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Executive Summary

This reportdescribeghe resultsfrom the 2000/2001Lake Whatcommonitoring
program. The objectives of this programwereto continuelong-termbaseline
water quality monitoringin Lake Whatcomand selectedributary streamsgcol-

lect supplementalvaterquality datafrom basin3 nearStravberrysill, updatethe

hydrologicwaterbalancenodelfor Lake Whatcom begin evaluatingwatermove-

mentpatternsn basinsl, 2, and3, andmonitortheeffectivenesof the Park Place
andBrentwoodwet pondsandthe SouthCampusstormwatertreatmentacility.

The lake wassampledon October3, 5 & 10, November7 & 9, Decembe6 & 7

2000,andFebruaryl3& 14,April 10& 12,May8& 10,June5 & 6,July10& 11,

Aug 1l & 2,andSeptembed & 6,2001.Duringthesummetthelake stratifiedinto

awarmsurfacelayer (the epilimnion)anda cool bottomlayer (the hypolimnion).
As aresultof a cool, windy spring,basinl wasonly weakly stratifiedby early
June.NeverthelessSites1 and?2 (basinsl and?2) developedsererehypolimnetic
oxygendeficits by mid-summer As in previous years,therewere statistically
significantnegative correlationdbetweersummerhypolimneticdissohedoxygen
levelsandtime. No significantcorrelationsverefoundfor hypolimnetictempera-
turevs.time or for lake level vs. hypolimneticoxygen.Although Site 1 continued
to developsevere,late summeyhypolimneticanoxia,for the pastthreeyears the

concentration®f two waterquality indicatorsof lake anoxia,ammoniaand hy-

drogensulfide,have beenbeenhigherat Site2. TheremainingHydrolabdata,pH

andconductvity, followedtrendsthatweretypical for Lake Whatcom.

Becausd.ake Whatcomis a soft waterlake, the alkalinity valueswerefairly low
at mostsitesanddepths.During the summerthe alkalinity andconductvity val-
uesat the bottomof Sites1-2increasedlueto decompositiorandthe releaseof
dissoled compoundsn the lower waters. The turbidity valuesweremostly less
than1-2 NTU exceptduring late summersamplesat the lower depthsat Sites1
and2. The nutrientdatafrom Site 1 continueto show thatbasinl is more pro-
ductive thanbasin3; however, Site 2 is beginningto look increasinglysimilar to
Site 1. Site 1 continuedto have the highestchlorophyll concentrationsf all the
sites.The planktoncountsat all sitesweredominatedoy Chrysophyta. Plankton
biovolumestudiesndicatedthatthe numericalplanktoncountsunderestimatéhe
densityof othertaxa, particularly summerandfall bloomsof Chlorophytaand
Cyanophyta.

1The Chrysophytgphylumnamehasbeenchangedo Heterolontophytan mary taxonomies.

Xiii



Most of the Septembemetalsconcentrationsvereat, or below, detectionlimits,
andthosethatweredetectedverewithin normalconcentratiomangedor surface
water Solubleiron was presentin raw water at the Lake Whatcomgatehouse
during late summerandfall. Low-level mercuryanalysesndicatedthatthe wa-
ter columnconcentration®f mercurywereusually<0.0002mg/L. Total organic
carbonconcentrationsn the lake rangedfrom <1 mg/L to 2.7 mg/L, andwere
similar to the TOC concentrationsneasuredy the City of Bellinghamin raw
wateratthe gatehouse.

Strawberrysill wassampledon Octoberl0, November7, andDecembef7, 2000,
andJanuaryl8, April 12, May 8, June6, July 10, Augustl, and Septembe8,
2001.Thewaterquality alongthesill wasvery similar to Site 3.

The creekswere sampledon February22 and July 18, 2001. Most of the
2000/2001creekdatafell within expectedranges. Comparedo the streamsn
forestedareas,the residentialstreamstypically had poorerwater quality, with
higher conductvities; higherammonia,phosphorusand total suspendedolids
concentrationsand much highertotal and fecal coliform counts. Thesediffer-
encesaretypical for streamseceving urbanrunoff. The Park Placedrain and
SilverBeachCreekexceededPart A andB of thecurrentClassAA fecalcoliform
standard$. Anderson Austin, Blue Caryon, andSmith CreekspassedPart A but
exceededPart B of the currentfecal coliform standardecausenorethan10% of
the fecal coliform countswere greaterthan 100 cfu/100mL. It is likely that all
watershedreeksexceptthe Park Placedrain, Silver BeachCreek,and possibly
Austin Creek,would passthe proposecE. coli standardor recreationalvaters?

Recording hydrographshave beeninstalled in Anderson, Austin, and Smith
Creeks,andthe dataare includedin electronicformat with this report. A wa-
ter balancewasappliedto Lake Whatcomto identify its major waterinputsand
outputsandto examinerunoff and storagein the watershed.The major inputs
into the lake include surfaceand subsuracerunoff (73.6%),direct precipitation
(19.3%),anddiversionfrom the Middle Fork of the NooksackRiver (7.1%). The

2“Freshwater- Part A: fecal coliform organismlevelsshallnot exceeda geometrioneanvalue
of 50 colonies/100mL; Part B: nomorethan10 percentof all samplebtainedor calculatingthe
geometrianeanvalueshallhave valuesexceedingl00 colonies/10mL” (WAC 173—-201A-030).

3“In freshwaters E. coli organismdevelsmustnot exceeda geometrioneanvalueof 100/100
mL, with not morethan 10 percentof all samplegor ary singlesamplewhenlessthanten sam-
ple pointsexist) obtainedfor calculatingthe geometricneanvalueexceeding200/100mL" (See
http://www.eqy.wa.gos/programs/wag/swqs/ingx.htm).
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largestoutputwasWhatcomCreek(44.5%) followedby Geogia Pacific (20.5%),
City of Bellingham(17.3%),evaporation(12.6%),the fish hatcheryat Whatcom
Falls Park (4.5%)andWaterDistrict #10(0.6%). Therewasa 51.8%reductionin

total outputsof thelake whencomparedo the 1999/2000values.Themostsignif-

icantof theseincludea 61.5%reductionin WhatcomCreekoutflow anda 60.7%
reductionin Geogia Pacific outflow. Lake Whatcomwater movementstudies
continuedthis year and includedstudiesof the dispersionof AndersonCreek
into the lake and additionaldrifter studies. Temperaturestudiesat the mouth of

AndersorCreekindicatedthatthe creekwaterenterghelake alonganarrav thal-

weg (submegedchannelin the delta) beforedispersingin a fan shape. Drifter

studiesshaved a clockwiserotationin basin3 nearthe confluenceof Anderson
Creek. The movementof nearsurface lake water probably affected the inser

tion dynamicsof AndersonCreekwaterflowing into Lake Whatcom.Additional

drifter experimentsin basinl (just westof the Geneva Sill) shaved clockwise
watermovementthatfollowedthewind direction.

Duringthesummerof 2000,Karel Tragy, aWWU geologygraduatestudentmea-
suredthe bathymetryandsedimentatiomatein Mirror Lake. Tracy estimatedhe

volume of the lake to be 321,900cubic meters,with a surfaceareaof 57,510
squaremeters. The maximumdepthof the lake wasabout10.05+0.15 meters.
Thepost-diversionsedimentsvere2.5meterghick nearthedelta,and1.3m thick

in themiddle of thelake. Tragy estimatedhatabout60,000+6000cubic meters,
or about1600 +160 cubic metersper year of sedimentatioroccurredbetween
1962and2000.

Park Placeand Brentwood wet pondswere sampledon Januaryl5-17(wet sea-
son- nominalflow), April 17—-19(wetseason stormflow), andJuly 24—26,2001

(dry season nominalflow). A new site, the S. Campusstormwater treatment
facility, was sampledon March 20-22,May 15-17,and August6-8, 2001. As

in previousyears,the Park Placewet pondcontinuedto performpoorly for most
typesof contaminantswith no consistenteductionin total suspendedolids,nu-

trients,total organiccarbon,or metalsconcentrationbetweertheinlet andoutlet;

however, boththe Brentwoodwet pondandthe S. Campusstormwatertreatment
facility provided reasonablyconsistenteductionsn suspendedolids, nutrients,
andcoliforms.

XV
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1 Intr oduction

Lake Whatcomis the primary drinking water sourcefor the City of Bellingham
and parts of WhatcomCounty including SuddenValley. Lake Whatcomalso
provideshigh quality waterfor the Geogia-Pacific Corporatiormill4, which, until
this year accountedor the largestwithdrawal of waterfrom the lake. The lake
andpartsof thewatershegbrovide recreationabpportunitiesaswell asproviding
importanthabitatsfor fish andwildlife. The lake is usedasa storagereseroir
to buffer peakstormwaterflows in WhatcomCreek. Much of the watersheds
zonedfor forestryandis managedy stateor privatetimbercompaniesBecause
of its aestheti@ppealmuchof the Lake Whatcomwatersheds highly valuedfor
residentiadevelopment.

The City of Bellinghamand WesternWashingtonUniversity have collaborated
on investigationsof the water quality in Lake Whatcomsincethe early 19605.
Beginning in 1981, a monitoring programwas initiated by the City and WWU
thatwasdesignedo provide long-termdatafor Lake Whatcomfor basicparam-
eterssuchastemperaturepH, dissohedoxygen,conductvity, turbidity, nutrients
(nitrogenandphosphorus)andotherrepresentatie waterquality measurements.
The majorgoal of the long-termmonitoringeffort is to provide arecordof Lake
Whatcoms waterquality overtime. In addition,sincethe City andWWU review
thescopeof work for the monitoringprogrameachyear short-termwaterquality
guestionganbe addressedsneeded.

Themajorobjectvesof the 2000/2001Lake Whatcommonitoringprogramwere
to continuelong-termbaselinavaterquality monitoringin Lake Whatcomandse-
lectedtributarystreamsgollectsupplementalvaterquality datafrom basin3 near
Strawberrysill, updatethe hydrologicmodelfor Lake Whatcom,andmonitorthe
effectivenesf the Park Placeand Brentwood wet ponds. In additionto moni-

toring the Park PlaceandBrentwood wet ponds,samplesverecollectedfrom the
inlet and outlet to a new, rock/plantstormwater treatmentsystemthat wasin-

stalledon the southsideof WesternWashingtorJniversity Althoughthis system
is locatedoutsidethe Lake Whatcomwatershedjt shouldsene asanindicator
of the level of stormwatertreatmenthat might be accomplishedvithin the wa-

tershed.This reportalsoincludesthe preliminaryresultsfrom seasonaplankton

4The Geogia-Pacific Corporationclosedits pulp mill operationsn March 2001, reducingits
waterrequirementfrom 30—-35MGD to 7-12MGD (Bill Evans City of BellinghamPublicWorks
Dept.).
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biovolumestudiesandtheresultsfrom a graduatestudenthesisprojectto update
thebathymetryandsedimentatiomatafor Mirror Lake.

This reportis subdvidedinto thefollowing sections:

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

Section3: CreekMonitoring Section9: Figures

Section4: Lake WhatcomHydrology Appendix A: Site Descriptions
Section5: StormWaterTreatmeniMonitoring Appendix B: Data

Section6: Quality Control Appendix C: AmTestReports

Notethatall of thetablesandfiguresarelocatedattheendof thereportin Sections
8-9. Detailedsite descriptionsandraw dataareincludedin the Appendicesand
on the CD at the end of this document.Table 33 on page218 (at the beginning
of AppendixB) lists all abbreviations and units usedto describewater quality
analysesn thisdocument.
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2 LakeWhatcom Monitoring

2.1 Site Descriptions

Water quality sampleswere collectedat five long-termmonitoring sitesin Lake

Whatcom(seeFigure 1, page70 and Appendix A.1, page209). Sites1-2 are

locatedat the deepespointsin their respectre basins.The Intake site is located
adjacento the undervaterintake point wherethe City of Bellinghamwithdraws

raw waterfrom basin2. Site 3 is locatedat the deepespointin the northernsub-

basinof basin3 (north of the Sunrysidesill), andSite 4 is locatedat the deepest
point in the southernsub-basinof basin3 (southof the Sunrysidesill). Three

additionalsiteswere monitoredon a transectacrossStravberry sill (Figure142,

page214in AppendixA.1l). Thesesitesarelocatedon the 40-mdepthcontouras

describedn AppendixA.1.

Water sampleswere also collectedat the City of Bellingham Water Treatment
Plantgatehousewhich is locatedonshoreandwestof the intake site.

2.2 Field Sampling and Analytical Methods

Thelake wassampledentimesduringthe 2000/200Imonitoringprogram.Each
samplingeventis a multi-day taskbecausef the distancebetweensitesandthe
numberof samplesollected. Thesamplingdatesor 2000/2001were: October3,
5& 10,November7 & 9, Decembeb & 7 2000,andFebruaryl3 & 14, April 10
& 12,May 8 & 10,June5 & 6,July10& 11,Aug 1 & 2, andSeptembed & 6,
2001. Thewaterquality parametersneasuredor the 2000/2001lake monitoring
programarelistedin Tablel on page38 (seeSection8, beginningon page37,for
all Tables).

A Sunweyor IV Hydrolabwasusedto measureéemperaturepH, dissohedoxygen,
andconductvity. All watersamplegincludingbacteriologicakampleskollected
in the field were storedon ice andin the dark until they reachedhe laboratory
andwere analyzedasdescribedn Table2 on page39 (APHA, 1998; Ebina, et
al., 1983;Hydrolab,1997;Lind, 1985). Total metalsanalysegarseniccadmium,
chromium,copper iron, mercury nickel, lead,andzinc) andtotal organiccarbon
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analysesveredoneby AmTest® Planktonsampleswvere placedin a coolerand
returnedo thelaboratoryunpresered. In thelaboratorythesamplevolumeswere
measuredand the sampleswere presered with Lugol’s solution. The bacteria
samplesvereanalyzedoy the City of Bellinghamat their watertreatmentplant.
All otheranalysesveredoneby the personnehiredby this grant.

2.3 Resultsand Discussion
2.3.1 Hydrolab data

Lake WhatcomHydrolab datafor temperaturedissohed oxygen,conductvity,
andpH areillustratedon Figures2—31(pages/1-100).Theraw dataareincluded
in AppendixB.1 (page219)andin electronicformatonthe CD thataccompanies
this report. Figures12—31shawv atenyearhistory of resultsfor Lake Whatcom.
Matthavs,etal. (2000)reviewedthelong-termdataanddiscusse@pparentrends,
soonly new obsenationson long-termtrendsarediscussedbelon.

Single-dayHydrolabprofilesfrom FebruaryandSeptembeareillustratedon Fig-
ures2-11(pages71-80). Single-dayHydrolab profiles are sentto the City of
BellinghamPublic Works Departmen@approximatelymonthly as part of the re-
portingprocesdgor thisproject. Thesdiguresshow typicalwinterandlatesummer
verticaldepthprofilesfor temperaturegissoledoxygen,pH, andconductvity.

The mid-winter Hydrolab profiles (Figures2—6) and the multi-year temperature
profiles(Figuresl2—16)shav thatthewatercolumnmixesduringthefall, winter,
andearlyspring.As aresult,temperaturegjissolved oxygenconcentrationgpH,
andconductvities arefairly uniform from the surfaceto the bottomof the lake,
evenat Site4, whichis over 300ft. (100m) deep.

During the summerthe lake stratifiesinto a warm surfacelayer (the epilimnion)
andacool bottomlayer(the hypolimnion). Whenstratified,the Hydrolabprofiles
shaw distinctdifferencedetweersurfaceandbottomtemperaturesClimatic dif-

ferencesalter the timing of lake stratification:if the springis cool, cloudy, and
windy, the lake will stratify later thanwhenit hasbeenhot andsunry. In Lake
Whatcom stratificationusuallybeginsin April or May at all sitesexceptthe In-

take,whichis too shallown to developa stablestratification.Stratificationdevelops

5AmTest,14603N.E. 87th St., RedmondWA, 98052.
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gradually andmaynotbestableuntil June.Stratificationpersistauntil fall or win-
ter, dependingnlocationin thelake. Destratificatioroftenoccursabruptly If the
weatherconditionsarecold andwindy, andthe watertemperaturest the surface
andbottomarewithin afew degreesof eachother, the lake will destratifywithin
afew days.If, however, warm, calmweathemreturns,the destratificatiorprocess
will be prolongedfor up to a weekor more. The two shallov basins(Sites1-2)
coolquickly anddestratifyby late Octoberor earlyNovember Basin3 (Sites3—4)
coolsslowly becausef its large volume andmay not destratifyuntil December
or later.

Theaveragewatertemperatureat eachsite (Tables3—7,pagesA0—44)weresim-
ilar to lastyears lake temperature¢seeMatthews, et al., 2001). This years av-
eragetemperaturdor the entirelake was11.03 C, which s closeto the historic
averageof 11.22 C (Octoberl988—-Septembdr999,all sitesanddepths).Despite
this apparensimilarity, therewerestriking differencesn the2000/200tempera-
turedata.As aresultof acool, windy spring,basinl wasonly weaklystratifiedby
earlyJune.On Juneb, 2001, therewasa 3.6° C temperaturealifferencebetween
surfaceandbottom samplesat Site 1, which wasabouthalf the the averagedif-
ferencemeasuredh previousyears(seeTable8, page45). The surface-to-bottom
temperaturaifferenceat Site 2 wascloserto the historic averagesput wasstill
nearly2° coolerthanaverage.

Despitethelate stratificationin basinsl and2, Sites1 and2 developedseverehy-

polimneticoxygendeficitsby mid-summerl(Figures7—8and17-18,pages’6—77
and86-87). Hypolimneticoxygendepletiononly becomesapparentfter strati-
fication, at which time the lower watersof the basinareisolatedfrom the lake’s

surfaceand biological respirationconsumeghe oxygendissohed in the water

Biological productvity andrespirationare increasedvhenthereis an abundant
supplyof nutrients,aswell asby otherenvironmentalfactorssuchaswarmwater
temperaturedn basin3, which hasvery low concentrationsf essentiahutrients
suchas phosphorusbiological respirationhaslittle influenceon hypolimnetic
oxygenconcentrationge.g., Figures1ll and 21, pages80 and 90). In contrast,
Site 1, whichis locatedin nutrient-enrichedvaters,shows rapid depletionof the
hypolimneticoxygen concentrationgollowing stratification(Figures7 and 17,

pages’6and86).

Historic datashaw thatthe bottomof basinl hasexperiencedow oxygencondi-
tionsfor atleast30 years.However, thereis evidencethatthe oxygenconditions
in thehypolimnionat Site 1 have deterioratedincel988. Table9 (page46) showns
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the depthsat Site 1 whereoxygenfirst dropsbelonv 1 mg/L in early September
1988-2000Sincel994 thisdepthhasmovedsereralmeterscloserto thesurface.
Therewasno similar patternin the early Septembetemperaturelata(Table 10,

page47).

Pearsorsr correlationanalysi$ of dissolvedoxygenvs. dateconfirmedthatthere
were statisticallysignificantreductionsn oxygenlevels at all evendepths> 12
m from July through Septembe(Figures32-35,pages101-104). In previous
years,the Junecorrelationswverealsosignificant;however, in 2001,the unusual
late stratificationof the lake resultedin relatively high dissolved oxygenlevels
in the hypolimnionat Site 1 duringJune.As aresult,the Junecorrelationsvere
no longersignificant. The July—Augustoxygencorrelationgemainednegatively
correlatedwith time.

Noneof thehypolimnetictemperaturelataweresignificantlycorrelatedwith year
atthe95%significancdevel. Therewereno significantcorrelationdetweernake
level and hypolimneticoxygenconcentration®r betweenJune—Septembéake
levelsandyear

A numberof ervironmentalfactorscan affect the rate of oxygenlossfrom the
hypolimnion,eitherdirectly, by increasingoiologicalrespirationor indirectly by
increasingthe residencetime of waterin the hypolimnion. Increasedhutrient
availability, higherwatertemperaturesandincreasedight intensitycanstimulate
biological productvity andrespiration.Dry weatheyearlylake stratification late
turnover, reductionsn the amountof waterdivertedfrom the Nooksack andde-
creasedlischagesinto WhatcomCreekcouldincreaseheresidencdime of water
in the hypolimnion. In addition,if the lake level dropsfar enough,our sampling
equipmeniwhich measureslepthfrom the surface)could be placedlowerin the
hypolimnion,thuscreatingthe appearancef lower oxygenlevels,whenthe only
realchangeis lower lake levels. However, the absencef significantcorrelations
betweenhypolimnetictemperatureor lake level and dissoled oxygenindicate
thatthe oxygenvs. yearcorrelationsverenot anartifactof samplinglowerin the
lake, nor werethey strictly the resultof temperatureeffects. Also, the yearto-

5The Pearsors r correlationcoeficient is a measureof the amountof changein the data
thatis predictedby “date’ Strongpositive or negative correlationswill be closeto +1.0. Weak
correlations,or no correlation,will be closeto zero. Statisticallysignificantcorrelationshave p
values< 0.05.

’Only evendepthswereplottedon Figures32—35becaus@arly Hydrolabdatawerecollected
at2 meterintervals.
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yearvariationin lake level duringthesummemwaslessthanl meter whichis less
thanour minimuminterval of measuremerfor dissolvedoxygenconcentrations.
Although temperatureand lake level undoubtedlymodify hypolimneticoxygen
conditions(for example,the late stratificationin 2001 resultedin unusuallyhigh
Juneoxygendataat Site 1), the oxygentrendsin Lake Whatcomarenot simple
correlatef watertemperatur®r lake level.

Low oxygenconditionsareassociatedvith anumberof unappealingvaterquality
problemsn lakes,includinglossof aquatichabitat;releaseof nutrients(phospho-
rus andnitrogen)from the sedimentsjncreasedatesof algal productiondueto
releaseof nutrients;unpleasanbdorsduringlake overturn;fish kills, particularly
duringlake overturn;releasef metalsandorganicsfrom thesedimentsincreased
drinking watertreatmentosts;increasedasteandodorproblemsn drinking wa-
ter; andincreasedisks associatedvith chlorinationbyproductscreatedduring
drinking watertreatmentprocess.Hydrogensulfidewasdetectedat Site 1 (0.42
mg/L) andSite 2 (0.76 mg/L) on October9, 2001,andelevatedconcentrationef
ammoniaandphosphorusveredetectedbn October2. Thesecompoundsareall
indicative of low oxygenconditions.

Although Site 1 continuedto develop severe,late summey hypolimneticanoxia,
for the pastthreeyears the concentrationsf two waterquality indicatorsof lake

anoxia,ammoniaand hydrogensulfide, have beenbeenhigherat Site 2 (Table
11,page48). Correlationanalyse®f the hypolimneticdissolved oxygenconcen-
trationsat Site 2 did not producethe sametype of consistendownwardtrendin

oxygenovertime asis seenat Site 1. The hypolimneticoxygenconcentrationsit
Site 2 have variedwidely sinceat least1988, so trendsare much more difficult

to establish. At this time, it is not possibleto tell whetherSite 2 water quality
is gettingworse; however, the high ammoniaand hydrogensulfidelevels arean
indicatorthatwaterquality at this site shouldbewatchedcarefully,

A secondong-termoxygentrendis presenin basin3 (seeMatthews, etal. 2000).
Although not asdramaticasthe hypolimneticoxygenpatternsat Site 1, the oxy-
genconcentrationsit Sites3 and4 have decreasedignificantly? during the past
two decadegFigures20-21,pages89-90). Unlike the Site 1 hypolimneticoxy-
gentrend, the basin3 oxygentrend doesnot appearto be restrictedto the hy-
polimnion.

8Regression®f mediandissoled oxygenconcentrationss. yearweresignificant(p < 0.05)
at Sites3 and4.
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The remainingHydrolab data, pH and conductvity, followed trendsthat were
typical for Lake Whatcom,with only small differencesetweensitesanddepths
exceptduring the summer During the summerthe surfacepH increasedlueto
photosynthetiactuvity, especiallyat Site 1. Hypolimnetic pH valuesdecreased
and conductvity valuesincreaseddue to decompositiorandthe releaseof dis-
solved compounddgrom the sediments A significantlong-termtrendis apparent
in theconductvity data(seeMatthews,etal. 2000)atall sites.Thistrendis there-
sult of changingto increasinglysensitve equipmenturingthe pasttwo decades,
resultingin lower valuesover time. This trend probablydoesnot indicateany
changein the actualconductvity in the lake, just our ability to measurdhe low
conductvities with increasingsensitvity.

2.3.2 Other ambient water quality data

The remainingwaterquality datathat were collectedmonthly or bimonthly (nu-

trients,alkalinity, turbidity, Secchidepth,chlorophyll,bacteriaandplankton)are

shavn on Figures36—-115(pagesl05-184)andsummarizedn Tables3—7 (pages
40-44). In orderto provide a betteranalysisof the waterquality patternsin the

lake, the graphsincludeten yearsof monitoring data. Matthews, et al. (2000)

reviewedthelong-termdataanddiscussedpparentrends.

Becausef the large amountof datacollectedfor the Lake Whatcommonitoring
programonly importantor unusuapatternswill bediscussedh thetext. Theraw
water quality dataarelisted in AppendixB and C, beginning on page217, and
portionsof the dataareincludedin electronicformatonthe CD thataccompanies
this report. The metalsdataarelistedin Table12 (page49); the original AmTest
datareports(metalsandtotal organiccarbon)areincludedin AppendixC (page
272)andonthe CD thataccompaniethisreport.

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

at mostsitesand depths(Figures36—40, pages105-109). During the summer
the alkalinity and conductvity valuesat the bottom of Sites1-2 increaseddue
to decompositiorand the releaseof dissolved compoundsn the lower waters.
The turbidity valueswere mostly lessthan1-2 NTU exceptduring late summer
samplesatthelowerdepthsat Sites1 and2 (Figures41-45,pagesl10-114).The
high turbidity levelsnearthe bottomareanindicationof increasingurbulencein

thelower hypolimnionasthe lake nearsturnover. Theinfluenceof winter storms
on turbidity canbe seenin the samplesrom Decemberl996. At thattime, the



2000/2001Lake WhatcomFinal Report Page9

watercolumnwasthoroughlymixed at Sites1 and2, so higherturbiditieswere
measuredt all depths. Basin3, however, wasstill stratifiedbelonv 40-50m so
higherturbiditiesweremeasureanly in the epilimneticsamples.

The nutrientdatafrom Site 1 continueto showv that basinl is more productve
thanbasin3 (Figures46—65,pagesl15-134).The nutrientdatafrom Site 2 are
beginningto look increasinglysimilar to Site 1, but it is too earlyto tell whether
thisrepresentsormalvariability or awaterquality trend.

High ammoniaconcentrationsvere measuredust prior to overturnin the hy-
polimnia at Sites1 and 2 (Figure 51, page120). High hypolimneticammonia
concentrationbave beencommonat both sitesfor morethantenyears;however,
the lastthreesummersroducedatypically high ammoniaconcentrationst Site
2. Ammoniais producedduringdecompositiorof organicmatter(Wetzel,1983).
Ammoniais readily takenup by plantsasa growth nutrient. In oxygenatedervi-
ronmentsammoniais rarely presentin high concentrationdecausaet is rapidly
convertedto nitrite andnitratethroughbiologicalandchemicalprocessesn low
oxygenervironments suchasthe hypolimniaat Sites1 and2, ammoniaaccumu-
latesuntil thelake destratifies.

Sites3 and4 hadslightly elevatedammoniaconcentrationat20 m. Thiswasdue
to bacterialactvity atthethermoclineratherthanlow oxygenconditions.A sim-
ilar patternwasobseredby McNair (1995)in Lake Samish.Site 3 hadelevated
ammoniaconcentrationat 80 m duringlate summeywhich wastheresultof low
oxygenconcentrationshatwerepresenin the hypolimnionduringlate summer

Nitrate depletionwas evident at all sitesin the photosynthetizone during the
summer(Figures56—60,pagesl25-129) particularlyat Site 1, wherethe epilim-
netic nitrate concentrationsgell to <50 pg-N/L. Nitrogenis an essentiahutrient
for plankton,andthis depletionof nitrateduring the summers anindirectmea-
sureof phytoplanktorproductvity. The availability of nutrientsis a majorfactor
in determininghe amountof algalgrowth in alake. Phosphoruss assumedo be
themostcommonlimiting nutrientin unproductve lakes;however, recentstudies
shaw that nitrogenlimitation and phosphorus/nitrogeno-limitation is common
in freshwaterlakes(seeElser etal., 1990)andappeardo occurat Site 1 in Lake
Whatcomjust prior to overturn(Matthews, et al., 2002). Coincidentwith low ni-
trateconcentrationdate summeris whenwe usuallyfind the highestdensitiesof
nitrogen-fixingCyanophytgbluegreenbacteriaor cyanobacteriain the plankton
samples.Summey epilimneticnitrate concentrationslecreaseat Sites2—4, but
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seldomfell belov 150 xg-N/L, makingit unlikely that nitrogenwaslimiting at
thesesites.

In October2000 and 2001 the hypolimnetic nitrate concentrationsvere lower

thanthe epilimneticconcentrationsit Sites1 and2 (<20 pg-N/L). In anaerobic
environments,bacteriareducenitrate (NO; ) to nitrite (NO, ) and nitrogengas
(N3). The historic data(1988to present)indicatethat this reductionhasbeen
commonat Site 1, but wasnot detectedat Site 2 until the summerof 1999.

Solublephosphateconcentrationsvere relatively low (<10 pg-P/L) at all sites
and depths(Figures71-75, pages140-144). Total phosphorusoncentrations
were high at Sites1 and 2 during late summey but relatively low at other sites
(Figures76—80,pagesl45-149). Sediment-bounghhosphorudecomessoluble
in low oxygenernvironments.As aresult,in low oxygenernvironmentssuchasthe
hypolimniaat Sites1 and2, total phosphorugoncentrationareoftenhigherthan
20 pg-P/L (Figures76 and 77). Anothermajor sourceof phosphorugor Lake
Whatcomis from stormrunoff. The small peaksin total phosphorusneasured
during December1999at Sites3—4 wereprobablyfrom runoff because¢he con-
centrationsverehighernearthe surfaceof thelake thanatthe bottom(Figures79
and80).

Site 1 continuedto have the highestchlorophyll concentrationgFigures81-85,
pagesl50-154)f all thesites. Thechlorophyliconcentrationduringthesummer
of 2001 were aboutthe sameasin 2000. As in previous years,the 20 meter
sampledrom Sites1 and2 hadlow chlorophyllconcentrationsThesedepthsare
locatedin regionswith low light intensitiesandlow oxygenconcentrationsyhich
arenot favorablefor algalgrowth. Peakchlorophyllconcentrationsvereusually
at0-15m.

Theplanktoncountsat all sitesweredominatedoy Chrysophytd (Figures86-95,
pagesl55-164). Substantiabloomsof Cyanophytaand Chlorophytawerealso
measuredht all sitesduringsummerandlatefall. As partof the 2000/2001ake
monitoring project,we collectedalgal biovolumedatato help characterizalgal
populationdynamicsin the lake. The resultsfrom this study will be discussed
separatehat the endof this section.

Secchidepthscontinueto shov no clearseasongbatternbecausdransparengin
Lake Whatcomis afunctionof bothsummeralgalbloomsandwinter stormevents

9The Chrysophytghylumnamehasbeenchangedo Heterolontophytan mary taxonomies.
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(Figures96—-100 pagesl65-169).

Most of the coliform and Enterococcus countswerelow (< 50 cfu'®/100mL for

total coliformsand < 10 cfu/100mL for fecal coliforms and Enterococcus, Fig-

uresl01-115pagesl 70-184).Thetotal coliform countsat Site 2 wereunusually
highin SeptembeandOctober2001(andagainin Decembef001),but thefecal

coliform and Enterococcus countswere both low. Similarly, the total coliform

countwashigh atthe Intake in October2001.

In November 1994, we began collecting monthly bacteriasamplesfrom the
Bloedel-Donwanswimmingareanearthe centerof the log boom(seeAppendix
B.4 for raw data).TheBloedel-Don@anbacteriacountstendto beslightly higher
thanmid-basincounts,but the 5-year(1997-2001geometricmeanfor fecal col-
iformswas7.9 cfu/100mL, which passedothPart A andB of theexisting Class
AA standard$or fecalcoliforms'! andwould mostlik ely passheproposedE. coli

standardor recreationaivaterst?

The metalsdatafor Lake Whatcomare includedin Table 12 (page49). This

tableincludesonly theregularly contractednetals(arseniccadmiumchromium,
copper iron, mercury nickel, lead,andzinc); anadditional24 metals,which are

included“free” aspartof the analyticalprocedurausedby AmTest,areincluded
in Appendix C andon the CD that accompanieshis report. In 1999, AmTest
upgradedheir equipmentusedto analyzedall of the metalsexceptlead. As a

result,mary of the analysesnow have lower detectionlimits, resultingin fewer

“below detection"data. Thesenewly detectednetalsshouldnotbemisinterpreted
asatrendtoward highermetalsconcentrationg the lake.

Most of the Septembemetalsconcentrationsvereat, or below, detectionlimits,
andthosethatweredetectedverewithin normalconcentratiomangedor surface
water Zinc wasdetectedat low concentrationst all sites. Iron concentrations
wereelevatedin all of the bottomsamplesexceptat the Intake, which is typical
for Lake Whatcom. The highestconcentrationsQ.160mg/L and 0.031 mg/L,
were measuredt Sites1 and 2, respectrely. The higheriron concentrationst

10¢cfu = colony forming unit

1“Freshwater- Part A: fecal coliform organismlevelsshallnot exceeda geometrioneanvalue
of 50 colonies/100mL; Part B: nomorethan10 percentof all samplebtainedor calculatingthe
geometrianeanvalueshallhave valuesexceedingl00 colonies/10mL” (WAC 173—-201A-030).

124In freshwaters E. coli organismdevels mustnot exceeda geometrianeanvalueof 100/100
mL, with not morethan10 percenbf all samplegor ary singlesamplewhenlessthantensample
pointsexist) obtainedfor calculatingthe geometrioneanvalueexceeding200/100mL.”
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Sites1 and2 werethe resultof sediment-boundon corvertingto solubleforms
underanaerobiconditionsandleachinginto the overlying water

Solubleiron was also presentin raw water at the Lake Whatcomgatehous€
during late summerandfall (Figure 116, pagel85), particularlyduring the first
few weeksafter the lake destratified(Novemberin Figure 116). Following lake
turnover, mostof the solubleiron is usually convertedto insolubleiron, which
slowly settlesto the bottom. This year however, therewasa secondspike in iron
duringMarch2001. The causeof the Marchiron spike is notknown.

Beginningin July, 2001,IWS startedcollectingadditionalwatersamplego check
for mercurycontaminatiornin responséo concernaboutmercurydetectedn fish
andsedimentsampledrom the lake (Serday et al., 1999; Mueller, et al., 2001).
The sampleswere collectedfrom the surface and bottom at Sites 1-4 and the
Intake, and were sentto AmTest for low-level mercuryanalyses.On July 17,
2001, a field duplicateset of water sampleswere collected(two separatevater
samplesverecollectedateachsiteanddepth). Theduplicatesetwasanalyzedor
low-level mercuryby EnvironmentCanadaVancouer, BC). The watercolumn
concentrationsf mercurywereverylow andmostwerebelow thedetectiorevels
for both laboratorieqTable 13, page50). AmTestdetectedmercuryin samples
from the Intake (0.0005mg/L) andthe bottomof Site 3 (0.0004mg/L) on August
7,2001.TheCity of Bellinghamalsodetectednercuryatthegatehousen August
28, 2001 (~0.0004mg.L), aswell ason June5 & 12, 2001 (~0.0002—0.0003
mg/L). The gatehouseesultswere below the laboratorydetectionlimit, so the
valuesshouldbe consideredstimategPey Wendling, City of BellinghamPublic
Works Department).

The Lake Whatcomtotal organic carbonconcentrationgsangedfrom <1 mg/L

to 2.7 mg/L (Table 14, page51). Theseconcentrationsvere aboutthe sameas
the October2000-Septembe2001 TOC concentrationsneasuredy the City of

Bellinghamin raw waterat the gatehousewhich rangedfrom 1.5-3.9mg/L, and

averaged2.2 mg/L.* Total organic carbonconcentrationsalong with plankton
and chlorophyll data, are usedto help assesghe likelihood of developing po-

tentially harmful disinfectionby-productqe.g.,trihalomethanesbhroughthe re-

actionof chlorinewith organiccompoundsduring the drinking watertreatment
process.Lake Whatcomhadrelatively low concentration®f TOC in raw water

aswell asrelatively low concentrationsf trihalomethanes treatedwatet

13The gatehousés locatedalongthe shorelineof basin2 adjacento the Intake.
4patafrom Public Works DepartmentPlantsDivision, City of Bellingham.
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In 2001,the quarterlyaverageTHM concentrationgn the Bellinghamwaterdis-
tribution systemrangedfrom 28.3-37.3ug/L. Theseconcentrationsre below
therecommendedhaximumTHMSs concentrationgor treateddrinking water (80
1g/L). Beginningin thefall of 1998,however, higherTHM concentrationstarted
shawving up in the treatedwater particularlyin the fall (Figure 117, page186).
This patternhasbeenconsistentor the pastfour years.

2.3.3 Plankton biovolume

Planktonbiovolumeis oftenusedto estimatealgalbiomassandis generallycon-

sideredo be superiorto simpletaxonomiccounts which overestimateheimpor-

tanceof small,numericallydominanttaxasuchassingle-celldiatomsandflagel-

lates(WetzelandLikens,1991). Nearlyall planktonbiovolumestudiesbegin by

identifying planktonto the speciedevel. Representatesfrom eachspeciesare
matchedo similarly shapedyeometricsolids,thenappropriatdengthandwidth

measuremeni@recollectedusingacalibratedmicroscope For example themea-
sureddiameterfrom a round, single-celledorganism,would be usedto estimate
thevolumeof a similarly shapedsphere WetzelandLikens(1991)illustrateap-

propriatemeasurementfor a variety of geometricsolids that approximatethe

biovolumeof variouslyshapedilgae.

In Lake Whatcom,planktonare countedusing corventionalproceduresbut are
only identifiedto phylum. Although we recognizethat numericalcountsare not
a particularlyaccuratemeasurementf algal densitiesn the lake, the additional
costsassociateavith conductingdetailedplanktonidentificationsarenotjustified
in a long-termmonitoring project. Accordingly, our objective in the 2001 bio-
volumestudywasto determinewhethermeaningfuldatacould be obtainedfrom
generatingplanktonbiovolumeestimategor samplesdentifiedonly to phylum.

Theplanktonbiovolumedatawerecollectedby Shannorshurst,a graduatestu-
dentin the EnvironmentalStudiesprogramat Huxley College, WesternWash-
ingtonUniversity (Ashurst,2001).Ashurstcollectedplanktonsamplegrom Lake
Whatcomduringthespringandsummerof 2001. UsingaNikon EclipseE400mi-
croscopeavith aCool Snapdigital cameraandspecializedmageanalysissoftware
(MetaMorphversion4.5r5),shecompiledadigital library of planktonimagesand
measuredhe biovolumefor thefollowing taxa:
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Chrysophyta Pyrrhophyta
Chlorophyta (Heterolontophyta) (Dinophyta) Cyanophyta
Botryococcus Asterionella-diatom Ceratium Coelosphaerium
Cosmarium  Fragilaria-diatom  Peridinium  Gloeocapsa
Melosira-diatom Nostocales
Synedra-diatom
Dinobryon
Mallomonas

Thealgalbiovolumedataareincludedin AppendixB.3 andsummarizedn Table
15 (pageb2). Becausef theverylargevariancan thedata,mediansandgeomet-
ric meansaremoreappropriatendicatorsof centraltendeng in the datathanthe
arithmeticmean.

In thenumericalcounts ChrysophytaisuallydominatethealgalsamplegFigures
86—90,pagesl55-159) However, the Chrysophytahave the lowestphylum-level
algal biovolume, while the Pyrrhophyta(Dinophyta)and Chlorophytahave the
largest. This is becausaliatomsand other membersof Chrysophytaendto be
small,single-celledaxaor consistof filamentswith smallcells. The Pyrrhophyta
areall very large single-cellorganisms.Taxain the phylum Chlorophytahave a
considerableangeof shapesandsizes,asindicatedby the minimum and maxi-
mumbiovolumesin Table15.

Onetaxonin particular Botryococcus, consistsof hundredgo thousand®f tiny

cells joined into an irregularly shapedcolory. In our numericalcountsthese
coloniescount as “one” counting unit becauset is nearly impossibleto enu-
merateindividual cells. The biovolume of eachcolory is huge,and resultsin

alarge phylum-level biovolumeaveragefor Chlorophyta.For the pastfew years
Botryococcus hasbeenquite commonin Lake Whatcomduringlate summeralgal

blooms,whereit canbeseenwith theunaidedeye, appearingstiny, brightgreen
flakesfloating the the water Lake Whatcomplanktonstudiesfrom 1987-1988
(Ehinger 1988)indicatedthat Botryococcus was presentbut not common. It is

commonfor lakesto have periodicshiftsin planktondominanceIn Lake What-

com,theChlorophytamayhave episodicshiftsbetweerBotryococcus andsmaller
taxasuchasgreenflagellates.Thiswould explainthewidely varyingChlorophyta
countsseenin the 10-yearmlanktonfigures(Figures91-95,pagesl60-164).

During winter and spring, the large differencesn phylum-level biovolumesare
not relevant becausdhe countsfor all phyla except Chrysophytaare very low
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(oftenzerofor CyanophytaandPyrrhophyta).During the summerandearlyfall,
however, when Cyanophytaand Chlorophytadensitiespeak, biovolume corver-
sionswould accentuatehe Cyanophytaand Chlorophytabloomsthroughoutthe
lake.

The resultsfrom our preliminary biovolume studiesshov that thereis an unac-
ceptablylarge amountof varianceassociatedvith calculatingbiovolumeat the
phylumlevel. Therewasup to five ordersof magnitudedifferencebetweenthe
minimumandmaximumbiovolumeestimategor individualtaxawithin eachphy-
lum. Most of this variancecomesfrom combininglarge and small sizedtaxa
within a phylum. It seemsunlikely that phylum-level biovolumeswill prove to
usefulfor estimatingalgal populationdensities.

2.3.4 Strawberry sill data

The Stravberry sill Hydrolab, waterquality, and metalsdataare summarizedn
Tables16—-18(pages$3-55)andtheraw dataareincludedin AppendixB.5 (page
263). The AmTestdatareportsfor the metalsandtotal organic carbonanalyses
areincludedin AppendixC (page272) andareavailablein electronicformaton
the CD thataccompaniethisreport.

Strawberrysill wassampledon Octoberl0, November7, andDecembef7, 2000,
and Januaryl18, April 12, May 8, June®6, July 10, August 1, and September
6, 2001. The water quality alongthe sill wasvery similar to Site 3. The wa-
ter temperatureslongthe sill were generallywithin 1-2> C of temperaturesit
Site 3. Thetotal nitrogenandtotal phosphorugoncentrationsvereconsiderably
higherat Site3 in Februarycomparedo theJanuarysamplesrom thesill, but this
couldbetheresultof turnover replenishingepilimneticnitrogenandphosphorus.
Turnover often occursin late Decemberor early Januaryin basin3. Most of the
metalsconcentrationsvere at or nearthe detectionlimits. Iron and zinc were
detectableput within rangesnormalfor the lake. Most of the sill total organic
carbonconcentrationsvere similar to Site 3. On Januaryl7, an unusuallyhigh
total organic carbonconcentratiorwas measuredt the surface (6.3 mg/L); the
reasorfor this high concentrations not known.



2000/2001Lake WhatcomFinal Report Pagel6
3 CreekMonitoring

3.1 Site Descriptions

Sevencreeksweresampledwice during the 2000/2001monitoringprogram,in-

cludingAustin Creek,AndersonCreek®, thePark Placestormdrain, Silver Beach
Creek,Smith Creek,the unnamedreekthatflows throughthe Wildwood camp-
ground,andthe northernunnamedcreekon Blue Caryon Rd. (Blue Caryon #1).

Theexactsamplingocationsfor thesesitesaredescribedy Walker, etal. (1992),
andaresummarizedn AppendixA.2 (page215).

Thesecreeksincludedtwo small, mostly forestedcreekslocatedin the southern
portionof thewatersheqWildwood CreekandBlue Caryon Creek);asmallresi-

dentialcreeklocatedin the northeastermportion of the watershedSilver Beach
Creek); one undeground storm drain (Park Placedrain); two large, perennial
creeks(Austin Creekand Smith Creek); and AndersonCreek, which is a ma-

jor water sourcefor Lake Whatcombecauset recevesthe diversionflow from

the Middle Fork of the NooksackRiver. Thesesevencreeksepresentvaterqual-

ity conditionsrangingfrom heavily impactedby residentiarunof (Silver Beach
Creekand Park Placedrain) to relatively unafectedby residentialdevelopment
(Blue Caryon Creekand Smith Creek). Of the threelarge creeks,Austin Creek
recevesresidentialrunoff from SuddenValley in the lower portion of its water

shedand AndersonCreekrecevesagriculturalrunoff in the lower portion of its

watershed.Smith Creekhasa few housedocatednearits mouth, but otherwise
hasa steepforestedundeselopedwatershed.

3.2 Field Sampling and Analytical Methods

The creekswere sampledon February22 andJuly 18, 2001. The waterquality
parametersneasuredor the 2000/2001creekmonitoringprogramare shownn in
Table19 (page56). The analyticalproceduresare summarizedn Table2 (page
39). All watersamplegincluding bacteriologicasamples)ollectedin the field
were storedon ice and in the dark until they reachedthe laboratory Oncein
the laboratorythe handlingprocedureshat wererelevantfor eachanalysiswere
followed (seeTable?2). Thetotal metalsanalysegarsenic.cadmium,chromium,

5AndersonCreekwasaddedo our routinesamplingeffort beginningin Februaryl1995.
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copper iron, mercury nickel, lead, and zinc) andtotal organic carbonanalyses
weredoneby AmTest,Inc. The bacteriasamplesvere analyzedby the City of
Bellinghamat their watertreatmentplant. All otheranalysesveredoneby the
field andlaboratorypersonnehiredby this grant.

3.3 Resultsand Discussion

The primary purposefor the biannualcreekmonitoringwasto provide datathat
canbecomparedo themorecompletedatasetgeneratedh 1990duringthestorm
waterrunoff project(Walker, etal., 1992). Tables20-21(pages57—-60)shav the
recentcreekwaterquality datacomparedo the 1990averagewaterquality values
for eachcreeks. Tables22—24shav metals,total organic carbon,and coliform

datafrom the 2000/2001samplingperiod.

Most of the 2000/2001creekdatafell within expectedranges.Comparedo the
streamsn forestedareastheresidentialstreamsypically hadpoorerwaterqual-
ity, with higherconductvities; higherammoniaphosphorusandtotal suspended
solids concentrationsand much highertotal and fecal coliform counts. These
differencesaretypical for streamgeceving urbanrunoff.

Conductvities werehigh in Blue Caryon Creek,which is normalfor this stream
becauset flows throughmineral-richsoils. The summerdissolved oxygencon-
centrationvaslow andwatertemperaturgvashighin thePark Placedrainbecause
the site drainsthe Park Placewet pond. The winter dissolved oxygenlevel was
verylow in the Silver BeachCreeksamplewhichis anunusuakesultfor surface
streamsgvenresidentialstreams.

In previous yearsAndersonCreekhashad high total suspendedolids and tur-

bidity valuesin the summerbecauseof the glacial silt enteringthe creekfrom

the NooksackRiver diversion.However, the diversionwasoff duringmostof the
2000/200Imonitoringperiod,andthe AndersonCreeksolidsandturbidity values
weresimilarto SmithCreek.All of the streamshadhighertotal suspendedolids
andturbidity valuesin the winter becaus®f stormrunof.

Thenitrite/nitrateandtotal nitrogenconcentrationsverehigherin thewinter sam-
plesat all sitesdueto leachingof soluble nitrogencompoundsduring the wet
season.Ammoniaconcentrationsvere highestin the Park Placedrain. Ammo-
niais corvertedfairly quickly to nitratein turbulentwater sotheammoniain the
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Lake Whatcomstreamsrobablycamefrom nearby watershedgsourceganimal

wastes swampy areasgetc.)or the Park Placestormwatertreatmentpond. The

phosphorugoncentrationgontinuedto be higherin the residentialcreeks(Park

Placedrain and Silver BeachCreek)thanin the forestedcreeks(Smith Creek,
WildwoodCreek,andBlue Caryon Creek).The Park Placedrainhashada storm

watertreatmenipondin placesincel994,but thetreatmenponddoesnotappear
to bereducingthe phosphateoncentration the outflow. (Our samplingsiteis

locateddownstreanfrom the Park Placetreatmenpond.)

The metals concentrationswvere belonv detectionlimits at all sites except for
chromium,copper iron, andzinc. Iron andzinc were within normalrangesfor
surfacewaterin the Lake WhatcomwatershedChromiumandcoppemwereclose
to the limits of detection,and probablydo not representa changein the water
quality of the creeks.Silver BeachCreekandthe Park Placedrain hadthe high-
esttotal organiccarbonconcentrationsluring Februarybut Smith Creekhadthe
highestconcentratiorin July (Table23, page60). In previous yearsthe total or-
ganiccarbonconcentrationgrom Smith Creekwereusuallylessthan2.5 mg/L,
sothe July 2001dataare unusual. The higherconcentratiormay be dueto low
flow conditionsin 2001,but if so,the effectwasnot obsenedatthe othercreeks.

Coliform countg(Table24, page61) werehigherin thePark PlacedrainandSilver
BeachCreekthanin the otherstreamsput all countswerewithin rangeshormal
for eachstream. The Park Placedrain and Silver BeachCreeK® exceededPart
A andB of the ClassAA fecal coliform standards! Anderson,Austin, Blue
Caryon,andSmithCreekgassedPart A but exceededPart B of thefecalcoliform
standardbecausanore than 10% of the fecal coliform countswere greaterthan
100cfu/100mL. Of thecreeksthatpassedPart A but failed Part B, Austin Creek
hadthelargestnumberof samplesxceedingl00cfu/2100mL (4 outof thelast10
samples)Thehistoricdatafrom Austin Creek(Table25, page62; AppendixB.4)
shaw thatthe creekcoliform countsareusuallylower during the winter thanthe
summer

16sijlver BeachCreekwasplacedonthe 1998303D List of ImpairedandThreatene@aterbod-
iesfor high coliform counts.

Currentstandard:“Freshwater - Part A: fecal coliform organismlevels shall not exceeda
geometricmeanvalue of 50 colonies/100mL; Part B: no more than 10 percentof all samples
obtainedfor calculatingthe geometricmeanvalue shall have valuesexceeding100 colonies/100
mL” (WAC 173-201A-030).
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TheWashingtonStateDepartmenbf Ecologyis consideringevising the surface
waterbacteriastandard$o useEscherichia coli asthe indicatororganismrather
that fecal coliforms!® Escherichia coli is usuallythe dominantspeciesn fecal
coliform counts typically comprising90—-99%of the organisms Escherichia coli

countscorrelatebetterwith gastrointestinallnessin recreationalvatershanfecal
coliform counts.Becausée. coli is asubsebf thefecalcoliform count,theE. coli

countsin the Lake Whatcomwatershedcreeksshouldbe equalto or lessthan
thehistoricfecal coliform counts.lIt is likely thatall watershedareeksexceptthe
Park Placedrain, Silver BeachCreek,andpossiblyAustin Creek,would passthe
proposecE. coli standard.

18proposedstandard:“In freshwaters,E. coli organismslevels mustnot exceeda geometric
meanvalue of 100/100mL, with not morethan 10 percentof all samplegor ary singlesample
whenlessthantensamplepointsexist) obtainedfor calculatingthe geometrianeanvalueexceed-
ing 200/100mL" (Seehttp://www.eq.wa.gos/progams/wg/swqs/inde.html).
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4 LakeWhatcom Hydr ology

4.1 Hydrograph Data

Recording hydrographshave beeninstalled in Anderson, Austin, and Smith
Creeks. The location of eachhydrographis describedn AppendixA.2 (page
215). Copiesof the hydrographdataareincludedon the CD that accompanies
thisreport,andthe dataaresummarizean Figure118(pagel87).

The hydrographdatawere recordedat 30 minute intervals throughoutthe year

exceptduring infrequentperiodsof recorderfailure or extremelow flow. The
stilling well at AndersonCreekwas rehuilt during the fall of 2001 andwasnot
operationafor extendedperiodsof time dueto low flow andconstructioractivi-

ties. The hydrographfor Austin Creekhasno missingdataandthe Smith Creek
hydrographs completeexceptfor 5 hourson March 18 2001 (batteryfailure).

Figure 119 (page188) shaows the rating curves for eachhydrograph. Flow es-
timatesfor AndersonCreekwere calculatedusing two rating curves. The first
rating curve coveredthe periodfrom Octoberl, 2000throughMarch 18, 2001.
OnMarch18,alargedebrisiam,whichhadaccumulatesciearthe AndersonCreek
flow recorderwasremovedfrom thecreek.All flow estimatesfterthatdatewere
calculatedusinga new ratingcurve.

4.2 Water Budget

A water balancewas appliedto Lake Whatcomto identify its major waterin-

puts and outputsandto examinerunoff and storagein the watershed.The tra-

ditional methodof estimatinga waterbalance(i.e., inputs- outputs= changein

storage)was employed. Inputsinto the lake include direct precipitation,water
divertedfrom the Middle Fork of the NooksackRiver (diversion),surfacerunoff

andgroundwvater Outputsincludeevaporation\WWhatcomCreek,thefish hatchery
at WhatcomFalls Park, City of Bellingham,Geogia Pacific, and Water District

#10. All of theseare measuredjuantitiesprovided by the City of Bellingham
exceptfor evaporationsurfacerunoff andgroundvater
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Daily direct-precipitatiormagnitudesvereestimatedisingthe precipitationdata
recordedat the Geneva Gatehouse Smith Creek,andBrannianCreekfish hatch-
ery gauges. Precipitationdatafrom the Water District #10, Division 30 gauge
were substitutedor the BrannianCreeklocationfor the monthsof Octoberand
November2000and March and April 2001, becauseahe BrannianCreekgauge
was inoperableand the two gaugeswere found to be comparableduring other
months.Precipitationdatafrom the WaterDistrict #10District Office gaugewere
substitutedor the Smith Creeklocationfor the monthsof Octoberand Novem-
ber2000,becausehe Smith Creekgaugewasinoperable.The Thiessempolygon
method(Dingman,1994)wasusedto estimatethe direct-precipitatiorarealaver-
ageoverthelake by weightingthe precipitationateachgaugeby arespectie area
percentage.The averagedirect-precipitatiordepth(inches)for a givenday was
cornvertedto a volumein millions of gallons(MG) via a rating curve generated
from the lake level-areadatadevelopedby FerrariandNuanes2001. Therating
curve accountdor changesn surfaceareaof thelake dueto lake level changes.

Daily lake evaporationvasestimatedisingamodelbasednthe Penmammethod
(Dingman,1994). ThePenmammethods theoreticallypasednodelthatestimates
free-waterevaporatiorusingbothenegy-balancendmasdransferconceptsThe
methodrequiresaveragelocal or regional enegy and climate data. Actual lake
evaporationrwasestimatedrom the free-waterestimatedy calibratingthe values
to panevaporationdatafrom the PostPointweatherstation. The estimatechctual
daily evaporationdepth(inches)for a givendaywascorvertedto a volume(MG)
via aratingcurve generatedrom thelake level-areadatadevelopedoy Ferrariand
Nuaneq2001).

Daily changein storagewasdeterminedoy subtractingeachday’s lake level by
the subsequentlay’s level. This resultedin negative valueswhenthe lake level
wasdecreasing@ndpositive valueswhenthe lake level wasincreasing.The daily
net changein lake level (inches)was cornvertedto a volume (MG) via a rating
curvegeneratedrom thelake level-capacitydatadevelopedoy FerrariandNuanes
(2001). Therating curve accountdor changesn volumeof the lake dueto lake
level changes.

Surfacerunoff and groundwaterwere combinedinto a singlerunoff component
that was bacled out from the water balancevaluesby addingthe outputsto the
changean storageandsubtractinghe precipitationanddiversionmagnitudes.
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The yearly waterbalancetotalsarelisted in Table26 (page63). The total input
to the lake was 24,938MG. Of the total, 73.6% was surface/subsusce runoff

(includinggroundwvater),19.3%directprecipitation,and7.1%wasdiversionwa-
ter. Also listedin Table26 arethe yearlytotal valuesfor the previous wateryear
(1999/2000).Therewasa 48.3%reductionin totalinputsinto thelake whencom-
paredto the 1999-2000values,which corresponddo a 32% reductionin total
precipitation,a 61%reductionin divertedwatetr anda 49.8%reductionin runoff.

Thetotal outputssummedo 23,621MG. ThelargestoutputwasWhatcomCreek
(44.5%) followedby GeogiaPacific (20.5%),City of Bellingham(COB;17.3%),
evaporation(12.6%),the fish hatcheryat WhatcomFalls Park (4.5%) and Water
District#10(0.6%). Therewasa51.8%reductionin total outputsof thelakewhen
comparedo the 1999/2000values.The mostsignificantof theseincludea 61.5%
reductionin WhatcomCreekoutflow anda 60.7%reductionin Geogia Pacific
outflow.

The daily waterbalanceguantitiesweresummednto weeklytotals. The weekly
totals were usedto generateplots of the input, output, changein storage,and
estimatedunoff volumes(Figures120-122 pagesl89-191).All theinputs,ex-
ceptfor runoff, areshown in Figure120andall the outputs,exceptfor Whatcom
Creek,areshavn in Figure121. Therunoff andWhatcomCreekareshavn with
thechangean storagevaluesin Figurel122becauséhey have similar magnitudes.
As indicatedby the plots in Figure 122, large storagechangesoccur whenthe
runoff is high andthe WhatcomCreekdischageis low, andvice versa.Because
of the decreasén inputsandoutputscomparedo the 1999/2001wateryear the
residencdime for waterin the lake is longer which may have impactson water
quality.

Changesin the NooksackDiversion and Georgia Pacific Withdrawals

Two major hydrologic changesare occurringthat are likely to influencewater
guantityandquality in Lake Whatcom.Firstis the reductionin withdrawalsthat
occurredasaresultof reducedperationsatthe Geogia Pacific pulp mill. Histor
ically, Geogia Pacific wasthe largestwithdraval from Lake Whatcom;currently
its withdrawal is aboutthe sameasthe City of Bellingham(Figure 121). The
secondnajorchangebegansereralyearsagowhenthe City of Bellinghamvolun-
tarily startedreducingthe amountof waterthey divertedfrom the Middle Fork of
theNooksackRiver (Figurel123,pagel92). Thesetwo changeswill resultin less
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watermoving throughthelake, particularlyduringthe summer At presentits not
clearhow mucheffect thesechangesill have on waterquality in the lake. It is
worth noting, however, thatthereductionin diversioncoincideswith the worsen-
ing waterquality in basin2.

4.3 Influenceof AndersonCreekon Lake Whatcom Hydr 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 operatingthetemperaturef AndersorCreekis discernibly
colderthanthe epilimnion of Lake Whatcomwhenthe lake is stratified. To ex-
aminethe impact of the divertedwater on the lake, the plunge and dispersion
of AndersonCreekinto Lake Whatcomwas mappedby recordingvertical and
horizontaltemperaturezaluesnearthe confluencen Lake Whatcom. The mea-
surementsvere madeon May 17, 2001 whenthe diversionwasoperating. The
flow of the creekon that day was 0.99 m3/sec. The lake was stratifiedand the
thermoclinewas 12 m below the surface. A MontedoroWhitney Corp. Model
TC-5C thermistorwas placedin the lake and attachedto a kayak. It continu-
ously recordedemperatureasthe kayakwasslowly paddledaroundthe vicinity
of the confluence.A GarminETrex GPSwith an averageaccurag of 6 meters
wasplacedon thetop of the kayakto maphorizontalpositions.This temperature
mappingproceduravasperformedatthelake surfaceandatverticaldepthsof 1.0
metersand2.54meters.

Thetemperatureontouringof the datasetshavedthatthe waterfrom Anderson
Creekwould enterthe lake along a narrav thalweg (submeged channelin the
delta). The thalweg was physicallyvisible whenthe lake wasclear (no diverted
water). The thalweg extendedwestinto the lake from the northernside of the
creekchannel.Oncethe creekwasno longerrestrictedlaterally by the thalweg,

it dispersedn a fan shapeand plungeddown the deltato aninsertiondepthof

approximately2.5 meters. Insertionmeansthe creekbecameneutrally buoyant
whenits temperaturavas equalto the temperaturef the lake. The shallowv in-

sertiondepthwas expected,giventhe smalltemperatureontrastin betweerthe
creekandthelake in May (~2 °C). A secondprofiling wasplannedfor the later
partof thesummerbut thediversiondid notoperatehis yearafterJunel5,2001.
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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.

Currentdn somedocationsof thelake weremeasuredy trackingthemovemeniof
drifters!® Drifters aredroguedevicesthatareattachedy aline to a surfacefloat.
The drifters move with the approximatespeedanddirectionof the currentat the
depthat which the drifter is deployed. Drifters were placedat the surfaceandat
5-meterintervalsbelow thesurface,upto a30-metemaximum.Thedrifterswere
tracked by monitoringthe surfacefloat positionsusinga GarminETrex GPS.The
drifter experimentswould typically lastabout4 hours. Time wasrecordedusing
the GPSclock to the nearestninute.

Theresultsof drifter experimentson April 10,2001shoveda clockwiserotation
in basin3 nearthe confluenceof AndersonCreek. The diversionwasnot operat-
ing atthistime. Thevelocity of the currentsdecreasewith depthfrom 73 meters
per hour at the surface,to 10 metersper hour at a 20 meterdepth. The currents
wrappedaroundthe basinin a clockwisedirectionfollowing the bathymetryof
thelake. Thewind hadan averagespeedof 54 metersper hourin the southeast
direction. A seconddrifter experimentwas performedon May 21, 2001in the
samevicinity of AndersonCreekin basin3, whenthe diversionwas operating.
The drifters movedin the samedirectionasthe wind, which hada southeastli-
rection. Again, the currentspeedwasgreatestt the surfaceanddecreasedvith
depth. Nearthe surface,watermovedin a southeastirection, up the mouth of
AndersonCreek.The movementof nearsurfacelake waterprobablyaffectedthe
insertiondynamicsof AndersonCreekwaterflowing into Lake Whatcom.

Drifter experimentswere performedin basinl just westof the Gen&a Sill on
April 15,2001andin basin2 nearthedrinking waterintake andover Genea Sill
on April 24,2001. The wind wastoward the northweston both days. Both sets
of drifters were deployed nearthe southshoreof the lake and moved northwest
(clockwise)in thedirectionof thewind. Thespeedf the currentsdecreasedith
depth.As expectedthe maximumspeedvasat the surfaceandwascontrolledby
themagnitudeof thewind speed Theresultsalsoverifiedthe strongcommunica-
tion betweerbasinsl and2. The surfacecurrentvelocity acrossGenea Sill on
April 24 wasabout260metersperhourin the northwestirection.

195eeMatthens et al., 2000and2001for moreinformationaboutdrifter studiesn Lake What-
com.
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4.5 Internal Waves

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

A commontechniquefor examininginternalwave dynamicsis to deploy a chain
of temperaturesensorgthermistorsthatrecordatimesseriesof temperatureval-

uesat the fixed locationsspanningthe stratificationin the lake (Matthews et al.,

2001). Stovaway Tidbit thermistorswveretied in a vertical stringbetweenanan-

choranda float, at 2 meterintervals startingat 5 metersbelow the surfaceto a

depthof about14 meters.Eachthermistorrecordedatemperatureo a hundredth
of adegreeCelsiusevery 5 secondsTherewerefive thermistorstringsdeployed

in thesouthernmodbbe of Lake Whatcomnorthof themouthof BrannianCreek.
Thelake surfacelocationsweremarkedwith a GarminETrex GPS.Thethermis-
tor chainswereundervaterfor approximately2 months(March22,2001to May

26,2001). During the two-monthrecordingduration,15-minutewind speedval-

ueswere collectedat the North Shoreweatherstation. This projectis on-going
andthedataarenotyearavailablefor inclusionin this report.

4.6 Mirr or Lake Sedimentation

Duringthe summerof 2000,Karel Tracy, aWWU geologygraduatestudentmea-
suredthebathymetryandsedimentatiomatein Mirror Lake aspartof histhesisre-
search(Tragy, 2001). The purposeof his studywasto characterizéhe changesn
sedimentatiomatesthathave occurredn Mirror Lake sincethediversionfrom the
Middle Fork of theNooksackRiverbeganin 1962.A bathymetrianapof thelake
was producedand comparedo the bathymetricmapof Carpenteretal. (1992).
Therateof sedimenidepositionwas calculatedrom changesn bathymetryand
usingsedimentcoresextractedfrom threelocationsin the lake. The coreswere
alsoexaminedto characteriz&ehangesn the sizesof sedimentdepositedn the
lake as a function of distancefrom the locationwherethe diversiondischages
into thelake.

Tragy characterizethe bathymetryof Mirror Lake using430discretedepthmea-
surement<ollectedusingan electronictotal stationanda 200 kHz singlebeam
depthfinder. The programSurfer6.0 (GoldenSoftware,1997)wasusedto con-
tour the datausinga Kriging method(Figure 124, page193). The measurement
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errorwasestimatedo be0.3meters.Tragy estimatedhevolumeof thelake to be
321,900cubicmeterswith asurfaceareaof 57,510squareneters.Themaximum
depthof thelake wasabout10.05+0.15meters.Thesevalueswerecalculatedus-
ing Surfer6.0 assuminghe level of the lake whenthe diversionis operatingis
111.59+ 0.15metersabove BellinghamCity datum. BellinghamCity datumis
1.89metersbelon theelevationof meanseaevel thatwasestablishedby theU.S.
CoastalandGeodeticSurwey (JoeCorbell,2001,written communication).

Four sedimentoreswereextractedfrom the lake at threesites(Figure 124, page
193) usinga Livingstonecoring system.All the corespenetratedhe postdiver
sion sedimentdnto the original organiclake bottom. The majority of the post-
diversionsedimenin eachcorewaslow-organicsilt, mostly mediumandcoarse
silt (diameter0.031to 0.063mm). As might be expectedthethicknessandgrain
sizedecreasedway from thedelta. The post-diversionsedimentsn coreC3 con-
tainedabout45% mediumandcoarsesilt, 25% very fine andfine sand ,20%very
fine andfine silt, and10%clay, in the Wentworth classificatiorof grainsizes.In
the Wentworth classificationthe boundarybetweersandandsilt is at0.063mm,
theboundarybetweermediumsilt andfine silt is at 0.031mm, andthe boundary
betweersilt andclay is at 0.004mm. The compositionof the sedimentsn cores
ClandC2 (middle of lake) was50% mediumandcoarsesilt, 25% very fine and
fine silt, 15% very fine andfine sand,and10%clay. CoreC4, which wasfarthest
from the delta, containedesssand(about8% very fine sand)andmorefine silt
andclay (30%and12%respectiely) thancoresfrom the centerof thelake.

Thepost-diversionsedimentsvere2.5 metershick in coreC3, whichwasclosest
to thedelta,and 1.3 m thick in coresC1 andC2 in the middle of the lake. Core
C4, furthestfrom the delta, containedl.0 m of postdiversionsediment.Based
onthesedepths,Tracy estimatedhatabout60,000+6000cubic meters,or about
1600+160 cubic metersper yearof sedimentatioroccurredbetweenl1962 and
2000. This correspondso about3.4 cm peryearin the middle of the lake. The

infilling rate representsabout0.6% of the lake volume per year assumingno

settlementlueto the consolidatiorof the original organic-lale bottom.

Tragy comparedhe bathymetricmapof Carpenteetal. (1992)to the 2000map
usingthe Surfer6.0software. Exceptfor asmallregionin thesoutheasportionof
thelake nearthedelta,theapparenthangen elevationof mostof thelake bedwas
not significantly greaterthanthe uncertaintyin the depthmeasurementsWhere
possible, Tragy calculateddifferencesbetweenthe mapsand usedinformation
from the coredepthsto develop a mapof apparensedimentatiorbetween1991
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and2000(Figure125. pagel94). Basedon this map,about15,000+2000cubic
metersof sedimentave beendepositedetweenl991and2000,or anaverageof
1700+220cubicmetersperyear

ReferenceMark er Location

A permanentreference marker was establishedin order to complete the
bathymetrysurwey of Mirror Lake (Figure124,pagel93). Thereferencenarker
is a ~0.3 m diameterconcretedisk cementednto a bedrockoutcroppingalong
the southerrpartof the Mirror Lake shoreline.A detaileddescriptionof theref-
erencemarlker site,alongwith a photograptshowing its locations,is includedin
Mr. Trace/’sthesis(Tracey, 2001).
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5 Brentwood,Park Place,S.CampusMonitoring

The objective of this projectwasto continuemonitoringthe watertreatmentef-
ficienciesin the Brentwood and Park Placewet pondsthat were constructedo
treatstormwaterrunoff prior to releasento Lake Whatcom. In March 2001,a
new samplingsite was addedat the SouthCampusstormwatertreatmentfacil-
ity nearWesternWashingtonUniversity. Althoughthis siteis locatedoutsidethe
Lake Whatcomwatershedthe siteincorporates “state-of-the-artrock/plantfil-

ter to treatstormwaterrunoff, which shouldprovide anindicationof the levels
of treatmentthat might be attainablewithin the watershedor systemsncorpo-
rating similar designs.Thelocationsof the Lake Whatcomwatershednonitoring
sites(Brentwood and Park Place)are shavn on Figure 126 page195). The new
S. Campuganonitoringsiteis locatedsouthof Bill McDonaldPkwy, westof 25th
Streetaandnorthof Taylor Avenue(Figure127,pagel96).

5.1 Sampling procedures

Park PlaceandBrentwoodwetpondsweresamplednJanuaryl5-17(wetseason
- nominalflow) April 17-19° (wet season stormflow), and July 24-26,2001
(dry season nominalflow). The S. Campusstormwatertreatmentacility was
sampledon March20-22,May 15-17,andAugust6—8,2001.

Compositeandgrabsamplesvere collectedat the inflow andoutflow(s) at each
site (Brentwood and Park Placehave a single outflow; the S. Campussite has
two outflows). Automaticcompositesamplerg1SCO type, suppliedby the City
of Bellingham)were placedat the inlet and outlet and water sampleswere col-
lectedat 90 minuteintervalsover a 48 hour period. The compositesamplesvere
analyzedbor total suspendedolids,heary metals(arsenic,cadmium,chromium,
copperiron, nickel, lead,andzinc), total organiccarbon total nitrogen,andtotal
phosphorus.Grab sampleswere collectedfour timesduring the 48 hour period
at the inflow andoutflow at eachsite. The Hydrolab Surweyor IV wasusedto
measurgH, temperaturedissolhed oxygen,and conductvity in thefield. Total
andfecalcoliformswereanalyzedoy the City of Bellingham.

20During the first 24-hr of the April 17-19,2001samplingat the Park PlaceoutletandBrent-
wood inlet the ISCO samplerswere not programmedcorrectly so the samplesrepresen4-hr
compositesatherthan48-hrcomposites.
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5.2 Resultsand Discussion

The Park Placewet pondhasbeenmonitoredsincel994andannualvaterquality
dataare summarizedoy Matthews, et al. (2001). Monitoring in the Brentwood
pondbeganin 1998 (Matthews, et al., 2000). Both pondshave extensive macro-
phyte growth, asshovn on Figures128-129(pagesl97-198). The S. Campus
stormwatertreatmenfacility wasconstructedluringthefall andwinter of 2000;
monitoringbeganin March, 2001. The rock/plantfilters were plantedwith cat-
tails (Typha latifolia), but only minimal growth had occurredby the end of the
first summer(Figure130,pagel99).

Januaryl5-17,2001andMarch 20-22representetwet season nominalflow”

samplingconditions. Therewasno precipitationfor 48 hrs precedingsampling
or duringsampling.April 17-19andMay 15-17representetivet season storm
flow” conditions,having beenprecededyy wet weatherfor several weeksprior
to sampling. Precipitationwas belon averageduring the winter and spring of
2001,however, soall of the2001wet seasorsamplesverecollectedunderlow to
moderatdlow conditions.All of the stormwaterrunoff wasflowing throughthe
pondsduringtheJanuaryandApril samplingperiods.The July 24—26andAugust
6—8samplesverecollectedduring“dry season nominalflow” conditionsduring
a unusuallydry summey with little to no precipitationfor severalweeksprior to
sampling.

Tables27-30(pagess4—67)shav the raw datafrom the Park Place,Brentwood,
andS. Campudreatmensystems.Thetablesalsoshav the annualandseasonal
percentreductionin concentratiorof contaminantetweenthe inflow andout-
flow atthe Park PlaceandBrentwoodpondsandS. Campusstormwatertreatment
facility. Averagepercenteductionsverecomputedasfollows:

. Tinlet — Toutlet
Average % reduction = ~ 2% % 100

Tinlet

The lower mercurydetectionlimits for the S. CampussampleqTable 27) were
the resultof AmTestusing low-level detectionmethodologies.Future samples
will beanalyzedisingthe samedetectionlimits asareusedfor the Park Placeand
Brentwoodsamples.

As in previous years,the Park Placewet pond did not remove solids or phos-
phorusfrom the waterflowing throughthe pond. On average the concentrations
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of total suspendedolids,total organiccarbon,andtotal phosphorusverehigher
atthe outletthanattheinlet (Table27). In contrastboththe Brentwood andthe

S.Campudreatmentacilitieshadlowertotal suspendedolids,total nitrogen,and

totalphosphorugsoncentrationattheoutlet. Park PlaceandBrentwoodproduced
substantiateductionsin coliforms and Enterococcus counts,but the S. Campus
facility hadhigherEnterococcus countsattheoutlet. Theunusuallyhigh bacterial
countsat the outletsfrom the S. Campusgfacility may reflectlocal useof the fa-

cility by peoplewalking dogsalongthe gravel pathsthat surroundthe rock/plant
filters (R. Matthews, personabbsenation, spring,2001). The City hasinstalled
“Dog Mitt” stationsattheentranceso theS.Campudacility, which mayimprove

thesituation

The S. Campusfacility was particularly successfuht removing total suspended
solids (84.9% reduction)and total phosphorug59.1%  reduction). The facility
is locateddownstreamfrom an active constructionsite that has producedarge
amountsof sedimentin the runoff enteringthe facility (19.9-62.3mg/L). It is
possiblethatthe highersedimentoadsallow thefacility to work moreefficiently.
It wasalsoencouragingo notethatthe Brentwood facility achiezed an average
of 32.6%reductionin total suspendedolidsand47.9%reductionin total phos-
phorus.Thisis a substantiaimprovementcomparedo previousyearswhenboth
Park PlaceandBrentwoodperformedpoorly for mostcontaminantsilt is possible
thattheimproved2000/2001performancaes relatedto the unusuallydry weathey
which reducedflows throughthe ponds,increasingresidencdimes. Increased
residencdimesmay alsopartially explain the high level of treatmentffordedby
theS. Campudacility, whichwassizedaslargeascouldbeaccommodatedtthe
site,with theintentionof providing longerresidencdimes.

In summarythe Park Placewet pondcontinuedo performpoorly for mosttypes
of contaminantsyith no consistenteductionin sedimentsnutrients total organic
carbon,or metalsconcentration®etweenthe inlet and outlet; however, boththe
Brentwood wet pondandthe S. Campusstormwatertreatmentacility provided
reasonablygonsistenteductionan solids,nutrients,andcoliforms.
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6 Quality Control

In orderto maintaina high degreeof accurag andconfidencen thewaterquality

dataall personnehssociatedvith this projectweretrainedaccordingto standard
operatingproceduredor the methodslisted in Table 2 (page39). Single-blind
quality control testswere conductedas part of the IWS laboratorycertification
process.The 2000/2001resultsare presentedn Table31 (page68). All results
from the single-blindtestswerewithin acceptancémits.

Laboratoryduplicatesvereanalyzedor atleast10%of all waterquality parame-
tersexcepttheHydrolabdata.Controlchartsweredevelopedthatshowv thediffer-
encebetweeneachpair of duplicateqFigures131-132 pages200-201).Refer
encelinesoneachfigureshav + 2 or +3 x thestandardleviationfrom themean
for the 2000/2001quality control pairsfor eachanalysis.

Separatdield duplicateswere collectedand analyzedfor at least10% of all of

the water quality parameterexceptthe Hydrolab data. To checkthe Hydrolab

measurementsiuplicatesamplesvereanalyzedor atleast10% of the Hydrolab

measurementssingwatersamplescollectedfrom the samedepthasthe Hydro-

lab measurement.The field duplicatesresultswere in close agreementgiven

thatthey camefrom differentwatersampleqFigures133—-137 pages202—-206).
Field duplicatesarerarely as closeaslaboratoryduplicates. A systematicbias
was obsened in the conductvity resultsbecausehe Suneyor IV Hydrolabis

moresensitve thanthe laboratorymeter This appearsasa flatteningof the lab-

oratoryconductvity responset ~60 uS (Figure 133). In addition,the Surweyor

IV Hydrolabis moresensitve thanthe old Surweyor Il Hydrolab,which creates
theappearancef a decreasén thelake’s conductvity overtime (Figures27-31,
page96-100).Theseconductvity differencesveregenerally< 5 uS. Therewas
asmallsystematidiasin the pH data,with the Hydrolabresultsshaving amore
extremerangethanthe laboratorypH results. This is mostlikely dueto slight

changesn theamountof dissohedCO, andassociatethorganiccarbonions (bi-

carbonatendcarbonate)hatoccurredafterthesamplesverecollected.Thistype

of pH shiftis commonin low alkalinity watersamples.

The mediandifferencebetweenHydrolab and Winkler dissoled oxygenvalues
was 0.2 mg/L, and 95% of the sampleddifferedlessthan1.0 mg/L. As in pre-
vious years,however, therewere systematicdifferencesbetweenthe Hydrolab
dissolved oxygenconcentrationsaindthe laboratoryresults(Winkler test). These
differencesverenot ananalysiserroror a problemwith the Hydrolab, but rather
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theresultof collectingwatersampledrom slightly differentdepthsat thethermo-
cline. TheHydrolabhasa depthmeter sothe watersamplesaremeasuredttrue
depth. Winkler samplesare collectedusinga marked line, which canonly mea-
sureapproximatalepthdueto theeffectsof drift andlake currents.Thedifference
betweentrue andapproximatedepthis nearlyimpossibleto measureaccurately
but is likely to be lessthan1-2 meters,evenin extremeinstancesf drift. Nor-
mally, this differenceis not critical. Most waterquality parameterghangegrad-
ually within the water column. The two major exceptionsare temperatureand
dissolhed oxygen. Whenthe lake is stratified,dissolved oxygenconcentrations
in the thermoclinemay drop 5 mg/L in just 1-2 meters(seeTable 9, page46).
Winkler samplesare collectedat slightly shallaver depthsthanthe marked line
indicatesandin thethermocline thiswill resultin higheroxygenconcentrations
becausehelake is sampledtloserto thesurface.In theseinstancesthe Hydrolab
is undoubtedlythe moreaccurateneasuremerdevice becausét is recordingtrue
depthalongwith the oxygenconcentration.

Threetotal phosphorusiuplicates,one chlorophyll duplicate,and two turbidity
duplicatesdifferedmorethanexpected All of thesesamplesverecollectedin late
summerfrom Sitesl or 2 atdepthswvheretherearerapidchangesn waterquality
over shortdistancesandthereforeprobablyrepresenerrorassociateavith using
a marked line to collect water samplegseediscussiorabore). The practiceof
usinga markedline to measurealepth,althoughnearlyuniversalin lake sampling,
is animportantsourceof samplingerrorwheneer the samples collectedalonga
rapidly changingervironmentalgradient.

As partof ourregularfield quality controlprotocolswe measurénitial andending
surfaceHydrolab readingsat eachsite. This is doneto verify that we allowed
a sufficient equilibrationtime during the first few samplesfor the Hydrolabto
recordaccuratevalues. The results,shovn in Figure 138 (page207), indicate
thattherewasno consistenbiasbetweensurfaceandbottompH or temperature
readingshut therewasa smallpositive biasfor conductvity anda smallnegative
biasfor dissohedoxygen.Themediandifferencedbetweerconductvity readings
wasO0.3 units,andthe mediandifferencebetweeroxygenreadingsvas0.3mg/L.
Thesedifferencesare relatively small, but might be reducedby allowing more
sensorequilibrationtime at eachdepth. The Hydrolaboperatingproceduresvill
berevisedto includeadditionalinstructionson equilibrationtimes.

The HydrolabpH probefailedin the field in October2000, and had continuing
calibrationproblemsthroughouthe winter of 2000/2001.The unit wasreturned
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to themanufcturerfor servicein February2001. TheHydrolabcontinuedo have
mechanicaproblemsduringthespringof 2001,andwasreplacedvith a new unit
in May 2001. Comparisonsveremadebetweernthe old andnew Hydrolabunits,
andthenew unit wasplacedinto servicebeginningJune2001. Whene&erthe Hy-
drolabfailedto meetquality control performancestandardswatersamplesvere
collectedandanalysesusingbenchtopmethodsasspecifiedin the contract. Fig-
ure 139 (page208) shows theresultsfrom the old 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 . . . . . . . . . . Sitesl, 2, Intake - every 1 m;
pH - hydrolab . . . . ° . . . ° . Sites3,4 - everylmto 10m
Temp- hydrolab . . . . ° . ° . . . thenevery 5 m;
Cond- hydrolab . . . . ° . . . ° . Gatehouse
Secchidepth . . . . ° . ° . ° . Sitesl, 2, 3,4, Intake
Ammonia ° . . . ° . ° . ° . Sites1,2-0.3,5,10,15,20m;
Nitrite/nitrate . . . . ° . . . ° . Intake - 0.3,5,10m;
Total nitrogen . . . . ° . ° . ° . Site3- 0.3,5, 10, 20, 40, 60,
Solublephosphate e . . . ° . . . ° . 80m;
Total Phosphorus . . . . ° . ° . . . Site4 - 0.3,5, 10, 20, 40, 60,
Alkalinity . . . . . . . . . . 80,90m;
Turbidity . . . . . . . . ° . Gatehouse
Total metals . Sites1, 2, 3,4, Intake -
(arseniccadmium chromium,copperiron, lead,mercury nickel, zinc') . 0.3m andbottomonly

T. organiccarbon

Chlorophyll

Plankton

Bacteria(City)

Sites1, 2, 3,4, Intake -
0.3m andbottomonly

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

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

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

TTwenty-fouradditionalmetalsareincludedwithout chage aspartof the standarddmTestanalyticalprocedure.

Tablel: Lake Whatcom2000/2001ake monitoringschedule.
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Total coliform (City)
Fecalcoliform (City)
Enterococcus (City)

APHA (1998)#9222B, membrandilter
APHA (1998)#9222D, membrandilter
APHA (1998)#9223A (mod.),MPN-methyl.

Historic 2000/2001 Sensitvity or
Parameter Method DLS MDL$§ Confidencdimit
Conductvity-field Hydrolab(1997),field meter - - + 2 uSlem
Conductvity-lab APHA (1998)#2510,low-level, SOP-IW-9 - - + 2.2uS/em
Dissolwedoxygen-field Hydrolab(1997),field meter - - + 0.1mg/L
Dissohedoxygen-lab  APHA (1998)#4500-O.C.Winkler, SOP-1W-12 - - + 0.1mg/L
pH-field Hydrolab(1997),field meter - - 4 0.1pH unit
pH-lab APHA (1998)#4500-Ht, low-ionic, SOP-IW-8 - - =+ 0.1pH unit
Temperature Hydrolab(1997),field meter - - +0.1°C
Alkalinity APHA (1998)#2320,low level, SOP-IWS-15 - - + 0.5mg/L
Dischage Lind (1985),ratingcurve, SOP-IWS-6 - - -
Secchidisk Lind (1985) - - +0.1m
T. suspendedolids APHA (1998)#2540D, gravimetric, SOP-IW-22 2mg/L 2mg/L + 1.5mg/L
Turbidity APHA (1998)#2130,nephelometricSOP-IW-11 - - + 0.2NTUs
Ammonia Wetzel& Likens(1991),phenate SOP-IW-21 10 ug-N/L 4.7 ug-N/L + 3.8 ug-N/L
Nitrite/nitrate APHA (1998)#4500-NG 1., Cd reduction, SOP-IWS-19 20pug-N/IL 6.4ug-NIL =+ 4.6ug-N/L
T. nitrogen APHA (1998)#4500-NC., Ebinatal. (1983),SOP-IWS-19 100ug-N/L 11.0ug-N/L + 26.3ug-N/L
Sol. phosphatemarf APHA (1998)#4500-PE., ascorbicacid, SOP-IW-20 5 ug-P/L 2.0ug-P/L + 1.4 ug-P/L
Sol. phosphateautd APHA (1998)#4500-PG., ascorbicacid, SOP-IWS-19 5 pug-P/L 1.5ug-P/L + 2.2 ug-P/L
T. phosphorusmari APHA (1998)#4500-PE., persulfitedigestion, SOP-1W-18 5 ug-P/L - -
T. phosphorusautd APHA (1998)#4500-PH., persulatedigestion SOP-IWS-19 5 ug-P/L 2.6 ug-P/L + 3.4 ug-P/L
Chlorophyll APHA (1998)#10200H, acetoneSOP-IWS-16 - - + 0.1mg/n?
Plankton Lind (1985),Schindlertrap - - -

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

Table2: Summaryof IWS andCity of Bellinghamanalyticalmethods.
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Variable Meadi  SD Min. Max.
Alkalinity (mg/L CaCQ) 199 14 182 251
Conductvity - Hydrolab(uS/cm) 59.2 3.4 545 738
Conductvity - lab (u#S/cm) 624 2.7 60.6 72.6
Dissolvedoxygen(mg/L) 8.3 3.5 0.0 115
pH 7.4 0.6 6.3 8.6
Temperaturg°C) 11.8 4.0 49 216
Turbidity (NTU) 1.0 1.0 05 7.7
Nitrogen,ammonia(.g-N/L) 226 39.3 <10 208.8
Nitrogen,nitrate/nitrite(ug-N/L)  183.3 105.3 <20 297.0
Nitrogen,total (2g-N/L) 369.4 1155 174.9 622.9
Phosphorussoluble(ug-P/L) <5 1.0 <5 5.3
Phosphorugotal (1g-P/L) 10.0 5.6 <5 322
Chlorophylla (mg/n?) 24 15 04 57
Secchidepth(m) 5.1 1.1 3.5 6.7
Coliforms, total (cfu/100mL)* 2.7 na <1 8
Coliforms, fecal (cfu/100mL)* 1.2 na <1 3
Enterococcus (cfu/100mL)* 2.0 na <2 2

T Arithmetic meansexceptasnoted.
tGeometriomeans.

Table3: Site 1 averageambientwaterquality data,Oct. 2000— Sept.2001.
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Variable Mear SD Min. Max.
Alkalinity (mg/L CaCQ) 184 05 175 192
Conductvity - Hydrolab(uS/cm)  56.7 20 526 59.8
Conductvity - lab (u#S/cm) 506 0.7 58.8 61.2
Dissolvedoxygen(mg/L) 10.2 0.7 9.0 1138
pH 78 04 71 85
Temperaturg°C) 13.2 4.6 6.1 20.1
Turbidity (NTU) 06 0.1 0.4 1.0
Nitrogen,ammonia(.g-N/L) <10 31 <10 146
Nitrogen,nitrate/nitrite(ug-N/L)  282.1 69.6 172.1 382.7
Nitrogen,total (2g-N/L) 438.4 114.7 294.0 730.1
Phosphorussoluble(ug-P/L) <5 1.0 <5 4.7
Phosphorugotal (1g-P/L) 5.9 2.6 <5 147
Chlorophylla (mg/n?) 19 08 07 32
Secchidepth(m) 6.2 1.3 4.5 8.0
Coliforms, total (cfu/100mL)* 2.2 na <1 4
Coliforms, fecal (cfu/100mL)* 1.0 na <1 1
Enterococcus (cfu/100mL)* 2.0 na <2 2
T Arithmetic meansexceptasnoted.

tGeometriomeans.

Table4: Intake averageambientwaterquality data,Oct. 2000— Sept.2001.
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Variable Meadi  SD Min. Max.
Alkalinity (mg/L CaCQ) 184 13 172 254
Conductvity - Hydrolab(uS/cm) 57.0 3.0 524 77.8
Conductvity - lab (u#S/cm) 594 05 58.8 61.2
Dissolvedoxygen(mg/L) 9.2 2.7 0.0 11.6
pH 75 05 64 85
Temperaturg°C) 12.1 4.2 6.0 19.8
Turbidity (NTU) 06 04 03 2.7
Nitrogen,ammonia(.g-N/L) 216 534 <10 3395
Nitrogen,nitrate/nitrite(ug-N/L)  284.6 97.0 <20 394.1
Nitrogen,total (2g-N/L) 458.3 114.5 300.2 729.3
Phosphorussoluble(ug-P/L) <5 1.3 <5 8.7
Phosphorugotal (1g-P/L) 8.0 8.6 <5 620
Chlorophylla (mg/m?) 1.8 07 04 33
Secchidepth(m) 6.3 1.1 4.5 8.1
Coliforms, total (cfu/100mL)* 3.7 na <1 37
Coliforms, fecal (cfu/100mL)* 1.0 na <1 1
Enterococcus (cfu/100mL)* 2.0 na <2 2

T Arithmetic meansexceptasnoted.
tGeometriomeans.

Table5: Site 2 averageambientwaterquality data,Oct. 2000— Sept.2001.
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Variable Meadi  SD Min. Max.
Alkalinity (mg/L CaCQ) 178 0.7 16.2 191
Conductvity - Hydrolab(uS/cm) 559 2.0 52.2 615
Conductvity - lab (u#S/cm) 598 09 586 627
Dissolvedoxygen(mg/L) 9.7 1.0 51 11.7
pH 75 05 67 86
Temperaturg°C) 10.0 4.3 6.4 20.0
Turbidity (NTU) 05 03 0.2 1.7
Nitrogen,ammonia(.g-N/L) <10 45 <10 259
Nitrogen,nitrate/nitrite(ug-N/L)  359.0 71.4 206.1 449.6
Nitrogen,total (2g-N/L) 495.8 100.9 326.9 749.5
Phosphorussoluble(ug-P/L) <5 1.2 <5 5.0
Phosphorugotal (1g-P/L) 5.8 3.5 <5 18.0
Chlorophylla (mg/n?) 16 08 05 31
Secchidepth(m) 6.9 1.4 4.7 8.8
Coliforms, total (cfu/100mL)* 1.6 na <1 9
Coliforms, fecal (cfu/100mL)* 1.2 na <1 5
Enterococcus (cfu/100mL)* 2.0 na <2 2

T Arithmetic meansexceptasnoted.
tGeometriomeans.

Table6: Site 3 averageambientwaterquality data,Oct. 2000— Sept.2001.
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Variable Mear SD Min. Max.
Alkalinity (mg/L CaCQ) 177 05 16.3 19.0
Conductvity - Hydrolab(uS/cm)  56.0 1.8 525 60.8
Conductvity - lab (u#S/cm) 595 0.4 586 60.0
Dissolvedoxygen(mg/L) 9.9 0.9 76 117
pH 74 04 6.7 84
Temperaturg°C) 9.7 4.1 6.5 19.1
Turbidity (NTU) 04 0.1 0.2 0.8
Nitrogen,ammonia(.g-N/L) <10 43 <10 229
Nitrogen,nitrate/nitrite(ug-N/L)  373.2 69.5 219.2 453.6
Nitrogen,total (2g-N/L) 506.7 105.0 313.8 772.3
Phosphorussoluble(ug-P/L) <5 1.2 <5 7.4
Phosphorugotal (1g-P/L) 6.1 3.4 <5 147
Chlorophylla (mg/n?) 16 08 05 31
Secchidepth(m) 7.1 1.8 45 10.0
Coliforms, total (cfu/100mL)* 15 na <1 4
Coliforms, fecal (cfu/100mL)* 1.0 na <1 1
Enterococcus (cfu/100mL)* 2.0 na <2 2
T Arithmetic meansexceptasnoted.

tGeometriomeans.

Table7: Site4 averageambientwaterquality data,Oct. 2000— Sept.2001.
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Sample Surface Bottom
Date Temp(°C) Temp(°C) Difference
Sitel June61988 14.50 9.40 5.10
June 121989  18.97 9.22 9.75
June4 1990 15.25 7.75 7.50
June 31991 14.36 9.39 4.67
June2 1992 19.54 10.19 9.38
June 31993 18.23 11.42 6.81
June,7 1994 16.48 9.99 6.49
June 81995 19.03 10.40 8.63
June4 1996 16.69 11.07 5.62
June 101997  19.18 10.67 8.51
June 101998  18.61 9.79 8.82
June 91999 14.77 8.87 5.90
June 8 2000 16.25 9.88 6.37
June5 2001 14.87 11.23 3.64
Site2 June6, 1988 14.00 8.90 5.10
Junel2,1989  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
Junel0, 1997 18.4 9.08 9.32
Junell, 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: Sitel surfaceandbottomtemperatures]lunel988—2001Averagel 988—
2000surface-to-bottontemperaturalifferencesvere7.22 and7.01° for Sitesl
and2, respectiely.
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Depth 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

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

Boxedvaluesmarkdepthwhereoxygendroppedbelonv 1 mg/L.

Table9: Dissolvedoxygenconcentrationgmg/L) at Site 1, Sept.1988—2001.
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Depth 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
0 19.7 191 202 185 209 202 202 199 188 213 216 198 184 185
1 191 201 185 209 201 201 199 186 212 216 198 184 185
2 195 191 201 184 209 201 200 199 186 211 216 19.8 184 185
3 191 200 184 209 201 200 199 185 210 216 195 184 185
4 193 191 200 183 209 200 200 199 185 208 216 194 184 185
5 191 198 182 209 199 199 198 184 206 216 193 184 185
6 191 1921 197 180 209 197 198 198 184 204 216 19.2 183 185
7 190 193 178 209 196 198 19.7 184 202 210 19.2 182 185
8 183 189 184 178 194 194 197 196 183 190 195 19.0 181 185
9 183 161 175 175 171 183 183 182 168 172 156 159 185
10 150 165 136 16.7 159 160 160 170 154 152 144 141 133 184
11 143 112 157 138 145 142 146 141 128 126 124 123 148
12 122 127 103 129 123 129 124 129 131 120 119 110 116 135
13 115 9.9 116 118 126 117 123 127 119 115 104 112 127
14 114 111 9.5 109 118 124 114 120 123 117 112 101 109 123
15 10.9 9.3 108 111 123 112 118 121 116 112 100 10.7 122
16 111 107 9.2 10.7 109 122 111 116 120 115 111 9.9 106 121
17 10.6 9.2 10.7 108 121 110 115 119 115 110 9.8 10.6 120
18 10.8 104 9.2 10.7 10.7 120 109 114 118 114 110 9.8 105 120
19 10.4 9.3 10.7 106 119 108 11.3 118 114 109 9.8 104 119
20 9.3 106 105 119 108 11.3 118 114 10.7 9.7 104 119

Horizontallinesshav 8, 10 and12 meterreferencealepths.

Table10: Watertemperature§’C) at Site 1, Sept.1988—-2001.
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Date HyS (mg/L) NH; (129-N/L)
October1999 Sitel (bottom) 0.03-0.04 268.3
Site 2 (bottom) 0.40 424.4
October2000 Sitel (bottom) 0.27 208.8
Site 2 (bottom) 0.53 339.5
October2001 Site1 (bottom) 0.42 168.7
Site 2 (bottom) 0.76 331.9

Table11: Site 1 andSite 2 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)
Sitel O Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.030 <0.01 0.015 <0.001 0.004
Sitel 20 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.160 <0.01 0.011 <0.001 0.006
Intake 0 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.016 <0.01 0.016 <0.001 0.004
Intake 10 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.016 <0.01 0.015 0.001 0.008
Site2 0 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.011 <0.01 0.014 0.001 0.004
Site2 20 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.031 <0.01 0.006 <0.001 0.007
Site3 0 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.013 <0.01 0.016 <0.001 0.005
Site3 80 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.015 <0.01 0.018 <0.001 0.011
Site4 0 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.006 <0.01 0.016 <0.001 0.003
Site4 90 Aug6,2001 <0.01 <0.0005 <0.001 <0.001 0.011 <0.01 0.016 0.001 0.015

Table12: Lake Whatcom2000/2001total metalsdata. Only the metalsspecified
in the 2000/2001monitoring plan are includedin this table; the resultsfor 24
additionalmetalsare includedin Appendix C andon the CD thataccompanies
thisreport.




2000/2001Lake WhatcomFinal Report Page50

AmTest Env. Canada
Site Depth Date mg-Hg/L Date mg-Hg/L
Sitel 0 July17,2001 <0.0002 July17,2001 <0.00005
Sitel 20  Julyl17,2001 <0.0002 July17,2001 0.00008
Intake 0 July17,2001 <0.0002 July17,2001 <0.00005
Intake 10  July17,2001 <0.0002 July17,2001 <0.00005
Site2 0 July17,2001 <0.0002 July17,2001 <0.00005
Site2 20  Julyl17,2001 <0.0002 July17,2001 <0.00005
Site3 0 July17,2001 <0.0002 July17,2001 <0.00005
Site 3 80 July17,2001 <0.0002 July17,2001 <0.00005
Site4 0 July17,2001 <0.0002 July17,2001 <0.00005
Site4 90 Julyl17,2001 <0.0002 July17,2001 <0.00005

AmTest AmTest
Site Depth Date mg-Hg/L Date mg-Hg/L
Sitel 0 Aug7,2001 <0.0002 Septl8,2001 <0.0002
Sitel 20 Aug7,2001 <0.0002 Septl8,2001 <0.0002
Intake 0 Aug7,2001 0.0004 Septl8,2001 <0.0002
Intake 10 Aug7,2001 <0.0002 Septl8,2001 <0.0002
Site2 0 Aug7,2001 <0.0002 Sept18,2001 <0.0002
Site2 20 Aug7,2001 <0.0002 Septl8,2001 <0.0002
Site3 0 Aug7,2001 <0.0002 Sept18,2001 <0.0002
Site3 80 Aug7,2001 0.0005 Sept18,2001 <0.0002
Site4 0 Aug7,2001 <0.0002 Sept18,2001 <0.0002
Site4 90 Aug7,2001 <0.0002 Septl8,2001 <0.0002

Table 13: Lake Whatcom2000/2001low level mercuryresults. Datawere an-
alyzedby AmTest (detectionlimit = 0.0002mg/L = 0.2 ug/L) or Ernvironment
Canadddetectionimit = 0.00005mg/L = 0.05u.g/L).
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TOC TOC
Site  Date Depth (mg/L) Date Depth (mg/L)
Sitel Feb13,2000 O 2.4 Aug6,2001 O 1.6
Feb13,2000 20 15 Aug6,2001 20 <1
Intake Feb13,2000 O <1 Aug6,2001 O 3.6
Feb13,2000 10 1.4 Aug6,2001 10 2.4
Site2 Feb13,2000 O 2.8 Aug6,2001 O 1.7
Feb13,2000 20 1.4 Aug 6,2001 15 2.0
Site3 Feb13,2000 O 1.3 Aug6,2001 O <1
Feb13,2000 80 1.3 Aug6,2001 80 14
Site4 Feb13,2000 O 1.1 Aug6,2001 O 1.2
Feb13,2000 90 2.6 Aug 6,2001 90 1.3

Table14: Lake Whatcom2000/2001total organiccarbondata.
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Season Median Geom.Mean Mean Minimum  Maximum
Phylum (um®) (um®) (um®) (um®) (um®) N
combined Pyrrhophytd 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
Chrysophyté 597 762 1,174 202 8,244 95
spring Pyrrhophytd 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
Chrysophyté 481 605 909 202 5,633 49
summer Cyanophyta 168,654 7270 244,064 39 573,465 13
Pyrrhophytd 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

TDinophytain sometaxonomies

tHeterolontophytan sometaxonomies

Table 15: Lake Whatcomplanktonbiovolume summary Spring sampleswere
collectedfrom April 25-June3, 2001;summersamplesverecollectedfrom June

27—-August3, 2001.
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Depth Temp Cond DO
Site Date (m) (©) pH (uS/cm) (mg/L)
Site3  Oct5,2000 0-35 144 75 56.1 8.9
Sites2 Oct10,2000 0-35 143 7.4 56.3 8.7
Site3 Nov7,2000 0-35 115 75 56.1 9.2
Sites2 Nov7,2000 0-35 115 NA 56.3 9.1
Site3 Dec6,2000 0-35 9.0 74 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 75 54.8 9.8
Site3  Apr12,2001 0-35 73 7.6 53.4 11.2
Sites2 Apr12,2001 0-35 74 75 53.5 11.1
Site3 May8,2001 0-35 9.6 7.6 55.2 11.2
Sites2 May8,2001 0-35 9.7 7.7 54.8 11.2
Site3  June6,2001 0-35 123 7.9 56.6 10.5
Sites2 June6,2001 0-35 125 7.9 57.5 10.5
Site3  July10,2001 0-35 154 8.1 58.2 10.2
Sites2 July10,2001 0-35 16.0 8.2 58.2 9.8
Site3 Augl1,2001 0-35 159 8.1 56.2 10.0
Sites2 Aug2,2001 0-35 158 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: Stravberrysill 2001hydrolabdatacomparedo Site 3.
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Depth Alk Turb NH3 TN NO3 SRP TP
Site Date (m) (mg/L) (NTU) (ug-N/L) (ug-N/L) (ug-N/L)  (ug-P/L) (ug-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  Oct3,2001 0-40 17.4 0.3 <10 397.0 303.1 <5 5.6
Sites2 Oct10,2001 0-35 18.0 NA <10 360.4 271.7 <5 5.3

Tablel7: Stravberrysill 2000/2001waterquality datacomparedo Site 3.
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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 <0.01 <0.0005 0.003 <0.001 <0.005
s2 35 Oct5, 2000 <0.01 <0.0005 0.003 <0.001 <0.005
s2 0 Janl17,2001 <0.01 <0.0005 <0.001 <0.001 0.024
s2 35 Janl7,2001 <0.01 <0.0005 <0.001 <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 <0.01 <0.005 <0.001 0.001 1.6
s2 35 Oct5, 2000 <0.01 <0.005 <«0.001 <0.001 <1
s2 0 Janl17,2001 <0.01 <0.005 <0.001 0.002 6.3
s2 35 Janl7,2001 <0.01 <0.005 <0.001 0.001 2.8

Table18: Stravberry sill 2000/2001metalsandtotal organiccarbondata. Only
the metalsspecifiedin the 2000/2001monitoringplan areincludedin this table;
theresultsfor 24 additionalmetalsareincludedin AppendixC andontheCD that
accompaniethis report.
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2000
Parameter Oct Nov Dec

2001
Jan

Feb Mar

Apr

May Jun Jul

Aug Sep

Temperature
Dischage

Alkalinity
Conductvity

DO - Winkler

pH

T. suspendedolids
Turbidity

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

Total metals

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

Bacteria(City)

TTwenty-fouradditionalmetalsareincludedwithout chage.

Table19: Lake Whatcom2000/2001creekmonitoringschedule.
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Cond. DO TSS Alk. Disch. Temp. Turb

Site Date pH (uS/cm) (mg/L) (mg/L) (mg/L) (cfs) (°C) (ntu)
Blue 1990mint 8.1 250 9.0 <2 na 0.02 4.0 na
Caryon  1990avgt 8.4 344 10.5 5 na 0.05 10.9 na
1990maxt 8.6 409 12.3 29 na 0.11 17.0 na
Feb22,2001 8.3 284 11.3 6.0 1314 0.22 7.9 34
July18,2001 8.4 293 10.1 5.6 140.6 0.10 10.8 2.4
Park 1990mint 7.1 118 6.4 3 na  0.00 45 na
Place 1990avgt 7.7 245 9.1 13 na 0.26 13.7 na
1990maxt 8.1 410 11.8 57 na 0.91 23.0 na
Feb22,2001 7.5 222 11.1 6.0 79.5 NA 7.2 5.6
July 18,2001 8.0 263 7.3 4.2 119.9 NA 18.3 4.1
Silver 1990mint 7.4 103 6.9 <2 na  0.00 4.2 na
Beach 1990avgt 7.9 187 9.8 6 na 0.86 11.1 na
1990maxt 8.1 290 12.1 12 na 2.66 17.0 na
Feb22,2001 7.8 151 3.2 5.6 56.8 0.76 6.6 9.6
July 18,2001 8.2 281 8.7 24 1305 NA 14.0 2.4
Wildwd  1990mint 6.7 34 6.9 <2 na 0.01 4.0 na
1990avgt 7.2 54 10.0 2 na 0.76 10.0 na
1990maxt 7.6 126 12.3 11 na 2.52 16.5 na
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 1990mint 7.2 37 10.0 4 na 41.2 35 na
1990avgt 7.4 57 11.3 17 na 74.85 8.3 na
1990maxt 8.4 71 13.0 48 na 92.00 12.5 na
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 1990mint 7.1 50 8.3 <2 na 1.40 45 na
1990avgt 7.4 81 10.5 3 na 1449 10.6 na
1990maxt 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 1990mint 6.6 44 8.7 <2 na 0.80 3.4 na
1990avgt 7.5 64 10.5 3 na 7.63 10.0 na
1990maxt 7.8 a0 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

TThe 1990creekdatado notincludethe November1990stormevent.

Table20: Physicalwaterquality datafor creeksin the Lake Whatcomwatershed.
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NH3 TN NO243 SRP TP  TC(cfu/ FC(cfu/ EC(cfu/

Site Date (ug-N/L)  (ug-N/L)  (ug-N/L)  (ug-P/L) (ug-P/L) 100mL) 100mL) 100mL)
Blue 1990min 10 na 167 <5 <5 90 <2 na
Caryon 1990avg 20 na 336 <5 13 1163 7 na
1990max 34 na 545 12 25 9000 27 na
Feb22,2001 <10 363 268 7.7 23.3 83 <1 <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 >16000 16000 na
Feb22,2001 66.1 1016 683 119 51.2 3700 3400 3

July 18,2001 91.9 769 208 31.3 89.0 1400 33 2

Silver 1990min <10 na 173 <5 27 170 8 na
Beach 1990avg 19 na 583 16 41 7110 3307 na
1990max 43 na 1118 42 61 >16000 16000 na
Feb22,2001 <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 <10 na 755 <5 <5 23 <2 na
1990avg 189 na 1790 <5 9 1164 74 na

1990max 32 na 4857 9 33 >16000 1300 na
Feb22,2001 <10 3092 3108 <5 17.7 210 <1 <2

July 18,2001 <10 1962 1915 12.0 18.0 60 11 4

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

1990max 32 na 221 8 55 2400 130 na
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 <10 na 259 <5 <5 50 7 na
1990avg 20 na 441 <5 13 3366 950 na

1990max 40 na 658 9 23 16000 5000 na
Feb22,2001 <10 960 858 6.2 255 48 5 <2

July 18,2001 10.4 422 315 14.6 17.8 520 270 30

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

1990max 37 na 1025 8 12 9000 170 na
Feb22,2001 <10 1708 1588 <5 21.8 48 2 <2

July 18,2001 11.7 833 705 11.2 11.0 120 91 8

The 1990creekdatado notincludethe November1990stormevent.

Table21: Chemicalandbiologicalwaterquality datafor creeksn the Lake What-

comwatershed.
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As Cd Cr Cu Fe
Site Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
BlueCaryon Feb22,2001 <0.01 <0.0005 0.005 0.002 0.013
ParkPlace  Feb22,2001 <0.01 <0.0005 0.004 <0.001 0.40
SilverBeach Feb22,2001 <0.01 <0.0005 0.005 <0.001 0.54
Wildwood Feb22,2001 <0.01 <0.0005 <0.001 <0.001 0.006
Anderson Feb22,2001 <0.01 <0.0005 0.004 <0.001 0.11
Austin Feb22,2001 <0.01 <0.0005 0.002 <0.001 0.14
SmithCreek Feb22,2001 <0.01 <0.0005 0.002 0.002 0.020
Hg Ni Pb Zn
Site Date (mg/L) (mg/L) (mg/L) (mg/L)
BlueCaryon Feb22,2001 <0.01 <0.005 <0.001 0.003
ParkPlace  Feb22,2001 <0.01 <0.005 <0.001 0.008
SilverBeach Feb22,2001 <0.01 <0.005 <0.001 0.005
Wildwood Feb22,2001 <0.01 <0.005 <0.001 0.002
Anderson Feb22,2001 <0.01 <0.005 <0.001 0.003
Austin Feb22,2001 <0.01 <0.005 <0.001 0.004
SmithCreek Feb22,2001 <0.01 <0.005 <0.001 0.004

Table22: Metalsdatafor creeksn the Lake WhatcomwatershedOnly themetals
specifiedin the 2000/200Imonitoringplanareincludedin this table;the results
for 24 additionalmetalsareincludedin AppendixC andonthe CD thataccompa-
niesthisreport.
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TOC TOC

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

BlueCaryon Feb22,2001 1.3 July18,2001 <1

ParkPlace  Feb22,2001 4.7 July 18,2001 4.5

SilverBeach Feb22,2001 4.7 July 18,2001 2.2

Wildwood Feb22,2001 <1 July 18,2001 2.2

Anderson Feb22,2001 2.4 July 18,2001 2.7

Austin Feb22,2001 1.2 July 18,2001 2.1

Smith Feb22,2001 2.2 July18,2001 5.1

Table23: Total organiccarbondatafor creeksin the Lake Whatcomwatershed.
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Site Min. Max. n z!
Blue Caryon totalcoliforms <4 300 10 103
fecalcoliforms <1 120 10 8
Enterococcus <2 26 10 7

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

SilverBeach totalcoliforms 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 4

T5-yeargeometriomeansdrom Feb1997to July 2001.

Table24: Averagecoliform andEnterococcus countsfor creekdn thelLake What-
comwatershed.
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Date Fecalcoliforms Enterococcus
winter
Feb4, 1997 6 cfu/100mL <2 cfu/100mL
March10,1998 42cfu/100mL  50cfu/100mL
Feb10,1999 8 cfu/100mL na
Feb9, 2000 32cfu/100mL 2 cfu/100mL
Feb22,2001 5cfu/100mL <2 cfu/100mL
summer
Aug 11,1997  123cfu/100mL 17 cfu/100mL
July 14,1998  410cfu/100mL 240cfu/100mL
July 15,1999 56 cfu/100mL 8 cfu/100mL
July 18,2000  141cfu/100mL 8 cfu/100mL
July 18,2001  270cfu/100mL  30cfu/100mL
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Table25: Austin Creekfecal coliform andEnterococcus counts, 1997—-2001.
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MG/Year Percent MG/Year Percent Percent
Inputs 2000/2001  total 1999/2000  total change*
Direct precipitation 4,811 19.3 7,077 147 32.0]
Diversion 1,783 7.1 4,607 95 61.3]
Runof 18,345 73.6 36,563 75.8 49.8]
Total 24,938 100 48,247 100 48.3]
Outputs
WhatcomCreek 10,508 44.5 27,280 55.6 61.5]
Hatchery 1,074 4.5 2,388 4.9 55]
Geogia Pacific 4,851 20.5 12,334 251 60.7]
City of Bellingham 4,076 17.3 4,112 8.4 094
WaterDistrict #10 140 0.6 154 0.3 8.9]
Evaporation 2,971 12.6 2,777 5.7 -7.07
Total 23,621 100 49,045 100 51.8]
Netchangdan 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 35 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  Mar20-22,2001 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 <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 <0.01 <0.0005 <0.001 <0.001 0.73 <0.01 <0.005 <0.001 0.012
BW inlet Apr 17-19,2001 <0.01 <0.0005 <0.001 0.001 0.60 <0.01 <0.005 <0.001 0.009
BW inlet Jul24-26,2001 <0.01 <0.0005 <0.001 <0.001 0.81 <0.01 0.006 0.001 0.002
BW outlet Jan15-17,2001 <0.01 <0.0005 <0.001 <0.001 0.49 <0.01 <0.005 <0.001 0.011
BW outlet Apr 17-19,2001 <0.01 <0.0005 <0.001 <0.001 0.55 <0.01 <0.005 <0.001 0.012
BW outlet Jul24-26,2001 <0.01 <0.0005 <0.001 <0.001 0.55 <0.01 <0.005 <0.001 0.007
Annual% reduction NA NA NA NA 25.7 NA NA NA -30.4
PPinlet Jan15-17,2001 <0.01 <0.0005 <0.001 <0.001 0.46 <0.01 <0.005 <0.001 0.009
PPinlet Apr17-19,2001 <0.01 <0.0005 <0.001 0.007 0.87 <0.01 <0.005 0.002 0.340
PPinlet Jul24-26,2001 <0.01 <0.0005 <0.001 0.001 0.68 <0.01 0.009 0.001 <0.001*
PPoutlet Jan15-17,2001 <0.01 <0.0005 <0.001 <0.001 0.58 <0.01 <0.005 <0.001 0.010
PPoutlet Apr17-19,2001 <0.01 <0.0005 <0.001 0.003 0.84 <0.01 <0.005 <0.001 0.017
PPoutlet Jul24-26,2001 <0.01 <0.0005 <0.001 <0.001 0.66 <0.01 <0.005 0.001 0.003
Annual% reduction NA NA NA NA -3.5 NA NA NA 91.4
SCinlet Mar20-22,2001 <0.01 <0.0005 0.002 0.002 3.40 <0.0002 <0.005 <0.001 0.012
SCinlet May 15-17,2001 <0.01 <0.0005 <0.001 0.036 5.50 <0.0002 <0.005 0.003 0.200
SCinlet Aug 6-8,2001 <0.01 <0.0005 <0.001 <0.001* 7.30 <0.0002 <0.005 <0.001 0.010
SCoutletE Mar 20-22,2001 <0.01 <0.0005 0.002 0.001 0.17 <0.0002 <0.005 <«0.001 0.009
SCoutletE May 15-17,2001 <0.01 <0.0005 <0.001 0.023 0.72 <0.0002 <0.005 <«<0.001 0.067
SCoutletE  Aug 6-8,2001 <0.01 <0.0005 <0.001 0.001 0.18 <0.0002 <0.005 <0.001 0.012
SCoutletW  Mar 20-22,2001 <0.01 <0.0005 <0.001 0.002 0.31 <0.0002 0.006 <0.001 0.011
SCoutletW  May15-17,2001 <0.01 <0.0005 <0.001 0.025 0.81 <0.0002 <«0.005 <0.001 0.089
SCoutletW  Aug 6-8,2001 <0.01 <0.0005 <0.001 0.001 <0.01* <0.0002 <0.005 <0.001 0.012
Annual% reduction NA NA NA 32.1 93.2 NA NA NA 55.0

*Valuereplacedvith detectionlimit to calculatepercenteduction.

Table 27: Park Place/Brentwod wet pondsand SouthCampusrock/plantfilter

compositesamplesandaveragepercentreductionsbetweennlet andoutlet sam-

ples.Negative valuesrepresenainincreasen concentratiorat the outlet.
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Temp DO Cond TC FC EC

Site Month Day Year Time (°C) pH (mg/L) (uS/cm) (cfu/l00mL)  (cfu/100mL)  (cfu/100mL)
PPinlet 1 15 2001 pm 560 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 479 7.59 13.40 181.0 7700 390 2
PPoutlet 1 15 2001 pm 528 6.25 10.23 151.1 10000 540 17
PPoutlet 1 16 2001 am 446 6.89 10.37 163.8 9700 800 23
PPoutlet 1 16 2001 pm 445  7.33 9.95 164.1 3200 73 2
PPoutlet 1 17 2001 am 422 7.44 9.31 169.4 6500 270 7
Seasona 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 1050 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 1530 9.10 15.38 145.0 330 31 17
PPoutlet 4 18 2001 am 1150 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
Seasonab reduction -31.5 -159 -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 1750 7.55 8.42 230.0 21000 440 500
PPoutlet 7 24 2001 am NA 9.31 1143 211.0 400 <1* <2*
PPoutlet 7 24 2001 pm 2670 9.91 14.70 203.0 39 <1* <2*
PPoutlet 7 25 2001 am 1950 8.71 8.70 220.0 1000 1 <2*
PPoutlet 7 25 2001 pm 26.70 9.66 14.56 206.0 75 32 <2
Seasonab 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 valuesrepresentinincreasen concen-

trationattheoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time (°C) pH (mg/L) (uS/cm) (cfu/200mL)  (cfu/100mL)  (cfu/100mL)
BW inlet 1 15 2001 pm 8.57 5.93 9.70 268.1 8000 6700 <2*
BW inlet 1 16 2001 am 8.38 6.89 10.73 274.5 9700 9200 <2*
BW inlet 1 16 2001 pm 8.46 6.82 9.63 275.9 4000 3200 <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 453  6.99 6.96 230.0 560 280 <2*
BW outlet 1 16 2001 pm 394 6.78 6.93 226.9 180 100 <2*
BW outlet 1 17 2001 am 413 6.90 6.83 227.8 340 290 <2*
Seasona 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 1050 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 <2*
BW outlet 4 18 2001 am 1230 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 <2*
BW outlet 4 19 2001 am 11.80 7.23 1157 233.0 100 17 <2*
Seasonab reduction -29.6 -6.9 -38.1 17.6 48.6 64.6 115
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 1850 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 <20* 2 <2*
BW outlet 7 24 2001 pm 26.00 9.07 14.02 264.0 16 2 <2*
BW outlet 7 25 2001 am 19.70 7.63 5.73 274.0 2200 4 <2*
BW outlet 7 25 2001 pm 26,50 9.00 13.78 263.0 100 <1* <2*
Seasonab reduction -285 -220 -57.3 17.0 97.9 99.9 97.6
Annual% reduction -84 -10.1 -17.6 17.9 94.7 94.7 89.4

*Valuereplacedwith detectionlimit to calculatepercentreduction.

Table29: Brentwood wet pondgrabsamplesandaveragepercentreductionsbe-
tweeninlet andoutletsamples.Negative valuesrepresentinincreasen concen-

trationattheoutlet.
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Temp DO Cond TC FC EC
Site Month Day Year Time (°C) pH  (mg/L) (uS/cm) (cfu/200mL) (cfu/100mL)  (cfu/200mL)
SCinlet 3 20 2001 pm 10.00 7.42 9.62 325.0 270 4 8
SCinlet 3 21 2001 am 950 7.39 9.76 329.0 210 3 <2*
SCinlet 3 21 2001 pm 10.00 7.41 9.47 331.0 180 <3* 2
SCinlet 3 22 2001 am 9.80 7.43 9.63 339.0 67 <4* 2
SCoutletE 3 20 2001 pm 9.00 7.66 9.04 332.0 54 4 <2*
SCoutletE 3 21 2001 am 950 7.65 8.23 339.0 23 2 2
SCoutletE 3 21 2001 pm 950 7.65 8.95 335.0 37 2 <2*
SCoutletE 3 22 2001 am 9.10 7.62 8.14 342.0 14 <1* <2*
SCoutletW 3 20 2001 pm 9.20 7.63 9.15 331.0 15 1 <2*
SCoutletw 3 21 2001 am 10.00 7.60 8.48 334.0 4 <1* <2*
SCoutletWw 3 21 2001 pm 9.00 7.63 9.16 330.0 23 1 <2*
SCoutletWw 3 22 2001 am 9.00 7.60 8.47 340.0 14 <1* <2*
Seasona reduction 55 -2.9 9.5 -1.3 87.3 53.6 42.9
SCinlet 5 15 2001 pm 11.00 7.37 9.3 341.0 100 100 8
SCinlet 5 16 2001 am 11.00 7.53 9.61 261.0 1800 2300 30
SCinlet 5 16 2001 pm 1150 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 >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 1250 7.64 691 322.0 30 52 2
SCoutletWw 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 1250 7.61 7.39 321.0 33 17 2
Seasona reduction -5.3 -3.8 13.7 175 35.9 31.6 -298.0
SCinlet 8 6 2001 pm 1480 7.14 8.12 424.0 550 <5* 8
SCinlet 8 7 2001 am 1450 7.09 8.11 425.0 1000 6 2
SCinlet 8 7 2001 pm 1460 7.18 7.76 431.0 2000 8 8
SCinlet 8 8 2001 am 1450 7.26 7.88 434.0 2000 8 4
SCoutletE 8 6 2001 pm 1750 7.45 558 406.0 330 27 <2*
SCoutletE 8 7 2001 am 18.00 7.41 5.57 413.0 260 20 <2*
SCoutletE 8 7 2001 pm 17.60 7.59 5.83 422.0 310 11 4
SCoutletE 8 8 2001 am  18.00 7.58 547 423.0 300 14 2
SCoutletW 8 6 2001 pm 1750 7.33 3.85 407.0 330 8 <2*
SCoutletw 8 7 2001 am 18.00 7.31 551 412.0 310 5 <2*
SCoutletWw 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 <2*
Seasonab reduction -21.7 -39 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: SouthCampugock/plantfilter grabsamplesndaveragepercenteduc-
tions betweeninlet andoutlet samples.Negative valuesrepresenainincreasan

concentratiorattheoutlet.
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Reported True  Acceptance

Value Valué Limits
Specificconductvity (uS/cmat25°C) 823.0 814 738-890

1090.0 1099 1033-1164

Total alkalinity (mg/L asCaCQ) 50.4 49.8 44.1-56.0
124.0 122 111-131
Ammonianitrogen,autoanalysigmg-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
Nitrate nitrogen,autoanalysigmg-N/L) 9.69 10.1  7.98-12.0

5.91 5.87 4.62-7.00

Orthophosphategutoanalysigmg-P/L) 10.8 10.7 9.17-12.3
0.133 0.104 0.0707-0.137

Orthophosphateananual(mg-P/L) 10.7 10.7 9.17-12.3
0.102 0.104 0.070-0.137

Total phosphorusautoanalysigmg-P/L)  5.02 5.23  3.98-6.13
2.41 2.37 1.80-2.80

Total phosphorusmanual(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

TPerformancévaluationReportsWP-063andWP-066.

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

e Figurel (page70) providesa generalmap of Lake Whatcomandits tributaries,
andshaws the currentlake samplingsites.Referto AppendixA, Figures140-142
(page12-214)or detailedmapsshaving lake samplinglocations.

e Figures2-11(pages/1-80)shawv single-dayHydrolab profilesfrom Lake What-
comfor the FebruaryandSeptembesamplingdates.

e Figures12-31(pages81-100)shav multi-year plots of Hydrolab datafor Lake
Whatcom. The lines connectdatafrom a single samplingdepththroughtime to
help identify seasonapatternsof corvergenceanddivergence;however, they do
not representontinuoussampling. The minimumandmaximumvaluesrepresent
only datesactually samplesnot the annualextremes. Missing valueswere not
interpolated.

e Figures32-35(pagesl01-104xhav correlationdbetweeryearanddissohed oxy-
genduringthesummerat Site 1, 12—-18m, 1988-2000.

e Figures36—-100(pagesl05-169)shav multi-year plots of water quality, chloro-
phyll, plankton,andSecchidepthdatafor Lake Whatcom.

e Figuresl01-115pagesl70-184)shav multi-yearplots of coliformsandEntero-
coccus datafor Lake Whatcom.

e Figuresll6and117 (pagesl85 and186) shav iron concentrationsn untreated
drinking water (gatehouse)and average trihalomethanesoncentrationsn the
Bellinghamwaterdistribution system.

e Figuresl18-123pagesl87-192khav thehydrograptdataandratingcurvesfrom
Austin, AndersonandSmith Creeksthe waterbalancefigures;anda summaryof
the Middle Fork diversionfrom 1993-2001.

e Figures124 and 125 (pagesl193 and 194) illustrate the currentbathymetryand
sedimentepthsn Mirror Lake.

e Figures 126-130(pages195-199)shav samplinglocations and current pho-
tographf the Park PlaceandBrentwood wet ponds.

e Figures131-139(pages200-208)shav the field and laboratoryquality control
resultsandHydrolabquality controlcomparisons.
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Silver B?(ach

Anderson Creek

Figurel: Lake Whatcom2000/2001samplingsites.
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Figure2: Lake WhatcomHydrolabprofile for Site 1, Februaryl3,2001.
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Figure3: Lake WhatcomHydrolabprofile for Site 2, Februaryl3,2001.
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Figure4: Lake WhatcomHydrolabprofile for the Intake, Februaryl3,2001.
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Figure5: Lake WhatcomHydrolabprofile for Site 3, Februaryl3,2001.
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Figure10: Lake WhatcomHydrolabprofile for Site 3, Septembed, 2001.
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Figurell: Lake WhatcomHydrolabprofile for Site4, Septembed, 2001.
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Figurel2: Lake Whatcomtemperaturelatafor Site 1.
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Figurel3: Lake Whatcomtemperaturelatafor Site 2.
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Figurel4: Lake Whatcomtemperaturelatafor the Intake.
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Figurel5: Lake Whatcomtemperaturelatafor Site 3.
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Figurel6: Lake Whatcomtemperaturelatafor Site4.
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Figurel7: Lake Whatcomdissohedoxygendatafor Site 1.
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Figure18: Lake Whatcomdissolhedoxygendatafor Site 2.
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Figure19: Lake Whatcomdissolved oxygendatafor the Intake.
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Figure20: Lake Whatcomdissohedoxygendatafor Site 3.
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Figure21: Lake Whatcomdissolhedoxygendatafor Site4.
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Figure22: Lake WhatcompH datafor Site 1.
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Figure23: Lake WhatcompH datafor Site 2.



2000/2001Lake WhatcomFinal Report Page93

T T
1Jan98 1Jan2000 1Jan2002

Date

Lake Whatcom pH data for Intake, November 1991 through November 2001.
1Jan96

1Jan94

T
1Jan92

Figure24: Lake WhatcompH datafor the Intake.
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Figure25: Lake WhatcompH datafor Site 3.
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Figure26: Lake WhatcompH datafor Site4.
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Figure27: Lake Whatcomconductvity datafor Site 1.
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Figure28: Lake Whatcomconductvity datafor Site 2.
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Figure29: Lake Whatcomconductvity datafor the Intake.
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Figure30: Lake Whatcomconductvity datafor Site 3.
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Figure31: Lake Whatcomconductvity datafor Site4.
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Figure 32: Pearsors r correlationof dissolved oxygenconcentrationdy year
Site 1 (12m). July-Septemberesultsarestatisticallysignificant.
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Figure 33: Pearsors r correlationof dissolved oxygenconcentrationdy year
Site 1 (14 m). July-Septemberesultsarestatisticallysignificant.
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Figure 34: Pearsors r correlationof dissolved oxygenconcentrationdy year
Site 1 (16 m). July-Septemberesultsarestatisticallysignificant.
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Figure 35: Pearsors r correlationof dissolved oxygenconcentrationdy year
Site 1 (18 m). July-Septemberesultsarestatisticallysignificant.
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Figure36: Lake Whatcomalkalinity datafor Site 1.
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Figure37: Lake Whatcomalkalinity datafor Site 2.
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Figure38: Lake Whatcomalkalinity datafor the Intake.
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Figure39: Lake Whatcomalkalinity datafor Site 3.
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Figure40: Lake Whatcomalkalinity datafor Site4.
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Figure43: Lake Whatcomturbidity datafor the Intake.
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Figure44: Lake Whatcomturbidity datafor Site 3.
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Figure46: Lake Whatcomnitrogensummarydatafor Site 1.
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Figure47: Lake Whatcomnitrogensummarydatafor Site 2.
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Figure48: Lake Whatcomnitrogensummarydatafor the Intake.
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Figure49: Lake Whatcomnitrogensummarydatafor Site 3.
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Figure51: Lake Whatcomammoniadatafor Site1.
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Figure52: Lake Whatcomammoniadatafor Site 2.



Pagel22

2000/2001Lake WhatcomFinal Report

coocuert

areq@

0oocuert 86UElT o6uerT v6uert
| | | |

coeuert

1
R G IR 5 GRS~ RGNS - NI - GRID 95 RG-SR G G B .e&mm\eﬁ%mwﬁm e

o

*T00Z Jaquiadaq ybnoly) TE6T Joquiadaq ‘axelu] 10} erep eluowiwe Wodleym axeT

00T

00¢

0oe

ooy

008

(7/6n) elUOWWY

Figure53: Lake Whatcomammoniadatafor the Intake.
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Figure56: Lake Whatcomnitrate/nitritedatafor Site 1.
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Figure58: Lake Whatcomnitrate/nitritedatafor the Intake.



2000/2001Lake WhatcomFinal Report Pagel28

- N
N o
: S
N
———M%‘\ : ]
on—-HNsfoo R, == . m
ccccccc o X = @,/’ﬂ?.q : -
uuuuuuu s ko :
VOOV DDD Q‘ﬁ :
[ala/a'a’a/a’a] ; :
}D‘*. :
[ \\Q\w :
+<.]+>'<?'?+ O e :
Y " H07 =< :
g & g B :
5 : L S
. c
Q : S
€ : 2
(] :
3 :
[0 :
] :
< :
=] :
> :
3 :
o :
= :
S :
> :
o)} : EY
et : B %
— :
5 . -
Q : =
e :
) :
3] :
[0 :
(a] . o
5 : ©
™ - a
Q :
= :
(70} :
= :
£ : g
g [
° : a
Q :
= :
= :
c :
= N
i) :
© :
— .
= :
< :
1S :
8 .
g L2
< : - S
= : 2
Q :
X :
© :
— :
E
3
c
B
3
2 ~
‘©
: =
—
T T T T
009 oot 00¢ 0

(7/6n) snnIN/erRIIN

Figure59: Lake Whatcomnitrate/nitritedatafor Site 3.
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Figure60: Lake Whatcomnitrate/nitritedatafor Site4.
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Figure61: Lake Whatcomtotal nitrogendatafor Site 1.
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Figure62: Lake Whatcomtotal nitrogendatafor Site 2.
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Figure63: Lake Whatcomtotal nitrogendatafor the Intake.
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Figure64: Lake Whatcomtotal nitrogendatafor Site 3.
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Figure65: Lake Whatcomtotal nitrogendatafor Site4.
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Figure66: Lake Whatcomphosphorusummarydatafor Site 1.
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Figure67: Lake Whatcomphosphorusummarydatafor Site 2.
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Figure68: Lake Whatcomphosphorusummarydatafor the Intake.
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Figure69: Lake Whatcomphosphorusummarydatafor Site 3.
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Figure70: Lake Whatcomphosphorusummarydatafor Site4.
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Figure71: Lake Whatcomsolublephosphatelatafor Site 1.
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Figure72: Lake Whatcomsolublephosphatelatafor Site 2.



Pagel4?2

2000/2001Lake WhatcomFinal Report

areq

coocuert 0oocuert 86uerT oeuert veuert coeuert
| | | | | |

..... OGS T GOTITOF 0 - - GO — ORI - TN -~ WOIOII 0 GO O YOOI & 090 - - 0000 PINBY I o -
+

"T00Z Jaquwiadag ybnoly) T66T Joquiadaq ‘axelu) Joy erep areydsoyd aAnoeal a|gn|os WOodJeYA aXeT

0T

0¢

og

o

0S

(7/6n) ereydsoyd sanoesy 8|qn|os

Figure73: Lake Whatcomsolublephosphatelatafor the Intake.
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Figure74: Lake Whatcomsolublephosphatelatafor Site 3.
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Figure75: Lake Whatcomsolublephosphatelatafor Site 4.
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Figure76: Lake Whatcomtotal phosphoruslatafor Site 1.
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Figure77: Lake Whatcomtotal phosphoruslatafor Site 2.



Pagel4d7

2000/2001Lake WhatcomFinal Report

coocuert
|

areq@

0oocuert 86UElT o6uerT v6uert
| | | |

coeuert
|

..... R BET - TG G- SRR < GRRRRG - TG .@.g.e.ege@ﬁé@a%ﬁw eﬁe@e%m%%wo%e e

+
i
"
-

or ydeg -+
mmHmo -v -
oide@ —o—

¥

*T00Z Jaquiadag ybnoly) T66T Joquiadaq ‘axelu| Jo} erep snioydsoyd €10} Wodreypn axe

0¢

or

09

08

00T

(7/6n) snioydsoyd eiot

Figure78: Lake Whatcomtotal phosphoruslatafor the Intake.
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Figure79: Lake Whatcomtotal phosphoruslatafor Site 3.
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Figure80: Lake Whatcomtotal phosphoruslatafor Site4.
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Figure81: Lake Whatcomchlorophylldatafor Site 1.
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Figure82: Lake Whatcomchlorophylldatafor Site 2.
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Figure83: Lake Whatcomchlorophylldatafor the Intake.
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Figure84: Lake Whatcomchlorophylldatafor Site 3.
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Figure85: Lake Whatcomchlorophylldatafor Site4.
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Figure86: Lake Whatcomplanktondatafor Site 1.
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Figure87: Lake Whatcomplanktondatafor Site 2.
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Figure89: Lake Whatcomplanktondatafor Site 3.
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Figure90: Lake Whatcomplanktondatafor Site4.
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Figure91: Lake Whatcomplanktondatafor Site 1, low rangeplot.
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Figure92: Lake Whatcomplanktondatafor Site 2, low rangeplot.
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Figure93: Lake Whatcomplanktondatafor the Intake, low rangeplot.
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Figure94: Lake Whatcomplanktondatafor Site 3, low rangeplot.
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Figure95: Lake Whatcomplanktondatafor Site4, low rangeplot.
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Lake Whatcom Secchi data for Site 1, December 1991 through December 2001.
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Figure96: Lake WhatcomSecchidepthsfor Site1.



2000/2001Lake WhatcomFinal Report Pagel66

/
T T
1Jan2000 1Jan2002

T
1Jan98
Date

1Jan96

o
o
T
1Jan94

Lake Whatcom Secchi data for Site 2, December 1991 through December 2001.

\
T
1Jan92

T T T T T
(074 ST 0T S 0

yidaq 1y229s

Figure97: Lake WhatcomSecchidepthsfor Site 2.
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Lake Whatcom Secchi data for Intake, December 1991 through December 2001.
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Figure98: Lake WhatcomSecchidepthsfor theIntake.
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Figure99: Lake WhatcomSecchidepthsfor Site 3.



2000/2001Lake WhatcomFinal Report Pagel69

N
o
o
L. N
8 g
o=__ 3
o\8
—=o
0%
o—
__o
oZ
°C———o
°<o
—
= o—09 =
= _— =
o O\ |
S 5 -
g e <
o
g B
8 c)O/o
8 \0
- =
[o)) 0&
3 8—,
= o:
£ 0—0" ©
o
o \ B %
> o
— o 3
-
2
_—o
S 8
g 0/
- @
8 —0 ©
—9 [a}
R o=—_,
o o
o 02
2 . > .
kel o _ E
o] o =
© o°
°
=
8 /0“0
@ o=
n /o’o
I °%.
) ____—o
L °=—%
_c:U Ok <
= o >
o -8
g o 2
g B—0p
°O——o
__o’
o
o—
\
o
o—°
oio
o
o «~
o o
o~ 3
8
—
T T T T T
(014 ST (013 S 0

yidaq 1y229s

Figure100: Lake WhatcomSecchidepthsfor Site4.
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Figurel101: Lake Whatcomtotal coliform datafor Site 1.
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Lake Whatcom total coliform data for Site 2, December 1991 through December 2001.
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Figure102: Lake Whatcomtotal coliform datafor Site 2.



2000/2001Lake WhatcomFinal Report Pagel72

N
o
o
- 3
o ° 5
o ° 3
SR
o
o0
o
P
%0
o<o
o L
o o)
S o— S
w o S
[} o - c
o — ]
£ °=—o. 3
@ 0-°
o o—"_ "~
3 o)
a) 3
= o
[=J <
> o le)
1) o
= o
< o
£= 0—0
) ¢)
o So ©
& o 3
— o< 8
© ° 8
2 o | -
~
o
@ %o
2 [¢)
. —° 3
o @
g o ° 8
[ Q
E 09
f- \8
o ©
2 o =3}
ot o/ - &
© ———o —
© O“/O —
e [o)
= ° e}
g °——o
S 20
= o
]
8
] o
i)
I o
o
§ O—/\O 3
© [=
< o S
= o o g
)
< o
_ oO— o
o—
o—
o
o
~
- " S
5 - &
o b
-
T T T T T T
00T 08 09 oy 0c 0

(w 00T/N$0) SwooD [eloL

Figure103: Lake Whatcomtotal coliform datafor the Intake.
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Lake Whatcom total coliform data for Site 3, December 1991 through December 2001.
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Figure104: Lake Whatcomtotal coliform datafor Site 3.
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Figure105: Lake Whatcomtotal coliform datafor Site4.
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Figure106: Lake Whatcomfecal coliform datafor Site 1.
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Figure107: Lake Whatcomfecal coliform datafor Site 2.
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Figure108: Lake Whatcomfecal coliform datafor the Intake.
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Figure109: Lake Whatcomfecal coliform datafor Site 3.



Pagel79

2000/2001Lake WhatcomFinal Report

coocuert
|

areq

0oocuert 86uerT 9uert veuert
| | | |

ce6uert
|

0000M@O®W O 00O 0O O 000000000 OOOCCOXO O O,

8OOO§ o (€3] o

[e]
o o o /%O\OO (el elye]

o

00000 O OOO0O 000 O O - 000CO00 O OOO0CO O O O O

"T00Z Jaquiadaq ybnoiyy T66T Joquiasaq ‘v Q1S J0j erep WIoJI|0D 828} WOodreYA dXeT

0¢

or

09

08

00T

(W 00T/NYO) swioy|oD [ed84

Figure110: Lake Whatcomfecal coliform datafor Site4.
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Figurell1l: Lake WhatcomEnterococcus datafor Site 1.
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Figurel112: Lake WhatcomEnterococcus datafor Site 2.
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Figure113: Lake WhatcomEnterococcus datafor the Intake.
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Figurel114: Lake WhatcomEnterococcus datafor Site 3.
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Figure115: Lake WhatcomEnterococcus for Site4.
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Figurel24: Mirror Lake bathymetrysummer2000(from Tracey, 2001).
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Figurel25: Mirror Lake sedimentation] 991-200(redravn from Tracey, 2001).
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This file istoo largeto include in the webversion of this document. Theimage
isincluded in the bound copy of the 2000/2001Lak e Whatcom Final Report,
which is available from the City of Bellingham Public Works Department.

Figure128: Park Placewet pond,Septembef 0, 2001.
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This file istoo largeto include in the webversion of this document. Theimage
isincluded in the bound copy of the 2000/2001Lak e Whatcom Final Report,
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Figure129: Brentwoodwet pond,July 25,2001.
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This file istoo largeto include in the webversion of this document. Theimage
isincluded in the bound copy of the 2000/2001Lak e Whatcom Final Report,
which is available from the City of Bellingham Public Works Department.

Figure 130: South Campusstorm water treatmentfacility, November8, 2000
(constructiorphase).
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Figure 131: Control chartsshaving laboratoryduplicatesfor alkalinity, ammo-
nia, nitrate/nitrite,and soluble phosphate.Upperandlower lines indicate+2x
standarddeviation and+3x standardleviation of the pairedsamples.
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Figure132: Control chartsshaving laboratoryduplicatedfor total nitrogen,total
phosphorusandturbidity. Upperandlowerlinesindicate+2x standardleviation
and+3x standardleviation of the pairedsamples.
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Figure135: Ammoniaandnitrate/nitritefield duplicates.
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Figure136: Total nitrogenandtotal phosphorugield duplicates.
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Figure137: Turbidity andchlorophyllfield duplicates.
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A Site Descriptions

A.1 LakeWhatcom Monitoring Sites

Pleaseeferto Figures140-14Zor assistancwith locatingeachsite. In thefield,
eachsite shouldbe marked with an orangebuoy; however, stormy weatheror
vandalismmay have resultedn the movementor lossof a marker buoy. Thefour
majorlake samplingsiteshave beenusedsincethe early 1960's. Table32 showns
asummaryof theidentificationcodeghathave beenusedfor thesefive sitesover
time.

During the August5, 1993 lake sampling,geographicalocationsfor eachsite
were determinedusing a GPSlocater Thesecoordinatesare listed below, but
shouldbe usedwith the cautionbecausesite locationsin Lake Whatcomhave
alwaysbeenapproximate.

Threesiteswere addedin the fall of 1996 along the 40 meterdepthcontourin
basin3 nearStravberrysill. Thesesitesareidentifiedas“s1-s3”in Figure142.
Thereareno permanenbuoys atthesesites;depthis determinedateachsiteusing
anelectronicdepthfinder.

Site 1 is locatedin basinl alonga straightline from the BloedelDonovan boat
launchto a square white housewith a dark grey roof thatis locatedabouthalf
way up the hillside (171 E. North ShoreRd.) The samplingsite is at a point
perpendiculatto the secondgroup of condominiumsin a clusterof four. The
depthat Site 1 shouldbe atleast20 m. The GPScoordinategor Site1 on August
5,1993were: 48 45.74N, 122 24.63W.

Site 2 is locatedin basin2 just westof the intersectionof a line betweena boat
housewith arust-coloredoof (73 Stravberry Point)andthe point of Genevasill,

andaline betweenhreeaspertreeson Lake WhatcomBlvd. anda red houseon
thewestsideof Stravberrysill (2170DelestraRd.). Thedepthat Site2 shouldbe
atleast20 m. The GPScoordinatedor Site 2 on August5, 1993were:48° 44.55
N, 122 22.81W.

Thelntak e Siteis locatedoffshorefrom the City of Bellinghams raw watergate-
house.Thissiteis oneof themoredifficult sitesto locatebecaus¢he marker buoy
is frequentlymissing. The depthat the Intake site shouldbe at least13 m deep.
The GPScoordinatedor the Intake site on August5, 1993were: 48° 44.89N,
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122 23.47W.

Site 3is locatedmid-basinjust northof aline betweertheold railroadbridgeand
Lakewood. Thedepthat Site 3 shouldbeatleast80 m deep.The GPScoordinates
for Site 3 on August5, 1993were: 48 44.27N, 122 20.25W.

Site 4 is locatedattheintersectiorof aline betweerntwo pointsof landandaline
parallelto the north edgeof aninlet (seeFigureA2). The depthat Site 4 should
be atleast90 m deep. The GPScoordinatedor Site 4 on August5, 1993were:
48 41.53N, 122 18.01W.

Site slis locatedalongthe 40 m depthcontourin the basin3 side of Stravberry
sill off the north-northwesshoreof Lake Whatcom.Thesiteis off a pointwith a
houseanddockasthelake shorecurvesinto AgateBay; the point of DelstraPark
is onabearingslightly southof west. The GPScoordinatesre48 44.83N, 122
21.8W, althoughthe GPSresponsés erraticat this locationdueto topography

Site s2is locatedapproximatelymid-channebetweenDelestraPark and Straw-
berrysill. Thesiteis midway betweena flat-roofed,brown-grey boathousewith
redtrim on the northeaspoint of DelestraPark anda white boathousevith two
squarewindows just backfrom the north side of Strawvberry point. The GPSco-
ordinatedare48 44.65N, 122 22.42W.

Sites3islocatedoff thesouthwesshorgustbeforetheroadcutof Lake Whatcom
Blvd., straightoff and betweentwo stair towers. The GPScoordinatesare 48°
44.50N, 122 21.92W.
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SiteCode| YearsUsed | SiteDescription

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

Intake | 1980—present Locatedattheintake in basin2
21 1987—present
3 1985—present Locatedat approximatelythe deepest
31 1987—present pointin N. sub-basirof basin3
C 1982-1984
5 19605-1981
4 1985—present Locatedat approximatelythe deepest
32 1987—present pointin S.sub-basirof basin3
E 1982-1984
10 19605-1981

Table32: Summaryof site codesfor Lake Whatcomwaterquality sampling.

Page?211



2000/2001Lake WhatcomFinal Report Page212

2nd of 4 tan 1 km
condos
z -
171 E North
O Shore Dr. 1 mi

Bloede
Donovan

2170
Delestra Rd

Gatehouse[ |

Strawberry
Point

Figure140: Lake Whatcomsamplingsites,basinsl—2.
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Figurel1l41: Lake Whatcomsamplingsites,basin3.
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Strawberry Sill

Figurel142: Stravberrysill samplingsites.
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A.2 CreekMonitoring Sites

The creekwater quality monitoring sites are describedin detail by Walker, et
al. (1992),and summarizedbelow. Sitesthat have hydrographdatainclude a
descriptionof the locationof the hydrographgauge.

Smith Creek:

Samplesare collectedapproximatelyl00 yardsupstreamfrom Lake Whatcom.
TheSmithCreekhydrographs mountedonthe southwall of asandstonéluff di-
rectly underneathhe bridgeover Smith Creek(North ShoreRoad)approximately
1 km upstreanfrom the mouththethecreek.

Silver BeachCreek:
All routinemonitoringsamplesarecollectedimmediatelyupstreanfrom the cul-
vertunderNorth ShoreRoad.

Park Placestorm drain:

Samplesarecollectedinsidethe stormdrainunderPark Place(roadoff of North
ShoreDrive.) Whenthelake level is low enough samplesanbe collectedat the
mouthof the outletpipeflowing into thelake.

Austin Creek:

The site is locatedat the SuddenValley golf courseapproximatelyl800ft up-
streamfrom wherethe creekflows into Lake Whatcom.The Austin Creekhydro-
graphis mountedon the northwestsupportpillar directly underneattihe bridge
over Austin Creek(Lake WhatcomBlvd.), approximatelyl km from the mouth
of thecreek.

Wildwood Creek:
The site is locatedapproximately30 feet southof the entranceto the Wildwood
Resortat the culvertwhereSouthLake WhatcomBoulevardcrosseghe creek.

Anderson Creek:

The site is locatedat the bridge where SouthBay Drive crosseghe creek. Wa-
ter samplesanddischage measurementsre collectedupstreanfrom the bridge.
The AndersonCreekhydrographis mountedin the existing stilling well on the
eastsideof AndersonCreek,directly adjacento the bridgeover AndersonCreek
(SouthBay Drive), approximately0.5 km from the mouthof the creek.

Blue Canyon Creek:
This smallcreekis not shovn on the USGStopographiamapfor the area.How-
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ever, it is locatedjust northof thetwo majorBlue Caryon streamsicturedonthe
USGSLake Whatcom7.5min. quadranglé€Sect.22, T 37N, R 4E). Samplesare
collectedupstreanfrom the culvert crossingthe Blue Caryon 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 and abbreviationsfor eachparameterarelistedin Table 33. The historic
detectionlimits for eachparametewereestimatecbasedon recommendetbwer
detectionrangeq APHA, 1998;Ebina,etal., 1983;Hydrolab,1997;Lind, 1985)
instrumentimitations,andanalysjudgemenbnthelowestrepeatableoncentra-
tion for eachtest. Over time, someanalyticaltechniqueave improved so that
currentdetectionlimits are lower thandefinedbelow (see,for example,current
detectionlimits in Table 2, page39). Becausethe Lake Whatcomdatasetin-
cludeslong-termmonitoring data,which have beencollectedusing a variety of
analyticaltechniquesthis reportsetsvery consenrative historicdetectionimits in
orderto allow comparisondetweerall years.

In the Lake Whatcomreport,unlessindicated,no datasubstitutionsareused.In-
stead,we flag all datathatfall belov the historic detectionlimits listedin Table
33.
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Historic Det. Limits (dl)

Historic Det. Limits (dl)

Abbrev.  Analysis or Sensitvity (+) Abbrev.  Analysis or Sensitvity (1)

alk Alkalinity + 0.5mg/L As arsenictotal dl =0.03/0.01mg/L
toc Carbon total organic dl=1.0mg/L Cd cadmium total dl =0.002/0.0005ng/L
chl Chlorophylla + 0.1mg/m? Cr chromiumtotal dl = 0.006/0.00Img/L
fc Coliforms,fecal dl < 2 col/200mL Cu coppertotal dl =0.002/0.00dmg/L
tc Coliforms,total dl < 2col/200mL Fe iron, total dl =0.01/0.005mg/L
cond Conductvity, Hydrolab + 2 uSlem Pb lead,total dl =0.001mg/L

cond Conductvity, lab + 2 uS/cm Hg mercury total dl=0.01mg/L

ec Enterococcus dl < 2 col/200mL Hg mercury total

nh3 Nitrogen,ammonia dl =10 ug-N/L low-level: Env. Canada dl =0.00005mg/L
no3 Nitrogen,nitrate/nitrite dl =20 ug-N/L low-level: AmTest dl =0.0002mg/L

tn Nitrogen,total nitrogen dl =100 ug-N/L Ni nickel, total dl =0.01/0.005mg/L
do Oxygen,Hydrolab + 0.1mg/L Zn zinc, total dl = 0.002/0.00Img/L
do Oxygen,Winkler + 0.1mg/L

pH pH, Hydrolab + 0.1pH unit

pH pH, lab + 0.1pH unit

srp Phosphatesolublereactvre  dl =5 ug-P/L

tp Phosphorugptal dl =5 ug-P/L

secchi Secchidepth +0.1m

temp Temperature +0.1° C

tss Total suspendedolids dl=2mg/L

turb Turbidity + 0.2NTU

Historic detectionlimits listedin this tableareconserative estimateslesignedo permitcomparisonsvith historicdata.
The AmTestdetectionimits for metalsdecreaseth 1999;thefirst valueshavs in thistableis the older, higherlimit.
Table2 lists the currentlWS detectionlimits for selectedanalysesAppendixC liststhe currentAmTestdetectionlimits.

Table33: Summaryof analysesn the Lake Whatcommonitoringproject.
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B.1 LakeWhatcom Hydrolab Data
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B.2 LakeWhatcom Water Quality Data
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B.3 LakeWhatcom Plankton and Plankton Biovolume Data
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B.4 LakeWhatcom Coliform Data (Lake and Creeks)
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B.5 Strawberry Sill Hydr olab and Water Quality Data
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B.6 LakeWhatcom Electronic Data

The annualLake Whatcomreportsincludea CD containinglong-termdatafiles.
The CD includesHydrolab and water quality data from 1988 through 2001,
the Austin Creek, AndersonCreek,and Smith Creekhydrographdata,andthe
AmTest metalsdata. The datafiles included on the CD are describedin the
readme.txfile ontheCD.

= Theelectronicdatafiles have NOT beencensoredo identify below detection
and above detectionvalues. Referto Tables2 and 33 (pages39 and 218) for

applicabledetectionlimits and abbreviations. It is essentiakhat any statistical
or analyticalresultsthat are generatedising uncensorediatabe reviewed by a
trainedstatisticianor scientistfamiliar with statisticaluncertaintyassociatedvith

belowv detectiondata.

Readme.txt:

khkhhkhhkhhhhhhhhhkhhkhhkhhhhhhhhkhkhk

READMVE FI LE - LAKE WHATCOM DATA

ER R R I I S R I I I

The CD included with the 2000/ 2001 Lake Whatcom Mnitoring Report
included the followi ng data files:

Hydr ol ab data Water quality data Hydr ograph data
1988_hl . dat 1988_wg. dat Wr1998. dat
1989 _hl . dat 1989 _wg. dat Wr1999. dat
1990_hl . dat 1990_wg. dat Wr2000. dat

1991_hl . dat 1991_wg. dat Wy2001. dat (current)

1992 hl . dat 1992 _wg. dat

1993 hl . dat 1993_wg. dat

1994 _hl . dat 1994 _wg. dat

1995 _hl . dat 1995 _wg. dat

1996_hl . dat 1996_wg. dat

1997_hl . dat 1997_wg. dat

1998_hl . dat 1998_wg. dat

1999 hl . dat 1999 _wg. dat

2000_hl . dat 2000_wg. dat

2001_hl . dat 2001_wg. dat

AnTTest data

antest _011701.txt antest_071801.t xt
ant est _011801. t xt antest_080101.t xt
ant est _022001. t xt antest_080601. t xt
ant est _022201. t xt antest_080701. t xt
ant est _032201. t xt ant est_080801. t xt
ant est _041901. t xt antest_091801. t xt
ant est _051701. t xt antest_100901. t xt
antest _071701. txt anmtest_101501.t xt
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The hydrol ab data files contain the follow ng variables: site, depth
(m, nonth, day, year, tenperature (C), pH conductivity (uS/cm,

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

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

The Hydrograph data file contains the follow ng variables: nonth, day,
year, hour, mn, sec, ander.g (ft), ander.cfs, austin.g (ft),
austin.cfs, smth.g (ft), and smth.cfs

The AnTest data contain sanple results for up to 34 anal ytes,
including total organic carbon, silver, alum num arsenic, boron,
barium beryllium calcium cadmum cobalt, chrom um copper, iron,
mercury, potassium lithium nagnesium nmanganese, nol ybdenum sodi um
ni ckel , phosphorus, lead, sulfur, antinony, selenium silicon, tin,
strontium titanium thallium vanadium yttrium and zinc. The
AnTest data are unformatted machi ne output, and should be conpared to
the hard copies in the report in order to interpret the results.

The site codes in the data are as foll ows:

11 = Lake Whatcom Site 1

21 = Lake Whatcom I ntake site

22 = Lake Whatcom Site 2

31 = Lake Whatcom Site 3

32 = Lake Whatcom Site 4

33 = Strawberry Sill site Sl (discontinued)
34 = Strawberry Sill site S2

35 = Strawberry Sill site S3 (discontinued)
BWL = Brentwood wet pond inlet

BW2 = Brentwood wet pond outl et

PP1 = Park Place wet pond inlet

PP2 = Park Place wet pond outl et

SC1 = South Canpus stormwater facility inlet
SC2 = South Canpus stormwater facility east outlet
SC3 = South Canmpus stormwater facility west outlet
CWM = Smith Creek

CW2 = Silver Beach Creek

CWB = Park Place drain

CW = Bl ue Canyon Creek

CWb = Anderson Creek

CW6 = W dwood Creek

CW = Austin Creek

Kk khhkhhkhhkhhhkhhkhhkhhkhhkhhkhhkhkhhkhhkhhkhhkhhkhhkhkhhkhkh khhkhkhhkhkhhkhkhkkk k%

VERI FI CATI ON PROCESS FOR THE 1988- 2001 LAKE WHATCOM DATA FI LES

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

The reverification started with printing an copy of the entire data
file and checking 5% of all entries against historic |aboratory

bench sheets and field notebooks. If an error was found, the entire
set of values for that analysis were reviewed for the sanpling period
containing the error. Corrections were noted in the printed copy and
entered into the electronic file; all entries were dated and initialed
in the archive copy.

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

The following is a partial |ist of the changes nmade to the verified
Lake Whatcom data files. For detailed infornmation refer to the data
verification archive files in the Institute for Watershed Studies
library.

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

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

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

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

ni trogen and whi ch contained total Kjeldahl nitrogen. The current
historic record contains only total persulfate nitrogen. Tota

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

khkhhkhhkhhkhhhkhhkhhkhhkhhkhhkhhhhhhkhkhk

ROUTI NE DATA VERI FI CATI ON PROCESS

R O R R

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

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

di scussed in the Lake What com Monitoring Program Fi nal Report.

Unusual results are identified, and explained, if possible. This step
is conpleted by the IW5s Director, |IWs Laboratory Supervisor, and
Laboratory Analyst. 4) Single-blind quality control sanples

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

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

Prior to 1987: Data were infornally reviewed by the Laboratory Anal yst
and IW5 Director. Laboratory and field duplicates were commonly
included as part of the analysis process, but no formal (i.e.

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

Page?271
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C AmTestReports

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

Sampleocation Date Analyses

Lake Whatcom surfaceandbottom Feb13,2001 total organiccarbon
July 17,2001 metals;low-level mercuryonly
August6, 2001 metals total organiccarbon
August7,2001 metals;low-level mercuryonly

Septembefl8,2001 metals;low-level mercuryonly

Strawberrysill, surfaceand35m October5, 2000 metals,total organiccarbon
Januaryl7,2001 metals total organiccarbon

Park Place/Brentwodwetponds  Januaryl7,2001 metals total organiccarbon

April 19,2001 metals total organiccarbon
August2, 2001 metals total organiccarbon
SouthCampusstormdrain March22,2001 metalstotal organiccarbon
May 17,2001 metals total organiccarbon
August8, 2001 metals total organiccarbon
Watershedatreeks February22,200q metals total organiccarbon

July 18,2001 total organiccarbon
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