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ExecutiveSummary

This reportdescribestheresultsfrom the2000/2001Lake Whatcommonitoring
program. The objectives of this programwere to continuelong-termbaseline
waterquality monitoring in Lake Whatcomandselectedtributary streams,col-
lect supplementalwaterquality datafrom basin3 nearStrawberrysill, updatethe
hydrologicwaterbalancemodelfor LakeWhatcom,begin evaluatingwatermove-
mentpatternsin basins1, 2, and3, andmonitortheeffectivenessof theParkPlace
andBrentwoodwet pondsandtheSouthCampusstormwatertreatmentfacility.

The lake wassampledon October3, 5 & 10, November7 & 9, December6 & 7
2000,andFebruary13& 14,April 10& 12,May8& 10,June5& 6,July10& 11,
Aug 1 & 2, andSeptember4 & 6, 2001.Duringthesummerthelakestratifiedinto
awarmsurfacelayer(theepilimnion)andacool bottomlayer(thehypolimnion).
As a resultof a cool, windy spring,basin1 wasonly weakly stratifiedby early
June.Nevertheless,Sites1 and2 (basins1 and2) developedseverehypolimnetic
oxygendeficits by mid-summer. As in previous years,therewere statistically
significantnegativecorrelationsbetweensummerhypolimneticdissolvedoxygen
levelsandtime. No significantcorrelationswerefoundfor hypolimnetictempera-
turevs.timeor for lake level vs.hypolimneticoxygen.AlthoughSite1 continued
to developsevere,latesummer, hypolimneticanoxia,for thepastthreeyears,the
concentrationsof two waterquality indicatorsof lake anoxia,ammoniaandhy-
drogensulfide,havebeenbeenhigheratSite2. TheremainingHydrolabdata,pH
andconductivity, followedtrendsthatweretypical for Lake Whatcom.

BecauseLake Whatcomis a soft waterlake, thealkalinity valueswerefairly low
at mostsitesanddepths.During thesummerthealkalinity andconductivity val-
uesat thebottomof Sites1–2 increaseddueto decompositionandthereleaseof
dissolvedcompoundsin the lower waters.The turbidity valuesweremostly less
than1–2NTU exceptduring latesummersamplesat the lower depthsat Sites1
and2. The nutrientdatafrom Site 1 continueto show thatbasin1 is morepro-
ductive thanbasin3; however, Site2 is beginningto look increasinglysimilar to
Site1. Site1 continuedto have thehighestchlorophyllconcentrationsof all the
sites.Theplanktoncountsatall sitesweredominatedby Chrysophyta.1 Plankton
biovolumestudiesindicatedthatthenumericalplanktoncountsunderestimatethe
densityof other taxa, particularlysummerand fall bloomsof Chlorophytaand
Cyanophyta.

1TheChrysophytaphylumnamehasbeenchangedto Heterokontophytain many taxonomies.
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Most of theSeptembermetalsconcentrationswereat, or below, detectionlimits,
andthosethatweredetectedwerewithin normalconcentrationrangesfor surface
water. Solubleiron waspresentin raw water at the Lake Whatcomgatehouse
during latesummerandfall. Low-level mercuryanalysesindicatedthat thewa-
ter columnconcentrationsof mercurywereusually � 0.0002mg/L. Total organic
carbonconcentrationsin the lake rangedfrom � 1 mg/L to 2.7 mg/L, andwere
similar to the TOC concentrationsmeasuredby the City of Bellinghamin raw
waterat thegatehouse.

Strawberrysill wassampledonOctober10,November7, andDecember7, 2000,
andJanuary18, April 12, May 8, June6, July 10, August1, andSeptember6,
2001.Thewaterqualityalongthesill wasverysimilar to Site3.

The creekswere sampledon February22 and July 18, 2001. Most of the
2000/2001creekdatafell within expectedranges.Comparedto the streamsin
forestedareas,the residentialstreamstypically had poorerwater quality, with
higherconductivities; higherammonia,phosphorus,and total suspendedsolids
concentrations;andmuchhigher total and fecal coliform counts. Thesediffer-
encesare typical for streamsreceiving urbanrunoff. The Park Placedrain and
SilverBeachCreekexceededPartA andB of thecurrentClassAA fecalcoliform
standards.2 Anderson,Austin,Blue Canyon,andSmithCreekspassedPart A but
exceededPartB of thecurrentfecalcoliform standardbecausemorethan10%of
the fecal coliform countsweregreaterthan100 cfu/100mL. It is likely that all
watershedcreeksexceptthe Park Placedrain,Silver BeachCreek,andpossibly
AustinCreek,wouldpasstheproposedE. coli standardfor recreationalwaters.3

Recordinghydrographshave been installed in Anderson,Austin, and Smith
Creeks,and the dataare includedin electronicformat with this report. A wa-
ter balancewasappliedto Lake Whatcomto identify its major waterinputsand
outputsand to examinerunoff andstoragein the watershed.The major inputs
into the lake includesurfaceandsubsurfacerunoff (73.6%),direct precipitation
(19.3%),anddiversionfrom theMiddle Fork of theNooksackRiver (7.1%).The

2“Freshwater- PartA: fecalcoliform organismlevelsshallnotexceedageometricmeanvalue
of 50colonies/100mL; PartB: nomorethan10percentof all samplesobtainedfor calculatingthe
geometricmeanvalueshallhavevaluesexceeding100colonies/100mL” (WAC 173–201A–030).

3“In freshwaters,E. coli organismslevelsmustnot exceedageometricmeanvalueof 100/100
mL, with not morethan10 percentof all samples(or any singlesamplewhenlessthantensam-
ple pointsexist) obtainedfor calculatingthegeometricmeanvalueexceeding200/100mL” (See
http://www.ecy.wa.gov/programs/wq/swqs/index.html).

xiv



largestoutputwasWhatcomCreek(44.5%),followedby GeorgiaPacific(20.5%),
City of Bellingham(17.3%),evaporation(12.6%),thefish hatcheryat Whatcom
FallsPark (4.5%)andWaterDistrict #10(0.6%).Therewasa51.8%reductionin
totaloutputsof thelakewhencomparedto the1999/2000values.Themostsignif-
icantof theseincludea 61.5%reductionin WhatcomCreekoutflow anda 60.7%
reductionin Georgia Pacific outflow. Lake Whatcomwater movementstudies
continuedthis year, and includedstudiesof the dispersionof AndersonCreek
into the lake andadditionaldrifter studies.Temperaturestudiesat the mouthof
AndersonCreekindicatedthatthecreekwaterentersthelakealonganarrow thal-
weg (submergedchannelin the delta)beforedispersingin a fan shape.Drifter
studiesshoweda clockwiserotationin basin3 neartheconfluenceof Anderson
Creek. The movementof near-surface lake water probablyaffectedthe inser-
tion dynamicsof AndersonCreekwaterflowing into Lake Whatcom.Additional
drifter experimentsin basin1 (just west of the Geneva Sill) showed clockwise
watermovementthatfollowedthewind direction.

Duringthesummerof 2000,KarelTracy, aWWU geologygraduatestudent,mea-
suredthebathymetryandsedimentationratein Mirror Lake. Tracy estimatedthe
volume of the lake to be 321,900cubic meters,with a surfaceareaof 57,510
squaremeters.The maximumdepthof the lake wasabout10.05 � 0.15meters.
Thepost-diversionsedimentswere2.5metersthick nearthedelta,and1.3m thick
in themiddleof thelake. Tracy estimatedthatabout60,000� 6000cubicmeters,
or about1600 � 160 cubic metersper year of sedimentationoccurredbetween
1962and2000.

Park PlaceandBrentwoodwet pondsweresampledon January15–17(wet sea-
son- nominalflow), April 17–19(wetseason- stormflow), andJuly24–26,2001
(dry season- nominalflow). A new site, the S. Campusstormwater treatment
facility, wassampledon March 20–22,May 15–17,andAugust6–8, 2001. As
in previousyears,thePark Placewet pondcontinuedto performpoorly for most
typesof contaminants,with no consistentreductionin total suspendedsolids,nu-
trients,totalorganiccarbon,or metalsconcentrationsbetweentheinlet andoutlet;
however, boththeBrentwoodwet pondandtheS.Campusstormwatertreatment
facility providedreasonablyconsistentreductionsin suspendedsolids,nutrients,
andcoliforms.

xv
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1 Intr oduction

Lake Whatcomis the primary drinking watersourcefor the City of Bellingham
and partsof WhatcomCounty, including SuddenValley. Lake Whatcomalso
provideshighqualitywaterfor theGeorgia-PacificCorporationmill 4, which,until
this year, accountedfor the largestwithdrawal of waterfrom the lake. The lake
andpartsof thewatershedproviderecreationalopportunities,aswell asproviding
importanthabitatsfor fish andwildlife. The lake is usedasa storagereservoir
to buffer peakstormwaterflows in WhatcomCreek. Much of the watershedis
zonedfor forestryandis managedby stateor privatetimbercompanies.Because
of its aestheticappeal,muchof theLakeWhatcomwatershedis highly valuedfor
residentialdevelopment.

The City of Bellinghamand WesternWashingtonUniversity have collaborated
on investigationsof the waterquality in Lake Whatcomsincethe early 1960’s.
Beginning in 1981,a monitoringprogramwas initiated by the City andWWU
thatwasdesignedto provide long-termdatafor Lake Whatcomfor basicparam-
eterssuchastemperature,pH, dissolvedoxygen,conductivity, turbidity, nutrients
(nitrogenandphosphorus),andotherrepresentative waterquality measurements.
Themajorgoalof the long-termmonitoringeffort is to provide a recordof Lake
Whatcom’swaterquality over time. In addition,sincetheCity andWWU review
thescopeof work for themonitoringprogrameachyear, short-termwaterquality
questionscanbeaddressedasneeded.

Themajorobjectivesof the2000/2001Lake Whatcommonitoringprogramwere
to continuelong-termbaselinewaterqualitymonitoringin LakeWhatcomandse-
lectedtributarystreams,collectsupplementalwaterqualitydatafrom basin3 near
Strawberrysill, updatethehydrologicmodelfor LakeWhatcom,andmonitorthe
effectivenessof the Park PlaceandBrentwood wet ponds. In additionto moni-
toring theParkPlaceandBrentwoodwetponds,sampleswerecollectedfrom the
inlet andoutlet to a new, rock/plantstormwater treatmentsystemthat was in-
stalledonthesouthsideof WesternWashingtonUniversity. Althoughthissystem
is locatedoutsidethe Lake Whatcomwatershed,it shouldserve asan indicator
of the level of stormwatertreatmentthatmight beaccomplishedwithin thewa-
tershed.This reportalsoincludesthepreliminaryresultsfrom seasonalplankton

4TheGeorgia-Pacific Corporationclosedits pulp mill operationsin March2001,reducingits
waterrequirementsfrom 30–35MGD to 7–12MGD (Bill Evans,City of BellinghamPublicWorks
Dept.).
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biovolumestudiesandtheresultsfrom agraduatestudentthesisprojectto update
thebathymetryandsedimentationdatafor Mirror Lake.

This reportis subdividedinto thefollowing sections:

Section1: Introduction Section7: References
Section2: LakeWhatcomMonitoring Section8: Tables
Section3: CreekMonitoring Section9: Figures
Section4: LakeWhatcomHydrology Appendix A: SiteDescriptions
Section5: StormWaterTreatmentMonitoring Appendix B: Data
Section6: Quality Control Appendix C: AmTestReports

Notethatall of thetablesandfiguresarelocatedattheendof thereportin Sections
8–9. Detailedsitedescriptionsandraw dataareincludedin theAppendicesand
on theCD at the endof this document.Table33 on page218 (at the beginning
of AppendixB) lists all abbreviations and units usedto describewater quality
analysesin this document.
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2 LakeWhatcom Monitoring

2.1 SiteDescriptions

Waterquality sampleswerecollectedat five long-termmonitoringsitesin Lake
Whatcom(seeFigure1, page70 andAppendixA.1, page209). Sites1–2 are
locatedat thedeepestpointsin their respective basins.TheIntake site is located
adjacentto theunderwaterintake point wheretheCity of Bellinghamwithdraws
raw waterfrom basin2. Site3 is locatedat thedeepestpoint in thenorthernsub-
basinof basin3 (northof theSunnysidesill), andSite4 is locatedat thedeepest
point in the southernsub-basinof basin3 (southof the Sunnysidesill). Three
additionalsitesweremonitoredon a transectacrossStrawberrysill (Figure142,
page214in AppendixA.1). Thesesitesarelocatedon the40-mdepthcontouras
describedin AppendixA.1.

Water sampleswere also collectedat the City of BellinghamWater Treatment
Plantgatehouse,which is locatedonshoreandwestof theintakesite.

2.2 Field Samplingand Analytical Methods

Thelakewassampledtentimesduringthe2000/2001monitoringprogram.Each
samplingevent is a multi-day taskbecauseof thedistancebetweensitesandthe
numberof samplescollected.Thesamplingdatesfor 2000/2001were:October3,
5 & 10,November7 & 9, December6 & 7 2000,andFebruary13& 14,April 10
& 12,May 8 & 10,June5 & 6, July 10 & 11,Aug 1 & 2, andSeptember4 & 6,
2001.Thewaterquality parametersmeasuredfor the2000/2001lake monitoring
programarelistedin Table1 onpage38(seeSection8, beginningonpage37,for
all Tables).

A Surveyor IV Hydrolabwasusedto measuretemperature,pH,dissolvedoxygen,
andconductivity. All watersamples(includingbacteriologicalsamples)collected
in the field werestoredon ice andin the dark until they reachedthe laboratory,
andwereanalyzedasdescribedin Table2 on page39 (APHA, 1998; Ebina,et
al., 1983;Hydrolab,1997;Lind, 1985).Totalmetalsanalyses(arsenic,cadmium,
chromium,copper, iron, mercury, nickel, lead,andzinc) andtotal organiccarbon
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analysesweredoneby AmTest.5 Planktonsampleswereplacedin a coolerand
returnedto thelaboratoryunpreserved.In thelaboratorythesamplevolumeswere
measuredand the sampleswerepreserved with Lugol’s solution. The bacteria
sampleswereanalyzedby theCity of Bellinghamat their watertreatmentplant.
All otheranalysesweredoneby thepersonnelhiredby this grant.

2.3 Resultsand Discussion

2.3.1 Hydr olab data

Lake WhatcomHydrolabdatafor temperature,dissolved oxygen,conductivity,
andpH areillustratedonFigures2–31(pages71–100).Theraw dataareincluded
in AppendixB.1 (page219)andin electronicformaton theCD thataccompanies
this report. Figures12–31show a tenyearhistoryof resultsfor Lake Whatcom.
Matthews,etal. (2000)reviewedthelong-termdataanddiscussedapparenttrends,
soonly new observationson long-termtrendsarediscussedbelow.

Single-dayHydrolabprofilesfrom FebruaryandSeptemberareillustratedonFig-
ures2–11 (pages71–80). Single-dayHydrolab profilesare sentto the City of
BellinghamPublic Works Departmentapproximatelymonthly aspart of the re-
portingprocessfor thisproject.Thesefiguresshow typicalwinterandlatesummer
verticaldepthprofilesfor temperature,dissolvedoxygen,pH, andconductivity.

The mid-winter Hydrolabprofiles(Figures2–6) andthe multi-year temperature
profiles(Figures12–16)show thatthewatercolumnmixesduringthefall, winter,
andearlyspring.As a result,temperatures,dissolvedoxygenconcentrations,pH,
andconductivities arefairly uniform from thesurfaceto the bottomof the lake,
evenat Site4, which is over300ft. (100m) deep.

During thesummerthe lake stratifiesinto a warmsurfacelayer (theepilimnion)
andacoolbottomlayer(thehypolimnion).Whenstratified,theHydrolabprofiles
show distinctdifferencesbetweensurfaceandbottomtemperatures.Climaticdif-
ferencesalter the timing of lake stratification: if the springis cool, cloudy, and
windy, the lake will stratify later thanwhenit hasbeenhot andsunny. In Lake
Whatcom,stratificationusuallybegins in April or May at all sitesexceptthe In-
take,which is tooshallow to developastablestratification.Stratificationdevelops

5AmTest,14603N.E. 87thSt.,Redmond,WA, 98052.
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gradually, andmaynotbestableuntil June.Stratificationpersistsuntil fall or win-
ter, dependingonlocationin thelake. Destratificationoftenoccursabruptly. If the
weatherconditionsarecold andwindy, andthewatertemperaturesat thesurface
andbottomarewithin a few degreesof eachother, thelake will destratifywithin
a few days.If, however, warm,calmweatherreturns,thedestratificationprocess
will beprolongedfor up to a weekor more. The two shallow basins(Sites1–2)
coolquickly anddestratifyby lateOctoberor earlyNovember. Basin3 (Sites3–4)
coolsslowly becauseof its large volumeandmaynot destratifyuntil December
or later.

Theaveragewatertemperaturesat eachsite(Tables3–7,pages40–44)weresim-
ilar to lastyear’s lake temperatures(seeMatthews, et al., 2001). This year’s av-
eragetemperaturefor theentirelake was11.03

�
C, which is closeto thehistoric

averageof 11.22
�
C (October1988–September1999,all sitesanddepths).Despite

thisapparentsimilarity, therewerestrikingdifferencesin the2000/2001tempera-
turedata.As aresultof acool,windy spring,basin1 wasonly weaklystratifiedby
earlyJune.On June5, 2001,therewasa 3.6

�
C temperaturedifferencebetween

surfaceandbottomsamplesat Site 1, which wasabouthalf the the averagedif-
ferencemeasuredin previousyears(seeTable8, page45). Thesurface-to-bottom
temperaturedifferenceat Site2 wascloserto thehistoric averages,but wasstill
nearly2

�
coolerthanaverage.

Despitethelatestratificationin basins1 and2, Sites1 and2 developedseverehy-
polimneticoxygendeficitsby mid-summer(Figures7–8and17–18,pages76–77
and86–87). Hypolimneticoxygendepletiononly becomesapparentafter strati-
fication,at which time the lower watersof thebasinareisolatedfrom the lake’s
surfaceandbiological respirationconsumesthe oxygendissolved in the water.
Biological productivity andrespirationare increasedwhenthereis an abundant
supplyof nutrients,aswell asby otherenvironmentalfactorssuchaswarmwater
temperatures.In basin3, whichhasvery low concentrationsof essentialnutrients
suchas phosphorus,biological respirationhas little influenceon hypolimnetic
oxygenconcentrations(e.g.,Figures11 and21, pages80 and90). In contrast,
Site1, which is locatedin nutrient-enrichedwaters,shows rapiddepletionof the
hypolimneticoxygenconcentrationsfollowing stratification(Figures7 and 17,
pages76and86).

Historic datashow thatthebottomof basin1 hasexperiencedlow oxygencondi-
tionsfor at least30 years.However, thereis evidencethattheoxygenconditions
in thehypolimnionatSite1 havedeterioratedsince1988.Table9 (page46)shows
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the depthsat Site 1 whereoxygenfirst dropsbelow 1 mg/L in early September,
1988–2000.Since1994,thisdepthhasmovedseveralmeterscloserto thesurface.
Therewasno similar patternin theearlySeptembertemperaturedata(Table10,
page47).

Pearson’s � correlationanalysis6 of dissolvedoxygenvs.dateconfirmedthatthere
werestatisticallysignificantreductionsin oxygenlevelsat all evendepths� 12
m from July throughSeptember(Figures32–35,pages101–104).7 In previous
years,theJunecorrelationswerealsosignificant;however, in 2001,theunusual
late stratificationof the lake resultedin relatively high dissolved oxygenlevels
in thehypolimnionat Site1 duringJune.As a result,theJunecorrelationswere
no longersignificant.TheJuly–Augustoxygencorrelationsremainednegatively
correlatedwith time.

Noneof thehypolimnetictemperaturedataweresignificantlycorrelatedwith year
at the95%significancelevel. Therewerenosignificantcorrelationsbetweenlake
level andhypolimneticoxygenconcentrationsor betweenJune–Septemberlake
levelsandyear.

A numberof environmentalfactorscanaffect the rateof oxygenloss from the
hypolimnion,eitherdirectly, by increasingbiologicalrespiration,or indirectly by
increasingthe residencetime of water in the hypolimnion. Increasednutrient
availability, higherwatertemperatures,andincreasedlight intensitycanstimulate
biologicalproductivity andrespiration.Dry weather, earlylake stratification,late
turnover, reductionsin theamountof waterdivertedfrom theNooksack,andde-
creaseddischargesinto WhatcomCreekcouldincreasetheresidencetimeof water
in thehypolimnion. In addition,if the lake level dropsfar enough,our sampling
equipment(which measuresdepthfrom thesurface)couldbeplacedlower in the
hypolimnion,thuscreatingtheappearanceof loweroxygenlevels,whentheonly
realchangeis lower lake levels. However, theabsenceof significantcorrelations
betweenhypolimnetictemperatureor lake level and dissolved oxygenindicate
thattheoxygenvs.yearcorrelationswerenotanartifactof samplinglower in the
lake, nor werethey strictly the resultof temperatureeffects. Also, the year-to-

6The Pearson’s 	 correlationcoefficient is a measureof the amountof changein the data
that is predictedby “date.” Strongpositive or negative correlationswill becloseto 
 1.0. Weak
correlations,or no correlation,will be closeto zero. Statisticallysignificantcorrelationshave �
values� 0.05.

7Only evendepthswereplottedon Figures32–35becauseearlyHydrolabdatawerecollected
at2 meterintervals.
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yearvariationin lake level duringthesummerwaslessthan1 meter, which is less
thanour minimuminterval of measurementfor dissolvedoxygenconcentrations.
Although temperatureand lake level undoubtedlymodify hypolimneticoxygen
conditions(for example,the latestratificationin 2001resultedin unusuallyhigh
Juneoxygendataat Site1), theoxygentrendsin Lake Whatcomarenot simple
correlatesof watertemperatureor lake level.

Low oxygenconditionsareassociatedwith anumberof unappealingwaterquality
problemsin lakes,includinglossof aquatichabitat;releaseof nutrients(phospho-
rusandnitrogen)from the sediments;increasedratesof algalproductiondueto
releaseof nutrients;unpleasantodorsduringlake overturn;fish kills, particularly
duringlakeoverturn;releaseof metalsandorganicsfrom thesediments;increased
drinkingwatertreatmentcosts;increasedtasteandodorproblemsin drinkingwa-
ter; and increasedrisks associatedwith chlorinationbyproductscreatedduring
drinking watertreatmentprocess.Hydrogensulfidewasdetectedat Site1 (0.42
mg/L) andSite2 (0.76mg/L) on October9, 2001,andelevatedconcentrationsof
ammoniaandphosphorusweredetectedon October2. Thesecompoundsareall
indicativeof low oxygenconditions.

AlthoughSite1 continuedto developsevere,latesummer, hypolimneticanoxia,
for thepastthreeyears,theconcentrationsof two waterquality indicatorsof lake
anoxia,ammoniaandhydrogensulfide,have beenbeenhigherat Site 2 (Table
11,page48). Correlationanalysesof thehypolimneticdissolvedoxygenconcen-
trationsat Site2 did not producethesametypeof consistentdownwardtrendin
oxygenover time asis seenat Site1. Thehypolimneticoxygenconcentrationsat
Site 2 have variedwidely sinceat least1988,so trendsaremuchmoredifficult
to establish.At this time, it is not possibleto tell whetherSite 2 waterquality
is gettingworse;however, the high ammoniaandhydrogensulfidelevelsarean
indicatorthatwaterquality at this siteshouldbewatchedcarefully.

A secondlong-termoxygentrendis presentin basin3 (seeMatthews,etal.2000).
Althoughnot asdramaticasthehypolimneticoxygenpatternsat Site1, theoxy-
genconcentrationsat Sites3 and4 have decreasedsignificantly8 during thepast
two decades(Figures20–21,pages89–90).Unlike theSite1 hypolimneticoxy-
gen trend, the basin3 oxygentrenddoesnot appearto be restrictedto the hy-
polimnion.

8Regressionsof mediandissolvedoxygenconcentrationsvs.yearweresignificant(������ ��� )
atSites3 and4.



2000/2001LakeWhatcomFinal Report Page8

The remainingHydrolab data,pH and conductivity, followed trendsthat were
typical for Lake Whatcom,with only smalldifferencesbetweensitesanddepths
exceptduring the summer. During the summerthe surfacepH increaseddueto
photosyntheticactivity, especiallyat Site 1. HypolimneticpH valuesdecreased
andconductivity valuesincreaseddue to decompositionand the releaseof dis-
solvedcompoundsfrom thesediments.A significantlong-termtrendis apparent
in theconductivity data(seeMatthews,etal.2000)atall sites.Thistrendis there-
sult of changingto increasinglysensitiveequipmentduringthepasttwo decades,
resultingin lower valuesover time. This trendprobablydoesnot indicateany
changein theactualconductivity in the lake, just our ability to measurethe low
conductivitieswith increasingsensitivity.

2.3.2 Other ambient water quality data

Theremainingwaterquality datathatwerecollectedmonthlyor bimonthly (nu-
trients,alkalinity, turbidity, Secchidepth,chlorophyll,bacteria,andplankton)are
shown onFigures36–115(pages105–184)andsummarizedin Tables3–7(pages
40–44). In orderto provide a betteranalysisof the waterquality patternsin the
lake, the graphsinclude ten yearsof monitoring data. Matthews, et al. (2000)
reviewedthelong-termdataanddiscussedapparenttrends.

Becauseof thelargeamountof datacollectedfor theLake Whatcommonitoring
program,only importantor unusualpatternswill bediscussedin thetext. Theraw
waterquality dataarelisted in AppendixB andC, beginning on page217, and
portionsof thedataareincludedin electronicformaton theCD thataccompanies
this report.Themetalsdataarelistedin Table12 (page49); theoriginal AmTest
datareports(metalsandtotal organiccarbon)areincludedin AppendixC (page
272)andon theCD thataccompaniesthis report.

BecauseLake Whatcomis a soft waterlake, thealkalinity valueswerefairly low
at mostsitesanddepths(Figures36–40,pages105–109). During the summer
the alkalinity andconductivity valuesat the bottomof Sites1–2 increaseddue
to decompositionand the releaseof dissolved compoundsin the lower waters.
The turbidity valuesweremostly lessthan1–2NTU exceptduring late summer
samplesat thelowerdepthsatSites1 and2 (Figures41–45,pages110–114).The
high turbidity levelsnearthebottomareanindicationof increasingturbulencein
thelower hypolimnionasthelake nearsturnover. Theinfluenceof winter storms
on turbidity canbe seenin the samplesfrom December1996. At that time, the



2000/2001LakeWhatcomFinal Report Page9

watercolumnwasthoroughlymixedat Sites1 and2, sohigherturbiditieswere
measuredat all depths.Basin3, however, wasstill stratifiedbelow 40-50m so
higherturbiditiesweremeasuredonly in theepilimneticsamples.

The nutrientdatafrom Site 1 continueto show that basin1 is moreproductive
thanbasin3 (Figures46–65,pages115–134).The nutrientdatafrom Site 2 are
beginningto look increasinglysimilar to Site1, but it is too early to tell whether
this representsnormalvariability or a waterquality trend.

High ammoniaconcentrationswere measuredjust prior to overturn in the hy-
polimnia at Sites1 and2 (Figure 51, page120). High hypolimneticammonia
concentrationshavebeencommonat bothsitesfor morethantenyears;however,
the last threesummersproducedatypicallyhigh ammoniaconcentrationsat Site
2. Ammoniais producedduringdecompositionof organicmatter(Wetzel,1983).
Ammoniais readily takenup by plantsasa growth nutrient. In oxygenatedenvi-
ronments,ammoniais rarelypresentin high concentrationsbecauseit is rapidly
convertedto nitrite andnitratethroughbiologicalandchemicalprocesses.In low
oxygenenvironments,suchasthehypolimniaat Sites1 and2, ammoniaaccumu-
latesuntil thelakedestratifies.

Sites3 and4 hadslightly elevatedammoniaconcentrationsat20m. Thiswasdue
to bacterialactivity at thethermoclineratherthanlow oxygenconditions.A sim-
ilar patternwasobservedby McNair (1995)in Lake Samish.Site3 hadelevated
ammoniaconcentrationsat 80m duringlatesummer, whichwastheresultof low
oxygenconcentrationsthatwerepresentin thehypolimnionduringlatesummer.

Nitrate depletionwasevident at all sitesin the photosyntheticzoneduring the
summer(Figures56–60,pages125–129),particularlyatSite1, wheretheepilim-
neticnitrateconcentrationsfell to � 50 � g-N/L. Nitrogenis anessentialnutrient
for plankton,andthis depletionof nitrateduring thesummeris an indirectmea-
sureof phytoplanktonproductivity. Theavailability of nutrientsis a majorfactor
in determiningtheamountof algalgrowth in a lake. Phosphorusis assumedto be
themostcommonlimiting nutrientin unproductivelakes;however, recentstudies
show that nitrogenlimitation andphosphorus/nitrogenco-limitation is common
in freshwaterlakes(seeElser, et al., 1990)andappearsto occurat Site1 in Lake
Whatcomjust prior to overturn(Matthews,et al., 2002).Coincidentwith low ni-
trateconcentrations,latesummeris whenweusuallyfind thehighestdensitiesof
nitrogen-fixingCyanophyta(bluegreenbacteriaor cyanobacteria)in theplankton
samples.Summer, epilimneticnitrateconcentrationsdecreasedat Sites2–4,but
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seldomfell below 150 � g-N/L, makingit unlikely that nitrogenwaslimiting at
thesesites.

In October2000 and 2001 the hypolimneticnitrate concentrationswere lower
thantheepilimneticconcentrationsat Sites1 and2 ( � 20 � g-N/L). In anaerobic
environments,bacteriareducenitrate (NO�� ) to nitrite (NO �� ) and nitrogengas
(N � ). The historic data(1988 to present)indicatethat this reductionhasbeen
commonat Site1, but wasnotdetectedat Site2 until thesummerof 1999.

Solublephosphateconcentrationswere relatively low ( � 10 � g-P/L) at all sites
and depths(Figures71–75,pages140–144). Total phosphorusconcentrations
werehigh at Sites1 and2 during late summer, but relatively low at othersites
(Figures76–80,pages145–149).Sediment-boundphosphorusbecomessoluble
in low oxygenenvironments.As aresult,in low oxygenenvironments,suchasthe
hypolimniaatSites1 and2, totalphosphorusconcentrationsareoftenhigherthan
20 � g-P/L (Figures76 and77). Anothermajor sourceof phosphorusfor Lake
Whatcomis from stormrunoff. The small peaksin total phosphorusmeasured
duringDecember, 1999at Sites3–4wereprobablyfrom runoff becausethecon-
centrationswerehighernearthesurfaceof thelakethanat thebottom(Figures79
and80).

Site 1 continuedto have the highestchlorophyll concentrations(Figures81–85,
pages150–154)of all thesites.Thechlorophyllconcentrationsduringthesummer
of 2001 were about the sameas in 2000. As in previous years,the 20 meter
samplesfrom Sites1 and2 hadlow chlorophyllconcentrations.Thesedepthsare
locatedin regionswith low light intensitiesandlow oxygenconcentrations,which
arenot favorablefor algalgrowth. Peakchlorophyllconcentrationswereusually
at 0–15m.

Theplanktoncountsatall sitesweredominatedby Chrysophyta9 (Figures86–95,
pages155–164).Substantialbloomsof CyanophytaandChlorophytawerealso
measuredat all sitesduringsummerandlate fall. As partof the2000/2001lake
monitoringproject,we collectedalgalbiovolumedatato helpcharacterizealgal
populationdynamicsin the lake. The resultsfrom this studywill be discussed
separatelyat theendof this section.

Secchidepthscontinueto show no clearseasonalpatternbecausetransparency in
LakeWhatcomis afunctionof bothsummeralgalbloomsandwinterstormevents

9TheChrysophytaphylumnamehasbeenchangedto Heterokontophytain many taxonomies.
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(Figures96–100,pages165–169).

Most of thecoliform andEnterococcus countswerelow ( � 50 cfu10/100mL for
total coliformsand � 10 cfu/100mL for fecalcoliformsandEnterococcus, Fig-
ures101–115,pages170–184).Thetotalcoliform countsatSite2 wereunusually
high in SeptemberandOctober2001(andagainin December2001),but thefecal
coliform and Enterococcus countswereboth low. Similarly, the total coliform
countwashighat theIntake in October2001.

In November1994, we began collecting monthly bacteriasamplesfrom the
Bloedel-Donovanswimmingareanearthecenterof thelog boom(seeAppendix
B.4 for raw data).TheBloedel-Donovanbacteriacountstendto beslightly higher
thanmid-basincounts,but the5-year(1997–2001)geometricmeanfor fecalcol-
iformswas7.9cfu/100mL, whichpassedbothPartA andB of theexistingClass
AA standardsfor fecalcoliforms11 andwouldmostlikelypasstheproposedE. coli
standardfor recreationalwaters.12

The metalsdatafor Lake Whatcomare includedin Table 12 (page49). This
tableincludesonly theregularlycontractedmetals(arsenic,cadmium,chromium,
copper, iron, mercury, nickel, lead,andzinc); anadditional24 metals,which are
included“free” aspartof theanalyticalprocedureusedby AmTest,areincluded
in AppendixC andon the CD that accompaniesthis report. In 1999, AmTest
upgradedtheir equipmentusedto analyzedall of the metalsexcept lead. As a
result,many of the analysesnow have lower detectionlimits, resultingin fewer
“below detection”data.Thesenewly detectedmetalsshouldnotbemisinterpreted
asa trendtowardhighermetalsconcentrationsin thelake.

Most of theSeptembermetalsconcentrationswereat, or below, detectionlimits,
andthosethatweredetectedwerewithin normalconcentrationrangesfor surface
water. Zinc wasdetectedat low concentrationsat all sites. Iron concentrations
wereelevatedin all of thebottomsamplesexceptat the Intake, which is typical
for Lake Whatcom. The highestconcentrations,0.160mg/L and 0.031mg/L,
weremeasuredat Sites1 and2, respectively. The higher iron concentrationsat

10cfu = colony formingunit
11“Freshwater- PartA: fecalcoliform organismlevelsshallnotexceedageometricmeanvalue

of 50colonies/100mL; PartB: nomorethan10percentof all samplesobtainedfor calculatingthe
geometricmeanvalueshallhavevaluesexceeding100colonies/100mL” (WAC 173–201A–030).

12“In freshwaters,E. coli organismslevelsmustnot exceedageometricmeanvalueof 100/100
mL, with notmorethan10percentof all samples(or any singlesamplewhenlessthantensample
pointsexist) obtainedfor calculatingthegeometricmeanvalueexceeding200/100mL.”
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Sites1 and2 weretheresultof sediment-boundiron convertingto solubleforms
underanaerobicconditionsandleachinginto theoverlyingwater.

Soluble iron was also presentin raw water at the Lake Whatcomgatehouse13

during late summerandfall (Figure116,page185),particularlyduring the first
few weeksafter the lake destratified(Novemberin Figure116). Following lake
turnover, mostof the solubleiron is usuallyconvertedto insolubleiron, which
slowly settlesto thebottom.This year, however, therewasa secondspike in iron
duringMarch2001.Thecauseof theMarchiron spike is not known.

Beginningin July, 2001,IWS startedcollectingadditionalwatersamplesto check
for mercurycontaminationin responseto concernaboutmercurydetectedin fish
andsedimentsamplesfrom the lake (Serdar, et al., 1999;Mueller, et al., 2001).
The sampleswere collectedfrom the surfaceand bottom at Sites1–4 and the
Intake, and were sentto AmTest for low-level mercuryanalyses.On July 17,
2001,a field duplicatesetof watersampleswerecollected(two separatewater
sampleswerecollectedateachsiteanddepth).Theduplicatesetwasanalyzedfor
low-level mercuryby EnvironmentCanada(Vancouver, BC). The watercolumn
concentrationsof mercurywereverylow andmostwerebelow thedetectionlevels
for both laboratories(Table13, page50). AmTestdetectedmercuryin samples
from theIntake(0.0005mg/L) andthebottomof Site3 (0.0004mg/L) onAugust
7,2001.TheCity of BellinghamalsodetectedmercuryatthegatehouseonAugust
28, 2001 ( � 0.0004mg.L), aswell as on June5 & 12, 2001 ( � 0.0002–0.0003
mg/L). The gatehouseresultswerebelow the laboratorydetectionlimit, so the
valuesshouldbeconsideredestimates(Peg Wendling,City of BellinghamPublic
WorksDepartment).

The Lake Whatcomtotal organic carbonconcentrationsrangedfrom � 1 mg/L
to 2.7 mg/L (Table14, page51). Theseconcentrationswereaboutthe sameas
theOctober2000–September2001TOC concentrationsmeasuredby theCity of
Bellinghamin raw waterat thegatehouse,which rangedfrom 1.5–3.9mg/L, and
averaged2.2 mg/L.14 Total organiccarbonconcentrations,alongwith plankton
and chlorophyll data,are usedto help assessthe likelihood of developing po-
tentially harmfuldisinfectionby-products(e.g.,trihalomethanes)throughthere-
actionof chlorinewith organiccompoundsduring the drinking watertreatment
process.Lake Whatcomhadrelatively low concentrationsof TOC in raw water,
aswell asrelatively low concentrationsof trihalomethanesin treatedwater.

13Thegatehouseis locatedalongtheshorelineof basin2 adjacentto theIntake.
14Datafrom PublicWorksDepartment,PlantsDivision,City of Bellingham.
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In 2001,thequarterlyaverageTHM concentrationsin theBellinghamwaterdis-
tribution systemrangedfrom 28.3–37.3� g/L. Theseconcentrationsare below
therecommendedmaximumTHMs concentrationsfor treateddrinking water(80� g/L). Beginningin thefall of 1998,however, higherTHM concentrationsstarted
showing up in the treatedwater, particularly in the fall (Figure117, page186).
Thispatternhasbeenconsistentfor thepastfour years.

2.3.3 Plankton biovolume

Planktonbiovolumeis oftenusedto estimatealgalbiomass,andis generallycon-
sideredto besuperiorto simpletaxonomiccounts,whichoverestimatetheimpor-
tanceof small,numericallydominanttaxasuchassingle-celldiatomsandflagel-
lates(WetzelandLikens,1991).Nearlyall planktonbiovolumestudiesbegin by
identifying planktonto the specieslevel. Representativesfrom eachspeciesare
matchedto similarly shapedgeometricsolids,thenappropriatelengthandwidth
measurementsarecollectedusingacalibratedmicroscope.For example,themea-
sureddiameterfrom a round,single-celledorganism,would be usedto estimate
thevolumeof a similarly shapedsphere.WetzelandLikens(1991)illustrateap-
propriatemeasurementsfor a variety of geometricsolids that approximatethe
biovolumeof variouslyshapedalgae.

In Lake Whatcom,planktonarecountedusingconventionalprocedures,but are
only identifiedto phylum. Althoughwe recognizethatnumericalcountsarenot
a particularlyaccuratemeasurementof algaldensitiesin the lake, theadditional
costsassociatedwith conductingdetailedplanktonidentificationsarenot justified
in a long-termmonitoringproject. Accordingly, our objective in the 2001bio-
volumestudywasto determinewhethermeaningfuldatacouldbeobtainedfrom
generatingplanktonbiovolumeestimatesfor samplesidentifiedonly to phylum.

Theplanktonbiovolumedatawerecollectedby ShannonAshurst,agraduatestu-
dent in the EnvironmentalStudiesprogramat Huxley College, WesternWash-
ingtonUniversity(Ashurst,2001).Ashurstcollectedplanktonsamplesfrom Lake
Whatcomduringthespringandsummerof 2001.UsingaNikonEclipseE400mi-
croscopewith aCoolSnapdigital cameraandspecializedimageanalysissoftware
(MetaMorphversion4.5r5),shecompiledadigital library of planktonimagesand
measuredthebiovolumefor thefollowing taxa:
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Chrysophyta Pyrrhophyta
Chlorophyta (Heterokontophyta) (Dinophyta) Cyanophyta
Botryococcus Asterionella-diatom Ceratium Coelosphaerium
Cosmarium Fragilaria-diatom Peridinium Gloeocapsa

Melosira-diatom Nostocales
Synedra-diatom
Dinobryon
Mallomonas

Thealgalbiovolumedataareincludedin AppendixB.3 andsummarizedin Table
15(page52). Becauseof thevery largevariancein thedata,mediansandgeomet-
ric meansaremoreappropriateindicatorsof centraltendency in thedatathanthe
arithmeticmean.

In thenumericalcounts,Chrysophytausuallydominatethealgalsamples(Figures
86–90,pages155–159).However, theChrysophytahave thelowestphylum-level
algal biovolume,while the Pyrrhophyta(Dinophyta)andChlorophytahave the
largest. This is becausediatomsandothermembersof Chrysophytatendto be
small,single-celledtaxaor consistof filamentswith smallcells.ThePyrrhophyta
areall very large single-cellorganisms.Taxain thephylumChlorophytahave a
considerablerangeof shapesandsizes,asindicatedby the minimum andmaxi-
mumbiovolumesin Table15.

Onetaxonin particular, Botryococcus, consistsof hundredsto thousandsof tiny
cells joined into an irregularly shapedcolony. In our numericalcountsthese
coloniescount as “one” countingunit becauseit is nearly impossibleto enu-
merateindividual cells. The biovolumeof eachcolony is huge,and resultsin
a largephylum-level biovolumeaveragefor Chlorophyta.For thepastfew years
Botryococcus hasbeenquitecommonin LakeWhatcomduringlatesummeralgal
blooms,whereit canbeseenwith theunaidedeye,appearingastiny, brightgreen
flakesfloating the the water. Lake Whatcomplanktonstudiesfrom 1987–1988
(Ehinger, 1988) indicatedthat Botryococcus waspresentbut not common. It is
commonfor lakesto have periodicshifts in planktondominance.In Lake What-
com,theChlorophytamayhaveepisodicshiftsbetweenBotryococcus andsmaller
taxasuchasgreenflagellates.Thiswouldexplainthewidely varyingChlorophyta
countsseenin the10-yearplanktonfigures(Figures91–95,pages160–164).

During winter andspring, the large differencesin phylum-level biovolumesare
not relevant becausethe countsfor all phyla except Chrysophytaare very low
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(oftenzerofor CyanophytaandPyrrhophyta).During thesummerandearly fall,
however, whenCyanophytaandChlorophytadensitiespeak,biovolumeconver-
sionswould accentuatetheCyanophytaandChlorophytabloomsthroughoutthe
lake.

The resultsfrom our preliminarybiovolumestudiesshow that thereis an unac-
ceptablylarge amountof varianceassociatedwith calculatingbiovolumeat the
phylum level. Therewasup to five ordersof magnitudedifferencebetweenthe
minimumandmaximumbiovolumeestimatesfor individualtaxawithin eachphy-
lum. Most of this variancecomesfrom combining large and small sizedtaxa
within a phylum. It seemsunlikely that phylum-level biovolumeswill prove to
usefulfor estimatingalgalpopulationdensities.

2.3.4 Strawberry sill data

The Strawberry sill Hydrolab,waterquality, andmetalsdataaresummarizedin
Tables16–18(pages53–55)andtheraw dataareincludedin AppendixB.5 (page
263). The AmTestdatareportsfor the metalsandtotal organiccarbonanalyses
areincludedin AppendixC (page272)andareavailablein electronicformaton
theCD thataccompaniesthis report.

Strawberrysill wassampledonOctober10,November7, andDecember7, 2000,
and January18, April 12, May 8, June6, July 10, August 1, and September
6, 2001. The water quality along the sill wasvery similar to Site 3. The wa-
ter temperaturesalongthe sill weregenerallywithin 1–2

�
C of temperaturesat

Site3. Thetotal nitrogenandtotal phosphorusconcentrationswereconsiderably
higheratSite3 in Februarycomparedto theJanuarysamplesfrom thesill, but this
couldbetheresultof turnover replenishingepilimneticnitrogenandphosphorus.
Turnover oftenoccursin lateDecemberor earlyJanuaryin basin3. Most of the
metalsconcentrationswere at or nearthe detectionlimits. Iron and zinc were
detectable,but within rangesnormal for the lake. Most of the sill total organic
carbonconcentrationsweresimilar to Site 3. On January17, an unusuallyhigh
total organiccarbonconcentrationwasmeasuredat the surface(6.3 mg/L); the
reasonfor this highconcentrationis not known.
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3 CreekMonitoring

3.1 SiteDescriptions

Sevencreeksweresampledtwice duringthe2000/2001monitoringprogram,in-
cludingAustinCreek,AndersonCreek15, theParkPlacestormdrain,SilverBeach
Creek,SmithCreek,theunnamedcreekthatflows throughtheWildwoodcamp-
ground,andthenorthernunnamedcreekon Blue Canyon Rd. (Blue Canyon #1).
Theexactsamplinglocationsfor thesesitesaredescribedby Walker, etal. (1992),
andaresummarizedin AppendixA.2 (page215).

Thesecreeksincludedtwo small,mostly forestedcreekslocatedin the southern
portionof thewatershed(WildwoodCreekandBlueCanyonCreek);asmallresi-
dentialcreeklocatedin the northeasternportion of the watershed(Silver Beach
Creek); one undergroundstorm drain (Park Placedrain); two large, perennial
creeks(Austin Creekand Smith Creek); and AndersonCreek,which is a ma-
jor watersourcefor Lake Whatcombecauseit receivesthe diversionflow from
theMiddle Fork of theNooksackRiver. Thesesevencreeksrepresentwaterqual-
ity conditionsrangingfrom heavily impactedby residentialrunoff (Silver Beach
CreekandPark Placedrain) to relatively unaffectedby residentialdevelopment
(Blue Canyon CreekandSmithCreek). Of the threelarge creeks,Austin Creek
receivesresidentialrunoff from SuddenValley in the lower portion of its water-
shedandAndersonCreekreceivesagriculturalrunoff in the lower portion of its
watershed.Smith Creekhasa few houseslocatednearits mouth,but otherwise
hasa steep,forested,undevelopedwatershed.

3.2 Field Samplingand Analytical Methods

The creeksweresampledon February22 andJuly 18, 2001. The waterquality
parametersmeasuredfor the2000/2001creekmonitoringprogramareshown in
Table19 (page56). The analyticalproceduresaresummarizedin Table2 (page
39). All watersamples(includingbacteriologicalsamples)collectedin the field
were storedon ice and in the dark until they reachedthe laboratory. Oncein
the laboratorythehandlingproceduresthatwererelevant for eachanalysiswere
followed(seeTable2). The total metalsanalyses(arsenic,cadmium,chromium,

15AndersonCreekwasaddedto our routinesamplingeffort beginningin February1995.
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copper, iron, mercury, nickel, lead,andzinc) andtotal organiccarbonanalyses
weredoneby AmTest,Inc. The bacteriasampleswereanalyzedby the City of
Bellinghamat their water treatmentplant. All otheranalysesweredoneby the
field andlaboratorypersonnelhiredby this grant.

3.3 Resultsand Discussion

Theprimary purposefor thebiannualcreekmonitoringwasto provide datathat
canbecomparedto themorecompletedatasetgeneratedin 1990duringthestorm
waterrunoff project(Walker, et al., 1992).Tables20–21(pages57–60)show the
recentcreekwaterqualitydatacomparedto the1990averagewaterqualityvalues
for eachcreeks. Tables22–24show metals,total organiccarbon,andcoliform
datafrom the2000/2001samplingperiod.

Most of the2000/2001creekdatafell within expectedranges.Comparedto the
streamsin forestedareas,theresidentialstreamstypically hadpoorerwaterqual-
ity, with higherconductivities;higherammonia,phosphorus,andtotal suspended
solids concentrations;andmuch higher total and fecal coliform counts. These
differencesaretypical for streamsreceiving urbanrunoff.

Conductivities werehigh in Blue Canyon Creek,which is normalfor this stream
becauseit flows throughmineral-richsoils. The summerdissolvedoxygencon-
centrationwaslow andwatertemperaturewashighin theParkPlacedrainbecause
the site drainsthe Park Placewet pond. The winter dissolvedoxygenlevel was
very low in theSilverBeachCreeksample,which is anunusualresultfor surface
streams,evenresidentialstreams.

In previous yearsAndersonCreekhashadhigh total suspendedsolidsand tur-
bidity valuesin the summerbecauseof the glacial silt enteringthe creekfrom
theNooksackRiverdiversion.However, thediversionwasoff duringmostof the
2000/2001monitoringperiod,andtheAndersonCreeksolidsandturbidity values
weresimilar to SmithCreek.All of thestreamshadhighertotal suspendedsolids
andturbidity valuesin thewinterbecauseof stormrunoff.

Thenitrite/nitrateandtotalnitrogenconcentrationswerehigherin thewintersam-
ples at all sitesdue to leachingof solublenitrogencompoundsduring the wet
season.Ammoniaconcentrationswerehighestin the Park Placedrain. Ammo-
nia is convertedfairly quickly to nitratein turbulentwater, sotheammoniain the
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Lake Whatcomstreamsprobablycamefrom near-by watershedsources(animal
wastes,swampy areas,etc.)or the Park Placestormwatertreatmentpond. The
phosphorusconcentrationscontinuedto behigherin theresidentialcreeks(Park
Placedrain andSilver BeachCreek)than in the forestedcreeks(Smith Creek,
WildwoodCreek,andBlueCanyonCreek).TheParkPlacedrainhashadastorm
watertreatmentpondin placesince1994,but thetreatmentponddoesnotappear
to bereducingthephosphateconcentrationsin theoutflow. (Our samplingsite is
locateddownstreamfrom theParkPlacetreatmentpond.)

The metalsconcentrationswere below detectionlimits at all sites except for
chromium,copper, iron, andzinc. Iron andzinc werewithin normalrangesfor
surfacewaterin theLakeWhatcomwatershed.Chromiumandcopperwereclose
to the limits of detection,andprobablydo not representa changein the water
quality of thecreeks.Silver BeachCreekandthePark Placedrainhadthehigh-
esttotal organiccarbonconcentrationsduringFebruarybut SmithCreekhadthe
highestconcentrationin July (Table23, page60). In previousyearsthe total or-
ganiccarbonconcentrationsfrom SmithCreekwereusuallylessthan2.5 mg/L,
so the July 2001dataareunusual.The higherconcentrationmay be dueto low
flow conditionsin 2001,but if so,theeffectwasnotobservedat theothercreeks.

Coliform counts(Table24,page61)werehigherin theParkPlacedrainandSilver
BeachCreekthanin theotherstreams,but all countswerewithin rangesnormal
for eachstream. The Park Placedrain andSilver BeachCreek16 exceededPart
A and B of the ClassAA fecal coliform standards.17 Anderson,Austin, Blue
Canyon,andSmithCreekspassedPartA but exceededPartB of thefecalcoliform
standardbecausemorethan10% of the fecal coliform countsweregreaterthan
100cfu/100mL. Of thecreeksthatpassedPart A but failedPart B, Austin Creek
hadthelargestnumberof samplesexceeding100cfu/100mL (4 outof thelast10
samples).Thehistoricdatafrom AustinCreek(Table25,page62;AppendixB.4)
show that thecreekcoliform countsareusuallylower during thewinter thanthe
summer.

16SilverBeachCreekwasplacedonthe1998303DList of ImpairedandThreatenedWaterbod-
iesfor high coliform counts.

17Currentstandard:“Freshwater - Part A: fecal coliform organismlevels shall not exceeda
geometricmeanvalueof 50 colonies/100mL; Part B: no more than10 percentof all samples
obtainedfor calculatingthegeometricmeanvalueshallhave valuesexceeding100colonies/100
mL” (WAC 173–201A–030).
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TheWashingtonStateDepartmentof Ecologyis consideringrevising thesurface
waterbacteriastandardsto useEscherichia coli asthe indicatororganismrather
that fecal coliforms.18 Escherichia coli is usually the dominantspeciesin fecal
coliform counts,typically comprising90–99%of theorganisms.Escherichia coli
countscorrelatebetterwith gastrointestinalillnessin recreationalwatersthanfecal
coliform counts.BecauseE. coli is asubsetof thefecalcoliform count,theE. coli
countsin the Lake Whatcomwatershedcreeksshouldbe equalto or lessthan
thehistoric fecalcoliform counts.It is likely thatall watershedcreeksexceptthe
Park Placedrain,Silver BeachCreek,andpossiblyAustin Creek,would passthe
proposedE. coli standard.

18Proposedstandard:“In freshwaters,E. coli organismslevels must not exceeda geometric
meanvalueof 100/100mL, with not morethan10 percentof all samples(or any singlesample
whenlessthantensamplepointsexist) obtainedfor calculatingthegeometricmeanvalueexceed-
ing 200/100mL” (Seehttp://www.ecy.wa.gov/programs/wq/swqs/index.html).
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4 LakeWhatcom Hydr ology

4.1 Hydr ograph Data

Recordinghydrographshave been installed in Anderson,Austin, and Smith
Creeks. The location of eachhydrographis describedin Appendix A.2 (page
215). Copiesof the hydrographdataare includedon the CD that accompanies
this report,andthedataaresummarizedon Figure118(page187).

The hydrographdatawererecordedat 30 minute intervals throughoutthe year,
except during infrequentperiodsof recorderfailure or extremelow flow. The
stilling well at AndersonCreekwasrebuilt during the fall of 2001andwasnot
operationalfor extendedperiodsof time dueto low flow andconstructionactivi-
ties. Thehydrographfor Austin Creekhasno missingdataandtheSmithCreek
hydrographis completeexceptfor 5 hourson March182001(batteryfailure).

Figure119 (page188) shows the rating curves for eachhydrograph. Flow es-
timatesfor AndersonCreekwerecalculatedusing two rating curves. The first
rating curve coveredthe periodfrom October1, 2000throughMarch 18, 2001.
OnMarch18,alargedebrisjam,whichhadaccumulatedneartheAndersonCreek
flow recorder, wasremovedfrom thecreek.All flow estimatesafterthatdatewere
calculatedusinga new ratingcurve.

4.2 Water Budget

A water balancewas appliedto Lake Whatcomto identify its major water in-
putsandoutputsandto examinerunoff andstoragein the watershed.The tra-
ditional methodof estimatinga waterbalance(i.e., inputs- outputs= changein
storage)wasemployed. Inputs into the lake includedirect precipitation,water
divertedfrom theMiddle Fork of theNooksackRiver (diversion),surfacerunoff
andgroundwater. Outputsincludeevaporation,WhatcomCreek,thefishhatchery
at WhatcomFalls Park, City of Bellingham,Georgia Pacific, andWaterDistrict
#10. All of theseare measuredquantitiesprovided by the City of Bellingham
exceptfor evaporation,surfacerunoff andgroundwater.



2000/2001LakeWhatcomFinal Report Page21

Daily direct-precipitationmagnitudeswereestimatedusingtheprecipitationdata
recordedat theGenevaGatehouse,SmithCreek,andBrannianCreekfish hatch-
ery gauges.Precipitationdatafrom the Water District #10, Division 30 gauge
weresubstitutedfor the BrannianCreeklocationfor the monthsof Octoberand
November2000andMarch andApril 2001,becausethe BrannianCreekgauge
was inoperableand the two gaugeswere found to be comparableduring other
months.Precipitationdatafrom theWaterDistrict #10District Officegaugewere
substitutedfor the SmithCreeklocationfor themonthsof OctoberandNovem-
ber2000,becausetheSmithCreekgaugewasinoperable.TheThiessenpolygon
method(Dingman,1994)wasusedto estimatethedirect-precipitationarealaver-
ageoverthelakeby weightingtheprecipitationateachgaugeby arespectivearea
percentage.The averagedirect-precipitationdepth(inches)for a givenday was
convertedto a volumein millions of gallons(MG) via a rating curve generated
from the lake level-areadatadevelopedby FerrariandNuanes,2001. Therating
curveaccountsfor changesin surfaceareaof thelakedueto lake level changes.

Daily lakeevaporationwasestimatedusingamodelbasedonthePenmanmethod
(Dingman,1994).ThePenmanmethodis theoreticallybasedmodelthatestimates
free-waterevaporationusingbothenergy-balanceandmasstransferconcepts.The
methodrequiresaveragelocal or regional energy andclimatedata. Actual lake
evaporationwasestimatedfrom thefree-waterestimatesby calibratingthevalues
to panevaporationdatafrom thePostPointweatherstation.Theestimatedactual
daily evaporationdepth(inches)for agivendaywasconvertedto avolume(MG)
via aratingcurvegeneratedfrom thelakelevel-areadatadevelopedby Ferrariand
Nuanes(2001).

Daily changein storagewasdeterminedby subtractingeachday’s lake level by
the subsequentday’s level. This resultedin negative valueswhenthe lake level
wasdecreasingandpositivevalueswhenthelake level wasincreasing.Thedaily
net changein lake level (inches)wasconvertedto a volume(MG) via a rating
curvegeneratedfromthelakelevel-capacitydatadevelopedbyFerrariandNuanes
(2001). Theratingcurve accountsfor changesin volumeof the lake dueto lake
level changes.

Surfacerunoff andgroundwaterwerecombinedinto a singlerunoff component
that wasbacked out from the waterbalancevaluesby addingthe outputsto the
changein storageandsubtractingtheprecipitationanddiversionmagnitudes.
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Theyearly waterbalancetotalsarelisted in Table26 (page63). The total input
to the lake was24,938MG. Of the total, 73.6%wassurface/subsurfacerunoff
(includinggroundwater),19.3%directprecipitation,and7.1%wasdiversionwa-
ter. Also listedin Table26 aretheyearlytotal valuesfor thepreviouswateryear
(1999/2000).Therewasa48.3%reductionin total inputsinto thelakewhencom-
paredto the 1999–2000values,which correspondsto a 32% reductionin total
precipitation,a61%reductionin divertedwater, anda49.8%reductionin runoff.

Thetotaloutputssummedto 23,621MG. ThelargestoutputwasWhatcomCreek
(44.5%),followedbyGeorgiaPacific(20.5%),City of Bellingham(COB;17.3%),
evaporation(12.6%),thefish hatcheryat WhatcomFalls Park (4.5%)andWater
District #10(0.6%).Therewasa51.8%reductionin totaloutputsof thelakewhen
comparedto the1999/2000values.Themostsignificantof theseincludea61.5%
reductionin WhatcomCreekoutflow anda 60.7%reductionin Georgia Pacific
outflow.

Thedaily waterbalancequantitiesweresummedinto weeklytotals.Theweekly
totals were usedto generateplots of the input, output, changein storage,and
estimatedrunoff volumes(Figures120–122,pages189–191).All the inputs,ex-
ceptfor runoff, areshown in Figure120andall theoutputs,exceptfor Whatcom
Creek,areshown in Figure121. Therunoff andWhatcomCreekareshown with
thechangein storagevaluesin Figure122becausethey havesimilarmagnitudes.
As indicatedby the plots in Figure122, large storagechangesoccurwhen the
runoff is high andtheWhatcomCreekdischarge is low, andvice versa.Because
of thedecreasein inputsandoutputscomparedto the1999/2001wateryear, the
residencetime for waterin the lake is longer, which mayhave impactson water
quality.

Changesin the NooksackDiversionand Georgia Pacific Withdrawals

Two major hydrologic changesare occurringthat are likely to influencewater
quantityandquality in Lake Whatcom.First is thereductionin withdrawalsthat
occurredasaresultof reducedoperationsat theGeorgiaPacificpulpmill. Histor-
ically, Georgia Pacific wasthelargestwithdrawal from Lake Whatcom;currently
its withdrawal is aboutthe sameas the City of Bellingham(Figure 121). The
secondmajorchangebeganseveralyearsagowhentheCity of Bellinghamvolun-
tarily startedreducingtheamountof waterthey divertedfrom theMiddle Fork of
theNooksackRiver (Figure123,page192).Thesetwo changeswill resultin less
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watermoving throughthelake,particularlyduringthesummer. At present,its not
clearhow mucheffect thesechangeswill have on waterquality in the lake. It is
worth noting,however, thatthereductionin diversioncoincideswith theworsen-
ing waterquality in basin2.

4.3 Influenceof AndersonCreekon LakeWhatcomHydr ology

This section describes work in progress by Matt Chase, WWU geology graduate
student, as part of the research requirements for his M.S. thesis.

Whenthediversionis operating,thetemperatureof AndersonCreekis discernibly
colderthanthe epilimnion of Lake Whatcomwhenthe lake is stratified. To ex-
aminethe impact of the divertedwater on the lake, the plungeand dispersion
of AndersonCreekinto Lake Whatcomwasmappedby recordingvertical and
horizontaltemperaturevaluesnearthe confluencein Lake Whatcom. The mea-
surementsweremadeon May 17, 2001whenthe diversionwasoperating.The
flow of the creekon that day was0.99 m

�
/sec. The lake wasstratifiedandthe

thermoclinewas12 m below the surface. A MontedoroWhitney Corp. Model
TC-5C thermistorwas placedin the lake and attachedto a kayak. It continu-
ously recordedtemperatureasthekayakwasslowly paddledaroundthevicinity
of the confluence.A GarminETrex GPSwith an averageaccuracy of 6 meters
wasplacedon thetop of thekayakto maphorizontalpositions.This temperature
mappingprocedurewasperformedat thelakesurfaceandatverticaldepthsof 1.0
metersand2.54meters.

Thetemperaturecontouringof thedatasetshowedthatthewaterfrom Anderson
Creekwould enterthe lake alonga narrow thalweg (submergedchannelin the
delta). The thalweg wasphysicallyvisible whenthe lake wasclear(no diverted
water). The thalweg extendedwest into the lake from the northernsideof the
creekchannel.Oncethecreekwasno longerrestrictedlaterallyby the thalweg,
it dispersedin a fan shapeandplungeddown the delta to an insertiondepthof
approximately2.5 meters. Insertionmeansthe creekbecameneutrallybuoyant
whenits temperaturewasequalto the temperatureof the lake. The shallow in-
sertiondepthwasexpected,given thesmall temperaturecontrastin betweenthe
creekandthe lake in May ( � 2

�
C). A secondprofiling wasplannedfor the later

partof thesummer, but thediversiondid notoperatethisyearafterJune15,2001.
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4.4 Drifter Studies

This section describes work in progress by Matt Chase, WWU geology graduate
student, as part of the research requirements for his M.S. thesis.

Currentsin somelocationsof thelakeweremeasuredby trackingthemovementof
drifters.19 Driftersaredroguedevicesthatareattachedby a line to asurfacefloat.
Thedriftersmove with theapproximatespeedanddirectionof thecurrentat the
depthat which thedrifter is deployed. Drifters wereplacedat thesurfaceandat
5-meterintervalsbelow thesurface,upto a30-metermaximum.Thedrifterswere
trackedby monitoringthesurfacefloatpositionsusingaGarminETrex GPS.The
drifter experimentswould typically lastabout4 hours.Time wasrecordedusing
theGPSclock to thenearestminute.

Theresultsof drifter experimentson April 10,2001showeda clockwiserotation
in basin3 neartheconfluenceof AndersonCreek.Thediversionwasnot operat-
ing at this time. Thevelocityof thecurrentsdecreasedwith depthfrom 73meters
perhour at thesurface,to 10 metersper hourat a 20 meterdepth. The currents
wrappedaroundthe basinin a clockwisedirectionfollowing the bathymetryof
the lake. Thewind hadan averagespeedof 54 metersper hour in thesoutheast
direction. A seconddrifter experimentwasperformedon May 21, 2001 in the
samevicinity of AndersonCreekin basin3, whenthe diversionwasoperating.
Thedriftersmoved in thesamedirectionasthewind, which hada southeastdi-
rection. Again, thecurrentspeedwasgreatestat thesurfaceanddecreasedwith
depth. Nearthe surface,watermoved in a southeastdirection,up the mouthof
AndersonCreek.Themovementof near-surfacelakewaterprobablyaffectedthe
insertiondynamicsof AndersonCreekwaterflowing into LakeWhatcom.

Drifter experimentswere performedin basin1 just westof the Geneva Sill on
April 15,2001andin basin2 nearthedrinking waterintakeandoverGenevaSill
on April 24, 2001. Thewind wastoward thenorthweston bothdays. Both sets
of drifters weredeployednearthe southshoreof the lake andmovednorthwest
(clockwise)in thedirectionof thewind. Thespeedof thecurrentsdecreasedwith
depth.As expected,themaximumspeedwasat thesurfaceandwascontrolledby
themagnitudeof thewind speed.Theresultsalsoverifiedthestrongcommunica-
tion betweenbasins1 and2. Thesurfacecurrentvelocity acrossGeneva Sill on
April 24 wasabout260metersperhourin thenorthwestdirection.

19SeeMatthewset al., 2000and2001for moreinformationaboutdrifter studiesin LakeWhat-
com.
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4.5 Inter nal Waves

This section describes work in progress by Matt Chase, WWU geology graduate
student, as part of the research requirements for his M.S. thesis.

A commontechniquefor examininginternalwave dynamicsis to deploy a chain
of temperaturesensors(thermistors)thatrecorda timesseriesof temperatureval-
uesat thefixed locationsspanningthestratificationin the lake (Matthews et al.,
2001).Stowaway Tidbit thermistorsweretied in a verticalstringbetweenanan-
chor anda float, at 2 meterintervals startingat 5 metersbelow the surfaceto a
depthof about14 meters.Eachthermistorrecordeda temperatureto a hundredth
of a degreeCelsiusevery 5 seconds.Therewerefive thermistorstringsdeployed
in thesouthernmostlobeof LakeWhatcomnorthof themouthof BrannianCreek.
Thelake surfacelocationsweremarkedwith a GarminETrex GPS.Thethermis-
tor chainswereunderwaterfor approximately2 months(March22,2001to May
26, 2001).During thetwo-monthrecordingduration,15-minutewind speedval-
ueswerecollectedat the North Shoreweatherstation. This project is on-going
andthedataarenotyearavailablefor inclusionin this report.

4.6 Mirr or LakeSedimentation

Duringthesummerof 2000,KarelTracy, aWWU geologygraduatestudent,mea-
suredthebathymetryandsedimentationratein Mirror Lakeaspartof histhesisre-
search(Tracy, 2001).Thepurposeof hisstudywasto characterizethechangesin
sedimentationratesthathaveoccurredin Mirror Lakesincethediversionfrom the
Middle Fork of theNooksackRiverbeganin 1962.A bathymetricmapof thelake
wasproducedandcomparedto the bathymetricmapof Carpenteret al. (1992).
The rateof sedimentdepositionwascalculatedfrom changesin bathymetryand
usingsedimentcoresextractedfrom threelocationsin the lake. The coreswere
alsoexaminedto characterizechangesin the sizesof sedimentdepositedin the
lake asa function of distancefrom the locationwherethe diversiondischarges
into thelake.

Tracy characterizedthebathymetryof Mirror Lakeusing430discretedepthmea-
surementscollectedusingan electronictotal stationanda 200kHz singlebeam
depthfinder. TheprogramSurfer6.0 (GoldenSoftware,1997)wasusedto con-
tour thedatausinga Kriging method(Figure124,page193). Themeasurement
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errorwasestimatedto be0.3meters.Tracy estimatedthevolumeof thelaketo be
321,900cubicmeters,with asurfaceareaof 57,510squaremeters.Themaximum
depthof thelakewasabout10.05 � 0.15meters.Thesevalueswerecalculatedus-
ing Surfer6.0 assumingthe level of the lake whenthe diversionis operatingis
111.59 � 0.15metersabove BellinghamCity datum. BellinghamCity datumis
1.89metersbelow theelevationof meansealevel thatwasestablishedby theU.S.
CoastalandGeodeticSurvey (JoeCorbell,2001,writtencommunication).

Four sedimentcoreswereextractedfrom thelake at threesites(Figure124,page
193)usinga Livingstonecoringsystem.All thecorespenetratedthepostdiver-
sion sedimentsinto the original organic lake bottom. The majority of the post-
diversionsedimentin eachcorewaslow-organicsilt, mostlymediumandcoarse
silt (diameter0.031to 0.063mm). As might beexpected,thethicknessandgrain
sizedecreasedawayfrom thedelta.Thepost-diversionsedimentsin coreC3con-
tainedabout45%mediumandcoarsesilt, 25%veryfine andfine sand,20%very
fine andfine silt, and10%clay, in theWentworth classificationof grainsizes.In
theWentworth classification,theboundarybetweensandandsilt is at 0.063mm,
theboundarybetweenmediumsilt andfine silt is at 0.031mm,andtheboundary
betweensilt andclay is at 0.004mm. Thecompositionof thesedimentsin cores
C1 andC2 (middleof lake) was50%mediumandcoarsesilt, 25%very fine and
fine silt, 15%veryfine andfine sand,and10%clay. CoreC4,which wasfarthest
from thedelta,containedlesssand(about8% very fine sand)andmorefine silt
andclay (30%and12%respectively) thancoresfrom thecenterof thelake.

Thepost-diversionsedimentswere2.5metersthick in coreC3,whichwasclosest
to thedelta,and1.3 m thick in coresC1 andC2 in themiddleof the lake. Core
C4, furthestfrom the delta,contained1.0 m of postdiversionsediment.Based
on thesedepths,Tracy estimatedthatabout60,000� 6000cubicmeters,or about
1600 � 160 cubic metersper yearof sedimentationoccurredbetween1962and
2000. This correspondsto about3.4 cm per yearin themiddleof the lake. The
infilling rate representsabout0.6% of the lake volume per year, assumingno
settlementdueto theconsolidationof theoriginal organic-lakebottom.

Tracy comparedthebathymetricmapof Carpenteret al. (1992)to the2000map
usingtheSurfer6.0software.Exceptfor asmallregionin thesoutheastportionof
thelakenearthedelta,theapparentchangein elevationof mostof thelakebedwas
not significantlygreaterthantheuncertaintyin thedepthmeasurements.Where
possible,Tracy calculateddifferencesbetweenthe mapsand usedinformation
from the coredepthsto developa mapof apparentsedimentationbetween1991
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and2000(Figure125. page194). Basedon this map,about15,000� 2000cubic
metersof sedimenthavebeendepositedbetween1991and2000,or anaverageof
1700 � 220cubicmetersperyear.

ReferenceMark er Location

A permanentreference marker was establishedin order to complete the
bathymetrysurvey of Mirror Lake (Figure124,page193). Thereferencemarker
is a � 0.3 m diameterconcretedisk cementedinto a bedrockoutcroppingalong
thesouthernpartof theMirror Lake shoreline.A detaileddescriptionof theref-
erencemarker site,alongwith a photographshowing its locations,is includedin
Mr. Tracey’s thesis(Tracey, 2001).
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5 Brentwood,Park Place,S.CampusMonitoring

The objective of this projectwasto continuemonitoringthe watertreatmentef-
ficienciesin the Brentwood andPark Placewet pondsthat wereconstructedto
treatstormwaterrunoff prior to releaseinto Lake Whatcom. In March 2001,a
new samplingsite wasaddedat the SouthCampusstormwatertreatmentfacil-
ity nearWesternWashingtonUniversity. Althoughthis site is locatedoutsidethe
LakeWhatcomwatershed,thesiteincorporatesa “state-of-the-art”rock/plantfil-
ter to treatstormwaterrunoff, which shouldprovide an indicationof the levels
of treatmentthat might be attainablewithin the watershedfor systemsincorpo-
ratingsimilar designs.Thelocationsof theLakeWhatcomwatershedmonitoring
sites(BrentwoodandPark Place)areshown on Figure126page195). Thenew
S.Campusmonitoringsiteis locatedsouthof Bill McDonaldPkwy, westof 25th
Street,andnorthof TaylorAvenue(Figure127,page196).

5.1 Samplingprocedures

ParkPlaceandBrentwoodwetpondsweresampledonJanuary15–17(wetseason
- nominalflow) April 17–1920 (wet season- stormflow), andJuly 24–26,2001
(dry season- nominalflow). The S. Campusstormwatertreatmentfacility was
sampledonMarch20–22,May 15–17,andAugust6–8,2001.

Compositeandgrabsampleswerecollectedat the inflow andoutflow(s) at each
site (Brentwood and Park Placehave a single outflow; the S. Campussite has
two outflows). Automaticcompositesamplers(ISCO type,suppliedby theCity
of Bellingham)wereplacedat the inlet andoutlet andwatersampleswerecol-
lectedat 90 minuteintervalsovera 48 hourperiod.Thecompositesampleswere
analyzedfor total suspendedsolids,heavy metals(arsenic,cadmium,chromium,
copper, iron, nickel, lead,andzinc), total organiccarbon,total nitrogen,andtotal
phosphorus.Grabsampleswerecollectedfour timesduring the 48 hour period
at the inflow andoutflow at eachsite. The HydrolabSurveyor IV wasusedto
measurepH, temperature,dissolvedoxygen,andconductivity in thefield. Total
andfecalcoliformswereanalyzedby theCity of Bellingham.

20During thefirst 24-hrof theApril 17–19,2001samplingat thePark PlaceoutletandBrent-
wood inlet the ISCO samplerswere not programmedcorrectly so the samplesrepresent24-hr
compositesratherthan48-hrcomposites.
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5.2 Resultsand Discussion

TheParkPlacewetpondhasbeenmonitoredsince1994andannualwaterquality
dataaresummarizedby Matthews, et al. (2001). Monitoring in the Brentwood
pondbeganin 1998(Matthews, et al., 2000). Both pondshave extensive macro-
phytegrowth, asshown on Figures128–129(pages197–198). The S. Campus
stormwatertreatmentfacility wasconstructedduringthefall andwinterof 2000;
monitoringbeganin March, 2001. The rock/plantfilters wereplantedwith cat-
tails (Typha latifolia), but only minimal growth hadoccurredby the endof the
first summer(Figure130,page199).

January15–17,2001andMarch20–22represented“wet season- nominalflow”
samplingconditions. Therewasno precipitationfor 48 hrs precedingsampling
or duringsampling.April 17–19andMay 15–17represented“wet season- storm
flow” conditions,having beenprecededby wet weatherfor several weeksprior
to sampling. Precipitationwas below averageduring the winter and spring of
2001,however, soall of the2001wetseasonsampleswerecollectedunderlow to
moderateflow conditions.All of thestormwaterrunoff wasflowing throughthe
pondsduringtheJanuaryandApril samplingperiods.TheJuly24–26andAugust
6–8sampleswerecollectedduring“dry season- nominalflow” conditions,during
a unusuallydry summer, with little to no precipitationfor severalweeksprior to
sampling.

Tables27–30(pages64–67)show theraw datafrom thePark Place,Brentwood,
andS. Campustreatmentsystems.Thetablesalsoshow theannualandseasonal
percentreductionin concentrationof contaminantsbetweenthe inflow andout-
flow attheParkPlaceandBrentwoodpondsandS.Campusstormwatertreatment
facility. Averagepercentreductionswerecomputedasfollows:

����� �"!$#��&%'�(��)+*+,.-"/10�243 57698;:=<?>A@ 5CBEDF>G:=<?>
57698;:=<?> HJILK�K

The lower mercurydetectionlimits for the S. Campussamples(Table27) were
the result of AmTest using low-level detectionmethodologies.Futuresamples
will beanalyzedusingthesamedetectionlimits asareusedfor theParkPlaceand
Brentwoodsamples.

As in previous years,the Park Placewet pond did not remove solids or phos-
phorusfrom thewaterflowing throughthepond. On average,theconcentrations
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of total suspendedsolids,total organiccarbon,andtotal phosphoruswerehigher
at theoutlet thanat the inlet (Table27). In contrast,boththeBrentwoodandthe
S.Campustreatmentfacilitieshadlowertotalsuspendedsolids,totalnitrogen,and
totalphosphorusconcentrationsat theoutlet.ParkPlaceandBrentwoodproduced
substantialreductionsin coliforms andEnterococcus counts,but the S. Campus
facility hadhigherEnterococcus countsat theoutlet.Theunusuallyhighbacterial
countsat theoutletsfrom theS. Campusfacility may reflectlocal useof the fa-
cility by peoplewalking dogsalongthegravel pathsthatsurroundtherock/plant
filters (R. Matthews, personalobservation,spring,2001). TheCity hasinstalled
“Dog Mitt” stationsattheentrancesto theS.Campusfacility, whichmayimprove
thesituation

The S. Campusfacility wasparticularlysuccessfulat removing total suspended
solids (84.9%reduction)and total phosphorus(59.1%reduction). The facility
is locateddownstreamfrom an active constructionsite that hasproducedlarge
amountsof sedimentin the runoff enteringthe facility (19.9–62.3mg/L). It is
possiblethatthehighersedimentloadsallow thefacility to work moreefficiently.
It wasalsoencouragingto notethat the Brentwood facility achievedan average
of 32.6%reductionin total suspendedsolidsand47.9%reductionin total phos-
phorus.This is asubstantialimprovementcomparedto previousyears,whenboth
ParkPlaceandBrentwoodperformedpoorly for mostcontaminants.It is possible
thattheimproved2000/2001performanceis relatedto theunusuallydry weather,
which reducedflows throughthe ponds,increasingresidencetimes. Increased
residencetimesmayalsopartially explain thehigh level of treatmentaffordedby
theS.Campusfacility, whichwassizedaslargeascouldbeaccommodatedat the
site,with theintentionof providing longerresidencetimes.

In summary, theParkPlacewet pondcontinuedto performpoorly for mosttypes
of contaminants,with noconsistentreductionin sediments,nutrients,totalorganic
carbon,or metalsconcentrationsbetweenthe inlet andoutlet; however, both the
Brentwoodwet pondandtheS. Campusstormwatertreatmentfacility provided
reasonablyconsistentreductionsin solids,nutrients,andcoliforms.
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6 Quality Control

In orderto maintainahighdegreeof accuracy andconfidencein thewaterquality
dataall personnelassociatedwith this projectweretrainedaccordingto standard
operatingproceduresfor the methodslisted in Table2 (page39). Single-blind
quality control testswereconductedaspart of the IWS laboratorycertification
process.The 2000/2001resultsarepresentedin Table31 (page68). All results
from thesingle-blindtestswerewithin acceptancelimits.

Laboratoryduplicateswereanalyzedfor at least10%of all waterqualityparame-
tersexcepttheHydrolabdata.Controlchartsweredevelopedthatshow thediffer-
encebetweeneachpair of duplicates(Figures131–132,pages200–201).Refer-
encelinesoneachfigureshow � 2 or � 3 H thestandarddeviationfrom themean
for the2000/2001qualitycontrolpairsfor eachanalysis.

Separatefield duplicateswerecollectedandanalyzedfor at least10% of all of
the waterquality parametersexcept the Hydrolabdata. To checkthe Hydrolab
measurements,duplicatesampleswereanalyzedfor at least10%of theHydrolab
measurementsusingwatersamplescollectedfrom thesamedepthastheHydro-
lab measurement.The field duplicatesresultswere in closeagreement,given
that they camefrom differentwatersamples(Figures133–137,pages202–206).
Field duplicatesare rarely ascloseas laboratoryduplicates.A systematicbias
was observed in the conductivity resultsbecausethe Surveyor IV Hydrolab is
moresensitive thanthe laboratorymeter. This appearsasa flatteningof the lab-
oratoryconductivity responseat � 60 � S (Figure133). In addition,theSurveyor
IV Hydrolabis moresensitive thantheold Surveyor II Hydrolab,which creates
theappearanceof a decreasein thelake’s conductivity over time (Figures27–31,
pages96–100).Theseconductivity differencesweregenerally� 5 � S.Therewas
a smallsystematicbiasin thepH data,with theHydrolabresultsshowing a more
extremerangethanthe laboratorypH results. This is most likely due to slight
changesin theamountof dissolvedCO� andassociatedinorganiccarbonions(bi-
carbonateandcarbonate)thatoccurredafterthesampleswerecollected.Thistype
of pH shift is commonin low alkalinity watersamples.

The mediandifferencebetweenHydrolabandWinkler dissolved oxygenvalues
was0.2 mg/L, and95% of the samplesdifferedlessthan1.0 mg/L. As in pre-
vious years,however, therewere systematicdifferencesbetweenthe Hydrolab
dissolvedoxygenconcentrationsandthelaboratoryresults(Winkler test). These
differenceswerenot ananalysiserroror a problemwith theHydrolab,but rather
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theresultof collectingwatersamplesfrom slightly differentdepthsat thethermo-
cline. TheHydrolabhasadepthmeter, sothewatersamplesaremeasuredat true
depth. Winkler samplesarecollectedusinga marked line, which canonly mea-
sureapproximatedepthdueto theeffectsof drift andlakecurrents.Thedifference
betweentrueandapproximatedepthis nearlyimpossibleto measureaccurately,
but is likely to be lessthan1–2meters,even in extremeinstancesof drift. Nor-
mally, this differenceis not critical. Most waterquality parameterschangegrad-
ually within the watercolumn. The two major exceptionsare temperatureand
dissolved oxygen. Whenthe lake is stratified,dissolved oxygenconcentrations
in the thermoclinemay drop 5 mg/L in just 1–2 meters(seeTable9, page46).
Winkler samplesarecollectedat slightly shallower depthsthanthe marked line
indicates,andin thethermocline,this will resultin higheroxygenconcentrations
becausethelake is sampledcloserto thesurface.In theseinstances,theHydrolab
is undoubtedlythemoreaccuratemeasurementdevicebecauseit is recordingtrue
depthalongwith theoxygenconcentration.

Threetotal phosphorusduplicates,onechlorophyll duplicate,andtwo turbidity
duplicatesdifferedmorethanexpected.All of thesesampleswerecollectedin late
summerfrom Sites1 or 2 atdepthswheretherearerapidchangesin waterquality
overshortdistances,andthereforeprobablyrepresenterrorassociatedwith using
a marked line to collect watersamples(seediscussionabove). The practiceof
usingamarkedline to measuredepth,althoughnearlyuniversalin lakesampling,
is animportantsourceof samplingerrorwhenever thesampleis collectedalonga
rapidlychangingenvironmentalgradient.

Aspartof ourregularfieldqualitycontrolprotocols,wemeasureinitial andending
surfaceHydrolab readingsat eachsite. This is doneto verify that we allowed
a sufficient equilibrationtime during the first few samplesfor the Hydrolab to
recordaccuratevalues. The results,shown in Figure 138 (page207), indicate
that therewasno consistentbiasbetweensurfaceandbottompH or temperature
readings,but therewasasmallpositivebiasfor conductivity andasmallnegative
biasfor dissolvedoxygen.Themediandifferencesbetweenconductivity readings
was0.3units,andthemediandifferencebetweenoxygenreadingswas0.3mg/L.
Thesedifferencesare relatively small, but might be reducedby allowing more
sensorequilibrationtime at eachdepth.TheHydrolaboperatingprocedureswill
berevisedto includeadditionalinstructionsonequilibrationtimes.

The HydrolabpH probefailed in the field in October2000,andhadcontinuing
calibrationproblemsthroughoutthewinter of 2000/2001.Theunit wasreturned
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to themanufacturerfor servicein February, 2001.TheHydrolabcontinuedto have
mechanicalproblemsduringthespringof 2001,andwasreplacedwith anew unit
in May 2001.Comparisonsweremadebetweentheold andnew Hydrolabunits,
andthenew unit wasplacedinto servicebeginningJune2001.Whenever theHy-
drolabfailed to meetquality controlperformancestandards,watersampleswere
collectedandanalysesusingbenchtopmethodsasspecifiedin thecontract.Fig-
ure139(page208)shows theresultsfrom theold andnew Hydrolabcomparison
study.
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8 Tables
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2000 2001
Parameter Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Location
DO - hydrolab M M M M M M M M M M Sites1, 2, Intake - every 1 m;
pH - hydrolab M M M M M M M M M M Sites3, 4 - every 1 m to 10m
Temp- hydrolab M M M M M M M M M M thenevery 5 m;
Cond- hydrolab M M M M M M M M M M Gatehouse

Secchidepth M M M M M M M M M M Sites1, 2, 3, 4, Intake

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

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

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

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

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

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

Table1: LakeWhatcom2000/2001lakemonitoringschedule.
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Historic 2000/2001 Sensitivity or
Parameter Method DL O MDL O Confidencelimit
Conductivity-field Hydrolab(1997),field meter – – P 2 Q S/cm
Conductivity-lab APHA (1998)#2510,low-level, SOP-LW-9 – – P 2.2 Q S/cm
Dissolvedoxygen-field Hydrolab(1997),field meter – – P 0.1mg/L
Dissolvedoxygen-lab APHA (1998)#4500-O.C.,Winkler, SOP-LW-12 – – P 0.1mg/L
pH-field Hydrolab(1997),field meter – – P 0.1pH unit
pH-lab APHA (1998)#4500-HR , low-ionic, SOP-LW-8 – – P 0.1pH unit
Temperature Hydrolab(1997),field meter – – P 0.1S C

Alkalinity APHA (1998)#2320,low level, SOP-IWS-15 – – P 0.5mg/L
Discharge Lind (1985),ratingcurve,SOP-IWS-6 – – –
Secchidisk Lind (1985) – – P 0.1m
T. suspendedsolids APHA (1998)#2540D, gravimetric,SOP-LW-22 2 mg/L 2 mg/L P 1.5mg/L
Turbidity APHA (1998)#2130,nephelometric,SOP-LW-11 – – P 0.2NTUs

Ammonia Wetzel& Likens(1991),phenate,SOP-LW-21 10 Q g-N/L 4.7 Q g-N/L P 3.8 Q g-N/L
Nitrite/nitrate APHA (1998)#4500-NOT I., Cd reduction,SOP-IWS-19 20 Q g-N/L 6.4 Q g-N/L P 4.6 Q g-N/L
T. nitrogen APHA (1998)#4500-NC.,Ebinatal. (1983),SOP-IWS-19 100 Q g-N/L 11.0 Q g-N/L P 26.3 Q g-N/L
Sol.phosphate,manN APHA (1998)#4500-PE.,ascorbicacid,SOP-LW-20 5 Q g-P/L 2.0 Q g-P/L P 1.4 Q g-P/L
Sol.phosphate,autoU APHA (1998)#4500-PG., ascorbicacid,SOP-IWS-19 5 Q g-P/L 1.5 Q g-P/L P 2.2 Q g-P/L
T. phosphorus,manN APHA (1998)#4500-PE.,persulfatedigestion,SOP-LW-18 5 Q g-P/L – –
T. phosphorus,autoU APHA (1998)#4500-PH., persulfatedigestion,SOP-IWS-19 5 Q g-P/L 2.6 Q g-P/L P 3.4 Q g-P/L

Chlorophyll APHA (1998)#10200H, acetone,SOP-IWS-16 – – P 0.1mg/mT
Plankton Lind (1985),Schindlertrap – – –

– – –
Totalcoliform (City) APHA (1998)#9222B, membranefilter – – –
Fecalcoliform (City) APHA (1998)#9222D, membranefilter – – –
Enterococcus (City) APHA (1998)#9223A (mod.),MPN-methyl. – – –N Manualmethod;U AutoanalysismethodO Historic detectionlimits (DL) aresethigherthanthecurrentmethoddetectionlimits (MDL).
SeeAppendixB for additionalinformation.

Table2: Summaryof IWS andCity of Bellinghamanalyticalmethods.
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Variable MeanV SD Min. Max.
Alkalinity (mg/L CaCO� ) 19.9 1.4 18.2 25.1
Conductivity - Hydrolab( � S/cm) 59.2 3.4 54.5 73.8
Conductivity - lab ( � S/cm) 62.4 2.7 60.6 72.6
Dissolvedoxygen(mg/L) 8.3 3.5 0.0 11.5
pH 7.4 0.6 6.3 8.6
Temperature(

�
C) 11.8 4.0 4.9 21.6

Turbidity (NTU) 1.0 1.0 0.5 7.7

Nitrogen,ammonia( � g-N/L) 22.6 39.3 � 10 208.8
Nitrogen,nitrate/nitrite( � g-N/L) 183.3 105.3 � 20 297.0
Nitrogen,total ( � g-N/L) 369.4 115.5 174.9 622.9

Phosphorus,soluble( � g-P/L) � 5 1.0 � 5 5.3
Phosphorus,total ( � g-P/L) 10.0 5.6 � 5 32.2

Chlorophylla (mg/m
�
) 2.4 1.5 0.4 5.7

Secchidepth(m) 5.1 1.1 3.5 6.7

Coliforms,total (cfu/100mL) W 2.7 na � 1 8
Coliforms,fecal(cfu/100mL) W 1.2 na � 1 3
Enterococcus (cfu/100mL) W 2.0 na � 2 2V Arithmeticmeansexceptasnoted.W Geometricmeans.

Table3: Site1 averageambientwaterqualitydata,Oct.2000– Sept.2001.
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Variable MeanV SD Min. Max.
Alkalinity (mg/L CaCO� ) 18.4 0.5 17.5 19.2
Conductivity - Hydrolab( � S/cm) 56.7 2.0 52.6 59.8
Conductivity - lab ( � S/cm) 59.6 0.7 58.8 61.2
Dissolvedoxygen(mg/L) 10.2 0.7 9.0 11.8
pH 7.8 0.4 7.1 8.5
Temperature(

�
C) 13.2 4.6 6.1 20.1

Turbidity (NTU) 0.6 0.1 0.4 1.0

Nitrogen,ammonia( � g-N/L) � 10 3.1 � 10 14.6
Nitrogen,nitrate/nitrite( � g-N/L) 282.1 69.6 172.1 382.7
Nitrogen,total ( � g-N/L) 438.4 114.7 294.0 730.1

Phosphorus,soluble( � g-P/L) � 5 1.0 � 5 4.7
Phosphorus,total ( � g-P/L) 5.9 2.6 � 5 14.7

Chlorophylla (mg/m
�
) 1.9 0.8 0.7 3.2

Secchidepth(m) 6.2 1.3 4.5 8.0

Coliforms,total (cfu/100mL) W 2.2 na � 1 4
Coliforms,fecal(cfu/100mL) W 1.0 na � 1 1
Enterococcus (cfu/100mL) W 2.0 na � 2 2V Arithmeticmeansexceptasnoted.W Geometricmeans.

Table4: Intakeaverageambientwaterqualitydata,Oct.2000– Sept.2001.
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Variable MeanV SD Min. Max.
Alkalinity (mg/L CaCO� ) 18.4 1.3 17.2 25.4
Conductivity - Hydrolab( � S/cm) 57.0 3.0 52.4 77.8
Conductivity - lab ( � S/cm) 59.4 0.5 58.8 61.2
Dissolvedoxygen(mg/L) 9.2 2.7 0.0 11.6
pH 7.5 0.5 6.4 8.5
Temperature(

�
C) 12.1 4.2 6.0 19.8

Turbidity (NTU) 0.6 0.4 0.3 2.7

Nitrogen,ammonia( � g-N/L) 21.6 53.4 � 10 339.5
Nitrogen,nitrate/nitrite( � g-N/L) 284.6 97.0 � 20 394.1
Nitrogen,total ( � g-N/L) 458.3 114.5 300.2 729.3

Phosphorus,soluble( � g-P/L) � 5 1.3 � 5 8.7
Phosphorus,total ( � g-P/L) 8.0 8.6 � 5 62.0

Chlorophylla (mg/m
�
) 1.8 0.7 0.4 3.3

Secchidepth(m) 6.3 1.1 4.5 8.1

Coliforms,total (cfu/100mL) W 3.7 na � 1 37
Coliforms,fecal(cfu/100mL) W 1.0 na � 1 1
Enterococcus (cfu/100mL) W 2.0 na � 2 2V Arithmeticmeansexceptasnoted.W Geometricmeans.

Table5: Site2 averageambientwaterqualitydata,Oct.2000– Sept.2001.
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Variable MeanV SD Min. Max.
Alkalinity (mg/L CaCO� ) 17.8 0.7 16.2 19.1
Conductivity - Hydrolab( � S/cm) 55.9 2.0 52.2 61.5
Conductivity - lab ( � S/cm) 59.8 0.9 58.6 62.7
Dissolvedoxygen(mg/L) 9.7 1.0 5.1 11.7
pH 7.5 0.5 6.7 8.6
Temperature(

�
C) 10.0 4.3 6.4 20.0

Turbidity (NTU) 0.5 0.3 0.2 1.7

Nitrogen,ammonia( � g-N/L) � 10 4.5 � 10 25.9
Nitrogen,nitrate/nitrite( � g-N/L) 359.0 71.4 206.1 449.6
Nitrogen,total ( � g-N/L) 495.8 100.9 326.9 749.5

Phosphorus,soluble( � g-P/L) � 5 1.2 � 5 5.0
Phosphorus,total ( � g-P/L) 5.8 3.5 � 5 18.0

Chlorophylla (mg/m
�
) 1.6 0.8 0.5 3.1

Secchidepth(m) 6.9 1.4 4.7 8.8

Coliforms,total (cfu/100mL) W 1.6 na � 1 9
Coliforms,fecal(cfu/100mL) W 1.2 na � 1 5
Enterococcus (cfu/100mL) W 2.0 na � 2 2V Arithmeticmeansexceptasnoted.W Geometricmeans.

Table6: Site3 averageambientwaterqualitydata,Oct.2000– Sept.2001.
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Variable MeanV SD Min. Max.
Alkalinity (mg/L CaCO� ) 17.7 0.5 16.3 19.0
Conductivity - Hydrolab( � S/cm) 56.0 1.8 52.5 60.8
Conductivity - lab ( � S/cm) 59.5 0.4 58.6 60.0
Dissolvedoxygen(mg/L) 9.9 0.9 7.6 11.7
pH 7.4 0.4 6.7 8.4
Temperature(

�
C) 9.7 4.1 6.5 19.1

Turbidity (NTU) 0.4 0.1 0.2 0.8

Nitrogen,ammonia( � g-N/L) � 10 4.3 � 10 22.9
Nitrogen,nitrate/nitrite( � g-N/L) 373.2 69.5 219.2 453.6
Nitrogen,total ( � g-N/L) 506.7 105.0 313.8 772.3

Phosphorus,soluble( � g-P/L) � 5 1.2 � 5 7.4
Phosphorus,total ( � g-P/L) 6.1 3.4 � 5 14.7

Chlorophylla (mg/m
�
) 1.6 0.8 0.5 3.1

Secchidepth(m) 7.1 1.8 4.5 10.0

Coliforms,total (cfu/100mL) W 1.5 na � 1 4
Coliforms,fecal(cfu/100mL) W 1.0 na � 1 1
Enterococcus (cfu/100mL) W 2.0 na � 2 2V Arithmeticmeansexceptasnoted.W Geometricmeans.

Table7: Site4 averageambientwaterqualitydata,Oct.2000– Sept.2001.
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Sample Surface Bottom
Date Temp(

�
C) Temp(

�
C) Difference

Site1 June,6 1988 14.50 9.40 5.10
June,12 1989 18.97 9.22 9.75
June,4 1990 15.25 7.75 7.50
June,3 1991 14.36 9.39 4.67
June,2 1992 19.54 10.19 9.38
June,3 1993 18.23 11.42 6.81
June,7 1994 16.48 9.99 6.49
June,8 1995 19.03 10.40 8.63
June,4 1996 16.69 11.07 5.62
June,10 1997 19.18 10.67 8.51
June,10 1998 18.61 9.79 8.82
June,9 1999 14.77 8.87 5.90
June,8 2000 16.25 9.88 6.37
June,5 2001 14.87 11.23 3.64

Site2 June6, 1988 14.00 8.90 5.10
June12,1989 17.76 8.93 8.83
June4, 1990 14.85 8.63 6.22
June3, 1991 13.83 8.78 5.05
June2, 1992 18.07 10.1 7.97
June3, 1993 17.61 9.63 7.98
June7, 1994 15.83 9.28 6.55
June8, 1995 18.48 9.99 8.49
June4, 1996 15.43 9.47 5.96
June10,1997 18.4 9.08 9.32
June11,1998 18.19 9.91 8.28
June9, 1999 14.39 8.59 5.80
June8, 2000 15.02 9.41 5.61
June5, 2001 14.49 9.16 5.33

Table8: Site1 surfaceandbottomtemperatures,June1988–2001.Average1988–
2000surface-to-bottomtemperaturedifferenceswere7.22

�
and7.01

�
for Sites1

and2, respectively.
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Depth 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
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 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 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 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 9.2
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 9.1
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 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 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 9.1
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 9.1
9 7.8 6.2 8.3 4.9 4.5 6.4 8.2 4.2 7.6 5.5 5.0 9.1

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 9.1

11 3.0 2.2 5.4 0.1 0.1 1.2 0.6 0.6 0.9 0.1 1.8

12 1.1 1.7 1.7 2.1 0.0 0.1 0.2 0.5 0.5 0.1 0.0 0.6

13 0.8 1.1 1.1 0.0 0.1 0.2 0.5 0.5 0.0 0.0 0.5

14 0.7 0.6 0.8 0.6 0.0 0.1 0.2 0.5 0.5 0.0 0.0 0.4

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

Boxedvaluesmarkdepthwhereoxygendroppedbelow 1 mg/L.

Table9: Dissolvedoxygenconcentrations(mg/L) at Site1, Sept.1988–2001.
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Depth 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
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 18.5
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 18.5
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 18.5
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 18.5
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 18.5
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 18.5
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 18.5
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 18.5
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 18.5
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 18.5
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 18.4
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 14.8
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 13.5
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 12.7
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 12.3
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 12.2
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 12.1
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 12.0
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 12.0
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 11.9
20 9.3 10.6 10.5 11.9 10.8 11.3 11.8 11.4 10.7 9.7 10.4 11.9

Horizontallinesshow 8, 10and12meterreferencedepths.

Table10: Watertemperatures(
�
C) at Site1, Sept.1988–2001.
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Date H � S(mg/L) NH � ( � g-N/L)
October1999 Site1 (bottom) 0.03–0.04 268.3

Site2 (bottom) 0.40 424.4

October2000 Site1 (bottom) 0.27 208.8
Site2 (bottom) 0.53 339.5

October2001 Site1 (bottom) 0.42 168.7
Site2 (bottom) 0.76 331.9

Table11: Site1 andSite2 hypolimneticammoniaandhydrogensulfideconcen-
trations,October1999–2001.
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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 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.030 X 0.01 0.015 X 0.001 0.004
Site1 20 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.160 X 0.01 0.011 X 0.001 0.006
Intake 0 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.016 X 0.01 0.016 X 0.001 0.004
Intake 10 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.016 X 0.01 0.015 0.001 0.008
Site2 0 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.011 X 0.01 0.014 0.001 0.004
Site2 20 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.031 X 0.01 0.006 X 0.001 0.007
Site3 0 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.013 X 0.01 0.016 X 0.001 0.005
Site3 80 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.015 X 0.01 0.018 X 0.001 0.011
Site4 0 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.006 X 0.01 0.016 X 0.001 0.003
Site4 90 Aug 6, 2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.011 X 0.01 0.016 0.001 0.015

Table12: Lake Whatcom2000/2001total metalsdata.Only themetalsspecified
in the 2000/2001monitoring plan are includedin this table; the resultsfor 24
additionalmetalsare includedin AppendixC andon the CD that accompanies
this report.
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AmTest Env. Canada
Site Depth Date mg-Hg/L Date mg-Hg/L
Site1 0 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Site1 20 July17,2001 Y 0.0002 July17,2001 0.00008
Intake 0 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Intake 10 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Site2 0 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Site2 20 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Site3 0 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Site3 80 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Site4 0 July17,2001 Y 0.0002 July17,2001 Y 0.00005
Site4 90 July17,2001 Y 0.0002 July17,2001 Y 0.00005

AmTest AmTest
Site Depth Date mg-Hg/L Date mg-Hg/L
Site1 0 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002
Site1 20 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002
Intake 0 Aug 7, 2001 0.0004 Sept18,2001 Y 0.0002
Intake 10 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002
Site2 0 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002
Site2 20 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002
Site3 0 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002
Site3 80 Aug 7, 2001 0.0005 Sept18,2001 Y 0.0002
Site4 0 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002
Site4 90 Aug 7, 2001 Y 0.0002 Sept18,2001 Y 0.0002

Table13: Lake Whatcom2000/2001low level mercuryresults. Datawerean-
alyzedby AmTest (detectionlimit = 0.0002mg/L = 0.2 � g/L) or Environment
Canada(detectionlimit = 0.00005mg/L = 0.05 � g/L).
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TOC TOC
Site Date Depth (mg/L) Date Depth (mg/L)
Site1 Feb13,2000 0 2.4 Aug 6, 2001 0 1.6

Feb13,2000 20 1.5 Aug 6, 2001 20 � 1

Intake Feb13,2000 0 � 1 Aug 6, 2001 0 3.6
Feb13,2000 10 1.4 Aug 6, 2001 10 2.4

Site2 Feb13,2000 0 2.8 Aug 6, 2001 0 1.7
Feb13,2000 20 1.4 Aug 6, 2001 15 2.0

Site3 Feb13,2000 0 1.3 Aug 6, 2001 0 � 1
Feb13,2000 80 1.3 Aug 6, 2001 80 1.4

Site4 Feb13,2000 0 1.1 Aug 6, 2001 0 1.2
Feb13,2000 90 2.6 Aug 6, 2001 90 1.3

Table14: LakeWhatcom2000/2001total organiccarbondata.
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Season Median Geom.Mean Mean Minimum Maximum
Phylum ( Z m[ ) ( Z m[ ) ( Z m[ ) ( Z m[ ) ( Z m[ ) N

combined Pyrrhophyta\ 43,440 40,192 45,374 11,568 91,147 31
Chlorophyta 24,101 146,801 1,449,647 10,322 14,118,412 37
Cyanophyta 1,119 4,679 236,182 39 1,027,596 37
Chrysophyta] 597 762 1,174 202 8,244 95

spring Pyrrhophyta\ 42,961 37,066 42,237 11,568 73,099 21
Chlorophyta 26,559 187,329 1,413,162 14,879 5,568,936 19
Cyanophyta 1,074 3,686 231,913 40 1,027,596 24
Chrysophyta] 481 605 909 202 5,633 49

summer Cyanophyta 168,654 7270 244,064 39 573,465 13
Pyrrhophyta\ 49,484 47,643 51,964 18,898 91,147 10
Chlorophyta 18,824 113,494 1,488,160 10,322 14,118,412 18
Chrysophyta] 829 973 1,457 303 8,244 46\ Dinophytain sometaxonomies] Heterokontophytain sometaxonomies

Table15: Lake Whatcomplanktonbiovolumesummary. Springsampleswere
collectedfrom April 25–June3, 2001;summersampleswerecollectedfrom June
27–August3, 2001.
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Depth Temp Cond DO
Site Date (m) (C) pH ( Z S/cm) (mg/L)
Site3 Oct 5, 2000 0–35 14.4 7.5 56.1 8.9
Sites2 Oct 10,2000 0–35 14.3 7.4 56.3 8.7

Site3 Nov 7, 2000 0–35 11.5 7.5 56.1 9.2
Sites2 Nov 7, 2000 0–35 11.5 NA 56.3 9.1

Site3 Dec6, 2000 0–35 9.0 7.4 52.5 10.1
Sites2 Dec7, 2000 0–35 8.9 NA 54.0 10.3

Site3 Feb13,2001 0–35 6.6 7.2 56.2 10.2
Sites2 Jan18,2001 0–35 6.9 7.5 54.8 9.8

Site3 Apr 12,2001 0–35 7.3 7.6 53.4 11.2
Sites2 Apr 12,2001 0–35 7.4 7.5 53.5 11.1

Site3 May 8, 2001 0–35 9.6 7.6 55.2 11.2
Sites2 May 8, 2001 0–35 9.7 7.7 54.8 11.2

Site3 June6, 2001 0–35 12.3 7.9 56.6 10.5
Sites2 June6, 2001 0–35 12.5 7.9 57.5 10.5

Site3 July10,2001 0–35 15.4 8.1 58.2 10.2
Sites2 July10,2001 0–35 16.0 8.2 58.2 9.8

Site3 Aug 1, 2001 0–35 15.9 8.1 56.2 10.0
Sites2 Aug 2, 2001 0–35 15.8 8.1 56.2 10.0

Site3 Sept4, 2001 0–35 16.2 8.0 60.4 9.4
Sites2 Sept6, 2001 0–35 16.1 7.7 56.5 9.3

Table16: Strawberrysill 2001hydrolabdatacomparedto Site3.
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Depth Alk Turb NH3 TN NO3 SRP TP
Site Date (m) (mg/L) (NTU) ( Z g-N/L) ( Z g-N/L) ( Z g-N/L) ( Z g-P/L) ( Z g-P/L)
Site3 Feb13,2001 0–40 17.6 0.3 ^ 10 730.9 379.3 ^ 5 13.6
Sites2 Jan18,2001 0–35 17.6 0.3 ^ 10 447.1 381.3 ^ 5 5.9

Site3 Oct 3, 2001 0–40 17.4 0.3 ^ 10 397.0 303.1 ^ 5 5.6
Sites2 Oct 10,2001 0–35 18.0 NA ^ 10 360.4 271.7 ^ 5 5.3

Table17: Strawberrysill 2000/2001waterqualitydatacomparedto Site3.
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As Cd Cr Cu Fe
Site Depth Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
s2 0 Oct5, 2000 X 0.01 X 0.0005 0.003 X 0.001 X 0.005
s2 35 Oct5, 2000 X 0.01 X 0.0005 0.003 X 0.001 X 0.005

s2 0 Jan17,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.024
s2 35 Jan17,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.020

Hg Ni Pb Zn TOC
Site Depth Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
s2 0 Oct5, 2000 X 0.01 X 0.005 X 0.001 0.001 1.6
s2 35 Oct5, 2000 X 0.01 X 0.005 X 0.001 X 0.001 X 1

s2 0 Jan17,2001 X 0.01 X 0.005 X 0.001 0.002 6.3
s2 35 Jan17,2001 X 0.01 X 0.005 X 0.001 0.001 2.8

Table18: Strawberry sill 2000/2001metalsandtotal organiccarbondata. Only
themetalsspecifiedin the2000/2001monitoringplanareincludedin this table;
theresultsfor 24additionalmetalsareincludedin AppendixC andontheCD that
accompaniesthis report.
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2000 2001
Parameter Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Temperature _ _
Discharge _ _
Alkalinity _ _
Conductivity _ _
DO - Winkler _ _
pH _ _
T. suspendedsolids _ _
Turbidity _ _
Ammonia _ _
Nitrite/nitrate _ _
Totalnitrogen _ _
Solublephosphate _ _
Totalphosphorus _ _
T. organiccarbon _ _
Totalmetals _
(arsenic,cadmium,chromium,copper, iron, lead,mercury, nickel, zincV )
Bacteria(City) _ _V Twenty-fouradditionalmetalsareincludedwithout charge.

Table19: LakeWhatcom2000/2001creekmonitoringschedule.
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Cond. DO TSS Alk. Disch. Temp. Turb.
Site Date pH ( Z S/cm) (mg/L) (mg/L) (mg/L) (cfs) ( ` C) (ntu)
Blue 1990min\ 8.1 250 9.0 ^ 2 na 0.02 4.0 na
Canyon 1990avg\ 8.4 344 10.5 5 na 0.05 10.9 na

1990max\ 8.6 409 12.3 29 na 0.11 17.0 na
Feb22,2001 8.3 284 11.3 6.0 131.4 0.22 7.9 3.4
July18,2001 8.4 293 10.1 5.6 140.6 0.10 10.8 2.4

Park 1990min\ 7.1 118 6.4 3 na 0.00 4.5 na
Place 1990avg\ 7.7 245 9.1 13 na 0.26 13.7 na

1990max\ 8.1 410 11.8 57 na 0.91 23.0 na
Feb22,2001 7.5 222 11.1 6.0 79.5 NA 7.2 5.6
July18,2001 8.0 263 7.3 4.2 119.9 NA 18.3 4.1

Silver 1990min\ 7.4 103 6.9 ^ 2 na 0.00 4.2 na
Beach 1990avg\ 7.9 187 9.8 6 na 0.86 11.1 na

1990max\ 8.1 290 12.1 12 na 2.66 17.0 na
Feb22,2001 7.8 151 3.2 5.6 56.8 0.76 6.6 9.6
July18,2001 8.2 281 8.7 2.4 130.5 NA 14.0 2.4

Wildwd 1990min\ 6.7 34 6.9 ^ 2 na 0.01 4.0 na
1990avg\ 7.2 54 10.0 2 na 0.76 10.0 na
1990max\ 7.6 126 12.3 11 na 2.52 16.5 na
Feb22,2001 7.3 57 12.1 ^ 2 17.1 0.64 6.2 0.5
July18,2001 7.1 61 9.2 ^ 2 12.6 0.06 11.6 1.0

Anderson 1990min\ 7.2 37 10.0 4 na 41.2 3.5 na
1990avg\ 7.4 57 11.3 17 na 74.85 8.3 na
1990max\ 8.4 71 13.0 48 na 92.00 12.5 na
Feb22,2001 7.1 65 11.5 ^ 2 19.6 18.4 7.0 0.9
July18,2001 7.1 75 9.2 ^ 2 26.4 NA 11.3 0.7

Austin 1990min\ 7.1 50 8.3 ^ 2 na 1.40 4.5 na
1990avg\ 7.4 81 10.5 3 na 14.49 10.6 na
1990max\ 7.6 121 12.1 13 na 29.60 19.5 na
Feb22,2001 7.4 66 12.0 2.3 16.8 18.4 5.8 2.3
July18,2001 7.8 103 9.7 ^ 2 29.0 2.86 13.0 0.8

Smith 1990min\ 6.6 44 8.7 ^ 2 na 0.80 3.4 na
1990avg\ 7.5 64 10.5 3 na 7.63 10.0 na
1990max\ 7.8 90 12.6 10 na 23.80 17.0 na
Feb22,2001 7.4 60 12.3 ^ 2 15.2 6.8 5.2 0.9
July18,2001 7.8 77 10.1 ^ 2 26.0 2.01 14.0 0.2\ The1990creekdatado not includetheNovember1990stormevent.

Table20: Physicalwaterqualitydatafor creeksin theLakeWhatcomwatershed.
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NH T TN NOa R T SRP TP TC (cfu/ FC(cfu/ EC (cfu/
Site Date ( Q g-N/L) ( Q g-N/L) ( Q g-N/L) ( Q g-P/L) ( Q g-P/L) 100mL) 100mL) 100mL)
Blue 1990min 10 na 167 X 5 X 5 90 X 2 na
Canyon 1990avg 20 na 336 X 5 13 1163 7 na

1990max 34 na 545 12 25 9000 27 na
Feb22,2001 X 10 363 268 7.7 23.3 83 X 1 X 2
July 18,2001 16.6 223 124 9.0 13.9 100 8 7

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 b 16000 16000 na
Feb22,2001 66.1 1016 683 11.9 51.2 3700 3400 3
July 18,2001 91.9 769 208 31.3 89.0 1400 33 2

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

1990max 43 na 1118 42 61 b 16000 16000 na
Feb22,2001 X 10 796 456 10.1 49.8 270 100 30
July 18,2001 17.3 510 214 32.7 59.7 3000 1850 900

Wildwd 1990min X 10 na 755 X 5 X 5 23 X 2 na
1990avg 189 na 1790 X 5 9 1164 74 na
1990max 32 na 4857 9 33 b 16000 1300 na
Feb22,2001 X 10 3092 3108 X 5 17.7 210 X 1 X 2
July 18,2001 X 10 1962 1915 12.0 18.0 60 11 4

Anderson 1990min 10 na 50 X 5 6 30 X 2 na
1990avg 19 na 121 X 5 24 344 13 na
1990max 32 na 221 8 55 2400 130 na
Feb22,2001 17.2 915 772 5.5 24.5 56 5 2
July 18,2001 11.1 754 633 8.7 17.3 170 120 70

Austin 1990min X 10 na 259 X 5 X 5 50 7 na
1990avg 20 na 441 X 5 13 3366 950 na
1990max 40 na 658 9 23 16000 5000 na
Feb22,2001 X 10 960 858 6.2 25.5 48 5 X 2
July 18,2001 10.4 422 315 14.6 17.8 520 270 30

Smith 1990min 12 na 396 X 5 X 5 17 X 2 na
1990avg 17 na 687 X 5 6 1138 14 na
1990max 37 na 1025 8 12 9000 170 na
Feb22,2001 X 10 1708 1588 X 5 21.8 48 2 X 2
July 18,2001 11.7 833 705 11.2 11.0 120 91 8

The1990creekdatadonot includetheNovember1990stormevent.

Table21: Chemicalandbiologicalwaterqualitydatafor creeksin theLakeWhat-
comwatershed.
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As Cd Cr Cu Fe
Site Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
BlueCanyon Feb22,2001 Y 0.01 Y 0.0005 0.005 0.002 0.013
ParkPlace Feb22,2001 Y 0.01 Y 0.0005 0.004 Y 0.001 0.40
SilverBeach Feb22,2001 Y 0.01 Y 0.0005 0.005 Y 0.001 0.54
Wildwood Feb22,2001 Y 0.01 Y 0.0005 Y 0.001 Y 0.001 0.006
Anderson Feb22,2001 Y 0.01 Y 0.0005 0.004 Y 0.001 0.11
Austin Feb22,2001 Y 0.01 Y 0.0005 0.002 Y 0.001 0.14
SmithCreek Feb22,2001 Y 0.01 Y 0.0005 0.002 0.002 0.020

Hg Ni Pb Zn
Site Date (mg/L) (mg/L) (mg/L) (mg/L)
BlueCanyon Feb22,2001 Y 0.01 Y 0.005 Y 0.001 0.003
ParkPlace Feb22,2001 Y 0.01 Y 0.005 Y 0.001 0.008
SilverBeach Feb22,2001 Y 0.01 Y 0.005 Y 0.001 0.005
Wildwood Feb22,2001 Y 0.01 Y 0.005 Y 0.001 0.002
Anderson Feb22,2001 Y 0.01 Y 0.005 Y 0.001 0.003
Austin Feb22,2001 Y 0.01 Y 0.005 Y 0.001 0.004
SmithCreek Feb22,2001 Y 0.01 Y 0.005 Y 0.001 0.004

Table22: Metalsdatafor creeksin theLakeWhatcomwatershed.Only themetals
specifiedin the2000/2001monitoringplanareincludedin this table;the results
for 24additionalmetalsareincludedin AppendixC andontheCD thataccompa-
niesthis report.
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TOC TOC
Site Date (mg/L) Date (mg/L)
BlueCanyon Feb22,2001 1.3 July18,2001 � 1

ParkPlace Feb22,2001 4.7 July18,2001 4.5

SilverBeach Feb22,2001 4.7 July18,2001 2.2

Wildwood Feb22,2001 � 1 July18,2001 2.2

Anderson Feb22,2001 2.4 July18,2001 2.7

Austin Feb22,2001 1.2 July18,2001 2.1

Smith Feb22,2001 2.2 July18,2001 5.1

Table23: Totalorganiccarbondatafor creeksin theLakeWhatcomwatershed.
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Site Min. Max. n 5 V
BlueCanyon total coliforms � 4 300 10 103

fecalcoliforms � 1 120 10 8
Enterococcus � 2 26 10 7

ParkPlace total coliforms 163 10600 9 2218
fecalcoliforms 20 3400 10 293
Enterococcus 2 1600 9 27

SilverBeach total coliforms 270 3800 9 1490
fecalcoliforms 98 2500 10 534
Enterococcus 7 900 9 106

Wildwood total coliforms 13 230 9 73
fecalcoliforms � 1 48 9 5
Enterococcus � 2 30 9 4

Anderson total coliforms 16 2300 10 92
fecalcoliforms 2 154 10 16
Enterococcus � 2 70 10 5

Austin total coliforms 17 6400 9 231
fecalcoliforms 5 410 10 45
Enterococcus � 2 240 9 11

Smith total coliforms � 4 290 9 89
fecalcoliforms � 2 199 10 23
Enterococcus � 2 30 9 4V 5-yeargeometricmeansfrom Feb1997to July2001.

Table24: Averagecoliform andEnterococcus countsfor creeksin theLakeWhat-
comwatershed.
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Date Fecalcoliforms Enterococcus
winter

Feb4, 1997 6 cfu/100mL � 2 cfu/100mL
March10,1998 42 cfu/100mL 50cfu/100mL
Feb10,1999 8 cfu/100mL na
Feb9, 2000 32 cfu/100mL 2 cfu/100mL
Feb22,2001 5 cfu/100mL � 2 cfu/100mL

summer
Aug 11,1997 123cfu/100mL 17cfu/100mL
July14,1998 410cfu/100mL 240cfu/100mL
July15,1999 56 cfu/100mL 8 cfu/100mL
July18,2000 141cfu/100mL 8 cfu/100mL
July18,2001 270cfu/100mL 30cfu/100mL

Table25: Austin Creekfecalcoliform andEnterococcus counts,1997–2001.
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MG/Year Percent MG/Year Percent Percent
Inputs 2000/2001 total 1999/2000 total change*
Directprecipitation 4,811 19.3 7,077 14.7 32.0 c
Diversion 1,783 7.1 4,607 9.5 61.3 c
Runoff 18,345 73.6 36,563 75.8 49.8 c
Total 24,938 100 48,247 100 48.3 c
Outputs
WhatcomCreek 10,508 44.5 27,280 55.6 61.5 c
Hatchery 1,074 4.5 2,388 4.9 55 c
Georgia Pacific 4,851 20.5 12,334 25.1 60.7 c
City of Bellingham 4,076 17.3 4,112 8.4 0.9 c
WaterDistrict #10 140 0.6 154 0.3 8.9 c
Evaporation 2,971 12.6 2,777 5.7 -7.0 d
Total 23,621 100 49,045 100 51.8 c
Netchangein storage 1318 -797

Table 26: Lake Whatcomwater balancecomparisonbetween2000/2001and
1999-2000.
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TSS TOC TN TP
Site Date (mg/L) (mg/L) (mg-N/L) (mg-P/L)
BW inlet Jan15–17,2001 2.02 4.2 1.9650 0.0359
BW inlet Apr 17–19,2001 NA 5.2 1.9480 0.0538
BW inlet Jul24–26,2001 3.84 5.8 2.5410 0.1091
BW outlet Jan15–17,2001 1.20 5.9 1.4640 0.0300
BW outlet Apr 17–19,2001 NA 6.5 1.0570 0.0280
BW outlet Jul24–26,2001 2.75 7.9 0.4976 0.0456
Annual% reduction 32.6 -33.6 53.2 47.9

PPinlet Jan15–17,2001 2.07 1.9 0.7779 0.0435
PPinlet Apr 17–19,2001 NA 6.0 0.5460 0.0550
PPinlet Jul24–26,2001 NA 4.9 1.0350 0.0568
PPoutlet Jan15–17,2001 3.37 6.3 0.8190 0.0497
PPoutlet Apr 17–19,2001 NA 9.2 0.8337 0.0859
PPoutlet Jul24–26,2001 3.19 3.6 0.5240 0.0908
Annual% reduction -58.5 -49.2 7.7 -45.8

SCinlet Mar 20–22,2001 18.67 3.3 1.0300 0.0772
SCinlet May 15–17,2001 62.31 8.2 1.0921 0.1441
SCinlet Aug 6–8,2001 19.90 3.0 1.1453 0.0906
SCoutletE Mar 20–22,2001 1.34 3.5 1.0340 0.0239
SCoutletE May 15–17,2001 10.92 5.9 0.7639 0.0668
SCoutletE Aug 6–8,2001 3.73 1.1 0.6152 0.0502
SCoutletW Mar 20–22,2001 4.41 3.9 1.1020 0.0297
SCoutletW May 15–17,2001 9.68 8.2 0.7229 0.0552
SCoutletW Aug 6–8,2001 0.42 X 1 0.6231 0.0294
Annual% reduction 84.9 6.5 25.6 59.1

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)
BW inlet Jan15–17,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.73 X 0.01 X 0.005 X 0.001 0.012
BW inlet Apr 17–19,2001 X 0.01 X 0.0005 X 0.001 0.001 0.60 X 0.01 X 0.005 X 0.001 0.009
BW inlet Jul24–26,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.81 X 0.01 0.006 0.001 0.002
BW outlet Jan15–17,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.49 X 0.01 X 0.005 X 0.001 0.011
BW outlet Apr 17–19,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.55 X 0.01 X 0.005 X 0.001 0.012
BW outlet Jul24–26,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.55 X 0.01 X 0.005 X 0.001 0.007
Annual% reduction NA NA NA NA 25.7 NA NA NA -30.4

PPinlet Jan15–17,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.46 X 0.01 X 0.005 X 0.001 0.009
PPinlet Apr 17–19,2001 X 0.01 X 0.0005 X 0.001 0.007 0.87 X 0.01 X 0.005 0.002 0.340
PPinlet Jul24–26,2001 X 0.01 X 0.0005 X 0.001 0.001 0.68 X 0.01 0.009 0.001 X 0.001*
PPoutlet Jan15–17,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.58 X 0.01 X 0.005 X 0.001 0.010
PPoutlet Apr 17–19,2001 X 0.01 X 0.0005 X 0.001 0.003 0.84 X 0.01 X 0.005 X 0.001 0.017
PPoutlet Jul24–26,2001 X 0.01 X 0.0005 X 0.001 X 0.001 0.66 X 0.01 X 0.005 0.001 0.003
Annual% reduction NA NA NA NA -3.5 NA NA NA 91.4

SCinlet Mar 20–22,2001 X 0.01 X 0.0005 0.002 0.002 3.40 X 0.0002 X 0.005 X 0.001 0.012
SCinlet May 15–17,2001 X 0.01 X 0.0005 X 0.001 0.036 5.50 X 0.0002 X 0.005 0.003 0.200
SCinlet Aug 6–8,2001 X 0.01 X 0.0005 X 0.001 X 0.001* 7.30 X 0.0002 X 0.005 X 0.001 0.010
SCoutletE Mar 20–22,2001 X 0.01 X 0.0005 0.002 0.001 0.17 X 0.0002 X 0.005 X 0.001 0.009
SCoutletE May 15–17,2001 X 0.01 X 0.0005 X 0.001 0.023 0.72 X 0.0002 X 0.005 X 0.001 0.067
SCoutletE Aug 6–8,2001 X 0.01 X 0.0005 X 0.001 0.001 0.18 X 0.0002 X 0.005 X 0.001 0.012
SCoutletW Mar 20–22,2001 X 0.01 X 0.0005 X 0.001 0.002 0.31 X 0.0002 0.006 X 0.001 0.011
SCoutletW May 15–17,2001 X 0.01 X 0.0005 X 0.001 0.025 0.81 X 0.0002 X 0.005 X 0.001 0.089
SCoutletW Aug 6–8,2001 X 0.01 X 0.0005 X 0.001 0.001 X 0.01* X 0.0002 X 0.005 X 0.001 0.012
Annual% reduction NA NA NA 32.1 93.2 NA NA NA 55.0
*Valuereplacedwith detectionlimit to calculatepercentreduction.

Table27: Park Place/Brentwood wet pondsandSouthCampusrock/plantfilter
compositesamplesandaveragepercentreductionsbetweeninlet andoutletsam-
ples.Negativevaluesrepresentanincreasein concentrationat theoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time ( S C) pH (mg/L) ( Q S/cm) (cfu/100mL) (cfu/100mL) (cfu/100mL)
PPinlet 1 15 2001 pm 5.60 6.14 12.22 180.8 4300 200 13
PPinlet 1 16 2001 am 5.08 6.87 13.80 179.2 820000 12000 21
PPinlet 1 16 2001 pm 5.04 6.58 12.40 182.4 3400 200 13
PPinlet 1 17 2001 am 4.79 7.59 13.40 181.0 7700 390 2
PPoutlet 1 15 2001 pm 5.28 6.25 10.23 151.1 10000 540 17
PPoutlet 1 16 2001 am 4.46 6.89 10.37 163.8 9700 800 23
PPoutlet 1 16 2001 pm 4.45 7.33 9.95 164.1 3200 73 2
PPoutlet 1 17 2001 am 4.22 7.44 9.31 169.4 6500 270 7
Seasonal% reduction 10.2 -2.7 23.1 10.4 96.5 86.8 0.0

PPinlet 4 17 2001 pm 11.70 7.62 9.72 182.0 4800 2300 900
PPinlet 4 18 2001 am 9.70 7.47 10.23 151.0 1600 1500 300
PPinlet 4 18 2001 pm 10.50 7.41 10.39 150.0 1230 820 170
PPinlet 4 19 2001 am 9.10 7.43 10.07 149.0 730 700 240
PPoutlet 4 17 2001 pm 15.30 9.10 15.38 145.0 330 31 17
PPoutlet 4 18 2001 am 11.50 8.20 12.78 148.0 180 41 2
PPoutlet 4 18 2001 pm 16.10 8.96 15.71 146.0 95 36 7
PPoutlet 4 19 2001 am 11.00 8.44 13.19 149.0 1500 380 23
Seasonal% reduction -31.5 -15.9 -41.2 7.0 74.8 90.8 97.0

PPinlet 7 24 2001 am NA 7.73 8.48 248.0 51000 660 900
PPinlet 7 24 2001 pm 17.00 7.88 8.80 236.0 21000 580 170
PPinlet 7 25 2001 am 16.50 7.75 8.85 243.0 110000 1200 300
PPinlet 7 25 2001 pm 17.50 7.55 8.42 230.0 21000 440 500
PPoutlet 7 24 2001 am NA 9.31 11.43 211.0 400 X 1* X 2*
PPoutlet 7 24 2001 pm 26.70 9.91 14.70 203.0 39 X 1* X 2*
PPoutlet 7 25 2001 am 19.50 8.71 8.70 220.0 1000 1 X 2*
PPoutlet 7 25 2001 pm 26.70 9.66 14.56 206.0 75 32 X 2*
Seasonal% reduction -42.9 -21.6 -43.0 12.2 99.3 98.8 99.6
Annual% reduction -29.1 -13.8 -15.4 10.2 96.8 89.5 97.0
*Valuereplacedwith detectionlimit to calculatepercentreduction.

Table28: Park Placewet pondgrabsamplesandaveragepercentreductionsbe-
tweeninlet andoutletsamples.Negative valuesrepresentan increasein concen-
trationat theoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time ( S C) pH (mg/L) ( Q S/cm) (cfu/100mL) (cfu/100mL) (cfu/100mL)
BW inlet 1 15 2001 pm 8.57 5.93 9.70 268.1 8000 6700 X 2*
BW inlet 1 16 2001 am 8.38 6.89 10.73 274.5 9700 9200 X 2*
BW inlet 1 16 2001 pm 8.46 6.82 9.63 275.9 4000 3200 X 2*
BW inlet 1 17 2001 am 8.44 6.69 10.08 276.8 2040 170 4
BW outlet 1 15 2001 pm 3.60 5.92 8.50 200.7 1500 360 2
BW outlet 1 16 2001 am 4.53 6.99 6.96 230.0 560 280 X 2*
BW outlet 1 16 2001 pm 3.94 6.78 6.93 226.9 180 100 X 2*
BW outlet 1 17 2001 am 4.13 6.90 6.83 227.8 340 290 X 2*
Seasonal% reduction 52.1 -1.0 27.2 19.2 89.1 94.7 20.0

BW inlet 4 17 2001 pm 11.00 6.74 8.69 286.0 660 100 4
BW inlet 4 18 2001 am 10.70 6.87 8.87 280.0 590 570 8
BW inlet 4 18 2001 pm 11.10 6.93 9.19 283.0 2800 140 2
BW inlet 4 19 2001 am 10.50 6.78 8.49 284.0 620 280 12
BW outlet 4 17 2001 pm 15.70 7.31 12.10 234.0 550 3 X 2*
BW outlet 4 18 2001 am 12.30 7.24 11.99 234.0 1530 364 17
BW outlet 4 18 2001 pm 16.30 7.43 13.00 233.0 220 2 X 2*
BW outlet 4 19 2001 am 11.80 7.23 11.57 233.0 100 17 X 2*
Seasonal% reduction -29.6 -6.9 -38.1 17.6 48.6 64.6 11.5

BW inlet 7 24 2001 am NA 6.88 6.85 353.0 2 1 13
BW inlet 7 24 2001 pm 18.70 6.91 6.79 320.0 4400 760 50
BW inlet 7 25 2001 am 18.50 6.91 6.82 308.0 44000 1800 220
BW inlet 7 25 2001 pm 19.00 6.89 6.54 313.0 61000 4100 50
BW outlet 7 24 2001 am NA 7.96 8.94 273.0 X 20* 2 X 2*
BW outlet 7 24 2001 pm 26.00 9.07 14.02 264.0 16 2 X 2*
BW outlet 7 25 2001 am 19.70 7.63 5.73 274.0 2200 4 X 2*
BW outlet 7 25 2001 pm 26.50 9.00 13.78 263.0 100 X 1* X 2*
Seasonal% reduction -28.5 -22.0 -57.3 17.0 97.9 99.9 97.6
Annual% reduction -8.4 -10.1 -17.6 17.9 94.7 94.7 89.4
*Valuereplacedwith detectionlimit to calculatepercentreduction.

Table29: Brentwoodwet pondgrabsamplesandaveragepercentreductionsbe-
tweeninlet andoutletsamples.Negative valuesrepresentan increasein concen-
trationat theoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time ( S C) pH (mg/L) ( Q S/cm) (cfu/100mL) (cfu/100mL) (cfu/100mL)
SCinlet 3 20 2001 pm 10.00 7.42 9.62 325.0 270 4 8
SCinlet 3 21 2001 am 9.50 7.39 9.76 329.0 210 3 X 2*
SCinlet 3 21 2001 pm 10.00 7.41 9.47 331.0 180 X 3* 2
SCinlet 3 22 2001 am 9.80 7.43 9.63 339.0 67 X 4* 2
SCoutletE 3 20 2001 pm 9.00 7.66 9.04 332.0 54 4 X 2*
SCoutletE 3 21 2001 am 9.50 7.65 8.23 339.0 23 2 2
SCoutletE 3 21 2001 pm 9.50 7.65 8.95 335.0 37 2 X 2*
SCoutletE 3 22 2001 am 9.10 7.62 8.14 342.0 14 X 1* X 2*
SCoutletW 3 20 2001 pm 9.20 7.63 9.15 331.0 15 1 X 2*
SCoutletW 3 21 2001 am 10.00 7.60 8.48 334.0 4 X 1* X 2*
SCoutletW 3 21 2001 pm 9.00 7.63 9.16 330.0 23 1 X 2*
SCoutletW 3 22 2001 am 9.00 7.60 8.47 340.0 14 X 1* X 2*
Seasonal% reduction 5.5 -2.9 9.5 -1.3 87.3 53.6 42.9

SCinlet 5 15 2001 pm 11.00 7.37 9.13 341.0 100 100 8
SCinlet 5 16 2001 am 11.00 7.53 9.61 261.0 1800 2300 30
SCinlet 5 16 2001 pm 11.50 7.52 9.62 307.0 2300 650 240
SCinlet 5 17 2001 am 10.80 7.41 9.60 344.0 1000 190 50
SCoutletE 5 15 2001 pm 11.50 7.83 7.92 231.0 2100 2000 b 1600*
SCoutletE 5 16 2001 am 11.00 7.79 8.80 220.0 900 400 30
SCoutletE 5 16 2001 pm 11.20 7.74 8.64 257.0 500 68 17
SCoutletE 5 17 2001 am 12.50 7.64 6.91 322.0 30 52 2
SCoutletW 5 15 2001 pm 11.90 7.77 8.40 229.0 2400 1400 900
SCoutletW 5 16 2001 am 10.80 7.77 9.00 227.0 500 400 30
SCoutletW 5 16 2001 pm 11.90 7.77 8.46 260.0 200 96 30
SCoutletW 5 17 2001 am 12.50 7.61 7.39 321.0 33 17 2
Seasonal% reduction -5.3 -3.8 13.7 17.5 35.9 31.6 -298.0

SCinlet 8 6 2001 pm 14.80 7.14 8.12 424.0 550 X 5* 8
SCinlet 8 7 2001 am 14.50 7.09 8.11 425.0 1000 6 2
SCinlet 8 7 2001 pm 14.60 7.18 7.76 431.0 2000 8 8
SCinlet 8 8 2001 am 14.50 7.26 7.88 434.0 2000 8 4
SCoutletE 8 6 2001 pm 17.50 7.45 5.58 406.0 330 27 X 2*
SCoutletE 8 7 2001 am 18.00 7.41 5.57 413.0 260 20 X 2*
SCoutletE 8 7 2001 pm 17.60 7.59 5.83 422.0 310 11 4
SCoutletE 8 8 2001 am 18.00 7.58 5.47 423.0 300 14 2
SCoutletW 8 6 2001 pm 17.50 7.33 3.85 407.0 330 8 X 2*
SCoutletW 8 7 2001 am 18.00 7.31 5.51 412.0 310 5 X 2*
SCoutletW 8 7 2001 pm 17.60 7.45 5.29 421.0 260 11 4
SCoutletW 8 8 2001 am 18.00 7.47 5.39 421.0 200 7 X 2*
Seasonal% reduction -21.7 -3.9 33.3 3.0 79.3 -90.7 54.5
Annual% reduction -9.1 -3.5 18.0 5.9 60.2 30.7 -263.6
*Valuereplacedwith detectionlimit to calculatepercentreduction.

Table30: SouthCampusrock/plantfilter grabsamplesandaveragepercentreduc-
tionsbetweeninlet andoutlet samples.Negative valuesrepresentan increasein
concentrationat theoutlet.
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Reported True Acceptance
ValueV ValueV Limits

Specificconductivity ( � S/cmat25
�
C) 823.0 814 738–890

1090.0 1099 1033–1164

Totalalkalinity (mg/L asCaCO� ) 50.4 49.8 44.1–56.0
124.0 122 111–131

Ammonianitrogen,autoanalysis(mg-N/L) 12.2 12.0 9.31–14.6
14.5 15.0 11.7–18.2

Ammonianitrogen,manual(mg-N/L) 10.7 12.0 9.31–14.6
14.7 15.0 11.7–18.2

Nitratenitrogen,autoanalysis(mg-N/L) 9.69 10.1 7.98–12.0
5.91 5.87 4.62–7.00

Orthophosphate,autoanalysis(mg-P/L) 10.8 10.7 9.17–12.3
0.133 0.104 0.0707–0.137

Orthophosphate,manual(mg-P/L) 10.7 10.7 9.17–12.3
0.102 0.104 0.070–0.137

Totalphosphorus,autoanalysis(mg-P/L) 5.02 5.23 3.98–6.13
2.41 2.37 1.80–2.80

Totalphosphorus,manual(mg-P/L) 4.93 5.23 3.98–6.13
2.34 2.37 1.08–2.80

pH 9.23 9.30 3.01–9.58
8.77 8.90 8.63–9.16

Non-filterableresidue(mg/L) 63.8 73.5 56.6–79.3
44.9 53.4 40.4–57.3

V PerformanceEvaluationReportsWP-063andWP-066.

Table31: Summaryof 2000/2001single-blindquality controlresults.
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9 Figures

_ Figure1 (page70) providesa generalmapof Lake Whatcomandits tributaries,
andshows thecurrentlake samplingsites.Referto AppendixA, Figures140–142
(pages212–214)for detailedmapsshowing lake samplinglocations.

_ Figures2–11(pages71–80)show single-dayHydrolabprofilesfrom Lake What-
comfor theFebruaryandSeptembersamplingdates.

_ Figures12–31(pages81–100)show multi-yearplots of Hydrolabdatafor Lake
Whatcom. The lines connectdatafrom a singlesamplingdepththroughtime to
help identify seasonalpatternsof convergenceanddivergence;however, they do
not representcontinuoussampling.Theminimumandmaximumvaluesrepresent
only datesactually samples,not the annualextremes. Missing valueswere not
interpolated.

_ Figures32–35(pages101–104)show correlationsbetweenyearanddissolvedoxy-
genduringthesummerat Site1, 12–18m, 1988–2000.

_ Figures36–100(pages105–169)show multi-yearplots of waterquality, chloro-
phyll, plankton,andSecchidepthdatafor LakeWhatcom.

_ Figures101–115(pages170–184)show multi-yearplotsof coliformsandEntero-
coccus datafor LakeWhatcom.

_ Figures116 and117 (pages185 and186) show iron concentrationsin untreated
drinking water (gatehouse)and averagetrihalomethanesconcentrationsin the
Bellinghamwaterdistribution system.

_ Figures118–123(pages187–192)show thehydrographdataandratingcurvesfrom
Austin,Anderson,andSmithCreeks;thewaterbalancefigures;andasummaryof
theMiddle Fork diversionfrom 1993–2001.

_ Figures124 and 125 (pages193 and 194) illustrate the currentbathymetryand
sedimentdepthsin Mirror Lake.

_ Figures 126–130(pages195–199)show sampling locations and current pho-
tographsof theParkPlaceandBrentwoodwetponds.

_ Figures131–139(pages200–208)show the field and laboratoryquality control
resultsandHydrolabquality controlcomparisons.



2000/2001LakeWhatcomFinal Report Page70

e

ee
e

e

fg fg

fg
fg

fg
fg

fg

hjilk monLpFq rsr"t

u v9w m=k xp.q rsr"t

y{z v r|p~}{x����{x� k z �G� �s� �p.q rsr"t u x � rjq w �{xLp.q rsr"t

���j� ��(� �?����"� �(� � � � � �E�s�?�����s���� � �����
�

� �

�

���¡  ¢~£9¤

¥G¦ § § ¨

© ª « ¬  ®

¯ ° ± ± ²

³1´ µ ¶

·o¸ ¹ ¹º

»¼½½¾

¿ÁÀ Â�Ã À Ä

ÅÆÇÈÈÉ ÇÈÊÆËËÌ
ÍÎÏ

Ð?ÑÁÒ�ÓoÔ Õ9Ö ÑØ× Ô Ó Ó Ù

ÚGÛ?Ü Ý Þ

ß àoá ß â â ß ß ã
ä.å æ ç�èFé�ê ç çGë

ì
í

î ïñð$òï�óõô

Figure1: LakeWhatcom2000/2001samplingsites.
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Figure2: LakeWhatcomHydrolabprofile for Site1, February13,2001.
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Figure3: LakeWhatcomHydrolabprofile for Site2, February13,2001.
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Figure4: LakeWhatcomHydrolabprofile for theIntake,February13,2001.
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Figure5: LakeWhatcomHydrolabprofile for Site3, February13,2001.
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Figure6: LakeWhatcomHydrolabprofile for Site4, February13,2001.
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Figure7: LakeWhatcomHydrolabprofile for Site1, September6, 2001.
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Figure8: LakeWhatcomHydrolabprofile for Site2, September6, 2001.
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Figure9: LakeWhatcomHydrolabprofile for theIntake,September6, 2001.
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Figure10: LakeWhatcomHydrolabprofile for Site3, September4, 2001.
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Figure11: LakeWhatcomHydrolabprofile for Site4, September4, 2001.
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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.
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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.
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Figure26: LakeWhatcompH datafor Site4.
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Figure27: LakeWhatcomconductivity datafor Site1.
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Figure28: LakeWhatcomconductivity datafor Site2.



2000/2001LakeWhatcomFinal Report Page98

406080100120

La
ke

 W
ha

tc
om

 c
on

du
ct

iv
ity

 d
at

a 
fo

r 
In

ta
ke

, N
ov

em
be

r 
19

91
 th

ro
ug

h 
N

ov
em

be
r 

20
01

.

D
at

e

Conductivity (uS)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

Figure29: LakeWhatcomconductivity datafor theIntake.



2000/2001LakeWhatcomFinal Report Page99

406080100120

La
ke

 W
ha

tc
om

 c
on

du
ct

iv
ity

 d
at

a 
fo

r 
S

ite
 3

, N
ov

em
be

r 
19

91
 th

ro
ug

h 
N

ov
em

be
r 

20
01

.

D
at

e

Conductivity (uS)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

Figure30: LakeWhatcomconductivity datafor Site3.
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Figure31: LakeWhatcomconductivity datafor Site4.
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Figure32: Pearson’s r correlationof dissolved oxygenconcentrationsby year,
Site1 (12 m). July-Septemberresultsarestatisticallysignificant.
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Figure33: Pearson’s r correlationof dissolved oxygenconcentrationsby year,
Site1 (14 m). July-Septemberresultsarestatisticallysignificant.
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Figure34: Pearson’s r correlationof dissolved oxygenconcentrationsby year,
Site1 (16 m). July-Septemberresultsarestatisticallysignificant.
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Figure35: Pearson’s r correlationof dissolved oxygenconcentrationsby year,
Site1 (18 m). July-Septemberresultsarestatisticallysignificant.
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Figure36: LakeWhatcomalkalinity datafor Site1.
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Figure37: LakeWhatcomalkalinity datafor Site2.
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Figure38: LakeWhatcomalkalinity datafor theIntake.
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Figure39: LakeWhatcomalkalinity datafor Site3.
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Figure40: LakeWhatcomalkalinity datafor Site4.
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Figure41: LakeWhatcomturbidity datafor Site1.
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Figure42: LakeWhatcomturbidity datafor Site2.
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Figure43: LakeWhatcomturbidity datafor theIntake.
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Figure44: LakeWhatcomturbidity datafor Site3.



2000/2001LakeWhatcomFinal Report Page114

05101520

La
ke

 W
ha

tc
om

 tu
rb

id
ity

 d
at

a 
fo

r 
S

ite
 4

, D
ec

em
be

r 
19

91
 th

ro
ug

h 
D

ec
em

be
r 

20
01

.

D
at

e

Turbidity (NTU)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

D
et

ec
tio

n 
Li

m
it

D
ep

th
 0

D
ep

th
 5

D
ep

th
 1

0
D

ep
th

 2
0

D
ep

th
 4

0
D

ep
th

 6
0

D
ep

th
 8

0
D

ep
th

 9
0

Figure45: LakeWhatcomturbidity datafor Site4.
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Figure46: LakeWhatcomnitrogensummarydatafor Site1.
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Figure47: LakeWhatcomnitrogensummarydatafor Site2.
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Figure48: LakeWhatcomnitrogensummarydatafor theIntake.
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Figure49: LakeWhatcomnitrogensummarydatafor Site3.
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Figure50: LakeWhatcomnitrogensummarydatafor Site4.
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Figure51: LakeWhatcomammoniadatafor Site1.
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Figure52: LakeWhatcomammoniadatafor Site2.
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Figure53: LakeWhatcomammoniadatafor theIntake.
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Figure54: LakeWhatcomammoniadatafor Site3.
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Figure55: LakeWhatcomammoniadatafor Site4.
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Figure56: LakeWhatcomnitrate/nitritedatafor Site1.
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Figure57: LakeWhatcomnitrate/nitritedatafor Site2.
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Figure58: LakeWhatcomnitrate/nitritedatafor theIntake.
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Figure59: LakeWhatcomnitrate/nitritedatafor Site3.
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Figure60: LakeWhatcomnitrate/nitritedatafor Site4.
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Figure61: LakeWhatcomtotal nitrogendatafor Site1.
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Figure62: LakeWhatcomtotal nitrogendatafor Site2.
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Figure63: Lake Whatcomtotal nitrogendatafor theIntake.
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Figure64: LakeWhatcomtotal nitrogendatafor Site3.



2000/2001LakeWhatcomFinal Report Page134

050010001500

La
ke

 W
ha

tc
om

 to
ta

l n
itr

og
en

 d
at

a 
fo

r 
S

ite
 4

, D
ec

em
be

r 
19

91
 th

ro
ug

h 
D

ec
em

be
r 

20
01

.

D
at

e

Total Nitrogen (ug/L)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

D
et

ec
tio

n 
Li

m
it

D
ep

th
 0

D
ep

th
 5

D
ep

th
 1

0
D

ep
th

 2
0

D
ep

th
 4

0
D

ep
th

 6
0

D
ep

th
 8

0
D

ep
th

 9
0

Figure65: LakeWhatcomtotal nitrogendatafor Site4.
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Figure66: LakeWhatcomphosphorussummarydatafor Site1.
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Figure67: LakeWhatcomphosphorussummarydatafor Site2.
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Figure68: LakeWhatcomphosphorussummarydatafor theIntake.
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Figure69: LakeWhatcomphosphorussummarydatafor Site3.
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Figure70: LakeWhatcomphosphorussummarydatafor Site4.
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Figure71: LakeWhatcomsolublephosphatedatafor Site1.
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Figure72: LakeWhatcomsolublephosphatedatafor Site2.
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Figure73: LakeWhatcomsolublephosphatedatafor theIntake.
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Figure74: LakeWhatcomsolublephosphatedatafor Site3.
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Figure75: LakeWhatcomsolublephosphatedatafor Site4.
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Figure76: LakeWhatcomtotal phosphorusdatafor Site1.
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Figure77: LakeWhatcomtotal phosphorusdatafor Site2.



2000/2001LakeWhatcomFinal Report Page147

020406080100

La
ke

 W
ha

tc
om

 to
ta

l p
ho

sp
ho

ru
s 

da
ta

 fo
r 

In
ta

ke
, D

ec
em

be
r 

19
91

 th
ro

ug
h 

D
ec

em
be

r 
20

01
.

D
at

e

Total Phosphorus (ug/L)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

D
et

ec
tio

n 
Li

m
it

D
ep

th
 0

D
ep

th
 5

D
ep

th
 1

0

Figure78: LakeWhatcomtotal phosphorusdatafor theIntake.
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Figure79: LakeWhatcomtotal phosphorusdatafor Site3.
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Figure80: LakeWhatcomtotal phosphorusdatafor Site4.
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Figure81: Lake Whatcomchlorophylldatafor Site1.
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Figure82: Lake Whatcomchlorophylldatafor Site2.
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Figure83: LakeWhatcomchlorophylldatafor theIntake.
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Figure84: Lake Whatcomchlorophylldatafor Site3.
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Figure85: Lake Whatcomchlorophylldatafor Site4.
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Figure86: LakeWhatcomplanktondatafor Site1.
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Figure87: LakeWhatcomplanktondatafor Site2.
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Figure88: LakeWhatcomplanktondatafor theIntake.



2000/2001LakeWhatcomFinal Report Page158

0e+001e+052e+053e+054e+055e+05

La
ke

 W
ha

tc
om

 p
la

nk
to

n 
da

ta
 fo

r 
S

ite
 3

, D
ec

em
be

r 
19

91
 th

ro
ug

h 
D

ec
em

be
r 

20
01

.

D
at

e

Plankton (cells/m3)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

Z
oo

pl
an

kt
on

C
hr

ys
op

hy
ta

C
ya

no
ph

yt
a

C
hl

or
op

hy
ta

P
yr

ro
ph

yt
a

Figure89: LakeWhatcomplanktondatafor Site3.
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Figure90: LakeWhatcomplanktondatafor Site4.
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Figure91: LakeWhatcomplanktondatafor Site1, low rangeplot.
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Figure92: LakeWhatcomplanktondatafor Site2, low rangeplot.
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Figure93: LakeWhatcomplanktondatafor theIntake, low rangeplot.
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Figure94: LakeWhatcomplanktondatafor Site3, low rangeplot.



2000/2001LakeWhatcomFinal Report Page164

0100002000030000400005000060000

La
ke

 W
ha

tc
om

 p
la

nk
to

n 
da

ta
 fo

r 
S

ite
 4

, D
ec

em
be

r 
19

91
 th

ro
ug

h 
D

ec
em

be
r 

20
01

.

D
at

e

Plankton (cells/m3)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

Z
oo

pl
an

kt
on

C
ya

no
ph

yt
a

C
hl

or
op

hy
ta

P
yr

ro
ph

yt
a

Figure95: LakeWhatcomplanktondatafor Site4, low rangeplot.
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Figure96: LakeWhatcomSecchidepthsfor Site1.
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Figure97: LakeWhatcomSecchidepthsfor Site2.
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Figure98: LakeWhatcomSecchidepthsfor theIntake.
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Figure99: LakeWhatcomSecchidepthsfor Site3.
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Figure100: LakeWhatcomSecchidepthsfor Site4.
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Figure101: LakeWhatcomtotal coliform datafor Site1.



2000/2001LakeWhatcomFinal Report Page171

020406080100

La
ke

 W
ha

tc
om

 to
ta

l c
ol

ifo
rm

 d
at

a 
fo

r 
S

ite
 2

, D
ec

em
be

r 
19

91
 th

ro
ug

h 
D

ec
em

be
r 

20
01

.

D
at

e

Total Coliforms (cfu/100 mL)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

Figure102: LakeWhatcomtotal coliform datafor Site2.
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Figure103: LakeWhatcomtotal coliform datafor theIntake.
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Figure104: LakeWhatcomtotal coliform datafor Site3.
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Figure105: LakeWhatcomtotal coliform datafor Site4.
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Figure106: LakeWhatcomfecalcoliform datafor Site1.
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Figure107: LakeWhatcomfecalcoliform datafor Site2.
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Figure108: LakeWhatcomfecalcoliform datafor theIntake.
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Figure109: LakeWhatcomfecalcoliform datafor Site3.
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Figure110: LakeWhatcomfecalcoliform datafor Site4.
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Figure111: LakeWhatcomEnterococcus datafor Site1.



2000/2001LakeWhatcomFinal Report Page181

020406080100

La
ke

 W
ha

tc
om

 E
nt

er
oc

oc
cu

s 
da

ta
 fo

r 
S

ite
 2

, D
ec

em
be

r 
19

91
 th

ro
ug

h 
D

ec
em

be
r 

20
01

.

D
at

e

Enterococcus (cfu/100 mL)

1J
an

92
1J

an
94

1J
an

96
1J

an
98

1J
an

20
00

1J
an

20
02

Figure112: LakeWhatcomEnterococcus datafor Site2.
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Figure113: LakeWhatcomEnterococcus datafor theIntake.
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Figure114: LakeWhatcomEnterococcus datafor Site3.
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Figure115: LakeWhatcomEnterococcus for Site4.
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Figure116: Iron concentrationin untreateddrinkingwater(measuredat theLake
Whatcomgatehouse).
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butionsystem,1992–2001.
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Figure118:AndersonCreek,AustinCreek,andSmithCreekhydrographs,Octo-
ber1, 2000–September30,2001.
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Figure119: AndersonCreek,Austin Creek,andSmithCreekratingcurves,Oc-
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curvewasrecalculatedfollowing theremoval of downstreamdebristhatmayhave
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Figure120: LakeWhatcomwatersheddirecthydrologicinputs,October1, 2000–
September30,2001.
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Figure121: LakeWhatcomwatershedhydrologicwithdrawals,October1, 2000–
September30,2001.
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Figure122: Changein Lake Whatcomstorage,October1, 2000–September30,
2001.
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Figure123: Middle Fork diversionflow into LakeWhatcom,1993–2001.
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Figure124: Mirror Lakebathymetry, summer2000(from Tracey, 2001).
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This file is too largeto include in the webversionof this document.The image
is included in the bound copyof the 2000/2001Lake Whatcom Final Report,
which is available fr om the City of Bellingham Public Works Department.

Figure128: ParkPlacewet pond,September10,2001.
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This file is too largeto include in the webversionof this document.The image
is included in the bound copyof the 2000/2001Lake Whatcom Final Report,
which is available fr om the City of Bellingham Public Works Department.

Figure129: Brentwoodwet pond,July25,2001.
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This file is too largeto include in the webversionof this document.The image
is included in the bound copyof the 2000/2001Lake Whatcom Final Report,
which is available fr om the City of Bellingham Public Works Department.

Figure 130: SouthCampusstorm water treatmentfacility, November8, 2000
(constructionphase).
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Figure133: Alkalinity andconductivity field duplicates.
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Figure135: Ammoniaandnitrate/nitritefield duplicates.
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Figure136: Totalnitrogenandtotal phosphorusfield duplicates.
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Figure138: Comparisonbetweeninitial andendingsurfaceHydrolabreadings.
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A SiteDescriptions

A.1 LakeWhatcom Monitoring Sites

Pleasereferto Figures140–142for assistancewith locatingeachsite. In thefield,
eachsite shouldbe marked with an orangebuoy; however, stormy weatheror
vandalismmayhave resultedin themovementor lossof amarker buoy. Thefour
major lake samplingsiteshave beenusedsincetheearly1960’s. Table32 shows
asummaryof theidentificationcodesthathavebeenusedfor thesefivesitesover
time.

During the August 5, 1993 lake sampling,geographicallocationsfor eachsite
were determinedusing a GPSlocater. Thesecoordinatesare listed below, but
shouldbe usedwith the cautionbecausesite locationsin Lake Whatcomhave
alwaysbeenapproximate.

Threesiteswereaddedin the fall of 1996alongthe 40 meterdepthcontourin
basin3 nearStrawberrysill. Thesesitesareidentifiedas“s1–s3” in Figure142.
Therearenopermanentbuoysatthesesites;depthis determinedateachsiteusing
anelectronicdepthfinder.

Site 1 is locatedin basin1 alonga straightline from the BloedelDonovanboat
launchto a square,white housewith a dark grey roof that is locatedabouthalf
way up the hillside (171 E. North ShoreRd.) The samplingsite is at a point
perpendicularto the secondgroup of condominiumsin a clusterof four. The
depthat Site1 shouldbeat least20m. TheGPScoordinatesfor Site1 onAugust
5, 1993were:48¼ 45.74N, 122¼ 24.63W.

Site 2 is locatedin basin2 just westof the intersectionof a line betweena boat
housewith a rust-coloredroof (73StrawberryPoint)andthepointof Genevasill,
anda line betweenthreeaspentreeson Lake WhatcomBlvd. anda redhouseon
thewestsideof Strawberrysill (2170DelestraRd.). ThedepthatSite2 shouldbe
at least20 m. TheGPScoordinatesfor Site2 on August5, 1993were:48¼ 44.55
N, 122¼ 22.81W.

TheIntak eSite is locatedoffshorefrom theCity of Bellingham’sraw watergate-
house.Thissiteis oneof themoredifficult sitesto locatebecausethemarkerbuoy
is frequentlymissing. Thedepthat the Intake siteshouldbeat least13 m deep.
The GPScoordinatesfor the Intake site on August5, 1993were: 48¼ 44.89N,
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122¼ 23.47W.

Site3 is locatedmid-basinjustnorthof a line betweentheold railroadbridgeand
Lakewood.ThedepthatSite3 shouldbeat least80m deep.TheGPScoordinates
for Site3 on August5, 1993were:48¼ 44.27N, 122¼ 20.25W.

Site4 is locatedat theintersectionof a line betweentwo pointsof landanda line
parallelto thenorthedgeof an inlet (seeFigureA2). Thedepthat Site4 should
beat least90 m deep.TheGPScoordinatesfor Site 4 on August5, 1993were:
48¼ 41.53N, 122¼ 18.01W.

Site s1 is locatedalongthe40 m depthcontourin thebasin3 sideof Strawberry
sill off thenorth-northwestshoreof LakeWhatcom.Thesiteis off a point with a
houseanddockasthelakeshorecurvesinto AgateBay; thepointof DelstraPark
is onabearingslightly southof west.TheGPScoordinatesare48¼ 44.83N, 122¼
21.8W, althoughtheGPSresponseis erraticat this locationdueto topography.

Site s2 is locatedapproximatelymid-channelbetweenDelestraPark andStraw-
berrysill. Thesite is midway betweena flat-roofed,brown-grey boathousewith
red trim on thenortheastpoint of DelestraPark anda white boathousewith two
squarewindows just backfrom thenorthsideof Strawberrypoint. TheGPSco-
ordinatedare48¼ 44.65N, 122¼ 22.42W.

Sites3is locatedoff thesouthwestshorejustbeforetheroadcutof LakeWhatcom
Blvd., straightoff andbetweentwo stair towers. The GPScoordinatesare48¼
44.50N, 122¼ 21.92W.
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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

Table32: Summaryof sitecodesfor LakeWhatcomwaterquality sampling.
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A.2 CreekMonitoring Sites

The creekwater quality monitoring sitesare describedin detail by Walker, et
al. (1992), and summarizedbelow. Sitesthat have hydrographdatainclude a
descriptionof thelocationof thehydrographgauge.

Smith Creek:
Samplesarecollectedapproximately100 yardsupstreamfrom Lake Whatcom.
TheSmithCreekhydrographis mountedonthesouthwall of asandstonebluff di-
rectlyunderneaththebridgeoverSmithCreek(NorthShoreRoad)approximately
1 km upstreamfrom themouththethecreek.

Silver BeachCreek:
All routinemonitoringsamplesarecollectedimmediatelyupstreamfrom thecul-
vertunderNorthShoreRoad.

Park Placestorm drain:
SamplesarecollectedinsidethestormdrainunderPark Place(roadoff of North
ShoreDrive.) Whenthelake level is low enough,samplescanbecollectedat the
mouthof theoutletpipeflowing into thelake.

Austin Creek:
The site is locatedat the SuddenValley golf courseapproximately1800 ft up-
streamfrom wherethecreekflows into LakeWhatcom.TheAustinCreekhydro-
graphis mountedon thenorthwestsupportpillar directly underneaththebridge
over Austin Creek(Lake WhatcomBlvd.), approximately1 km from the mouth
of thecreek.

WildwoodCreek:
Thesite is locatedapproximately30 feetsouthof theentranceto theWildwood
Resortat theculvertwhereSouthLakeWhatcomBoulevardcrossesthecreek.

AndersonCreek:
The site is locatedat the bridgewhereSouthBay Drive crossesthe creek. Wa-
ter samplesanddischargemeasurementsarecollectedupstreamfrom thebridge.
The AndersonCreekhydrographis mountedin the existing stilling well on the
eastsideof AndersonCreek,directly adjacentto thebridgeoverAndersonCreek
(SouthBay Drive),approximately0.5km from themouthof thecreek.

Blue Canyon Creek:
This smallcreekis not shown on theUSGStopographicmapfor thearea.How-
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ever, it is locatedjustnorthof thetwo majorBlueCanyonstreamspicturedonthe
USGSLake Whatcom7.5min. quadrangle(Sect.22,T 37N,R 4E).Samplesare
collectedupstreamfrom theculvert crossingtheBlueCanyon road.
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B LakeWhatcom Data

The 2000/2001Lake Whatcomwater quality data, including datafrom special
samplingprojects,are includedon the following pages. The historic detection
limits andabbreviationsfor eachparameterare listed in Table33. The historic
detectionlimits for eachparameterwereestimatedbasedon recommendedlower
detectionranges(APHA, 1998;Ebina,et al., 1983;Hydrolab,1997;Lind, 1985)
instrumentlimitations,andanalystjudgementonthelowestrepeatableconcentra-
tion for eachtest. Over time, someanalyticaltechniqueshave improvedso that
currentdetectionlimits are lower thandefinedbelow (see,for example,current
detectionlimits in Table2, page39). Becausethe Lake Whatcomdataset in-
cludeslong-termmonitoringdata,which have beencollectedusinga variety of
analyticaltechniques,this reportsetsveryconservativehistoricdetectionlimits in
orderto allow comparisonsbetweenall years.

In theLake Whatcomreport,unlessindicated,no datasubstitutionsareused.In-
stead,we flag all datathat fall below thehistoric detectionlimits listed in Table
33.
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Historic Det.Limits (dl) Historic Det.Limits (dl)
Abbrev. Analysis or Sensitivity ( ½ ) Abbrev. Analysis or Sensitivity ( ½ )
alk Alkalinity ½ 0.5mg/L As arsenic,total dl = 0.03/0.01mg/L
toc Carbon,totalorganic dl = 1.0mg/L Cd cadmium,total dl = 0.002/0.0005mg/L
chl Chlorophylla ½ 0.1mg/m¾ Cr chromium,total dl = 0.006/0.001mg/L
fc Coliforms,fecal dl ¿ 2 col/100mL Cu copper, total dl = 0.002/0.001mg/L
tc Coliforms,total dl ¿ 2 col/100mL Fe iron, total dl = 0.01/0.005mg/L
cond Conductivity, Hydrolab ½ 2 À S/cm Pb lead,total dl = 0.001mg/L
cond Conductivity, lab ½ 2 À S/cm Hg mercury, total dl = 0.01mg/L
ec Enterococcus dl ¿ 2 col/100mL Hg mercury, total
nh3 Nitrogen,ammonia dl = 10 À g-N/L low-level: Env. Canada dl = 0.00005mg/L
no3 Nitrogen,nitrate/nitrite dl = 20 À g-N/L low-level: AmTest dl = 0.0002mg/L
tn Nitrogen,total nitrogen dl = 100 À g-N/L Ni nickel, total dl = 0.01/0.005mg/L
do Oxygen,Hydrolab ½ 0.1mg/L Zn zinc, total dl = 0.002/0.001mg/L
do Oxygen,Winkler ½ 0.1mg/L
pH pH, Hydrolab ½ 0.1pH unit
pH pH, lab ½ 0.1pH unit
srp Phosphate,solublereactive dl = 5 À g-P/L
tp Phosphorus,total dl = 5 À g-P/L
secchi Secchidepth ½ 0.1m
temp Temperature ½ 0.1Á C
tss Total suspendedsolids dl = 2 mg/L
turb Turbidity ½ 0.2NTU
Historicdetectionlimits listedin this tableareconservative estimatesdesignedto permitcomparisonswith historicdata.
TheAmTestdetectionlimits for metalsdecreasedin 1999;thefirst valueshows in this tableis theolder, higherlimit.
Table2 lists thecurrentIWS detectionlimits for selectedanalyses;AppendixC lists thecurrentAmTestdetectionlimits.

Table33: Summaryof analysesin theLakeWhatcommonitoringproject.
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B.1 LakeWhatcom Hydr olab Data
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B.2 LakeWhatcom Water Quality Data
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B.3 LakeWhatcom Plankton and Plankton BiovolumeData
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B.4 LakeWhatcom Coliform Data (Lakeand Creeks)
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B.5 Strawberry Sill Hydr olab and Water Quality Data
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B.6 LakeWhatcom Electronic Data

TheannualLake Whatcomreportsincludea CD containinglong-termdatafiles.
The CD includesHydrolab and water quality data from 1988 through 2001,
the Austin Creek,AndersonCreek,andSmith Creekhydrographdata,and the
AmTest metalsdata. The datafiles included on the CD are describedin the
readme.txtfile on theCD.
Â Theelectronicdatafiles have NOT beencensoredto identify below detection
and above detectionvalues. Refer to Tables2 and 33 (pages39 and 218) for
applicabledetectionlimits andabbreviations. It is essentialthat any statistical
or analyticalresultsthat aregeneratedusinguncensoreddatabe reviewed by a
trainedstatisticianor scientistfamiliarwith statisticaluncertaintyassociatedwith
below detectiondata.

Readme.txt:

*********************************
README FILE - LAKE WHATCOM DATA
*********************************
The CD included with the 2000/2001 Lake Whatcom Monitoring Report
included the following data files:

Hydrolab data Water quality data Hydrograph data
1988_hl.dat 1988_wq.dat WY1998.dat
1989_hl.dat 1989_wq.dat WY1999.dat
1990_hl.dat 1990_wq.dat WY2000.dat
1991_hl.dat 1991_wq.dat WY2001.dat (current)
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
2001_hl.dat 2001_wq.dat

AmTest data
amtest_011701.txt amtest_071801.txt
amtest_011801.txt amtest_080101.txt
amtest_022001.txt amtest_080601.txt
amtest_022201.txt amtest_080701.txt
amtest_032201.txt amtest_080801.txt
amtest_041901.txt amtest_091801.txt
amtest_051701.txt amtest_100901.txt
amtest_071701.txt amtest_101501.txt
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The hydrolab data files contain the following variables: site, depth
(m), month, day, year, temperature (C), pH, conductivity (uS/cm),
dissolved oxygen (mg/L), lab conductivity quality control data
(uS/cm), and 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 Hydrograph data file contains the following variables: month, day,
year, hour, min, sec, ander.g (ft), ander.cfs, austin.g (ft),
austin.cfs, smith.g (ft), and smith.cfs

The AmTest data contain sample results for up to 34 analytes,
including total organic carbon, silver, aluminum, arsenic, boron,
barium, beryllium, calcium, cadmium, cobalt, chromium, copper, iron,
mercury, potassium, lithium, magnesium, manganese, molybdenum, sodium,
nickel, phosphorus, lead, sulfur, antimony, selenium, silicon, tin,
strontium, titanium, thallium, vanadium, yttrium, and zinc. The
AmTest data are unformatted machine output, and should be compared to
the hard copies in the report in order to interpret the results.

The site codes in the data are as follows:
11 = Lake Whatcom Site 1
21 = Lake Whatcom Intake site
22 = Lake Whatcom Site 2
31 = Lake Whatcom Site 3
32 = Lake Whatcom Site 4

33 = Strawberry Sill site S1 (discontinued)
34 = Strawberry Sill site S2
35 = Strawberry Sill site S3 (discontinued)

BW1 = Brentwood wet pond inlet
BW2 = Brentwood wet pond outlet
PP1 = Park Place wet pond inlet
PP2 = Park Place wet pond outlet
SC1 = South Campus storm water facility inlet
SC2 = South Campus storm water facility east outlet
SC3 = South Campus storm water facility west outlet

CW1 = Smith Creek
CW2 = Silver Beach Creek
CW3 = Park Place drain
CW4 = Blue Canyon Creek
CW5 = Anderson Creek
CW6 = Wildwood Creek
CW7 = Austin Creek

*************************************************************
VERIFICATION PROCESS FOR THE 1988-2001 LAKE WHATCOM DATA FILES
*************************************************************



2000/2001LakeWhatcomFinal Report Page270

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
bench sheets 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 bench sheets.
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
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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.

*********************************
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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C AmTestReports

Thefollowing AmTestdatareportsareincludedin this appendix(filed by date).
Electroniccopiesof thedata,in commadeliminatedformat,areincludedon the
CD thataccompaniesthis report.

Samplelocation Date Analyses
LakeWhatcom,surfaceandbottom Feb13,2001 total organiccarbon

July17,2001 metals;low-level mercuryonly
August6, 2001 metals,total organiccarbon
August7, 2001 metals;low-level mercuryonly
September18,2001 metals;low-level mercuryonly

Strawberrysill, surfaceand35m October5, 2000 metals,total organiccarbon
January17,2001 metals,total organiccarbon

ParkPlace/Brentwoodwet ponds January17,2001 metals,total organiccarbon
April 19,2001 metals,total organiccarbon
August2, 2001 metals,total organiccarbon

SouthCampusstormdrain March22,2001 metals,total organiccarbon
May 17,2001 metals,total organiccarbon
August8, 2001 metals,total organiccarbon

Watershedcreeks February22,200q metals,total organiccarbon
July18,2001 total organiccarbon
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