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Executive Summary

Thisreportdescribedheresultsfrom the 1999/2000_ake Whatcommonitoringprogram.
The objectvesof this programwereto continuelong-termbaselinewater quality moni-
toring in Lake Whatcomandselectedributary streamscollectsupplementalvaterquality
datafrom basin3 nearStravberrysill, updatethe hydrologicwaterbalancemodelfor Lake
Whatcom begin evaluatingwatermovementpatternsn basinsl, 2, and3, andmonitorthe
effectivenesf the Park PlaceandBrentwoodwet ponds.

The lake wassampledon October5, 6, 7, & 12, November2 & 4, Decemberl—2,1999,
andFebruary3—4,April 4 & 6, May 2 & 4, June6 & 8, July 12-13,August8 & 10, and
Septembe6-7,2000.During the summetthelake stratifiedinto a warmsurfacelayer (the
epilimnion) anda cool bottomlayer (the hypolimnion). Despiterelatively cool tempera-
turesandlate stratification Sites1 and2 developedseverehypolimneticoxygendeficitsby
mid-summer As in previous years,Pearsors r correlationanalysesf dissolved oxygen
vs. yearcontinuedto shaw statisticallysignificantreductionsn hypolimneticoxygenlev-
elsfrom JunethroughSeptemberNo significantcorrelationsverefoundfor Junethrough
Septembehypolimnetictemperaturelataor for lake level vs. hypolimneticoxygen. Al-
though Site 1 continuedto develop the earliestand most prolongedperiod of anoxiain
the lake, Site 2 had higher hypolimneticconcentration®f hydrogensulfide, ammonia,
andiron, and greaterdenitrification (bacterialcorversionof nitrateto N, in low oxygen
ervironments),all of which suggesthat the anoxic conditionsat Site 2 were at leastas
severeasat Site 1. The remainingHydrolab data,pH and conductvity, followed trends
thatweretypical for Lake Whatcom with only smalldifferencedbetweersitesanddepths
exceptduringthe summer During the summerthe surfacepH increasedlueto photosyn-
thetic actiity, especiallyat Site 1. Hypolimnetic pH valuesdecreasednd conductvity
valuesincreaseddueto decompositiorandthe releaseof dissolved compoundsrom the
sediments.Becausd._ake Whatcomis a soft waterlake, the alkalinity valueswerefairly
low at mostsitesanddepths.During the summerthe alkalinity andconductvity valuesat
the bottomof Sitesl-2increasedlueto decompositiorandthe releaseof dissoledcom-
poundsin the lower waters. The turbidity valuesweremostly < 1-2 NTU exceptin late
summersamplesrom the lower depthsat Sites1 and 2. Site 1 usually hadthe highest
chlorophyllconcentration#n the lake, with peakconcentrationsccurringat depths< 15
m. Low chlorophyll concentrationsvere measuredluring late summerat Site 1, 15-20
m, and Site 2, 20 m. Thesedepthsare locatedin regionswith low light intensitiesand
low oxygenconcentrationsyhich arenot favorablefor algalgrowth. Total organiccarbon
(TOC) concentrationsverelow (< 1 mg/L) in February2000, but relatively high during
Septembe(2.2—-3.6mg/L) (Table11, page34). Theseconcentrationsvereslightly higher
thanthe TOC concentrationsneasuredby the City of Bellinghamin raw wateratthe gate-
housewhereconcentrationsangedrom 1.5-2.4mg/L. Most of the metalsconcentrations
in Lake Whatcomwere at, or below, detectionlimits, andthosethat were detectedvere
within normalconcentratiomangedor surfacewater Iron concentrationsvereelevatedin
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all of thebottomsamplesxceptat Site4. Theiron in basin2 wasevidentatthegatehouse
duringlatesummerandfall (Figure118,pagel71),particularlyduringthefirst few weeks
afterthe lake destratifiegseeNovemberin Figure118). Following lake turnover, mostof
thesolubleiron is corvertedto insolubleiron, which slowly settlesto the bottom.

Strawberry sill was sampledon October12, November4, and December2, 1999, and
January, February3, April 4, May 4, June6, July 12, August8, andSeptembe6, 2000.
The waterquality alongthe sill wasvery similar to Site 3. The watertemperaturealong
the sill were generallywithin 1-2° C of thoseat Site 3, althoughthe sill cooledslightly
fasterin the fall andwarmedslightly fasterin the spring. The sill sampleswereslightly
moreturbid than Site 3 during winter. Most of the metalsconcentrationsvereat or near
thedetectionlimits. Iron andzinc weredetectablebut within rangesnormalfor the lake.
Total organiccarbonconcentrationsangedirom < 1to 3.3mg/L.

Seven creeksin the Lake Whatcomwatershedvere sampledon February9 and July 18,
2000. Most of the 1999/2000creekdatafell within expectedranges. Comparedo the
streaman forestedareasthe residentialstreamdypically had poorerwater quality, with
higherconductvities; higherammoniaphosphorusandtotal suspendedolidsconcentra-
tions; and muchhighertotal andfecal coliform counts. Thesedifferencesaretypical for
streamseceving urbanrunoff. Austin Creek,SilverBeachCreek,andthePark Placedrain
exceededhe ClassAA standard&for fecal coliforms, aswell asthe proposedstandards
for watercontactrecreatiod. Silver BeachCreekandthe Park Placedrainexceededoth
Part A andPart B of the coliform and Enterococcus standard.Austin CreekpassedPart
A of both standard$ecauset had geometricmeansof 46 and 17 cfu/100mL for fecal
coliformsandEnterococcus, respectrely. However, morethan10% of the bacteriacounts
exceededPart B of the standards.

A waterbalancemodelwas appliedto Lake Whatcomto identify its major waterinputs
andoutputsandto examinerunoff andstoragen the watershed WhatcomCreekwasthe
major hydrologicoutputfrom the lake during the winter monthsandin May and Juneof
2000. Geogia Pacific andthe City of Bellinghamwere majorwithdravalsduring periods
of low flow in WhatcomCreek. Evaporationlosseswereon the sameorderof magnitude
asthe City withdrawvalsduringthelate springandsummemonths.In pastyears thediver-
sionfrom the Middle Fork wasoftenthe majorwatersourceduringthe summerhowever,
beginningin 1998,theamountof waterdivertedfrom the Middle Fork wasgreatlyreduced.

1Thegatehousés locatedalongthe shorelineof basin2 adjacento the Intake.

2“Freshwater - Part A: fecal coliform organismlevels shall not exceeda geometricmeanvalue of 50
colonies/100mL; and,Part B: nomorethan10 percentof all samplesbtainedfor calculatingthe geometric
meanvalueshallhave valuesexceedinglO0colonies/100mL" (WAC 173-201A-030).

3In freshwater, enterococcorganismdevelsmustnot exceeda geometrianeanvalueof 33/100mL, with
not morethan 10 percentof all samplesxceeding61/100mL (Draft Revised Language WAC 173-201A,
WashingtorStateDept. of Ecology 2001).
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Recordinghydrographdave beeninstalledin Anderson,Austin, and Smith Creeks.The
hydrographdatawererecordedat 30 minuteintervals throughoutthe year exceptduring
infrequentperiodsof recorderfailure or extremelow flow.

Water movementstudiesin Lake Whatcomcontinuedthis yearnearthe Genea Sill, the
confluenceof AndersonCreek,and Stravberrysill in basin3. Thethe primary objective
wasto examineinternalwave dynamics. The resultsfrom datarecordedby a thermistor
locatednearthetop of Genevasill demonstratethatwaterfrom thehypolimnionof basinl
canmoveasawaveinto basin2. Similarly, thetemperaturelatafrom astringof thermistors
suspended0—-40m deepnearthe mouthof AndersonCreekrecordedevidencesuggesting
internalwavesmoving in thevicinity of thethermocline.

Park Placeand Brentwood wet pondswere sampledon Decembel6—8, 1999 (wet season
- stormflow), March 6-8, 2000 (wet seasont hominalflow), andJuly 17-19,2000 (dry

season nominal flow). Compositeand grab sampleswere collectedat the inflow and

outflow at eachsite. As in previous years,therewere no consistentreductionsfor most
contaminants.On July 18, 2000, the relatively cleanwaterflowing from the GracelLane

wetlandwas divertedso thatit no longerflows throughthe Park Placewet pond. This

shouldimprove the treatmentcapability of the Park Placepond by increasingresidence
time in thepond.
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1 Intr oduction

Lake Whatcomis the primary drinking watersourcefor the City of Bellinghamandparts
of WhatcomCounty (including SuddenValley), and provides high quality water for the
Geongia-Pacific Corporatiormill. Thelake andpartsof thewatershegrovide recreational
opportunities,aswell as providing importanthabitatsfor fish andwildlife. The lake is
usedasa storagereserwir to buffer peakstormwaterflows in WhatcomCreek. Much of
the watersheds zonedfor forestryandis managedy stateor privatetimber companies.
Becausef its aesthetiappealmuchof the Lake Whatcomwatersheds highly valuedfor
residentiadevelopment.

The City of BellinghamandWesternwWashingtornniversity have collaboratedn investi-
gationsof the waterquality in Lake Whatcomsincethe early 1960s. Beginningin 1981,
a monitoring programwas initiated by the City and WWU that was designedo provide
long-termdatafor Lake Whatcomfor basicparametersuchastemperaturepH, dissohed
oxygen,conductvity, turbidity, nutrients(nitrogenandphosphorus)andotherrepresenta-
tive waterquality measurementsThe major goal of the long-termmonitoringeffort is to
provide arecordof Lake Whatcomswaterquality overtime. In addition,sincethe City and
WWU review the scopeof work for the monitoring programeachyear short-termwater
guality questioncanbe addressedsneeded.

The major objectvesof the 1999/2000Lake Whatcommonitoring programwereto con-
tinue long-termbaselinevaterquality monitoringin Lake Whatcomandselectedributary
streamscollect supplementalvaterquality datafrom basin3 nearStravberrysill, update
thehydrologicmodelfor Lake Whatcom begin evaluatingwatermovementpatternsn the
lake, andmonitorthe effectivenesof the Park PlaceandBrentwood wet ponds.

Thisreportis subdvidedinto thefollowing sectionscoveringthetopicslistedasmajorand
secondarybjectves:

Sectionl: Introduction Section7: References
Section2: Lake WhatcomMonitoring Section8: Tables

Section3: CreekMonitoring Section9: Figures

Section4: Lake WhatcomHydrology Appendix A: Site Descriptions
Section5: Brentwood/Rark PlaceMonitoring Appendix B: Data

Section6: Quality Control Appendix C: AmTestReports

Notethatall of the tablesandfiguresarelocatedat the endof the reportin Sections8-9.
Detailedsitedescriptionsandraw dataareincludedin the Appendicesandonthe CD atthe
endof thisdocumentTable30 atthe beginning of AppendixB describesll abbreviations
andunitsusedto describewaterquality analysesn this document.
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2 LakeWhatcom Monitoring

2.1 Site Descriptions

Waterquality samplesverecollectedat five long-termmonitoringsitesin Lake Whatcom
(seeFigurel, pageb4; AppendixA, page208). Sites1-2 arelocatedat the deepespoints

in theirrespectre basins.TheIntake siteis locatedadjacento the undervaterintake point

wherethe City of Bellinghamwithdraws raw waterfrom basin2. Site 3 is locatedat the

deepespointin the northernsub-basirof basin3 (north of the Sunrysidesill), andSite 4

is locatedat the deepespointin the southerrsub-basirof basin3 (southof the Sunryside
sill). Threeadditionalsitesweremonitoredon atransectacrossStravberrysill (Appendix
A, Figurel162,page212). Thesesitesarelocatedon the 40-m depthcontourasdescribed
in AppendixA.

Watersamplesverealsocollectedat the City of BellinghamWater TreatmentPlantgate-
housewhichis locatedonshoreandwestof the intake site.

2.2 Field Sampling and Analytical Methods

Thelake wassampledentimesduringthe 1999/2000monitoringprogram.Eachsampling
eventis a multi-day taskbecausef the distancebetweersitesandthe numberof samples
collected. The samplingdatesfor 1999/2000were: Octobers, 6, 7, & 12*, November2
& 4, Decemberl-2,1999,andFebruary3—4, April 4 & 6, May 2 & 4, June6 & 8, July
12-13,August8 & 10, andSeptembeb—7,2000. The waterquality parametersneasured
for the 1999/2000ake monitoringprogramareshowvn in Table1 on page24 (seeSection
8, beginningon page23, for all Tables).

A Surweyor IV Hydrolab was usedto measurgemperaturepH, dissolhed oxygen,and
conductvity. All watersampleqincludingbacteriologicasamples)ollectedin the field
werestoredon ice andin the dark until they reachedhelaboratory andwereanalyzedas
describedn Table2 on page25 (APHA, 1998;Ebina,etal., 1983;Hydrolab,1997;Lind,
1985). Total metalsanalysegarsenic.cadmium,chromium,copper iron, mercury nickel,
lead,andzinc) andtotal organiccarbonanalysesveredoneby AmTesP. Planktonsamples
wereplacedin a coolerandreturnedto the laboratoryunpresered. In the laboratorythe
samplevolumesweremeasure@ndthesamplesverepreseredwith Lugol’'ssolution. The
bacteriasamplesvereanalyzedoy the City of Bellinghamat their watertreatmentplant.
All otheranalysesveredoneby the personnehiredby this grant.

4Repeate@quipmenfailurein thefield resultedn anunusuallylong samplingperiodfor October 1999.
SAmTest,14603N.E. 87th St., Redmond\WA, 98052.
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2.3 Resultsand Discussion
2.3.1 Hydrolab data

Lake WhatcomHydrolab datafor temperaturedissohed oxygen, conductvity, and pH
areillustratedon Figures2—31 (pagess5-84). Figures12—-31show aten year history of
resultsfor Lake Whatcom.Long-termpatternsverediscussedh the 1998/99annualkreport
(Matthews, etal., 2000);no new long-termtrendswereapparentn this years plotsof the
data.

Single-dayHydrolab profilesfrom Februaryand Septembeareillustratedon Figures2—
11 (pagesh5-64). Single-dayHydrolabprofilesaresentto the City of BellinghamPublic
Works Departmenapproximatelymonthlyaspartof thereportingprocesdgor this project.
Thesefiguresshow typical winter andlate summerverticaldepthprofilesfor temperature,
dissohedoxygen,pH, andconductvity.

The mid-winter Hydrolab profiles (Figures2—6) and the multi-year temperatureprofiles
(Figuresl2-16)shav thatthewatercolumnmixesduringthefall, winter, andearlyspring.
As a result, temperaturesdissoled oxygen concentrationspH, and conductvities are
fairly uniform from the surfaceto the bottom of the lake, even at Site 4, which is over
300ft. (100m) deep.

During the summerthe lake stratifiesinto a warm surface layer (the epilimnion) and a
cool bottomlayer (the hypolimnion). Whenstratified,the Hydrolabprofilesshav distinct
differencedetweersurfaceandbottomtemperaturesClimatic differenceslterthetiming
of lake stratification:if thespringis cool, cloudy, andwindy, thelake will stratify laterthan
whenit hasbeenhot andsunry. In Lake Whatcom,stratificationusually beginsin April
or May atall sitesexceptthe Intake, whichis too shallov to developa stablestratification.
Stratificationdevelopsgradually and may not be stableuntil June. Stratificationpersists
until fall or winter, dependingonlocationin thelake. Destratificatioroftenoccursabruptly
If theweatherconditionsarecold andwindy, andthewatertemperatureatthe surfaceand
bottomarewithin afew degreesof eachother thelake will destratifywithin afew days.lf,
however, warm,calmweathereturns the destratificatiorprocessill be prolongedfor up
to aweekor more. Thetwo shallov basins(Sites1-2) cool quickly anddestratifyby late
Octoberor early November Basin3 (Sites3—4) coolsslowly becausef its large volume
andmay not destratifyuntil Decembeor later.

The averagewatertemperaturet eachsite (Tables3—7, pages26—-30)wassimilar to last
year andboth yearswereslightly cooler (~ 0.4 °C) thanhistoric average®. The cooler
temperaturesveremostapparentiuringthe summer(Figures12—-16,page$5—69).

SHistoric Lake Whatcomdatafrom 1988 throughthe presentare includedon a CD at the end of this
report. The averagelake temperaturérom October1988-September998was11.4 C, comparedo 11.C°
C for October1998—-Septembe000.
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Despitethe cool summey Sites1 and2 developedseverehypolimneticoxygendeficitsby
mid-summel(Figures7—8and17-18,pagess0—-61and70—71).Hypolimneticoxygende-
pletion only becomesapparentafter stratification,at which time the lower watersof the
basinareisolatedfrom the lake’s surfaceandbiological respirationconsumeshe oxygen
dissoledin thewater Biological productvity andrespirationareincreasedvhenthereis
an alundantsupply of nutrients,aswell asby otherervironmentalfactorssuchaswarm
watertemperaturesin basin3, which hadvery low concentration®f essentiahutrients
suchasphosphorushiologicalrespiratiorhadlittle influenceon hypolimneticoxygencon-
centrationge.g.,Figureslland2l, pages$4 and74). In contrastSite 1, whichis located
in nutrient-enrichedvaters,shavedrapiddepletionof the hypolimneticoxygenconcentra-
tionsfollowing stratification(Figures7 and17, pages0 and70).

Historic datashow thatthe bottomof basinl hasexperiencedow oxygenconditionsfor at
least30 years. However, thereis evidencethatthe oxygenconditionsin the hypolimnion
at Site 1 have deterioratedsince1988. Table8 (page31) shavs the depthsat Site 1 where
oxygenfirst dropsbelov 1 mg/L in early Septemberl988-2000.Since1994,this depth
hasmoved several meterscloserto the surface. Therewasno similar patternin the early
Septembetemperaturelata(Table9, page32).

Pearsors r correlationanalysi¢ of dissohed oxygenvs. year confirmedthat therewere
statisticallysignificantreductionsin oxygenlevels at all even depths> 12 m from June
throughSeptembe(Figures32—35,pages35-88%. Noneof the JunethroughSeptember
hypolimnetictemperaturalatawere significantly correlatedwith yearat the 95% signif-
icancelevel; however, therewere slight negative correlationg at 10 metersin July and
Augustthat would be significantat the 90% level (Figure 36, page89). Therewere no
significantcorrelationsbetweenake level andhypolimneticoxygenconcentrationsr be-
tweenJune—Septembéake levelsandyear

A numberof ervironmentalffactorscanaffecttherateof oxygenlossfrom thehypolimnion,
eitherdirectly, by increasingiologicalrespirationporindirectly by increasingheresidence
time of waterin the hypolimnion. Increasechutrientavailability, higherwatertempera-
tures,andincreasedight intensity can stimulatebiological productvity andrespiration.
Dry weathey early lake stratification,late turnover, reductionsn the amountof waterdi-
vertedfrom the Nooksack,anddecreasedischagesinto WhatcomCreekcould increase
the residencetime of waterin the hypolimnion. In addition, if the lake level dropsfar
enoughpour samplingequipmen{which measureslepthfrom the surface)couldbe placed
lower in the hypolimnion,thuscreatingthe appearancef lower oxygenlevels,whenthe

"ThePearsors r correlationcoeficientis a measuref theamountof changen the datathatis predicted
by “year” Strongpositive or negative correlationswill becloseto +1.0. Weakcorrelationspr no correlation,
will becloseto zero. Statisticallysignificantcorrelationshave p values< 0.05.

80nly evendepthswereplottedon Figures32—35becausearly Hydrolabdatawerecollectedat 2 meter
intervals.

9Negative temperaturecorrelationssuggesthat recentJuly and August water temperaturehiave been
slightly coolerthanthe 13-yearaverage.
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only realchangeds lower lake levels. However, the absencef significantcorrelationsbe-
tweenhypolimnetictemperaturer lake level anddissolvedoxygenindicatethattheoxygen
vs.yearcorrelationsverenotanartifactof samplingowerin thelake, norwerethey strictly
theresultof temperaturesffects. Also, the yearto-yearvariationin lake level during the
summemvaslessthanl meter whichis lessthanour minimuminterval of measuremerfor
dissohedoxygenconcentrationsAlthough temperaturendlake level undoubtedlymod-
ify hypolimneticoxygenconditions,the oxygentrendsin Lake Whatcomare not simple
correlateof watertemperaturer lake level.

Low oxygenconditionsareassociatedvith a numberof unappealingvaterquality prob-
lemsin lakes, including loss of aquatichabitat; releaseof nutrients(phosphorusand ni-
trogen)from the sedimentsincreasedatesof algal productiondueto releaseof nutrients;
unpleasanbdorsduringlake overturn;fish kills, particularlyduringlake overturn;release
of metalsandorganicsfrom the sedimentsjncreasedirinking watertreatmentcosts;in-
creasedasteand odor problemsin drinking water; and increasedisks associatedvith
chlorinationbyproductsreatedduringdrinking watertreatmenprocessHydrogensulfide
wasdetectedat Site 1 (0.27 mg/L) and Site 2 (0.53mg/L) on October10, 2000,aswere
high concentrationsf ammoniaphosphorusandiron. Thesecompoundsreall indicative
of low oxygenconditions.

Although Site 1 continuedto develop the earliestandmostprolongedperiodof anoxiain

thelake, Site 2 hashadhigherhydrogersulfideconcentrationfor thepast2 years andthis
yearhadhigherhypolimneticammoniaconcentrationshanSite 1 (seediscussiorbelow).

Correlationanalyse®f the hypolimneticdissolhedoxygenconcentrationst Site 2 did not
producethe sametype of consistentlowvnwardtrendin oxygenover time asis seenat Site
1. Thehypolimneticoxygenconcentrationat Site 2 have variedwidely sinceatleast1988,
sotrendsaremuchmoredifficult to establish At thistime, it is not possibleto tell whether
Site 2 water quality is getting worse; however, the high ammoniaand hydrogensulfide
levels are an indicator that water quality at this site shouldbe watchedcarefully Site 3

developedlow hypolimneticoxygenconditionsagainthis year (seeFigure 10, page63),

but the levelsdid not fall aslow asin 1999.

The remainingHydrolabdata,pH andconductvity, followed trendsthat weretypical for

Lake Whatcom,with only small differencesbetweensitesand depthsexceptduring the
summer Duringthe summetthe surfacepH increasediueto photosyntheti@actuvity, espe-
cially at Site 1. HypolimneticpH valuesdecreasedndconductvity valuesincreasedlue
to decompositiorandthereleaseof dissolvedcompoundgrom the sediments.

2.3.2 Other ambient water quality data

The remainingwaterquality datathatwere collectedmonthly or bimonthly (nutrients,al-
kalinity, turbidity, Secchidepth,chlorophyll,bacteriaandplankton)areshavn on Figures
37-117(pages90-170)andsummarizedn Tables3—7 (page26—30).In orderto provide
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a betteranalysisof the waterquality patternsin the lake, the graphsincludeten yearsof
monitoringdata.Long-termtrendswerediscussedh the 1998/99Final Report(Matthews,
etal.,2000);no new long-termtrendswereapparentn this years plots of the data.

Becausef thelarge amountof datacollectedfor the Lake Whatcommonitoringprogram,
only importantor unusualpatternswill be discussedn thetext. Theraw dataarelistedin

AppendixB, beginningon page214,andincludedon a CD at the endof this report. The
metalsdataarelistedin Table 10 (page33) andthe original AmTestdatareports(metals
andtotal organiccarbon)areincludedin AppendixC (page287).

Becausd.ake Whatcomis a soft waterlake, the alkalinity valueswerefairly low at most

sitesand depths(Figures37-41, pages90-94). During the summerthe alkalinity and

conductvity valuesat the bottom of Sites1-2 increaseddue to decompositiorand the

releasef dissohedcompoundsn thelowerwaters.Theturbidity valuesweremostly < 1—

2 NTU exceptduringlatesummersamplestthelowerdepthsat Sites1 and2 (Figures42—

46, page95-99).Thehigh turbidity levelsnearthe bottomareanindicationof increasing
turbulencein the lower hypolimnionasthe lake nearsturnover. The influenceof winter

stormson turbidity can be seenin the samplesrom Decemberl996. At thattime, the

watercolumnwasthoroughlymixedat Sites1 and2, so higherturbiditiesweremeasured
atall depths.Basin3, however, wasstill stratifiedbelonr 40-50m sohigherturbiditieswere

measureanly in theepilimneticsamples.

The nutrientdatafrom Site 1 continueto show thatbasinl is moreproductve thanbasin
3 (Figures47-66,pagesl100-119). The late summerammoniaconcentrationst Site 1

were very high at 15 and 20 m depths(Figure 52, page105). High hypolimneticam-
moniaconcentrationbiave beencommonat Site 1 for at leasttenyears;however, the last
threesummerdadatypicallyhigh concentrationsg;omparablenly to thesummeirof 1994,
which wasan unusuallywarm summer If the ammoniaconcentrationgreincreasingn

thehypolimnionat Site 1, it would be consistentvith thedecreasindevelsof hypolimnetic
oxygen.Ammoniais producedorimarily duringdecompositiorof organicmatter(\Wetzel,
1983).Ammoniais readilytakenup by plantsasa growth nutrient.In oxygenateckrviron-

ments,ammoniais rarely presenin high concentration®ecauset is rapidly corvertedto

nitrite andnitratethroughbiologicalandchemicalprocessedn low oxygenervironments,
suchasthehypolimnionat Site 1, ammoniaaccumulatesintil the lake destratifies.

Very highammoniaconcentrationsvereagainmeasure@tthebottomof Site2. In October
1999and2000,themaximumammoniaconcentrationst Site2 were424and340 .g-N/L,
respectrely. Theseconcentrationsvere higherthan Site 1, andwere amongthe highest
ammoniaconcentrationsneasureét any locationin Lake Whatcomsince1989.

Sites3 and4 hadslightly elevatedammoniaconcentrationsit 20 m. This wasdueto bac-
terial activity atthe thermoclineratherthanlow oxygenconditions.A similar patternwas
obsenedby McNair (1995)in Lake Samish.Site 3 hadelevatedammoniaconcentrations
at 80 m during late summeywhich wasthe resultof low oxygenconcentrationshatwere
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presenin the hypolimnionduringlate summer

Nitrate depletionwas evident at all sitesin the photosyntheticzone during the summer
(Figures57—-61,pagesl10-114) particularly at Site 1 wherethe epilimnetic nitrate con-
centrationdfell to < 20 pg-N/L. Nitrogenis an essentiahutrientfor plankton,and this
depletionof nitrateduringthe summeris anindirectmeasureof phytoplanktorproductv-
ity. Theavailability of nutrientsis amajorfactorin determiningheamountof algalgrowth
in alake. Phosphoruss assumedo be the mostcommonlimiting nutrientin unproduc-
tive lakes; however, recentstudiesshav that nitrogenlimitation and phosphorus/nitrogen
co-limitation is commonin freshwater lakes (seeElser et al., 1990). Coincidentwith
low nitrate concentrationslate summeris whenwe usuallyfind the highestdensitiesof
nitrogen-fixingCyanophytgbluegreenbacteriaor cyanobacteriain the planktonsamples.
Summey epilimnetic nitrate concentrationslecreaseat Sites2—4, but seldomfell belov
150 1g/L, makingit unlikely thatnitrogenwaslimiting atthesesites.

Hypolimneticnitrateconcentrationsverealso< 20 ug-N/L at Site 1 andSite2 in October
In anaerobi@nvironmentspacteriareducenitrate(NO;) to nitrite (NO, ) andnitrogengas
(N2). The historicdata(1988to present)ndicatethatthis reductionhasbeencommonat
Site 1, but wasnot detectedat Site 2 until the summerof 1999.

Solublephosphateoncentrationsemainedow at all sitesanddepthsexceptSites1 and
2, 20 m (Figures72-76,pagesl25-129). Total phosphorusoncentrationsvere high at

Sites1 and 2 during late summey but relatively low at other sites(Figures77-81,pages
130-134).Sediment-bounghosphorudecomesolublein low oxygenervironments.As

aresult,in low oxygenervironments suchasthe hypolimniaat Sites1 and2, total phos-
phorusconcentrationsre often higherthan20 pg/L (Figures77 and78). Anothermajor
sourceof phosphorugor Lake Whatcomis from stormrunoff. The small peaksin total

phosphorusneasurediuring December1999at Sites3—4 wereprobablyfrom runoff be-

causeheconcentrationserehighernearthesurfaceof thelake thanatthebottom(Figures
80and81l).

Site 1 continuedo have the highestchlorophyllconcentrationgFigures82—86,pagesl 35—
139)of all thesites.Thechlorophyllconcentrationsluringthe summerof 2000wereabout
thesameasin 1999.As in 1999,low chlorophyllconcentrationsveremeasuredliuringlate
summerat Site 1, 15-20m, andSite 2, 20 m. Thesedepthsarelocatedin regionswith low
light intensitiesandlow oxygenconcentrationswhich are not favorablefor algal growth.
Peakchlorophyllconcentrationsvereusuallyat0—15m.

As in 1999, the summer2000 plankton countsat Site 1 were relatively low compared
to previous years(Figure 87-96, pages140-149). The winter, spring, and fall counts,
however, werefairly typical. The Cyanophytaand Chlorophytapeakswerealsorelatively

low; however, algalbloomstendto be highly variablefrom yearto year Also, we sample
algaemonthly, andbloomsmay comeandgo in betweerour samplingintervals. Increased
samplingfrequenciesvould help definethe algal dynamicsin the lake, but would require
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moretime thanis appropriatefor the long-termmonitoring program. Shortterm studies
of the algal dynamicshave beendonein Lake Whatcom(e.g., Ehinger 1988). During
the 2000/2001ake monitoringproject,algal biovolumedatawill be collectedaspartof a
on-goingeffort to improve the characterizationf algalpopulationdynamicsn thelake.

Total organic carbon(TOC) concentrationsvere low (< 1 mg/L) in February2000, but
relatively high during Septembef2.2—-3.6mg/L) (Table 11, page34). Theseconcentra-
tionswereslightly higherthanthe January—Nweember2000TOC concentrationsneasured
by the City of Bellinghamin raw water at the gatehousewhere concentrationganged
from 1.5—2.4mg/L.*° Total organiccarbonconcentrationsalongwith planktonandchloro-
phyll data,areusedto help assesshe likelihoodof developingpotentially harmful disin-
fection by-products(e.qg., trihalomethaneshhroughthe reactionof chlorine with organic
compoundgduring the drinking water treatmentprocess. Lake Whatcomhad relatively
low concentration®f TOC in raw water aswell asrelatively low concentration®f tri-
halomethanes treatedwater The 1999 averageTHM concentratiorin the Bellingham
waterdistribution systemwas29.2 ;g/L, whichis well belon therecommendedaximum
drinking waterconcentratiorof 80 g/L. Beginningin thefall of 1998,however, unusually
high THM concentrationg> 40 pg/L) were measuredn treatedwater (Figure 97, page
150)duringthe 3rd quarter(fall). This patternhasbeenconsistenfor the pastthreeyears.

Secchidepthscontinueto shov no clear seasonapatternbecausdranspareng in Lake
Whatcomis a function of both summeralgal bloomsand winter storm events (Figures
98-102 pagesl51-155).

Coliform and Enterococcus countswerelow at all sites,< 50 cfut/200 mL for total co-
liforms, and < 10 cfu/100 mL for fecal coliforms and Enterococcus (Figures103-117,
pagesl56-170;raw dataarelisted in AppendixB). The total andfecal coliform counts
wereslightly higherduringthewinter, whichwasprobablyrelatedto stormwaterrunoff.

In November 1994, we began collecting monthly bacteriasamplesfrom the Bloedel-
Donovan swimmingareanearthe centerof the log boom (seeAppendixB for raw data).
The Bloedel-Don@an bacteriacountsin 1999/2000were slightly higherthan mid-basin
countsbut hada 5-yeargeometriomeanof 7 cfu/100mL andpassedothPart A andB of
the existing ClassAA standardsor fecalcoliforms'? aswell asthe proposedstandardsor
watercontactrecreatiof®.

10pgy Wendling,BellinghamPublic Works Departmentpersonatommunications.

Yefu = colony forming unit

12«Ereshwater - Part A: fecal coliform organismlevels shall not exceeda geometricmeanvalue of 50
colonies/100mL; and,Part B: nomorethan10 percentof all samplebtainedfor calculatingthe geometric
meanvalueshallhave valuesexceedinglO0colonies/100mL" (WAC 173-201A-030).

13In freshwater, enterococcorganismdevelsmustnot exceeda geometrianeanvalueof 33/100mL, with
notmorethan10 percenbf all samplegor ary singlesamplewvhenlessthantensamplepointsexist) obtained
for calculatingthe geometricneanvalueexceeding61/100mL (Draft Revised LanguageWAC 173—-201A,
WashingtorStateDept. of Ecology, 2001).
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The metalsdatafor Lake Whatcomare includedin Table 10 (page33). This tablein-

cludesthe regularly contractedmetals(arsenic,cadmium,chromium,copper iron, mer

cury, nickel, lead,andzinc) aswell as24 additionalmetalsthatareincluded“free” aspart
of the analyticalprocedureusedby AmTest. In 1999, AmTestupgradedheir equipment
usedto analyzedall of the metalsexceptlead. As a result, mary of the analysesow

have lower detectionlimits, resultingin fewer “below detection”data. Only the regularly

contractednetalswill bediscussedh thisreport.

Most of the Septembemetalsconcentrationsvereat, or below, detectionimits, andthose
thatweredetectedverewithin normalconcentratiomangedor surfacewater Copperand
zinc weredetectedat low concentrationsit mostsites. Iron concentrationsvereelevated
in all of the bottomsamplesexceptat Site 4. This s typical for thelake. The highestcon-
centrations).700mg/L and0.780mg/L, weremeasureat Sitesl and2, respectiely. The
higherconcentrationst Sites1 and 2 werethe resultof iron cornvertingto solubleforms
underanaerobiconditions,andleachinginto the overlying water Onceagain,the highest
concentratiorwas measuredt Site 2 ratherthan Site 1. The solubleiron in basin2 was
evidentat the gatehous¥ duringlate summerandfall (Figure118,pagel71),particularly
during the first few weeksafter the lake destratifiegseeNovemberin Figure 118). Fol-

lowing lake turnover, mostof the solubleiron is corvertedto insolubleiron, which slowly

settlesto the bottom.

2.3.3 Strawberry sill data

The Stravberrysill Hydrolab,waterquality, andmetalsdataaresummarizedn Tablesl12—
14 (pages35-37)andlistedin AppendixB (page214). The AmTestdatareportsfor the
metalsandtotal organiccarbonanalysesreincludedin AppendixC (page287).

Stravberry sill was sampledon October12, November4, and December2, 1999, and
January, February3, April 4, May 4, June6, July 12, August8, and Septembe6, 2000.
The waterquality alongthe sill wasvery similar to Site 3. The watertemperaturegalong
the sill weregenerallywithin 1-2° C of thoseat Site 3, althoughthe sill cooledslightly
fasterin the fall andwarmedslightly fasterin the spring. The sill sampleswereslightly
moreturbidthanSite 3 duringwinter. Most of themetalsconcentrationsvereat or nearthe
detectionimits. Iron andzinc weredetectablebut within rangesiormalfor thelake. Total
organiccarbonconcentrationsangedirom < 1 to 3.3mg/L, whichwassimilarto Site 3.

“Thegatehousés locatedalongthe shorelineof basin2 adjacento the Intake.
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3 CreekMonitoring

3.1 Site Descriptions

Seven creekswere sampledtwice during the 1999/2000monitoring program,including
Austin Creek,AndersonCreek®, the Park Placestormdrain, Silver BeachCreek, Smith
Creek,theunnamedreekthatflows throughthe Wildwood campgroundandthe northern
unnamedcreekon Blue Caryon Rd. (Blue Caryon #1). The exactsamplinglocationsfor
thesesitesaredescribedy Walker, etal. (1992),andaresummarizedn AppendixA (page
208).

Thesecreeksincludedtwo small,mostly forestedcreekdocatedin the southerrportion of
thewatersheqWildwoodCreekandBlue Carnyon Creek);asmallresidentiactreeklocated
in the northeasterportion of the watershedSilver BeachCreek);oneundegroundstorm
drain (Park Placedrain);two large, perenniakreeks(Austin Creekand Smith Creek);and
AndersonCreek,whichis a majorwatersourcefor Lake Whatcombecausét recevesthe
diversionflow from the Middle Fork of the NooksackRiver. Theseserencreeksrepresent
waterquality conditionsrangingfrom heavily impactedby residentialrunoff (Park Place
drain) to relatively unafectedby residentialdevelopment(e.g., Blue Caryon Creek). Of
thethreelarge creeks Austin Creek,which is sampledhearits mouth,recevesresidential
runoff from Sudderivalley. SmithCreekandAndersonCreek,whicharealsosamplechear
theirmouths receverelatiely little residentiakunof.

3.2 Field Sampling and Analytical Methods

The creeksweresampledon February9 andJuly 18, 2000. The waterquality parameters
measuredor the 1999/2000creekmonitoring programare shovn in Table 15 (page38).
The analyticalproceduresare summarizedn Table 2 (page25). All water sampleq(in-
cluding bacteriologicalsamples)ollectedin the field were storedon ice andin the dark
until they reachedhelaboratory Oncein thelaboratorythe handlingprocedureshatwere
relevantfor eachanalysiswerefollowed (seeTable2). Thetotal metalsanalysegarsenic,
cadmium,chromium,copper iron, mercury nickel, lead,andzinc) andtotal organiccar
bonanalysesveredoneby AmTest,Inc. The bacteriasamplesvereanalyzedoy the City
of Bellinghamattheir watertreatmenplant. All otheranalysesveredoneby thefield and
laboratorypersonnehiredby this grant.

SAndersonCreekwasaddedo our routinesamplingeffort beginningin February1995.
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3.3 Resultsand Discussion

The primary purposefor the biannualcreekmonitoringwasto provide datathat can be
comparedo the morecompletedatasetgeneratedn 1990during the stormwaterrunoff

project(Walker, et al., 1992). Tables16-17 (pages39—-42)shawv the recentcreekwater
quality datacomparedo the 1990 averagewater quality valuesfor eachcreeks. Tables
18-20shav metals,total organiccarbon,andcoliform datafrom the 1999/2000sampling
period.

Most of the 1999/2000creekdatafell within expectedranges.Comparedo the streams
in forestedareas,the residentialstreamsypically had poorerwater quality, with higher

conductvities; higherammonia,phosphorusand total suspendedolids concentrations;
andmuchhighertotal andfecal coliform counts.Thesedifferencesaretypical for streams
receving urbanrunof.

Conductvitieswerehighin Blue Canyon Creek,whichis normalfor this streambecausé

flowsthroughmineral-richsoils. Thesummemdissoledoxygenconcentrationwaslow and
watertemperaturavashigh in the Park Placedrain becausehe site drainsthe Park Place
wet pond. AndersonCreekhad high total suspendedolids and turbidity valuesin the
summerbecausef the glacial silt enteringthe creekfrom the NooksackRiver diversion.
Most other streamshad higher total suspendedolids and turbidity valuesin the winter
becaus®f stormrunof.

The nitrite/nitrateand total nitrogenconcentrationsvere higherin the winter samplesat
all sitesdueto leachingof solublenitrogencompoundsiuringthe wet season Ammonia
concentrationsverehighestin the Park Placedrain. Ammoniais corvertedfairly quickly
to nitratein turbulentwater sotheammoniain the Lake Whatcomstreamgrobablycame
from nearby watershedsources(animal wastes,swampy areas,etc.) or the Park Place
stormwatertreatmenipond.

The phosphorugoncentrationgontinuedto be highin all residentialcreekscomparedo
forestedcreeks(Smith Creek,Wildwood Creek,andBlue Caryon Creek). The Park Place
drain hashada stormwatertreatmentpondin placesince 1994, but the treatmentpond
doesnotappeato bereducingthe phosphateoncentrations the outflow. (Our sampling
site is locateddownstreamfrom the Park Placetreatmentpond.) The total phosphorus
concentrationsvere alsorelatively high in AndersonCreek,althoughthe concentrations
werewithin the1990ranges.The AndersonCreektotal phosphorusippearso beboundto
sedimenbecauséhe solublephosphateoncentrationsverelow (< 5 ug/L).

Themetalsconcentrationsverebelow detectionlimits atall sitesexceptfor iron andzinc.
Iron and zinc were within normal rangesfor surfacewaterin the Lake Whatcomwater
shed. Silver BeachCreekhadthe highesttotal organiccarbonconcentrationsluring both
FebruaryandJuly (Table19, page4?).

Coliform counts(Table 20, page43) were higherin Park Placeand Silver BeachCreek



1999/2000_ake WhatcomFinal Report Pagel2

thanin the otherstreamsbut all countswerewithin rangesnormalfor eachstream.Austin
Creek Silver BeachCreek,andthe Park Placedrainexceededhe ClassAA standard® for
fecalcoliforms,aswell asthe proposedstandard$or watercontactrecreatiory’.

Silver BeachCreekandthe Park Placedrain exceededoth Part A andPart B of the col-
iform and Enterococcus standard.Austin CreekpassedPart A of both standarddecause
it had geometricmeansof 46 and 17 cfu/100 mL for fecal coliforms and Enterococcus,
respectrely. However, morethan10% of the bacteriacountsexceededPart B of the stan-
dards.Thehistoricdatafrom Austin Creek(Table21, page44) shav thatthecreekcoliform
countsareusuallylower duringthewinter thanthe summer

4 LakeWhatcom Hydr ology

4.1 Water Budget

A waterbalancewasappliedto Lake Whatcomto identify its major waterinputsandout-

putsandto examinerunoff andstoragen thewatershedThetraditionalmethodof estimat-
ing awaterbalance(i.e., inputs— outputs= changen storage)wasemployed. Inputsinto

thelake includedirectprecipitationandwaterdivertedfrom the Middle Fork of the Nook-

sackRiver. Outputsincludeevaporation WhatcomCreek,the WhatcomCreekHatchery
City of Bellingham,Geogia Pacific,andWaterDistrict #10. In recentyearsdirectprecipi-
tationandevaporationwerenot consideredn thewaterbalance By consideringhemthis

year runoff (groundwaterandsurfacerunoff) is left asthe only unknowvn input into the
lake. All quantitieswere provided by the City of Bellingham,exceptfor the evaporation
magnitudeswhich weremodeledusingpanevaporationdatafrom the PostPointweather
station.

Daily precipitationmagnitudesvereestimatedisingthe precipitationdatarecordedat the
Genea gatehouseSmith Creek,andBrannianCreekhatcherygauges.Precipitationdata
from the WaterDistrict #10, Division 30 gaugewasusedfor the monthof Septembebe-
causethe BrannianCreekgaugewasinoperable The Theisserpolygonmethod(Dingman,
1994)wasusedto estimatethe precipitationarealaverageover the lake by weightingthe
precipitationat eachgaugeby a respectre areapercentage Daily lake evaporationwas
estimatedusing a model basedon the Penmanmmethod(Dingman, 1994). The Penman
methodis a theoreticallybasedmodel that estimatedree-water evaporationusing both

16“Freshwater - Part A: fecal coliform organismlevels shall not exceeda geometricmeanvalue of 50
colonies/100mL; and,Part B: nomorethan10 percentof all samplebtainedfor calculatingthe geometric
meanvalueshallhave valuesexceedingl00colonies/10amL” (WAC 173-201A-030).

In freshwater, enterococcorganismdevelsmustnot exceeda geometrianeanvalueof 33/100mL, with
notmorethanl10percenbf all samplegor ary singlesamplewvhenlessthantensamplepointsexist) obtained
for calculatingthe geometricmeanvalueexceeding61/100mL (Draft RevisedLanguageWAC 173-201A,
WashingtorStateDept. of Ecology, 2001).
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enegy-balanceandmasstransferconceptsThe methodrequiresaveragelocal or regional
enepgy andclimatedata. The modelwascalibratedto panevaporationdatafrom the Post
Pointweatherstation. Daily lake level changewasdeterminedby subtractingeachday’s
lake level by thesubsequerday’slevel. Thisresultedn negativevalueswhenthelake level
wasdecreasing@ndpositive valueswhenthelake level wasincreasing.The daily netlevel
of thelake, precipitationdepth,andevaporationdepthwereall estimatedn inches.These
valueswere multiplied by the surfaceareaof the lake and corvertedto gallons. Changes
in surfaceareaof the lake dueto lake level changesvereignored. Daily runoff waspre-
dictedfrom the lake waterbalancevaluesby addingthe outputsto the changein storage
andsubtractinghe precipitationanddiversionmagnitudes.

The daily waterbalancequantitieswere summedto obtain monthly totals. The monthly
totals were usedto generateplots of the input, output, changein storage,and predicted
runoff volumes(Figures119-123 pagesl72-176).Figure119 shaws thatthe directlake
surfaceprecipitationvolumeswerelargerthanthe Middle Fork diversionvolumesfor most
of theyear exceptduringthe summemonths.Both of thesevolumeswereapproximately
an order of magnitudesmallerthan the predictedrunoff volumesplottedin Figure 123
duringthewinter andspring. As illustratedin Figure120, WhatcomCreekwasthe major
hydrologicoutputfrom the lake during the winter monthsandin May and Juneof 2000.
Geogia Pacificandthe City of Bellinghamweremajorwithdrawalsduring periodsof low
flow in WhatcomCreek. Note also that evaporationlosseswere on the sameorder of
magnitudeasthe City withdrawvalsduringthelate springandsummemmonths.Thechange
in lake storageshowvn in Figure 121 reflectsthe patternof high runoff andhigh Whatcom
Creekdischagein thewinter andlower runoff in the summerandfall.

In pastyears thediversionfrom the Middle Fork wasoftenthe majorwatersourceduring
the summer Beginningin 1998,the amountof waterdivertedfrom the Middle Fork was
greatly reducedto help maintainin-streamflows in the Middle Fork (Figure 122, page
175). The effect of this reductionundoubtedlycontributesto the negative lake storage
duringsummerandfall (Figure121).

Daily runoff magnitudesvere examinedby spreadinghe predictedrunoff volumesover
thelandsurfaceto attainarunoff depthandcomparinghis depthto thedirectprecipitation
depthover thelake. The daily predictedrunoff depthsanddirectlake precipitationdepths
weresummednto weeklytotalsandplottedin Figure124 (pagel77). In theory theland
runoff depthshouldcorrelate(at leastin shape,f notin magnitude)with the lake direct
precipitationdepth,assuminghatwhenit rainsonthelakeit alsorainsonthelandsurface.
Note, however, thatthe two curvesdid not always correlate. The predictedrunoff depth
curve followeda similar trendasthedirectlake precipitationin the winter months but not
in thesummerandfall. Theshapeof thedirectrunoff depthcurve can,in part,bedescribed
by a changen storagen the watershedThe lake precipitationdepthcurve in Figure124
indicatesthat mostof the precipitationfell on the lake and watershedoetweenOctober
andApril. Becauseof the higherrainfall amountsandminimal evapotranspiratiomuring



1999/2000_ake WhatcomFinal Report Pagel4d

thesemonths thewatercontentof the soil increaseswhich lowersthe soilsinfiltration and
storagecapacity causinga higherrunoff whenit rains. This produces strongercorrelation
betweerthetwo curvesin Figure124in the winter months.During the summerandearly
fall, lessrainfall and higherevapotranspiratiomatesreducethe soil watercontent,which
increaseghe infiltration and storagecapacityof the soils. Whenrainfall eventsdo occur
in thesemonths,a high percentagef therain goesto replenishingsoil storageratherthan
runoff. This explainsthe weakor inversecorrelationbetweenthe two curvesduring the
summerandearlyfall. As aresult,duringthe summemonthsrunoff maynotbe sufiicient
to maintainlake level.

4.2 Hydrograph Data

Recordinghydrographdave beeninstalledin Anderson,Austin, and Smith Creeks.The
locationof eachhydrographs describedn AppendixA (page208). The hydrographdata
wererecordedat 30 minuteintervalsthroughoutheyear exceptduringinfrequentperiods
of recorderfailure or extremelow flow (AndersonCreekonly). Figures125-127(pages
178-180)shaw thatthereis considerablevariationbetweernwinter andsummerdischage
rates. Figures128-130(pagesl181-183)shawv the currentrating curvesfor eachhydro-
graph.Thehydrographdataareincludedon the CD thataccompaniethis report.

4.3 Water Movement

This section describes research conducted by graduate students Bert Rubash and Matt
Chase from the Geology Department at Western Washington University.

Water movementstudiesin Lake Whatcomcontinuedthis yearnearthe Genea Sill, the
confluenceof AndersonCreek,and Stravberryssill in basin3. Although somedrifter ex-
perimentsvereperformedto examinecurrentsandcirculation,the primaryfocusin these
regions wasto examineinternal wave dynamics. Internal waves are an importantphe-
nomenonin stratifiedlakes becausehey have beendocumentedo impacttransportand
mixing (Hodgeset al., 1999). Internalwaves propagatehroughthe metalimnionandare
drivenby wind which generates longitudinalpressuregradientin a lake (Stevens,1999).
A commontechniquefor examininginternalwave dynamicsis to deploy a chainof tem-
peraturesensorgthermistorsthatrecorda timesseriesof temperaturevaluesat the fixed
locationsspanningthe stratificationin the lake (Stevens,1999). Single thermistorsand
chainsof thermistorsvereusedin Lake Whatcomfor muchof thewatermovementstudies
conductedhisyear(seeFigurel31for adiagramof atypicalthermistorchain). Thedesign
of the thermistorconfigurationsdataacquisition,and deploymentandretrieval methods
evolvedthroughouthesummemwith experimentabhttemptsandpreliminaryanalysisof the
data.A conceptuabkynopsisof someof theresultswill discussedhere.A thoroughunder
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standingof internalwavesin the lake will requireextensve spectralanalysef boththe
time seriesfrom the thermistorsandwind datafrom the weatherstation,which is beyond
the scopeof thisreport.

Theresultsfrom datarecordedby a singlethermistorlocatednearthe top of Geneva sill
demonstratedhat water from the hypolimnion of basin1l can move aswave into basin
2. The thermistorwaslocated0.25 m from the bottom of the sill in water4.5 m deep.
We expectedthat the temperaturesecordedby this thermistorwould be almostconstant,
giventhat the sill is locatedin the unstratified,epilimnetic watersof basinl. The data
from a6 dayinterval in late July revealedthatthetemperatureemainedelatively constant
(19.5+0.5 C) throughouthis period,exceptfor anomalousold waterspikesthatpealed
atabout15.5 C onJuly 22, 2000(Figure132,pagel85). Thetemperaturerofilesfrom
July 13,2000at sites1 and?2 in basinsl and2 indicatethatwe would expectto find 15.5
C waterlocatedat depthsof 8 metersor deeperin basinl and11.5m or morein basin
2 (Figures133and 134, pagesl86 and187). The spike in temperaturesuggestghat the
cold waterwasaninternalwave suige acrosgshesill. Theinternalwave coincidedwith a
thunderstormhatmovedover thelake on July 22.

An expandedgraphof thetemperaturglot (Figure135, pagel88),shavs regularperiodic
featuresof the cold waterpulsesthat supportshe internalwave theory Therewerethree
temperaturescillationsillustratedin Figure135,which appearo have periodsof 39 min-
utes,38.5minutes,and37 minutes.Theshorteningf the periodfrom thefront to theback
of awavetrainis characteristiof thedispersvity of waterasa mediumfor gravity waves.
A commonexampleof dispersiorof asurfacewaveis aboatwake, which beginsasasingle
sloshof wateraway from thebow of amoving boat,but far avay becomes train of waves
with longerwavesleadingthe group and progressiely smallerwavesfollowing behind.
EachsinusoidalFourier)componenbf the original disturbanceravelswith avelocity that
depend®nits period,with long periodwavestraveling fastest.

Althoughthedirectionof travel of thewavetrain cannotbefoundin thetemperatureecord,
the directionof movementof the stormmay provide a basisfor determiningthe direction
of wave train travel. If it is assumedhatan internalwave train travels outward from the
disturbancehat generatest, thenwave trainswould be generatedn two directionson a
long, narraw lake suchasLake Whatcom with a stormmoving down its length;onewave
train moving in the samedirection asthe storm, andthe otherin the oppositedirection.
A wave train moving oppositethe stormwould receve only aninitial suige of enegy and
thenbegin to dissipateasthe stormpassed.In contrast,a wave train moving in the same
directionasthe stormwould receve continuousenegy input aslong asit remainedunder
thestorm.

A comparisorof wind recordsfrom a weatherrecordingstationin SqualicumHarborin
Bellinghamandfrom the weatherstationlocatedon the eastshoreof Lake Whatcomindi-
catesthatthe stormmoved from Bellinghamsoutheastard onto the lake. Theserecords
show thatit wasa strong,but slow moving storm. Figure136 (pagel89)is a plot of these
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two wind speedecordgor July 22. Thisinformationimpliesthatthe probabledirectionof
travel of theinternalwave train wassoutheastirom basinl to basin2.

We beganexaminingthe dynamicsof waterflow in the southeasbay of basin3 in Lake
Whatcomthis summerby performingadditionaldrifter studiesandmonitoringlake-water
temperaturaearthe confluenceof AndersonCreek.Drifters (Figure137,pagel90)were
placedin the southeasbay on threedifferentdays, but the resultswere too inconsistent
to make generalpredictionsaboutcirculationpatterns.In all casesdrifters at the surface
to about15 m below the surface, moved with the highestvelocity and in the direction
of the wind. Surfacevelocitiesrangedfrom 10 to 158 m per hour, dependingon wind
velocities. On two occasionghe nearsurfacewaterwasmoving in a southeastirection,
up the mouthof AndersonCreek. This indicatesthat surfacecurrentsgeneratedy wind
shearmay affect, to somedegree,the impactof AndersonCreekdischage asit flows in
Lake Whatcom.Deeperdrifters (30 to 40 m) onthe otherhandmovedslower, but in some
casesn theoppositedirectionto thewind.

BecauseAndersonCreekdischageis colderthanthe epilimnionin the summemwhenthe
diversionfrom the Middle Fork is in operationatemperaturesensomwasplacedin thelake
nearthe confluenceof AndersonCreekto monitorthetemperaturehangen the lake due
to thedivertedwater Thetemperatureecordof athermistoranchorecdht a depthabout2.2
m clearly indicateddropsin temperaturehat correlatedwith the timesduring the months
whenthediversionwasin operation(Figure138,pagel91). We didn’t measurénow close
the creekdischage wasto the sensorduring this experimentbecausehe river channelin

thedelta(thalweg) is notyetknown. Theresultsfrom this experimenthowever, have given
usconfidenceahattrackingwatertemperatureéo determinghedischage pathof Anderson
Creekinto Lake Whatcomis feasiblefor future studies.

Anotherexampleof the dynamicinternal structureof lake understratifiedconditionscan
beobseredin Figure139(pagel92),which displaysthetemperaturegecordsfrom ather
mistor array (Figure 131) that was placedsoutheasof Stravberry sill from early August
to late September As indicatedon both Figures139 and 131, the thermistordepthsbe-
low the watersurfacerangedbetweenl0 m and40 m. Theintentwasto exploreinternal
wave actvity by monitoringthetemperaturevariability in the epilimnion,thermoclineand
hypolimnion.

Thetemperatureecordof thethermistorsat 10 m (epilimnion)and40 m (hypolimnion)in
Figure 139remainedrelatively stable. Note thatthe temperaturgecordof the 10 m ther
mistordecreasefom about20® C to closeto 17° C, indicatingthedropin temperaturef
themixedregion of the epilimnionin SeptemberThis wasalsodocumentedby the pattern
reflectedby the temperaturgecordfrom the 14 m thermistor In August, the thermistor
experiencedarger temperaturextremes. The thermistormay have beennearthe top of
thethermoclineand,therefore experiencedyreatertemperaturdluctuationsasif thether
moclinewasmoving up anddown. The 14 m temperaturelatabecamemore constantin
Septembernndwere equialentto the temperaturalatafrom 10 m (~17° C). This could
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be explainedby an epilimnion with a basalinterface edgingdownward. As the baseof
the epilimnionmigratesdeepeyrit would forcethethermoclineaway from the 14 m sensor
allowing it to recordthe mixedregion of the epilimnion. A similar effect wasapparenin
the 18 m data. Althoughthe 18 m temperaturelatawerevariable,they shaveda general
warmingtrendapproachinghetemperaturef the epilimnion.

Ourinterpretatiorof thevariability obseredin thetemperatureecordsof the 18 m and22
m thermistorsn Figure139wasbasedn theassumptiorthatthe sensorsverein thether
mocline.The18 m thermistoiwasbelievedto be nearthemiddleof thethermoclinewhich
would explain the moreradicalfluctuationsin the 18 m record. The 22 m thermistorwas
thoughtto be closerto the bottomof the thermoclinewhereit would not experiencdarge
temperatureswings. Thefluctuationsobseredat theselocationsindicatethe unstableand
dynamicnatureof the thermocline,andcould be the resultof internalwaves propagating
alongthe interfaceat the baseof the epilimnion. As discusseabove, wind enegy is the
mostlik ely enegy sourceresponsibldor theinternalwave character(Note, for example,
thelarge spike aroundSeptembefl1.)

Anotherfactorthat could be contributing to someof the temperaturevariability obsered
onFigurel39is thelateralmovementof thefloat supportinghethermistors.Thefloat that
helpskeepthe sensorwertical probablymoveslaterally dueto the currentsthatwe know
existin theepilimnion. If thefloatdoesin factmovelaterally, it would forcethethermistors
into deepemater(seeFigure140,pagel93for anillustrationof this effect). If thecurrents
waxed and wanedand changeddirection, the float would in affect move back andforth
andforcethethermistorsup anddown. Thethermistorsn or nearthe thermoclinewould
recordfluctuatingtemperatureslueto the temperaturevariability in this region. We will
attemptto investigatethis possibilityin future experiments.

5 Brentwoodand Park PlaceMonitoring

The objective of this projectwasto monitor the watertreatmentefficienciesin the Brent-
wood andPark Placewet pondsthatwereconstructedo treatstormwaterrunoff prior to
releasanto Lake Whatcom.In March 1999,a small, naturalwetlandlocatedat the end of
SouthGracelLanewasaddedto the samplingprogram. The outflow of this wetlandwas
monitoredto determinewhetherthe wetlandrunoff could be divertedfrom the Park Place
feedersystemwhich mightimprove stormwatertreatmenin the Park Placewet pondby
creatinga longerresidenceime for the pond. The locationsof the monitoring sitesare
showvn onFigure141(pagel94).



1999/2000_ake WhatcomFinal Report Pagel8

5.1 Sampling procedures

Park PlaceandBrentwood wet pondsweresampledon Decembe6-8,1999,March 6-8,
2000, and July 17-19,2000. Compositeand grab sampleswere collectedat the inflow
andoutflow at eachsite. AutomaticcompositesamplergISCOtype, suppliedby the City
of Bellingham)wereplacedat the inlet andoutletandwatersamplesverecollectedat 90
minute intervals over a 48 hour period. The compositesampleswere analyzedfor total
suspendedolids, heary metals(arsenic,cadmium,chromium,copper iron, nickel, lead,
andzinc), total organiccarbon,total nitrogen,andtotal phosphorus.Grab sampleswere
collectedfour timesduringthe 48 hour periodat the inflow andoutflow at eachsite. The
Hydrolab Surnweyor IV wasusedto measurgH, temperaturegdissohed oxygen,andcon-
ductivity in thefield. Total andfecal coliformswereanalyzedy the City of Bellingham.

5.2 Resultsand Discussion

The Park Placewet pond hasbeenmonitoredsince 1994 and annualwater quality data
aresummarizedy Matthaws, et al. (2001). Monitoring in the Brentwood pondbeganin

1998(Matthewns, etal., 2000).Both pondshave extensve macrophytegronth, asshavn on

Figuresl42-143(pagesl95-196).

December6-8 representedwet season stormflow” samplingconditions,having been
precededy several daysof heary precipitation. Therewas no precipitationduring the
samplingperiod.On Decembe# theflow wasvery high attheinlet to Park Placeandsome
of thestormwaterwasbypassinghepond.On Decembei7 someof theflow still bypassed
the pond,but by Decembe8 the flow rateshaddroppedso thatmostof the runoff flowed
throughthe pond. March 6-8 representedwet season nominal” samplingconditions.
Therewasno precipitationduring the samplingperiodor for 24 hoursprior to sampling.
All of the waterfrom the Park Placedrainagewas flowing throughthe pond. The July
17-19samplesconstituted‘dry season nominalflow” conditions,with no precipitation
during samplingor for 48 hoursprecedingsampling.All of thewaterfrom the Park Place
drainagewasflowing throughthe pond.On July 18 the flow from the GraceLandwetland
wasdivertedsothatit nolongerflowedinto the Park Placepond,but ratherfloweddirectly
into thelake. We wereunableto ascertairtheamountof flow throughthe Brentwood pond
duringthesesamplingperiods.

Tables22—-25(pagesA5—-48)shon theraw datafrom the Park PlaceandBrentwood ponds,
aswell asthe GraceLand wetland. Thetablesalsoshov the annualandseasonapercent
reductionin concentratiorof contaminantdetweenthe inflow and outflow at the Park

PlaceandBrentwood ponds.Averagepercentreductionsverecomputedasfollows:

. Tinlet — Toutlet
Average % reduction = ~ ¢ % 100

Tz’nlet
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As in previous years,therewere no consistentreductionsfor most contaminantsxcept
coliforms, which werereducedin the Park Placesamplesandin mostof the Brentwood
samples.Total suspendedolidswereslightly reducedn the Park Placesampleq5.3%),
but increasedl10%in the Brentwood samples.Total organiccarbonandtotal phosphorus
wereconsistentlyhigherat the outletsfor both ponds.Percenteductionswere computed
for detectablenetals(mostmetalsconcentrationsverebelow detection).Chromium,iron,
andzinc wereusuallyslightly reducedat the outletsfor bothponds.

In summarythe Park PlaceandBrentwood wet pondsperformedpoorly for mosttypesof
contaminantswith no consistenteductionin sedimentsnutrients total organiccarbon,or
metalsconcentrationbetweertheinlet andoutlet.

OnJuly 18, 2000,the flow from the GraceLanewetlandwasdivertedsothatit nolonger
flows throughthe Park Placewet pond,but ratherflows directly into Lake Whatcom.The
waterquality at the outletfrom the wetlandis generallycleanerthanthe Park Placeinflow
or outflow, soits diversioninto thelake shouldnotincreasevaterquality problemsn basin
1. Furthermorepy removing the wetlandflow, the Park Placewet pondshouldbe ableto
handlemore stormflow without bypassinghe pond,andshouldhave a longerresidence
timein thepond. Thebypassoccurredduringthe July 17-19,2000samplingperiod,sowe
do not have resultsshaving the effect of the diversionon Park Place. Next years report
will evaluatethe differencebetweenpastPark Placeperformanceand performanceafter
thewetlanddiversion.

6 Quality Control

In orderto maintaina high degreeof accurag andconfidencen the waterquality dataall
personnehssociatedavith this projectweretrainedaccordingto standardperatingproce-
duresfor the methoddlistedin Table2 (page25). Single-blindquality control testswere
conductedas part of the IWS laboratorycertificationprocess.The 1999/2000resultsare
presentedn Table26 (page49). All resultsfrom the single-blindtestswerewithin accep-
tancelimits.

Laboratoryduplicateswereanalyzedor at least10% of all waterquality parametergex-
ceptHydrolabdata).Resultsdrom thelaboratoryduplicatesareshavn on Figures144-154
(pagesl97-202).Thedifferencebetweeraboratoryduplicatess comparedo theaverage
differenceexpectedfor eachanalysisbasedon a larger sampleof lab duplicates.Nearly
all of the duplicateswerein closeagreement.Duplicatesthat differ by morethanthree
standarddeviationswereinvestigatedandtheresultsarediscussedn Table27 (page50).

Separatdield duplicateswere collectedand analyzedfor at least10% of all of the water
quality parametergexcept Hydrolab). To checkthe Hydrolab measurementsjuplicate
samplesvereanalyzedor at least10% of the Hydrolab measurementssingwatersam-
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plescollectedfrom the samedepthasthe Hydrolab measurementResultsfrom the field
duplicatesareshavn on Figures155-159pages203-207).

The field duplicateswerein closeagreementgiven that they camefrom differentwater
samples.Field duplicatesarerarely ascloseaslaboratoryduplicates.A systematidias
wasobseredin the conductvity resultsbecausehe Surveyor IV Hydrolabis moresensi-
tive thanthe laboratorymeter This appearsasa flatteningof the laboratoryconductvity

responseat ~60 uS (Figure155). In addition,the Surveyor IV Hydrolabis moresensitve
thantheold Suneyor Il Hydrolab,which createsheappearancef adecreasén thelake’s
conductvity overtime (Figures27—-31,pages80—84).Theseconductvity differencesvere
generally< 5 uS.

The mediandifferencebetweenHydrolab and Winkler dissohed oxygenvalueswas0.3
mg/L, and86.9%of the sampledifferedby no morethan1.0mg/L. As in previousyears,
therewere systematidifferencedbetweenthe Hydrolabdissohed oxygenconcentrations
andthelaboratoryresults(Winkler test). Thesedifferencesverenot ananalysiserroror a
problemwith the Hydrolab,but ratherthe resultof collectingwatersampledrom slightly
differentdepthsat the thermocline.The Hydrolabhasa depthmeter sothe watersamples
are measuredat true depth. Winkler samplesare collectedusing a marked line, which
canonly measureapproximatedepthdue to the effects of drift andlake currents. The
differencebetweertrue andapproximatedepthis nearlyimpossibleto measureaccurately
but is likely to be lessthan1-2 meters,evenin extremeinstancef drift. Normally, this
differences notcritical. Most waterquality parametershangegraduallywithin the water
column. Thetwo majorexceptionsaretemperatur@nddissohedoxygen.Whenthelakeis
stratified,dissoledoxygenconcentrationg thethermoclinemaydrop5 mg/L in just1-2
meters(seeTable 8, page31). Winkler samplesare collectedat slightly shallover depths
thanthe marlked line indicates,andin the thermocline,this will resultin higher oxygen
concentrationdecausehe lake is sampledcloserto the surface. In theseinstancesthe
Hydrolabis undoubtedlythe more accuratemeasurementlevice becauset is recording
true depthalongwith the oxygenconcentration.

As partof ourregularfield quality controlprotocols we measurenitial andendingsurface
Hydrolabreadingsateachsite. Thisis doneto verify thatwe alloweda sufficientequilibra-
tion time during thefirst few sampledor the Hydrolabto recordaccuratevalues. During
Augustand Septemberwe conducteda seriesto teststo measurghe amountof variation
betweensurfaceand bottomsampleqTable 28, page51). The resultsindicatethatthere
wasno consistenbiasbetweersurfaceandbottomtemperatur@andconductvity samples,
but therewasa small positive biasfor pH anddissolved oxygen. The averagedifferences
betweermeasurementserevery small(= 0.1 unit), sono changesn Hydrolaboperating
proceduresvereinstituted.
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1999 2000
Parameter Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Location
DO - hydrolab . ° ° . ° . . ° . . Sitesl, 2, Intake - every 1 m;
pH - hydrolab . . . . ° . . . . . Sites3,4 - everylmto10m
Temp- hydrolab . ° ° . ° . . ° . . thenevery 5 m;
Cond- hydrolab . ° ° . ° . . ° . . Gatehouse
Secchidepth . . . . . . . . . . Sitesl, 2, 3, 4, Intake
Ammonia . . . . . . ° . . . Sites1,2-0.3,5,10,15,20m;
Nitrite/nitrate . . . . . . . . . . Intake - 0.3,5,10m;
Total nitrogen . ° ° . ° . . ° . . Site3-0.3,5, 10,20, 40, 60,
Solublephosphate e . . . ° . . . . . 80m;
Total Phosphorus . ° ° . ° . . ° . . Site4 - 0.3,5, 10,20, 40, 60,
Alkalinity . . . . . . . . . . 80,90m;
Turbidity . . . . ° . . . . . Gatehouse
Total metals . Sitesl, 2, 3, 4, Intake -
(arseniccadmium chromium,copperiron, lead,mercury nickel, zinct) . 0.3m andbottomonly

T. organiccarbon

Chlorophyll

Plankton

Bacteria(City)

Sitesl, 2, 3, 4, Intake -
0.3m andbottomonly

Sitesl, 2,3,4-0.3,5, 10,
15,20 m; Intake - 0.3,5,10m

Sitesl, 2, 3, 4, Intake;
5m

Sitesl, 2, 3, 4, Intake; 0.3m

TTwenty-fouradditionalmetalsareincludedwithout chage aspartof the standardAmTestanalyticalprocedure.

Tablel: Lake Whatcom1999/2000ake monitoringschedule.
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HistoricDL? MDL
Parameter Method or Sensitvity ()  1999/2000
Conductvity-field Hydrolab(1997),field meter + 2 uSlem na
Conductvity-lab APHA (1998)#2510,low-level, SOP-IW-9 + 2 uSlcm na
Dissolwedoxygen-field Hydrolab(1997),field meter + 0.1mg/L na
Dissoledoxygen-lab APHA (1998)#4500-0.C.Winkler, SOP-IW-12 + 0.1mg/L na
pH-field Hydrolab(1997),field meter + 0.1pH unit na
pH-lab APHA (1998)#4500-H", low-ionic, SOP-IW-8 4+ 0.1pH unit na
Temperature Hydrolab(1997),field meter +0.1°C na
Alkalinity APHA (1998)#2320,low level, SOP-IWS-15 + 0.1mg/L na
Dischage Lind (1985),ratingcurve, SOP-IWS-6 na na
Secchidisk Lind (1985) +0.1m na
Total suspendedolids APHA (1998)#2540D, gravimetric, SOP-IW-22 DL =2 mg/L na
Turbidity APHA (1998)#2130,nephelometricSOP-IW-11 + 0.2NTUs na
Ammonia Wetzel& Likens(1991),phenateSOP-IW-21 DL =10 ug/L 3.7
Nitrite/nitrate APHA (1998)#4500-N@Q I., Cdreduction,SOP-IWS-19 DL =20 ug/L 16.3
Total nitrogen APHA (1998)#4500-NC., Ebinaetal. (1983),salig/late, SOP-IWS-19 DL =100ug/L 19.2
Solublephosphatemarf ~ APHA (1998)#4500-FE., ascorbicacid, SOP-IW-20 DL =5 ug/L 1.9
Solublephosphateautd  APHA (1998)#4500-PG., ascorbicacid, SOP-IWS-19 DL =5 ug/L 1.9
Total phosphorusmar! APHA (1998)#4500-PE., persulatedigestion, SOP-IW-18 DL =5 ug/L 1.8
Total phosphorusautd APHA (1998)#4500-PH., persulatedigestion,SOP-IWS-19 DL =5 ug/L 4.7
Chlorophyll APHA (1998)#10200H, acetoneSOP-IWS-16 + 0.1mg/m? na
Plankton Lind (1985),Schindlertrap na na
na
Total coliform (City) APHA (1998)#9222B, membrandilter na na
Fecalcoliform (City) APHA (1998)#9222D, membrandilter na na
Enterococcus (City) APHA (1998)#9223A (mod.),MPN-methyl. na na

T Manualmethod:¥ Autoanalysismethod
§ Historic detectionlimits (DL) aresethigherthanthe currentmethoddetectiorlimits (MDL).
SeeAppendixB for additionalinformation.

Table2: Summaryof IWS andCity of Bellinghamanalyticalmethods.
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Variable Meari SD Min. Max.
Alkalinity (mg/L CaCQ) 194 1.7 176 25.9
Conductvity - lab (uS) 61.9 27 599 732
Conductvity - Hydrolab(uS) 57.9 25 548 67.7
Dissolved Oxygen(mg/L) 7.9 3.6 0.0 119
pH 7.3 0.5 6.5 8.6
Temperaturg°C) 11.4 4.0 53 222
Turbidity (NTU) 11 10 05 6.9
Nitrogen,ammonia(ug/L) 264 493 <10 268.3
Nitrogen,nitrate/nitrite(ug/L)  220.2 122.6 <20 377.0
Nitrogen,total (1.g/L) 376.5 107.3 165.4 506.8
Phosphorussoluble(ug/L) <5 1.6 <5 115
Phosphorugptal (xg/L) 8.0 4.4 <5 236
Chlorophylla (mg/m?) 23 15 03 59
Secchidepth(m) 4.5 1.0 3.0 5.7
Coliforms, total (cfu/100mL)?* 4.8 na 1 18
Coliforms,fecal (cfu/100mL)* 1.6 na <1 6
Enterococcus (cfu/100mL)* 2.0 na <2 <2

TArithmetic meansexceptasnoted.
tGeometrianeans.

Table3: Site1 averageambientwaterquality data,10/99-9/00.
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Variable Meai SD Min. Max.
Alkalinity (mg/L CaCQ) 181 0.7 174 205
Conductvity - lab (uS) 59.0 04 584 599
Conductvity - Hydrolab(uS) 55,3 1.1 53.8 57.9
Dissolved Oxygen(mg/L) 99 0.9 88 114
pH 7.7 0.3 7.2 8.3
Temperaturg°C) 140 4.7 6.4 21.2
Turbidity (NTU) 06 0.2 0.4 1.0
Nitrogen,ammonia(ug/L) <10 45 <10 218
Nitrogen,nitrate/nitrite(ug/L)  284.6 97.0 156.0 424.0
Nitrogen,total (1:g/L) 427.2 81.1 285.1 526.2
Phosphorussoluble(ug/L) <5 0.2 <5 <5
Phosphorugotal (#g/L) <5 0.8 <5 6.0
Chlorophylla (mg/m?) 19 07 07 33
Secchidepth(m) 55 1.0 4.3 7.5
Coliforms, total (cfu/200mL)} 6.4 na 2 29
Coliforms,fecal (cfu/100mL)* 1.8 na <1 8
Enterococcus (cfu/100mL)* 21 na <2 4

T Arithmetic meansexceptasnoted.
‘Geometriameans.

Table4: Intake averageambientwaterquality data,10/99-9/00.
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1999/2000_ake WhatcomFinal Report

Variable Meari SD Min. Max.
Alkalinity (mg/L CaCQ) 18.2 15 172 26.9
Conductvity - lab (uS) 60.1 3.1 583 733
Conductvity - Hydrolab(uS) 55.9 23 529 704
Dissolved Oxygen(mg/L) 8.8 2.7 0.0 111
pH 74 04 65 8.4
Temperaturg°C) 12.0 4.1 6.2 21.2
Turbidity (NTU) 07 09 04 6.4
Nitrogen,ammonia(ug/L) 23.1 631 <10 4244
Nitrogen,nitrate/nitrite(ug/L)  294.4 107.7 <20 439.8
Nitrogen,total (1.g/L) 444.1 86.3 264.5 587.7
Phosphorussoluble(ug/L) <5 2.4 <5 16.9
Phosphorugptal (xg/L) 6.3 5.3 <5 318
Chlorophylla (mg/m?) 16 07 03 33
Secchidepth(m) 5.7 0.9 4.0 7.0
Coliforms, total (cfu/100mL)?* 2.8 na 1 12
Coliforms,fecal (cfu/100mL)* 1.4 na <1 4
Enterococcus (cfu/100mL)* 2.1 na <2 4

TArithmetic meansexceptasnoted.
tGeometrianeans.

Table5: Site 2 averageambientwaterquality data,10/99-9/00.
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Variable Meai SD Min. Max.
Alkalinity (mg/L CaCQ) 176 0.6 16.7 20.0
Conductvity - lab (uS) 59.3 0.6 584 61.3
Conductvity - Hydrolab(uS) 554 1.7 531 74.1
Dissolved Oxygen(mg/L) 94 1.1 05 114
pH 74 04 6.6 8.2
Temperaturg°C) 100 4.4 6.4 21.3
Turbidity (NTU) 05 04 0.2 3.2
Nitrogen,ammonia(ug/L) <10 8.0 <10 495
Nitrogen,nitrate/nitrite(ug/L)  361.4 88.4 177.4 458.0
Nitrogen,total (1:g/L) 467.2 90.3 247.8 654.6
Phosphorussoluble(ug/L) <5 05 <5 <5
Phosphorugotal (#g/L) <5 29 <5 17.0
Chlorophylla (mg/m?) 14 06 03 25
Secchidepth(m) 6.6 1.4 4.5 8.5
Coliforms, total (cfu/100mL)} 1.8 na <1 5
Coliforms,fecal (cfu/100mL)* 1.2 na <1 2
Enterococcus (cfu/100mL)* 20 na <2 <2

T Arithmetic meansexceptasnoted.
‘Geometriameans.

Table6: Site 3 averageambientwaterquality data,10/99-9/00.
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Variable Meai SD Min. Max.
Alkalinity (mg/L CaCQ) 175 05 17.0 19.8
Conductvity - lab (uS) 594 0.6 582 60.7
Conductvity - Hydrolab(uS) 55.7 1.0 53.8 57.8
Dissolved Oxygen(mg/L) 9.7 0.7 8.0 11.7
pH 73 04 6.9 8.3
Temperaturg°C) 9.7 4.3 6.5 20.8
Turbidity (NTU) 04 01 01 09
Nitrogen,ammonia(ug/L) <10 47 <10 186
Nitrogen,nitrate/nitrite(ug/L)  383.2 86.3 182.0 470.0
Nitrogen,total (1:g/L) 483.4 76.3 248.0 566.8
Phosphorussoluble(ug/L) <5 0.8 <5 6.8
Phosphorugotal (#g/L) <5 29 <5 18.2
Chlorophylla (mg/m?) 1.5 08 04 47
Secchidepth(m) 6.3 1.6 4.0 9.1
Coliforms, total (cfu/100mL)} 1.7 na <1 8
Coliforms,fecal (cfu/100mL)* 1.1 na <1 3
Enterococcus (cfu/100mL)* 20 na <2 <2

T Arithmetic meansexceptasnoted.
‘Geometriameans.

Table7: Site4 averageambientwaterquality data,10/99-9/00.
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Depth 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

0 96 97 96 95 92 97 o7 103 101 98 97 901 94
1 96 96 9.4 04 96 99 100 99 96 91 93
2 97 96 97 94 100 96 99 100 98 96 91 93
3 96 96 93 99 95 98 99 98 95 91 93
4 98 95 96 93 99 95 98 99 96 95 91 092
5 95 96 92 92 98 94 96 98 96 96 90 91
6 96 95 95 90 97 91 96 98 91 94 90 91
7 94 92 87 96 93 95 97 85 94 89 87
8 85 90 82 87 93 90 95 92 63 85 84 88
9 78 62 83 49 45 64 82 42 76 55 50
10 24 56 47 68 52 34 37 31 20 23 33 17
11 30 22 54 01 1.2
12 11 17 17 21 00 01 05 05 01 00
13 11 11 00 01 02 05 05 00 00
14 0.6 00 01 02 05 05 00 00
15 06 08 06 00 01 02 04 04 00 00
16 04 05 08 06 00 01 02 04 04 00 00
17 05 08 06 00 01 02 04 04 00 00
18 04 05 09 06 00 01 02 04 04 00 00
19 05 09 06 00 00 02 04 04 00 00
20 09 07 11 00 00 02 04 03 00 00

Boxed valuesmark depthwhereoxygendroppedbelonr 1 mg/L.

Table8: Dissolvedoxygenconcentrationgmg/L) at Site 1, Septembefl 988—2000.



1999/2000_ake WhatcomFinal Report Page32
Depth 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 19.7 191 202 185 209 202 202 199 188 213 216 19.8 184
1 191 201 185 209 201 201 199 186 212 216 198 184
2 195 191 201 184 209 201 200 199 186 211 216 198 184
3 191 200 184 209 201 200 199 185 210 216 195 184
4 193 191 200 183 209 200 200 199 185 208 216 194 184
5 191 198 182 209 199 199 198 184 206 216 193 184
6 191 191 197 180 209 19.7 198 198 184 204 216 19.2 183
7 190 193 178 209 196 198 19.7 184 202 21.0 192 182
8 183 189 184 178 194 194 197 196 183 190 195 19.0 181
9 183 161 175 175 171 183 183 182 168 17.2 156 159
10 150 165 136 167 159 160 160 17.0 154 152 144 141 133
11 143 112 157 138 145 142 146 141 128 126 124 123
12 122 127 103 129 123 129 124 129 131 120 119 110 116
13 115 9.9 116 118 126 117 123 127 119 115 104 112
14 114 111 9.5 109 118 124 114 120 123 117 112 101 109
15 10.9 9.3 108 111 123 112 118 121 116 112 10.0 10.7
16 11.1 10.7 9.2 10.7 109 122 111 116 120 115 111 9.9 10.6
17 10.6 9.2 10.7 108 121 110 115 119 115 110 9.8 10.6
18 10.8 104 9.2 10.7 10.7 120 109 114 118 114 110 9.8 10.5
19 10.4 9.3 10.7 106 119 108 11.3 118 114 10.9 9.8 10.4
20 9.3 106 105 119 108 11.3 118 114 10.7 9.7 10.4

Horizontallinesshav 8, 10 and12 meterreferencedepths.

Table9: Watertemperature§’C) at Site 1, Septembefl 988—-2000.
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As Cd Cr Cu Fe Hg Ni Pb Zn
Site Depth Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)
Sitel O Septl1,2000 <0.01 <0.0005 <0.001 0.003 0.033 <0.01 <0.005 <0.001 0.008
Sitel 20 Sept11,2000 <0.01 <0.0005 <0.001 0.002 0.700 <0.01 <0.005 0.005 0.005
Intake 0 Septl1,2000 <0.01 <0.0005 <0.001 0.002 0.026 <0.01 <0.005 0.003 0.003
Intake 10 Septl1,2000 <0.01 <0.0005 <0.001 0.001 0.031 <0.01 <0.005 0.001 0.004
Site2 0 Septl1,2000 <0.01 <0.0005 <0.001 0.001 0.012 <0.01 <0.005 0.001 0.002
Site2 20 Septl11,2000 <0.01 <0.0005 <0.001 <0.001 0.780 <0.01 <0.005 0.002 0.002
Site3 0 Septl1,2000 <0.01 <0.0005 <0.001 <0.001 0.008 <0.01 <0.005 0.001 0.002
Site3 80 Septl1,2000 <0.01 <0.0005 <0.001 <0.001 0.009 <0.01 <0.005 0.001 0.004
Site4 0 Septl11,2000 <0.01 <0.0005 <0.001 <0.001 0.026 <0.01 <0.005 <0.001 0.004
Site4 90 Septl1,2000 <0.01 <0.0005 <0.001 0.003 0.023 <0.01 <0.005 0.001 0.005
Al Sb B Ba Be Ca Co K
Site Depth Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L)
Sitel O Septl1,2000 <0.01 <0.01 <0.05 0.0064 <0.0005 6.1 <0.001 0.52
Sitel 20 Septl1,2000 <0.01 <0.01 <0.05 0.0095 <0.0005 6.1 <0.001 0.56
Intake 0 Septl1,2000 <0.01 <0.01 <0.05 0.0064 <0.0005 5.0 <0.001 0.45
Intake 10 Septl1,2000 <0.01 <0.01 <0.05 0.0072 <0.0005 5.3 <0.001 0.46
Site2 0 Septl1,2000 <0.01 <0.01 <0.05 0.0064 <0.0005 5.0 <0.001 0.44
Site2 20 Septl1,2000 <0.01 <0.01 <0.05 0.0080 <0.0005 5.9 <0.001 0.54
Site3 0 Septl1,2000 <0.01 <0.01 <0.05 0.0062 <0.0005 5.0 <0.001 0.45
Site3 80 Septl1,2000 <0.01 <0.01 <0.05 0.0066 <0.0005 5.6 <0.001 0.54
Site4 0 Septl1,2000 <0.01 <0.01 <0.05 0.0067 <0.0005 5.4 <0.001 0.49
Site4 90 Septl1,2000 <0.01 <0.01 <0.05 0.0062 <0.0005 4.9 <0.001 0.46
Li Mg Mn Mo Na P S Se
Site Depth Date (mg/L) (mg/L) (mg/L)  (mglL) (mg/L) (mg/L)  (mg/L) (mg/L)
Sitel 0 Septl1,2000 <0.005 1.8 0.0069 <0.005 2.6 <0.01 13 <0.01
Sitel 20 Septl1,2000 <0.005 1.9 0.2000 <0.005 2.1 0.04 1.3 <0.01
Intake 0 Septl1,2000 <0.005 1.7 0.0026  <0.005 2.3 0.03 15 <0.01
Intake 10 Septl1,2000 <0.005 1.8 0.0033 <0.005 2.3 0.02 15 <0.01
Site2 0 Septl1,2000 <0.005 1.7 0.0015 <0.005 2.2 0.02 14 <0.01
Site2 20 Septl1,2000 <0.005 1.9 0.1500 <0.005 2.0 0.02 1.2 <0.01
Site3 0 Septl1,2000 <0.005 1.7 0.0007 <0.005 2.3 <0.01 14 <0.01
Site3 80 Septl1,2000 <0.005 1.8 0.0079  <0.005 2.3 0.03 15 <0.01
Sited 0 Septl1,2000 <0.005 1.8 0.0013 <0.005 24 0.02 15 <0.01
Site4 90 Septl1,2000 <0.005 1.7 0.0150 <0.005 21 <0.01 15 <0.01
Si Ag Sn Sr Ti T \% Y
Site Depth Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L)
Sitel O Septl1,2000 1.6 <0.01 <0.005 0.046 <0.001 <0.01 <0.005 <0.0005
Sitel 20 Septl1,2000 3.3 <0.01 <0.005 0.051 <0.001 <0.01 <0.005 <0.0005
Intake 0 Septl1,2000 1.8 <0.01 <0.005 0.043 <0.001 <0.01 <0.005 <0.0005
Intake 10 Septl1,2000 18 <0.01 <0.005 0.044 <0.001 <0.01 <0.005 <0.0005
Site2 0 Septl1,2000 17 <0.01 <0.005 0.042 <0.001 <0.01 <0.005 <0.0005
Site2 20 Septl1,2000 3.3 <0.01 <0.005 0.048 <0.001 <0.01 <0.005 <0.0005
Site3 0 Septl1,2000 18 <0.01 <0.005 0.042 <0.001 <0.01 <0.005 <0.0005
Site3 80 Septl1,2000 2.7 <0.01 <0.005 0.045 <0.001 <0.01 <0.005 <0.0005
Site4 0 Septl1,2000 1.9 <0.01 <0.005 0.044 <0.001 <0.01 <0.005 <0.0005
Site4 90 Septl1,2000 25 <0.01 <0.005 0.043 <0.001 <0.01 <0.005 <0.0005

Table10: Lake Whatcom1999/200Cotal metalsdata.
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TOC TOC

Site  Date Depth (mg/L) Date Depth (mg/L)
Sitel Feb9,2000 O <1 Septl1,2000 O 3.6
Feb9,2000 20 <1 Septl1,2000 20 3.4

Intake Feb9,2000 O <1 Septl1,2000 O 2.7
Feb9,2000 10 <1 Septl1,2000 10 2.6

Site2 Feb9,2000 O <1 Septl1,2000 O 2.5
Feb9,2000 20 <1 Septll,2000 15 2.2

Site3 Feb9,2000 O <1 Septl1,2000 O 2.7
Feb9,2000 80 <1 Septl1,2000 80 2.9

Site4 Feb9,2000 O <1 Septl1,2000 O 2.9
Feb9,2000 90 <1 Septl1,2000 90 3.0

Tablel1: Lake Whatcom1999/200Qotal organiccarbondata.



1999/2000_ake WhatcomFinal Report

Depth Temp Cond DO
Site Date (m) (© pH (@S) (mg/L)
Site3  Oct6,1999 0-35 142 7.6 54.0 9.2
Site3 Nov2,1999 0-35 115 7.4 56.3 8.9
Site3 Decl1,1999 0-35 94 7.4 542 9.4
Site3 Feb3,2000 0-35 6.6 7.4 545 10.1
Site3 Apr6,2000 0-35 7.7 7.4 558 11.2
Site3 May2,2000 0-35 9.7 7.5 548 103
Site3  Jun6, 2000 0-35 123 7.7 539 10.2
Site3  July12,2000 0-35 152 7.8 56.5 9.4
Site3 Aug8,2000 0-35 169 7.7 57.0 9.3
Site3  Sept6,2000 0-35 156 7.8 56.8 8.6
Sitesl Oct12,1999 0-35 13.7 7.6 56.8 9.5
Sitesl Nov4,1999 0-35 10.8 7.3 555 9.1
Sitesl Dec2,1999 0-35 94 7.3 553 9.4
Sitesl Jan4, 2000 0-35 7.4 7.2 547 9.9
Sitesl Feb3,2000 0-35 6.6 7.3 547 10.0
Sitesl Apr4,2000 0-35 82 75 538 114
Sitesl May4,2000 0-35 103 7.5 549 107
Sitesl Jun6, 2000 0-35 127 7.8 537 9.8
Sitesl July12,2000 0-35 15.1 8.0 56.1 9.3
Sitesl Aug8,2000 0-35 16.8 7.7 57.3 9.3
Sitesl Sept6,2000 0-35 16.5 7.8 56.9 8.4
Sites2 Oct12,1999 0-35 13.7 7.5 565 9.3
Sites2 Nov4,1999 0-35 10.8 7.4 556 9.0
Sites2 Dec2,1999 0-35 94 7.4 552 9.4
Sites2 Jan4, 2000 0-35 7.4 7.2 550 10.0
Sites2 Feb3,2000 0-35 6.6 7.2 548 10.1
Sites2 Apr4,2000 0-35 8.1 7.4 537 109
Sites2 May4,2000 0-35 104 7.5 549 105
Sites2  Jun6, 2000 0-35 13.1 7.8 542 10.1
Sites2 July12,2000 0-35 154 7.9 56.7 9.3
Sites2 Aug8,2000 0-35 17.1 7.7 57.3 9.3
Sites2 Sept6,2000 0-35 15.8 7.7 56.7 8.4
Sites3 Oct12,1999 0-35 136 7.5 56.4 9.3
Sites3 Nov4,1999 0-35 108 7.4 554 8.9
Sites3 Dec2,1999 0-35 94 7.3 550 9.3
Sites3 Jan4, 2000 0-35 7.4 72 551 101
Sites3 Feb3,2000 0-35 6.6 7.2 547 10.2
Sites3 Apr4,2000 0-35 8.1 7.4 535 108
Sites3 May4,2000 0-35 9.8 7.5 545 102
Sites3  Jun6, 2000 0-35 128 7.8 54.0 9.9
Sites3 July12,2000 0-35 152 8.0 56.4 9.2
Sites3 Aug8,2000 0-35 17.0 7.8 57.3 9.2
Sites3 Sept6,2000 0-35 15.7 7.8 56.8 8.3

Table12: Strawvberrysill 1999/200thydrolabdatacomparedo Site 3.
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Depth Ak  Turb  NH3 TN NO3 SRP TP
Site  Date (m) (mg/lL) (NTU) (ug/L) (pg/l) (pg/l) (pg/l) (pgll)
Site3 Oct6,1999 0-35 18.6 04 <10 4222 249.0 <5 <5
Site3 Decl,1999 0-35 17.4 04 <10 436.3 3308 <5 127
Site3  Feb3,2000 0-35 17.3 05 <10 5289 4320 <5 <5
Sitesl Oct12,1999 0-35 17.9 0.3 na 388.7 286.6 <5 <5
Sitesl Jan4,2000 0-35 17.5 1.1 <10 487.4 4169 <5 5.0
Sites2 Oct12,1999 0-35 18.0 0.4 na 397.9 306.8 <5 <5
Sites2 Jan4,2000  0-35 17.3 1.1 <10 4912 4120 <5 <5
Sites3 Oct12,1999 0-35 18.2 0.4 na 386.1 290.5 <5 <5
Sites3 Jan4,2000  0-35 17.3 1.1 <10 4977 416.1 <5 <5

Table13: Strawberrysill 1999/2000wvaterquality datacomparedo Site 3.
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As Cd Cr Cu Fe Hg Ni Pb Zn
Site Depth Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
sl 0 Oct14,1999 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.01 <0.005 <0.001 0.007
sl 35 Oct14,1999 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.01 <0.005 <0.001 0.002
s2 0 Oct14,1999 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.01 <0.005 <0.001 0.006
s2 35 Oct14,1999 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.01 <0.005 <0.001 0.004
s3 0 Oct14,1999 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.01 <0.005 <0.001 <0.001
s3 35 Oct14,1999 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.01 <0.005 <0.001 0.003
sl 0 Janl11,2000 <0.01 <0.0005 <0.001 <0.001 0.021 <0.01 <0.005 <0.001 0.003
sl 35 Janl11,2000 <0.01 <0.0005 <0.001 <0.001 0.024 <0.01 <0.005 <0.001 0.017
s2 0 Janl11,2000 <0.01 <0.0005 <0.001 <0.001 0.016 <0.01 <0.005 <0.001 <0.001
s2 35 Jan11,2000 <0.01 <0.0005 <0.001 <0.001 0.021 <0.01 <0.005 <0.001 <0.001
s3 0 Janl11,2000 <0.01 <0.0005 <0.001 <0.001 0.031 <0.01 <0.005 <0.001 0.016
s3 35 Jan11,2000 <0.01 <0.0005 <0.001 <0.001 0.019 <0.01 <0.005 <0.001 0.001
Al Sb B Ba Be Ca Co K Li
Site Depth Date (mg/L) (mg/L) (mg/L)  (mgl/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
sl 0 Oct14,1999 <0.01 <0.01 <0.05 0.0065 <0.0005 4.2 <0.001 0.72 <0.005
sl 35 Oct14,1999 <0.01 <0.01 <0.05 0.0066 <0.0005 4.1 <0.001 0.66 <0.005
s2 0 Oct14,1999 <0.01 <0.01 <0.05 0.0064 <0.0005 4.2 <0.001 0.64 <0.005
s2 35 Oct14,1999 <0.01 <0.01 <0.05 0.0066 <0.0005 4.1 <0.001 0.65 <0.005
s3 0 Oct14,1999 <0.01 <0.01 <0.05 0.0067 <0.0005 4.2 <0.001 0.71 <0.005
s3 35 Oct14,1999 <0.01 <0.01 <0.05 0.0067 <0.0005 4.2 <0.001 0.73 <0.005
sl 0 Jan11,2000 0.03 <0.01 <0.05 0.0061 <0.0005 4.6 0.001 0.28 <0.005
sl 35 Jan11,2000 0.03 <0.01 <0.05 0.0060 <0.0005 4.5 <0.001 0.29 <0.005
s2 0 Janl1,2000 0.02 <0.01 <0.05 0.0066 <0.0005 4.6 <0.001 0.30 <0.005
s2 35 Jan11,2000 0.02 <0.01 <0.05 0.0062 <0.0005 4.6 <0.001 0.29 <0.005
s3 0 Janl1,2000 0.03 <0.01 <0.05 0.0062 <0.0005 4.6 <0.001 0.28 <0.005
s3 35 Jan11,2000 0.02 <0.01 <0.05 0.0061 <0.0005 4.7 <0.001 0.27 <0.005
Mg Mn Mo Na P S Se Si Ag
Site Depth Date (mg/L) (mg/L) (mg/L)  (mgl/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
sl 0 Oct 14,1999 18 0.0013  <0.005 3.7 <0.01 1.6 0.01 2.0 <0.01
sl 35 Oct 14,1999 1.8 0.0018 <0.005 3.6 <0.01 1.6 <0.01 2.7 <0.01
s2 0 Oct 14,1999 1.8 0.0006  <0.005 3.7 <0.01 1.6 <0.01 1.9 <0.01
s2 35 Oct 14,1999 18 0.0012  <0.005 3.6 <0.01 16 <0.01 2.7 <0.01
s3 0 Oct 14,1999 1.8 0.0009 <0.005 3.6 <0.01 1.6 <0.01 2.1 <0.01
s3 35 Oct 14,1999 18 0.0015 <0.005 3.7 <0.01 1.7 <0.01 2.8 <0.01
sl 0 Janl1,2000 1.6 0.0017  <0.005 2.8 0.01 14 <0.01 15 <0.01
sl 35 Jan11,2000 1.6 0.0019 <0.005 2.8 0.01 14 <0.01 15 <0.01
s2 0 Janl1,2000 1.6 0.0018 <0.005 2.9 0.01 14 <0.01 15 <0.01
s2 35 Janl1,2000 1.6 0.0018 <0.005 2.9 0.01 14 <0.01 15 <0.01
s3 0 Jan11,2000 1.6 0.0019 <0.005 2.8 <0.01 1.4 <0.01 15 <0.01
s3 35 Janl1,2000 1.6 0.0020  <0.005 2.8 <0.01 15 <0.01 15 <0.01
Sn Sr Ti Tl \ Y TOC
Site Depth Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)
sl 0 Oct14,1999 <0.005 0.052 <0.001 <0.01 <0.005 <0.0005 15
sl 35 Oct14,1999 <0.005  0.053 <0.001 <0.01 <0.005 <0.0005 <1
s2 0 Oct14,1999 0.007 0.052 <0.001 <0.01 <0.005 <0.0005 <1
s2 35 Oct14,1999 <0.005  0.053 <0.001 <0.01 <0.005 <0.0005 1.7
s3 0 Oct14,1999 <0.005  0.052 <0.001 <0.01 <0.005 <0.0005 2.0
s3 35 Oct14,1999 <0.005 0.053 <0.001 <0.01 <0.005 <0.0005 <1
sl 0 Janl11,2000 <0.005 0.051 <0.001 <0.01 0.006 <0.0005 <1
sl 35 Janl11,2000 <0.005  0.050 <0.001 <0.01 0.006 <0.0005 <1
s2 0 Janl11,2000 <0.005 0.051 <0.001 <0.01 0.008 <0.0005 <1
s2 35 Jan11,2000 <0.005  0.051 <0.001 <0.01 0.006 <0.0005 <1
s3 0 Janl11,2000 <0.005 0.051 <0.001 <0.01 0.008 <0.0005 1.1
s3 35 Janl11,2000 <0.005 0.051 <0.001 <0.01 0.006 <0.0005 3.3

Table14: Stravberrysill 1999/2000metalsandtotal organiccarbondata.
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1999
Parameter Oct Nov Dec

2000
Jan

Feb Mar

Apr

May Jun Jul

Aug Sep

Temperature
Dischage

Alkalinity
Conductvity

DO - Winkler

pH

T. suspendedolids
Turbidity

Ammonia
Nitrite/nitrate
Total nitrogen
Solublephosphate
Total phosphorus
T. organiccarbon

Total metals

(arseniccadmium,chromium,copperiron, lead,mercury nickel, zinc)

Bacteria(City)

TTwenty-fouradditionalmetalsareincludedwithout chage.

Table15: Lake Whatcom1999/200Qcreekmonitoringschedule.
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Cond. DO TSS Alk. Disch. Temp. Turb.

Site Date pH  (uS) (mg/L) (mg/L) (cfs) (m3/sec) (°C) (ntu)
Blue 1990minf 8.1 250 9.0 <2 na 0.02 4.0 na
Caryon 1990avg! 8.4 344 10.5 5 na 0.05 10.9 na
1990maxt 8.6 409 12.3 29 na 0.11 17.0 na
Feb9,2000 8.4 261 na 3 1147 2.13 6.5 3.98

July 18,2000 8.6 289 10.3 6 139.1 0.18 13.0 2.99

Park 1990mint 7.1 118 6.4 3 na 0.00 45 na
Place 1990avg! 7.7 245 9.1 13 na 0.26 13.7 na
1990maxt 8.1 410 11.8 57 na 091 23.0 na
Feb9,2000 7.7 182 11.1 7 721 0.35 6.0 12.50

July 18,2000 8.0 265 7.7 2 127.8 0.00 205 298

Silver 1990mint 7.4 103 6.9 <2 na 0.00 4.2 na
Beach 1990avg! 79 187 9.8 6 na 086 11.1 na
1990maxt 8.1 290 12.1 12 na 266 17.0 na
Feb9,2000 7.8 126 11.6 6 482 1.54 55 17.10

July 18,2000 8.2 279 9.0 <2 128.8 0.07 158 3.20

Wildwd 1990mint 6.7 34 6.9 <2 na 0.01 4.0 na
1990avg! 7.2 54 10.0 2 na 0.76 10.0 na

1990maxt 7.6 126 12.3 11 na 252 16.5 na
Feb9,2000 7.2 48 11.8 <2 6.5 0.65 5.2 0.40

July 18,2000 7.3 57 9.7 <2 122 0.04 142 0.42

Anderson 1990mint 7.2 37 10.0 4 na 41.2 3.5 na
1990avg! 7.4 57 11.3 17 na 74.85 8.3 na

1990maxt 8.4 71 13.0 48 na 92.00 125 na
Feb9,2000 7.2 49 11.9 6 154 29.29 41 6.92

July 18,2000 7.3 45 9.9 15 135 68.29 15.0 15.80

Austin 1990mint 7.1 50 8.3 <2 na 1.40 4.5 na
1990avg! 7.4 81 10.5 3 na 1449 10.6 na

1990maxt 7.6 121 12.1 13 na 29.60 195 na
Feb9,2000 7.4 52 11.8 2 131 35.33 48 2.61

July 18,2000 7.8 99 10.2 <2 284 203 153 0.61

Smith 1990mint 6.6 44 8.7 <2 na 0.80 3.4 na
1990avg! 7.5 64 10.5 3 na 7.63 10.0 na

1990maxt 7.8 90 12.6 10 na 23.80 17.0 na
Feb9,2000 7.4 42 12.5 2 116 29.22 40 3.22

July 18,2000 7.8 76 10.2 <2 259 191 144 031

TThe 1990creekdatado notincludethe Novemberl990stormevent.

Table16: Physicalwaterquality datafor creeksin the Lake Whatcomwatershed.
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NH3 TN NOg43 SRP TP TC(cfu/ FC(cfu/ EC(cfu/

Site Date (ng/L)  (mg/L)  (po/L) (ng/L) (mg/L) 100mL) 100mL) 100mL)
Blue 1990min 10 na 167 <5 <5 920 <2 na
Carnyon 1990avg 20 na 336 <5 13 1163 7 na
1990max 34 na 545 12 25 9000 27 na

Feb9, 2000 <10 620.9 508 <5 8.5 40 1 <2

July 18,2000 111 178.1 101 <5 10.5 300 71 13

Park 1990min 22 na 145 6 41 230 8 na
Place 1990avg 51 na 357 22 66 8254 1353 na
1990max 111 na 549 86 168 >16000 16000 na

Feb9, 2000 33.8 1019.9 693 10 45.9 2500 1450 30

July 18,2000 55.8 731.7 187.1 33.9 60.8 4200 1300 280

Silver 1990min <10 na 173 <5 27 170 8 na
Beach 1990avg 19 na 583 16 41 7110 3307 na
1990max 43 na 1118 42 61 >16000 16000 na

Feb9, 2000 <10 897.7 544 8.7 49.5 1860 1230 50

July 18,2000 22 617 285.6 22.9 35.1 3800 500 300

Wildwd 1990min <10 na 755 <5 <5 23 <2 na
1990avg 189 na 1790 <5 9 1164 74 na

1990max 32 na 4857 9 33 >16000 1300 na

Feb9, 2000 <10 2189.7 2206 <5 <5 42 2 <2

July 18,2000 <10 1308 1249 6.4 9.6 230 11 4

Anderson 1990min 10 na 50 <5 6 30 <2 na
1990avg 19 na 121 <5 24 344 13 na

1990max 32 na 221 8 55 2400 130 na

Feb9, 2000 11.6 509.2 366 <5 22.8 22 8 <2

July 18,2000 <10 1819 28.5 <5 43.7 370 154 50

Austin 1990min <10 na 259 <5 <5 50 7 na
1990avg 20 na 441 <5 13 3366 950 na

1990max 40 na 658 9 23 16000 5000 na

Feb9, 2000 <10 6915 600 5.6 10.3 55 32 2

July 18,2000 142 3217 2285 5.2 10.8 650 141 8

Smith 1990min 12 na 396 <5 <5 17 <2 na
1990avg 17 na 687 <5 6 1138 14 na

1990max 37 na 1025 8 12 9000 170 na

Feb9, 2000 <10 873.7 779 <5 7.0 44 20 <2

July 18,2000 119 569.9 4884 <5 10.2 20 66 <2

The 1990creekdatado notincludethe Novemberl990stormevent.

Table 17: Chemicaland biological water quality datafor creeksin the Lake Whatcom
watershed.
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As Cd Cr Cu Fe Hg Ni Pb Zn

Site Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

BlueCaryon Feb9,2000 <0.01 <0.0005 <0.001 <0.001 0.18 <0.01 <0.005 <0.001 0.002

Park Place Feb9,2000 <0.01 <0.0005 <0.001 <0.001 0.60 <0.01 <0.005 <«0.001 0.005

SilverBeach Feb9,2000 <«0.01 <0.0005 <0.001 <0.001 0.77 <0.01 <0.005 <«0.001 0.004

Wildwood Feb9,2000 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.01 <0.005 <0.001 <0.001

Anderson Feb9,2000 <0.01 <0.0005 <0.001 <0.001 0.35 <0.01 <0.005 <«0.001 0.002

Austin Feb9,2000 <0.01 <0.0005 <0.001 <0.001 0.18 <0.01 <0.005 <«0.001 0.006

SmithCreek Feb9,2000 <0.01 <0.0005 <0.001 <0.001 0.12 <0.01 <0.005 <«0.001 0.009
Al Sb B Ba Be Ca Co K Li

Site Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

BlueCaryon Feb9, 2000 0.14 <0.01 0.08 0.0640 <0.0005 27.0 <0.001 1.40 <0.005

Park Place Feb9,2000 0.28 <0.01 <0.05 0.0240 <0.0005 17.0 <0.001 1.10 <0.005

SilverBeach Feb9, 2000 0.43 <0.01 <0.05 0.0230 <0.0005 11.0 <0.001 0.95 <0.005

Wildwood Feb9,2000  0.02 <0.01 <0.05 0.0026 <0.0005 3.0 <0.001 0.16 <0.005

Anderson Feb9,2000  0.22 <0.01 <0.05 0.0110 <0.0005 43 <0.001 0.25 <0.005

Austin Feb9, 2000 0.10 <0.01 <0.05 0.0066 <0.0005 3.2 <0.001 0.24 <0.005

SmithCreek Feb9,2000  0.12 <0.01 <0.05 0.0034 <0.0005 3.1 <0.001 0.14 <0.005
Mg Mn Mo Na P S Se Si Ag

Site Date (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

BlueCaryon Feb9, 2000 6.7 0.01 <0.005 14 0.02 55 <0.01 34 <0.01

Park Place Feb9, 2000 6.6 0.11 <0.005 7.2 0.03 3.3 <0.01 6.3 <0.01

SilverBeach Feb9, 2000 4 0.074 <0.005 55 0.03 1.9 <0.01 53 <0.01

Wildwood Feb9,2000  0.99 <0.0005 <0.005 2.3 <0.01 0.7 <0.01 3.8 <0.01

Anderson Feb9, 2000 15 0.024 <0.005 11 0.02 1.2 <0.01 35 <0.01

Austin Feb9, 2000 0.93 0.0093  <0.005 3.6 0.01 1.0 <0.01 4.2 <0.01

SmithCreek Feb9,2000 0.96 0.0017  <0.005 2.1 <0.01 0.7 <0.01 4.3 <0.01
Sn Sr Ti Tl \% Y

Site Date (mg/L) (mg/L) (mg/L)  (mglL) (mg/L) (mg/L)

BlueCaryon Feb9,2000 0.008 0.780 <0.001 <0.01 <0.005 <0.0005

Park Place Feb9,2000 <0.005 0.120 0.008 <0.01 <0.005 <0.0005

SilverBeach Feb9,2000 <0.005  0.082 0.020 <0.01 0.008 <0.0005

Wildwood Feb9,2000 <0.005 0.040 <0.001 <0.01 0.007 <0.0005

Anderson Feb9,2000 <0.005  0.048 <0.001 <0.01 0.007 <0.0005

Austin Feb9,2000 <0.005 <0.0005 0.038 <0.01 0.007 <0.0005

SmithCreek Feb9,2000 <0.005  0.038 <0.001 <0.01 0.008 <0.0005

Table18: Metalsdatafor creeksin the Lake Whatcomwatershed.
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TOC TOC
Site Date (mg/L) Date (mg/L)
BlueCaryon Feb9,2000 14 July 18,2000 1.1
ParkPlace  Feb9,2000 3.5 July 18,2000 5.9
SilverBeach Feb9,2000 4.9 July 18,2000 6.4
Wildwood Feb9,2000 <1 July18,2000 1.8
Anderson Feb9,2000 2.7 July 18,2000 <1
Austin Feb9,2000 1.5 July18,2000 1.7
Smith Feb9,2000 2.4 July 18,2000 2.3

Paged?

Table19: Total organiccarbondatafor creeksin the Lake Whatcomwatershed.
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Site Min. Max. n z!
Blue Caryon totalcoliforms <4 300 10 83
fecalcoliforms <1 120 10 9
Enterococcus <2 26 10 7

Park Place total coliforms 163 10600 9 1669
fecalcoliforms 20 1450 10 262
Enterococcus 8 1600 9 70

SilverBeach totalcoliforms 200 3800 9 1216
fecalcoliforms 98 1600 10 522
Enterococcus 7 290 9 163

Wildwood total coliforms 7 230 9 44
fecalcoliforms 1 48 9

5
Enterococcus <2 30 4

(o]

Anderson total coliforms 17 2300 10 60
fecalcoliforms 2 154 10 13
Enterococcus <2 50 10 4

Austin total coliforms 17 6400 9 231
fecalcoliforms 6 410 10 46
Enterococcus <2 240 9 17

Smith total coliforms <4 290 9 66
fecalcoliforms <2 199 10 19
Enterococcus <2 30 9 3

T5-yeargeometriomeansrom Feb1996to July 2000.

Table 20: Averagecoliform and Enterococcus countsfor creeksin the Lake Whatcom
watershed.
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Date Fecalcoliforms Enterococcus
winter
Feb2, 1996 12cfu/100mL  20cfu/100mL
Feb4, 1997 6 cfu/100mL <2 cfu/100mL
March10,1998 42cfu/100mL  50cfu/100mL
Feb10,1999 8 cfu/100mL na
Feb9, 2000 32 cfu/100mL 2 cfu/100mL
summer
July 8,1996 124cfu/100mL  110cfu/200mL
Aug 11,1997  123cfu/100mL 17 cfu/100mL
July14,1998  410cfu/100mL 240cfu/100mL
July 15,1999 56 cfu/100mL 8 cfu/100mL
July 18,2000  141cfu/100mL 8 cfu/200mL

Paged4

Table21: Austin Creekfecal coliform andEnterococcus counts,1996—2000.
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TSS TOC TN TP
Site Date (mg/L) (mg/L) (mg/L) (mg/L)
PPinlet Dec6-8,1999 461 3.8 0.9110 0.0463
PPoutlet  Dec6-8,1999 6.54 55 0.9700  0.0558
PPinlet Mar 6-8,2000 5.25 2.6 1.1046 0.0396
PPoutlet  Mar 6-8,2000 2.75 21 0.7585  0.0423
PPinlet Jul17-19,2000 4.37 5.2 1.1479 0.1072
PPoutlet  Jul17-19,2000  3.93 9.4 0.5594  0.0889
Annual% reduction 5.3 -35.4 254 -3.4
BW inlet Dec6-8,1999 1.67 4.7 1.8580 0.0297
BW outlet Dec6-8,1999 2.79 55 1.2880 0.0232
BW inlet Mar 6-8,2000 1.00 <1* 0.5080  0.0052
BW outlet Mar 6-8,2000 3.75 1.7 1.9858 0.0510
BW inlet Jul17-19,2000  3.92 7.0 21169  0.0810
BW outlet  Jul17-19,2000 3.50 8.4 0.4468 0.0393
Annual% reduction -110.4 -35.7 -60.4 -269.1
Wetland Dec6-8,1999 1.42 3.2 1.1430 0.0170
Wetland Mar 6-8,2000 1.00 2.0 0.7566  0.0369
Wetland Jul17-19,2000 5.10 6.7 0.5682 0.0468
As Cd Cr Cu Fe Hg Ni Pb Zn

Site Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mgl/L) (mg/L)

PPinlet Dec6-8,1999 <0.01 <0.0005 0.003 0.001 0.390 <0.01 <0.005 <0.001 0.008
PPoutlet Dec6-8,1999 <0.01 <0.0005 0.004 0.001 0.400 <0.01 <0.005 <0.001 0.008
PPinlet Mar 6-8,2000 <0.01 <«0.0005 <«0.001* <0.001 0.690 <«0.01 <0.005 0.0020 0.005
PPoutlet Mar 6-8,2000 <0.01 <0.0005 0.001 <0.001 0.400 <0.01 <0.005 <0.001 0.003
PPinlet Jul17-19,2000 <0.01 <0.0005 0.007 <0.001 1100 <0.01 <0.005 <0.001 0.004
PPoutlet Jul17-19,2000 <0.01 <0.0005 0.004 0.009 0.097 <0.01 <0.005 <0.001 <0.001*
Annual% reduction na na 3.17 na 43.6 na na na 33.3

BW inlet Dec6-8,1999 <0.01 <0.0005 0.004 0.002 0.34 <0.01 <0.005 <0.001 0.001
BW outlet Dec6-8,1999 <0.01 <0.0005 0.003 0.002 0.22 <0.01 <0.005 <0.001 0.001
BW inlet Mar 6-8,2000 <0.01 <0.0005 <«0.001* <0.001 0.51 <0.01 <0.005 0.001 0.002
BW outlet Mar 6-8,2000 <0.01 <«0.0005 <«0.001* <0.001 0.36 <0.01 <0.005 0.001 0.001
BW inlet Jul17-19,2000 <0.01 <0.0005 0.006 <0.001 1.10 <0.01 <0.005 <0.001 0.006
BW outlet Jull7-19,2000 <0.01 <0.0005 0.005 <0.001 0.66 <0.01 <0.005 <0.001 0.011
Annual% reduction na na 13.9 na 34.9 na na na -11.1

Wetland Dec6-8,1999 <0.01 <0.0005 0.004 <0.001 0.14 <0.01 <0.005 <0.001 <0.001
Wetland Mar 6-8,2000 <0.01 <0.0005 0.001 <0.001 0.22 <0.01 <0.005 <0.001 <0.001
Wetland Jul17-19,2000 <0.01  <0.0005 0.007 <0.001 0.48 <0.01 <0.005 0.001 <0.001

*Valuereplacewith detectionlimit to calculatepercenteduction.

Table 22: Park Place/Brentwod wet pondsand GraceLane wetlandcompositesamples
andaveragepercentreductiondetweerinlet andoutletsamplesNegative valuesrepresent
anincreasean concentratiorattheoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time (°C) pH (mg/L) (uS) (cfu/lOOmL)  (cfu/a00mL)  (cfu/100mL)
PPinlet 12 6 1999 pm 8.25 6.70 10.61 136.7 3065 295 30
PPinlet 12 7 1999 am 7.03 7.11 1154 152.6 10818 1140 80
PPinlet 12 7 1999 pm 766 714 1133 1544 20000 920 30
PPinlet 12 8 1999 am 6.99 7.13 11.71 1477 3300 233 240
PPoutlet 12 6 1999 pm 745  6.99 9.70 1247 14000 260 50
PPoutlet 12 7 1999 am 6.72 7.45 9.50 143.5 7400 200 30
PPoutlet 12 7 1999 pm 7.04 740 10.62 1470 7000 233 30
PPoutlet 12 8 1999 am 6.45 7.61 10.03 1544 9692 383 17
Seasona reduction 7.6 -4.9 11.8 3.7 -2.4 58.4 66.6
PPinlet 3 6 2000 pm 6.19 7.22 11.51 148.7 3000 1600 2
PPinlet 3 7 2000 am 486 7.25 1214 1476 2100 400 23
PPinlet 3 7 2000 pm 7.19 7.36 11.37 1455 4100 2000 23
PPinlet 3 8 2000 am na na na na 1120 430 7
PPoutlet 3 6 2000 pm 7.01 7.26 13.25 148.3 1800 68 8
PPoutlet 3 7 2000 am 4.81 7.15 11.14 149.0 1260 282 13
PPoutlet 3 7 2000 pm 6.89 756 1497 1449 920 180 4
PPoutlet- omit 3 8 2000 am 5.70 7.49 11.79 1455 3100 461 22
Seasona reduction -2.6 -0.6 -12.4 -0.1 314 77.6 14.5
PPinlet 7 17 2000 pm 1671 7.32 759 2639 4400 460 80
PPinlet 7 18 2000 am 16.44 7.54 8.24 246.5 52000 830 300
PPinlet 7 18 2000 pm 16.90 7.61 8.22 2155 3700 500 170
PPinlet 7 19 2000 am 16.74 7.31 7.47 188.0 10000 7100 1600
PPoutlet 7 17 2000 pm 2488 7.59 7.23 2555 1600 <4* <2*
PPoutlet 7 18 2000 am 19.38 7.55 6.52  253.8 1000 2 23
PPoutlet 7 18 2000 pm 2223 7.59 8.11 258.3 2000 7 <2*
PPoutlet 7 19 2000 am 19.06 7.45 5.70 252.4 59 5 2
Seasona reduction -28.1  -1.3 12.6 -11.6 93.4 99.8 98.7
Annualavg. % reduction -7.69 -2.29 4.00 -2.67 40.77 78.62 59.93

*Valuereplacewith detectionlimit to calculatepercentreduction.

Table23: Park Placewet pondgrabsamplesandaveragepercentreductionsbetweerninlet
andoutletsamplesNegative valuesrepresenainincreasan concentratiorat the outlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time (°C) pH (mg/L) (uS) (cfu/200mL) (cfu/100mL)  (cfu/200mL)
BW inlet 12 6 1999 pm 10.29 6.41 9.29 192.0 429 18 8
BW inlet 12 7 1999 am 10.45 6.60 9.41 206.7 295 162 23
BW inlet 12 7 1999 pm 1059 6.73 9.44 210.1 174 83 170
BW inlet 12 8 1999 am 10.19 6.75 9.27 201.8 480 233 110
BW outlet 12 6 1999 pm 7.14 6.60 8.63 166.9 2400 1300 30
BW outlet 12 7 1999 am 6.03 6.80 7.90 163.8 720 600 23
BW outlet 12 7 1999 pm 6.10 7.00 8.65 162.7 310 433 14
BW outlet 12 8 1999 am 545 6.95 7.75 162.3 330 233 8
Seasonal reduction 405 -3.2 12.0 19.1 -172.9 -417.3 75.9
BW inlet 3 7 2000 pm 9.04 6.62 9.48 245.7 4200 3300 8
BW inlet 3 8 2000 am 8.43 6.78 9.78 232.4 17000 8567 4
BW inlet 3 8 2000 pm 8.62 6.89 9.67 228.4 3600 4800 4
BW inlet 3 9 2000 am na na na na 6667 3800 2
BW outlet 3 7 2000 pm 856 6.87 1282 179.6 260 <5* <2*
BW outlet 3 8 2000 am 5.71 6.99 9.63 189.0 560 <11* <2*
BW outlet 3 8 2000 pm 823 7.11 1271 1905 148 <9* <2*
BW outlet 3 9 2000 am na na na na 920 <9* 2
Seasona reduction 13.8 -34 -21.5 20.9 94.0 99.8 55.6
BW inlet 7 17 2000 pm 18.74 6.71 6.47 296.0 39000 4800 240
BW inlet 7 18 2000 am 18.30 6.89 7.09 300.6 36000 36000 30
BW inlet 7 18 2000 pm 18.47 6.85 7.05 290.0 64000 33000 300
BW inlet 7 19 2000 am 18.41 6.92 7.01 300.1 21000 9800 80
BW outlet 7 17 2000 pm 25.07 7.18 4.75 275.1 1000 52 23
BW outlet 7 18 2000 am 20.66 7.21 1.55 273.5 2000 86 4
BW outlet 7 18 2000 pm 23.98 7.36 5.72 274.1 200 38 2
BW outlet 7 19 2000 am 20.29 7.20 1.99 265.0 33 140 7
Seasona reduction -21.8 -5.8 49.3 8.3 98.0 99.6 94.5
Annualavg. % reduction 108 -4.1 13.2 16.1 6.4 -72.6 75.3

*Valuereplacewith detectionlimit to calculatepercentreduction.

Table24: Brentwoodwet pondgrabsamplesandaveragepercentreductionsbetweerinlet

andoutletsamplesNegative valuesrepresenainincreasan concentratiorat the outlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time (°C) pH (mg/L) (uS) (cfu/l00mL) (cfu/l00mL)  (cfu/200mL)
Wetland 12 6 1999 pm 7.74 7.04 9.51 143.9 153 71 30
Wetland 12 7 1999 am 534 7.23 10.21 188.7 2300 3940 50
Wetland 12 7 1999 pm 661 7.22 9.82 190.3 268 108 80
Wetland 12 8 1999 am 571 7.41 10.02 194.1 1500 43 50
Wetland 3 7 2000 pm 547 7.19 10.97 1929 74 41 4
Wetland 3 8 2000 am 426 750 11.62 1934 82 28 13
Wetland 3 8 2000 pm 707 752 1045 1928 86 51 8
Wetland 3 9 2000 am na na na na 72 49 2
Wetland 7 17 2000 pm 15.77 7.88 8.40 402.4 900 16 13
Wetland 7 18 2000 am 1385 8.00 870 4013 650 35 <2
Wetland 7 18 2000 pm 1495 7.98 8.49 399.6 580 36 7
Wetland 7 19 2000 am 13.90 7.99 878 389.0 860 22 4

Table25: GraceLanewet pondgrabsamples.
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Reported True  Acceptance

Value Value Limits
Specificconductvity (uS/cmat25°C) 899.0 876 803-949

731.0 717 658-776

Total alkalinity (mg/l asCaCQ) 46.5 475  41.9-53.6
64.5 63.5 56.8-70.3

Ammonianitrogen,autoanalysigmg/L) 12.1 11.6 9.00-14.1
7.83 8.00 7.77-8.23

Ammonianitrogen,manual(mg/L) 12.0 116 9.00-14.1
7.96 8.00 6.18-9.75

Nitrate nitrogen,autoanalysigmg/L) 16.8 16.7 13.2-19.8
14.0 12.7 10.1-15.1

Orthophosphategutoanalysigmg/L) 4.97 4.47  3.82-5.16
4.6 456  3.90-5.27

Orthophosphateananual(mg/L) 4.69 4.47  3.82-5.16
4.55 456  3.90-5.27

Total phosphorusautoanalysigmg/L)  6.12 558 4.24-6.53
0.902 1.01 0.764-1.22

Total phosphorusmanual(mg/L) 5.40 558 4.24-6.53
1.02 1.01 0.764-1.22
pH 8.55 8.50 8.25-8.75

8.04 8.00 7.77-8.23

Non-filterableresidug(mg/L) 38.2 435 32.5-46.5
TPerformancévaluationReportsWP00-1andWP00-7.

Table26: Summaryof 1999/2000single-blindquality controlresults.
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Analysis Date Sample QC A Discussion

Nitrate/nitrite 9/6/00 228.5 205.8 22.7 Unknown;all otherqc samplesok
Total nitrogen 2/3/00 537.3 507.0 30.3 Unknown;all otherqc samplesok

Ammonia 6/6/00 18.6 5.7 12.9 All othergc samplesok
Possiblesamplemislabel

Total phosphorus 11/2/99 15.2 5.2 10.0 Unknown; all otherqc samplesok

Alkalinity 10/14/99 17.1 18.4 1.3 pH electroddailure;probereplaced

Chlorophylla 6/6/00 1.36 0.86 0.50 New operatortrainingprovided
7/12/00 1.93 2.39 0.46 New operatortrainingprovided

Conductvity 11/2/99 60.1 59.4 0.70 Unknown;all othergc samplesok

Table27: Evaluationof laboratoryduplicatesexceeding3 SD from mean.
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Site Date Temp ATemp pH ApH Cond ACond DO ADO

1 Aug 10,2000 21.47 -0.15 7.99 0.05 55.8 -0.2 9.02 -0.07

1 Aug 10,2000 21.62 7.94 56.0 9.09

Intake Aug 10,2000 21.23 -0.03 8.13 0.03 55.5 -0.2 9.19 0.14

Intake Aug 10,2000 21.26 8.10 55.7 9.05

2 Aug 10,2000 21.22 0.02 8.07 0.10 55.7 0.1 9.12 0.11

2 Aug 10,2000 21.20 7.97 55.6 9.01

3 Aug 8,2000 21.33 -0.07 8.02 0.03 57.6 -0.1 936 0.3

3 Aug 8,2000 21.40 7.99 57.7 9.06

4 Aug 8,2000 20.75 -0.59 8.05 0.13 57.6 0.0 9.28 0.26

4 Aug 8,2000 21.34 7.92 57.6 9.02

sl Aug 8,2000 21.37 -0.24 8.08 0.09 58.2 0.3 9.31 0.18

sl Aug 8,2000 21.61 7.99 57.9 9.13

s2 Aug 8,2000 21.74 -0.13 8.00 0.04 58.0 -0.1 933 0.04

s2 Aug 8,2000 21.87 7.96 58.1 9.29

s3 Aug 8,2000 2196 -0.06 8.12 0.16 58.1 0.1 9.12 0.11

s3 Aug 8,2000 22.02 7.96 58.0 9.01

1 Sept7,2000 18.42 0.02 8.08 0.20 56.3 -0.5 940 0.23

1 Sept7,2000 18.40 7.88 56.8 9.17

Intake Sept7,2000 18.36 -0.01 7.85 -0.01 54.8 -0.1 9.19 0.03

Intake Sept7,2000 18.37 7.86 54.9 9.16

2 Sept7,2000 18.37 -0.01 7.82 0.09 55.0 0.1 9.26 0.14

2 Sept7,2000 18.38 7.73 54.9 9.12

3 Sept6,2000 18.47 -0.18 8.00 0.18 57.1 0.2 8.76 0.06

3 Sept6,2000 18.65 7.82 56.9 8.70

4 Sept6,2000 18.33 0.00 8.03 0.15 57.2 -0.6 9.18 0.12

4 Sept6,2000 18.33 7.88 57.8 9.06

sl Sept6,2000 18.65 0.08 8.04 0.12 56.9 -0.7 8.68 0

sl Sept6,2000 18.57 7.92 57.6 8.68

s2 Sept6,2000 18.87 0.24 7.99 0.13 57.0 0.1 8.60 0.02

s2 Sept6,2000 18.63 7.86 56.9 8.58

s3 Sept6,2000 18.62 0.02 8.02 0.12 57.3 0.2 8.66 0.24

s3 Sept6,2000 18.60 7.90 57.1 8.42
MedianA Temp:-0.02 pH:0.11 Cond:-0.05 DO:0.12
AverageA Temp:-0.07 pH:0.10 Cond:-0.09 DO:0.12

Table28: Hydrolabquality controlcomparison®f initial andendingsurfacesamples.
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9 Figures
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e Figurel (page54) providesa generaimapof Lake Whatcomandits tributaries,and
shows the currentlake samplingsites. Samplinglocationsfor the Brentwood and
Park Placewet pondsare shovn in Figure 141 (pagel194). Referto Appendix A,
Figures160-162(pages210-212)for detailedmapsshaving lake samplingloca-
tions.

e Figures2—-11(pages5—-64)shaw single-dayHydrolabprofilesfrom Lake Whatcom
for the FebruaryandSeptembesamplingdates. Additional profilesfor July (Figures
133 and 134, pagesl86 and 187) areincludedin the hydrology discussionof the
report.

e Figuresl2—-31(page$5—-84)shov multi-yearplotsof Hydrolabdatafor Lake What-
com. Thelinesconnecidatafrom a singlesamplingdepththroughtime to helpiden-
tify seasongpatternsof convergenceanddivergence however, they do notrepresent
continuoussampling. The minimumandmaximumvaluesrepresenbnly datesactu-
ally samplesnotthe annualextremes.Missingvalueswerenotinterpolated.

e Figures32-35(pages35—88)shaw correlationshetweenyearanddissolvedoxygen
during the summerat Site 1, 12—18m, 1988-2000.Figure 36 (page89) shaws the
nonsignificantorrelationbetweeryearandtemperaturet Site 1, 10 m.

e Figures37-102(pages90-155)shonv multi-yearplots of waterquality, chlorophyll,
plankton,andSecchidepthdatafor Lake Whatcom.

e Figures103-117(pagesl56—170)shov multi-year plots of coliforms and Entero-
coccus datafor Lake Whatcom.

e Figurell8(pagel7l)illustratesiron concentrationatthe BellinghamWaterTreat-
mentPlandGatehouse.

e Figures119-140(pagesl72—-193)shon the waterbalance hydrograph.andwater
movementplotsfor 1999/2000.

e Figuresl41-143(pagesl94—-196)xhon samplinglocationsandcurrentphotographs
of thePark PlaceandBrentwoodwet ponds.

e Figuresl44—154(pagesl97-202)and 155—-159(pages203—-207)shav the quality
controlresultsfrom field andlaboratoryduplicatesamples.
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Silver Beach
reek

Anderson Creek

Figurel: Lake Whatcom1999/2000samplingsites.
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Figure2: Lake WhatcomHydrolabprofile for Site 1, February4, 2000.
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Figure3: Lake WhatcomHydrolabprofile for Site 2, February4, 2000.
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Figure4: Lake WhatcomHydrolabprofile for the Intake, February4, 2000.
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Figure5: Lake WhatcomHydrolabprofile for Site 3, February3, 2000.
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Figure6: Lake WhatcomHydrolabprofile for Site 4, February3, 2000.
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Figure7: Lake WhatcomHydrolabprofile for Site 1, September, 2000.
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Figure8: Lake WhatcomHydrolabprofile for Site 2, September, 2000.
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Figure9: Lake WhatcomHydrolabprofile for the Intake, September, 2000.
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Figure10: Lake WhatcomHydrolabprofile for Site 3, Septembe6, 2000.
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Figurell: Lake WhatcomHydrolabprofile for Site4, Septembe6, 2000.
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Figurel2: Lake Whatcomtemperaturelatafor Site 1.
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Figurel3: Lake Whatcomtemperaturelatafor Site 2.
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Figurel4: Lake Whatcomtemperaturelatafor the Intake.



1999/2000_ake WhatcomFinal Report Page68

T
1Jan2000

1Jan98

1Jan96
Date

1Jan94

Lake Whatcom temperature data for Site 3, December 1990 through December 2000.

1Jan92

T T T T T
4 0¢ ST 0T S

(D) ainresadwa |

Figurel5: Lake Whatcomtemperaturelatafor Site 3.
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Figurel6: Lake Whatcomtemperaturelatafor Site 4.
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Figurel7: Lake Whatcomdissohedoxygendatafor Site 1.
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Figure18: Lake Whatcomdissohedoxygendatafor Site 2.
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Figurel19: Lake Whatcomdissohedoxygendatafor the Intake.
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Figure20: Lake Whatcomdissolhedoxygendatafor Site 3.
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Figure21: Lake Whatcomdissohedoxygendatafor Site4.
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Figure22: Lake WhatcompH datafor Site1.
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Figure23: Lake WhatcompH datafor Site 2.
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Figure24: Lake WhatcompH datafor theIntake.
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Figure25: Lake WhatcompH datafor Site 3.
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Figure26: Lake WhatcompH datafor Site4.
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Figure27: Lake Whatcomconductvity datafor Site 1.
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Figure28: Lake Whatcomconductvity datafor Site 2.
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Figure29: Lake Whatcomconductvity datafor the Intake.
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Figure30: Lake Whatcomconductvity datafor Site 3.
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Figure31: Lake Whatcomconductvity datafor Site4.
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Figure32: Pearsors r correlationof dissohed oxygenconcentrationdy year Site 1 (12

m). All resultsarestatisticallysignificant.
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Figure33: Pearsors r correlationof dissolved oxygenconcentrationdy year Site 1 (14

m). All resultsarestatisticallysignificant.
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Basin 1 Dissolved Oxygen by Year at Depth 16
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Figure34: Pearsors r correlationof dissohed oxygenconcentrationdy year Site 1 (16
m). All resultsarestatisticallysignificant.
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12

10

© Juyne

Dissolved Oxygen at depth 18
6

@ feem so
p<=0.0:

I I I I I I I
1988 1990 1992 1994 1996 1998 2000

Year

Figure35: Pearsors r correlationof dissohed oxygenconcentrationdy year Site 1 (18
m). All resultsarestatisticallysignificant.



1999/2000_ake WhatcomFinal Report Page89

Basin 1 Temperature by Year at Depth 10

20

Sebt@m_ber

Temperature at depth 10

I I I I I I I
1988 1990 1992 1994 1996 1998 2000

Year

Figure36: Correlationof watertemperaturdy year Site 1 (10 m). Resultsarenot statisti-
cally significantatthe 95%level.
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Figure37: Lake Whatcomalkalinity datafor Site 1.
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Figure38: Lake Whatcomalkalinity datafor Site 2.
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Figure39: Lake Whatcomalkalinity datafor the Intake.
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Figure40: Lake Whatcomalkalinity datafor Site 3.
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Figure41l: Lake Whatcomalkalinity datafor Site4.
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Figure42: Lake Whatcomturbidity datafor Site 1.
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Figure43: Lake Whatcomturbidity datafor Site 2.
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Figure44: Lake Whatcomturbidity datafor the Intake.
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Figure45: Lake Whatcomturbidity datafor Site 3.
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Figure46: Lake Whatcomturbidity datafor Site4.
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Figure47: Lake Whatcomnitrogensummarydatafor Site 1.
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Figure48: Lake Whatcomnitrogensummarydatafor Site 2.
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Figure49: Lake Whatcomnitrogensummarydatafor the Intake.
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Figure50: Lake Whatcomnitrogensummarydatafor Site 3.
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Figure51: Lake Whatcomnitrogensummarydatafor Site4.
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Figure52: Lake Whatcomammoniadatafor Site 1.
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Figure53: Lake Whatcomammoniadatafor Site 2.
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Figure59: Lake Whatcomnitrate/nitritedatafor the Intake.
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Figure62: Lake Whatcomtotal nitrogendatafor Site 1.
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Figure64: Lake Whatcomtotal nitrogendatafor the Intake.
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Figure66: Lake Whatcomtotal nitrogendatafor Site4.
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Figure67: Lake Whatcomphosphorusummarydatafor Site 1.
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Figure72: Lake Whatcomsolublephosphatelatafor Site 1.
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Figure73: Lake Whatcomsolublephosphatelatafor Site 2.
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Figure74: Lake Whatcomsolublephosphatelatafor the Intake.
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Figure75: Lake Whatcomsolublephosphatelatafor Site 3.
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Figure76: Lake Whatcomsolublephosphatelatafor Site 4.
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Figure77: Lake Whatcomtotal phosphoruslatafor Site 1.
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Figure78: Lake Whatcomtotal phosphoruslatafor Site 2.
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Figure79: Lake Whatcomtotal phosphorusiatafor the Intake.
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Figure80: Lake Whatcomtotal phosphoruslatafor Site 3.
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Figure81: Lake Whatcomtotal phosphoruslatafor Site 4.
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Figure82: Lake Whatcomchlorophylldatafor Site1.
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Figure83: Lake Whatcomchlorophylldatafor Site 2.
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Lake Whatcom chlorophyll a data for Intake, December 1990 through December 2000.
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Figure84: Lake Whatcomchlorophylldatafor the Intake.
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Lake Whatcom chlorophyll a data for Site 3, December 1990 through December 2000.
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Figure85: Lake Whatcomchlorophylldatafor Site 3.
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Figure86: Lake Whatcomchlorophylldatafor Site4.
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Figure92: Lake Whatcomplanktondatafor Site 1, low rangeplot.
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Figure93: Lake Whatcomplanktondatafor Site 2, low rangeplot.
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Figure94: Lake Whatcomplanktondatafor the Intake, low rangeplot.
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Figure95: Lake Whatcomplanktondatafor Site 3, low rangeplot.
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Figure96: Lake Whatcomplanktondatafor Site 4, low rangeplot.
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Lake Whatcom Secchi data for Site 1, December 1990 through December 2000.
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Figure98: Lake WhatcomSecchidepthsfor Site 1.
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Figure99: Lake WhatcomSecchidepthsfor Site 2.
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Lake Whatcom Secchi data for Intake, December 1990 through December 2000.
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Figure100: Lake WhatcomSecchidepthsfor the Intake.

Pagel53

1Jan96 1Jan98
Date

1Jan94

1Jan92



1999/2000_ake WhatcomFinal Report Pagel54

e
5o
o=,
\%
—_— o
~° =
o~ -
oo\o s
oo/ —
. =0
o 6-©
8 o
N _/—\o
o o/o\o
E %o
o=
g Z
o o— @
[a N, - &
5 o~ .
S o—
) o
= _—0
= %
S o/
o 0—o
— o—
3 5°
E 550
o
) _— ©
o o\ 2 o
8 —_——o -8 &
- O:O 3 [a
™ o
)
=
(7]
= o
-49 \o
o]
— O —___
< —o
© oo
—_ ~o0
S 8
3 o 2
n O\ i g
= c)/_,_,o —
o o —_
3] oO—_
— —0
© °3
<
= o__
o
Q —o
X o—
] o
4 o=—"
o/
° S
o
/ L. C
o\
0=°
—~o
o/\
o
\o
T T T T T
(014 ST 0T S 0

pdaq 1ysoes

Figurel101: Lake WhatcomSecchidepthsfor Site 3.
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Figure102: Lake WhatcomSecchidepthsfor Site4.
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Lake Whatcom total coliform data for Site 1, December 1990 through December 2000.
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Figure103: Lake Whatcomtotal coliform datafor Site 1.
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Figure104: Lake Whatcomtotal coliform datafor Site 2.
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Figure105: Lake Whatcomtotal coliform datafor the Intake.
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Lake Whatcom total coliform data for Site 3, December 1990 through December 2000.
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Figure106: Lake Whatcomtotal coliform datafor Site 3.
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Figure107: Lake Whatcomtotal coliform datafor Site 4.
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Figure108: Lake Whatcomfecal coliform datafor Site1.
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Figure109: Lake Whatcomfecal coliform datafor Site 2.
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Figure110: Lake Whatcomfecal coliform datafor the Intake.
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Figurelll: Lake Whatcomfecal coliform datafor Site 3.
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Figurel112: Lake Whatcomfecal coliform datafor Site4.
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Figure113: Lake WhatcomEnterococcus datafor Site 1.
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Figurel114: Lake WhatcomEnterococcus datafor Site 2.
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Figurel15: Lake WhatcomEnterococcus datafor the Intake.
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Figure116: Lake WhatcomEnterococcus datafor Site 3.
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Figurel117: Lake WhatcomEnterococcus for Site4.
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Figurel18: Iron concentrationatthe Gatehousel 999-2000Verticallinesmark October
31,1999andOctober31, 2000,at which time basin2 hadrecentlydestratified.
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Figure 119: Lake Whatcom watersheddirect hydrologic inputs, October 1, 1999—
SeptembeB0, 2000.
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Figure 120: Lake Whatcom watershedhydrologic withdrawals, October 1, 1999—

SeptembeB0, 2000.
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Figurel21: Changdn Lake WhatcomstorageOctoberl, 1999—Septembe30, 2000.
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Figure122: Middle Fork diversionflow into Lake Whatcom,1993-2000.
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Figure 123: PredictedLake Whatcomwatershedunoff, Octoberl, 1999-Septembe30,
2000.



1999/2000_ake WhatcomFinal Report

Land Surface Runoff Depth

Lake Rainfall Depth

‘‘‘‘‘

(ssyour) ypda@ pouny/|rejurey

Pagel77
o
o
o
[
=]
=
(o))
o
o
o
N ©
S &
= A
—
(90}
(o))
(@)
(&)
()
a
AN
(qV}

Figure 124: PredictedLake Whatcomwatershedrunoff comparedto measuredainfall

depth,Octoberl, 1999—-Septembe30, 2000.
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Figure125: AndersonCreekhydrographOctoberl, 1999-Septembe30, 2000.
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Figure126: Austin CreekhydrographOctoberl, 1999-Septembe30, 2000.



1999/2000_ake WhatcomFinal Report Pagel80

:
=
e

I I I I I I
00T 08 09 ov 0c¢ 0

I
28Aug2000

I
9Jul2000

Date

20May2000

31Mar2000

I
10Feb2000

S40

Figure127: Smith CreekhydrographQctoberl, 1999—-Septembe30, 2000.
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Figure128: AndersonCreekrating curve, Octoberl, 1999-Septembed0, 2000.
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Figure129: Austin Creekratingcurve, Octoberl, 1999-Septembei0, 2000.
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Figure130: Smith Creekrating curve, Octoberl, 1999—-Septembe30, 2000.
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Figure132: Genevasill watertemperatureneasurementst4.5m, July 19-30,2000.
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Figure133: Lake WhatcomHydrolabprofile for Site 1, July 13, 2000.
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Figure134: Lake WhatcomHydrolabprofile for Site 2, July 13,2000.
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Figure135: Genevasill watertemperatureneasurementst 4.5m; expandedscalefor July
22,2000shawing periodicity of internalwave.



1999/2000_ake WhatcomFinal Report Pagel189

W
o

_ Bellingham, Squalicum Harbor

N
a1
I

[

N
o

Wind Speed, Knots
'_\
(€3]

10F 5

Lake Whatcom, East Shore

] ] ] ] ] ] ] ] ] ] ] ] ] ]
1011 12 13 14 1516 17 18 19 20 21 22 23 24
Time of Day

(@)

- -
N
w
=
o
o
=
o -
©o -

Figure136: Wind speedecordsfrom SqualicumHarborandthe eastshoreof Lake What-
com,July 22,2000.
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Figure 138: AndersonCreekdeltatemperaturalata,2.2 m depth,August16—Octobel5,
2000.
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Figure 139: Temperaturedatafrom basin 3 southeasbf Strawvberry Sill, August 10—
Septembel 9, 2000.
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Figure140: Diagramof temperatursensomrrayshaving possibleinfluenceof subsuréce
currents.
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1999/2000_ake WhatcomFinal Report Pagel95

This file is too large to include in the web version of this document. The image is
included in the bound copy of the 1999/2000Lake Whatcom Final Report, which is
available from the City of Bellingham Public Works Department.

Figure142: Park Placewet pond,July 19, 2000.
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This file is too large to include in the web version of this document. The image is
included in the bound copy of the 1999/2000Lake Whatcom Final Report, which is
available from the City of Bellingham Public Works Department.

Figure143: Brentwood wet pond,July 19, 2000.
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Figurel44: Alkalinity laboratoryduplicatescontrolchart.
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Figurel145: Ammonialaboratoryduplicatescontrolchart.
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Figure146: Chlorophylllaboratoryduplicatescontrolchart.
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Figurel147: Conductvity laboratoryduplicatescontrolchart.
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Figure150: pH laboratoryduplicatescontrolchart.
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Figure151: Solublereactve phosphatdéaboratoryduplicatescontrolchart.
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Figurel152: Total nitrogenlaboratoryduplicatescontrol chart.
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Figure153: Total phosphorugaboratoryduplicatescontrol chart.
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Figurel154: Turbidity laboratoryduplicatescontrol chart.
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Figure155: Alkalinity andconductvity field duplicates.
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Figure156: DissolvedoxygenandpH field duplicates.
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A Site Descriptions

A.1 LakeWhatcom Monitoring Sites

Pleaseeferto Figures160-16Zor assistancwith locatingeachsite. In thefield, eachsite

shouldbe marked with an orangebuoy; however, stormyweatheror vandalismmay have

resultedn themovementor lossof amarkerbuoy. Thefour majorlake samplingsiteshave

beenusedsincethe early 1960s. Table 29 shavs a summaryof the identificationcodes
thathave beenusedfor thesefive sitesovertime.

During the August5, 1993lake sampling,geographicalocationsfor eachsite weredeter
minedusinga GPSlocater Thesecoordinatesrelistedbelow, but shouldbeusedwith the
cautionbecausesite locationsin Lake Whatcomhave alwaysbeenapproximate.

Threesiteswereaddedn thefall of 1996alongthe 40 meterdepthcontourin basin3 near
Stravberrysill. Thesesitesareidentifiedas“s1-s3”in Figurel62. Therearenopermanent
buoys atthesesites;depthis determinedat eachsite usinganelectronicdepthfinder.

Site 1 is locatedin basinl alonga straightline from the BloedelDonovan boatlaunchto
a squarewhite housewith a dark grey roof thatis locatedabouthalf way up the hillside
(171E. North ShoreRd.) Thesamplingsiteis ata point perpendiculato the secondyroup
of condominiumsn aclusterof four. Thedepthat Site 1 shouldbe atleast20m. TheGPS
coordinatedor Site1 on August5, 1993were:48° 45.74N, 122 24.63W.

Site 2 is locatedin basin2 justwestof theintersectiorof aline betweera boathousewith
arust-coloredroof (73 Stravberry Point) andthe point of Genevrassill, anda line between
threeaspenreeson Lake WhatcomBlvd. anda red houseon the westsideof Stravberry
sill (2170DelestraRd.). Thedepthat Site 2 shouldbe atleast20 m. The GPScoordinates
for Site2 on August5, 1993were: 48 44.55N, 122 22.81W.

The Intak e Site is locatedoffshorefrom the City of Bellinghams raw watergatehouse.
This siteis oneof the moredifficult sitesto locatebecausehe marker buoy is frequently

missing. The depthat the Intake site shouldbe at least13 m deep. The GPScoordinates
for theIntake siteon August5, 1993were: 48 44.89N, 122 23.47W.

Site 3 is locatedmid-basinjust north of a line betweenthe old railroad bridgeand Lake-
wood. Thedepthat Site 3 shouldbe atleast80 m deep.The GPScoordinategor Site 3 on
August5, 1993were: 48 44.27N, 122 20.25W.

Site 4 is locatedat the intersectionof a line betweertwo pointsof landanda line parallel
to the north edgeof aninlet (seeFigure A2). The depthat Site 4 shouldbe at least90 m
deep.TheGPScoordinategor Site4 on August5, 1993were: 48 41.53N, 122 18.01W.

Site slis locatedalongthe 40 m depthcontourin thebasin3 sideof Stravberrysill off the
north-northwesshoreof Lake Whatcom.Thessiteis off a pointwith a houseanddock as
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SiteCode| YearsUsed | SiteDescription

1 1985—present Locatedat approximatelythe deepest
11 1987—presen‘t pointin basinl
A 1982-1984
14 1982 (14is nearSite 1)
7 19605-1981
2 1985—present Locatedat approximatelythe deepest
22 1987—presen‘t pointin basin2
B 1982-1984
13 1982
6 19605-1981

Intake | 1980—present Locatedattheintake in basin2
21 1987—presen
3 1985—presen': Locatedat approximatelythe deepest
31 1987—present pointin N. sub-basirof basin3
C 1982-1984
5 19605-1981
4 1985—present Locatedat approximatelythe deepest
32 1987—presen‘t pointin S. sub-basirof basin3
E 1982-1984
10 19605-1981

Page209

Table29: Summaryof site codesfor Lake Whatcomwaterquality sampling.

thelake shorecurvesinto AgateBay; thepointof DelstraParkis onabearingslightly south
of west. The GPScoordinatesare48 44.83N, 122 21.8W, althoughthe GPSresponseés
erraticat this locationdueto topography

Site s2is locatedapproximatelymid-channebetweenDelestraPark and Stravberry sill.
Thesiteis midway betweeraflat-roofed,brown-grey boathousevith redtrim onthenorth-
eastpoint of DelestraPark anda white boathousevith two squarewvindows just backfrom
thenorthsideof Stravberrypoint. The GPScoordinatecare48 44.65N, 122 22.42W.

Site s3is locatedoff the southwesshorejust beforethe roadcut of Lake WhatcomBIvd.,
straightoff and betweentwo stair towers. The GPScoordinatesare 48 44.50N, 122

21.92W.
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Figure160: Lake Whatcomsamplingsites,basinsl—2.



1999/2000_ake WhatcomFinal Report Page211

1km

1mi

old railr oad bridge
near 2904 Lale

\ small point
line is W, of land
parallel to
north edge
of small inlet

Figure161: Lake Whatcomsamplingsites,basin3.
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Strawberry Sill

Figurel62: Stravberrysill samplingsites.
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A.2 CreekMonitoring Sites

Thecreekwaterquality monitoringsitesaredescribedn detailby Walker, etal. (1992),and
summarizedelow. Sitesthathave hydrographdataincludea descriptionof thelocationof
thehydrographgauge.

Smith Creek:

Samplesarecollectedapproximatelyl00yardsupstreanfrom Lake Whatcom.The Smith
Creekhydrographis mountedon the southwall of a sandstonéluff directly underneath
the bridge over Smith Creek(North ShoreRoad)approximatelyl km upstreamfrom the
mouththethecreek.

Silver BeachCreek:
All routinemonitoringsamplesarecollectedimmediatelyupstreanfrom the culvertunder
North ShoreRoad.

Park Placestorm drain:

Samplesare collectedinside the storm drain underPark Place(road off of North Shore
Drive.) Whenthe lake level is low enough,samplescanbe collectedat the mouthof the
outletpipeflowing into thelake.

Austin Creek:

Thesiteis locatedat the SuddenValley golf courseapproximatelyl800ft upstreanfrom

wherethecreekflowsinto Lake Whatcom.TheAustin Creekhydrographs mountedonthe
northwestsupportpillar directly underneathhe bridgeover Austin Creek(Lake Whatcom
Blvd.), approximatelyl km from the mouthof thecreek.

Wildwood Creek:
Thesiteis locatedapproximately30 feet southof the entranceo the Wildwood Resortat
the culvertwhereSouthLake WhatcomBoulevard crosseshe creek.

Anderson Creek:

Thesiteis locatedat the bridgewhereSouthBay Drive crosseghe creek. Watersamples
anddischage measurementarecollectedupstreanfrom the bridge. The AndersonCreek
hydrographis mountedin the existing stilling well on the eastside of AndersonCreek,
directly adjacento the bridgeover AndersonCreek(SouthBay Drive), approximately0.5

km from the mouthof the creek.

Blue Canyon Creek:

This small creekis not shovn on the USGStopographicmap for the area. However, it
is locatedjust north of the two major Blue Caryon streamspicturedon the USGSLake
Whatcom7.5 min. quadranglgSect.22, T 37N, R 4E). Samplesare collectedupstream
from the culvert crossingthe Blue Caryonroad.
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B LakeWhatcom Data

The 1999/2000Lake Whatcomwater quality data,including datafrom specialsampling
projects,areincludedon the following pages.The historic detectionlimits andabbrevia-
tionsfor eachparametearelisted belov. The historic detectionlimits for eachparameter
wereestimatedasednrecommendetbwer detectiorrangedAPHA, 1992;Ebina,etal.,
1983; Hydrolab,1997; Lind, 1985)instrumentliimitations, andanalystjudgementon the
lowestrepeatableoncentratiorfor eachtest. Over time, someanalyticaltechniquehave
improvedsothatcurrentdetectionlimits arelower thandefinedbelow (seeTable31, page
216). Becausehe Lake Whatcomdatasetincludeslong-termmonitoringdata,which have
beencollectedusinga variety of analyticaltechniquesthis reportsetsvery conserative
historicdetectionimits in orderto allow comparisondetweenrall years.

In the Lake Whatcomreport,unlessindicated,no datasubstitutionsareused.Instead we
flag all datathatfall below the historicdetectionimits listedin Table30.

In October2000,JoanVandersypellWS LaboratorySupervisoryevisedthe calculations
of nutrientdetectionlimits to follow APHA guidelines(1992). The currentlWS nutrient
detectionlimits areshavn in Table31. The only historic detectionlimit (Table 30) that
changedvasfor nitrate/nitrite,which wasraisedfrom 10 p.g/L to 20 ug/L.
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DetectionLimits (dl) DetectionLimits (dl)
Abbrev.  Analysis or Sensitvity (+) Abbrev.  Analysis or Sensitvity (4)
alk Alkalinity + 0.1mg/L As arsenictotal dl =0.03mg/L
toc Carbon total organic + 0.1mg/L Al aluminum,total dl =0.01mg/L
chl Chlorophylla + 0.1mg/n? Sb antimory, total dl =0.02mg/L
fc Coliforms,fecal dl < 2 col/200mL Ba barium,total dl =0.003mg/L
tc Coliforms,total dl < 2col/100mL Be beryllium, total dl =0.005mg/L
cond Conductvity, Hydrolab + 2 uS/em Bo boron,total dl=0.10mg/L
cond Conductvity, lab + 2 uS/cm Cd cadmium total dl =0.002mg/L
ec Enterococcus dl < 2col/200mL Ca calcium,total dl=0.10mg/L
nh3 Nitrogen,ammonia dl =10 ug/L Cr chromiumtotal dl =0.006mg/L
no3 Nitrogen,nitrate/nitrite dl =20 ug/L Co cobalt,total dl =0.003mg/L
tn Nitrogen,total nitrogen dl =100 ug/L Cu coppertotal dl =0.002mg/L
do Oxygen,Hydrolab + 0.1mg/L Fe iron, total dl =0.01mg/L
do Oxygen,Winkler + 0.1ug/L Pb lead,total dl =0.001mg/L
pH pH, Hydrolab =+ 0.1pH unit Li lithium, total dl =0.02mg/L
pH pH, lab 4 0.1pH unit Mg magnesiumtotal dl=0.10mg/L
srp Phosphatesolublereactve  dl =5 ug/L Mn manganeseptal dl =0.002mg/L
tp Phosphorugptal dl =5 ug/L Hg mercury total dl=0.01mg/L
secchi  Secchidepth +0.1m Mo molybdenumtotal  dl =0.01mg/L
temp Temperature +0.1°C Ni nickel, total dl =0.01mg/L
tss Total suspendedolids dl =2 mg/L P phosphorustotal dl =0.05mg/L
turb Turbidity + 0.2NTU K potassiumtotal dl=1.0mg/L
Ag silver, total dl=0.01mg/L
Na sodium,total dl=0.5mg/L
S sulfur, total dl=0.1mg/L
Se seleniumjotal dl =0.03mg/L
Si silicon, total dl=0.1mg/L
Sr strontium,total dl =0.003mg/L
Sn tin, total dl=0.02mg/L
Ti titanium, total dl =0.01mg/L
T thallium, total dl =0.03mg/L
\% vanadiumtotal dl =0.002mg/L
Y yttrium, total dl =0.001mg/L
Zn zinc, total dl =0.002mg/L

Detectionlimits listedin this tableareconserative estimateglesignedo permitcomparisonsvith historicdata.
The AmTestdetectionlimits for metalsdecreaseth 1999;thevaluesshaws in this tablearethe older, higherlimits.
Table31lists the currentlWS detectionlimits for selectecanalysesAppendixC lists the currentAmTestdetectionlimits.

Table30: Summaryof analysesn the Lake Whatcommonitoringproject.
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Abbrev. Analysis IDL LLD MDLT MDL*¥

nh3 Ammonia,autoanalysis 46 59 na na

nh3 Ammonia,manual 1.1 22 3.7(5 ug/L) 3.0(20 ug/L)
tn T. nitrogen,autoanalysis 08 1.6 19.2(10pg/L) 27.8(100ug/L)
tp T. phosphorusautoanalysis 2.0 3.9 4.7 (5 pgl/L) 4.8(20 ugl/L)
tp T. phosphorusmanual 1.0 1.9 3.3(5 ug/L) 1.8(20 pglL)
srp Sol. Phosphateautoanalysis 1.2 2.4 1.9(2.5ug/L) 1.0(20 pug/L)
srp Sol. Phosphatemanual 05 1.1 1.9(25ug/l) 3.2(20 pug/L)
no3 Nitrate/nitrite,autoanalysis 3.3 6.7 16.3(10ug/L) 14.2(25pug/L)

TLow-level detectionlimits; concentrationshavn in parentheses.
tHigh-level detectionlimits; concentrationshavn in parentheses.

Table31: CurrentlWS analyticaldetectionimits.

Instrument DetectionLimit (IDL) = Concentratiomeededo producea signal= 1.645
x Std.Dev. of replicateblanks(n=60).

Lower Level of Detection(LLD) = Concentratiorthatproduces signalsuficiently large
that 99% of the trials with that amountwill producea detectablesignal= 2 x 1.645 x
Std.Dev. of replicateblanks(n=40).

Method DetectionLimit (MDL) = 3.14 x Std.Dev. of sevenreplicatestandardsiearthe
MDL andhigherconcentrationn the analyticalrangefrom at least3 differentanalytical
runs.
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B.1 LakeWhatcom Hydrolab Data
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B.2 LakeWhatcom Water Quality Data



1999/2000_ake WhatcomFinal Report Page244

B.3 LakeWhatcom Plankton Data
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B.4 LakeWhatcom Coliform Data
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B.5 Strawberry Sill Hydrolab Data
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B.6 Strawberry Sill Water Quality Data
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B.7 Brentwoodand Park PlaceGrab SampleData



1999/2000_ake WhatcomFinal Report Page274

B.8 Brentwoodand Park PlaceCompositeData



1999/2000_ake WhatcomFinal Report Page281

B.9 LakeWhatcom Long Term Data

The annualLake Whatcomreportsinclude a CD containinglong-termdatafiles. The
CD includeshydrolab and water quality datafrom 1988 through 2000, along with the
1999/2000Austin Creek,AndersonCreek,and Smith Creekhydrographdata. The data
filesincludedonthe CD aredescribedn thereadme.txfile onthe CD.

= Theelectronicdatafileshave NOT beencensoredo identify below detectiorandabove
detectionvalues.Referto Tables30 and 31 (pages215and216) for applicabledetection
limits and abbreviations. It is essentialthat any statisticalor analyticalresultsthat are
generatedisinguncensorediatabe reviewed by a trainedstatisticianor scientistfamiliar
with statisticaluncertaintyassociatedavith belov detectiondata.

Readme.txt:

kkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkkkkkxk*x*x*x*****x*%

READMVE FI LE - LAKE WHATCOM DATA
kkhkkhkkhkkhkhkkhkhkkhkkhkkhkkhkhkhkhkhkkhkhkkkkxkk*x*x**x****x*%

The CD included with the 1999/ 2000 Lake What com Monitoring Report
included the followi ng data files:

Hydrol ab data Water quality data Hydr ogr aph dat a
1988_hl . dat 1988_wg. dat 1999_2000_austi n. dat
1989 _hl . dat 1989_wg. dat 1999 _2000_ander son. dat
1990 _hl . dat 1990 _wg. dat 1999 2000 _snit h. dat

1991 _hl . dat 1991 _wg. dat

1992_hl . dat 1992_wg. dat

1993 hl . dat 1993_wg. dat

1994 hl . dat 1994 wg. dat

1995 _hl . dat 1995_wg. dat

1996_hl . dat 1996_wqg. dat

1997 _hl . dat 1997 wg. dat

1998 hl . dat 1998_wqg. dat

1999 hl . dat 1999 wg. dat

2000_hl . dat 2000_wg. dat

The hydrol ab data files contain the following variables: site, depth
(m, nonth, day, year, tenperature (C), pH, conductivity (uS),

di ssol ved oxygen (ng/L), lab conductivity quality control data (uS),
secchi depth (m).

The water quality data files contain the follow ng variables: site
depth (m, nonth, day, year, alkalinity (ng/L), turbidity (NTU),
ammonia (ug-N'L), total persulfate nitrogen (ug-N'L), nitrate/nitrite
(ug-N'L), soluble reactive phosphate (ug-P/L), total phosphorus
(ug-P/L), chlorophyll (ng/nB).

The site codes in the hydrolab and water quality files are as foll ows:
site 11 = site 1; site 21 = intake; site 22 = site 2; site 31 = site
3; site 32 = site 4.

The Hydrograph data file contains the follow ng variables: nonth, day,
year, hour, mnute, second, head (ft), discharge (cfs).

LR R R R R R x]
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VERI FI CATI ON PROCESS FOR THE 1988- 2000 LAKE WHATCOM DATA FI LES

R E R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIEEEEEEEEEEEEEEESE]

During the sumer of 1998 the Institute for Watershed Studi es began
creating an electronic data file that would contain long termdata
records for Lake Whatcom These data were to be placed on a CD and
included with annual Lake Whatcom nonitoring reports. This was the
first attenpt to make a | ong-term Lake Whatcom data record avail abl e
to the public. Because these data had been generated using different
qual ity control plans over the years, a conprehensive reverification
process was done.

The reverification started with printing an copy of the entire data
file and checking 5% of all entries against historic |aboratory
benchsheets and field notebooks. |[If an error was found, the entire
set of values for that analysis were reviewed for the sanpling period
containing the error. Corrections were noted in the printed copy and
entered into the electronic file; all entries were dated and initialed
in the archive copy.

Next, all data were plotted and descriptive statistics (e.g., mninmm
maxi mun) were conputed to identify outliers and unusual results. Al
outliers and unusual data were verified against original benchsheets.
A summary of decisions pertaining to these data is presented bel ow
Al'l verification actions were entered into the printed copy, dated,
and initialed by the IW director.

The following is a partial list of the changes made to the verified
Lake Whatcom data files. For detailed information refer to the data
verification archive files in the Institute for Watershed Studies
library.

Specific Deletions: 1) Rows containing only mssing val ues were
deleted. 2) Al lab conductivity for February 1993 were del eted for
cause: neter inadequate for |ow conductivity readings (borrowed

Huxl ey’s student meter). 3) Al Hydrolab conductivity fromApril -
Decenber 1993 were del eted for cause: Hydrolab probe slowy | ost
sensitivity. Probe was replaced and Hydrol ab was reconditioned prior
to the February 1994 sanpling. 4) Al 1993 Hydrol ab di ssol ved oxygen
data less than or equal to 2.6 ng/L were del eted for cause: Hydrol ab
probe lost sensitivity at | ow oxygen concentrations. Probe was

repl aced and Hydrol ab was reconditioned prior to February 1994
sanpling. 5) Al srp and tp data were deleted (entered as "m ssing"
in 1989) fromthe July 10, 1989 wg data due to sanple contamination in
at least three sanples. 6) Decenber 2, 1991, Site 3, 0 mconductivity
poi nt del eted due to inconsistency with adjacent points. 7) Decenber
15, 1993, Site 4, 80 mlab conductivity point del eted because matching
field conductivity data are absent and point is inconsistent with all
other lab conductivity points. 8) Novermber 4, 1991, Site 2, 17-20 m
conductivity points deleted due to evidence of equi pment problens
related to depth. 9) February 2, 1990, Site 1, 20 m sol ubl e phosphate
and total phosphorus points deleted due to evidence of sanple

contam nation. 10) August 6, 1990, Site 1, 0 m sol uble phosphate and
total phosphorus points del eted due to evidence of sanple

contam nation. 11) Cctober 5, 1992, Site 3, 80 m all data deleted
due to evidence of sanple contamination in turbidity, ammonia, and
total phosphorus results. 12) August 31, 1992, Site 3, 5 m soluble
phosphate and total phosphorus data del eted due to probabl e coding
error. 13) Al total Kjeldahl nitrogen data were renmoved fromthe
historic record. This was not due to errors with the data but rather
on-goi ng confusion over which records contained total persulfate
nitrogen and which contained total Kjeldahl nitrogen. The current
historic record contains only total persulfate nitrogen. Total

Kj el dahl nitrogen data were retained in the |W5 data base, but not in
the long-term Lake Whatcom data files.
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khkkhkhkhhkhkhkhhhhhkhhhhkhhkhhhhhhhhkhkhk

ROUTI NE DATA VERI FI CATI ON PROCESS

khkkhkkkhkkhkhkkhkhkhkhkhkhhhkhhkdhhhkhkdrhdhhrhxhxdx*

1994-present: The Lake Whatcom data are verified using a four step

met hod: 1) The results are reviewed as they are generated. Qutliers
are checked for possible analytical or conputational errors. This
step is conpleted by the Laboratory Analyst and |IW5 Laboratory
Supervisor. 2) The results are reviewed nonthly and sent to the City.
Unusual results are identified. This step is conpleted by the IWs
Director. 3) The results are reviewed on an annual basis and

di scussed in the Lake What com Monitoring Program Final Report.

Unusual results are identified, and explained, if possible. This step
is conpleted by the IWs Director, |W5 Laboratory Supervisor, and
Laboratory Analyst. 4) Single-blind quality control sanples

| aboratory duplicates, and field duplicates are anal yzed as specified
in the Lake Whatcom Monitoring Program contract and in the |IWs
Laboratory Certification requirenents. Unusual results that suggest
instrunentation or analytical problens are reported to the IWs
Director and City. The results fromthese anal yses are summarized in
the annual report.

1987-1993: The | ake data were revi ewed as above except that the IWs
Director’s responsibilities were delegated to the Principle
Investigator in charge of the | ake nmonitoring contract (Dr. Robin
Matthews). Prior to 1991, interimreports were prepared quarterly
rather than nonthly and annual reports were descriptive rather than
interpretive.

Prior to 1987: Data were infornally reviewed by the Laboratory Anal yst
and |IW5s Director. Laboratory and field duplicates were commonly
included as part of the analysis process, but no formal (i.e.

witten) quality control programwas in place. Laboratory |logs were
mai ntai ned for nost analyses, so it is possible to verify data agai nst
original analytical results. It is also possible to review |laboratory
quality control results for sone anal yses

Page283
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B.10 Hydrograph Data from Anderson, Austin, and Smith Creeks

Thereare staf gagesand a continuouslyrecording Stevens dataloggerson Anderson,
Austin and Smith Creeks. The dataloggerscollect streamflow dataat 30-minuteinter-
vals. Thefollowing sectiongrovide detailsaboutthe datacollectedduringthe 2000water
year(Octoberl, 1999- SeptembeB0, 2000).

B.10.1 AndersonCreekWY 2000

The dataloggerwas installedMay 18, 2000in the existing stilling well by Jim Mullen
(City of Bellingham,PublicWorks Department).

Logger adjustmentsat AndersonCreek occurredon the following datesin WY 2000:
(5/20/00)from 1.99to 2.18, (8/2/00) from 2.13to 2.04, (8/8/00) from 2.04to 2.06,and
on 8/17/00theloggerwasresetwhenit wasdiscoveredthattheintake wasout of thewater
andthe float wasprobablyrestingon the bottomof the stilling well. This wasundoneon
the sameday so that future valueswould remainaccurate.No adjustmentsvere madeto
thedata.

It wasobsenredin thefield thattheintake pipewasfrequently<1 ft out of thewaterwhen
streamwater levels were low and the Nooksackdiversionwas off. From field obsera-
tions andreviewing data,the estimateddepthbelowv which the float is restingon the base
of the stilling well is about1.09to 1.15ft. Any recordsat or belonv 1.15 ft shouldbe
consideredlessthanor equalto 1.15ft.” Similarly, dischage valuesfrom dayscontain-
ing loggerreadingsbelow 1.15ft shouldbe considerednaximumvalues. Actual values
may be considerabljfjower. No datawereadjustedo compensatéor this sourceof error.

Daysaffectedinclude: (5/18/00),(8/12/00— 9/8/00),(9/13/00— 9/18/00),and (9/20/00—

9/31/00)

On 08/08/00,the logger stoppedrecordingmeasurementdue to low power. This was
discoveredon the sameday. Only the 14:30,15:00,and 15:30 measurementaere lost.
Gaugeheightswerewithin 0.01ft on eithersideof the datagap,sothe missingdatawere
estimatedn orderto have acompletedaily dischagefor thatdate.
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Eventsat AndersonCreek
04/26/00 In streamstaf gaugenstalled
05/18/00 Loggerinstalledin existing stilling well by Jim Mullen
05/20/00 Adjustedloggerto staf Loggerl.99 Staf 2.18
08/02/00 Adjustedloggerto staf Logger2.13 Staf 2.04
08/08/00 Low powershutof. Adjustedloggerto staf Logger2.04 Staf 2.06
08/17/00 Stilling well intake 1 ft above watersurface Loggerl.09 Staf 0.29
09/01/00 Intake outof water Loggerl.11 Staf —
09/22/00 Intake out of water Loggerl.13 Staf 0.52
09/22/00 Intake outof water Loggerl.11 Staf 0.52

B.10.2 Austin CreekWY 2000

Datafrom 11/16/99to 12/30/99werelost dueto equipmentfailure. The dataloggerwas
replacedwith loanedequipmentfrom Stevenson 12/21/99,but problemscontinued. On

12/30/00it was determinedthat the encoderwas not functioning properly It was also
replacedvith loanedequipmentrom Stevens.All appearedio befunctioningafterencoder
replacement.

The logger was consistentlydrifting away from true value with time. The logger was
usually lower thanstaf reading,althoughthis wasnot alwaysthe case. The loggermay
have beenoff by aslittle asa few tenthsof a foot or asmuchasgreaterthan0.5feet. In

anattemptto correctthe problem,on 06/02/00the weight8 oz weightwasreplacedwith a
177gweightanda plasticsleeve wasplacedaroundthestilling well to decreaséurbulence
in thewell. However, theloggercontinuedto drift. On 09/14/00a non-perforateglastic
sleeve wasput over a portion of the stilling well. The lowestportion of thewell wasalso
sleevedon 09/28/00.Approximately6 daysfollowing the additionof thelower sleese, the
loggerhaddrifted by -0.041t.

Datacollectedfrom 3/8/00to 6/2/00werediscardedecauséoggerreadingsvereasgreat
as0.6ft differentthanstaf readings After assessinthestaf gagereadingghatcorrespond
to loggerreadingsat varioustimesthe year we estimatethatthe calculatedlows couldbe

off by asmuchas10%to 20%duringtheyeat

Theloggerwasdiscoveredto be off by -0.27feeton 7/18/00;n0 adjustmentmade.It was
notchecledagainuntil 8/8/00,atwhichtimeit wasoff by -0.29feetandadjusted.Thedata
betweer7/18/0013:00and08/08/0013:00wasadjustedy subtracting).28feetfrom each
loggeddepth.Thedatacollectedprior to 7/18/00wereprobablysimilarly underestimated,
but no adjustmentsveremade.

On 8/11/00the batterywasreplaced.At thattime, it wasdiscoveredthatthe replacement
batterywas exhaustedand could not be used. The original batterywasreconnectedThe
following day, a new batterywasbroughtout. Whentheloggerwaschecled, it wasfound



1999/2000_ake WhatcomFinal Report Page286

to berecordingvaluesnears500feetdeep.Thefield personnetoncludedhat,whenreplac-
ing the original battery they forgot to resettheloggerandleft it at0.00. Whenthe stream
depthdecreased;atherthanlogging negative values,the loggercycled backto its maxi-
mumof 500ft andwentdown from there.The databetweer08/11/0011:30and08/12/00
11:30werecorrectedaccordingly

B.10.3 Smith CreekWY 2000

Most differencedetweenthe loggerandstaf readingsduring the winter andspringwere
dueto normal drift betweenthe two readings. And adjustmentmadeto the loggeron
4/15/00shouldnot have beenmade asit wasmostlikely madedueto errorin readingthe
staf. On4/19/00theloggerandstaf disagreedy almostthe exactamounttheloggerwas
adjustedto on 4/19/00. After the errorwasrealized the databetween4/15/00,13:00and
4/19/00,11:30werechangedo compensateNo significantdiscrepancie®ccurredafter
4/19/00.

On8/2/00datawasdownloadedontoadamagediisk. Most of thedatawasretrievable,but
datawerelost between7/8,00:00and7/14,23:30.

In summarythe Smith Creekloggerworkedwell duringwateryear2000andthe dataare
believedto beaccurate.
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C AmTestReports

Thefollowing AmTestdatareportsarefiled by samplingdate:

Samplelocation Date Analyses

Strawberrysill, surfaceand35m Octoberl2,1999 metals total organiccarbon

Park Place/Brentwodwetponds  DecembeB, 1999 metalstotal organiccarbon

Strawberrysill, surfaceand35m January, 2000 metals total organiccarbon
Watershedtreeks/lak February9, 2000 metals total organiccarbon
Park Place/Brentwodwetponds  March8, 2000 metals total organiccarbon
Watershedreeks July 18,2000 total organiccarbononly

Park Place/Brentwodwetponds  July 19,2000 metals total organiccarbon

Lake Whatcom surfaceandbottom Septembefl,2000 metalstotal organiccarbon
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