may be necessary to
produce management recommendations and restoration plansfor
individud lakes.

The Lake Monitoring Program

Why Monitor?

Thecollection of dataon lakesvariesfrom one program to another,
depending on the objectives of the program. For the King County

L ake Stewardship Program, the objectivesof datacollectioninclude:
(2) gathering baselinedataand ng long-term trends; (2) defin-
ing seasond and water columnvariability; (3) identifying potentia
problems, proposing possible management sol utionswhen feasible, or
pinpointing additiona studiesto be made; (4) educating lakeresi-
dents, lakeusers, and policy makersregarding lakewater quality and
itsprotection; and (5) providing afoundation of knowledgethat can
be used for long-term stewardship of King County lakes.

King County Lake Monitoring Report 1



Chapter 1 Introduction

Every lakeisauniquebody of water, reflecting the
characteristicsand hydrology of itswatershed.
Water quality isaffected by the sourcesand
relative quantity of water inflowsand by the
amountsand typesof nutrientsoriginating fromthe
watershed, in particular nitrogen and phosphorus.
For example, when the surface areaof alake
representsarel atively large percentage of thetotal
watershed, much of theprecipitationfalinginthe
basingoesdirectly intothelake, not passing first
through soils, wetlands or constructed drainage
systems. Thus, inthiscaserédatively purewater
makesup asignificant proportion of thetota input
tothelake. In other caseswheredirect precipita
tion makesup asmaller proportion of thewater
input, land use practicesthroughout the watershed
become very important influenceson conditionsas
well aschangeswithinlakes.

Water chemistry and physical characteristicsin
lakesvary seasonally aswell asby depth at certain
timesof theyear. Themost dynamic period for
lakesisduring the“growing season” of mid-spring
through early autumnwhen lake dwelling organ-
ismsaremost active. To maximizeinformation
obtained for theeffort, the Volunteer Monitoring
Program offerstwo different programs: Level |
monitorscollect dataal year on precipitation, lake
level, surfacewater temperature, and water clarity.
Level I monitorsmeasuretemperatureand
clarity, and also collect samplesfor water chemis-
try from May through October. Level 11 sampling
also coincideswith much of the primary recre-
ational periodfor lakesinthe Pacific Northwest.

Most of themore than 700 lakesand pondsin
King County have never been monitored and only
afew havelong monitoring records. In 2002, the

L ake Stewardship Program staff worked with
volunteer monitorsinthecollection of Level | data
on 38 lakesand Level Il dataon 48 lakes. Volun-
teerson 37 lakes completed five or moreyears of
continuouswater quality monitoring, thusbuildinga
solid body of information for useinthefuture.

During the summer, water chemistry and tempera:
turevary with depthin most |akes. On two dates
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inwater year 2002, Level 11 sampleswere col-
lected from the surface, middle, and one meter
abovethe bottomin the deepest part of thelaketo
definechangesfoundinthevertica profilesof the
parameters.

Water Quality

Lake Classification and Eutrophication

L akes can beclassified by measurements of
potential and actual biological activity, a'soknown
as“trophicstate.” Lakeswith high concentrations
of nutrientsand algae, generally accompanied by
low water transparencies, aretermed eutrophic or
highly productive. Lakeswithlow concentrations
of nutrientsand algae, most often accompanied by
high transparencies, are categorized asolig-
otrophicor low in productivity. Lakesintermediate
between eutrophic and oligotrophic aretermed
mesotrophic. A commonly used index of water
quality for lakesisthe Trophic StateIndex (TSl)
originally developed by Robert Carlson (1977),
which separates|akesinto thethree categoriesby
scoring water clarity and concentrationsof phos-
phorusand chlorophyll a, relating themto ascale
based on theamount of phytoplankton biovolume
present. Thisindex anditsapplicationtoKing
County lakesare discussed further in Chapter 5.

Eachlake sproductivity isinfluenced by avariety
of natural factors, including watershed szeand
geology, |ake depth and surface area, climate,
catastrophic events such asearthquakesand
volcanic eruptions, and the quaity and quantity of
water entering and leaving thelake. Lakesmay be
naturally eutrophic, mesotrophic, or oligotrophic
based ontheorigina character and stability of the
surrounding watershed.

Increasesin alake shiologicd activity over time
(“eutrophication”) may occur naturaly insome
lakes, but can be hastened by human activitiesin
others. Natural eutrophication occursonatime
scaleof hundredsto thousandsof yearsand is
generaly not observableinalifetime. Atany
particular pointintime, lakesin aregion may
naturally exhibit avariety of degreesof productiv-



Chapter 1 Introduction

ity without human-induced (culturd) impacts.
However, the effects of human-induced eutrophi-
cation can be seenin aslittle asadecade, speed-
ing up substantially what isoften avery dow
natural process.

Land useactivities, including homebuilding,
commercial andindustria development, agricul-
ture, forestry, resource extraction, landscaping,
gardening, and animal keeping dl havethe poten-
tial to contribute nutrientsinto surface and ground
watersand change sediment movements. In-
creasesinimpervious surfacesassociated with
land development a so result indistinct changesin
surfacewater runoff patterns. Thissurfacewate,
asit enterslakesand streams, canincrease bio-
logical productivity by increasing concentrations
of nutrientsthat stimulate plant growth. Additional
sediment input associated with increased surface
water runoff cana soimpact lakesinvarious
other ways.

Lakesin varioustrophic states can also be charac-
terized by thefrequency of algal bloomsand the
type of agaepresent. Largeamountsof algaecan
affect svimming, fishing, boating, wildlife, aesthet-
ics, and other uses. Eutrophic lakes, for example,
may havefrequent nuisanceagal bloomsdomi-
nated by bluegreen algae (cyanobacteria). These
bloomscan form surface scums, give off noxious
odors, and may occasionally producetoxinsthat
havedirect healthimpactson animalsaswell as
people. (See Chapter 4 for further discussonon
agaecommonly found infreshwater).

Excessive growth of rooted aguatic plantscana so
impact boating, fishing, and swimming. A lake need
not be eutrophic to support alarge amount of
aquatic plant life. Many aguatic plantsarerooted
inthesediments, from which they draw nutrients.
Onevery important factor isthe depthto which
light can penetratein thelake aswell ashow much
of thelake bottomiswithin that depth range. Clear
lakeswithlarge areas of shallow water can sup-
port more aguatic plant growth than deep or
colored water |akes.
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Figure 1-1: Typical Summer Temperature
Profile

Seasonal Patternsin Water Quality

L akesare complex ecosystemswith many kinds of
living organismsinteracting with each other and
their environment. External factorssuch assolar
radiation, wind, air temperatureand water inflows
combinewithinternal forcessuch asevaporation
rates, currents, nutrient releasefrom sediments,
nutrient uptake by algae, and plant-animal interac-
tionsto produceanintricateweb of relationships.

Anannua processknown astherma stratification
occurswhen thewater column, warmed by
sunshineat the surface, separatesinto layers
divided by temperaturedifference(Fig. 1-1). In
latefall and winter, water temperaturesare essen-
tialy uniform fromtop to bottom and water
circulatesevenly through thevolumeof thelake.
Asspring begins, the surfacewater warmsfaster
than heat can conduct downward through the
water column. Thisisaided by thedensity differ-
encesof water at differing temperatures. Cool
water isdenser thanwarm, soit tendsto remain at
thebottom. Eventually, thethermal differences
gtabilizeintothreelayers: the upper warm epilim-
nion, thelower cool hypolimnion, and thezone of
rapid temperature changein between them, termed
themetaimnion.

Water does not readily move acrossthe bound-
ariesdueto thedensity differences, and asaresult

King County Lake Monitoring Report
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Chapter 1 Introduction

overdl water chemistry changesineach layer
through the summer. The changesarerelated to
thebiological activitiesand physical processes
taking placeat each level. Theepilimnion stays
warm, and algae continueto grow and reproduce
until the nutrient supply isdepleted. A hiatusin
algal increasethen occursuntil cool air tempera-
turesinthe autumn causethe sharply defined
thermal layersto begin mixing together, circulating
thenutrientsprevioudy heldinthehypolimnion
back up to water near the surface. Thissometimes
simulatesan autumn burst of agal growth, but this
isgenerally short-lived, eventually dowed down by
the onset of colder weather and shorter days.

Theamount of oxygen contained inthe hypolim-
nionisaffected by thermal siratification and
productivity level of thelake. Oxygen entersthe
watersof alake by mixing into the surfacewater
fromtheair, given off asaby-product of photo-
synthesisby agae, and contained in water flowing
into thelake. It dispersesthrough water move-
mentsand diffusion.

Oncethermal dratification isestablished, oxygenis
no longer supplied to the hypolimnion asthelower
water iscut off from contact with the atmosphere.
Theretill isademand for oxygenfromtheanimals
that livein deep waterssuch asfish, aswell as
from the bacterial decomposersthat break down
theorganic materia that hassunk, (e.g.: dga
remainsand organic detritus). If alakeis
eutrophic, thealgd remainswill simulatemassive
decomposition activity, and oxygen concentrations
inthewater may get very low and may even be
totally used up by the bacteriabeforethe end of
summer. If thishappens, it can have an enormous
impact on fish such as salmonids, who need cool
temperaturesand prefer the safety of deep water,
but who may beforced upwards by thelack of
available oxygen. Warm surface water tempera-
turescan force somefish into the depths between
warm surfacewater and oxygen deprived bottom
water. Thisareanarrowsthrough the summer,
sometimes|eading to die-offs. Heat and oxygen
stressed fish area so more susceptibleto disease.
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Very low oxygen concentrationsa so havean
impact on nutrient availability infutureseasons. In
theabsence of oxygen, achemical reactioninthe
sedimentsfacilitatesthe rel ease of more phospho-
rus back into thewater column than would other-
wiseoccur if oxygenlevelsremained high. This
meansthat more phosphorusisavailableinthe
water for alga growthinthe next growing season,
andthelakeislikely to be even more productive
than before.

TheLake Stewardship VVolunteer Monitoring
Program hasfocused on the monitoring of water
chemistry inthe upper water layersduringthe
growing seasoninorder to characterizelake
trophic ate. Asfundshave allowed, additional
sampling hasbeen performed to characterizethe
water chemistry of thedeeper lakelayers. This
vertical sampling hasprovided somedatathat is
useful inunderstanding thegenerd nutrient cycling
andwater columnrelationshipsinindividua lakes.



I ntroduction

Volunteer monitors sampled 50 lakes for the Lake Stewardship
Program in water year 2002 (see Chapter 3, Table 3-1). Aside from
L ake Sammamish, lakes sampled ranged in surface area from 10
acres to 279 acres and in maximum depth from seven feet to 98 feet
(see Chapter 3, Table 3-2). Lake Sammamish has a maximum depth
of 105 feet and a surface area of 4,893 acres. These lakes spanned
all trophic classifications and degrees of urbanization in their
watersheds.

The Lake Stewardship Volunteer Monitoring Program is split into
two levels of data collection: Level | and Level 1. The Level |
participants measure precipitation, lake level, surface water tem-
perature, and clarity (Secchi depth). The Level | participants collect
water samples for water quality analysis, while also measuring
water temperature and clarity.

Level | Data Collection

Level | data collection occurs daily and weekly, and is compiled by
the water year which beginsin October and ends in September. The
water year differs from the calendar year because it is based on
annual precipitation and hydrologic patterns.

In water year 2002, 38 lakes participated in the Level | program (see
Chapter 3, Table 3-1). For many lakes, volunteers were able to
collect datafor the entire year. For several lakes, volunteers were
not able to complete this commitment or were recruited later in the
year, so the data are incomplete. Gaps and anomalies are noted by
lake in Chapter 3 and in Appendix A.

Lake level and precipitation measurements were recorded daily by
volunteers. Lake level was recorded from a gauge (aporcelain
glazed aluminum metric ruler) attached permanently to arigid dock
or other fixed structure in the lake, usually near the volunteer’s
home. Precipitation was collected in a plastic rain gauge installed in
an area exposed to direct rainfall and away from overhanging
objects such as trees or buildings.
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Figure 2-1: Lake locations for western King County
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Figure 2-2: How lake samples are collected and processed

STEP 1. Sampling

Volunteer lake monitors collect observa-
tional data and water quality samples on
an assigned day. They use prelabeled,
clean bottles provided by the Lake
Stewardship Program.

STEP 2: Pick-Up

Lake Stewardship Program staff pick up
samples and data sheets from volunteers’
homes and leave new bottles for the next
sample date. Phytoplankton samples are
preserved at the time of pick up and
samples are kept cool and protected. Any
unusual conditions are noted.

STEP 3: Environmental Lab Analysis
Data sheets and water samples for
chemistry analysis are delivered and
logged into the King County Environmen-
tal Laboratory. Sample dates and times
are checked for consistency. Any un-
usual conditions are noted.

STEP 4:

Phytoplankton Sample Analysis
Phytoplankton samples are mailed to
Water Environmental Services, Inc., a
consulting group, that then identifies
algae in each sample, measures cell
sizes and estimates numbers. The data
are summarized and sent to the county
to be entered into spreadsheets for
analysis and graphing. The consultant
cleans the sample bottles and returns
them to King County for re-use.

STEP 5: Quality Control

The lab chemistry staff follow strict
protocol for sample holding times and
quality assurance of chemical analysis.
Staff include “blanks,” “standards,” and
“spikes,” — predetermined sample
values — in all batches being analyzed
to test reliability of the chemical analyses
and ensure quality.

STEP 6: Data Entry & Storage

After lab analysis, all sample values are
examined for consistency. Once its
guality is assured, data are entered into
a King County database for further
analysis. The time between receiving
samples and database entry is less than
30 days. Excess water samples are
frozen and kept for 90 days, for further
analysis as needed.

STEP 7: Data Review

Using the King County database, Lake
Stewardship Program staff review data
for entry errors and internal consistency
on a lake-by-lake basis. Anomalies are
discussed with the Environmental Lab
and if necessary, samples are re-
analyzed.

STEP 8: Data Reporting

At the end of the season, sample values
are finalized for the year. Graphs are
made of the data parameters and com-
pared with previous years, with the
results published herein. The King
County Lake Monitoring Report is distrib-
uted to volunteers, libraries, scientists,
government and environmental agencies
and other stakeholders interested in the
water quality of King County’s small
lakes.

King County Lake Monitoring Report 7
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Water clarity (Secchi depth) and surface water
temperature were measured weekly. Secchi
depth generally was measured over the lake's
deepest point (Wolcott 1961, USGS 1976). The
method involves lowering an eight-inch disk
painted with aternating black and white quad-
rants over the shaded side of the boat until the
disk disappears from view, then lifting it until it
reappears again. The depths at each point are
noted and, if different, are averaged.

Volunteers measured water temperature at the
same location as Secchi depth. The method
called for submerging a Celsius thermometer in
the water to about one meter below the water
surface for two minutes, then bringing it to the
surface and reading the temperature to the
nearest 0.5 degrees. Further detailson Level |
volunteer monitoring sampling methods are
supplied in the Lake Sewardship Program
\olunteer Lake Monitor 2002 Sampling Manual
(King County 2002).

Daily data are reported by summation (precipi-
tation) or averaged (water level) into weekly
values where compl ete, while the parameters
measured weekly are reported directly (Appen-
dix A). All original data are available upon
request to King County Water and Land Re-
sources Division.

Level 11 Data Collection

Level 11 volunteer monitoring activitieswere
performed every two weeks from April through
October on a predetermined schedule. While
water was collected at one meter depth on every
sampling date, volunteers also collected deeper
samples twice during the period, usualy at mid-
depth aswell as at one meter from the lake
bottom.

In water year 2002, 48 |akes participated in the
Level 1l program (see Chapter 3, Table 3-1). For
most lakes, volunteers were able to collect data
for the entire period (May through October).
Gaps and anomalies are noted by lake in both
Chapter 3 and Appendix B.

King County Lake Monitoring Report

Volunteers anchored at a specified location,
generally over the lake's deepest point. For
each date, volunteers recorded the time and
weather, adding observations on unusual condi-
tions or activities on the lake. Secchi depth was
measured using the same methods as described
for Level 1. Water samples were collected using
aVan Dorn vertical water sampler at one meter.
Temperature was read from a thermometer
installed inside the sampler, after which water
was saved in special containersfor further
analysis, generaly for total phosphorus, total
nitrogen, chlorophyll a, and phytoplankton. On
two dates, an additional small amount of water
was collected for water color and pH analyses.

On dates where vertical profiles were sampled,
samples were taken at one meter, mid-depth,
and one meter from the lake bottom. Tempera-
ture was measured at each depth using the
thermometer mounted inside the sampler, and
water samples for total phosphorus and total
nitrogen were collected at all three depths.
Chlorophyll a and phytoplankton analyses were
collected for the one meter and mid-depth
samplesonly.

The water samples were analyzed at the King
County Environmental Laboratory for total
phosphorus, total nitrogen, and chlorophyll a,
using standard protocols and quality assurance
and quality control procedures. Phytoplankton
(algae) identifications and enumerations were
carried out by a private consultant to the Lake
Stewardship Program.

Physical and chemical values for each date are
detailed in Appendix B. Phytoplankton datafor
individual dates are available upon request.
Further detailson Level 11 volunteer monitoring
sampling methods are described in the Lake
Sewardship Program Volunteer Lake Monitor
2002 Sampling Manual (King County 2002).
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Data Analysis

Minimum, maximum, and average values for
temperature and Secchi depth were determined
for the Level | volunteer monitoring data
(Appendix A). Annual lake level range and total
precipitation were determined for each partici-
pating lake with complete data sets. The data
areillustrated in charts for each individual lake
(Chapter 3).

For Level Il water quality measurements, the
minimum, maximum, and average values were
determined for the sampling period (Appendix
B). The values found throughout the sample
season are charted for each lake, with total
nitrogen and total phosphorus on the same chart
for comparison (Chapter 3).

The Trophic State Index or TSI (Carlson 1977)
and the nitrogen to phosphorus ratios were
calculated for Level 11 volunteer monitoring
data. TSI values are derived from aregression
that compares values of a parameter such as
total phosphorus, chlorophyll a or Secchi
transparency to the algal biovolume of a suite
of lakes and assigns a number from ascale of O
to 100 based on the relationships found. This
scale can be used to compare water quality over
time and between |akes (see discussion in
Chapters 1 and 5). If nutrient limitation of algal
growth islikely to occur, the nitrogen to phos-
phorus ratio may be used to identify the nutrient
that isin shortest supply. Generally lakes with
an N:P ratio of lessthan 20 may be experienc-
ing limitations by both nitrogen and phosphorus
at times during the growing season. The results
of these analyses for the lakes are presented in
both Chapter 3 and Chapter 5.
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