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ExecutiveSummary

This reportdescribedtheresultsfrom the1999/2000Lake Whatcommonitoringprogram.
The objectivesof this programwere to continuelong-termbaselinewaterquality moni-
toring in LakeWhatcomandselectedtributarystreams,collectsupplementalwaterquality
datafrom basin3 nearStrawberrysill, updatethehydrologicwaterbalancemodelfor Lake
Whatcom,begin evaluatingwatermovementpatternsin basins1, 2, and3, andmonitorthe
effectivenessof theParkPlaceandBrentwoodwet ponds.

The lake wassampledon October5, 6, 7, & 12, November2 & 4, December1–2,1999,
andFebruary3–4,April 4 & 6, May 2 & 4, June6 & 8, July 12–13,August8 & 10, and
September6–7,2000.During thesummerthelakestratifiedinto awarmsurfacelayer(the
epilimnion) anda cool bottomlayer (the hypolimnion). Despiterelatively cool tempera-
turesandlatestratification,Sites1 and2 developedseverehypolimneticoxygendeficitsby
mid-summer. As in previous years,Pearson’s � correlationanalysesof dissolvedoxygen
vs. yearcontinuedto show statisticallysignificantreductionsin hypolimneticoxygenlev-
elsfrom JunethroughSeptember. No significantcorrelationswerefoundfor Junethrough
Septemberhypolimnetictemperaturedataor for lake level vs. hypolimneticoxygen. Al-
thoughSite 1 continuedto develop the earliestandmost prolongedperiod of anoxiain
the lake, Site 2 had higher hypolimneticconcentrationsof hydrogensulfide, ammonia,
andiron, andgreaterdenitrification(bacterialconversionof nitrate to N � in low oxygen
environments),all of which suggestthat the anoxicconditionsat Site 2 wereat leastas
severeasat Site 1. The remainingHydrolabdata,pH andconductivity, followed trends
thatweretypical for Lake Whatcom,with only smalldifferencesbetweensitesanddepths
exceptduringthesummer. During thesummerthesurfacepH increaseddueto photosyn-
thetic activity, especiallyat Site 1. HypolimneticpH valuesdecreasedandconductivity
valuesincreaseddueto decompositionandthe releaseof dissolvedcompoundsfrom the
sediments.BecauseLake Whatcomis a soft waterlake, the alkalinity valueswerefairly
low at mostsitesanddepths.During thesummerthealkalinity andconductivity valuesat
thebottomof Sites1–2increaseddueto decompositionandthereleaseof dissolvedcom-
poundsin the lower waters.The turbidity valuesweremostly � 1–2NTU exceptin late
summersamplesfrom the lower depthsat Sites1 and2. Site 1 usuallyhad the highest
chlorophyllconcentrationsin thelake, with peakconcentrationsoccurringat depths� 15
m. Low chlorophyll concentrationsweremeasuredduring late summerat Site 1, 15–20
m, andSite 2, 20 m. Thesedepthsare locatedin regionswith low light intensitiesand
low oxygenconcentrations,which arenot favorablefor algalgrowth. Totalorganiccarbon
(TOC) concentrationswerelow ( � 1 mg/L) in February2000,but relatively high during
September(2.2–3.6mg/L) (Table11,page34). Theseconcentrationswereslightly higher
thantheTOCconcentrationsmeasuredby theCity of Bellinghamin raw waterat thegate-
house,whereconcentrationsrangedfrom 1.5–2.4mg/L. Mostof themetalsconcentrations
in Lake Whatcomwereat, or below, detectionlimits, andthosethat weredetectedwere
within normalconcentrationrangesfor surfacewater. Iron concentrationswereelevatedin
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all of thebottomsamplesexceptatSite4. Theiron in basin2 wasevidentat thegatehouse1

duringlatesummerandfall (Figure118,page171),particularlyduringthefirst few weeks
after the lake destratifies(seeNovemberin Figure118). Following lake turnover, mostof
thesolubleiron is convertedto insolubleiron, which slowly settlesto thebottom.

Strawberry sill was sampledon October12, November4, and December2, 1999, and
January4, February3, April 4, May 4, June6, July 12,August8, andSeptember6, 2000.
Thewaterquality alongthesill wasvery similar to Site3. Thewatertemperaturesalong
the sill weregenerallywithin 1–2

�
C of thoseat Site 3, althoughthe sill cooledslightly

fasterin the fall andwarmedslightly fasterin the spring. The sill sampleswereslightly
moreturbid thanSite 3 during winter. Most of themetalsconcentrationswereat or near
thedetectionlimits. Iron andzinc weredetectable,but within rangesnormalfor the lake.
Totalorganiccarbonconcentrationsrangedfrom � 1 to 3.3mg/L.

Seven creeksin the Lake Whatcomwatershedweresampledon February9 andJuly 18,
2000. Most of the 1999/2000creekdatafell within expectedranges. Comparedto the
streamsin forestedareas,the residentialstreamstypically hadpoorerwaterquality, with
higherconductivities; higherammonia,phosphorus,andtotal suspendedsolidsconcentra-
tions; andmuchhighertotal andfecal coliform counts.Thesedifferencesaretypical for
streamsreceiving urbanrunoff. AustinCreek,SilverBeachCreek,andtheParkPlacedrain
exceededthe ClassAA standards2 for fecal coliforms, aswell asthe proposedstandards
for watercontactrecreation3. Silver BeachCreekandthePark Placedrainexceededboth
Part A andPart B of the coliform andEnterococcus standard.Austin CreekpassedPart
A of both standardsbecauseit hadgeometricmeansof 46 and17 cfu/100mL for fecal
coliformsandEnterococcus, respectively. However, morethan10%of thebacteriacounts
exceededPartB of thestandards.

A waterbalancemodelwasappliedto Lake Whatcomto identify its major water inputs
andoutputsandto examinerunoff andstoragein thewatershed.WhatcomCreekwasthe
major hydrologicoutputfrom the lake during thewinter monthsandin May andJuneof
2000.Georgia Pacific andtheCity of Bellinghamweremajorwithdrawalsduringperiods
of low flow in WhatcomCreek.Evaporationlosseswereon thesameorderof magnitude
astheCity withdrawalsduringthelatespringandsummermonths.In pastyears,thediver-
sionfrom theMiddle Fork wasoftenthemajorwatersourceduringthesummer;however,
beginningin 1998,theamountof waterdivertedfrom theMiddle Fork wasgreatlyreduced.

1Thegatehouseis locatedalongtheshorelineof basin2 adjacentto theIntake.
2“Freshwater - Part A: fecal coliform organismlevels shall not exceeda geometricmeanvalueof 50

colonies/100mL; and,Part B: no morethan10 percentof all samplesobtainedfor calculatingthegeometric
meanvalueshallhavevaluesexceeding100colonies/100mL” (WAC 173–201A–030).

3In freshwater, enterococciorganismslevelsmustnotexceedageometricmeanvalueof 33/100mL, with
not morethan10 percentof all samplesexceeding61/100mL (Draft RevisedLanguage,WAC 173–201A,
WashingtonStateDept. of Ecology, 2001).
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Recordinghydrographshave beeninstalledin Anderson,Austin, andSmith Creeks.The
hydrographdatawererecordedat 30 minuteintervals throughouttheyear, exceptduring
infrequentperiodsof recorderfailureor extremelow flow.

Watermovementstudiesin Lake Whatcomcontinuedthis yearnearthe Geneva Sill, the
confluenceof AndersonCreek,andStrawberrysill in basin3. The theprimary objective
wasto examineinternalwave dynamics.The resultsfrom datarecordedby a thermistor
locatednearthetopof Genevasill demonstratedthatwaterfrom thehypolimnionof basin1
canmoveasawaveintobasin2. Similarly, thetemperaturedatafromastringof thermistors
suspended10–40m deepnearthemouthof AndersonCreekrecordedevidencesuggesting
internalwavesmoving in thevicinity of thethermocline.

Park PlaceandBrentwoodwet pondsweresampledon December6–8,1999(wet season
- stormflow), March 6–8, 2000(wet season- nominalflow), andJuly 17–19,2000(dry
season- nominal flow). Compositeand grab sampleswere collectedat the inflow and
outflow at eachsite. As in previous years,therewereno consistentreductionsfor most
contaminants.On July 18, 2000,the relatively cleanwaterflowing from the GraceLane
wetlandwasdivertedso that it no longer flows throughthe Park Placewet pond. This
shouldimprove the treatmentcapabilityof the Park Placepondby increasingresidence
time in thepond.

xv
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1 Intr oduction

Lake Whatcomis theprimarydrinking watersourcefor theCity of Bellinghamandparts
of WhatcomCounty (including SuddenValley), andprovideshigh quality water for the
Georgia-PacificCorporationmill. Thelakeandpartsof thewatershedproviderecreational
opportunities,aswell asproviding importanthabitatsfor fish andwildlife. The lake is
usedasa storagereservoir to buffer peakstormwaterflows in WhatcomCreek.Much of
thewatershedis zonedfor forestryandis managedby stateor privatetimber companies.
Becauseof its aestheticappeal,muchof theLakeWhatcomwatershedis highly valuedfor
residentialdevelopment.

TheCity of BellinghamandWesternWashingtonUniversityhave collaboratedon investi-
gationsof thewaterquality in Lake Whatcomsincetheearly1960’s. Beginning in 1981,
a monitoringprogramwasinitiated by the City andWWU that wasdesignedto provide
long-termdatafor LakeWhatcomfor basicparameterssuchastemperature,pH, dissolved
oxygen,conductivity, turbidity, nutrients(nitrogenandphosphorus),andotherrepresenta-
tive waterquality measurements.Themajorgoalof the long-termmonitoringeffort is to
providearecordof LakeWhatcom’swaterqualityovertime. In addition,sincetheCity and
WWU review the scopeof work for the monitoringprogrameachyear, short-termwater
quality questionscanbeaddressedasneeded.

The major objectivesof the1999/2000Lake Whatcommonitoringprogramwereto con-
tinuelong-termbaselinewaterquality monitoringin LakeWhatcomandselectedtributary
streams,collectsupplementalwaterquality datafrom basin3 nearStrawberrysill, update
thehydrologicmodelfor LakeWhatcom,begin evaluatingwatermovementpatternsin the
lake,andmonitortheeffectivenessof theParkPlaceandBrentwoodwet ponds.

This reportis subdividedinto thefollowing sectionscoveringthetopicslistedasmajorand
secondaryobjectives:

Section1: Introduction Section7: References
Section2: LakeWhatcomMonitoring Section8: Tables
Section3: CreekMonitoring Section9: Figures
Section4: LakeWhatcomHydrology Appendix A: SiteDescriptions
Section5: Brentwood/ParkPlaceMonitoring Appendix B: Data
Section6: QualityControl Appendix C: AmTestReports

Note thatall of the tablesandfiguresarelocatedat theendof thereportin Sections8–9.
Detailedsitedescriptionsandraw dataareincludedin theAppendicesandontheCD at the
endof this document.Table30 at thebeginningof AppendixB describesall abbreviations
andunitsusedto describewaterquality analysesin this document.
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2 LakeWhatcom Monitoring

2.1 SiteDescriptions

Waterquality sampleswerecollectedat five long-termmonitoringsitesin Lake Whatcom
(seeFigure1, page54; AppendixA, page208).Sites1–2arelocatedat thedeepestpoints
in their respectivebasins.TheIntakesiteis locatedadjacentto theunderwaterintakepoint
wheretheCity of Bellinghamwithdraws raw waterfrom basin2. Site3 is locatedat the
deepestpoint in thenorthernsub-basinof basin3 (northof theSunnysidesill), andSite4
is locatedat thedeepestpoint in thesouthernsub-basinof basin3 (southof theSunnyside
sill). Threeadditionalsitesweremonitoredon a transectacrossStrawberrysill (Appendix
A, Figure162,page212). Thesesitesarelocatedon the40-mdepthcontourasdescribed
in AppendixA.

Watersampleswerealsocollectedat theCity of BellinghamWaterTreatmentPlantgate-
house,which is locatedonshoreandwestof theintakesite.

2.2 Field Samplingand Analytical Methods

Thelakewassampledtentimesduringthe1999/2000monitoringprogram.Eachsampling
eventis a multi-daytaskbecauseof thedistancebetweensitesandthenumberof samples
collected. The samplingdatesfor 1999/2000were: October5, 6, 7, & 124, November2
& 4, December1–2,1999,andFebruary3–4,April 4 & 6, May 2 & 4, June6 & 8, July
12–13,August8 & 10,andSeptember6–7,2000.Thewaterquality parametersmeasured
for the1999/2000lake monitoringprogramareshown in Table1 on page24 (seeSection
8, beginningonpage23, for all Tables).

A Surveyor IV Hydrolab was usedto measuretemperature,pH, dissolved oxygen,and
conductivity. All watersamples(including bacteriologicalsamples)collectedin the field
werestoredon ice andin thedarkuntil they reachedthelaboratory, andwereanalyzedas
describedin Table2 on page25 (APHA, 1998;Ebina,et al., 1983;Hydrolab,1997;Lind,
1985).Total metalsanalyses(arsenic,cadmium,chromium,copper, iron, mercury, nickel,
lead,andzinc)andtotalorganiccarbonanalysesweredoneby AmTest5. Planktonsamples
wereplacedin a coolerandreturnedto the laboratoryunpreserved. In the laboratorythe
samplevolumesweremeasuredandthesampleswerepreservedwith Lugol’ssolution.The
bacteriasampleswereanalyzedby the City of Bellinghamat their watertreatmentplant.
All otheranalysesweredoneby thepersonnelhiredby this grant.

4Repeatedequipmentfailurein thefield resultedin anunusuallylongsamplingperiodfor October, 1999.
5AmTest,14603N.E. 87thSt.,Redmond,WA, 98052.
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2.3 Resultsand Discussion

2.3.1 Hydr olab data

Lake WhatcomHydrolab datafor temperature,dissolved oxygen,conductivity, and pH
areillustratedon Figures2–31(pages55–84). Figures12–31show a ten yearhistory of
resultsfor LakeWhatcom.Long-termpatternswerediscussedin the1998/99annualreport
(Matthews,et al., 2000);no new long-termtrendswereapparentin this year’s plotsof the
data.

Single-dayHydrolabprofilesfrom FebruaryandSeptemberareillustratedon Figures2–
11 (pages55–64).Single-dayHydrolabprofilesaresentto theCity of BellinghamPublic
WorksDepartmentapproximatelymonthlyaspartof thereportingprocessfor thisproject.
Thesefiguresshow typical winter andlatesummerverticaldepthprofilesfor temperature,
dissolvedoxygen,pH, andconductivity.

The mid-winter Hydrolabprofiles (Figures2–6) and the multi-year temperatureprofiles
(Figures12–16)show thatthewatercolumnmixesduringthefall, winter, andearlyspring.
As a result, temperatures,dissolved oxygenconcentrations,pH, and conductivities are
fairly uniform from the surfaceto the bottomof the lake, even at Site 4, which is over
300ft. (100m) deep.

During the summerthe lake stratifiesinto a warm surfacelayer (the epilimnion) and a
cool bottomlayer(thehypolimnion).Whenstratified,theHydrolabprofilesshow distinct
differencesbetweensurfaceandbottomtemperatures.Climaticdifferencesalterthetiming
of lakestratification:if thespringis cool,cloudy, andwindy, thelakewill stratify laterthan
whenit hasbeenhot andsunny. In Lake Whatcom,stratificationusuallybegins in April
or May atall sitesexcepttheIntake,which is tooshallow to developa stablestratification.
Stratificationdevelopsgradually, andmay not be stableuntil June. Stratificationpersists
until fall or winter, dependingonlocationin thelake. Destratificationoftenoccursabruptly.
If theweatherconditionsarecoldandwindy, andthewatertemperaturesat thesurfaceand
bottomarewithin afew degreesof eachother, thelakewill destratifywithin afew days.If,
however, warm,calmweatherreturns,thedestratificationprocesswill beprolongedfor up
to a weekor more. Thetwo shallow basins(Sites1–2)cool quickly anddestratifyby late
Octoberor earlyNovember. Basin3 (Sites3–4)coolsslowly becauseof its largevolume
andmaynotdestratifyuntil Decemberor later.

Theaveragewatertemperatureat eachsite (Tables3–7,pages26–30)wassimilar to last
year, andboth yearswereslightly cooler( � 0.4

�
C) thanhistoric averages6. The cooler

temperaturesweremostapparentduringthesummer(Figures12–16,pages65–69).
6Historic Lake Whatcomdatafrom 1988 throughthe presentare includedon a CD at the endof this

report. Theaveragelake temperaturefrom October1988–September1998was11.4� C, comparedto 11.0�
C for October1998–September2000.
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Despitethecool summer, Sites1 and2 developedseverehypolimneticoxygendeficitsby
mid-summer(Figures7–8and17–18,pages60–61and70–71).Hypolimneticoxygende-
pletion only becomesapparentafter stratification,at which time the lower watersof the
basinareisolatedfrom the lake’s surfaceandbiological respirationconsumestheoxygen
dissolvedin thewater. Biological productivity andrespirationareincreasedwhenthereis
an abundantsupplyof nutrients,aswell asby otherenvironmentalfactorssuchaswarm
watertemperatures.In basin3, which hadvery low concentrationsof essentialnutrients
suchasphosphorus,biologicalrespirationhadlittle influenceonhypolimneticoxygencon-
centrations(e.g.,Figures11 and21,pages64 and74). In contrast,Site1, which is located
in nutrient-enrichedwaters,showedrapiddepletionof thehypolimneticoxygenconcentra-
tionsfollowing stratification(Figures7 and17,pages60 and70).

Historicdatashow thatthebottomof basin1 hasexperiencedlow oxygenconditionsfor at
least30 years.However, thereis evidencethat theoxygenconditionsin thehypolimnion
at Site1 have deterioratedsince1988.Table8 (page31) shows thedepthsat Site1 where
oxygenfirst dropsbelow 1 mg/L in early September, 1988–2000.Since1994,this depth
hasmovedseveralmeterscloserto thesurface. Therewasno similar patternin theearly
Septembertemperaturedata(Table9, page32).

Pearson’s � correlationanalysis7 of dissolved oxygenvs. yearconfirmedthat therewere
statisticallysignificantreductionsin oxygenlevels at all even depths 	 12 m from June
throughSeptember(Figures32–35,pages85–88)8. Noneof theJunethroughSeptember
hypolimnetictemperaturedataweresignificantlycorrelatedwith yearat the 95% signif-
icancelevel; however, therewere slight negative correlations9 at 10 metersin July and
August that would be significantat the 90% level (Figure36, page89). Therewereno
significantcorrelationsbetweenlake level andhypolimneticoxygenconcentrationsor be-
tweenJune–Septemberlake levelsandyear.

A numberof environmentalfactorscanaffecttherateof oxygenlossfrom thehypolimnion,
eitherdirectly, by increasingbiologicalrespiration,or indirectlyby increasingtheresidence
time of water in the hypolimnion. Increasednutrientavailability, higherwater tempera-
tures,and increasedlight intensitycanstimulatebiological productivity andrespiration.
Dry weather, early lake stratification,late turnover, reductionsin theamountof waterdi-
vertedfrom theNooksack,anddecreaseddischargesinto WhatcomCreekcould increase
the residencetime of water in the hypolimnion. In addition, if the lake level dropsfar
enough,oursamplingequipment(whichmeasuresdepthfrom thesurface)couldbeplaced
lower in thehypolimnion,thuscreatingtheappearanceof lower oxygenlevels,whenthe

7ThePearson’s 
 correlationcoefficient is ameasureof theamountof changein thedatathatis predicted
by “year.” Strongpositiveor negativecorrelationswill becloseto � 1.0.Weakcorrelations,or nocorrelation,
will becloseto zero.Statisticallysignificantcorrelationshave � values 0.05.

8Only evendepthswereplottedon Figures32–35becauseearlyHydrolabdatawerecollectedat 2 meter
intervals.

9Negative temperaturecorrelationssuggestthat recentJuly and August water temperatureshave been
slightly coolerthanthe13-yearaverage.
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only realchangeis lower lake levels. However, theabsenceof significantcorrelationsbe-
tweenhypolimnetictemperatureor lakelevelanddissolvedoxygenindicatethattheoxygen
vs.yearcorrelationswerenotanartifactof samplinglowerin thelake,norwerethey strictly
the resultof temperatureeffects. Also, the year-to-yearvariationin lake level during the
summerwaslessthan1 meter, whichis lessthanourminimuminterval of measurementfor
dissolvedoxygenconcentrations.Althoughtemperatureandlake level undoubtedlymod-
ify hypolimneticoxygenconditions,the oxygentrendsin Lake Whatcomarenot simple
correlatesof watertemperatureor lake level.

Low oxygenconditionsareassociatedwith a numberof unappealingwaterquality prob-
lemsin lakes, including lossof aquatichabitat; releaseof nutrients(phosphorusandni-
trogen)from thesediments;increasedratesof algalproductiondueto releaseof nutrients;
unpleasantodorsduringlake overturn;fish kills, particularlyduringlake overturn;release
of metalsandorganicsfrom the sediments;increaseddrinking watertreatmentcosts;in-
creasedtasteand odor problemsin drinking water; and increasedrisks associatedwith
chlorinationbyproductscreatedduringdrinkingwatertreatmentprocess.Hydrogensulfide
wasdetectedat Site 1 (0.27mg/L) andSite 2 (0.53mg/L) on October10, 2000,aswere
highconcentrationsof ammonia,phosphorus,andiron. Thesecompoundsareall indicative
of low oxygenconditions.

AlthoughSite1 continuedto developtheearliestandmostprolongedperiodof anoxiain
thelake,Site2 hashadhigherhydrogensulfideconcentrationsfor thepast2 years,andthis
yearhadhigherhypolimneticammoniaconcentrationsthanSite1 (seediscussionbelow).
Correlationanalysesof thehypolimneticdissolvedoxygenconcentrationsat Site2 did not
producethesametypeof consistentdownwardtrendin oxygenover timeasis seenat Site
1. ThehypolimneticoxygenconcentrationsatSite2 havevariedwidely sinceat least1988,
sotrendsaremuchmoredifficult to establish.At this time, it is notpossibleto tell whether
Site 2 waterquality is getting worse;however, the high ammoniaandhydrogensulfide
levels arean indicator that waterquality at this site shouldbe watchedcarefully. Site 3
developedlow hypolimneticoxygenconditionsagainthis year(seeFigure10, page63),
but thelevelsdid not fall aslow asin 1999.

The remainingHydrolabdata,pH andconductivity, followedtrendsthatweretypical for
Lake Whatcom,with only small differencesbetweensitesanddepthsexceptduring the
summer. During thesummerthesurfacepH increaseddueto photosyntheticactivity, espe-
cially at Site1. HypolimneticpH valuesdecreasedandconductivity valuesincreaseddue
to decompositionandthereleaseof dissolvedcompoundsfrom thesediments.

2.3.2 Other ambient water quality data

Theremainingwaterquality datathatwerecollectedmonthlyor bimonthly (nutrients,al-
kalinity, turbidity, Secchidepth,chlorophyll,bacteria,andplankton)areshown on Figures
37–117(pages90–170)andsummarizedin Tables3–7(pages26–30).In orderto provide
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a betteranalysisof the waterquality patternsin the lake, the graphsincludeten yearsof
monitoringdata.Long-termtrendswerediscussedin the1998/99FinalReport(Matthews,
et al., 2000);nonew long-termtrendswereapparentin this year’s plotsof thedata.

Becauseof thelargeamountof datacollectedfor theLake Whatcommonitoringprogram,
only importantor unusualpatternswill bediscussedin thetext. Theraw dataarelistedin
AppendixB, beginningon page214,andincludedon a CD at theendof this report. The
metalsdataarelisted in Table10 (page33) andtheoriginal AmTestdatareports(metals
andtotal organiccarbon)areincludedin AppendixC (page287).

BecauseLake Whatcomis a soft waterlake, thealkalinity valueswerefairly low at most
sitesand depths(Figures37–41,pages90–94). During the summerthe alkalinity and
conductivity valuesat the bottom of Sites1–2 increaseddue to decompositionand the
releaseof dissolvedcompoundsin thelowerwaters.Theturbidity valuesweremostly � 1–
2 NTU exceptduringlatesummersamplesat thelowerdepthsatSites1 and2 (Figures42–
46,pages95–99).Thehigh turbidity levelsnearthebottomareanindicationof increasing
turbulencein the lower hypolimnionasthe lake nearsturnover. The influenceof winter
stormson turbidity canbe seenin the samplesfrom December1996. At that time, the
watercolumnwasthoroughlymixedat Sites1 and2, sohigherturbiditiesweremeasured
atall depths.Basin3, however, wasstill stratifiedbelow 40-50m sohigherturbiditieswere
measuredonly in theepilimneticsamples.

Thenutrientdatafrom Site1 continueto show thatbasin1 is moreproductive thanbasin
3 (Figures47–66,pages100–119). The late summerammoniaconcentrationsat Site 1
were very high at 15 and 20 m depths(Figure 52, page105). High hypolimneticam-
moniaconcentrationshave beencommonat Site1 for at leasttenyears;however, the last
threesummershadatypicallyhighconcentrations,comparableonly to thesummerof 1994,
which wasan unusuallywarm summer. If the ammoniaconcentrationsareincreasingin
thehypolimnionatSite1, it wouldbeconsistentwith thedecreasinglevelsof hypolimnetic
oxygen.Ammoniais producedprimarily duringdecompositionof organicmatter(Wetzel,
1983).Ammoniais readilytakenupby plantsasagrowth nutrient.In oxygenatedenviron-
ments,ammoniais rarelypresentin high concentrationsbecauseit is rapidly convertedto
nitrite andnitratethroughbiologicalandchemicalprocesses.In low oxygenenvironments,
suchasthehypolimnionat Site1, ammoniaaccumulatesuntil thelakedestratifies.

Veryhighammoniaconcentrationswereagainmeasuredatthebottomof Site2. In October
1999and2000,themaximumammoniaconcentrationsatSite2 were424and340 � g-N/L,
respectively. Theseconcentrationswerehigher thanSite 1, andwereamongthe highest
ammoniaconcentrationsmeasuredat any locationin LakeWhatcomsince1989.

Sites3 and4 hadslightly elevatedammoniaconcentrationsat 20 m. This wasdueto bac-
terial activity at thethermoclineratherthanlow oxygenconditions.A similar patternwas
observedby McNair (1995)in Lake Samish.Site3 hadelevatedammoniaconcentrations
at 80 m during latesummer, which wastheresultof low oxygenconcentrationsthatwere
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presentin thehypolimnionduringlatesummer.

Nitrate depletionwas evident at all sitesin the photosyntheticzoneduring the summer
(Figures57–61,pages110–114),particularlyat Site 1 wherethe epilimneticnitratecon-
centrationsfell to � 20 � g-N/L. Nitrogen is an essentialnutrient for plankton,and this
depletionof nitrateduringthesummeris anindirectmeasureof phytoplanktonproductiv-
ity. Theavailability of nutrientsis amajorfactorin determiningtheamountof algalgrowth
in a lake. Phosphorusis assumedto be the mostcommonlimiting nutrient in unproduc-
tive lakes;however, recentstudiesshow thatnitrogenlimitation andphosphorus/nitrogen
co-limitation is commonin freshwater lakes (seeElser, et al., 1990). Coincidentwith
low nitrateconcentrations,late summeris whenwe usuallyfind the highestdensitiesof
nitrogen-fixingCyanophyta(bluegreenbacteriaor cyanobacteria)in theplanktonsamples.
Summer, epilimneticnitrateconcentrationsdecreasedat Sites2–4,but seldomfell below
150 � g/L, makingit unlikely thatnitrogenwaslimiting at thesesites.

Hypolimneticnitrateconcentrationswerealso � 20 � g-N/L atSite1 andSite2 in October.
In anaerobicenvironments,bacteriareducenitrate(NO �� ) to nitrite (NO�� ) andnitrogengas
(N � ). Thehistoricdata(1988to present)indicatethat this reductionhasbeencommonat
Site1, but wasnotdetectedat Site2 until thesummerof 1999.

Solublephosphateconcentrationsremainedlow at all sitesanddepthsexceptSites1 and
2, 20 m (Figures72–76,pages125–129).Total phosphorusconcentrationswerehigh at
Sites1 and2 during late summer, but relatively low at othersites(Figures77–81,pages
130–134).Sediment-boundphosphorusbecomessolublein low oxygenenvironments.As
a result,in low oxygenenvironments,suchasthehypolimniaat Sites1 and2, total phos-
phorusconcentrationsareoftenhigherthan20 � g/L (Figures77 and78). Anothermajor
sourceof phosphorusfor Lake Whatcomis from stormrunoff. The small peaksin total
phosphorusmeasuredduringDecember, 1999at Sites3–4wereprobablyfrom runoff be-
causetheconcentrationswerehighernearthesurfaceof thelakethanatthebottom(Figures
80 and81).

Site1 continuedto havethehighestchlorophyllconcentrations(Figures82–86,pages135–
139)of all thesites.Thechlorophyllconcentrationsduringthesummerof 2000wereabout
thesameasin 1999.As in 1999,low chlorophyllconcentrationsweremeasuredduringlate
summeratSite1, 15–20m, andSite2, 20 m. Thesedepthsarelocatedin regionswith low
light intensitiesandlow oxygenconcentrations,which arenot favorablefor algalgrowth.
Peakchlorophyllconcentrationswereusuallyat 0–15m.

As in 1999, the summer2000 planktoncountsat Site 1 were relatively low compared
to previous years(Figure 87–96,pages140–149). The winter, spring, and fall counts,
however, werefairly typical. TheCyanophytaandChlorophytapeakswerealsorelatively
low; however, algalbloomstendto behighly variablefrom yearto year. Also, we sample
algaemonthly, andbloomsmaycomeandgo in betweenoursamplingintervals. Increased
samplingfrequencieswould helpdefinethealgaldynamicsin the lake, but would require
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moretime thanis appropriatefor the long-termmonitoringprogram. Short term studies
of the algal dynamicshave beendonein Lake Whatcom(e.g., Ehinger, 1988). During
the2000/2001lake monitoringproject,algalbiovolumedatawill becollectedaspartof a
on-goingeffort to improvethecharacterizationof algalpopulationdynamicsin thelake.

Total organiccarbon(TOC) concentrationswere low ( � 1 mg/L) in February2000,but
relatively high during September(2.2–3.6mg/L) (Table11, page34). Theseconcentra-
tionswereslightly higherthantheJanuary–November2000TOCconcentrationsmeasured
by the City of Bellinghamin raw water at the gatehouse,whereconcentrationsranged
from 1.5–2.4mg/L.10 Totalorganiccarbonconcentrations,alongwith planktonandchloro-
phyll data,areusedto helpassessthe likelihoodof developingpotentiallyharmfuldisin-
fection by-products(e.g., trihalomethanes)throughthe reactionof chlorinewith organic
compoundsduring the drinking water treatmentprocess. Lake Whatcomhad relatively
low concentrationsof TOC in raw water, aswell asrelatively low concentrationsof tri-
halomethanesin treatedwater. The 1999averageTHM concentrationin the Bellingham
waterdistributionsystemwas29.2 � g/L, which is well below therecommendedmaximum
drinkingwaterconcentrationof 80 � g/L. Beginningin thefall of 1998,however, unusually
high THM concentrations( � 40 � g/L) weremeasuredin treatedwater(Figure97, page
150)duringthe3rd quarter(fall). Thispatternhasbeenconsistentfor thepastthreeyears.

Secchidepthscontinueto show no clear seasonalpatternbecausetransparency in Lake
Whatcomis a function of both summeralgal bloomsand winter storm events(Figures
98–102,pages151–155).

Coliform andEnterococcus countswerelow at all sites, � 50 cfu11/100 mL for total co-
liforms, and � 10 cfu/100 mL for fecal coliforms and Enterococcus (Figures103–117,
pages156–170;raw dataare listed in AppendixB). The total andfecal coliform counts
wereslightly higherduringthewinter, whichwasprobablyrelatedto stormwaterrunoff.

In November1994, we began collecting monthly bacteriasamplesfrom the Bloedel-
Donovanswimmingareanearthecenterof the log boom(seeAppendixB for raw data).
The Bloedel-Donovan bacteriacountsin 1999/2000wereslightly higher thanmid-basin
counts,but hada5-yeargeometricmeanof 7 cfu/100mL andpassedbothPartA andB of
theexistingClassAA standardsfor fecalcoliforms12 aswell astheproposedstandardsfor
watercontactrecreation13.

10Peg Wendling,BellinghamPublicWorksDepartment,personalcommunications.
11cfu = colony forming unit
12“Freshwater - Part A: fecal coliform organismlevels shall not exceeda geometricmeanvalueof 50

colonies/100mL; and,Part B: no morethan10 percentof all samplesobtainedfor calculatingthegeometric
meanvalueshallhavevaluesexceeding100colonies/100mL” (WAC 173–201A–030).

13In freshwater, enterococciorganismslevelsmustnotexceedageometricmeanvalueof 33/100mL, with
notmorethan10percentof all samples(or any singlesamplewhenlessthantensamplepointsexist) obtained
for calculatingthegeometricmeanvalueexceeding61/100mL (Draft RevisedLanguage,WAC 173–201A,
WashingtonStateDept.of Ecology, 2001).
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The metalsdatafor Lake Whatcomare includedin Table 10 (page33). This table in-
cludesthe regularly contractedmetals(arsenic,cadmium,chromium,copper, iron, mer-
cury, nickel, lead,andzinc) aswell as24 additionalmetalsthatareincluded“free” aspart
of the analyticalprocedureusedby AmTest. In 1999,AmTestupgradedtheir equipment
usedto analyzedall of the metalsexcept lead. As a result, many of the analysesnow
have lower detectionlimits, resultingin fewer “below detection”data.Only theregularly
contractedmetalswill bediscussedin this report.

Mostof theSeptembermetalsconcentrationswereat,or below, detectionlimits, andthose
thatweredetectedwerewithin normalconcentrationrangedfor surfacewater. Copperand
zinc weredetectedat low concentrationsat mostsites. Iron concentrationswereelevated
in all of thebottomsamplesexceptat Site4. This is typical for thelake. Thehighestcon-
centrations,0.700mg/L and0.780mg/L, weremeasuredatSites1 and2, respectively. The
higherconcentrationsat Sites1 and2 werethe resultof iron converting to solubleforms
underanaerobicconditions,andleachinginto theoverlyingwater. Onceagain,thehighest
concentrationwasmeasuredat Site 2 ratherthanSite 1. The solubleiron in basin2 was
evidentat thegatehouse14 duringlatesummerandfall (Figure118,page171),particularly
during the first few weeksafter the lake destratifies(seeNovemberin Figure118). Fol-
lowing lake turnover, mostof thesolubleiron is convertedto insolubleiron, which slowly
settlesto thebottom.

2.3.3 Strawberry sill data

TheStrawberrysill Hydrolab,waterquality, andmetalsdataaresummarizedin Tables12–
14 (pages35–37)andlisted in AppendixB (page214). TheAmTestdatareportsfor the
metalsandtotal organiccarbonanalysesareincludedin AppendixC (page287).

Strawberry sill was sampledon October12, November4, and December2, 1999, and
January4, February3, April 4, May 4, June6, July 12,August8, andSeptember6, 2000.
Thewaterquality alongthesill wasvery similar to Site3. Thewatertemperaturesalong
the sill weregenerallywithin 1–2

�
C of thoseat Site 3, althoughthe sill cooledslightly

fasterin the fall andwarmedslightly fasterin the spring. The sill sampleswereslightly
moreturbidthanSite3 duringwinter. Mostof themetalsconcentrationswereator nearthe
detectionlimits. Iron andzincweredetectable,but within rangesnormalfor thelake. Total
organiccarbonconcentrationsrangedfrom � 1 to 3.3mg/L, whichwassimilar to Site3.

14Thegatehouseis locatedalongtheshorelineof basin2 adjacentto theIntake.
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3 CreekMonitoring

3.1 SiteDescriptions

Seven creekswere sampledtwice during the 1999/2000monitoring program,including
Austin Creek,AndersonCreek15, the Park Placestormdrain,Silver BeachCreek,Smith
Creek,theunnamedcreekthatflows throughtheWildwoodcampground,andthenorthern
unnamedcreekon Blue Canyon Rd. (Blue Canyon #1). Theexactsamplinglocationsfor
thesesitesaredescribedby Walker, etal. (1992),andaresummarizedin AppendixA (page
208).

Thesecreeksincludedtwo small,mostlyforestedcreekslocatedin thesouthernportionof
thewatershed(WildwoodCreekandBlueCanyonCreek);asmallresidentialcreeklocated
in thenortheasternportionof thewatershed(Silver BeachCreek);oneundergroundstorm
drain(Park Placedrain); two large,perennialcreeks(Austin CreekandSmithCreek);and
AndersonCreek,which is a majorwatersourcefor Lake Whatcombecauseit receivesthe
diversionflow from theMiddle Fork of theNooksackRiver. Thesesevencreeksrepresent
waterquality conditionsrangingfrom heavily impactedby residentialrunoff (Park Place
drain) to relatively unaffectedby residentialdevelopment(e.g.,Blue Canyon Creek). Of
thethreelargecreeks,Austin Creek,which is samplednearits mouth,receivesresidential
runoff from SuddenValley. SmithCreekandAndersonCreek,whicharealsosamplednear
their mouths,receive relatively little residentialrunoff.

3.2 Field Samplingand Analytical Methods

Thecreeksweresampledon February9 andJuly 18, 2000. Thewaterquality parameters
measuredfor the 1999/2000creekmonitoringprogramareshown in Table15 (page38).
The analyticalproceduresaresummarizedin Table2 (page25). All watersamples(in-
cluding bacteriologicalsamples)collectedin the field werestoredon ice andin the dark
until they reachedthelaboratory. Oncein thelaboratorythehandlingproceduresthatwere
relevantfor eachanalysiswerefollowed(seeTable2). Thetotal metalsanalyses(arsenic,
cadmium,chromium,copper, iron, mercury, nickel, lead,andzinc) andtotal organiccar-
bonanalysesweredoneby AmTest,Inc. Thebacteriasampleswereanalyzedby theCity
of Bellinghamat their watertreatmentplant.All otheranalysesweredoneby thefield and
laboratorypersonnelhiredby this grant.

15AndersonCreekwasaddedto our routinesamplingeffort beginningin February1995.
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3.3 Resultsand Discussion

The primary purposefor the biannualcreekmonitoringwas to provide datathat canbe
comparedto themorecompletedatasetgeneratedin 1990during thestormwaterrunoff
project (Walker, et al., 1992). Tables16–17(pages39–42)show the recentcreekwater
quality datacomparedto the 1990averagewaterquality valuesfor eachcreeks. Tables
18–20show metals,total organiccarbon,andcoliform datafrom the1999/2000sampling
period.

Most of the 1999/2000creekdatafell within expectedranges.Comparedto the streams
in forestedareas,the residentialstreamstypically hadpoorerwaterquality, with higher
conductivities; higher ammonia,phosphorus,and total suspendedsolids concentrations;
andmuchhighertotal andfecalcoliform counts.Thesedifferencesaretypical for streams
receiving urbanrunoff.

Conductivitieswerehigh in BlueCanyonCreek,which is normalfor thisstreambecauseit
flowsthroughmineral-richsoils.Thesummerdissolvedoxygenconcentrationwaslow and
watertemperaturewashigh in thePark PlacedrainbecausethesitedrainsthePark Place
wet pond. AndersonCreekhad high total suspendedsolids and turbidity valuesin the
summerbecauseof theglacial silt enteringthecreekfrom theNooksackRiver diversion.
Most other streamshadhigher total suspendedsolidsand turbidity valuesin the winter
becauseof stormrunoff.

The nitrite/nitrateandtotal nitrogenconcentrationswerehigher in the winter samplesat
all sitesdueto leachingof solublenitrogencompoundsduringthewet season.Ammonia
concentrationswerehighestin thePark Placedrain. Ammoniais convertedfairly quickly
to nitratein turbulentwater, sotheammoniain theLakeWhatcomstreamsprobablycame
from near-by watershedsources(animal wastes,swampy areas,etc.) or the Park Place
stormwatertreatmentpond.

Thephosphorusconcentrationscontinuedto behigh in all residentialcreekscomparedto
forestedcreeks(SmithCreek,WildwoodCreek,andBlue Canyon Creek).ThePark Place
drain hashada stormwater treatmentpondin placesince1994,but the treatmentpond
doesnotappearto bereducingthephosphateconcentrationsin theoutflow. (Oursampling
site is locateddownstreamfrom the Park Placetreatmentpond.) The total phosphorus
concentrationswerealsorelatively high in AndersonCreek,althoughthe concentrations
werewithin the1990ranges.TheAndersonCreektotalphosphorusappearsto beboundto
sedimentbecausethesolublephosphateconcentrationswerelow ( � 5 � g/L).

Themetalsconcentrationswerebelow detectionlimits at all sitesexceptfor iron andzinc.
Iron andzinc werewithin normal rangesfor surfacewater in the Lake Whatcomwater-
shed.Silver BeachCreekhadthehighesttotal organiccarbonconcentrationsduringboth
FebruaryandJuly (Table19,page42).

Coliform counts(Table20, page43) werehigher in Park PlaceandSilver BeachCreek
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thanin theotherstreams,but all countswerewithin rangesnormalfor eachstream.Austin
Creek,SilverBeachCreek,andtheParkPlacedrainexceededtheClassAA standards16 for
fecalcoliforms,aswell astheproposedstandardsfor watercontactrecreation17.

Silver BeachCreekandthePark PlacedrainexceededbothPart A andPart B of thecol-
iform andEnterococcus standard.Austin CreekpassedPart A of both standardsbecause
it hadgeometricmeansof 46 and17 cfu/100mL for fecal coliforms andEnterococcus,
respectively. However, morethan10%of thebacteriacountsexceededPart B of thestan-
dards.ThehistoricdatafromAustinCreek(Table21,page44)show thatthecreekcoliform
countsareusuallylowerduringthewinter thanthesummer.

4 LakeWhatcom Hydr ology

4.1 Water Budget

A waterbalancewasappliedto Lake Whatcomto identify its majorwaterinputsandout-
putsandto examinerunoff andstoragein thewatershed.Thetraditionalmethodof estimat-
ing a waterbalance(i.e., inputs– outputs= changein storage)wasemployed. Inputsinto
thelake includedirectprecipitationandwaterdivertedfrom theMiddle Fork of theNook-
sackRiver. Outputsincludeevaporation,WhatcomCreek,theWhatcomCreekHatchery,
City of Bellingham,GeorgiaPacific,andWaterDistrict #10. In recentyearsdirectprecipi-
tationandevaporationwerenotconsideredin thewaterbalance.By consideringthemthis
year, runoff (groundwaterandsurfacerunoff) is left asthe only unknown input into the
lake. All quantitieswereprovidedby the City of Bellingham,exceptfor the evaporation
magnitudes,which weremodeledusingpanevaporationdatafrom thePostPointweather
station.

Daily precipitationmagnitudeswereestimatedusingtheprecipitationdatarecordedat the
Geneva gatehouse,SmithCreek,andBrannianCreekhatcherygauges.Precipitationdata
from theWaterDistrict #10,Division 30 gaugewasusedfor themonthof Septemberbe-
causetheBrannianCreekgaugewasinoperable.TheTheissenpolygonmethod(Dingman,
1994)wasusedto estimatetheprecipitationarealaverageover the lake by weightingthe
precipitationat eachgaugeby a respective areapercentage.Daily lake evaporationwas
estimatedusing a model basedon the Penmanmethod(Dingman,1994). The Penman
methodis a theoreticallybasedmodel that estimatesfree-water evaporationusing both

16“Freshwater - Part A: fecal coliform organismlevels shall not exceeda geometricmeanvalueof 50
colonies/100mL; and,Part B: no morethan10 percentof all samplesobtainedfor calculatingthegeometric
meanvalueshallhavevaluesexceeding100colonies/100mL” (WAC 173–201A–030).

17In freshwater, enterococciorganismslevelsmustnotexceedageometricmeanvalueof 33/100mL, with
notmorethan10percentof all samples(or any singlesamplewhenlessthantensamplepointsexist) obtained
for calculatingthegeometricmeanvalueexceeding61/100mL (Draft RevisedLanguage,WAC 173–201A,
WashingtonStateDept.of Ecology, 2001).
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energy-balanceandmasstransferconcepts.Themethodrequiresaveragelocal or regional
energy andclimatedata.Themodelwascalibratedto panevaporationdatafrom thePost
Point weatherstation. Daily lake level changewasdeterminedby subtractingeachday’s
lakelevelby thesubsequentday’slevel. Thisresultedin negativevalueswhenthelakelevel
wasdecreasingandpositivevalueswhenthelake level wasincreasing.Thedaily netlevel
of thelake,precipitationdepth,andevaporationdepthwereall estimatedin inches.These
valuesweremultiplied by thesurfaceareaof the lake andconvertedto gallons. Changes
in surfaceareaof the lake dueto lake level changeswereignored. Daily runoff waspre-
dictedfrom the lake waterbalancevaluesby addingthe outputsto the changein storage
andsubtractingtheprecipitationanddiversionmagnitudes.

The daily waterbalancequantitiesweresummedto obtainmonthly totals. The monthly
totalswereusedto generateplots of the input, output,changein storage,andpredicted
runoff volumes(Figures119–123,pages172–176).Figure119shows that thedirect lake
surfaceprecipitationvolumeswerelargerthantheMiddle Fork diversionvolumesfor most
of theyear, exceptduringthesummermonths.Both of thesevolumeswereapproximately
an order of magnitudesmaller than the predictedrunoff volumesplotted in Figure 123
duringthewinter andspring.As illustratedin Figure120,WhatcomCreekwasthemajor
hydrologicoutputfrom the lake during the winter monthsandin May andJuneof 2000.
Georgia Pacific andtheCity of Bellinghamweremajorwithdrawalsduringperiodsof low
flow in WhatcomCreek. Note also that evaporationlosseswere on the sameorder of
magnitudeastheCity withdrawalsduringthelatespringandsummermonths.Thechange
in lake storageshown in Figure121reflectsthepatternof high runoff andhigh Whatcom
Creekdischargein thewinterandlower runoff in thesummerandfall.

In pastyears,thediversionfrom theMiddle Fork wasoftenthemajorwatersourceduring
thesummer. Beginning in 1998,theamountof waterdivertedfrom theMiddle 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 magnitudeswereexaminedby spreadingthe predictedrunoff volumesover
thelandsurfaceto attainarunoff depthandcomparingthisdepthto thedirectprecipitation
depthover thelake. Thedaily predictedrunoff depthsanddirect lake precipitationdepths
weresummedinto weeklytotalsandplottedin Figure124(page177). In theory, theland
runoff depthshouldcorrelate(at leastin shape,if not in magnitude)with the lake direct
precipitationdepth,assumingthatwhenit rainsonthelake it alsorainsonthelandsurface.
Note, however, that the two curvesdid not alwayscorrelate.The predictedrunoff depth
curve followedasimilar trendasthedirectlakeprecipitationin thewinter months,but not
in thesummerandfall. Theshapeof thedirectrunoff depthcurvecan,in part,bedescribed
by a changein storagein thewatershed.Thelake precipitationdepthcurve in Figure124
indicatesthat most of the precipitationfell on the lake andwatershedbetweenOctober
andApril. Becauseof thehigherrainfall amountsandminimal evapotranspirationduring
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thesemonths,thewatercontentof thesoil increases,which lowersthesoilsinfiltration and
storagecapacity, causingahigherrunoff whenit rains.Thisproducesastrongercorrelation
betweenthetwo curvesin Figure124in thewinter months.During thesummerandearly
fall, lessrainfall andhigherevapotranspirationratesreducethe soil watercontent,which
increasesthe infiltration andstoragecapacityof thesoils. Whenrainfall eventsdo occur
in thesemonths,a high percentageof therain goesto replenishingsoil storageratherthan
runoff. This explainsthe weakor inversecorrelationbetweenthe two curvesduring the
summerandearlyfall. As a result,duringthesummermonthsrunoff maynotbesufficient
to maintainlake level.

4.2 Hydr ograph Data

Recordinghydrographshave beeninstalledin Anderson,Austin, andSmith Creeks.The
locationof eachhydrographis describedin AppendixA (page208). Thehydrographdata
wererecordedat 30minuteintervalsthroughouttheyear, exceptduringinfrequentperiods
of recorderfailure or extremelow flow (AndersonCreekonly). Figures125–127(pages
178–180)show that thereis considerablevariationbetweenwinter andsummerdischarge
rates. Figures128–130(pages181–183)show the currentrating curvesfor eachhydro-
graph.Thehydrographdataareincludedon theCD thataccompaniesthis 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.

Watermovementstudiesin Lake Whatcomcontinuedthis yearnearthe Geneva Sill, the
confluenceof AndersonCreek,andStrawberrysill in basin3. Althoughsomedrifter ex-
perimentswereperformedto examinecurrentsandcirculation,theprimaryfocusin these
regions was to examineinternal wave dynamics. Internal waves are an importantphe-
nomenonin stratifiedlakesbecausethey have beendocumentedto impact transportand
mixing (Hodgeset al., 1999). Internalwavespropagatethroughthemetalimnionandare
drivenby wind which generatesa longitudinalpressuregradientin a lake (Stevens,1999).
A commontechniquefor examininginternalwave dynamicsis to deploy a chainof tem-
peraturesensors(thermistors)that recorda timesseriesof temperaturevaluesat thefixed
locationsspanningthe stratificationin the lake (Stevens,1999). Single thermistorsand
chainsof thermistorswereusedin LakeWhatcomfor muchof thewatermovementstudies
conductedthisyear(seeFigure131for adiagramof atypical thermistorchain).Thedesign
of the thermistorconfigurations,dataacquisition,anddeploymentandretrieval methods
evolvedthroughoutthesummerwith experimentalattemptsandpreliminaryanalysisof the
data.A conceptualsynopsisof someof theresultswill discussedhere.A thoroughunder-
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standingof internalwavesin the lake will requireextensive spectralanalysesof both the
time seriesfrom thethermistorsandwind datafrom theweatherstation,which is beyond
thescopeof this report.

The resultsfrom datarecordedby a singlethermistorlocatednearthe top of Geneva sill
demonstratedthat water from the hypolimnion of basin1 can move as wave into basin
2. The thermistorwas located0.25 m from the bottomof the sill in water4.5 m deep.
We expectedthat the temperaturesrecordedby this thermistorwould be almostconstant,
given that the sill is locatedin the unstratified,epilimneticwatersof basin1. The data
from a6 dayinterval in lateJuly revealedthatthetemperatureremainedrelatively constant
(19.5� 0.5

�
C) throughoutthis period,exceptfor anomalouscold waterspikesthatpeaked

at about15.5
�

C on July 22, 2000(Figure132,page185). The temperatureprofilesfrom
July 13,2000at sites1 and2 in basins1 and2 indicatethatwewould expectto find 15.5

�
C water locatedat depthsof 8 metersor deeperin basin1 and11.5 m or more in basin
2 (Figures133 and134, pages186 and187). The spike in temperaturesuggeststhat the
cold waterwasan internalwave surgeacrossthesill. The internalwave coincidedwith a
thunderstormthatmovedover thelakeon July22.

An expandedgraphof thetemperatureplot (Figure135,page188),showsregularperiodic
featuresof thecold waterpulsesthatsupportsthe internalwave theory. Therewerethree
temperatureoscillationsillustratedin Figure135,whichappearto haveperiodsof 39 min-
utes,38.5minutes,and37minutes.Theshorteningof theperiodfrom thefront to theback
of awave train is characteristicof thedispersivity of waterasamediumfor gravity waves.
A commonexampleof dispersionof asurfacewaveis aboatwake,whichbeginsasasingle
sloshof wateraway from thebow of amoving boat,but farawaybecomesa trainof waves
with longerwaves leadingthe groupandprogressively smallerwavesfollowing behind.
Eachsinusoidal(Fourier)componentof theoriginaldisturbancetravelswith avelocity that
dependson its period,with longperiodwavestraveling fastest.

Althoughthedirectionof travelof thewavetraincannotbefoundin thetemperaturerecord,
thedirectionof movementof thestormmayprovide a basisfor determiningthedirection
of wave train travel. If it is assumedthatan internalwave train travelsoutward from the
disturbancethat generatesit, thenwave trainswould be generatedin two directionson a
long,narrow lake suchasLake Whatcom,with a stormmoving down its length;onewave
train moving in the samedirectionasthe storm,andthe other in the oppositedirection.
A wave train moving oppositethestormwould receive only aninitial surgeof energy and
thenbegin to dissipateasthestormpassed.In contrast,a wave train moving in thesame
directionasthestormwould receive continuousenergy input aslong asit remainedunder
thestorm.

A comparisonof wind recordsfrom a weatherrecordingstationin SqualicumHarborin
Bellinghamandfrom theweatherstationlocatedon theeastshoreof Lake Whatcomindi-
catesthat the stormmovedfrom Bellinghamsoutheastwardonto the lake. Theserecords
show that it wasa strong,but slow moving storm.Figure136(page189)is a plot of these
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two wind speedrecordsfor July22. This informationimpliesthattheprobabledirectionof
travel of theinternalwave trainwassoutheast,from basin1 to basin2.

We beganexaminingthe dynamicsof waterflow in the southeastbay of basin3 in Lake
Whatcomthis summerby performingadditionaldrifter studiesandmonitoringlake-water
temperatureneartheconfluenceof AndersonCreek.Drifters (Figure137,page190)were
placedin the southeastbay on threedifferentdays,but the resultsweretoo inconsistent
to make generalpredictionsaboutcirculationpatterns.In all cases,driftersat thesurface
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 occasionsthenearsurfacewaterwasmoving in a southeastdirection,
up the mouthof AndersonCreek. This indicatesthat surfacecurrentsgeneratedby wind
shearmay affect, to somedegree,the impactof AndersonCreekdischarge asit flows in
LakeWhatcom.Deeperdrifters(30 to 40 m) on theotherhandmovedslower, but in some
casesin theoppositedirectionto thewind.

BecauseAndersonCreekdischarge is colderthantheepilimnion in thesummerwhenthe
diversionfrom theMiddle Fork is in operation,a temperaturesensorwasplacedin thelake
neartheconfluenceof AndersonCreekto monitor thetemperaturechangein the lake due
to thedivertedwater. Thetemperaturerecordof a thermistoranchoredatadepthabout2.2
m clearly indicateddropsin temperaturethatcorrelatedwith the timesduring themonths
whenthediversionwasin operation(Figure138,page191).Wedidn’t measurehow close
thecreekdischargewasto thesensorduring this experimentbecausetheriver channelin
thedelta(thalweg) is notyetknown. Theresultsfrom thisexperiment,however, havegiven
usconfidencethattrackingwatertemperatureto determinethedischargepathof Anderson
Creekinto LakeWhatcomis feasiblefor futurestudies.

Anotherexampleof thedynamicinternalstructureof lake understratifiedconditionscan
beobservedin Figure139(page192),whichdisplaysthetemperaturerecordsfrom a ther-
mistor array(Figure131) that wasplacedsoutheastof Strawberry sill from early August
to late September. As indicatedon both Figures139 and131, the thermistordepthsbe-
low thewatersurfacerangedbetween10 m and40 m. The intentwasto explore internal
waveactivity by monitoringthetemperaturevariability in theepilimnion,thermoclineand
hypolimnion.

Thetemperaturerecordof thethermistorsat 10m (epilimnion)and40m (hypolimnion)in
Figure139remainedrelatively stable.Note that the temperaturerecordof the10 m ther-
mistordecreasesfrom about20

�
C to closeto 17

�
C, indicatingthedropin temperatureof

themixedregionof theepilimnionin September. Thiswasalsodocumentedby thepattern
reflectedby the temperaturerecordfrom the 14 m thermistor. In August, the thermistor
experiencedlarger temperatureextremes. The thermistormay have beennearthe top of
thethermoclineand,therefore,experiencedgreatertemperaturefluctuationsasif thether-
moclinewasmoving up anddown. The 14 m temperaturedatabecamemoreconstantin
Septemberandwereequivalentto the temperaturedatafrom 10 m ( � 17

�
C). This could
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be explainedby an epilimnion with a basalinterfaceedgingdownward. As the baseof
theepilimnionmigratesdeeper, it would forcethethermoclineaway from the14 m sensor
allowing it to recordthemixedregion of theepilimnion. A similar effect wasapparentin
the18 m data.Althoughthe18 m temperaturedatawerevariable,they showeda general
warmingtrendapproachingthetemperatureof theepilimnion.

Our interpretationof thevariability observedin thetemperaturerecordsof the18m and22
m thermistorsin Figure139wasbasedon theassumptionthatthesensorswerein thether-
mocline.The18m thermistorwasbelievedto benearthemiddleof thethermocline,which
would explain themoreradicalfluctuationsin the18 m record.The22 m thermistorwas
thoughtto becloserto thebottomof thethermoclinewhereit would not experiencelarge
temperatureswings.Thefluctuationsobservedat theselocationsindicatetheunstableand
dynamicnatureof the thermocline,andcouldbe the resultof internalwavespropagating
alongthe interfaceat thebaseof theepilimnion. As discussedabove, wind energy is the
mostlikely energy sourceresponsiblefor theinternalwave character. (Note,for example,
thelargespikearoundSeptember11.)

Anotherfactorthatcouldbecontributing to someof the temperaturevariability observed
onFigure139is thelateralmovementof thefloatsupportingthethermistors.Thefloat that
helpskeepthesensorsverticalprobablymoveslaterallydueto thecurrentsthatwe know
exist in theepilimnion. If thefloatdoesin factmovelaterally, it wouldforcethethermistors
into deeperwater(seeFigure140,page193for anillustrationof thiseffect). If thecurrents
waxed andwanedandchangeddirection, the float would in affect move backandforth
andforcethethermistorsup anddown. Thethermistorsin or nearthethermocline,would
recordfluctuatingtemperaturesdueto the temperaturevariability in this region. We will
attemptto investigatethis possibilityin futureexperiments.

5 Brentwoodand Park PlaceMonitoring

Theobjective of this projectwasto monitor thewatertreatmentefficienciesin theBrent-
woodandPark Placewet pondsthatwereconstructedto treatstormwaterrunoff prior to
releaseinto Lake Whatcom.In March1999,a small,naturalwetlandlocatedat theendof
SouthGraceLanewasaddedto the samplingprogram. The outflow of this wetlandwas
monitoredto determinewhetherthewetlandrunoff couldbedivertedfrom thePark Place
feedersystem,which might improvestormwatertreatmentin thePark Placewet pondby
creatinga longerresidencetime for the pond. The locationsof the monitoringsitesare
shown onFigure141(page194).
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5.1 Samplingprocedures

Park PlaceandBrentwoodwet pondsweresampledon December6–8,1999,March6–8,
2000,andJuly 17–19,2000. Compositeandgrabsampleswerecollectedat the inflow
andoutflow at eachsite. Automaticcompositesamplers(ISCOtype,suppliedby theCity
of Bellingham)wereplacedat theinlet andoutletandwatersampleswerecollectedat 90
minute intervals over a 48 hour period. The compositesampleswereanalyzedfor total
suspendedsolids,heavy metals(arsenic,cadmium,chromium,copper, iron, nickel, lead,
andzinc), total organiccarbon,total nitrogen,andtotal phosphorus.Grabsampleswere
collectedfour timesduring the48 hourperiodat the inflow andoutflow at eachsite. The
HydrolabSurveyor IV wasusedto measurepH, temperature,dissolvedoxygen,andcon-
ductivity in thefield. Totalandfecalcoliformswereanalyzedby theCity of Bellingham.

5.2 Resultsand Discussion

The Park Placewet pondhasbeenmonitoredsince1994andannualwaterquality data
aresummarizedby Matthews, et al. (2001). Monitoring in theBrentwoodpondbeganin
1998(Matthews,etal.,2000).Bothpondshaveextensivemacrophytegrowth,asshown on
Figures142–143(pages195–196).

December6–8 represented“wet season- stormflow” samplingconditions,having been
precededby several daysof heavy precipitation. Therewasno precipitationduring the
samplingperiod.OnDecember6 theflow wasveryhighattheinlet to ParkPlaceandsome
of thestormwaterwasbypassingthepond.OnDecember7 someof theflow still bypassed
thepond,but by December8 theflow rateshaddroppedsothatmostof therunoff flowed
throughthe pond. March 6–8 represented“wet season- nominal” samplingconditions.
Therewasno precipitationduring thesamplingperiodor for 24 hoursprior to sampling.
All of the water from the Park Placedrainagewasflowing throughthe pond. The July
17–19samplesconstituted“dry season- nominalflow” conditions,with no precipitation
duringsamplingor for 48 hoursprecedingsampling.All of thewaterfrom thePark Place
drainagewasflowing throughthepond.On July 18 theflow from theGraceLandwetland
wasdivertedsothatit no longerflowedinto theParkPlacepond,but ratherfloweddirectly
into thelake. Wewereunableto ascertaintheamountof flow throughtheBrentwoodpond
duringthesesamplingperiods.

Tables22–25(pages45–48)show theraw datafrom theParkPlaceandBrentwoodponds,
aswell astheGraceLandwetland.Thetablesalsoshow theannualandseasonalpercent
reductionin concentrationof contaminantsbetweenthe inflow and outflow at the Park
PlaceandBrentwoodponds.Averagepercentreductionswerecomputedasfollows:

��������������� ���"!$#$%"&�')(�*,+ -/.10�2436587 -/9;:<5=24365
-/.10�24365 >@?BA�A



1999/2000LakeWhatcomFinal Report Page19

As in previous years,therewereno consistentreductionsfor most contaminantsexcept
coliforms, which werereducedin the Park Placesamplesandin mostof the Brentwood
samples.Total suspendedsolidswereslightly reducedin thePark Placesamples(5.3%),
but increased110%in theBrentwoodsamples.Total organiccarbonandtotal phosphorus
wereconsistentlyhigherat theoutletsfor bothponds.Percentreductionswerecomputed
for detectablemetals(mostmetalsconcentrationswerebelow detection).Chromium,iron,
andzincwereusuallyslightly reducedat theoutletsfor bothponds.

In summary, thePark PlaceandBrentwoodwet pondsperformedpoorly for mosttypesof
contaminants,with noconsistentreductionin sediments,nutrients,totalorganiccarbon,or
metalsconcentrationsbetweentheinlet andoutlet.

On July 18, 2000,theflow from theGraceLanewetlandwasdivertedsothat it no longer
flows throughthePark Placewet pond,but ratherflows directly into Lake Whatcom.The
waterquality at theoutletfrom thewetlandis generallycleanerthantheParkPlaceinflow
or outflow, soits diversioninto thelakeshouldnot increasewaterqualityproblemsin basin
1. Furthermore,by removing thewetlandflow, thePark Placewet pondshouldbeableto
handlemorestormflow without bypassingthe pond,andshouldhave a longerresidence
time in thepond.ThebypassoccurredduringtheJuly17–19,2000samplingperiod,sowe
do not have resultsshowing the effect of the diversionon Park Place. Next year’s report
will evaluatethe differencebetweenpastPark Placeperformanceandperformanceafter
thewetlanddiversion.

6 Quality Control

In orderto maintaina high degreeof accuracy andconfidencein thewaterquality dataall
personnelassociatedwith this projectweretrainedaccordingto standardoperatingproce-
duresfor themethodslisted in Table2 (page25). Single-blindquality control testswere
conductedaspart of the IWS laboratorycertificationprocess.The 1999/2000resultsare
presentedin Table26 (page49). All resultsfrom thesingle-blindtestswerewithin accep-
tancelimits.

Laboratoryduplicateswereanalyzedfor at least10%of all waterquality parameters(ex-
ceptHydrolabdata).Resultsfrom thelaboratoryduplicatesareshown onFigures144–154
(pages197–202).Thedifferencebetweenlaboratoryduplicatesis comparedto theaverage
differenceexpectedfor eachanalysisbasedon a larger sampleof lab duplicates.Nearly
all of the duplicateswere in closeagreement.Duplicatesthat differ by more thanthree
standarddeviationswereinvestigatedandtheresultsarediscussedin Table27 (page50).

Separatefield duplicateswerecollectedandanalyzedfor at least10% of all of the water
quality parameters(except Hydrolab). To checkthe Hydrolab measurements,duplicate
sampleswereanalyzedfor at least10%of the Hydrolabmeasurementsusingwatersam-
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plescollectedfrom thesamedepthastheHydrolabmeasurement.Resultsfrom thefield
duplicatesareshown on Figures155–159(pages203–207).

The field duplicateswere in closeagreement,given that they camefrom differentwater
samples.Field duplicatesarerarely ascloseaslaboratoryduplicates.A systematicbias
wasobservedin theconductivity resultsbecausetheSurveyor IV Hydrolabis moresensi-
tive thanthe laboratorymeter. This appearsasa flatteningof the laboratoryconductivity
responseat � 60 � S (Figure155). In addition,theSurveyor IV Hydrolabis moresensitive
thantheold Surveyor II Hydrolab,whichcreatestheappearanceof adecreasein thelake’s
conductivity over time(Figures27–31,pages80–84).Theseconductivity differenceswere
generally� 5 � S.

The mediandifferencebetweenHydrolabandWinkler dissolved oxygenvalueswas0.3
mg/L, and86.9%of thesamplesdifferedby no morethan1.0mg/L. As in previousyears,
thereweresystematicdifferencesbetweentheHydrolabdissolvedoxygenconcentrations
andthelaboratoryresults(Winkler test).Thesedifferenceswerenot ananalysiserroror a
problemwith theHydrolab,but rathertheresultof collectingwatersamplesfrom slightly
differentdepthsat thethermocline.TheHydrolabhasa depthmeter, sothewatersamples
are measuredat true depth. Winkler samplesare collectedusing a marked line, which
can only measureapproximatedepthdue to the effects of drift and lake currents. The
differencebetweentrueandapproximatedepthis nearlyimpossibleto measureaccurately,
but is likely to be lessthan1–2meters,evenin extremeinstancesof drift. Normally, this
differenceis not critical. Most waterquality parameterschangegraduallywithin thewater
column.Thetwo majorexceptionsaretemperatureanddissolvedoxygen.Whenthelakeis
stratified,dissolvedoxygenconcentrationsin thethermoclinemaydrop5 mg/L in just1–2
meters(seeTable8, page31). Winkler samplesarecollectedat slightly shallower depths
thanthe marked line indicates,and in the thermocline,this will result in higheroxygen
concentrationsbecausethe lake is sampledcloserto the surface. In theseinstances,the
Hydrolab is undoubtedlythe moreaccuratemeasurementdevice becauseit is recording
truedepthalongwith theoxygenconcentration.

As partof our regularfield qualitycontrolprotocols,wemeasureinitial andendingsurface
Hydrolabreadingsateachsite.This is doneto verify thatweallowedasufficientequilibra-
tion time during thefirst few samplesfor theHydrolabto recordaccuratevalues.During
AugustandSeptember, we conducteda seriesto teststo measuretheamountof variation
betweensurfaceandbottomsamples(Table28, page51). The resultsindicatethat there
wasno consistentbiasbetweensurfaceandbottomtemperatureandconductivity samples,
but therewasa smallpositive biasfor pH anddissolvedoxygen.Theaveragedifferences
betweenmeasurementswereverysmall( C 0.1unit), sono changesin Hydrolaboperating
procedureswereinstituted.
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8 Tables
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1999 2000
Parameter Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Location
DO - hydrolab D D D D D D D D D D Sites1, 2, Intake - every 1 m;
pH - hydrolab D D D D D D D D D D Sites3, 4 - every 1 m to 10m
Temp- hydrolab D D D D D D D D D D thenevery 5 m;
Cond- hydrolab D D D D D D D D D D Gatehouse

Secchidepth D D D D D D D D D D Sites1, 2, 3, 4, Intake

Ammonia D D D D D D D D D D Sites1, 2 - 0.3,5, 10,15,20m;
Nitrite/nitrate D D D D D D D D D D Intake - 0.3,5, 10m;
Totalnitrogen D D D D D D D D D D Site3 - 0.3,5, 10,20,40,60,
Solublephosphate D D D D D D D D D D 80m;
TotalPhosphorus D D D D D D D D D D Site4 - 0.3,5, 10,20,40,60,
Alkalinity D D D D D D D D D D 80,90m;
Turbidity D D D D D D D D D D Gatehouse

Totalmetals D Sites1, 2, 3, 4, Intake -
(arsenic,cadmium,chromium,copper, iron, lead,mercury, nickel, zincE ) D 0.3m andbottomonly

T. organiccarbon D D Sites1, 2, 3, 4, Intake -
0.3m andbottomonly

Chlorophyll D D D D D D D D D D Sites1, 2, 3, 4 - 0.3,5, 10,
15,20m; Intake - 0.3,5, 10m

Plankton D D D D D D D D D D Sites1, 2, 3, 4, Intake;
5 m

Bacteria(City) D D D D D D D D D D Sites1, 2, 3, 4, Intake; 0.3mE Twenty-fouradditionalmetalsareincludedwithout chargeaspartof thestandardAmTestanalyticalprocedure.

Table1: LakeWhatcom1999/2000lakemonitoringschedule.
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Historic DL F MDL
Parameter Method or Sensitivity ( G ) 1999/2000
Conductivity-field Hydrolab(1997),field meter G 2 H S/cm na
Conductivity-lab APHA (1998)#2510,low-level, SOP-LW-9 G 2 H S/cm na
Dissolvedoxygen-field Hydrolab(1997),field meter G 0.1mg/L na
Dissolvedoxygen-lab APHA (1998)#4500-O.C.,Winkler, SOP-LW-12 G 0.1mg/L na
pH-field Hydrolab(1997),field meter G 0.1pH unit na
pH-lab APHA (1998)#4500-HI , low-ionic, SOP-LW-8 G 0.1pH unit na
Temperature Hydrolab(1997),field meter G 0.1J C na

Alkalinity APHA (1998)#2320,low level, SOP-IWS-15 G 0.1mg/L na
Discharge Lind (1985),ratingcurve,SOP-IWS-6 na na
Secchidisk Lind (1985) G 0.1m na
Totalsuspendedsolids APHA (1998)#2540D, gravimetric,SOP-LW-22 DL = 2 mg/L na
Turbidity APHA (1998)#2130,nephelometric,SOP-LW-11 G 0.2NTUs na

Ammonia Wetzel& Likens(1991),phenate,SOP-LW-21 DL = 10 H g/L 3.7
Nitrite/nitrate APHA (1998)#4500-NOK I., Cd reduction,SOP-IWS-19 DL = 20 H g/L 16.3
Totalnitrogen APHA (1998)#4500-NC., Ebinaet al. (1983),salicylate,SOP-IWS-19 DL = 100 H g/L 19.2
Solublephosphate,manE APHA (1998)#4500-PE., ascorbicacid,SOP-LW-20 DL = 5 H g/L 1.9
Solublephosphate,autoL APHA (1998)#4500-PG., ascorbicacid,SOP-IWS-19 DL = 5 H g/L 1.9
Totalphosphorus,manE APHA (1998)#4500-PE., persulfatedigestion,SOP-LW-18 DL = 5 H g/L 1.8
Totalphosphorus,autoL APHA (1998)#4500-PH., persulfatedigestion,SOP-IWS-19 DL = 5 H g/L 4.7

Chlorophyll APHA (1998)#10200H, acetone,SOP-IWS-16 G 0.1mg/mK na
Plankton Lind (1985),Schindlertrap na na

na
Totalcoliform (City) APHA (1998)#9222B, membranefilter na na
Fecalcoliform (City) APHA (1998)#9222D, membranefilter na na
Enterococcus (City) APHA (1998)#9223A (mod.),MPN-methyl. na naE Manualmethod;L AutoanalysismethodF Historic detectionlimits (DL) aresethigherthanthecurrentmethoddetectionlimits (MDL).
SeeAppendixB for additionalinformation.

Table2: Summaryof IWS andCity of Bellinghamanalyticalmethods.
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Variable MeanM SD Min. Max.
Alkalinity (mg/L CaCO� ) 19.4 1.7 17.6 25.9
Conductivity - lab ( � S) 61.9 2.7 59.9 73.2
Conductivity - Hydrolab( � S) 57.9 2.5 54.8 67.7
DissolvedOxygen(mg/L) 7.9 3.6 0.0 11.9
pH 7.3 0.5 6.5 8.6
Temperature(

�
C) 11.4 4.0 5.3 22.2

Turbidity (NTU) 1.1 1.0 0.5 6.9

Nitrogen,ammonia( � g/L) 26.4 49.3 � 10 268.3
Nitrogen,nitrate/nitrite( � g/L) 220.2 122.6 � 20 377.0
Nitrogen,total ( � g/L) 376.5 107.3 165.4 506.8

Phosphorus,soluble( � g/L) � 5 1.6 � 5 11.5
Phosphorus,total ( � g/L) 8.0 4.4 � 5 23.6

Chlorophylla (mg/m
�
) 2.3 1.5 0.3 5.9

Secchidepth(m) 4.5 1.0 3.0 5.7

Coliforms,total (cfu/100mL) N 4.8 na 1 18
Coliforms,fecal(cfu/100mL) N 1.6 na � 1 6
Enterococcus (cfu/100mL) N 2.0 na � 2 � 2M Arithmeticmeansexceptasnoted.N Geometricmeans.

Table3: Site1 averageambientwaterquality data,10/99–9/00.
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Variable MeanM SD Min. Max.
Alkalinity (mg/L CaCO� ) 18.1 0.7 17.4 20.5
Conductivity - lab ( � S) 59.0 0.4 58.4 59.9
Conductivity - Hydrolab( � S) 55.3 1.1 53.8 57.9
DissolvedOxygen(mg/L) 9.9 0.9 8.8 11.4
pH 7.7 0.3 7.2 8.3
Temperature(

�
C) 14.0 4.7 6.4 21.2

Turbidity (NTU) 0.6 0.2 0.4 1.0

Nitrogen,ammonia( � g/L) � 10 4.5 � 10 21.8
Nitrogen,nitrate/nitrite( � g/L) 284.6 97.0 156.0 424.0
Nitrogen,total ( � g/L) 427.2 81.1 285.1 526.2

Phosphorus,soluble( � g/L) � 5 0.2 � 5 � 5
Phosphorus,total ( � g/L) � 5 0.8 � 5 6.0

Chlorophylla (mg/m
�
) 1.9 0.7 0.7 3.3

Secchidepth(m) 5.5 1.0 4.3 7.5

Coliforms,total (cfu/100mL) N 6.4 na 2 29
Coliforms,fecal(cfu/100mL) N 1.8 na � 1 8
Enterococcus (cfu/100mL) N 2.1 na � 2 4M Arithmeticmeansexceptasnoted.N Geometricmeans.

Table4: Intakeaverageambientwaterqualitydata,10/99–9/00.
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Variable MeanM SD Min. Max.
Alkalinity (mg/L CaCO� ) 18.2 1.5 17.2 26.9
Conductivity - lab ( � S) 60.1 3.1 58.3 73.3
Conductivity - Hydrolab( � S) 55.9 2.3 52.9 70.4
DissolvedOxygen(mg/L) 8.8 2.7 0.0 11.1
pH 7.4 0.4 6.5 8.4
Temperature(

�
C) 12.0 4.1 6.2 21.2

Turbidity (NTU) 0.7 0.9 0.4 6.4

Nitrogen,ammonia( � g/L) 23.1 63.1 � 10 424.4
Nitrogen,nitrate/nitrite( � g/L) 294.4 107.7 � 20 439.8
Nitrogen,total ( � g/L) 444.1 86.3 264.5 587.7

Phosphorus,soluble( � g/L) � 5 2.4 � 5 16.9
Phosphorus,total ( � g/L) 6.3 5.3 � 5 31.8

Chlorophylla (mg/m
�
) 1.6 0.7 0.3 3.3

Secchidepth(m) 5.7 0.9 4.0 7.0

Coliforms,total (cfu/100mL) N 2.8 na 1 12
Coliforms,fecal(cfu/100mL) N 1.4 na � 1 4
Enterococcus (cfu/100mL) N 2.1 na � 2 4M Arithmeticmeansexceptasnoted.N Geometricmeans.

Table5: Site2 averageambientwaterquality data,10/99–9/00.
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Variable MeanM SD Min. Max.
Alkalinity (mg/L CaCO� ) 17.6 0.6 16.7 20.0
Conductivity - lab ( � S) 59.3 0.6 58.4 61.3
Conductivity - Hydrolab( � S) 55.4 1.7 53.1 74.1
DissolvedOxygen(mg/L) 9.4 1.1 0.5 11.4
pH 7.4 0.4 6.6 8.2
Temperature(

�
C) 10.0 4.4 6.4 21.3

Turbidity (NTU) 0.5 0.4 0.2 3.2

Nitrogen,ammonia( � g/L) � 10 8.0 � 10 49.5
Nitrogen,nitrate/nitrite( � g/L) 361.4 88.4 177.4 458.0
Nitrogen,total ( � g/L) 467.2 90.3 247.8 654.6

Phosphorus,soluble( � g/L) � 5 0.5 � 5 � 5
Phosphorus,total ( � g/L) � 5 2.9 � 5 17.0

Chlorophylla (mg/m
�
) 1.4 0.6 0.3 2.5

Secchidepth(m) 6.6 1.4 4.5 8.5

Coliforms,total (cfu/100mL) N 1.8 na � 1 5
Coliforms,fecal(cfu/100mL) N 1.2 na � 1 2
Enterococcus (cfu/100mL) N 2.0 na � 2 � 2M Arithmeticmeansexceptasnoted.N Geometricmeans.

Table6: Site3 averageambientwaterquality data,10/99–9/00.
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Variable MeanM SD Min. Max.
Alkalinity (mg/L CaCO� ) 17.5 0.5 17.0 19.8
Conductivity - lab ( � S) 59.4 0.6 58.2 60.7
Conductivity - Hydrolab( � S) 55.7 1.0 53.8 57.8
DissolvedOxygen(mg/L) 9.7 0.7 8.0 11.7
pH 7.3 0.4 6.9 8.3
Temperature(

�
C) 9.7 4.3 6.5 20.8

Turbidity (NTU) 0.4 0.1 0.1 0.9

Nitrogen,ammonia( � g/L) � 10 4.7 � 10 18.6
Nitrogen,nitrate/nitrite( � g/L) 383.2 86.3 182.0 470.0
Nitrogen,total ( � g/L) 483.4 76.3 248.0 566.8

Phosphorus,soluble( � g/L) � 5 0.8 � 5 6.8
Phosphorus,total ( � g/L) � 5 2.9 � 5 18.2

Chlorophylla (mg/m
�
) 1.5 0.8 0.4 4.7

Secchidepth(m) 6.3 1.6 4.0 9.1

Coliforms,total (cfu/100mL) N 1.7 na � 1 8
Coliforms,fecal(cfu/100mL) N 1.1 na � 1 3
Enterococcus (cfu/100mL) N 2.0 na � 2 � 2M Arithmeticmeansexceptasnoted.N Geometricmeans.

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 9.6 9.7 9.6 9.5 9.2 9.7 9.7 10.3 10.1 9.9 9.7 9.1 9.4
1 9.6 9.6 9.4 10.1 9.6 9.9 10.0 9.9 9.6 9.1 9.3
2 9.7 9.6 9.7 9.4 10.0 9.6 9.9 10.0 9.8 9.6 9.1 9.3
3 9.6 9.6 9.3 9.9 9.5 9.8 9.9 9.8 9.5 9.1 9.3
4 9.8 9.5 9.6 9.3 9.9 9.5 9.8 9.9 9.6 9.5 9.1 9.2
5 9.5 9.6 9.2 9.2 9.8 9.4 9.6 9.8 9.6 9.6 9.0 9.1
6 9.6 9.5 9.5 9.0 9.7 9.1 9.6 9.8 9.1 9.4 9.0 9.1
7 9.4 9.2 8.7 9.6 9.3 9.5 9.7 8.5 9.4 8.9 8.7
8 8.5 9.0 8.2 8.7 9.3 9.0 9.5 9.2 6.3 8.5 8.4 8.8
9 7.8 6.2 8.3 4.9 4.5 6.4 8.2 4.2 7.6 5.5 5.0

10 2.4 5.6 4.7 6.8 5.2 3.4 0.1 3.7 3.1 2.0 2.3 3.3 1.7

11 3.0 2.2 5.4 0.1 0.1 1.2 0.6 0.6 0.9 0.1

12 1.1 1.7 1.7 2.1 0.0 0.1 0.2 0.5 0.5 0.1 0.0

13 0.8 1.1 1.1 0.0 0.1 0.2 0.5 0.5 0.0 0.0

14 0.7 0.6 0.8 0.6 0.0 0.1 0.2 0.5 0.5 0.0 0.0

15 0.6 0.8 0.6 0.7 0.0 0.1 0.2 0.4 0.4 0.0 0.0
16 0.4 0.5 0.8 0.6 0.0 0.1 0.2 0.4 0.4 0.0 0.0
17 0.5 0.8 0.6 0.0 0.1 0.2 0.4 0.4 0.0 0.0
18 0.4 0.5 0.9 0.6 0.0 0.1 0.2 0.4 0.4 0.0 0.0
19 0.5 0.9 0.6 0.0 0.0 0.2 0.4 0.4 0.0 0.0
20 0.9 0.7 1.1 0.0 0.0 0.2 0.4 0.3 0.0 0.0

Boxedvaluesmarkdepthwhereoxygendroppedbelow 1 mg/L.

Table8: Dissolvedoxygenconcentrations(mg/L) at Site1, September1988–2000.
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Depth 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
0 19.7 19.1 20.2 18.5 20.9 20.2 20.2 19.9 18.8 21.3 21.6 19.8 18.4
1 19.1 20.1 18.5 20.9 20.1 20.1 19.9 18.6 21.2 21.6 19.8 18.4
2 19.5 19.1 20.1 18.4 20.9 20.1 20.0 19.9 18.6 21.1 21.6 19.8 18.4
3 19.1 20.0 18.4 20.9 20.1 20.0 19.9 18.5 21.0 21.6 19.5 18.4
4 19.3 19.1 20.0 18.3 20.9 20.0 20.0 19.9 18.5 20.8 21.6 19.4 18.4
5 19.1 19.8 18.2 20.9 19.9 19.9 19.8 18.4 20.6 21.6 19.3 18.4
6 19.1 19.1 19.7 18.0 20.9 19.7 19.8 19.8 18.4 20.4 21.6 19.2 18.3
7 19.0 19.3 17.8 20.9 19.6 19.8 19.7 18.4 20.2 21.0 19.2 18.2
8 18.3 18.9 18.4 17.8 19.4 19.4 19.7 19.6 18.3 19.0 19.5 19.0 18.1
9 18.3 16.1 17.5 17.5 17.1 18.3 18.3 18.2 16.8 17.2 15.6 15.9
10 15.0 16.5 13.6 16.7 15.9 16.0 16.0 17.0 15.4 15.2 14.4 14.1 13.3
11 14.3 11.2 15.7 13.8 14.5 14.2 14.6 14.1 12.8 12.6 12.4 12.3
12 12.2 12.7 10.3 12.9 12.3 12.9 12.4 12.9 13.1 12.0 11.9 11.0 11.6
13 11.5 9.9 11.6 11.8 12.6 11.7 12.3 12.7 11.9 11.5 10.4 11.2
14 11.4 11.1 9.5 10.9 11.8 12.4 11.4 12.0 12.3 11.7 11.2 10.1 10.9
15 10.9 9.3 10.8 11.1 12.3 11.2 11.8 12.1 11.6 11.2 10.0 10.7
16 11.1 10.7 9.2 10.7 10.9 12.2 11.1 11.6 12.0 11.5 11.1 9.9 10.6
17 10.6 9.2 10.7 10.8 12.1 11.0 11.5 11.9 11.5 11.0 9.8 10.6
18 10.8 10.4 9.2 10.7 10.7 12.0 10.9 11.4 11.8 11.4 11.0 9.8 10.5
19 10.4 9.3 10.7 10.6 11.9 10.8 11.3 11.8 11.4 10.9 9.8 10.4
20 9.3 10.6 10.5 11.9 10.8 11.3 11.8 11.4 10.7 9.7 10.4

Horizontallinesshow 8, 10and12meterreferencedepths.

Table9: Watertemperatures(
�
C) at Site1, September1988–2000.
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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)
Site1 0 Sept11,2000 O 0.01 O 0.0005 O 0.001 0.003 0.033 O 0.01 O 0.005 O 0.001 0.008
Site1 20 Sept11,2000 O 0.01 O 0.0005 O 0.001 0.002 0.700 O 0.01 O 0.005 0.005 0.005
Intake 0 Sept11,2000 O 0.01 O 0.0005 O 0.001 0.002 0.026 O 0.01 O 0.005 0.003 0.003
Intake 10 Sept11,2000 O 0.01 O 0.0005 O 0.001 0.001 0.031 O 0.01 O 0.005 0.001 0.004
Site2 0 Sept11,2000 O 0.01 O 0.0005 O 0.001 0.001 0.012 O 0.01 O 0.005 0.001 0.002
Site2 20 Sept11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.780 O 0.01 O 0.005 0.002 0.002
Site3 0 Sept11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.008 O 0.01 O 0.005 0.001 0.002
Site3 80 Sept11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.009 O 0.01 O 0.005 0.001 0.004
Site4 0 Sept11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.026 O 0.01 O 0.005 O 0.001 0.004
Site4 90 Sept11,2000 O 0.01 O 0.0005 O 0.001 0.003 0.023 O 0.01 O 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)
Site1 0 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0064 O 0.0005 6.1 O 0.001 0.52
Site1 20 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0095 O 0.0005 6.1 O 0.001 0.56
Intake 0 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0064 O 0.0005 5.0 O 0.001 0.45
Intake 10 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0072 O 0.0005 5.3 O 0.001 0.46
Site2 0 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0064 O 0.0005 5.0 O 0.001 0.44
Site2 20 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0080 O 0.0005 5.9 O 0.001 0.54
Site3 0 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0062 O 0.0005 5.0 O 0.001 0.45
Site3 80 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0066 O 0.0005 5.6 O 0.001 0.54
Site4 0 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0067 O 0.0005 5.4 O 0.001 0.49
Site4 90 Sept11,2000 O 0.01 O 0.01 O 0.05 0.0062 O 0.0005 4.9 O 0.001 0.46

Li Mg Mn Mo Na P S Se
Site Depth Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Site1 0 Sept11,2000 O 0.005 1.8 0.0069 O 0.005 2.6 O 0.01 1.3 O 0.01
Site1 20 Sept11,2000 O 0.005 1.9 0.2000 O 0.005 2.1 0.04 1.3 O 0.01
Intake 0 Sept11,2000 O 0.005 1.7 0.0026 O 0.005 2.3 0.03 1.5 O 0.01
Intake 10 Sept11,2000 O 0.005 1.8 0.0033 O 0.005 2.3 0.02 1.5 O 0.01
Site2 0 Sept11,2000 O 0.005 1.7 0.0015 O 0.005 2.2 0.02 1.4 O 0.01
Site2 20 Sept11,2000 O 0.005 1.9 0.1500 O 0.005 2.0 0.02 1.2 O 0.01
Site3 0 Sept11,2000 O 0.005 1.7 0.0007 O 0.005 2.3 O 0.01 1.4 O 0.01
Site3 80 Sept11,2000 O 0.005 1.8 0.0079 O 0.005 2.3 0.03 1.5 O 0.01
Site4 0 Sept11,2000 O 0.005 1.8 0.0013 O 0.005 2.4 0.02 1.5 O 0.01
Site4 90 Sept11,2000 O 0.005 1.7 0.0150 O 0.005 2.1 O 0.01 1.5 O 0.01

Si Ag Sn Sr Ti Tl V Y
Site Depth Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Site1 0 Sept11,2000 1.6 O 0.01 O 0.005 0.046 O 0.001 O 0.01 O 0.005 O 0.0005
Site1 20 Sept11,2000 3.3 O 0.01 O 0.005 0.051 O 0.001 O 0.01 O 0.005 O 0.0005
Intake 0 Sept11,2000 1.8 O 0.01 O 0.005 0.043 O 0.001 O 0.01 O 0.005 O 0.0005
Intake 10 Sept11,2000 1.8 O 0.01 O 0.005 0.044 O 0.001 O 0.01 O 0.005 O 0.0005
Site2 0 Sept11,2000 1.7 O 0.01 O 0.005 0.042 O 0.001 O 0.01 O 0.005 O 0.0005
Site2 20 Sept11,2000 3.3 O 0.01 O 0.005 0.048 O 0.001 O 0.01 O 0.005 O 0.0005
Site3 0 Sept11,2000 1.8 O 0.01 O 0.005 0.042 O 0.001 O 0.01 O 0.005 O 0.0005
Site3 80 Sept11,2000 2.7 O 0.01 O 0.005 0.045 O 0.001 O 0.01 O 0.005 O 0.0005
Site4 0 Sept11,2000 1.9 O 0.01 O 0.005 0.044 O 0.001 O 0.01 O 0.005 O 0.0005
Site4 90 Sept11,2000 2.5 O 0.01 O 0.005 0.043 O 0.001 O 0.01 O 0.005 O 0.0005

Table10: LakeWhatcom1999/2000totalmetalsdata.
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TOC TOC
Site Date Depth (mg/L) Date Depth (mg/L)
Site1 Feb9, 2000 0 � 1 Sept11,2000 0 3.6

Feb9, 2000 20 � 1 Sept11,2000 20 3.4

Intake Feb9, 2000 0 � 1 Sept11,2000 0 2.7
Feb9, 2000 10 � 1 Sept11,2000 10 2.6

Site2 Feb9, 2000 0 � 1 Sept11,2000 0 2.5
Feb9, 2000 20 � 1 Sept11,2000 15 2.2

Site3 Feb9, 2000 0 � 1 Sept11,2000 0 2.7
Feb9, 2000 80 � 1 Sept11,2000 80 2.9

Site4 Feb9, 2000 0 � 1 Sept11,2000 0 2.9
Feb9, 2000 90 � 1 Sept11,2000 90 3.0

Table11: LakeWhatcom1999/2000total organiccarbondata.



1999/2000LakeWhatcomFinal Report Page35

Depth Temp Cond DO
Site Date (m) (C) pH ( P S) (mg/L)
Site3 Oct 6, 1999 0–35 14.2 7.6 54.0 9.2
Site3 Nov 2, 1999 0–35 11.5 7.4 56.3 8.9
Site3 Dec1, 1999 0–35 9.4 7.4 54.2 9.4
Site3 Feb3, 2000 0–35 6.6 7.4 54.5 10.1
Site3 Apr 6, 2000 0–35 7.7 7.4 55.8 11.2
Site3 May 2, 2000 0–35 9.7 7.5 54.8 10.3
Site3 Jun6, 2000 0–35 12.3 7.7 53.9 10.2
Site3 July12,2000 0–35 15.2 7.8 56.5 9.4
Site3 Aug 8, 2000 0–35 16.9 7.7 57.0 9.3
Site3 Sept6, 2000 0–35 15.6 7.8 56.8 8.6

Sites1 Oct 12,1999 0–35 13.7 7.6 56.8 9.5
Sites1 Nov 4, 1999 0–35 10.8 7.3 55.5 9.1
Sites1 Dec2, 1999 0–35 9.4 7.3 55.3 9.4
Sites1 Jan4, 2000 0–35 7.4 7.2 54.7 9.9
Sites1 Feb3, 2000 0–35 6.6 7.3 54.7 10.0
Sites1 Apr 4, 2000 0–35 8.2 7.5 53.8 11.4
Sites1 May 4, 2000 0–35 10.3 7.5 54.9 10.7
Sites1 Jun6, 2000 0–35 12.7 7.8 53.7 9.8
Sites1 July12,2000 0–35 15.1 8.0 56.1 9.3
Sites1 Aug 8, 2000 0–35 16.8 7.7 57.3 9.3
Sites1 Sept6, 2000 0–35 16.5 7.8 56.9 8.4

Sites2 Oct 12,1999 0–35 13.7 7.5 56.5 9.3
Sites2 Nov 4, 1999 0–35 10.8 7.4 55.6 9.0
Sites2 Dec2, 1999 0–35 9.4 7.4 55.2 9.4
Sites2 Jan4, 2000 0–35 7.4 7.2 55.0 10.0
Sites2 Feb3, 2000 0–35 6.6 7.2 54.8 10.1
Sites2 Apr 4, 2000 0–35 8.1 7.4 53.7 10.9
Sites2 May 4, 2000 0–35 10.4 7.5 54.9 10.5
Sites2 Jun6, 2000 0–35 13.1 7.8 54.2 10.1
Sites2 July12,2000 0–35 15.4 7.9 56.7 9.3
Sites2 Aug 8, 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 Oct 12,1999 0–35 13.6 7.5 56.4 9.3
Sites3 Nov 4, 1999 0–35 10.8 7.4 55.4 8.9
Sites3 Dec2, 1999 0–35 9.4 7.3 55.0 9.3
Sites3 Jan4, 2000 0–35 7.4 7.2 55.1 10.1
Sites3 Feb3, 2000 0–35 6.6 7.2 54.7 10.2
Sites3 Apr 4, 2000 0–35 8.1 7.4 53.5 10.8
Sites3 May 4, 2000 0–35 9.8 7.5 54.5 10.2
Sites3 Jun6, 2000 0–35 12.8 7.8 54.0 9.9
Sites3 July12,2000 0–35 15.2 8.0 56.4 9.2
Sites3 Aug 8, 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: Strawberrysill 1999/2000hydrolabdatacomparedto Site3.
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Depth Alk Turb NH3 TN NO3 SRP TP
Site Date (m) (mg/L) (NTU) ( P g/L) ( P g/L) ( P g/L) ( P g/L) ( P g/L)
Site3 Oct6, 1999 0–35 18.6 0.4 Q 10 422.2 249.0 Q 5 Q 5
Site3 Dec1, 1999 0–35 17.4 0.4 Q 10 436.3 330.8 Q 5 12.7
Site3 Feb3, 2000 0–35 17.3 0.5 Q 10 528.9 432.0 Q 5 Q 5

Sites1 Oct12,1999 0–35 17.9 0.3 na 388.7 286.6 Q 5 Q 5
Sites1 Jan4, 2000 0–35 17.5 1.1 Q 10 487.4 416.9 Q 5 5.0

Sites2 Oct12,1999 0–35 18.0 0.4 na 397.9 306.8 Q 5 Q 5
Sites2 Jan4, 2000 0–35 17.3 1.1 Q 10 491.2 412.0 Q 5 Q 5

Sites3 Oct12,1999 0–35 18.2 0.4 na 386.1 290.5 Q 5 Q 5
Sites3 Jan4, 2000 0–35 17.3 1.1 Q 10 497.7 416.1 Q 5 Q 5

Table13: Strawberrysill 1999/2000waterquality datacomparedto Site3.
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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)
s1 0 Oct14,1999 O 0.01 O 0.0005 O 0.001 O 0.001 O 0.005 O 0.01 O 0.005 O 0.001 0.007
s1 35 Oct14,1999 O 0.01 O 0.0005 O 0.001 O 0.001 O 0.005 O 0.01 O 0.005 O 0.001 0.002
s2 0 Oct14,1999 O 0.01 O 0.0005 O 0.001 O 0.001 O 0.005 O 0.01 O 0.005 O 0.001 0.006
s2 35 Oct14,1999 O 0.01 O 0.0005 O 0.001 O 0.001 O 0.005 O 0.01 O 0.005 O 0.001 0.004
s3 0 Oct14,1999 O 0.01 O 0.0005 O 0.001 O 0.001 O 0.005 O 0.01 O 0.005 O 0.001 O 0.001
s3 35 Oct14,1999 O 0.01 O 0.0005 O 0.001 O 0.001 O 0.005 O 0.01 O 0.005 O 0.001 0.003

s1 0 Jan11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.021 O 0.01 O 0.005 O 0.001 0.003
s1 35 Jan11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.024 O 0.01 O 0.005 O 0.001 0.017
s2 0 Jan11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.016 O 0.01 O 0.005 O 0.001 O 0.001
s2 35 Jan11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.021 O 0.01 O 0.005 O 0.001 O 0.001
s3 0 Jan11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.031 O 0.01 O 0.005 O 0.001 0.016
s3 35 Jan11,2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.019 O 0.01 O 0.005 O 0.001 0.001

Al Sb B Ba Be Ca Co K Li
Site Depth Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
s1 0 Oct14,1999 O 0.01 O 0.01 O 0.05 0.0065 O 0.0005 4.2 O 0.001 0.72 O 0.005
s1 35 Oct14,1999 O 0.01 O 0.01 O 0.05 0.0066 O 0.0005 4.1 O 0.001 0.66 O 0.005
s2 0 Oct14,1999 O 0.01 O 0.01 O 0.05 0.0064 O 0.0005 4.2 O 0.001 0.64 O 0.005
s2 35 Oct14,1999 O 0.01 O 0.01 O 0.05 0.0066 O 0.0005 4.1 O 0.001 0.65 O 0.005
s3 0 Oct14,1999 O 0.01 O 0.01 O 0.05 0.0067 O 0.0005 4.2 O 0.001 0.71 O 0.005
s3 35 Oct14,1999 O 0.01 O 0.01 O 0.05 0.0067 O 0.0005 4.2 O 0.001 0.73 O 0.005

s1 0 Jan11,2000 0.03 O 0.01 O 0.05 0.0061 O 0.0005 4.6 0.001 0.28 O 0.005
s1 35 Jan11,2000 0.03 O 0.01 O 0.05 0.0060 O 0.0005 4.5 O 0.001 0.29 O 0.005
s2 0 Jan11,2000 0.02 O 0.01 O 0.05 0.0066 O 0.0005 4.6 O 0.001 0.30 O 0.005
s2 35 Jan11,2000 0.02 O 0.01 O 0.05 0.0062 O 0.0005 4.6 O 0.001 0.29 O 0.005
s3 0 Jan11,2000 0.03 O 0.01 O 0.05 0.0062 O 0.0005 4.6 O 0.001 0.28 O 0.005
s3 35 Jan11,2000 0.02 O 0.01 O 0.05 0.0061 O 0.0005 4.7 O 0.001 0.27 O 0.005

Mg Mn Mo Na P S Se Si Ag
Site Depth Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
s1 0 Oct14,1999 1.8 0.0013 O 0.005 3.7 O 0.01 1.6 0.01 2.0 O 0.01
s1 35 Oct14,1999 1.8 0.0018 O 0.005 3.6 O 0.01 1.6 O 0.01 2.7 O 0.01
s2 0 Oct14,1999 1.8 0.0006 O 0.005 3.7 O 0.01 1.6 O 0.01 1.9 O 0.01
s2 35 Oct14,1999 1.8 0.0012 O 0.005 3.6 O 0.01 1.6 O 0.01 2.7 O 0.01
s3 0 Oct14,1999 1.8 0.0009 O 0.005 3.6 O 0.01 1.6 O 0.01 2.1 O 0.01
s3 35 Oct14,1999 1.8 0.0015 O 0.005 3.7 O 0.01 1.7 O 0.01 2.8 O 0.01

s1 0 Jan11,2000 1.6 0.0017 O 0.005 2.8 0.01 1.4 O 0.01 1.5 O 0.01
s1 35 Jan11,2000 1.6 0.0019 O 0.005 2.8 0.01 1.4 O 0.01 1.5 O 0.01
s2 0 Jan11,2000 1.6 0.0018 O 0.005 2.9 0.01 1.4 O 0.01 1.5 O 0.01
s2 35 Jan11,2000 1.6 0.0018 O 0.005 2.9 0.01 1.4 O 0.01 1.5 O 0.01
s3 0 Jan11,2000 1.6 0.0019 O 0.005 2.8 O 0.01 1.4 O 0.01 1.5 O 0.01
s3 35 Jan11,2000 1.6 0.0020 O 0.005 2.8 O 0.01 1.5 O 0.01 1.5 O 0.01

Sn Sr Ti Tl V Y TOC
Site Depth Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
s1 0 Oct14,1999 O 0.005 0.052 O 0.001 O 0.01 O 0.005 O 0.0005 1.5
s1 35 Oct14,1999 O 0.005 0.053 O 0.001 O 0.01 O 0.005 O 0.0005 O 1
s2 0 Oct14,1999 0.007 0.052 O 0.001 O 0.01 O 0.005 O 0.0005 O 1
s2 35 Oct14,1999 O 0.005 0.053 O 0.001 O 0.01 O 0.005 O 0.0005 1.7
s3 0 Oct14,1999 O 0.005 0.052 O 0.001 O 0.01 O 0.005 O 0.0005 2.0
s3 35 Oct14,1999 O 0.005 0.053 O 0.001 O 0.01 O 0.005 O 0.0005 O 1
s1 0 Jan11,2000 O 0.005 0.051 O 0.001 O 0.01 0.006 O 0.0005 O 1
s1 35 Jan11,2000 O 0.005 0.050 O 0.001 O 0.01 0.006 O 0.0005 O 1
s2 0 Jan11,2000 O 0.005 0.051 O 0.001 O 0.01 0.008 O 0.0005 O 1
s2 35 Jan11,2000 O 0.005 0.051 O 0.001 O 0.01 0.006 O 0.0005 O 1
s3 0 Jan11,2000 O 0.005 0.051 O 0.001 O 0.01 0.008 O 0.0005 1.1
s3 35 Jan11,2000 O 0.005 0.051 O 0.001 O 0.01 0.006 O 0.0005 3.3

Table14: Strawberrysill 1999/2000metalsandtotal organiccarbondata.
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1999 2000
Parameter Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Temperature R R
Discharge R R
Alkalinity R R
Conductivity R R
DO - Winkler R R
pH R R
T. suspendedsolids R R
Turbidity R R
Ammonia R R
Nitrite/nitrate R R
Totalnitrogen R R
Solublephosphate R R
Totalphosphorus R R
T. organiccarbon R R
Totalmetals R
(arsenic,cadmium,chromium,copper, iron, lead,mercury, nickel, zincM )
Bacteria(City) R RM Twenty-fouradditionalmetalsareincludedwithout charge.

Table15: LakeWhatcom1999/2000creekmonitoringschedule.
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Cond. DO TSS Alk. Disch. Temp. Turb.
Site Date pH ( P S) (mg/L) (mg/L) (cfs) (mS /sec) ( � C) (ntu)
Blue 1990minT 8.1 250 9.0 Q 2 na 0.02 4.0 na
Canyon 1990avgT 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 3 114.7 2.13 6.5 3.98
July18,2000 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 4.5 na
Place 1990avgT 7.7 245 9.1 13 na 0.26 13.7 na

1990maxT 8.1 410 11.8 57 na 0.91 23.0 na
Feb9, 2000 7.7 182 11.1 7 72.1 0.35 6.0 12.50
July18,2000 8.0 265 7.7 2 127.8 0.00 20.5 2.98

Silver 1990minT 7.4 103 6.9 Q 2 na 0.00 4.2 na
Beach 1990avgT 7.9 187 9.8 6 na 0.86 11.1 na

1990maxT 8.1 290 12.1 12 na 2.66 17.0 na
Feb9, 2000 7.8 126 11.6 6 48.2 1.54 5.5 17.10
July18,2000 8.2 279 9.0 Q 2 128.8 0.07 15.8 3.20

Wildwd 1990minT 6.7 34 6.9 Q 2 na 0.01 4.0 na
1990avgT 7.2 54 10.0 2 na 0.76 10.0 na
1990maxT 7.6 126 12.3 11 na 2.52 16.5 na
Feb9, 2000 7.2 48 11.8 Q 2 6.5 0.65 5.2 0.40
July18,2000 7.3 57 9.7 Q 2 12.2 0.04 14.2 0.42

Anderson 1990minT 7.2 37 10.0 4 na 41.2 3.5 na
1990avgT 7.4 57 11.3 17 na 74.85 8.3 na
1990maxT 8.4 71 13.0 48 na 92.00 12.5 na
Feb9, 2000 7.2 49 11.9 6 15.4 29.29 4.1 6.92
July18,2000 7.3 45 9.9 15 13.5 68.29 15.0 15.80

Austin 1990minT 7.1 50 8.3 Q 2 na 1.40 4.5 na
1990avgT 7.4 81 10.5 3 na 14.49 10.6 na
1990maxT 7.6 121 12.1 13 na 29.60 19.5 na
Feb9, 2000 7.4 52 11.8 2 13.1 35.33 4.8 2.61
July18,2000 7.8 99 10.2 Q 2 28.4 2.03 15.3 0.61

Smith 1990minT 6.6 44 8.7 Q 2 na 0.80 3.4 na
1990avgT 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 11.6 29.22 4.0 3.22
July18,2000 7.8 76 10.2 Q 2 25.9 1.91 14.4 0.31T The1990creekdatado not includetheNovember1990stormevent.

Table16: Physicalwaterquality datafor creeksin theLakeWhatcomwatershed.
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NH S TN NOU;V S SRP TP TC (cfu/ FC(cfu/ EC(cfu/
Site Date ( P g/L) ( P g/L) ( P g/L) ( P g/L) ( P g/L) 100mL) 100mL) 100mL)
Blue 1990min 10 na 167 Q 5 Q 5 90 Q 2 na
Canyon 1990avg 20 na 336 Q 5 13 1163 7 na

1990max 34 na 545 12 25 9000 27 na
Feb9, 2000 Q 10 620.9 508 Q 5 8.5 40 1 Q 2
July18,2000 11.1 178.1 101 Q 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 W 16000 16000 na
Feb9, 2000 33.8 1019.9 693 10 45.9 2500 1450 30
July18,2000 55.8 731.7 187.1 33.9 60.8 4200 1300 280

Silver 1990min Q 10 na 173 Q 5 27 170 8 na
Beach 1990avg 19 na 583 16 41 7110 3307 na

1990max 43 na 1118 42 61 W 16000 16000 na
Feb9, 2000 Q 10 897.7 544 8.7 49.5 1860 1230 50
July18,2000 22 617 285.6 22.9 35.1 3800 500 300

Wildwd 1990min Q 10 na 755 Q 5 Q 5 23 Q 2 na
1990avg 189 na 1790 Q 5 9 1164 74 na
1990max 32 na 4857 9 33 W 16000 1300 na
Feb9, 2000 Q 10 2189.7 2206 Q 5 Q 5 42 2 Q 2
July18,2000 Q 10 1308 1249 6.4 9.6 230 11 4

Anderson 1990min 10 na 50 Q 5 6 30 Q 2 na
1990avg 19 na 121 Q 5 24 344 13 na
1990max 32 na 221 8 55 2400 130 na
Feb9, 2000 11.6 509.2 366 Q 5 22.8 22 8 Q 2
July18,2000 Q 10 181.9 28.5 Q 5 43.7 370 154 50

Austin 1990min Q 10 na 259 Q 5 Q 5 50 7 na
1990avg 20 na 441 Q 5 13 3366 950 na
1990max 40 na 658 9 23 16000 5000 na
Feb9, 2000 Q 10 691.5 600 5.6 10.3 55 32 2
July18,2000 14.2 321.7 228.5 5.2 10.8 650 141 8

Smith 1990min 12 na 396 Q 5 Q 5 17 Q 2 na
1990avg 17 na 687 Q 5 6 1138 14 na
1990max 37 na 1025 8 12 9000 170 na
Feb9, 2000 Q 10 873.7 779 Q 5 7.0 44 20 Q 2
July18,2000 11.9 569.9 488.4 Q 5 10.2 90 66 Q 2

The1990creekdatado not includetheNovember1990stormevent.

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)
BlueCanyon Feb9, 2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.18 O 0.01 O 0.005 O 0.001 0.002
ParkPlace Feb9, 2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.60 O 0.01 O 0.005 O 0.001 0.005
Silver Beach Feb9, 2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.77 O 0.01 O 0.005 O 0.001 0.004
Wildwood Feb9, 2000 O 0.01 O 0.0005 O 0.001 O 0.001 O 0.005 O 0.01 O 0.005 O 0.001 O 0.001
Anderson Feb9, 2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.35 O 0.01 O 0.005 O 0.001 0.002
Austin Feb9, 2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.18 O 0.01 O 0.005 O 0.001 0.006
SmithCreek Feb9, 2000 O 0.01 O 0.0005 O 0.001 O 0.001 0.12 O 0.01 O 0.005 O 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)
BlueCanyon Feb9, 2000 0.14 O 0.01 0.08 0.0640 O 0.0005 27.0 O 0.001 1.40 O 0.005
ParkPlace Feb9, 2000 0.28 O 0.01 O 0.05 0.0240 O 0.0005 17.0 O 0.001 1.10 O 0.005
Silver Beach Feb9, 2000 0.43 O 0.01 O 0.05 0.0230 O 0.0005 11.0 O 0.001 0.95 O 0.005
Wildwood Feb9, 2000 0.02 O 0.01 O 0.05 0.0026 O 0.0005 3.0 O 0.001 0.16 O 0.005
Anderson Feb9, 2000 0.22 O 0.01 O 0.05 0.0110 O 0.0005 4.3 O 0.001 0.25 O 0.005
Austin Feb9, 2000 0.10 O 0.01 O 0.05 0.0066 O 0.0005 3.2 O 0.001 0.24 O 0.005
SmithCreek Feb9, 2000 0.12 O 0.01 O 0.05 0.0034 O 0.0005 3.1 O 0.001 0.14 O 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)
BlueCanyon Feb9, 2000 6.7 0.01 O 0.005 14 0.02 5.5 O 0.01 3.4 O 0.01
ParkPlace Feb9, 2000 6.6 0.11 O 0.005 7.2 0.03 3.3 O 0.01 6.3 O 0.01
Silver Beach Feb9, 2000 4 0.074 O 0.005 5.5 0.03 1.9 O 0.01 5.3 O 0.01
Wildwood Feb9, 2000 0.99 O 0.0005 O 0.005 2.3 O 0.01 0.7 O 0.01 3.8 O 0.01
Anderson Feb9, 2000 1.5 0.024 O 0.005 1.1 0.02 1.2 O 0.01 3.5 O 0.01
Austin Feb9, 2000 0.93 0.0093 O 0.005 3.6 0.01 1.0 O 0.01 4.2 O 0.01
SmithCreek Feb9, 2000 0.96 0.0017 O 0.005 2.1 O 0.01 0.7 O 0.01 4.3 O 0.01

Sn Sr Ti Tl V Y
Site Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
BlueCanyon Feb9, 2000 0.008 0.780 O 0.001 O 0.01 O 0.005 O 0.0005
ParkPlace Feb9, 2000 O 0.005 0.120 0.008 O 0.01 O 0.005 O 0.0005
Silver Beach Feb9, 2000 O 0.005 0.082 0.020 O 0.01 0.008 O 0.0005
Wildwood Feb9, 2000 O 0.005 0.040 O 0.001 O 0.01 0.007 O 0.0005
Anderson Feb9, 2000 O 0.005 0.048 O 0.001 O 0.01 0.007 O 0.0005
Austin Feb9, 2000 O 0.005 O 0.0005 0.038 O 0.01 0.007 O 0.0005
SmithCreek Feb9, 2000 O 0.005 0.038 O 0.001 O 0.01 0.008 O 0.0005

Table18: Metalsdatafor creeksin theLakeWhatcomwatershed.
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TOC TOC
Site Date (mg/L) Date (mg/L)
BlueCanyon Feb9, 2000 1.4 July18,2000 1.1

ParkPlace Feb9, 2000 3.5 July18,2000 5.9

SilverBeach Feb9, 2000 4.9 July18,2000 6.4

Wildwood Feb9, 2000 � 1 July18,2000 1.8

Anderson Feb9, 2000 2.7 July18,2000 � 1

Austin Feb9, 2000 1.5 July18,2000 1.7

Smith Feb9, 2000 2.4 July18,2000 2.3

Table19: Totalorganiccarbondatafor creeksin theLakeWhatcomwatershed.
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Site Min. Max. n - M
BlueCanyon total coliforms � 4 300 10 83

fecalcoliforms � 1 120 10 9
Enterococcus � 2 26 10 7

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

SilverBeach total coliforms 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 9 4

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 3M 5-yeargeometricmeansfrom Feb1996to July2000.

Table 20: Averagecoliform and Enterococcus countsfor creeksin the Lake Whatcom
watershed.
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Date Fecalcoliforms Enterococcus
winter

Feb2, 1996 12cfu/100mL 20 cfu/100mL
Feb4, 1997 6 cfu/100mL � 2 cfu/100mL
March10,1998 42cfu/100mL 50 cfu/100mL
Feb10,1999 8 cfu/100mL na
Feb9, 2000 32cfu/100mL 2 cfu/100mL

summer
July8, 1996 124cfu/100mL 110cfu/100mL
Aug 11,1997 123cfu/100mL 17 cfu/100mL
July14,1998 410cfu/100mL 240cfu/100mL
July15,1999 56cfu/100mL 8 cfu/100mL
July18,2000 141cfu/100mL 8 cfu/100mL

Table21: AustinCreekfecalcoliform 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 4.61 3.8 0.9110 0.0463
PPoutlet Dec6-8,1999 6.54 5.5 0.9700 0.0558
PPinlet Mar 6-8,2000 5.25 2.6 1.1046 0.0396
PPoutlet Mar 6-8,2000 2.75 2.1 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 25.4 -3.4

BW inlet Dec6-8,1999 1.67 4.7 1.8580 0.0297
BW outlet Dec6-8,1999 2.79 5.5 1.2880 0.0232
BW inlet Mar 6-8,2000 1.00 O 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 2.1169 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) (mg/L) (mg/L)
PPinlet Dec6-8,1999 O 0.01 O 0.0005 0.003 0.001 0.390 O 0.01 O 0.005 O 0.001 0.008
PPoutlet Dec6-8,1999 O 0.01 O 0.0005 0.004 0.001 0.400 O 0.01 O 0.005 O 0.001 0.008
PPinlet Mar 6-8,2000 O 0.01 O 0.0005 O 0.001* O 0.001 0.690 O 0.01 O 0.005 0.0020 0.005
PPoutlet Mar 6-8,2000 O 0.01 O 0.0005 0.001 O 0.001 0.400 O 0.01 O 0.005 O 0.001 0.003
PPinlet Jul17-19,2000 O 0.01 O 0.0005 0.007 O 0.001 1.100 O 0.01 O 0.005 O 0.001 0.004
PPoutlet Jul17-19,2000 O 0.01 O 0.0005 0.004 0.009 0.097 O 0.01 O 0.005 O 0.001 O 0.001*
Annual% reduction na na 3.17 na 43.6 na na na 33.3

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

Wetland Dec6-8,1999 O 0.01 O 0.0005 0.004 O 0.001 0.14 O 0.01 O 0.005 O 0.001 O 0.001
Wetland Mar 6-8,2000 O 0.01 O 0.0005 0.001 O 0.001 0.22 O 0.01 O 0.005 O 0.001 O 0.001
Wetland Jul17-19,2000 O 0.01 O 0.0005 0.007 O 0.001 0.48 O 0.01 O 0.005 0.001 O 0.001
*Valuereplacewith detectionlimit to calculatepercentreduction.

Table22: Park Place/Brentwood wet pondsandGraceLanewetlandcompositesamples
andaveragepercentreductionsbetweeninlet andoutletsamples.Negativevaluesrepresent
anincreasein concentrationat theoutlet.



1999/2000LakeWhatcomFinal Report Page46

Temp DO Cond TC FC EC
Site Month Day Year Time ( J C) pH (mg/L) ( H S) (cfu/100mL) (cfu/100mL) (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 11.54 152.6 10818 1140 80
PPinlet 12 7 1999 pm 7.66 7.14 11.33 154.4 20000 920 30
PPinlet 12 8 1999 am 6.99 7.13 11.71 147.7 3300 233 240
PPoutlet 12 6 1999 pm 7.45 6.99 9.70 124.7 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 7.40 10.62 147.0 7000 233 30
PPoutlet 12 8 1999 am 6.45 7.61 10.03 154.4 9692 383 17
Seasonal% 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 4.86 7.25 12.14 147.6 2100 400 23
PPinlet 3 7 2000 pm 7.19 7.36 11.37 145.5 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 7.56 14.97 144.9 920 180 4
PPoutlet- omit 3 8 2000 am 5.70 7.49 11.79 145.5 3100 461 22
Seasonal% reduction -2.6 -0.6 -12.4 -0.1 31.4 77.6 14.5

PPinlet 7 17 2000 pm 16.71 7.32 7.59 263.9 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 8.22 215.5 3700 500 170
PPinlet 7 19 2000 am 16.74 7.31 7.47 188.0 10000 7100 1600
PPoutlet 7 17 2000 pm 24.88 7.59 7.23 255.5 1600 O 4* O 2*
PPoutlet 7 18 2000 am 19.38 7.55 6.52 253.8 1000 2 23
PPoutlet 7 18 2000 pm 22.23 7.59 8.11 258.3 2000 7 O 2*
PPoutlet 7 19 2000 am 19.06 7.45 5.70 252.4 59 5 2
Seasonal% 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 pondgrabsamplesandaveragepercentreductionsbetweeninlet
andoutletsamples.Negativevaluesrepresentanincreasein concentrationat theoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time ( J C) pH (mg/L) ( H S) (cfu/100mL) (cfu/100mL) (cfu/100mL)
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 10.59 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 5.45 6.95 7.75 162.3 330 233 8
Seasonal% reduction 40.5 -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 8.56 6.87 12.82 179.6 260 O 5* O 2*
BW outlet 3 8 2000 am 5.71 6.99 9.63 189.0 560 O 11* O 2*
BW outlet 3 8 2000 pm 8.23 7.11 12.71 190.5 148 O 9* O 2*
BW outlet 3 9 2000 am na na na na 920 O 9* 2
Seasonal% reduction 13.8 -3.4 -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
Seasonal% reduction -21.8 -5.8 49.3 8.3 98.0 99.6 94.5

Annualavg. % reduction 10.8 -4.1 13.2 16.1 6.4 -72.6 75.3
*Valuereplacewith detectionlimit to calculatepercentreduction.

Table24: Brentwoodwet pondgrabsamplesandaveragepercentreductionsbetweeninlet
andoutletsamples.Negativevaluesrepresentanincreasein concentrationat theoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time ( J C) pH (mg/L) ( H S) (cfu/100mL) (cfu/100mL) (cfu/100mL)
Wetland 12 6 1999 pm 7.74 7.04 9.51 143.9 153 71 30
Wetland 12 7 1999 am 5.34 7.23 10.21 188.7 2300 3940 50
Wetland 12 7 1999 pm 6.61 7.22 9.82 190.3 268 108 80
Wetland 12 8 1999 am 5.71 7.41 10.02 194.1 1500 43 50

Wetland 3 7 2000 pm 5.47 7.19 10.97 192.9 74 41 4
Wetland 3 8 2000 am 4.26 7.50 11.62 193.4 82 28 13
Wetland 3 8 2000 pm 7.07 7.52 10.45 192.8 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 13.85 8.00 8.70 401.3 650 35 O 2
Wetland 7 18 2000 pm 14.95 7.98 8.49 399.6 580 36 7
Wetland 7 19 2000 am 13.90 7.99 8.78 389.0 860 22 4

Table25: GraceLanewet pondgrabsamples.
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Reported True Acceptance
ValueM ValueM Limits

Specificconductivity ( � S/cmat 25
�
C) 899.0 876 803–949

731.0 717 658–776

Totalalkalinity (mg/l asCaCO� ) 46.5 47.5 41.9–53.6
64.5 63.5 56.8–70.3

Ammonianitrogen,autoanalysis(mg/L) 12.1 11.6 9.00–14.1
7.83 8.00 7.77–8.23

Ammonianitrogen,manual(mg/L) 12.0 11.6 9.00–14.1
7.96 8.00 6.18–9.75

Nitratenitrogen,autoanalysis(mg/L) 16.8 16.7 13.2–19.8
14.0 12.7 10.1–15.1

Orthophosphate,autoanalysis(mg/L) 4.97 4.47 3.82–5.16
4.6 4.56 3.90–5.27

Orthophosphate,manual(mg/L) 4.69 4.47 3.82–5.16
4.55 4.56 3.90–5.27

Totalphosphorus,autoanalysis(mg/L) 6.12 5.58 4.24–6.53
0.902 1.01 0.764–1.22

Totalphosphorus,manual(mg/L) 5.40 5.58 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-filterableresidue(mg/L) 38.2 43.5 32.5–46.5M PerformanceEvaluationReportsWP00–1andWP00-7.

Table26: Summaryof 1999/2000single-blindquality controlresults.
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Analysis Date Sample QC X Discussion
Nitrate/nitrite 9/6/00 228.5 205.8 22.7 Unknown; all otherqcsamplesok

Totalnitrogen 2/3/00 537.3 507.0 30.3 Unknown; all otherqcsamplesok

Ammonia 6/6/00 18.6 5.7 12.9 All otherqcsamplesok
Possiblesamplemislabel

Totalphosphorus 11/2/99 15.2 5.2 10.0 Unknown; all otherqcsamplesok

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

Chlorophylla 6/6/00 1.36 0.86 0.50 New operator;trainingprovided
7/12/00 1.93 2.39 0.46 New operator;trainingprovided

Conductivity 11/2/99 60.1 59.4 0.70 Unknown; all otherqcsamplesok

Table27: Evaluationof laboratoryduplicatesexceeding3 SDfrom mean.



1999/2000LakeWhatcomFinal Report Page51

Site Date Temp X Temp pH X pH Cond X Cond DO X DO
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 9.36 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
s1 Aug 8, 2000 21.37 -0.24 8.08 0.09 58.2 0.3 9.31 0.18
s1 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 9.33 0.04
s2 Aug 8, 2000 21.87 7.96 58.1 9.29
s3 Aug 8, 2000 21.96 -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 9.40 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
s1 Sept6, 2000 18.65 0.08 8.04 0.12 56.9 -0.7 8.68 0
s1 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

Median X Temp:–0.02 pH: 0.11 Cond:–0.05 DO: 0.12
AverageX Temp:–0.07 pH: 0.10 Cond:–0.09 DO: 0.12

Table28: Hydrolabquality controlcomparisonsof initial andendingsurfacesamples.
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9 Figures
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Y Figure1 (page54) providesa generalmapof Lake Whatcomandits tributaries,and
shows the currentlake samplingsites. Samplinglocationsfor the Brentwood and
Park Placewet pondsareshown in Figure141 (page194). Refer to AppendixA,
Figures160–162(pages210–212)for detailedmapsshowing lake samplingloca-
tions.

Y Figures2–11(pages55–64)show single-dayHydrolabprofilesfrom LakeWhatcom
for theFebruaryandSeptembersamplingdates.Additionalprofilesfor July (Figures
133 and134, pages186 and187) are includedin the hydrologydiscussionof the
report.

Y Figures12–31(pages65–84)show multi-yearplotsof Hydrolabdatafor LakeWhat-
com.Thelinesconnectdatafrom asinglesamplingdepththroughtime to helpiden-
tify seasonalpatternsof convergenceanddivergence;however, they donot represent
continuoussampling.Theminimumandmaximumvaluesrepresentonly datesactu-
ally samples,not theannualextremes.Missingvalueswerenot interpolated.

Y Figures32–35(pages85–88)show correlationsbetweenyearanddissolvedoxygen
during thesummerat Site 1, 12–18m, 1988–2000.Figure36 (page89) shows the
nonsignificantcorrelationbetweenyearandtemperatureatSite1, 10m.

Y Figures37–102(pages90–155)show multi-yearplotsof waterquality, chlorophyll,
plankton,andSecchidepthdatafor LakeWhatcom.

Y Figures103–117(pages156–170)show multi-yearplots of coliforms andEntero-
coccus datafor LakeWhatcom.

Y Figure118(page171)illustratesiron concentrationsat theBellinghamWaterTreat-
mentPlandGatehouse.

Y Figures119–140(pages172–193)show the waterbalance,hydrograph,andwater
movementplotsfor 1999/2000.

Y Figures141–143(pages194–196)show samplinglocationsandcurrentphotographs
of theParkPlaceandBrentwoodwetponds.

Y Figures144–154(pages197–202)and155–159(pages203–207)show the quality
controlresultsfrom field andlaboratoryduplicatesamples.
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Figure1: LakeWhatcom1999/2000samplingsites.
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Figure2: Lake WhatcomHydrolabprofile for Site1, February4, 2000.
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Figure3: Lake WhatcomHydrolabprofile for Site2, February4, 2000.
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Figure4: LakeWhatcomHydrolabprofile for theIntake,February4, 2000.
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Figure5: Lake WhatcomHydrolabprofile for Site3, February3, 2000.



1999/2000LakeWhatcomFinal Report Page59

5 10 15 20

–1
00

–8
0

–6
0

–4
0

–2
0

0

Temperature (C)

D
ep

th
 (

m
)

5 6 7 8 9
–1

00
–8

0
–6

0
–4

0
–2

0
0

pH

D
ep

th
 (

m
)

40 60 80 100 120

–1
00

–8
0

–6
0

–4
0

–2
0

0

Conductivity (uS/cm)

D
ep

th
 (

m
)

0 2 4 6 8 10 12 14

–1
00

–8
0

–6
0

–4
0

–2
0

0

Dissolved Oxygen (mg/L)

D
ep

th
 (

m
)

Figure6: Lake WhatcomHydrolabprofile for Site4, February3, 2000.
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Figure7: LakeWhatcomHydrolabprofile for Site1, September7, 2000.
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Figure8: LakeWhatcomHydrolabprofile for Site2, September7, 2000.
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Figure9: LakeWhatcomHydrolabprofile for theIntake,September7, 2000.
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Figure10: LakeWhatcomHydrolabprofile for Site3, September6, 2000.
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Figure11: LakeWhatcomHydrolabprofile for Site4, September6, 2000.
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Figure12: LakeWhatcomtemperaturedatafor Site1.
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Figure13: LakeWhatcomtemperaturedatafor Site2.
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Figure14: LakeWhatcomtemperaturedatafor theIntake.
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Figure15: LakeWhatcomtemperaturedatafor Site3.
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Figure16: LakeWhatcomtemperaturedatafor Site4.
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Figure17: LakeWhatcomdissolvedoxygendatafor Site1.
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Figure18: LakeWhatcomdissolvedoxygendatafor Site2.
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Figure19: LakeWhatcomdissolvedoxygendatafor theIntake.
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Figure20: LakeWhatcomdissolvedoxygendatafor Site3.



1999/2000LakeWhatcomFinal Report Page74

02468101214

La
ke

 W
ha

tc
om

 d
is

so
lv

ed
 o

xy
ge

n 
da

ta
 fo

r 
S

ite
 4

, D
ec

em
be

r 
19

90
 th

ro
ug

h 
D

ec
em

be
r 

20
00

.

D
at

e

Dissolved Oxygen (mg/L)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

Figure21: LakeWhatcomdissolvedoxygendatafor Site4.
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Figure22: LakeWhatcompH datafor Site1.
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Figure23: LakeWhatcompH datafor Site2.
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Figure24: LakeWhatcompH datafor theIntake.
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Figure25: LakeWhatcompH datafor Site3.



1999/2000LakeWhatcomFinal Report Page79

56789

La
ke

 W
ha

tc
om

 p
H

 d
at

a 
fo

r 
S

ite
 4

, D
ec

em
be

r 
19

90
 th

ro
ug

h 
D

ec
em

be
r 

20
00

.

D
at

e

pH

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

Figure26: LakeWhatcompH datafor Site4.
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Figure27: LakeWhatcomconductivity datafor Site1.
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Figure28: LakeWhatcomconductivity datafor Site2.
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Figure29: LakeWhatcomconductivity datafor theIntake.
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Figure30: LakeWhatcomconductivity datafor Site3.
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Figure31: LakeWhatcomconductivity datafor Site4.
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Figure32: Pearson’s r correlationof dissolvedoxygenconcentrationsby year, Site1 (12
m). All resultsarestatisticallysignificant.
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Figure33: Pearson’s r correlationof dissolvedoxygenconcentrationsby year, Site1 (14
m). All resultsarestatisticallysignificant.
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Figure34: Pearson’s r correlationof dissolvedoxygenconcentrationsby year, Site1 (16
m). All resultsarestatisticallysignificant.



1999/2000LakeWhatcomFinal Report Page88

1988 1990 1992 1994 1996 1998 2000

0
2

4
6

8
10

12

Basin 1 Dissolved Oxygen  by Year at Depth 18

Year

D
is

so
lv

ed
 O

xy
ge

n 
at

 d
ep

th
 1

8

June
r = −0.60  p <= 0.03

July
r = −0.79  p <= 0.00

August
r = −0.84  p <= 0.00

September
r = −0.67  p <= 0.02

Figure35: Pearson’s r correlationof dissolvedoxygenconcentrationsby year, Site1 (18
m). All resultsarestatisticallysignificant.
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cally significantat the95%level.
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Figure37: LakeWhatcomalkalinity datafor Site1.
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Figure38: LakeWhatcomalkalinity datafor Site2.
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Figure39: LakeWhatcomalkalinity datafor theIntake.
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Figure40: LakeWhatcomalkalinity datafor Site3.
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Figure41: LakeWhatcomalkalinity datafor Site4.
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Figure42: LakeWhatcomturbidity datafor Site1.
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Figure43: LakeWhatcomturbidity datafor Site2.
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Figure44: LakeWhatcomturbidity datafor theIntake.
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Figure45: LakeWhatcomturbidity datafor Site3.
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Figure46: LakeWhatcomturbidity datafor Site4.
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Figure47: LakeWhatcomnitrogensummarydatafor Site1.
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Figure48: LakeWhatcomnitrogensummarydatafor Site2.
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Figure49: LakeWhatcomnitrogensummarydatafor theIntake.
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Figure50: LakeWhatcomnitrogensummarydatafor Site3.
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Figure51: LakeWhatcomnitrogensummarydatafor Site4.
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Figure52: LakeWhatcomammoniadatafor Site1.
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Figure53: LakeWhatcomammoniadatafor Site2.
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Figure54: LakeWhatcomammoniadatafor theIntake.
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Figure55: LakeWhatcomammoniadatafor Site3.
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Figure56: LakeWhatcomammoniadatafor Site4.
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Figure57: LakeWhatcomnitrate/nitritedatafor Site1.



1999/2000LakeWhatcomFinal Report Page111

0200400600

La
ke

 W
ha

tc
om

 n
itr

at
e/

ni
tr

ite
 d

at
a 

fo
r 

S
ite

 2
, D

ec
em

be
r 

19
90

 th
ro

ug
h 

D
ec

em
be

r 
20

00
.

D
at

e

Nitrate/Nitrite (ug/L)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

D
et

ec
tio

n 
Li

m
it

D
ep

th
 0

D
ep

th
 5

D
ep

th
 1

0
D

ep
th

 1
5

D
ep

th
 2

0

Figure58: LakeWhatcomnitrate/nitritedatafor Site2.
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Figure59: LakeWhatcomnitrate/nitritedatafor theIntake.
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Figure60: LakeWhatcomnitrate/nitritedatafor Site3.
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Figure61: LakeWhatcomnitrate/nitritedatafor Site4.
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Figure62: LakeWhatcomtotal nitrogendatafor Site1.
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Figure63: LakeWhatcomtotal nitrogendatafor Site2.
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Figure64: LakeWhatcomtotal nitrogendatafor theIntake.
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Figure65: LakeWhatcomtotal nitrogendatafor Site3.
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Figure66: LakeWhatcomtotal nitrogendatafor Site4.
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Figure67: LakeWhatcomphosphorussummarydatafor Site1.
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Figure68: LakeWhatcomphosphorussummarydatafor Site2.
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Figure69: LakeWhatcomphosphorussummarydatafor theIntake.
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Figure70: LakeWhatcomphosphorussummarydatafor Site3.
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Figure71: LakeWhatcomphosphorussummarydatafor Site4.
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Figure72: LakeWhatcomsolublephosphatedatafor Site1.
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Figure73: LakeWhatcomsolublephosphatedatafor Site2.
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Figure74: LakeWhatcomsolublephosphatedatafor theIntake.
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Figure75: LakeWhatcomsolublephosphatedatafor Site3.
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Figure76: LakeWhatcomsolublephosphatedatafor Site4.
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Figure77: LakeWhatcomtotal phosphorusdatafor Site1.
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Figure78: LakeWhatcomtotal phosphorusdatafor Site2.
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Figure79: LakeWhatcomtotal phosphorusdatafor theIntake.
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Figure80: LakeWhatcomtotal phosphorusdatafor Site3.
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Figure81: LakeWhatcomtotal phosphorusdatafor Site4.
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Figure82: LakeWhatcomchlorophylldatafor Site1.
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Figure83: LakeWhatcomchlorophylldatafor Site2.
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Figure84: LakeWhatcomchlorophylldatafor theIntake.
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Figure85: LakeWhatcomchlorophylldatafor Site3.
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Figure86: LakeWhatcomchlorophylldatafor Site4.
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Figure87: LakeWhatcomplanktondatafor Site1.
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Figure88: LakeWhatcomplanktondatafor Site2.
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Figure89: LakeWhatcomplanktondatafor theIntake.
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Figure90: LakeWhatcomplanktondatafor Site3.
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Figure91: LakeWhatcomplanktondatafor Site4.
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Figure92: LakeWhatcomplanktondatafor Site1, low rangeplot.
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Figure93: LakeWhatcomplanktondatafor Site2, low rangeplot.
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Figure94: LakeWhatcomplanktondatafor theIntake, low rangeplot.
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Figure95: LakeWhatcomplanktondatafor Site3, low rangeplot.
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Figure96: LakeWhatcomplanktondatafor Site4, low rangeplot.
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Figure98: LakeWhatcomSecchidepthsfor Site1.
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Figure99: LakeWhatcomSecchidepthsfor Site2.
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Figure100: LakeWhatcomSecchidepthsfor theIntake.
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Figure101: LakeWhatcomSecchidepthsfor Site3.
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Figure102: LakeWhatcomSecchidepthsfor Site4.
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Figure103: LakeWhatcomtotal coliform datafor Site1.
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Figure104: LakeWhatcomtotal coliform datafor Site2.
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Figure105: LakeWhatcomtotal coliform datafor theIntake.
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Figure106: LakeWhatcomtotal coliform datafor Site3.
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Figure107: LakeWhatcomtotal coliform datafor Site4.
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Figure108: LakeWhatcomfecalcoliform datafor Site1.
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Figure109: LakeWhatcomfecalcoliform datafor Site2.
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Figure110: LakeWhatcomfecalcoliform datafor theIntake.
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Figure111: LakeWhatcomfecalcoliform datafor Site3.
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Figure112: LakeWhatcomfecalcoliform datafor Site4.
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Figure113: LakeWhatcomEnterococcus datafor Site1.
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Figure114: LakeWhatcomEnterococcus datafor Site2.
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Figure115: LakeWhatcomEnterococcus datafor theIntake.
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Figure116: LakeWhatcomEnterococcus datafor Site3.
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Figure117: LakeWhatcomEnterococcus for Site4.
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Figure118: Iron concentrationsat theGatehouse,1999–2000.VerticallinesmarkOctober
31,1999andOctober31,2000,at which timebasin2 hadrecentlydestratified.
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Figure 119: Lake Whatcom watersheddirect hydrologic inputs, October 1, 1999–
September30,2000.
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Figure 120: Lake Whatcom watershedhydrologic withdrawals, October 1, 1999–
September30,2000.
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Figure121: Changein LakeWhatcomstorage,October1, 1999–September30,2000.
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Figure122: Middle Fork diversionflow into LakeWhatcom,1993–2000.
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Figure123: PredictedLake Whatcomwatershedrunoff, October1, 1999–September30,
2000.
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Figure 124: PredictedLake Whatcomwatershedrunoff comparedto measuredrainfall
depth,October1, 1999–September30,2000.
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Figure125: AndersonCreekhydrograph,October1, 1999–September30,2000.
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Figure126: Austin Creekhydrograph,October1, 1999–September30,2000.
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Figure127: SmithCreekhydrograph,October1, 1999–September30,2000.
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Figure128: AndersonCreekratingcurve,October1, 1999–September30,2000.
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Figure129: AustinCreekratingcurve,October1, 1999–September30,2000.
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Figure130: SmithCreekratingcurve,October1, 1999–September30,2000.
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Figure131: Diagramof thetemperaturesensorarray.
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Figure132: Genevasill watertemperaturemeasurementsat4.5m, July19–30,2000.
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Figure133: LakeWhatcomHydrolabprofile for Site1, July13,2000.
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Figure134: LakeWhatcomHydrolabprofile for Site2, July13,2000.
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Figure135:Genevasill watertemperaturemeasurementsat4.5m; expandedscalefor July
22,2000showing periodicityof internalwave.
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Figure136: Wind speedrecordsfrom SqualicumHarborandtheeastshoreof LakeWhat-
com,July22,2000.



1999/2000LakeWhatcomFinal Report Page190

.

0.45 m

0.15 m

drifter

float water surface

Figure137: Diagramof adrifter usedto evaluatewatermovement.
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Figure138: AndersonCreekdeltatemperaturedata,2.2 m depth,August16–October5,
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 fr om the City of Bellingham Public Works Department.

Figure142: ParkPlacewetpond,July19,2000.
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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 fr om the City of Bellingham Public Works Department.

Figure143: Brentwoodwetpond,July19,2000.
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Figure144: Alkalinity laboratoryduplicatescontrolchart.
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Figure145: Ammonialaboratoryduplicatescontrolchart.
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Figure146: Chlorophylllaboratoryduplicatescontrolchart.
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Figure147: Conductivity laboratoryduplicatescontrolchart.
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Figure148: Dissolvedoxygenlaboratoryduplicatescontrolchart.
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Figure149: Nitrate/nitritelaboratoryduplicatescontrolchart.
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Figure150: pH laboratoryduplicatescontrolchart.
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Figure151: Solublereactivephosphatelaboratoryduplicatescontrolchart.
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Figure152: Totalnitrogenlaboratoryduplicatescontrolchart.
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Figure153: Totalphosphoruslaboratoryduplicatescontrolchart.
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Figure154: Turbidity laboratoryduplicatescontrolchart.



1999/2000LakeWhatcomFinal Report Page203

16 18 20 22 24

16
20

24

Alkalinity #1 (mg/L)

A
lk

al
in

ity
 #

2 
(m

g/
L)

50 55 60 65 70 75 80

50
60

70
80

Hydrolab Conductivity (uS)

La
bo

ra
to

ry
 C

on
du

ct
iv

ity
 (

uS
)

Figure155: Alkalinity andconductivity field duplicates.
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Figure157: Ammoniaandnitrate/nitritefield duplicates.
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Figure159: Turbidity andchlorophyllfield duplicates.
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A SiteDescriptions

A.1 LakeWhatcom Monitoring Sites

Pleasereferto Figures160–162for assistancewith locatingeachsite. In thefield, eachsite
shouldbemarkedwith anorangebuoy; however, stormyweatheror vandalismmayhave
resultedin themovementor lossof amarkerbuoy. Thefour majorlakesamplingsiteshave
beenusedsincethe early 1960’s. Table29 shows a summaryof the identificationcodes
thathavebeenusedfor thesefivesitesover time.

During theAugust5, 1993lake sampling,geographicallocationsfor eachsiteweredeter-
minedusingaGPSlocater. Thesecoordinatesarelistedbelow, but shouldbeusedwith the
cautionbecausesitelocationsin LakeWhatcomhavealwaysbeenapproximate.

Threesiteswereaddedin thefall of 1996alongthe40meterdepthcontourin basin3 near
Strawberrysill. Thesesitesareidentifiedas“s1–s3”in Figure162.Therearenopermanent
buoysat thesesites;depthis determinedat eachsiteusinganelectronicdepthfinder.

Site 1 is locatedin basin1 alonga straightline from theBloedelDonovanboatlaunchto
a square,white housewith a darkgrey roof that is locatedabouthalf way up thehillside
(171E. NorthShoreRd.) Thesamplingsiteis atapointperpendicularto thesecondgroup
of condominiumsin aclusterof four. ThedepthatSite1 shouldbeat least20m. TheGPS
coordinatesfor Site1 onAugust5, 1993were:48Ô 45.74N, 122Ô 24.63W.

Site2 is locatedin basin2 just westof theintersectionof a line betweenaboathousewith
a rust-coloredroof (73 StrawberryPoint)andthepoint of Geneva sill, anda line between
threeaspentreeson Lake WhatcomBlvd. anda redhouseon thewestsideof Strawberry
sill (2170DelestraRd.). Thedepthat Site2 shouldbeat least20 m. TheGPScoordinates
for Site2 onAugust5, 1993were:48Ô 44.55N, 122Ô 22.81W.

The Intak e Site is locatedoffshorefrom the City of Bellingham’s raw watergatehouse.
This site is oneof themoredifficult sitesto locatebecausethemarker buoy is frequently
missing. Thedepthat the Intake siteshouldbeat least13 m deep.TheGPScoordinates
for theIntakesiteonAugust5, 1993were:48Ô 44.89N, 122Ô 23.47W.

Site 3 is locatedmid-basinjust north of a line betweentheold railroadbridgeandLake-
wood.ThedepthatSite3 shouldbeat least80m deep.TheGPScoordinatesfor Site3 on
August5, 1993were:48Ô 44.27N, 122Ô 20.25W.

Site 4 is locatedat theintersectionof a line betweentwo pointsof landanda line parallel
to thenorthedgeof an inlet (seeFigureA2). Thedepthat Site4 shouldbeat least90 m
deep.TheGPScoordinatesfor Site4 onAugust5, 1993were:48Ô 41.53N, 122Ô 18.01W.

Sites1 is locatedalongthe40m depthcontourin thebasin3 sideof Strawberrysill off the
north-northwestshoreof Lake Whatcom.Thesite is off a point with a houseanddockas
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SiteCode YearsUsed SiteDescription
1 1985–present Locatedat approximatelythedeepest
11 1987–present point in basin1
A 1982–1984
14 1982 (14 is nearSite1)
7 1960’s–1981
2 1985–present Locatedat approximatelythedeepest
22 1987–present point in basin2
B 1982–1984
13 1982
6 1960’s–1981

Intake 1980–present Locatedat theintake in basin2
21 1987–present
3 1985–present Locatedat approximatelythedeepest
31 1987–present point in N. sub-basinof basin3
C 1982–1984
5 1960’s–1981
4 1985–present Locatedat approximatelythedeepest
32 1987–present point in S.sub-basinof basin3
E 1982–1984
10 1960’s–1981

Table29: Summaryof sitecodesfor LakeWhatcomwaterquality sampling.

thelakeshorecurvesinto AgateBay; thepointof DelstraParkis onabearingslightly south
of west.TheGPScoordinatesare48Ô 44.83N, 122Ô 21.8W, althoughtheGPSresponseis
erraticat this locationdueto topography.

Site s2 is locatedapproximatelymid-channelbetweenDelestraPark andStrawberry sill.
Thesiteis midwaybetweenaflat-roofed,brown-grey boathousewith redtrim onthenorth-
eastpointof DelestraParkandawhiteboathousewith two squarewindowsjustbackfrom
thenorthsideof Strawberrypoint. TheGPScoordinatedare48Ô 44.65N, 122Ô 22.42W.

Site s3 is locatedoff thesouthwestshorejust beforetheroadcut of Lake WhatcomBlvd.,
straightoff andbetweentwo stair towers. The GPScoordinatesare 48Ô 44.50N, 122Ô
21.92W.
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A.2 CreekMonitoring Sites

Thecreekwaterqualitymonitoringsitesaredescribedin detailbyWalker, etal. (1992),and
summarizedbelow. Sitesthathavehydrographdataincludeadescriptionof thelocationof
thehydrographgauge.

Smith Creek:
Samplesarecollectedapproximately100yardsupstreamfrom LakeWhatcom.TheSmith
Creekhydrographis mountedon the southwall of a sandstonebluff directly underneath
thebridgeover Smith Creek(North ShoreRoad)approximately1 km upstreamfrom the
mouththethecreek.

Silver BeachCreek:
All routinemonitoringsamplesarecollectedimmediatelyupstreamfrom theculvertunder
NorthShoreRoad.

Park Placestorm drain:
Samplesarecollectedinside the stormdrain underPark Place(roadoff of North Shore
Drive.) Whenthe lake level is low enough,samplescanbe collectedat the mouthof the
outletpipeflowing into thelake.

Austin Creek:
Thesite is locatedat theSuddenValley golf courseapproximately1800ft upstreamfrom
wherethecreekflowsinto LakeWhatcom.TheAustinCreekhydrographis mountedonthe
northwestsupportpillar directlyunderneaththebridgeoverAustinCreek(LakeWhatcom
Blvd.), approximately1 km from themouthof thecreek.

WildwoodCreek:
Thesite is locatedapproximately30 feetsouthof theentranceto theWildwoodResortat
theculvertwhereSouthLake WhatcomBoulevardcrossesthecreek.

AndersonCreek:
Thesite is locatedat thebridgewhereSouthBay Drive crossesthecreek.Watersamples
anddischargemeasurementsarecollectedupstreamfrom thebridge.TheAndersonCreek
hydrographis mountedin the existing stilling well on the eastsideof AndersonCreek,
directly adjacentto thebridgeoverAndersonCreek(SouthBayDrive),approximately0.5
km from themouthof thecreek.

Blue Canyon Creek:
This small creekis not shown on the USGStopographicmap for the area. However, it
is locatedjust north of the two major Blue Canyon streamspicturedon the USGSLake
Whatcom7.5 min. quadrangle(Sect.22, T 37N, R 4E). Samplesarecollectedupstream
from theculvert crossingtheBlueCanyon road.
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B LakeWhatcom Data

The 1999/2000Lake Whatcomwaterquality data,including datafrom specialsampling
projects,areincludedon the following pages.Thehistoricdetectionlimits andabbrevia-
tionsfor eachparameterarelistedbelow. Thehistoricdetectionlimits for eachparameter
wereestimatedbasedonrecommendedlowerdetectionranges(APHA, 1992;Ebina,etal.,
1983;Hydrolab,1997;Lind, 1985)instrumentlimitations,andanalystjudgementon the
lowestrepeatableconcentrationfor eachtest. Over time, someanalyticaltechniqueshave
improvedsothatcurrentdetectionlimits arelower thandefinedbelow (seeTable31,page
216).BecausetheLakeWhatcomdatasetincludeslong-termmonitoringdata,whichhave
beencollectedusinga variety of analyticaltechniques,this reportsetsvery conservative
historicdetectionlimits in orderto allow comparisonsbetweenall years.

In theLake Whatcomreport,unlessindicated,no datasubstitutionsareused.Instead,we
flagall datathatfall below thehistoricdetectionlimits listedin Table30.

In October2000,JoanVandersypen(IWS LaboratorySupervisor)revisedthecalculations
of nutrientdetectionlimits to follow APHA guidelines(1992). ThecurrentIWS nutrient
detectionlimits areshown in Table31. The only historic detectionlimit (Table30) that
changedwasfor nitrate/nitrite,whichwasraisedfrom 10 Õ g/L to 20 Õ g/L.
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DetectionLimits (dl) DetectionLimits (dl)
Abbrev. Analysis or Sensitivity ( Ö ) Abbrev. Analysis or Sensitivity ( Ö )
alk Alkalinity Ö 0.1mg/L As arsenic,total dl = 0.03mg/L
toc Carbon,total organic Ö 0.1mg/L Al aluminum,total dl = 0.01mg/L
chl Chlorophylla Ö 0.1mg/m× Sb antimony, total dl = 0.02mg/L
fc Coliforms,fecal dl Ø 2 col/100mL Ba barium,total dl = 0.003mg/L
tc Coliforms,total dl Ø 2 col/100mL Be beryllium, total dl = 0.005mg/L
cond Conductivity, Hydrolab Ö 2 Ù S/cm Bo boron,total dl = 0.10mg/L
cond Conductivity, lab Ö 2 Ù S/cm Cd cadmium,total dl = 0.002mg/L
ec Enterococcus dl Ø 2 col/100mL Ca calcium,total dl = 0.10mg/L
nh3 Nitrogen,ammonia dl = 10 Ù g/L Cr chromium,total dl = 0.006mg/L
no3 Nitrogen,nitrate/nitrite dl = 20 Ù g/L Co cobalt,total dl = 0.003mg/L
tn Nitrogen,totalnitrogen dl = 100 Ù g/L Cu copper, total dl = 0.002mg/L
do Oxygen,Hydrolab Ö 0.1mg/L Fe iron, total dl = 0.01mg/L
do Oxygen,Winkler Ö 0.1 Ù g/L Pb lead,total dl = 0.001mg/L
pH pH, Hydrolab Ö 0.1pH unit Li lithium, total dl = 0.02mg/L
pH pH, lab Ö 0.1pH unit Mg magnesium,total dl = 0.10mg/L
srp Phosphate,solublereactive dl = 5 Ù g/L Mn manganese,total dl = 0.002mg/L
tp Phosphorus,total dl = 5 Ù g/L Hg mercury, total dl = 0.01mg/L
secchi Secchidepth Ö 0.1m Mo molybdenum,total dl = 0.01mg/L
temp Temperature Ö 0.1Ú C Ni nickel, total dl = 0.01mg/L
tss Total suspendedsolids dl = 2 mg/L P phosphorus,total dl = 0.05mg/L
turb Turbidity Ö 0.2NTU K potassium,total 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 selenium,total 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
Tl thallium, total dl = 0.03mg/L
V vanadium,total dl = 0.002mg/L
Y yttrium, total dl = 0.001mg/L
Zn zinc, total dl = 0.002mg/L

Detectionlimits listedin this tableareconservative estimatesdesignedto permitcomparisonswith historicdata.
TheAmTestdetectionlimits for metalsdecreasedin 1999;thevaluesshows in this tablearetheolder, higherlimits.
Table31 lists thecurrentIWS detectionlimits for selectedanalyses;AppendixC lists thecurrentAmTestdetectionlimits.

Table30: Summaryof analysesin theLakeWhatcommonitoringproject.
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Abbrev. Analysis IDL LLD MDL Û MDL Ü
nh3 Ammonia,autoanalysis 4.6 5.9 na na
nh3 Ammonia,manual 1.1 2.2 3.7(5 Ý g/L) 3.0(20 Ý g/L)

tn T. nitrogen,autoanalysis 0.8 1.6 19.2(10 Ý g/L) 27.8(100 Ý g/L)

tp T. phosphorus,autoanalysis 2.0 3.9 4.7(5 Ý g/L) 4.8(20 Ý g/L)
tp T. phosphorus,manual 1.0 1.9 3.3(5 Ý g/L) 1.8(20 Ý g/L)

srp Sol.Phosphate,autoanalysis 1.2 2.4 1.9(2.5 Ý g/L) 1.0(20 Ý g/L)
srp Sol.Phosphate,manual 0.5 1.1 1.9(2.5 Ý g/L) 3.2(20 Ý g/L)

no3 Nitrate/nitrite,autoanalysis 3.3 6.7 16.3(10 Ý g/L) 14.2(25 Ý g/L)Û Low-level detectionlimits; concentrationsshown in parentheses.Ü High-level detectionlimits; concentrationsshown in parentheses.

Table31: CurrentIWS analyticaldetectionlimits.

Instrument Detection Limit (IDL) = Concentrationneededto producea signal= 1.645Þ Std.Dev. of replicateblanks( ß =60).

Lower Level of Detection(LLD) = Concentrationthatproducesasignalsufficiently large
that 99% of the trials with that amountwill producea detectablesignal= 2 Þ 1.645 Þ
Std.Dev. of replicateblanks( ß =40).

Method DetectionLimit (MDL) = 3.14 Þ Std.Dev. of sevenreplicatestandardsnearthe
MDL andhigherconcentrationsin theanalyticalrangefrom at least3 differentanalytical
runs.
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B.1 LakeWhatcom Hydr olab Data



1999/2000LakeWhatcomFinal Report Page238

B.2 LakeWhatcom Water Quality Data
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B.3 LakeWhatcom Plankton Data
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B.4 LakeWhatcom Coliform Data
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B.5 Strawberry Sill Hydr olab Data
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B.6 Strawberry Sill Water Quality Data
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B.7 Brentwoodand Park PlaceGrab SampleData
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B.8 Brentwoodand Park PlaceCompositeData
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B.9 LakeWhatcom Long Term Data

The annualLake Whatcomreportsinclude a CD containinglong-termdatafiles. The
CD includeshydrolaband water quality data from 1988 through2000, along with the
1999/2000Austin Creek,AndersonCreek,andSmith Creekhydrographdata. The data
files includedon theCD aredescribedin thereadme.txtfile on theCD.
à TheelectronicdatafileshaveNOT beencensoredto identify below detectionandabove
detectionvalues.Referto Tables30 and31 (pages215and216) for applicabledetection
limits and abbreviations. It is essentialthat any statisticalor analyticalresultsthat are
generatedusinguncensoreddatabe reviewedby a trainedstatisticianor scientistfamiliar
with statisticaluncertaintyassociatedwith below detectiondata.

Readme.txt:

*********************************
README FILE - LAKE WHATCOM DATA
*********************************
The CD included with the 1999/2000 Lake Whatcom Monitoring Report
included the following data files:

Hydrolab data Water quality data Hydrograph data
1988_hl.dat 1988_wq.dat 1999_2000_austin.dat
1989_hl.dat 1989_wq.dat 1999_2000_anderson.dat
1990_hl.dat 1990_wq.dat 1999_2000_smith.dat
1991_hl.dat 1991_wq.dat
1992_hl.dat 1992_wq.dat
1993_hl.dat 1993_wq.dat
1994_hl.dat 1994_wq.dat
1995_hl.dat 1995_wq.dat
1996_hl.dat 1996_wq.dat
1997_hl.dat 1997_wq.dat
1998_hl.dat 1998_wq.dat
1999_hl.dat 1999_wq.dat
2000_hl.dat 2000_wq.dat

The hydrolab data files contain the following variables: site, depth
(m), month, day, year, temperature (C), pH, conductivity (uS),
dissolved oxygen (mg/L), lab conductivity quality control data (uS),
secchi depth (m).

The water quality data files contain the following variables: site,
depth (m), month, day, year, alkalinity (mg/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 (mg/m3).

The site codes in the hydrolab and water quality files are as follows:
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 following variables: month, day,
year, hour, minute, second, head (ft), discharge (cfs).

*************************************************************
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VERIFICATION PROCESS FOR THE 1988-2000 LAKE WHATCOM DATA FILES
*************************************************************
During the summer of 1998 the Institute for Watershed Studies began
creating an electronic data file that would contain long term data
records for Lake Whatcom. These data were to be placed on a CD and
included with annual Lake Whatcom monitoring reports. This was the
first attempt to make a long-term Lake Whatcom data record available
to the public. Because these data had been generated using different
quality control plans over the years, a comprehensive reverification
process was done.

The reverification started with printing an copy of the entire data
file and checking 5% of all entries against historic laboratory
benchsheets and field notebooks. If an error was found, the entire
set of values for that analysis were reviewed for the sampling 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., minimum,
maximum) were computed to identify outliers and unusual results. All
outliers and unusual data were verified against original benchsheets.
A summary of decisions pertaining to these data is presented below.
All verification actions were entered into the printed copy, dated,
and initialed by the IWS 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 missing values were
deleted. 2) All lab conductivity for February 1993 were deleted for
cause: meter inadequate for low conductivity readings (borrowed
Huxley’s student meter). 3) All Hydrolab conductivity from April -
December 1993 were deleted for cause: Hydrolab probe slowly lost
sensitivity. Probe was replaced and Hydrolab was reconditioned prior
to the February 1994 sampling. 4) All 1993 Hydrolab dissolved oxygen
data less than or equal to 2.6 mg/L were deleted for cause: Hydrolab
probe lost sensitivity at low oxygen concentrations. Probe was
replaced and Hydrolab was reconditioned prior to February 1994
sampling. 5) All srp and tp data were deleted (entered as "missing"
in 1989) from the July 10, 1989 wq data due to sample contamination in
at least three samples. 6) December 2, 1991, Site 3, 0 m conductivity
point deleted due to inconsistency with adjacent points. 7) December
15, 1993, Site 4, 80 m lab conductivity point deleted because matching
field conductivity data are absent and point is inconsistent with all
other lab conductivity points. 8) November 4, 1991, Site 2, 17-20 m,
conductivity points deleted due to evidence of equipment problems
related to depth. 9) February 2, 1990, Site 1, 20 m, soluble phosphate
and total phosphorus points deleted due to evidence of sample
contamination. 10) August 6, 1990, Site 1, 0 m, soluble phosphate and
total phosphorus points deleted due to evidence of sample
contamination. 11) October 5, 1992, Site 3, 80 m, all data deleted
due to evidence of sample contamination in turbidity, ammonia, and
total phosphorus results. 12) August 31, 1992, Site 3, 5 m, soluble
phosphate and total phosphorus data deleted due to probable coding
error. 13) All total Kjeldahl nitrogen data were removed from the
historic record. This was not due to errors with the data but rather
on-going confusion over which records contained total persulfate
nitrogen and which contained total Kjeldahl nitrogen. The current
historic record contains only total persulfate nitrogen. Total
Kjeldahl nitrogen data were retained in the IWS data base, but not in
the long-term Lake Whatcom data files.
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*********************************
ROUTINE DATA VERIFICATION PROCESS
*********************************
1994-present: The Lake Whatcom data are verified using a four step
method: 1) The results are reviewed as they are generated. Outliers
are checked for possible analytical or computational errors. This
step is completed by the Laboratory Analyst and IWS Laboratory
Supervisor. 2) The results are reviewed monthly and sent to the City.
Unusual results are identified. This step is completed by the IWS
Director. 3) The results are reviewed on an annual basis and
discussed in the Lake Whatcom Monitoring Program Final Report.
Unusual results are identified, and explained, if possible. This step
is completed by the IWS Director, IWS Laboratory Supervisor, and
Laboratory Analyst. 4) Single-blind quality control samples,
laboratory duplicates, and field duplicates are analyzed as specified
in the Lake Whatcom Monitoring Program contract and in the IWS
Laboratory Certification requirements. Unusual results that suggest
instrumentation or analytical problems are reported to the IWS
Director and City. The results from these analyses are summarized in
the annual report.

1987-1993: The lake data were reviewed as above except that the IWS
Director’s responsibilities were delegated to the Principle
Investigator in charge of the lake monitoring contract (Dr. Robin
Matthews). Prior to 1991, interim reports were prepared quarterly
rather than monthly and annual reports were descriptive rather than
interpretive.

Prior to 1987: Data were informally reviewed by the Laboratory Analyst
and IWS Director. Laboratory and field duplicates were commonly
included as part of the analysis process, but no formal (i.e.,
written) quality control program was in place. Laboratory logs were
maintained for most analyses, so it is possible to verify data against
original analytical results. It is also possible to review laboratory
quality control results for some analyses.
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B.10 Hydr ograph Data fr om Anderson,Austin, and Smith Creeks

Thereare staff gagesand a continuouslyrecordingStevensdata loggerson Anderson,
Austin andSmith Creeks. The dataloggerscollect streamflow dataat 30-minuteinter-
vals.Thefollowing sectionsprovidedetailsaboutthedatacollectedduringthe2000water
year(October1, 1999– September30,2000).

B.10.1 AndersonCreekWY 2000

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

Logger adjustmentsat AndersonCreek occurredon the following datesin WY 2000:
(5/20/00)from 1.99 to 2.18, (8/2/00) from 2.13 to 2.04, (8/8/00) from 2.04 to 2.06,and
on8/17/00theloggerwasresetwhenit wasdiscoveredthattheintakewasoutof thewater
andthefloat wasprobablyrestingon thebottomof thestilling well. This wasundoneon
thesamedayso that futurevalueswould remainaccurate.No adjustmentsweremadeto
thedata.

It wasobservedin thefield thattheintakepipewasfrequently á 1 ft out of thewaterwhen
streamwater levels were low and the Nooksackdiversionwasoff. From field observa-
tionsandreviewing data,theestimateddepthbelow which thefloat is restingon thebase
of the stilling well is about1.09 to 1.15 ft. Any recordsat or below 1.15 ft shouldbe
considered“less thanor equalto 1.15ft.” Similarly, dischargevaluesfrom dayscontain-
ing loggerreadingsbelow 1.15 ft shouldbe consideredmaximumvalues. Actual values
maybeconsiderablylower. No datawereadjustedto compensatefor 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 stoppedrecordingmeasurementsdue to low power. This was
discoveredon the sameday. Only the 14:30,15:00,and15:30measurementswerelost.
Gaugeheightswerewithin 0.01ft on eithersideof thedatagap,sothemissingdatawere
estimatedin orderto haveacompletedaily dischargefor thatdate.
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Eventsat AndersonCreek
04/26/00 In streamstaff gaugeinstalled
05/18/00 Loggerinstalledin existingstilling well by Jim Mullen
05/20/00 Adjustedloggerto staff Logger1.99 Staff 2.18
08/02/00 Adjustedloggerto staff Logger2.13 Staff 2.04
08/08/00 Low powershutoff. Adjustedloggerto staff Logger2.04 Staff 2.06
08/17/00 Stilling well intake 1 ft abovewatersurface Logger1.09 Staff 0.29
09/01/00 Intakeoutof water Logger1.11 Staff –
09/22/00 Intakeoutof water Logger1.13 Staff 0.52
09/22/00 Intakeoutof water Logger1.11 Staff 0.52

B.10.2 Austin CreekWY 2000

Datafrom 11/16/99to 12/30/99werelost dueto equipmentfailure. Thedataloggerwas
replacedwith loanedequipmentfrom Stevenson 12/21/99,but problemscontinued.On
12/30/00it was determinedthat the encoderwas not functioning properly. It was also
replacedwith loanedequipmentfrom Stevens.All appearedto befunctioningafterencoder
replacement.

The logger was consistentlydrifting away from true value with time. The logger was
usually lower thanstaff reading,althoughthis wasnot alwaysthe case.The loggermay
have beenoff by aslittle asa few tenthsof a foot or asmuchasgreaterthan0.5 feet. In
anattemptto correcttheproblem,on06/02/00theweight8 ozweightwasreplacedwith a
177g weightandaplasticsleevewasplacedaroundthestilling well to decreaseturbulence
in thewell. However, the loggercontinuedto drift. On 09/14/00a non-perforatedplastic
sleeve wasput over a portionof thestilling well. The lowestportionof thewell wasalso
sleevedon 09/28/00.Approximately6 daysfollowing theadditionof thelowersleeve,the
loggerhaddrifted by -0.04ft.

Datacollectedfrom 3/8/00to 6/2/00werediscardedbecauseloggerreadingswereasgreat
as0.6ft differentthanstaff readings.After assessingthestaff gagereadingsthatcorrespond
to loggerreadingsat varioustimestheyear, we estimatethatthecalculatedflows couldbe
off by asmuchas10%to 20%duringtheyear.

Theloggerwasdiscoveredto beoff by -0.27feeton 7/18/00;no adjustmentmade.It was
notcheckedagainuntil 8/8/00,atwhichtimeit wasoff by -0.29feetandadjusted.Thedata
between7/18/0013:00and08/08/0013:00wasadjustedby subtracting0.28feetfrom each
loggeddepth.Thedatacollectedprior to 7/18/00wereprobablysimilarly underestimated,
but no adjustmentsweremade.

On 8/11/00thebatterywasreplaced.At that time, it wasdiscoveredthat thereplacement
batterywasexhaustedandcouldnot beused.Theoriginal batterywasreconnected.The
following day, a new batterywasbroughtout. Whentheloggerwaschecked,it wasfound
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to berecordingvaluesnear500feetdeep.Thefield personnelconcludedthat,whenreplac-
ing theoriginal battery, they forgot to resettheloggerandleft it at 0.00.Whenthestream
depthdecreased,ratherthanlogging negative values,the loggercycled backto its maxi-
mumof 500ft andwentdown from there.Thedatabetween08/11/0011:30and08/12/00
11:30werecorrectedaccordingly.

B.10.3 Smith CreekWY 2000

Most differencesbetweenthe loggerandstaff readingsduringthewinter andspringwere
due to normal drift betweenthe two readings. And adjustmentmadeto the logger on
4/15/00shouldnot havebeenmade,asit wasmostlikely madedueto error in readingthe
staff. On4/19/00theloggerandstaff disagreedby almosttheexactamounttheloggerwas
adjustedto on 4/19/00.After theerrorwasrealized,thedatabetween4/15/00,13:00and
4/19/00,11:30werechangedto compensate.No significantdiscrepanciesoccurredafter
4/19/00.

On8/2/00datawasdownloadedontoadamageddisk. Mostof thedatawasretrievable,but
datawerelost between7/8,00:00and7/14,23:30.

In summary, theSmithCreekloggerworkedwell duringwateryear2000andthedataare
believedto beaccurate.



1999/2000LakeWhatcomFinal Report Page287

C AmTestReports

Thefollowing AmTestdatareportsarefiled by samplingdate:

Samplelocation Date Analyses
Strawberrysill, surfaceand35m October12,1999 metals,total organiccarbon

ParkPlace/Brentwoodwet ponds December8, 1999 metals,total organiccarbon

Strawberrysill, surfaceand35m January4, 2000 metals,total organiccarbon

Watershedcreeks/lake February9, 2000 metals,total organiccarbon

ParkPlace/Brentwoodwet ponds March8, 2000 metals,total organiccarbon

Watershedcreeks July18,2000 total organiccarbononly

ParkPlace/Brentwoodwet ponds July19,2000 metals,total organiccarbon

LakeWhatcom,surfaceandbottom September11,2000 metals,total organiccarbon


	Western Washington University
	Western CEDAR
	3-23-2001

	Lake Whatcom Monitoring Project 1999/2000 Report
	Robin A. Matthews
	Michael Hilles
	Joan Vandersypen
	Robert J. Mitchell
	Geoffrey B. Matthews
	Recommended Citation


	tmp.1438980633.pdf.P6L0O

