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Executive Summary

e This report describes the results from the 2009/2010 Lakat@éd#im moni-
toring program. The objectives of this program were to cargilong-term
baseline water quality monitoring in Lake Whatcom and dekk¢ributary
streams; monitor the effectiveness of storm water treatrsygstems; con-
tinue collection of hydrologic data from Austin and Smithe€ks; and up-
date the hydrologic model for Lake Whatcom.

e Thisreportis part of an on-going series of annual reportisspecial project
reports that provide a complete documentation of the manggorogram
over time. A summary of the Lake Whatcom reports, includipgcsal
project reports, is included in Section 6.2, beginning ogepAl0.

e During the summer the lake stratified into a warm surfacerléye epil-
imnion) and a cool bottom layer (the hypolimnion). The waésnperatures
were slightly warmer than usual in February and April 201@,unusually
cool in May, June, and September. The lake was weakly sthiifi June;
stable stratification was present at Sites 1-4 by early July.

e The levels of hypolimnetic oxygen have declined over tim8itg 1, caus-
ing the lake to be listed by the Department of Ecology on th@81303d
list of impaired waterbodies in the State of WashingtonIdvaihg the on-
set of stratification, the 2010 hypolimnetic oxygen concaitns dropped
rapidly, and by August the oxygen levels wer2 mg/L at all depths below
11 meters.

e There continues to be a significant trend developing in thedptda. The
maximum pH values are increasing slightly over time, whiglpiobably
due the increasing levels of photosynthesis in the epilomni

¢ Nitrate depletion was evident at all sites in the photosgtittzone during
the summer due to algal uptake of this essential nutrient: hitrate in the
photosynthetic zone favors the growth of Cyanobacteridraldi depletion
also occurred in the hypolimnion at Sites 1 and 2 due to ritteduction by
bacteria.

e Anaerobic conditions in the hypolimnion at Sites 1 and 2 ltegluin ele-
vated concentrations of ammonia and hydrogen sulfide by rideoé the
summer.
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e The summer near-surface total phosphorus and chloroptytentrations
and Cyanobacteria counts have increased significantly tower at most
sites. The patterns continue to be somewhat variable, Hoes not appear
that the upward trends have stabilized.

¢ Algal blooms developed during the summer of 2010 that wese@ated
with poor water filtration rates at the City’s water treatrmnéacility. The
dominant algae associated with this bloom w&phanocapsandAphan-
othece(hontoxic Cyanobacteria).

e The concentrations of trihalomethanes in Bellingham'ated drinking wa-
ter have been increasing over time, particularly duringahbe summer/fall
(third quarter), which is consistent with the chlorophyitaalgal data.

¢ All of the mid-basin fecal coliforms counts were less thancfi@100 mL.
The coliform counts at the Bloedel-Donovan recreationabafcollected
offshore from the swimming area) were slightly higher thaiu-masin
counts, but passed the freshwakettraordinary Primary Contact Recre-
ational bacteria standard for Washington State.

e Iron and zinc were often detectable, but were within norraabes for the
lake. Other metals were occasionally detected, but theerdrations were
near the limits of detection.

e Beginning in January 2010, the tributaries were samplecdthipto collect
baseline data. Most of the tributaries had relatively lomaantrations of
total and dissolved solids, low alkalinities and condut#g, and low lev-
els of nitrate and ammonia. Residential streams had higireentrations
of total and dissolved solids, higher alkalinities and aactivities, higher
coliform counts, and higher nutrient concentrations.

e A water balance was applied to Lake Whatcom to identify itjomaater
inputs and outputs and to examine runoff and storage. Thernmguts into
the lake during WY201bincluded surface and subsurface runoff (73.5%),
direct precipitation (23.7%), and water diverted from theltle Fork of
the Nooksack River (2.8%). Outputs included Whatcom Cré&é&k4@s),
the City of Bellingham (11.9%), evaporation (8.8%), the \idoan Falls

Iwater Year 2010 covers the period from October 1, 2009 tHi@eptember 30, 2010
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Hatchery (3.0%), the Lake Whatcom Water and Sewer DisBi&2Y, and
the Puget Sound Energy Co-Generation (02%)

e The storm water monitoring objectives changed in 2009 tagoon col-
lecting baseline storm event data from Silver Beach Creekemaluating
the effectiveness of the North Shore Drive overlay. Stornofiin Silver
Beach Creek contained elevated levels of total suspendiel$ smd phos-
phorus that were significantly correlated with flow ratese North Shore
Drive overlay was difficult to evaluate because it was notgtesd to infil-
trate all runoff in that portion of the watershed. Flowingteravas visible
in the drains associated with the overlay, but the presen@bgence of
flowing water did not appear to be directly related to locaigypitation.

2Formerly Water District #10
3This facility currently operates at the former Georgia Rasite.
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1 Introduction

This report is part of an on-going series of annual reports special project
reports that document the Lake Whatcom monitoring prograen tme. Many
of the reports are available online at http://www.wwu.@ds/follow links under
Lake Studies to Lake Whatcom); older reports are availablié IWS library
and through the City of Bellingham Public Works Departménsummary of the
Lake Whatcom reports, including special project repogsncluded in Section
6.2, beginning on page 110.

Lake Whatcom is the primary drinking water source for they @it Bellingham
and parts of Whatcom County, including Sudden Valley. LakieaWom also
serves as a water source for the Puget Sound Energy Co-@end?iant, which
is located at the former Georgia-Pacific Corporation siteBetlingham Bay*
The lake and parts of the watershed provide recreationabropmties, as well
as providing important habitats for fish and wildlife. Thé&das used as a stor-
age reservoir to buffer peak storm water flows in Whatcom KCrééuch of the
watershed is zoned for forestry and is managed by state@atperiimber compa-
nies. Because of its aesthetic appeal, much of the waterslneghly valued for
residential development.

The City of Bellingham and Western Washington Universityéneollaborated on
investigations of the water quality in Lake Whatcom sinaeghrly 1960s. Begin-
ning in 1981, a monitoring program was initiated by the Citgd &/WU that was
designed to provide long-term data for Lake Whatcom fordparameters such
as temperature, pH, dissolved oxygen, conductivity, tlityai nutrients (nitrogen
and phosphorus), and other representative water qual@gunements. The major
goal of the long-term monitoring effort is to provide a retof Lake Whatcom’s
water quality over time.

The major objectives of the 2009/2010 Lake Whatcom momitpprogram were
to continue long-term baseline water quality monitoring_atke Whatcom and
selected tributary streams; monitor the effectivenessoofrswater treatment sys-
tems; continue collection of hydrologic data from Austirdé®mith Creeks; and
update the hydrologic model for Lake Whatcom.

4The Georgia-Pacific Corporation closed its Bellingham puiiboperations in 2001, reducing
its water requirements from 30-35 MGD to 7-12 MGD. By 200 Atlager requirements had been
reduced to 0.6—3.88 MGD; the mill closed its operations icéeber 2007.
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Detailed site descriptions can be found in Appendix A. Thstdric lake
data are plotted in Appendix B. The current quality contresults can be
found in Appendix C. The 2009/2010 monitoring data are awdé online at
http://www.wwu.edu/iws as described in Appendix D (pagé)34Table 1 (page
18) lists abbreviations and units used to describe watelitguwaalyses in this

document.
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2 Lake Whatcom Monitoring

2.1 Site Descriptions

Water quality samples were collected at five long-term nuoimg sites in Lake
Whatcom (Figure Al, page 117 in Appendix A.1). Sites 1-2 apated at the
deepest points in their respective basins. The Intakessiteated adjacent to the
underwater intake point where the City of Bellingham withas lake water from
basin 2. Site 3 is located at the deepest point in the northidorbasin of basin
3 (north of the Sunnyside sill), and Site 4 is located at thepdst point in the
southern sub-basin of basin 3 (south of the Sunnyside ¥il§ter samples were
also collected at the City of Bellingham Water TreatmentPgmtehouse, which
is located onshore and west of the intake site.

2.2 Field Sampling and Analytical Methods

The lake was sampled on October 6 & 8, November 3 & 4 and Deceinke?,
2009; and February 4 & 9, April 13 & 15, May 4 & 6, June 1 & 3, July®@B,
August 3 & 5, and September 8 & 9, 2010. Each sampling eventmsili-day
task; all samples were collected during daylight hoursicsity between 10:00
am and 3:00 pm.

A DataSonde 5 and Surveyor 4 Hydrolab field meter was used &sune tem-
perature, pH, dissolved oxygen, and conductivity. All watamples (including
bacteriological samples) collected in the field were stanedce and in the dark
until they reached the laboratory, and were analyzed asideddn Table 1 (page
18). Total metals analyses (arsenic, cadmium, chromiuppen iron, mercury,
nickel, lead, and zinc) and total organic carbon analyses wene by AmTest.
Plankton samples were placed in a cooler and returned taabwedtory unpre-
served. The plankton sample volumes were measured in tbeakaipy and the
samples were preserved with Lugol’s solution. The bactaiaples were ana-
lyzed by the City of Bellingham at their water treatment plan

5AmTest, 13600 Northeast 126th Place, Suite C, Kirkland, 98Q34—8720.
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2.3 Results and Discussion

The lake monitoring data include monthly field measurem@uasductivity, dis-

solved oxygen, pH, Secchi depth, and water temperatuts)rdsory analyses for
ambient water quality parameters (ammonia, nitratetajttotal nitrogen, solu-
ble phosphate, total phosphorus, alkalinity, turbidityocophyll); plankton and
bacteria counts; and biannual metals and total organi®oarieasurements.

Tables 2—6 (pages 19-23) summarize the current field measuats, ambi-
ent water quality, and coliform data. The raw data are abkdlanline at
http://www.wwu.edu/iws as described in Appendix D (pagé&)34The monthly
Hydrolab profiles for temperature, dissolved oxygen, catidity, and pH are
plotted in Figures B1-B50 (pages 123-172).

The 2009/2010 lake data are plotted with historic lake datigures B51-B130
(pages 174-254). These figures are scaled to plot the figerahLake Whatcom
water quality data including minimum, maximum, and outiralues, and do not
provide the best illustration of trends that occur in theelaeparate tables and
figures are provided to show trends and illustrate specitiepss in the data.

2.3.1 Water temperature

The mid-winter Hydrolab profiles (e.g., Figures B16—B20g¢m 138-142) and
the multi-year temperature profiles (Figures B51-B55, pdg@—178) show that
the water column mixes during the fall, winter, and earlyirggpr During this time,
water temperatures, dissolved oxygen concentrationsepéld, and conductivi-
ties are fairly uniform from the surface to the bottom of thkd, even at Site 4,
which is over 300 ft (100 m) deep.

The summer Hydrolab profiles (e.g., Figures B46—B50, pa§8s172) show how
the lake stratifies into a warm surface layepi{imnior), and cool bottom layer
(hypolimnion. The transition zone between the epilimnion and hypolonrithe
metalimnior), is a region of rapidly changing water temperature. Wheatifed,
the profiles show distinct differences between surface atidim temperatures.

Stratification develops gradually, and once stable, psraistil fall or winter, de-
pending on location in the lake. Climatic differences albertiming of lake strat-
ification; if the spring is cool, cloudy, and windy, the lakeynstratify later than
when it has been hot and sunny.
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In Lake Whatcom, all sites except the Intake are usuallytiid by late spring
or early summer. (The Intake is too shallow to develop a stabftification.)
Stratification may begin as early as April, but is often nabs until May or June.
The stability of stratification is determined in part by tleenperature differences
in the water column, but also by water circulation and locakther patterns.
Once the water column temperature differs by at lea€t 5t is unlikely that the
lake will destratify.

The lake cools as the weather becomes colder and days shastére lake cools,
the surface and bottom water temperatures become moreasianild eventually
the lake will destratify and the water column will mix frometlsurface to the
bottom. Although destratification is relatively abrupte throcess is not instan-
taneous. In addition, when the lake begins to destratifyem@mperatures may
be uniform from the surface to the bottom, but the rate of waiteulation may
not be sufficient to replenish hypolimnetic oxygen concaitns (see Novem-
ber 2006 Hydrolab profiles from Sites 1-2, Figures B6 and Bd{tMews, et al.,
2008). Basins 1 and 2 (Sites 1-2) usually destratify by the a@nOctober but
basin 3 (Sites 3—4) is often still stratified in November aadyeDecember. Com-
plete destratification of basin 3 usually occurs in Decendverarly January, So
by February the temperatures are relatively uniform thhoug the water column
at all sites.

On November 4, 2009 the water column at Site 1 was completedgdrirom the
surface to the bottom (Figure B6, page 128), but Site 2 wlskghtly stratified
near the bottom (Figure B7, page 129). Basin 3 (Sites 3—4)suthstratified
on November 3, 2009, but by December 1 the water column wasweakly
stratified, so the basin probably turned over before the drideasember. By
February 2010 all sites were destratified and the water aolwas mixed from
the surface to the bottom of the lake.

Historic data reveal that water temperatures in basin 3@merglly cooler than in
basins 1 and 2, but the two shallow basins experience morenegttemperature
variations. The lowest and highest temperatures measurtbe ilake since 1988
were at Site 1 (42C on February 1, 1988 and February 26, 1989; 2€Ion
August 4, 2009). The large water volume in basin 3 moderatepérature fluc-
tuations, so water temperatures in basin 3 change slowessponse to weather
conditions compared to the shallow basins.
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The surface water temperatures were slightly warmer thaalus February and
April 2010, but unusually cool in May, June, and Septembeaguife 1, page 29).
The lake was unstratified in April and weakly stratified bylgMay (A T < 5° C;
Figures B21-B30, pages 148-147). Sites 1-2 were still oelgkly stratified in
early June (Figures B31-B35, pages 153-157); all sitepexice intake showed
stable stratification by July.

2.3.2 Dissolved oxygen

Low oxygen conditions are associated with a number of urappewater qual-
ity problems in lakes, including loss of aquatic habitalease of phosphorus
from the sediments; increased rates of algal productionatedease of phospho-
rus; unpleasant odors during lake destratification; fisks,kparticularly during
lake destratification; release of metals and organics flesédiments; increased
mercury methylation; increased drinking water treatmeydts; increased taste
and odor problems in drinking water; and increased riskeaated with disin-
fection by-products created during the drinking waterttreant process.

As in previous years, Sites 1 and 2 developed severe hypetiowxygen deficits
by mid-summer (Figures B41-B42 and B56—-B57, pages 163164 39-180).
Hypolimnetic oxygen depletion only becomes apparent ati@tification, when
the lower waters of the basin are isolated from the lake’éasarand biologi-
cal respiration consumes the oxygen dissolved in the wtelogical respiration
usually increases when there is an abundant supply of argaatier (e.g., decom-
posing algae). In basin 3, which has a very large, well-orgted hypolimnion,
biological respiration has little influence on hypolimmetixygen concentrations
(Figures B50 and B60, pages 172 and 183). In contrast, tkespid depletion
of the hypolimnetic oxygen concentrations at Sites 1-2(fég B46—-B47, and
B56-B57, pages 168-169 and 179-180). These two sites ahaliows basins
that have small hypolimnions compared to their photic zpeesdecomposition
of algae and other organic matter causes a measurable dngpatimnetic oxy-
gen over the summeér.

5The photic zone is the portion of the lake with enough lighstwpport algal photosynthesis.
In Lake Whatcom, peak chlorophyll levels may occur from O+iéters, but are more likely to
be at 5-10 meters. Therefore, photic zone volumes were defioieservatively as the percent
volume <10 meters. Using this definition, the photic zones for ba%ing, and 3 would occupy
approximately 75%, 70%, and 17%, respectively (Mitchelgle 2010).
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The levels of hypolimnetic oxygen have declined over timé&ig¢ 1, causing
the lake to be listed by the Department of Ecology as an “ingadiwaterbody
(Pelletier, 1998). The increasing rate of oxygen loss is most apparent during
July and August, after the lake develops a stable thermatifstation but before
oxygen levels drops near zero.

To illustrate this trend we fitted the July and August datagisin exponential

function (see discussion by Matthews, et al., 2004). Ascaigid in Figures 2—
5 (pages 30-33), there were significant negative correlatietween dissolved
oxygen and time for all samples collected from the hypolonmiluring July and

August®

Despite the cool spring and late stratification, the hypobtic oxygen levels
dropped rapidly once the lake stratified. Between June amgligiithe dissolved
oxygen concentrations dropped from near saturation tozezarat all depths be-
low 10 meters, losing 6—8 mg/L in 63 days. The fastest rateeofide occurred at
11 and 12 meters, where the oxygen levels dropped 8.3 andf8L2 raspectively,

for an average loss of 0.13 mg/L per day.

A region of supersaturated oxygen was evident in the metadimat Site 1 in Au-

gust (e.g., Figure B41, page 163). This was caused by theradation of phy-

toplankton along the density gradient between the epilimr@nd hypolimnion
where light and nutrients are sufficient to support very Heglels of photosyn-
thesis. Chlorophyll concentrations within the metalimneikygen peak may be
4-5 times higher than those measured near the surface aikb€Matthews and
DelLuna, 2008).

Site 3 developed an oxygen sag near the bottom during latensurand fall in
2009 and again in 2010 (Figures B4, page 126 from October 200@9Figure
B49, page 171 from September 2010). Sites 3 and 4 developaticemgen sags
near the thermocline (e.g., Figures B4 and B5, pages 126 2Ry Wwhich are
caused by respiration of heterotrophic bacteria that actate along the density
gradient between the epilimnion and hypolimnion (Matthewd DeLuna, 2008).

"Information about Ecology’s list of impaired waterbodies \Washington is available at
http://www.ecy.wa.gov/programs/wqg/303d.

8Correlation analyses were used to examine the strengthatibreships between two variables.
Correlation test statistics range from —1 to +1; the closekt1, the stronger the correlation. The
significance is measured using the p-value; significanetations have p-values0.05. Mono-
tonic linear correlations were measured using Pearsgn®notonic nonlinear (e.g., exponential)
correlations were measured using Kendall's
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2.3.3 Conductivity and pH

The Hydrolab pH and conductivity data followed trends thatey for the most
part, typical for Lake Whatcom (Figures B61-B70, pages 188). Surface pH
values increased during the summer due to photosynthéiwtyacHypolimnetic
pH values decreased and conductivities increased due torgexsition and the
release of dissolved compounds from the sediments. Thesirdiof photosyn-
thesis on pH is illustrated in Figure B41, page 163, whichasha metalimnetic
oxygen peak from photosynthesis coincident with a metagitiarpH peak.

There is a significant trend developing in the pH data. Wiigerhinimum pH val-
ues in the water colunirhave remained fairly constant over time (Figure 6, page
34), the maximum pH has increased significantly at all siegufre 7, page 35).
This trend is most likely due to increasing algal densitrethie epilimnion (see
Section 2.3.6). Algal photosynthesis can cause a tempaorargase in daytime
pH by lowering the concentration of dissolved £i@ the water column. Carbon
dioxide combines with water to form carbonic acléO + CO, «— H,COs3. Pho-
tosynthetic removal of COcauses a temporary (daytime) reduction in carbonic
acid. This phenomenon is cyclic; during the night, when algee not photosyn-
thesizing, the amount of dissolved €@ replenished through equilibrium with
the atmosphere. This photosynthesis effect is especiatigqunced in poorly-
buffered, low alkalinity water and in lakes or streams widnge populations of
algae or other aquatic plants.

There is also a significant long-term trend in the conduistidata. This trend
is the result of changing to increasingly sensitive equipinaieiring the past two
decades, resulting in lower values over time, and does mitate any actual
change in the conductivity in the lake (Matthews, et al.,£900

2.3.4 Alkalinity and turbidity

Because Lake Whatcom is a soft water lake, the alkalinityeslvere fairly low
at most sites and depths (Figures B71-B75, pages 195-188phdihe summer
the alkalinity values at the bottom of Sites 1-2, and occeslp Site 3, increased
due to decomposition and the release of dissolved compaontioks lower waters.

9The near-bottom pH values were excluded from this analysiabse they are more affected
by sediment chemistry than algal photosynthesis in therveatemn.



2009/2010 Lake Whatcom Final Report P&je

Turbidity values in the lake were usually low (1-3 NTU) extcdpring late sum-
mer in samples from the bottom of the lake. The high turbibhtsels during this
time are an indication of increasing turbulence in the lotwgoolimnion as the
lake begins to destratify. The highest turbidity peaks weeasured at Sites 1-2
(Figures B76—B80, pages 200-204).

Suspended sediments in storm runoff can also cause elavatadity levels in
the lake. Major storm events usually occur during winter amyespring when
the lake is destratified, so the turbidity levels will be hitpinoughout the water
column. Storm-related turbidity peaks are easier to seampges from the Intake
and basin 3 because there are fewer distracting late sunypelifnetic turbidity
peaks (see February 2009 storm-related turbidity peakgyurés B78 and B79—
B80).

2.3.5 Nitrogen and phosphorus

Figures B81-B105 (pages 205-229) show the nitrogen andopbass data for
Lake Whatcom. Nitrogen and phosphorus are important migrithat influence
the amount and type of microbiota (e.g., algae) that grovhanlake. We mea-
sured inorganic forms of nitrogen and phosphorus (nitniteate, ammonium, and
soluble phosphate) as well as total nitrogen and total giarsis, which includes
inorganic and organic compountfs.

Nitrogen: Most algae require inorganic nitrogen in the form of nitrat@mmo-
nia for growth, but some types of algae can use organic rétrag even dissolved
nitrogen gas! Nitrate depletion was evident at all sites in the photosgtith
zone during the summer (Figures B86—B90, pages 210-21dicydarly at Site
1, where the epilimnetic nitrate concentrations often dreljpw 20u.g-N/L by the
end of the summer. Epilimnetic nitrogen depletion is anriectimeasure of phy-
toplankton productivity, and because algal densities baea increasing through-
out the lake, epilimnetic dissolved inorganic nitrogenaamtrations (DINY? have

100rganic nitrogen and phosphorus comes from living or deasimg plants and animals, and
may include bacteria, algae, leaf fragments, and othendzgerticles.

110nly Cyanobacteria and a few uncommon species of diatomas®nitrogen gas.

1?Dissolved inorganic nitrogen includes ammonium (ammaomiaate, and nitrite. Under most
conditions, epilimnetic concentrations of ammonium artdteiare very low, so epilimnetic DIN
is nearly equivalent to nitrate.
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been declining over time (Figure 8, page 36). Low epilimnBiiN concentrations
favor the growth of Cyanobacteria because many types ofabauieia can use
dissolved N gas as a nitrogen source.

Hypolimnetic nitrate concentrations dropped below.26N/L at Sites 1 and 2. In
anaerobic environments, bacteria reduce nitrate;(N@ nitrite (NG, ) and nitro-
gen gas (N). The historic data indicate that nitrate reduction hasilm@enmon in
the hypolimnion at Site 1, but was not common at Site 2 ungildlhmmer of 1999.
At Site 2 the hypolimnetic nitrate concentrations droppelblw 20..g-N/L from
1999-2006 and 2008-2010, but not in 2007. Matthews, et@d3Phypothesized
that the higher levels in 2007 were the result of late steatifon, which shortened
the period of anoxia in the hypolimnion and resulted in lagsite reduction.

Ammonia, along with hydrogen sulfide, is often an indicatbthgpolimnetic
anoxia. Ammonia is produced during decomposition of orgamatter. Ammonia
is readily taken up by plants as a growth nutrient. In oxygesh&nvironments,
ammoniaiis rarely present in high concentrations becatseaipidly converted to
nitrite and nitrate through biological and chemical pr@ess In low oxygen en-
vironments, ammonia accumulates until the lake destrsitifitgh ammonia and
hydrogen sulfide concentrations were measured just pridestratification in the
hypolimnion at Sites 1 and 2 (Table 7, page 24; Figures B81 &,B&ges 205 &
206). Elevated hypolimnetic ammonia concentrations haenltommon at both
sites throughout the monitoring period, but beginning iB9.¢he concentrations
increased noticeably at Site 2 (Figure B82, page 206). Tdiesit ammonia con-
centration measured since 1988 was collected at Site 2 irefNber 2008 (976
1g-N/L); the second highest ammonia concentration was medsat Site 2 in
October 2010 (51Lg-N/L).

Sites 3 and 4 often have slightly elevated ammonia cond@msaat 20 m (metal-
imnion) or near the bottom at 80—90 m (Figures B84—-B85, p208s-209). This
is caused by bacterial decomposition of organic matter,theitconcentrations
never approach the levels found in the hypolimnion at Siteés 1

Phosphorus: Although the Lake Whatcom microbiota require nitrogen, $ho
phorus is usually what limits microbial growth (Bittner, 48 Liang, 1994;
Matthews, et al., 2002a; McDonald, 1994). The total phosphconcentration
in the water column is a complex mixture of soluble and ins@phosphorus
compounds, only some of which can be used by algae to sustawtly Solu-
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ble forms of phosphorus (e.g., orthophosphate) are eadigntup by algae and
other microbiota, and, as a result, are rarely found in higincentrations in the
water column. Insoluble phosphorus can be present in therveatumn bound

to the surface of tiny particles or as suspended organicem@tg., live or dead
algae). Because competition for phosphorus is so intenseolpiota have de-
veloped many mechanisms for obtaining phosphorus fromutface of particles

or from decomposing organic matter. Liang (1994) found &G of the total

phosphorus bound to the surface of soil collected from atoectson site in the

Lake Whatcom watershed was “bioavailable” and could beaektd by algae.

When hypolimnetic oxygen concentrations are low, sedirbenind phosphorus
becomes soluble and leaches into the overlying water. Ryidestratification,
hypolimnetic phosphorus may be taken up by microbiota inhyy@limnion or

metalimnion (see Section 2.3.2 and Matthews and DeLuna8)20When the

lake mixes in the fall, the hypolimnetic phosphorus will bexed throughout the
water column. As oxygen concentrations increase duringngjxany soluble
phosphorus that has not been taken up by biota will usuallgdowerted back
into insoluble phosphorus. Because phosphorus moves lmackogh between
soluble and insoluble forms and between organic and inccgaompounds, it
can be difficult to interpret total phosphorus trends. Fanegle, when algal
densities increase, their growth usually results in theicgdn of soluble and
bioavailable fractions of phosphorus in the epilimniomigr to the epilimnetic
DIN reduction that was described for nitrogen. But, sinas tiptake simply
moves the phosphorus into the “live-algae” fraction of miggphosphorus, total
phosphorus concentrations may actually increase in thiengpon.

In Lake Whatcom, total phosphorus and soluble phosphateetdrations were
usually low except in the hypolimnion at Sites 1 and 2 jusbiptb destrati-
fication (Figures B96—-B100, pages 220-224 and B101-B10fe9a25-229).
Epilimnetic total phosphorus concentrations are usualyer than late-summer
hypolimnetic peaks. Prior to 2000, the median epilimnetiogphorus concentra-
tions were<5 ;g-P/L at Sites 2—4 and approximately 5#§-P/L at Site 1 (Fig-
ure 9, page 37). The epilimnetic phosphorus levels haveased significantly at
Sites 1, 2, and 4 (Figure 9, page 37); however, the patteriie grratic, reflect-
ing the complicated nature of phosphorus movement in thematiumn. It is
important to note that low water column phosphorus conagiotrs do not always
match up with low algal densities, and may instead indicapedrand efficient
cycling of phosphorus among the lake biota.
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Site 2 hypolimnetic ammonia and hydrogen sulfide: The bottom samples
from Site 2 usually have higher concentrations of ammonth lsydrogen sul-

fide than Site 1 (Table 7, page 24)These compounds are by-products of anoxia.
Although the late summer hypolimnetic oxygen concentregiare near zero at
both sites, the shape of basin 2 allows us to sample slighibecto the lake bot-

tom at Site 2. As a result, samples collected at 20 meters Sib&2 may contain

more of the soluble compounds leaching from the sedimerds @mmonia and

hydrogen sulfide) than samples from 20 meters at Site 1.

2.3.6 Chlorophyll, plankton, and Secchi depth

Site 1 continued to have the highest chlorophyll conceiomatof all the sites (Fig-
ures B106—B110, pages 230-234). Peak chlorophyll coratéstis were usually
collected at 0—15 m, while samples from 20 m had relativelydblorophyll con-
centrations because light levels are not optimal for algaih at this depth.

The Lake Whatcom plankton counts were usually dominated liysdphyta,

consisting primarily of diatomsDinobryon and Mallomonas(Figures B121—
B130, pages 245-254). Substantial blooms of bluegreeet@¢Cyanobacteria)
and green algae (Chlorophyta) were also measured at allditeng summer and
late fall. Previous analyses of algal biomass in Lake Whatoalicated that al-
though Chrysophyta dominate the numerical plankton co@wanobacteria and
Chlorophyta often dominate the plankton biomass, paditylin late summer
and early fall (Ashurst, 2003; Matthews, et al., 2002b).

Secchi depths (Figures B111-B115, pages 235-239) showetkaoseasonal
pattern because transparency in Lake Whatcom is affectquhiiiculates from
storm events and the Nooksack River diversion as well as blgams.

Indications of eutrophication: Eutrophication is the term used to describe
lake that is becoming more biologically productive. It cgplg to an unpro-

ductive lake that is becoming slightly more eutrophic, oradpictive lake that
is becoming extremely eutrophic (see Wetzel, 2001, for nads@ut eutrophica-
tion and Matthews, et al., 2005, for a description of the deahand biological

indicators of eutrophication in Lake Whatcom).

¥In 2007 the concentrations of these compounds droppedeadii at Site 2, seemingly in
response to the short period of lake stratification (Mattheatal., 2008).
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The median near-surface summer chlorophyll concentrati@re higher in 2010
compared to 2009 (Figure 10, page 38), but the algae couhsstés combined)
were about the same (Figures 11-12, pages 39—-40). Thisep@éawy between
chlorophyll and algae counts reflects the difference betwaenerical density
and biomass. Chlorophyll is a direct measure of algal bi@naasl is best used to
evaluate trophic changes in the lake (e.g., is the lake bixpmore biologically
productive?). Algal counts are a numerical way to look fentts within the
same type of algae (e.g., are the numbers of Cyanobacter@asing?). The
relationship between chlorophyll and cell density is coempl The amount of
chlorophyllin an algal cell is influenced by the physiolagiage and condition of
the cell, light intensity, nutrient availability, and manther factors. In addition,
while most types of algae are counted by individual cellsewa fypes must be
counted by colonies because the cells are too difficult to Egen if the amount
of chlorophyll was constant in each cell, it would take many tells to equal the
chlorophyll biomass in one large colony.

One of the eutrophication trends in Lake Whatcom has beeirlg $&eady in-
crease in the numbers of Cyanobacteria at all sites. Thmsl tie best viewed
using a log, plot (Figure 12, page 40), which shows the counts increasorg
1994 through 2004 or 2005. During the past five years the sdwavte been more
or less consistent, going up or down slightly depending erstte and year.

Lake Whatcom algal blooms: An unusual algal bloom developed during the
summer of 2009 that caused the City’s water treatment fileectog very rapidly.
This affected the rate at which water could be treated andtieg in the City im-
posing mandatory restrictions on water use. In order to idelptify the source of
the problem, IWS analyzed plankton samples collected gukingust 2009 from
raw water after it passed through the screen house to sebeavlieére were algae
present that might be affecting the water treatment rategtfMws, et al., 2010).
Most of the algae in the August 2009 samples were tiny roghathand spherical
Cyanobacteria that have been collectively referred #y@mnocapsandAphan-
othece Unlike the closely relatedicrocystis flos-aquaeAphanocapsaand
Aphanotheceare not considered to be toxic Cyanobacteria (Granéli andéer,
2006). They are, however, exceedingly slimy because theithal cells are em-
bedded in a thick, sticky colonial mucilage.

Beginning in December 2009, IWS started collecting suppleta monthly
plankton samples from 10 meters at Site 2 and the Intake amd fhe City’s
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raw water gatehouse. Our goal was to generate detailednateyn about the al-
gae responsible for filter clogging events using sampldedeld at the gatehouse
and at depths close to the water withdrawal depth in basim&.stipplemental al-
gal counts were identified to a much lower taxonomic levehthar regular algal
counts using a settling chamber method (Hamilton, et aQ12€hat captures tiny
individual algal cells €20 ;m diameter) that can pass through our regular plank-
ton net. Because of the different concentration methodsantpling depths, the
settled algae counts are not directly comparable to theriisalgal counts col-
lected using a plankton net (Figures B121-B130, pages Z#5;-8ut the general
taxonomic patterns will be similar.

Dense, sticky colonies ddphanocapsand Aphanothecavere exceeding abun-
dant in the settled samples, comprising nearly 85% of tha tmll count (Ta-
bles 10-11, pages 27-28 and Figure 13, page 41). The derifiMphanocapsa
andAphanothecéncreased during the summer, coinciding with a decreadeein t
City’s water production rate (Figure 14, page 49).

The third most abundant group of algae in the samplesQyatotellaand Tha-
lassiosirg which were combined for this report because they have airfiiter-
clogging features (Figure 15, page 43). Both taxa excretg toread-like fila-
ments that probably benefit the diatoms by slowing sinkirigs@r discourag-
ing predation by filter-feeding zooplankton. In the City'siter filters, however,
the filaments may help create an algal mat stuck together bayp@hacteria glue.
Although these taxa were moderately common in the settleghkes, especially
during the late summer whe&kphanocapsandAphanothec&ere abundant, their
density was not as useful for predicting poor water prodaunctates (Figure 16,
page 44).

Total algae counts from the gatehouse, Intake (10 m), aed®2gt0 m) were used
to predict water production rates using simple linear regjan (Figure 17, page
45). All three regressions were statistically significavith adjusted T values of
0.640-0.719. Because most of the cells in the settled sam@eeAphanocapsa
and Aphanothecesimilar regressions could be built using just those taxae T
advantage to using a smaller subset of algae is that futonpls®y efforts could
focus on those two taxa, saving a considerable amount of/sinaime. The

Ywater production data were reported in units of “unit filten volume” (UFRV), which is the
product of the filtration rate (gal/min), filter run length iy and filter surface area it Good
water production rates are usuaiyp000 (P. Wendling and B. Evans, City of Bellingham Public
Works Department, personal communications.).
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best regression between water production ratesAgithnocapsaAphanothece
was created using data from the Intake, resulting in an sstju$ value of 0.694
(Figure 18, page 46).

We will continue counting settled samples during 2011 telelaluate factors
affecting the City’s water production rates. In particulae will try to confirm
whetherAphanocapsand Aphanothecelensities, or other water quality factors,
can be used to predict when water production rates are likedgcline.

2.3.7 Coliform bacteria

The current surface water standards are based on “designaéd categories,
which for Lake Whatcom is “Extraordinary Primary ContactcRemation.” The
standard for bacteria is described in Chapter 173—-201A@WWashington Ad-
ministrative Code, Water Quality Standards for Surfaceargabf the State of
Washington:

Fecal coliform organism levels must not exceed a geometeanm
value of 50 colonies/100 mL, with not more than 10 percentllof a
samples (or any single sample when less than ten samplespoint
ist) obtained for calculating the geometric mean value exagg 100
colonies/100 mL.

All of the mid-basin (Sites 1-4) and Intake values for feaaliforms were less
than 10 cfd®100 mL (Figures B116-B120, pages 240-244) and passeckste fr
waterExtraordinary Primary Contact Recreatidracteria standard.

Coliform samples collected offshore from the Bloedel-Daaro swimming area
had slightly higher counts than at Site 1 (mid-basin). Nohe¢he Bloedel-

Donovan counts exceeded 100 cfu/100 mL and the geometric waa 3.1
cfu/100 mL, so this site passed both parts of the freshweatéaordinary Pri-

mary Contact Recreatiobacteria standard.

15Colony forming unit/100 mL; cfu/100 mL is sometimes labeledlonies/100 mL.”
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2.3.8 Metals

The metals data for Lake Whatcom are included in Table 8 (2&Qe This ta-
ble includes only the metals listed in our monitoring coati@rsenic, cadmium,
chromium, copper, iron, mercury, nickel, lead, and zinbg online electronic
data files contain concentrations for 24 additional metads are included as part
of the analytical procedure used by AmTest. In 1999, AmTesfraded their
equipment and analytical procedures for most metals. Asatrenany of the
analyses now have lower detection limits, resulting in fettx®low detection”
data (bdl). These detections probably do not represergased metals concen-
trations in the lake.

Most of the metals concentrations were within normal cotreg¢ion ranges for
the lake. Iron and zinc were often in the detectable rangee HAighest iron
concentration was measured in August at the bottom of Sit€éhkse elevated
iron concentrations were the result of sediment-bound @anverting to soluble
forms under anaerobic conditions and leaching into thelywngrwater. The iron
concentrations were also elevated throughout the watamaoin basin 3 during
February. This was probably caused by suspended sedirhahtntered the lake
during the winter 2008/2009 storms. Chromium, copper, ongr@nd lead were
detected in many of the samples, but at levels close to deteanits, which is
typical for Lake Whatcom.

2.3.9 Total organic carbon and disinfection by-products

Total organic carbon concentrations, along with planktod ehlorophyll data,
are used to help assess the likelihood of developing palgntiarmful disinfec-
tion by-products through the reaction of chlorine with engacompounds during
the drinking water treatment process. Algae excrete dissiadrganic carbon into
water, which, along with other decaying organic materiah) ceact with chlo-
rine to form disinfection by-products, predominately abform and other tri-
halomethanes (THMs). As algal densities increase, we ¢xpeee an increase
in THMs. It can be difficult and expensive to remove THMs fronmiling water
(Viessman & Hammer, 1985).

The 2008/2009 total organic carbon levels at the Intake \megker than usual
(Table 9, page 26). The long-term data indicate that totgmic carbon concen-
trations have become more variable. The minimum concemiitneasured each
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year may be<2 mg/L but the maximums have increased (Figure 19, page 4¥). B
cause of the within-year variability, the only significargrid in the raw data was
from the gatehouse, where the large sample size produdistista significance
despite a low correlation statistic (Figure 20, page*48).

As illustrated in Figure 21 (page 49), THMs have been ingnggis Bellingham’s
treated drinking water, particularly during the late sumffiaél (third quarter).
Haloacetic acids (another important disinfection by-iyl are not as closely
linked to algal concentrations and chlorine dose (Sund,,@00), and were not
significantly correlated with time.

8Gatehouse data were provided by the City of Bellingham Rinbirks Department.
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Historic 2008/2009 Sensitivity or
Abbrev.  Parameter Method DL MDL Confidence limit
Hydrolab field meter: Hydrolab (1997)
cond Conductivity - - + 2 uSlecm
do Dissolved oxygen - - + 0.1 mg/L
ph pH - - =+ 0.1 pH unit
temp Temperature — - +0.1°C
IWS field measurements:
disch Discharge Rantz et al. (1982); SOP-IWS-6 - - -
secchi Secchi depth Lind (1985) - - +0.1m
IWS laboratory analyses:
alk Alkalinity APHA (2005) #2320; SOP-IWS-15 - - + 0.6 mg/L
cond Conductivity APHA (2005) #2510; SOP-LW-19 - - +1.2uS/em
do Dissolved oxygen APHA (2005) #4500-0.C.; SOP-IWS-12 - - + 0.1 mg/L
ph pH-lab APHA (2005) #4500-H; SOP-IWS-8 - - 4 0.03 pH unit
tss T. suspended solids APHA (2005) #2540 D; SOP-IWS-22 2mg/ 0.7mg/L + 2.8 mg/L
turb Turbidity APHA (2005) #2130; SOP-IWS-11 — - + 0.2 NTU
nh3 Ammonia (auto) APHA (2005) #4500-NHH; SOP-IWS-19  1Qug-N/L  6.5ug-N/L + 5.1 ug-N/L
no3 Nitrite/nitrate (auto) ~ APHA (2005) #4500-N@; SOP-IWS-19  2Qug-N/L  4.1pug-N/L + 4.1 ug-N/L
tn T. nitrogen (auto) APHA (2005) #4500-N C; SOP-IWS-19 1@AN/L  20.3ug-N/L + 26.9u9-N/L
srp Sol. phosphate (auto)  APHA (2005) #4500-P G; SOP-IWS-19 5 pg-P/L 1.4p0-P/L + 1.8ug-P/IL
tp T. phosphorus (auto) ~ APHA (2005) #4500-P H; SOP-IWS-19  ug®/L 5.4u9-P/L + 6.0ug-P/L
IWS plankton analyses:
chl Chlorophyll APHA (2005) #10200 H; SOP-IWS-16 - - +0.1pg/L
chlo Chlorophyta Lind (1985), Schindler trap - - -
cyan Cyanobacteria Lind (1985), Schindler trap - - -
chry Chrysophyta Lind (1985), Schindler trap - - -
pyrr Pyrrophyta Lind (1985), Schindler trap - - -

City coliform analyses:
fc Fecal coliform

AmTest analyses:

As T. arsenic

Cd T. cadmium

Cr T. chromium

Cu T. copper

Fe T.iron

Pb T. lead

Hg T. mercury

Ni T. nickel

Zn T. zinc

TOC T. organic carbon

APHA (2005) #9222 D

EPA (1994) 200.7
EPA (1994) 200.7
EPA (1994) 200.7
EPA (1994) 200.7
EPA (1994) 200.7
EPA (1979) 239.2
EPA (1994) 245.1
EPA (1994) 200.7
EPA (1994) 200.7
EPA (1979) 415.1

1 cfu/100 mL

0.01 mg/L
0.0005 mg/L
0.001 mg/L
0.001 mg/L
0.005 mg/L
0.001 mg/L
0.0001 mg/L
0.005 mg/L
0.001 mg/L

1.0 mg/L

T Historic detection limits (DL) are usually higher than e@nt method detection limits (MDL).

Table 1: Summary of IWS, AmTest, and City of Bellingham atiaBl methods
and parameter abbreviations.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 18.6 20.1 208 27.2 50
Conductivity S/cm) 57.6 60.2 61.3 75.9 210
Dissolved oxygen (mg/L) 0.2 9.8 84 121 200
pH 6.3 7.4 7.3 8.8 210
Temperature°C) 6.6 115 11.7 221 210
Turbidity (NTU) <2 <2 <2 99 50
Nitrogen - ammoniumy(g-N/L) <10 <10 30.7 271.3 5(
Nitrogen - nitrate/nitrite 4g-N/L) <20 196.1 166.0 313.5 5D
Nitrogen - total {1g-N/L) 1939 380.5 361.2 460.3 50
Phosphorus - soluble:g-P/L) <5 <5 <5 105 50
Phosphorus - totaj{g-P/L) <5 8.8 9.8 52.0 5(
Chlorophyll (ug/L) 0.3 3.8 4.1 127 50
Secchi depth (m) 2.9 4.4 4.2 55 10
Coliforms - fecal (cfu/100 mL¥) <1 1 1 6 10

TUncensored arithmetic means except coliforms (geomet@n))
tCensored values replaced with closest integer &= 1).

Table 2: Summary of Site 1 ambient water quality data, Od2920Sept. 2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 18.0 19.0 19.2 208 30
Conductivity S/cm) 56.8 58.1 58.2 60.3 110
Dissolved oxygen (mg/L) 9.2 10.9 10.7 12.3 110
pH 7.2 7.8 7.7 8.3 110
Temperature°C) 6.8 127 13.2 21.7 110
Turbidity (NTU) <2 <2 <2 <2 30
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 13.3 30
Nitrogen - nitrate/nitrite 4g-N/L) 100.9 254.3 2314 355.8 30
Nitrogen - total {1g-N/L) 239.4 388.8 369.9 4809 30
Phosphorus - soluble:g-P/L) <5 <5 <5 11.0 30
Phosphorus - totaj{g-P/L) <5 <5 <5 135 30
Chlorophyll (ug/L) 2.0 3.4 3.5 59 3(
Secchi depth (m) 4.3 5.4 5.5 7.0 10
Coliforms - fecal (cfu/100 mL¥) <1 1 1 1 10

TUncensored arithmetic means except coliforms (geomet@n))
tCensored values replaced with closest integer &= 1).

Table 3: Summary of Intake ambient water quality data, Q@992 Sept. 2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 18.1 19.0 195 26.2 50
Conductivity S/cm) 56.6 57.9 58.9 79.4 210
Dissolved oxygen (mg/L) 0.3 104 94 123 240
pH 6.3 7.3 7.4 8.3 210
Temperature°C) 6.7 11.0 11.9 215 210
Turbidity (NTU) <2 <2 <2 3.5 50
Nitrogen - ammoniumy(g-N/L) <10 <10 22.7 363.9 5(
Nitrogen - nitrate/nitrite 4g-N/L) <20 259.9 235.6 362.1 50D
Nitrogen - total (tg-N/L) 239.3 4179 399.3 5248 {0
Phosphorus - soluble:g-P/L) <5 <5 <5 8.5 50
Phosphorus - tota{g-P/L) <5 7.1 8.0 499 49
Chlorophyll (ug/L) 0.6 3.0 3.2 54 5(
Secchi depth (m) 4.4 5.6 5.5 6.2 10
Coliforms - fecal (cfu/100 mL¥) <1 1 1 1 10

TUncensored arithmetic means except coliforms (geomet@n))
{Censored values replaced with closest integer (&= 1).
$One sample lost due to analytical error.

Table 4: Summary of Site 2 ambient water quality data, Od2920Sept. 2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 174 184 186 203 70
Conductivity S/cm) 56.1 57.6 57.8 65.0 250
Dissolved oxygen (mg/L) 3.2 10.0 10.0 119 250
pH 6.4 7.2 7.3 8.4 250
Temperature°C) 5.9 7.5 9.8 20.6 250
Turbidity (NTU) <2 <2 <2 <2 70

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 15.7 70
Nitrogen - nitrate/nitrite 4g-N/L) 128.6 364.6 326.5 434.0 70

Nitrogen - total {1g-N/L) 268.2 451.3 4339 5440 70
Phosphorus - soluble:g-P/L) <5 <5 <5 56 70
Phosphorus - totaj{g-P/L) <5 <5 <5 223 70
Chlorophyll (ug/L) 1.2 2.6 2.9 5.8 5(
Secchi depth (m) 4.1 5.0 5.3 6.6 10
Coliforms - fecal (cfu/100 mL¥) <1 1 1 3 10

TUncensored arithmetic means except coliforms (geomet@n))
tCensored values replaced with closest integer &= 1).

Table 5: Summary of Site 3 ambient water quality data, Od2920Sept. 2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 17.8 184 186 20.3 80
Conductivity S/cm) 55.7 57.5 57.6 59.6 270
Dissolved oxygen (mg/L) 8.2 9.9 10.1 12.0 2f0
pH 6.4 7.1 7.2 8.2 270
Temperature°C) 5.9 7.4 95 204 270
Turbidity (NTU) <2 <2 <2 <2 80

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 17.0 80
Nitrogen - nitrate/nitrite 4g-N/L) 132.7 378.6 337.8 431.8 §0

Nitrogen - total {1g-N/L) 282.9 4615 4449 537.7 80
Phosphorus - soluble:g-P/L) <5 <5 <5 114 80
Phosphorus - totaj{g-P/L) <5 5.2 <5 247 80
Chlorophyll (ug/L) 1.2 2.7 2.9 5.6 5(
Secchi depth (m) 4.3 6.6 6.6 8.3 10
Coliforms - fecal (cfu/100 mL¥) <1 1 1 3 10

TUncensored arithmetic means except coliforms (geomet@n))
tCensored values replaced with closest integer &= 1).

Table 6: Summary of Site 4 ambient water quality data, Od2920Sept. 2010.
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H,S (mg/L) NH; (1g-N/L)
Year Site1 Site 2 Site 1 Site 2
1999 0.03-0.04 0.40 268.3 4244
2000 0.27 0.53 208.8 339.5
2001 0.42 0.76 168.7 331.9
2002 0.09 0.32 203.9 383.8
2003 0.05 0.05 333.8 340.0
2004 0.25 0.25 300.3 378.8
2005 0.13 0.25 257.5 450.4

0.12 042
2006 0.20 0.42 334.1 354]1
2007 0.40 0.20 3245 79.3
2008 0.28 0.38 294.5 4049
2009 0.15 0.47 271.3 3012
2010 0.38 0.40 331.3 5113

"H,S samples analyzed by HACH test kit.
*HACH (first value) vs. Edge Analytical (second value)
§ Atypical result; see discussion by Matthews, et al. (2008)

Table 7: October hypolimnetic ammonia and hydrogen sulfateentrations at
Sites 1 and 2 (20 m). TheJ3 samples have been analyzed by Edge Analytical
since 2005. Earlier samples were analyzed using a HACH fsilickit.
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Depth T. As T.Cd T.Cr T.Cu T. Fe T. Hg T. Ni T.Pb T.2Z
(m) Date (mglL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (@L) (mglL)

Site 1 0 Feb9,2010 <0.01 <0.0005 <0.001 <0.001 0.019 0.0001 <0.005 <0.001 <0.001
Site 1 20 Feb9,2010 <0.01 <0.0005 <0.001 <0.001 0.027 0.0003 <0.005 <0.001 <0.001
Intake 0 Feb9,2010 <0.01 <0.0005 <0.001 <0.001 0.014 <0.0001 <0.005 <0.001 <0.001
Intake 10 Feb9,2010 <0.01 <0.0005 <0.001 0.001 0.015 <0.0001 <0.005 <0.001 <0.001
Site 2 0 Feb9,2010 <0.01 <0.0005 <0.001 <0.001 0.017 <0.0001 <0.005 <0.001 <0.001
Site 2 20 Feb9,2010 <0.01 <0.0005 <0.001 <0.001 0.016 <0.0001 <0.005 <0.001 <0.001
Site 3 0 Feb 4,2010 <0.01 <0.0005 <0.001 0.002 0.019 <0.0001 <0.005 0.001 <0.001
Site 3 80 Feb 4,2010 <0.01 <0.0005 <0.001 <0.001 0.028 0.0001 <0.005 <0.001 <0.001
Site 4 0 Feb 4,2010 <0.01 <0.0005 <0.001 <0.001 0.017 <0.0001 <0.005 <0.001 <0.001
Site 4 90 Feb 4,2010 <0.01 <0.0005 <0.001 0.002 0.025 0.0002 <0.005 <«<0.001 <0.001
Site 1 0 Aug 5,2010 <0.01 <0.0005 <0.001 0.002 0.014 <0.0001 <0.005 <0.001 0.002
Site 1 20 Aug5,2010 <0.01 <0.0005 <0.001 0.001 0.850 <0.0001 <0.005 <0.001 0.004
Intake 0 Aug 5,2010 <0.01 <0.0005 <0.001 <0.001 0.017 <0.0001 <0.005 <0.001 0.002
Intake 10 Aug 5,2010 <0.01 <0.0005 <«0.001 <0.001 0.009 <0.0001 <0.005 <0.001 0.003
Site 2 0 Aug 5,2010 <0.01 0.0006 <0.001 0.001 0.010 <0.0001 <0.005 <0.001 0.003
Site 2 20 Aug5,2010 <0.01 <0.0005 <0.001 <0.001 0.222 <0.0001 <0.005 <0.001 0.006
Site 3 0 Aug 3,2010 <0.01 <0.0005 <0.001 <0.001 <0.005 <0.0001 <0.005 <0.001 0.002
Site 3 80 Aug 3,2010 <0.01 <0.0005 <0.001 <0.001 0.016 <0.0001 <0.005 <0.001 0.004
Site 4 0 Aug 3,2010 <0.01 <0.0005 0.001 <O0.001 0.015 <0.0001 <0.005 <0.001 0.005
Site 4 90 Aug 3,2010 <0.01 <0.0005 <0.001 <0.001 0.010 <0.0001 <0.005 <0.001 0.004

Table 8: Lake Whatcom 2009/2010 total metals data.

Only bl specified in
the monitoring plan are included in this table; the reswts24 additional metals
are included in the online data files (http://www.wwu.eus).
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TOC TOC
Site Date Depth  (mg/L) Date Depth  (mg/L)
Sitel Feb9, 2010 0 3.3 Aug 5, 2010 0 2.4
Feb9,2010 20 4.9 Aug5,2010 20 2.5
Intake Feb 9, 2010 0 1.4 Aug 5, 2010 0 2.6
Feb9,2010 10 4.6 Aug5,2010 10 8.0
Site2 Feb9, 2010 0 3.4 Aug 5, 2010 0 2.9
Feb9,2010 20 2.3 Aug5,2010 15 5.2
Site 3 Feb 4, 2009 0 4.6 Aug 5, 2010 0 1.5
Feb 4,2009 80 3.0 Aug 5, 2010 80 1.9
Site4 Feb 4, 2009 0 6.0 Aug 5, 2010 0 <1
Feb 4,2009 90 3.9 Aug5,2010 90 2.6

Table 9: Lake Whatcom 2009/2010 total organic carbon data.



2009/2010 Lake Whatcom Final Report Page

Pct. of
Pct. of Total Count
Taxa Total Count w/o Aphanocapsa
Cyanobacteria (bluegreen algae)
Anabaendory de Saint-Vincent & Bornet & Flahault 0.1 0.8
Aphanocapsalageli andAphanothec&lageli 84.8 NA
Chroomonasiansgirg andeucapsisClements & Shantz <0.1 <0.1
MerismopedidVieyen <0.1 0.3
MicrocystisLemmermann 0.7 4.7
Pseudanabaenlaauterborn 0.4 2.5
Rhabdoderm&chmidle & Lauterborn <0.1 <0.1
Snowella lacustrigChodat) Komarek & Hinkak 5.4 35.4
Woronichinia naegelianélnger) Elekin 0.2 1.2
Chrysophyta (golden algae)
Bitrichia chodatii(Reverdin) Chodat <0.1 0.1
Dinobryon bavaricumimhof 0.2 1.1
Dinobryon divergengmhof 0.3 2.1
Dinobryon sertulariaEhrenberg 0.1 0.4
EpipyxisEhrenberg <0.1 0.1
MallomonasPerty <0.1 0.1
Ochromonad/ysotskii [Wissotsky] and <0.1 <0.1
Chrysochromulind.ackey
StichogloeaChodat <0.1 0.1
Stylochrysalig=. Stein <0.1 <0.1
Chrysophyta (diatoms)
Asterionella formos#&lassall 0.6 3.9
AulacoseiraThwaites 0.3 2.1
Cyclotella(Kutzing) Brébisson andihalassiosiraCleve 1.8 11.7
Fragilaria Lyngbye 0.2 1.3
MelosiraC. Agardh <0.1 <0.1
Stephanodiscushrenberg <0.1 0.2
SynedreEhrenberg 0.4 2.9
Tabellaria fenistratgLyngbye) Kiitzing 1.1 7.1
Urosolenia longisetdO. Zacharias) Edlund & Stoermer 0.2 1.4
diatoms, misc 0.1 0.9

Table 10: Relative abundances of Cyanobacteria (bluedraeteria) and Chrys-
ophyta (golden algae and diatoms) collected at the gatehtntske (10 m), and
Site 2 (10 m) between December 2009 and November 2010.
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Pct. of
Pct. of Total Count
Taxa Total Count w/o Aphanocaps
Chlorophyta (green algae)
Ankistrodesmu€orda <0.1 <0.1
Asterococcu$cherffel andPlanktosphaerid@. M. Smith <0.1 0.1
BotryococcuKitzing 0.1 0.6
Chlamydomonakhrenberg <0.1 0.1
Chlorella M. Beijerinck <0.1 <0.1
Crucigenia tetrapedigKirchner) Kuntze 0.1 0.4
desmids (misc.) <0.1 0.1
Dictyosphaerium pulchellumd. C. Woods <0.1 0.2
Elakatothrix gelatinosaVille 0.1 0.4
GloeotilaKutzing <0.1 <0.1
MonoraphidiunmKoméarkova-Legnerova <0.1 <0.1
OocystidNageli & A. Braun 0.1 0.4
PediastrumMeyen 0.1 0.4
QuadrigulaPrintz <0.1 0.2
Scenedesmideyen 0.7 4.4
Sphaerocystis schroetefhodat 0.1 0.3
Tetraedron minimunfA. Braun) Hansgirg <0.1 0.1
Tetraspora lacustrit emmermann 0.1 0.7
desmids (misc.) <0.1 0.1
Pyrrhophyta (dinoflagellates
Gymnodiniunstein <0.1 0.1
PeridiniumEhrenberg <0.1 0.1
Peridinium umbonaturf. Stein <0.1 0.2
Euglenophyta (euglenoids)
Trachelomonag&hrenberg <0.1 <0.1
Cryptophyta (cryptomonads)
Cryptomonaghrenberg 0.3 2.0
KommabD. R. A. Hill and Chroomonaddansgirg 1.3 8.3

Table 11: Relative abundances of Chlorophyta (green algag)miscellaneous
other types of algae collected at the gatehouse, Intake j1@md Site 2 (10 m)

between December 2009 and November 2010.
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Figure 1: Boxplots showing 1988-2009 surface water tentpeys (depth<1
m, all sites and years) with monthly 2010 da&y (Boxplots show medians and
upper/lower gquartiles; whiskers extend to maximum/minmmualues.
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Site 1 Dissolved Oxygen by Year at Depth 12
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Figure 2: Nonlinear relationship between dissolved oxyged time at Site 1,
12 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 14
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Figure 3: Nonlinear relationship between dissolved oxyged time at Site 1,

14 m. Kendall'sr correlations were used because the data were not monotonic-

linear; all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 16
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Figure 4: Nonlinear relationship between dissolved oxyged time at Site 1,
16 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 18
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Figure 5: Nonlinear relationship between dissolved oxyged time at Site 1,
18 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Figure 6: Correlation between minimum annual pH and yeae¢Si—2 depths
<15 m; Sites 3—4 depths65 m). Pearson’s correlations were used because the
data were approximately monotonic-linear; only Site 1 elation was significant.
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Figure 7: Correlation between maximum annual pH and yeaegSi—2 depths
<15 m; Sites 3—4 depths65 m). Pearson’s correlations were used because the
data were approximately monotonic-linear; all correlasiovere significant.
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Figure 8: Minimum summer, near-surface dissolved inomyaitrogen concen-
trations (1994-2010, June-Oct, depths m). Uncensored (raw) data were used
to illustrate that minimum values are dropping below aneftdetection limits
(dashed red line). Kendall’s correlations were used because the data were not
monotonic-linear; correlations were significant at Site8.1



2009/2010 Lake Whatcom Final Report

TP (ug-NiL)

TP (ug-NiL)

Site 1

20

15

tau = 0.563
p-value <0.01

1995

T T T
2000 2005

Site 3

20

15

10

tau = 0.341
(ns)

T
1995

T T T
2000 2005 2010

TP (ug-N/L)

TP (ug-N/L)

20

20

15

10

P&ge

Site 2

tau = 0.509
p-value <0.01

1995

2000 2005 2010

Site 4

tau = 0.552
p-value <0.01

1995

2000 2005 2010

Figure 9: Median summer, near-surface total phosphorusertrations (1994—
2010, June-Oct, depthss m). Uncensored (raw) data were used to illustrate that
median values are increasingly above analytical detettiots (dashed red line).
Kendall's  correlations were used because the data were not mondtoeg:
correlations were significant at Sites 1, 2, and 4.
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Figure 10: Median summer near-surface chlorophyll coreéionhs (1994-2010,
June-October, depthsb m). Kendall'sr correlations were used because the data
were not monotonic-linear; all correlations were signffica
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Figure 11: Log, plots of median summer, near-surface algae counts (199@;20
June-October, all sites and depths). Kendallsorrelations were used because
the data were not monotonic-linear; all correlations ekx@@poflagellates were
significant.
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Figure 12: Log, plots of median summer, near-surface Cyanobacteria counts
(1994-2010, June-October, depthiS m). Kendall'st correlations were used
because the data were not monotonic-linear; all correlatigere significant.
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Figure 13: Lake WhatcorAphanocapsandAphanotheceolonies. Several other
common Lake Whatcom algae taxa are also shown, inclusimoyvellaandCryp-
tomonas See Tables 10-11 (pages 27—28) for a list of algae founceitakte.
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Figure 14: Log, plots ofAphanocapsandAphanothecat the gatehouse, Intake,
and Site 2, December 2009—November 2010. The shaded réctsimgys the
period of very poor water filtration (see discussion on pagje 1
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Cyclotella

Figure 15:Cyclotellacell showing extracellular fibers. See Tables 10-11 (pages
27-28) for a list of algae found in the lake.
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Figure 16: Log, plots of Cyclotellaand Thalassiosiraat the gatehouse, Intake,
and Site 2, December 2009—November 2010. The shaded réctsimgys the
period of very poor water filtration (see discussion on pagje 1
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Figure 17: Regression of water production rates (UFRVs) ametion of total
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Figure 19: Maximum annual total organic carbon concermratiat Sites 1-4.
Kendall's  correlations were used because the data were not mondioeas:

all correlations were significant.
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Figure 20: Total organic carbon concentrations at the mi{@#f-shore, surface
and bottom) and gatehouse. Gatehouse data were providad kyty of Belling-
ham Public Works Department. Kendalf'scorrelations were used because the
data were not monotonic-linear; only the gatehouse cdioelavas significant.
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Figure 21: Total trihalomethanes (TTHMs) and haloacetidsa¢HAAS) con-
centrations in the Bellingham water distribution syste®92-2010. Data were
provided by the City of Bellingham Public Works DepartmeKendall’s = cor-
relations were used because the data were not monotoergxjinorrelations for
Jan-Dec THMs and Qtr 3 THMs were significant.
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3 Tributary Monitoring

The major objective for the tributary monitoring was to po®/baseline data for
the major tributaries that flow into Lake Whatcom. Whatconedkr was also

sampled to provide baseline data for the lake’s outlet. Migriiaseline data were
collected from 2004—-2006. The level of effort was reducedf2007—2009, with

samples collected twice each year. Beginning in Januarg,2@anthly sampling

was reinitiated, and is scheduled to continue through 2012.

3.1 Site Descriptions

Samples were collected from Anderson, Austin, Blue CanBoannian, Carpen-
ter, Euclid, Mill Wheel, Olsen, Silver Beach, Smith, and Wiwan Creeks and the
Park Place drain. The sampling locations for these sitedemeribed in Appendix
A.2 and shown on Figure A2, page 118.

3.2 Field Sampling and Analytical Methods

The tributaries were sampled on January 12, February 16;iM&rApril 6, May
11, June 8, July 13, August 10, September 14, and Octobe1D, 2

The analytical procedures for sampling the tributariessaramarized in Table
1 (page 18). All water samples (including bacteriologicahgles) collected in
the field were stored on ice and in the dark until they reachedlaboratory.
Once in the laboratory the handling procedures that weevael for each analy-
sis were followed (see Table 1). The bacteria samples werlyzad by the City
of Bellingham at their water treatment plant. Total metalalgses (arsenic, cad-
mium, chromium, copper, iron, mercury, nickel, lead, anttyiand total organic
carbon analyses were done by AmTEsAll other analyses were done by WWU.

"AmTest, 13600 Northeast 126th Place, Suite C, Kirkland, 88Q34—8720.
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3.3 Results and Discussion

The monthly data are summarized in Tables 12-23 (pages $4r65the bian-
nual metals and total organic carbon data are listed in $aétle25 (pages 66—67).
Historic data from 2004 through the current monitoring pérare plotted in Ap-
pendix B.4 (Figures B131-B169, pages 256—-294). These 8gunckide a dashed
(blue) horizontal line that shows the median value for Sriiteek and a solid
(red) horizontal line that shows the median value for eaeklcr Smith Creek was
chosen as a reference because it is a major tributary tokbealad has a history
of being relatively unpolluted.

Water temperatures and dissolved oxygen concentratiditsvird predictable
seasonal cycles, with most sites having colder tempeatamd higher oxygen
concentrations during the winter, and warmer temperaturd$ower oxygen con-
centrations during the summer (Figures B131-B136). WmaiCoeek had higher
temperatures and lower oxygen concentrations than mast sites, reflecting the
influence of Lake Whatcom (Figures B131 and B134). The residetributaries
(Euclid, Millwheel, and Silver Beach Creeks and the Parlc®l@drain) often had
slightly elevated temperatures and slightly lower dissdlexygen concentrations,
which is a typical pattern (Figures B133 and B136).

Most of the creeks in the Lake Whatcom watershed had relgtioes concen-
trations of dissolved solids, indicated by pH levels ne&-8.5, conductivities
<150 iS, and alkalinities<50 mg/L (Figures B137-B145). Sites that did not
match this description included the residential tribisiiEuclid, Millwheel, and
Silver Beach Creeks and the Park Place drain) and Blue Ca@yeek, which
drains an area rich in soluble minerals. Most sites also baddtal suspended
solids concentrations{(15 mg/L) and low turbidities€<10 NTU) except during
periods of high precipitation and runoff (Figures B146—BJL5

Ammonia concentrations were generally lo®4(0 ;.g-N/L) except in the residen-
tial streams (Figures B152—-B154). Ammonia does not pdwmistin oxygenated

surface waters. When present in streams, it usually ingcatnear-by source
such as an upstream wetland with anaerobic soils or a pwilsburce.

Most of the creeks had lower total nitrogen and nitrateditgticoncentrations than
Smith Creek (Figures B155— B160). The relatively high nérand total nitrogen
concentrations in Smith Creek is probably due to the presehaitrogen-fixing
alders Alnus rubrg in the riparian zone upstream from the sampling site. High
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nitrate and total nitrogen concentrations are not neciégsarindication of water
pollution, and low nitrate concentrations actually favbe tgrowth of nuisance
Cyanobacteria. The exceptionally low concentrations irWbm Creek reflect
algal uptake of nitrogen in the lake.

Soluble inorganic phosphate is quickly removed from s@faater by biota, so
high concentrations of soluble phosphate usually indieatear-by source such
as an anaerobic wetland or a pollution source. In 2010, thddanesoluble phos-
phate concentrations wef€l0 .g-P/L at all sites except Euclid and Silver Beach
Creeks and the Park Place drain. The historic data indibateatthough soluble
phosphate concentrations were generally low, nearly tak $iave had a few high
peaks, and high concentrations were common in samples &sitlential sites.

Total phosphorus concentrations were higher than solutdeghate concentra-
tions (Figures B161-B166). The median 2010 concentratimre <30 1.g-P/L
at all sites except Millwheel and Silver Beach Creeks andPdrd Place drain. As
with soluble phosphate, nearly all sites have had occaldgiatotal phosphorus
peaks, and high concentrations were common in samples &sitlential sites.

High coliform counts are an indicator of residential patut (Figures B167—
B169), and although most of the sites have low geometric ngeants in 2010,
five of the sites exceeded the WAC 173—-201A coliform surfaagewstandards.
Carpenter, Euclid, Millwheel, and Silver Beach Creeks drelRark Place drain
all had geometric means50 cfu/100 mL and 50-80% of the samples exceeded
100 cfu/100 mL.

The total organic carbon concentrations were between 5-gi/b.rnlike 2009,
there were no extremely high total organic carbon conceatrsiin the winter
samples from February 2010 (see Matthews, et al., 2010) 20h6 winter sam-
ples were, however, slightly higher at most sites comparekilty.

The metals concentrations were within expected rangesnastiwere at or below
detection levels (Table 24). Chromium, copper, iron, leat zinc were often
detectable, but were within normal ranges for surface watethe watershed.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 119 16.8 16.4 20.0 10
Conductivity (:S/cm}) 49.7 57.1 56.7 61.3 10
Dissolved oxygen (mg/L) 9.5 10.9 11.1 125 10
pH 6.4 7.1 7.0 7.2 10
Temperature°C) 5.1 9.9 9.7 136 10
Total suspended solids (mg/L) <2 4.8 8.8 20.9 1@
Turbidity (NTU) <2 4.2 9.9 33.2 1d
Nitrogen - ammonium(g-N/L) <10 <10 <10 204 10
Nitrogen - nitrate/nitrite 4g-N/L) 41.4 3545 307.3 578.4 10
Nitrogen - total {1g-N/L) <100 4714 450.7 8120 D9
Phosphorus - soluble:§-P/L) <5 6.9 6.8 10.1 1d
Phosphorus - totaj{g-P/L) 120 24.0 30.2 62.0 10
Coliforms - fecal (cfu/100 mL) <1 28 13 56 10
(Percent of samples100 cfu/100 mL = 0)

TUncensored arithmetic means except coliforms(geomet @)
$Censored values replaced with closest integer (&= 1).

Table 12: Summary of Anderson Creek water quality data,Qein2010. The
May total nitrogen result is missing due to analysis error.
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(Percent of samples100 cfu/100 mL = 10

Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 12.4 187 19.9 329 10
Conductivity (:S/cm}) 49.8 63.4 715 1193 9
Dissolved oxygen (mg/L) 93 113 11.2 13,5 [0
pH 6.7 7.4 7.3 77 9
Temperature°C) 3.8 9.3 9.6 14.1 10
Total suspended solids (mg/L) <2 <2 3.7 14.1 10
Turbidity (NTU) <2 <2 2.3 8.4 10
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10 10
Nitrogen - nitrate/nitrite 4g-N/L) 226.8 517.0 489.0 9845 10
Nitrogen - total {1g-N/L) 283.9 627.2 6029 11244 10
Phosphorus - soluble:g-P/L) 5.5 8.5 9.1 13.4 10
Phosphorus - totaj{g-P/L) 54 151 14.9 245 10
Coliforms - fecal (cfu/100 mL) <1 45 25 140 10

TUncensored arithmetic means except coliforms(geomee@n))
$Censored values replaced with closest integer (&= 1).

Table 13: Summary of Austin Creek water quality data, Jah-2@10. The Oc-
tober conductivity and pH results are missing due to ansissior.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 103.5 136.0 134.7 1579 10
Conductivity (:S/cm} 243.0 286.5 284.4 310.0 10
Dissolved oxygen (mg/L) 99 114 11.5 13.0 (10
pH 7.9 8.2 8.2 8.4 10
Temperature°C) 5.0 9.9 9.9 13.3 10
Total suspended solids (mg/L) <2 3.2 3.4 5.6 10
Turbidity (NTU) <2 21 2.1 4.0 1Q

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10 10
Nitrogen - nitrate/nitrite 4g-N/L) 121.0 286.0 356.6 962.6 10

Nitrogen - total {1g-N/L) 148.4 363.1 4254 11379 10
Phosphorus - soluble:§-P/L) <5 9.3 8.9 11.4 1@
Phosphorus - totaj{g-P/L) <5 138 13.3 245 10
Coliforms - fecal (cfu/100 mL) <1 5 5 75 10

(Percent of samples100 cfu/100 mL = 0)
TUncensored arithmetic means except coliforms(geomee@n))
$Censored values replaced with closest integer (&= 1).

Table 14: Summary of Blue Canyon Creek water quality dat&Qet. 2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 6.9 10.3 121  20.8 10
Conductivity (:S/cmy 36.0 38.0 426 579 10
Dissolved oxygen (mg/L) 7.3 10.9 104 12.7 10O
pH 6.5 6.9 6.8 7.1 10
Temperature°C) 5.0 9.7 9.8 13.7 10
Total suspended solids (mg/L) <2 <2 2.4 9.5 10
Turbidity (NTU) <2 <2 <2 6.4 10

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10 10
Nitrogen - nitrate/nitrite 4g-N/L) 134.6 494.7 421.1 749.3 10

Nitrogen - total (1g-N/L) 236.0 613.3 5424 803.9 10
Phosphorus - soluble:g-P/L) <5 <5 <5 6.2 10
Phosphorus - totaj{g-P/L) <5 123 11.8 223 10
Coliforms - fecal (cfu/100 mL$) 1 15 12 49 10

(Percent of samples100 cfu/100 mL = 0)
fUncensored arithmetic means except coliforms(geomet@n)
$Censored values replaced with closest integer &= 1).

Table 15: Summary of Brannian Creek water quality data,Jein2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 12.0 23.6 27.6 470 1
Conductivity (:S/cm} 511 69.2 781 1151 1
Dissolved oxygen (mg/L) 79 10.6 10.5 12.4
pH 6.7 7.5 7.4 7.7 1(
Temperature°C) 52 115 10.8 159 1
Total suspended solids (mg/L) <2 2.1 3.8 13.8 1@
Turbidity (NTU) <2 24 35 10.7 1(
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10 10
Nitrogen - nitrate/nitrite 4g-N/L) 304.9 556.0 564.0 1001.9 1
Nitrogen - total {1g-N/L) 418.1 709.2 746.1 11342 1
Phosphorus - soluble:§-P/L) <5 10.3 11.7 20.6 1
Phosphorus - totaj{g-P/L) 9.2 194 19.6 293 1
Coliforms - fecal (cfu/100 mL%) 24 87 107 1800 1(

(Percent of samples100 cfu/100 mL =50

[ R )

O

)

TUncensored arithmetic means except coliforms(geomee@n))
$Censored values replaced with closest integer (&= 1).

Table 16: Summary of Carpenter Creek water quality dataQlen2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 195 338 40.1 583 10
Conductivity (:S/cmy 711 916 106.2 146.4 10
Dissolved oxygen (mg/L) 75 104 10.1 124 1po
pH 6.8 7.4 7.3 7.5 10
Temperature°C) 54 10.7 105 144 10
Total suspended solids (mg/L) <2 2.9 40 13.1 1d
Turbidity (NTU) <2 3.1 3.8 9.7 10

Nitrogen - ammoniumy(g-N/L) <10 11.7 126 23.6 10
Nitrogen - nitrate/nitrite 4g-N/L) 143.5 398.3 400.2 716.0 10

Nitrogen - total {1g-N/L) 276.7 557.2 575.8 907.0 10
Phosphorus - soluble:g-P/L) 79 133 12.8 15.6 10
Phosphorus - totaj{g-P/L) 16.1 25.8 248 329 10
Coliforms - fecal (cfu/100 mL%) 14 205 142 450 10

(Percent of samples100 cfu/100 mL = 80
fUncensored arithmetic means except coliforms(geomet@n)
$Censored values replaced with closest integer &= 1).

Table 17: Summary of Euclid Creek water quality data, Jah-210.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 23.1 343 37.9 59.7 8
Conductivity (:S/cm}y 77.7 90.8 98.7 140.0 8
Dissolved oxygen (mg/L) 7.3 10.8 10.6 125 |8
pH 6.7 7.4 7.4 8.0 &
Temperature°C) 54 10.8 11.3 175 8
Total suspended solids (mg/L) 3.6 5.8 9.2 276 | 8
Turbidity (NTU) 6.0 9.5 10.5 24.1 8
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 136 8
Nitrogen - nitrate/nitrite 4g-N/L) <20 465.4 428.1 900.2 B
Nitrogen - total {1g-N/L) 506.0 969.0 1015.1 1968.7 |8
Phosphorus - soluble:g-P/L) 7.1 9.9 9.7 11.8 8
Phosphorus - totaj{g-P/L) 286 37.2 67.7 2172 8
Coliforms - fecal (cfu/100 mL%) 40 185 224 2500 8

(Percent of samples100 cfu/100 mL = 75

fUncensored arithmetic means except coliforms(geomet@n)
$Censored values replaced with closest integer (&= 1).

Table 18: Summary of Millwheel Creek water quality data,-@st. 2010. Mill-
wheel Creek had negligible flow on July 13 and August 10, 2@bQyater quality
samples were collected on these dates.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 114 201 22.4 426 10
Conductivity (:S/cm} 475 621 694 1158 1P
Dissolved oxygen (mg/L) 95 11.0 11.1 12.7 (10
pH 6.8 7.4 7.4 7.8 10
Temperature°C) 50 104 10.1 146 10
Total suspended solids (mg/L) <2 2.5 8.0 49.2 10
Turbidity (NTU) <2 <2 5.0 31.6 10

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10 10
Nitrogen - nitrate/nitrite 4g-N/L) 475.1 834.5 828.6 1462.3 10

Nitrogen - total {1g-N/L) 522.0 932.2 920.5 1563.8 10
Phosphorus - soluble:g-P/L) 6.6 10.3 11.0 184 1P
Phosphorus - totaj(g-P/L) 94 145 154 227 1D
Coliforms - fecal (cfu/100 mL%) 1 4 7 160 10

(Percent of samples100 cfu/100 mL = 10
TUncensored arithmetic means except coliforms(geomee@n))
$Censored values replaced with closest integer (&= 1).

Table 19: Summary of Olsen Creek water quality data, JanZDdi0.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 26.8 89.0 84.7 120.2 1p
Conductivity (:S/cm} 159.5 215.0 2135 272.0 10
Dissolved oxygen (mg/L) 7.1 9.1 9.1 114 10
pH 7.0 7.5 7.5 7.8 10
Temperature°C) 7.2 138 13.2 19.1 10
Total suspended solids (mg/L) <2 <2 2.6 51 10
Turbidity (NTU) <2 3.8 4.3 8.7 10
Nitrogen - ammoniumy(g-N/L) <10 30.6 45.0 1116 10
Nitrogen - nitrate/nitrite 4g-N/L) 186.5 496.7 540.7 998.8 10
Nitrogen - total {1g-N/L) 568.0 783.0 826.4 12045 10
Phosphorus - soluble:§-P/L) 139 23.0 23.8 33.9 10
Phosphorus - totaj{g-P/L) 28.3 387 435 68.4 10
Coliforms - fecal (cfu/100 mL%) 29 145 126 440 10

(Percent of samples100 cfu/100 mL = 80

TUncensored arithmetic means except coliforms(geomee@n))

$Censored values replaced with closest integer (&= 1).

Table 20: Summary of Park Place drain water quality dataQen2010.
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(Percent of samples100 cfu/100 mL = 80
TUncensored arithmetic means except coliforms(geomee@n))
$Censored values replaced with closest integer (&= 1).

Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 36.0 753 79.4 1274 1D
Conductivity (:S/cm} 106.9 178.1 192.1 291.0 10
Dissolved oxygen (mg/L) 8.4 10.0 10.3 12.4 (10
pH 7.2 7.9 7.9 8.3 10
Temperature°C) 57 1238 11.6 15.2 10
Total suspended solids (mg/L) <2 2.8 4.2 8.2 10
Turbidity (NTU) <2 38 50 11.1 1d
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 12.2 10
Nitrogen - nitrate/nitrite 4g-N/L) 293.8 419.2 467.0 830.1 10
Nitrogen - total {1g-N/L) 548.0 691.1 743.7 1140.1 10
Phosphorus - soluble:§-P/L) 11.3 175 19.0 29.8 10
Phosphorus - totaj{g-P/L) 20.0 316 31.5 409 10
Coliforms - fecal (cfu/100 mL%) 49 165 213 1000 10

Table 21: Summary of Silver Beach Creek water quality data;Qct. 2010.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCQ;) 11.8 17.2 18.6 29.9 10
Conductivity (:S/cm} 46.1 558 59.8 85.7 1D
Dissolved oxygen (mg/L) 93 113 11.3 129 (10
pH 6.8 7.3 7.3 7.6 10
Temperature°C) 45 10.1 9.9 147 10
Total suspended solids (mg/L) <2 <2 2.0 56 10
Turbidity (NTU) <2 <2 <2 2.7 10
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 10.2 10
Nitrogen - nitrate/nitrite 4g-N/L) 351.7 809.5 810.4 1516.2 10
Nitrogen - total {1g-N/L) 378.9 910.5 893.0 1646.6 10
Phosphorus - soluble:§-P/L) <5 8.0 8.9 15.1 1@
Phosphorus - totaj{g-P/L) 52 115 13.4 324 10
Coliforms - fecal (cfu/100 mL%) 1 6 7 180 10

(Percent of samples100 cfu/100 mL = 10

TUncensored arithmetic means except coliforms(geomee@n))
$Censored values replaced with closest integer (&= 1).

Table 22: Summary of Smith Creek water quality data, Jan-ZuO.
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Variable Min. Med. Meah Max. N
Alkalinity (mg/L CaCGQ;) 20.6 215 22.3 259 10
Conductivity (:S/cmy 60.3 625 651 73.6 10
Dissolved oxygen (mg/L) 8.1 10.0 10.0 121 po
pH 7.1 7.4 7.4 7.7 10
Temperature°C) 7.0 155 14.1 20.8 10
Total suspended solids (mg/L) <2 <2 2.0 44 10
Turbidity (NTU) <2 <2 <2 <2 10

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 13.8 10
Nitrogen - nitrate/nitrite 4g-N/L) <20 164.0 148.6 317.0 1P

Nitrogen - total (1g-N/L) 2159 359.3 340.0 447.7 10
Phosphorus - soluble:g-P/L) <5 <5 <5 <5 10
Phosphorus - totaj{g-P/L) <5 113 106 18.0 10
Coliforms - fecal (cfu/100 mL$) 1 10 8 68 10

(Percent of samples100 cfu/100 mL = 0)
fUncensored arithmetic means except coliforms(geomet@n)
$Censored values replaced with closest integer &= 1).

Table 23: Summary of Whatcom Creek water quality data, Jein2D10.
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T. As T.Cd T.Cr T.Cu T. Fe T. Hg T. Ni T.Pb T. Zn
Date (mglL) (mg/L)  (mg/lL) (mg/L) (mg/L) (mg/L) (mg/L) (mgl (mg/L)
Anderson Feb 16,2010 <0.01 <0.0005 <0.001 0.002 0.432 <0.01 <0.005 <0.001 0.001
Austin (lower) Feb 16,2010 <0.01 <0.0005 0.001 0.002 0510 <0.01 <0.005 <0.001 0.003
Blue Canyon Feb 16,2010 <0.01 <0.0005 <0.001 <0.001 0.096 <0.01 <0.005 <0.001 0.005
Brannian Feb 16,2010 <0.01 <0.0005 0.001 0.001 0.317 <0.01 <0.005 <0.001 0.003
Carpenter Feb 16, 2010 <0.01 <0.0005 0.001 0.002 0.370 <0.01 <0.005 <0.001 <0.001
Euclid Feb 16,2010 <0.01 <0.0005 <0.001 0.001 0.315 <0.01 <0.005 <0.001 0.002
Millwheel Feb 16,2010 <0.01 <0.0005 0.001 0.002 0.633 <0.01 <0.005 <0.001 0.007
Olsen Feb 16,2010 <0.01 <0.0005 0.001 0.002 0.385 <0.01 <0.005 <0.001 <0.001
Park Place Feb 16,2010 <0.01 <0.0005 <0.001 0.003 0.470 <0.01 <0.005 <0.001 0.011
Silver Beach Feb 16,2010 <0.01 <0.0005 <0.001 0.002 0.597 <0.01 <0.005 <0.001 0.002
Smith Feb 16,2010 <0.01 <0.0005 <0.001 <0.001 0.093 <0.01 <0.005 <0.001 <0.001
Whatcom Feb 16,2010 <0.01 <0.0005 <0.001 <0.001 0.162 <0.01 <0.005 <0.001 0.002
Anderson Jul 13,2010 <0.01 <0.0005 0.001 0.002 0.361 <0.0001 <0.005 0.001 0.003
Austin (lower) Jul 13,2010 <0.01 <0.0005 <0.001 0.001 0.190 <0.0001 <0.005 0.001 0.003
Blue Canyon Jul 13,2010 <0.01 <0.0005 0.002 <0.001 0.088 <0.0001 <0.005 0.001 0.006
Brannian Jul 13,2010 <0.01 <0.0005 <0.001 0.001 0.433 <0.0001 <0.005 0.002 0.004
Carpenter Jul 13,2010 <0.01 <0.0005 <0.001 0.002 0.160 <0.0001 <0.005 0.001 0.003
Euclid Jul 13,2010 <0.01 <0.0005 <0.001 0.002 0.450 <0.0001 <0.005 <0.001 0.003
MillwheeltJul 13,2010 NA NA NA NA NA NA NA NA NA
Olsen Jul 13,2010 <0.01 <0.0005 0.001 0.002 0.064 <0.0001 <0.005 0.001 0.003
Park Place Jul 13,2010 <0.01 <0.0005 <0.001 0.003 0.580 <0.0001 <0.005 0.001 0.005
Silver Beach Jul 13,2010 <0.01 <0.0005 <0.001 0.002 0.209 <0.0001 <0.005 0.001 0.004
Smith Jul 13,2010 <0.01 <0.0005 0.001 0.002 0.018 <0.0001 <0.005 0.001 0.003
Whatcom Jul 13,2010 <0.01 <0.0005 0.002 0.002 0.070 <0.0001 <0.005 0.001 0.004

TInsufficient flow to sample.

Table 24: Lake Whatcom tributary data: total metals. Ongyrietals specified in
the monitoring plan are included in this table; the reswts24 additional metals
are included in in the online data files (http://www.wwu.8dg). This parameter
is sampled twice each year.
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TOC TOC

Site Date (mg/L) Date (mg/L
Anderson Feb 16,2010 9.7 Jul 13,2010 2.4
Austin (lower) Feb 16,2010 14.0 Jul 13,2010 7.1
Blue Canyon Feb 16,2010 14.0 Jul 13,2010 1110
Brannian Feb 16,2010 4.6 Jul 13,2010 4.5
Carpenter Feb 16,2010 7.5 Jul 13,2010 48
Euclid Feb 16,2010 7.5 Jul 13,2010 3.
Millwheel Feb 16, 2010 6.4 Jul 13,2010 NA
Olsen Feb 16,2010 7.6 Jul13,2010 3.0
Park Place Feb 16,2010 13.0 Jul 13,2010 9/5
Silver Beach Feb 16,2010 13.0 Jul 13, 2010 8.3
Smith Feb 16, 2010 4.5 Jul 13, 2010 2.8
Whatcom Feb 16, 2010 5.1 Jul 13, 2010 8.0

TInsufficient flow to sample.

Table 25: Lake Whatcom tributary data: total organic carbbimis parameter is
sampled twice each year.
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4 Lake Whatcom Hydrology

4.1 Hydrograph Data

Recording hydrographs are installed in Austin Creek andls@ieek; the data
are plotted in Figures 22-23 (pages 75-76). The locatioracih déaydrograph is
described in Appendix A.2. All hydrograph data, includingtal from previous
years, are online at http://www.wwu.edu/iws. Detaileddiebtes for each water
year are available from the Institute for Watershed Studidisesults are reported
as Pacific Standard Time, without Daylight Saving Time atijigst.

The historic hydrograph data were recorded at 30 minutevale until the sum-
mer of 2003, when new recorders were installed at all sites.new recorders log
data at 15 minute intervals. The primary reason for chantfiadogging interval
was to conform with USGS hydrograph data that are beingaelkat additional
sites in the Lake Whatcom watershed. Figures 24-25 (page&3) s8hows the
rating curves for each hydrograph. New rating curves neée generated when-
ever the creek channel is significantly altered due to stammoff or construction
activities. The rating curves in Figures 24—25 were useth®current water year;
rating curves for earlier water years are available fromnisétute for Watershed
Studies.

4.2 Water Budget

A water balance was applied to Lake Whatcom to identify majater inputs and
outputs and to examine runoff and storage. The traditiorhod of estimating

a water balance was employed, where inputs - outputs = chiarggerage (Table
26, page 72). Inputs into the lake include direct precimtatrunoff (surface
runoff + groundwater), and water diverted from the Middlekof the Nooksack
River. Outputs include evaporation, Whatcom Creek, the tédm Falls Fish
Hatchery, City of Bellingham, Puget Sound Energy Co-GeimrePlant!®, and
the Lake Whatcom Water and Sewer DistfitThe change in storage is estimated
from daily lake-level changes. All of these are measuredtjties provided by
the City of Bellingham except for evaporation, diverted evaand runoff.

18| ocated at the Georgia Pacific site
®Formerly Water District #10
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Daily direct-precipitation magnitudes on the lake surfa@re estimated using
the precipitation data recorded at the Bloedel Donovang@éegatehouse, North
Shore, and Brannian Creek gauges. A daily weighted averagecaiculated
using a Python script that employed a spatial interpolagchnique (inverse dis-
tance weighted) in ArcGIS to distribute rainfall from theufogauges over a 10
meter raster of the lake. The average direct-precipitadiepth (inches) for a
given day was converted to volume in millions of gallons (M) a rating curve
generated from the lake level-area data (Mitchell et alL020 The rating curve
accounts for changes in surface area of the lake due to lakedbkanges. The
average annual direct rainfall to the lake for the water y&€#9/2010 was 54.6
inches (7,350 MG). This is the highest yearly rainfall ret=at in the last 5 years.

Daily diversion volumes were estimated using a hydrograpasation technique
based on hourly discharge data from the Anderson Creek US®&ns gauge
(USGS 12201950). Fifteen minute provisional data were iaeqdrom the USGS
and processed into hourly data. The hourly data were cordparéhe outfall
valve log-sheet provided by the City of Bellingham. The Elgeet documents the
dates and times that the diversion was operating and the wgdening percent.
These dates and times were located on the hydrograph. Adasefls manually
estimated and removed from the hydrograph. The remainihgnewas used to
estimate a daily volume discharging to the lake from therdiom. Approximately
860 MG were diverted into the lake between June and September

Daily lake evaporation was estimated using a model baseldeoRenman method
(Dingman, 1994). The Penman method is theoretically bagetbhthat estimates
free-water evaporation using both energy-balance and treasser concepts. The
method requires daily average incident solar radiatiarteanperature, dew point
temperature, and wind speed. Hourly data from the Northé&weather station in
the watershed were used to estimate daily averages. Tlyeestapporation depths
(inches) predicted by the model were converted to volumeS)(Ma a rating
curve generated from the lake level-area data developeditohdil et al. (2010).
The estimated yearly evaporation from the lake is 19.2 is¢Bg92 MG), 88%
of which occurred between April and September.

Daily change in storage was determined by subtracting eagk ke level by the
subsequent day’s level. This resulted in negative valuesnwhe lake level was
decreasing and positive values when the lake level wasastrg. The change in
storage magnitudes are sensitive to the accuracy of thddakemeasurements;
small lake level changes correspond to large lake volumks.dhily net change
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in lake level (inches) was converted to a volume (MG) via engaturve generated
from the lake level-volume data developed by Mitchell et(@010). The rating
curve accounts for changes in volume of the lake due to lake thanges. The
median total lake volume in 2009/2010 was 252,074 MG. Figiédpage 79)
shows daily lake-volume values for the past five years. Thax®a spike in lake
volume when the lake rose from a level of 312.0 feet on Jandiany 315.0 feet
on January 9, 2009 due to a 6.3 inch storm event. The last imiake reached
315.0 feet was during the November 24, 1990 flood event in édmaiCounty.

Surface runoff and groundwater were combined into a singt@ff component
that was determined by adding the outputs to the changeragg@nd subtracting
precipitation and diversion volumes. Negative values nbftiestimated from the
water budget are likely due to noise in the change in storageates or may
represent a loss of lake water to deep aquifer systems. Tieldited Hydrology-
Soils-Vegetation Model (DHSVM) was also used to simulateoftiinto the lake.
The DHSVM is a spatially distributed, physically based nuce model that
was applied in earlier Lake Whatcom watershed studies (Mats et al., 2007;
Kelleher, 2006).

The daily water balance quantities were summed into 7-d&fstowhich were

used to generate Figures 27-30 (pages 80-83). Figure 2&shaay summed
totals for inputs, outputs, and change in storage. All thpeiis except runoff are
shown in Figure 28; all outputs except Whatcom Creek are shiowrigure 29.

Due to their much higher magnitude, runoff and Whatcom Codedl are included
on Figure 30.

Yearly water balance totals are listed in Table 26 (page Ii2)gawith data from

four previous water years. The total volume of outputs in WY2were 11.7% of
the median total volume of the lake. Under the assumptionttigalake is com-
pletely mixed and flow is steady state (inputs = outputs$,would correspond to
a 8.5 year residence tinié Tables 27 and 28 (pages 73—74) show the 2009/2010
total input and output volumes along with the correspondnathly percentage
of each total.

20Although the lake is not completely mixed and the flow is nessly state, these assumptions
are commonly used to provide a simple estimate of residémeefor water in lakes.
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WY2010
(9/30/09-10/1/10)

WY2009
(9/30/08—10/1/09)

WY2008
(9/30/07-10/1/08)

WY2007
(9/30/06-10/1/07)

(9/30/05-10/1/06)

WY2006

Inputs (MG) *
Direct Precipitation
Diversion

Runoff

Total

Outputs (MG%)
Whatcom Creek
Hatchery

Puget Sound Co-Gen
City of Bellingham

LW Water/Sewer Distr.

Evaporation 2,592 (8.8%) 2,723 (7.9%) 2,807 (8.3%)

Total 29,589 (100%) 34,317 (100%) 33,883 (100%) 39,376 (100%) 37,802 (100%)
Net change in storage 1,384 -2,115 2,033 -520 15
Median lake volume (MG) 252,074 252,433 253,003 252,759 252,287
Outflow percent of volume 11.7% 13.6 13.4% 15.6% 15.0%
Residence time (years) 8.5 7.4 7.5 6.4 6.7

7,350 (23.7%)
860 (2.8%)
22,762 (73.5%)
30,973 (100%)

22,311 (75.4%)
875 (3.0%)

51 (0.2%)
3,522 (11.9%)
239 (0.8%)

5,712 (17.7%)
0 (0%)

26,491 (82.3%)

32,203 (100%)

26,598 (77.5%)
856 (2.5%)
4(0.01%)
3,886 (11.3%)
250 (0.7%)

6,006 (16.7%)
4,902 (13.7%)
24,989 (69.6%)
35,896 (100%)

25,793 (76.1%)
931 (2.7%)
240 (0.7%)

3,874 (11.4%)
237 (0.7%)

7,063 (18.2%)
2,920 (7.5%)
28,717 (74.2%)
38,700 (100%)

30,359 (77.1%)
1,002 (2.5%)
807 (2.0%)
4,145 (10.5%)
232 (0.6%)
2,831 (7.2%)

6,783 (17.9%)
4,155 (11.0%)
26,879 (71.1%)
37,817 (100%)

28,290 (74.8%)
1,253 (3.3%)
960 (2.5%)
4,111 (10.9%)
242 (0.6%)
2,946 (7.8%)

*Runoff = surface runoff + groundwater; no diversion inpirtdVyY2009.

**Based on the assumption that water in the lake is completeked and flow is steady state (i. e., inputs = outputs)

Table 26: Annual water balance quantities for the Lake Wiratevatershed,
WY2006-WY2010.
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Input Percents*

Month | Diversion Precipitation Runoff Total
Oct 0.00 15.59 3.16 0.87
Nov 0.00 20.54 28.81 12.76
Dec 0.00 4.18 520 9.93
Jan 0.00 12.11 18.20 41.52
Feb 0.00 5.76 454 3.79
Mar 0.61 8.48 9.1 9.60
Apr 0.00 7.90 9.17 11.28
May 0.00 8.67 12.14 9.95
Jun 14.71 4.33 7.07 1.23
Jul 20.01 0.22 0.67 0.76
Aug 33.68 1.89 -2.08 -0.77
Sep 30.98 10.33 4.03 -0.92

Input Volume (MG)
Total 860 7,350 22,762 26,491

*Runoff = surface runoff + groundwater;

Table 27: Monthly input water balance quantities for the e &hatcom water-
shed, October 2009-September 2010.
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Output Percents
Month WC Hatch PSE COB WSD Evap Total
Oct 6.90 576 975 8.17 827 3.57 6.74
Nov 30.36 585 429 7.44 8.67 0.4024.06
Dec 1291 8.78 14.63 7.07 9.79 0.3310.97
Jan 21.37 9.72 184 7.04 893 0.2517.33
Feb 235 884 190 6.88 6.96 1.17 3.07
Mar 086 10.34 090 6.96 7.62 5.20 2.30
Apr 083 668 6.81 7.04 7.42 1041 2.65
May 10.13 499 447 8.12 7.74 13.6410.02
Jun 924 730 033 796 7.38 1591 9.58
Jul 2.00 10.80 12.74 12.74 10.13 23.95 5.55
Aug 1.26 10.66 29.72 12.19 9.60 17.03 4.34
Sep 1.78 10.28 12.62 8.41 7.49 7.54 3.39

Output Volume (MG)
Total | 22,311 875 51 3,522 239 2,5929,589
TWC = Whatcom Creek; Hatch = Whatcom Falls Hatchery;
PSE = Puget Sound Energy Co-Generation Plant;
COB = City of Bellingham; WSD = Lake Whatcom Water
Sewer District; Evap = Evaporation

Table 28: Monthly output water balance quantities for thied_#hatcom water-
shed, October 2009-September 2010.
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Figure 22: Austin Creek hydrograph, October 1, 2009-Selp¢er80, 2010. Data
were recorded at 15 minute intervals.
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Figure 23: Smith Creek hydrograph, October 1, 2009-SepteS 2010. Data
were recorded at 15 minute intervals.



2009/2010 Lake Whatcom Final Report Page

Austin Creek Rating Curve
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Figure 24: Austin Creek rating curve. Regressions showelagionship between
gauge height (x) and square root transformed dischargeo(\MY2010. For
earlier rating curves, contact the Institute for Watersgadlies.
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Smith Creek Rating Curve (Stage <1.8 ft)
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Figure 25: Smith Creek rating curves for low flows (stagk8 ft) and moderate
and high flows (stage-1.8 ft). Regressions show the relationship between gauge
height (x) and square root transformed discharge (y) for ON2 For earlier
rating curves, contact the Institute for Watershed Studies
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Figure 26: Comparison of Lake Whatcom daily lake volumesWY2006—
WY2010. Horizontal line represents median lake volumelfierpgeriod plotted.
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Figure 27: Summary of 7-day inputs, outputs, and changesake Whatcom

storage, October 1, 2009-September 30, 2010.
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Figure 28: Lake Whatcom watershed direct hydrologic inpOtstober 1, 2009—
September 30, 2010. Runoff is included on Figure 30 as destiin Section
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Figure 29: Lake Whatcom watershed hydrologic withdraw@istober 1, 2009—
September 30, 2010. Whatcom Creek output is included oné&Rfuas described
in Section 4.2.
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Figure 30: Summary of 7-day Whatcom Creek flows, water ba&aunnoff esti-
mates, and DHSVM runoff estimates, October 1, 2009-SepeB®) 2010.
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5 Storm Water Monitoring

Beginning in 2009 the storm water program focused on cafigdiaseline storm
event data from Silver Beach Creek and evaluating the eftawtss of a state-
of-the art storm water treatment design installed alongtiN8hore Drive. The
current monitoring results are presented below; resutis fother storm water
treatment sites in the Lake Whatcom watershed have beemntedpa previous
annual reports (see Section 6.2, beginning on page 110).

5.1 Silver Beach Creek

Flow-paced discrete samples were collected at the USGSrgpside near the
mouth of Silver Beach Creek (Figure A3, page 119) using arQS@mpler pro-
vided by the City of Bellingham. The goal was to collect datanf storms that
produced>1 cm of precipitation in 24 hours, with the sample period cng
both the rising and falling leg of the hydrograph. The watanples were ana-
lyzed to measure total suspended solids, total phosprswlughle phosphate, total
nitrogen, and nitrate/nitrite as described in Table 1 (pERje

A total of ten storm events were sampled from September gir@ecember 2009
(Table 29, page 88). Due to the unpredictable nature of stsants and the need
to calibrate the ISCO for this site, some of the samplingqueridid not meet the
sampling goals described above. Six of the storm eventshagitrecipitation goal
(>1 cmin 24 hr). Two additional storms were designated “majim Table 29
because they fell slightly short of the precipitation gaat lhad good hydrograph
profiles. Of the remaining two events, one was the first stomsampled (Event
#1) and did not produce useful flow data. The remaining e\reift #3) occurred
shortly after a period of rain, but although there was flowotigh the ISCO, there
was no measurable precipitation at the nearby gauge. Foreport, we will
discuss the eight events designated as qualifying or melngirfable 29, omitting
results from Event #1 and Event #3.

Most storm events showed an increase in total suspendet$ soid phosphorus
related to stream flow (Figures 31-36, pages 89-94). Thasisakhip was par-
ticularly clear for large, high flow storm events (e.g., Eigs#b and #8). Flow was
not the only factor affecting sediment and phosphorus parshowever, because
some moderately high flow events had low sediment and phoggltoncentra-
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tions (e.g., Event #9). Nitrogen concentrations seemee mioless unaffected by
small storms, but were diluted by precipitation during &asgorms (Figures 37—
40, pages 95-98). A notable exception to this occurred dugwvent #8, where
the total nitrogen concentrations increased with storm.flow

Despite the variability between storm events, total sudpdnsolids and total
phosphorus were highly correlated with flow rates (Figutesi2, pages 99-100).
In addition, total and soluble phosphorus concentratioasevhighly correlated
with total suspended solids concentrations (Figure 43¢ d#1). These correla-
tions were anticipated, and simply illustrate how storm fteansports sediments
and phosphorus into residential streams.

5.2 North Shore Drive

The North Shore overlay was installed by the City of Belliaghalong North
Shore Drive between Dakin Street and Poplar Drive as a me&sueduce direct
storm water runoff into Lake Whatcom by infiltrating a portiof storm water
flow from the overlay area. The main features of the overlaypamrous concrete
bicycle lanes on both sides of North Shore Drive and sectbp®rous concrete
sidewalk (Figure 44, page 102). To facilitate infiltratidhe porous concrete is
installed over 18 inches of sand and 12 inches of crushed rock

The overlay was installed atop a pre-existing storm drastesy, and as such is
a hybrid system. During rainfall events that generate riyioé major portion of
runoff is conveyed by the conventional storm drain systehatportion of runoff
generated directly from North Shore Drive that is bordengthie porous concrete
bicycle lanes is infiltrated, as well as any precipitatioltirig directly onto the
porous concrete sidewalk areas.

In consultation with the City, we selected the area betweakiibStreet and East
Connecticut Street to study the effectiveness of the oydda treating runoff.
This portion of the overlay is accessible and representsdi/pverlay conditions.
In addition, it has a system collection catch basin locatatie@corner of Dakin
Street and North Shore Drive (Figure 45, page 103). The ayeasl designed to
facilitate infiltration, so our goal was to determine whearthwas flowing water
presentin the drain, and, if possible, relate this infofaretio precipitation events.
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During April 2010, instrumentation was installed in theatabasin to determine
if there was any flow in excess of infiltration. The instrunatin package was an
electro-optical sensor coupled to a data logger that waddnd if any water was
flowing out of the pipe. The sensor was not designed to deterguantity of flow
but merely presence/absence of flowing water. Precipitateta were collected
from a tipping bucket rain gauge placed in the Park PlacensWater Treatment
facility. Additional precipitation data were obtainedifindhe rain gauge operated
by the City at Bloedel/Donovan.

There were three logger “events” indicating flow in the drdiming the sample
period from April 1 to April 23, 2010 (Figure 46, page 104). €Be were com-
pared to both the Park Place precipitation data and pratimit data from a City
of Bellingham operated rain gauge at Bloedel Donovan pafie dvent signals
were inconclusive; two events were recorded concurrert piiecipitation and
one event was logged on a day following precipitation, bwess substantial
rainfall events generated no event signal.

Beginning in September 2010, we changed our approach ariddstaaking pe-
riodic visual observations of the catch basin. Again, thal geas to determine
whether there was flow in the main drain of the system and uwtiat condi-

tions. As with the logger events, there was no consisteatiogiship between
observations of flow in the drain and precipitation at the giigure 47, page
105).

As mentioned earlier, the North Shore Drive overlay is ndiigieed to collect
and treat all storm water runoff from the area, but to infigreunoff from the
road, bike lane and sidewalk surfaces. As a result, directstvater runoff from
this portion of the Lake Whatcom watershed may be reducedwblunot be

completely eliminated.

Runoff in the North Shore Drive drainage network was sampledctober 23
and October 26, concurrent with Silver Beach Creek Eventstd5a(Table 29).
These samples represent runoff that has not been treateghbyfikration. The
total phosphorus concentrations in the drainage netwaorgae from 26.2—184.2
1g-P/L (median = 115:g-P/L), which is typical for residential runoff. Because
there is still some flow in the North Shore Drive drainage ety it will be
important to characterize any effect of sand filtration astiheate the amount of
phosphorus that reaches the lake. This is beyond the scdipe WS monitoring
project.
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Event Total
Event Sampling Period Duration (hr) Precip (cm) Quality?
1 19:45 Sept 28 to 23:30 Sept 29 3.8 0.03 Nao
2 10:00 Oct 1 to 11:00 Oct 2 194 0.48 marginal
3 16:30 Oct 12 to 3:30 Oct 13 10.8 0.00 No
4 17:30 Oct 22 to 10:45 Oct 24 35.2 2.49 Yes
5 9:00 Oct 25 to 14:15 Oct 27 46.1 3.76 Yes
6 11:00 Nov 5to 17:45 Nov 7 48.9 2.74 Yes
7 8:00 Nov 9 to 18:45 Nov 12 75.8 3.45 Yes
8 6:00 Nov 16 to 9:00 Nov 18 38.9 5.26 Yes
9 0:00 Nov 19 to 8:00 Nov 20 26.2 2.18 Yes
10 14:30 Dec 14 to 16:30 Dec 22 186.8 2.97 marginal

Table 29: Summary of Silver Beach Creek storm events andgitetoon totals at
the Bloedel/Donovan precipitation gauge, September—bee 2009. Precipi-
tation data were provided by the City of Bellingham.



2009/2010 Lake Whatcom Final Report P&ge

_ | _| | ©
3007 Eent#2 o 8001 Event#4 =
250 ] < 250
- O — ©O
= 200 200 —
= ™ [2)
? -3 o 8
= 150 150 z
N
[92] =) - < T
~ 100 - 100
L < -~
50 | o 50
(1) ‘
0-| ©%%e0 0o o o [ 0% ® 0000 0 o o
[ [ [ [ [ [ [ [ [
10/01/09 10/02/09 10/23/09 10/24/09
] | w0 ] | O
3001 Ewent#s - 3007 Ewent#6 =
250 250 %
% 200 - 9 200 -
- © y—
(&)
E 1504 150 - >
g -
= 100 — o ) 100 -
50 & 50 — o o
%%
0] o &° ®eesee| . 01 ®e®ee 000 ¢ | o
[ [ [ [ [ [ [ [ [ [
10/25/09 10/27/09 11/05/09 11/07/09

Figure 31: Silver Beach Creek storm water monitoring rasialt Events 2, 4, 5,
and 6: total suspended solidg ¢s. flow ().



2009/2010 Lake Whatcom Final Report P&ge

. | O ] | O
300 Event #7 — 300 Event #8 ™
(-] n
250 | 250 % -9
= 200 200 - &
(o)) — © y—
S ° o 2
Y 150 150 m ez
2 100 T 100 o ° Lo LI
|— A [ ® —
50 — o 50 — e %, o - w0
° ° ® o
0 - © 00000000° %000000 00 | o 0 ° ¢ el g
I I I I I I I
11/10/09 11/12/09 11/16/09 11/18/09
] . © ] |
3009 Event#o S 3009 Event#10 0
250 250
| 10 -y
Py —
= 200 200 — >
5 - 8
<= 150 - - 9 150 =
8 BN E
~ 100 - 100 L
° )
50 ° 50 -
(-]
LY
04 ° °¢ ®l s o_OOOﬁooonunufﬁu_o
I I I I I I I
11/19/09 11/20/09 12/16/09 12/22/09

Figure 32: Silver Beach Creek storm water monitoring resialt Events 7, 8, 9,
and 10: total suspended solidg ys. flow (—).
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Figure 34: Silver Beach Creek storm water monitoring resialt Events 7, 8, 9,
and 10: total phosphorus)(vs. flow ().
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Figure 35: Silver Beach Creek storm water monitoring rasialt Events 2, 4, 5,
and 6: soluble phosphate)(vs. flow ().



2009/2010 Lake Whatcom Final Report P&de

. © | O
60 Event #7 - 60 Event #8 ™
)
504 - 50 «
-
T . RN
| 40 - © 40 k3
(@] e o) ~
> - =
= @0 %
o 30 - 30 ° S
nd P & Lo U
? 20 20 0% 0 %
- BN -
@, (o) —
o'.""o.O'.. %000 cg
10 ~ - o 104 ° - o
T T T T T T T
11/10/09 11/12/09 11/16/09 11/18/09
] . © ] |
607 Ewent#o N 607 Ewent#10 o
— 50 | 0 50 - <
:j —
a | —
I 40 40 — - o 8
o o)
S )
= — %
°
& 30 30 - i
n -
20 — 20 — ° -
° °
° ®e ' Py o9 .‘ﬂ. °
10 — o" o8 ° | o 10 - 00 ° )
T T T T T T T
11/19/09 11/20/09 12/16/09 12/22/09

Figure 36: Silver Beach Creek storm water monitoring resialt Events 7, 8, 9,
and 10: soluble phosphate) s. flow (—).



2009/2010 Lake Whatcom Final Report

TN (ug—N/L)

TN (ug—N/L)

L 0
2000 < Event #2 ©
1500 — L
|
1000 - ©
-
=)
)

500 -{+¢ Cee @ © ° | o
I I I I I e
10/01/09 10/02/09
ay:

2000 < Event #5 °® P

o ® (-]
e o
e © - 9
1500 — o ® -
..

1000 — ° T
500 — L o

I I I I I

10/25/09 10/27/09

2000 4 Event #4
o
° @
1500 oo
(-}
®
10004 o oge
[}
500 —
I I I
10/23/09 10/24/09
2000 - Event #6
1500 —
1000
(] [
.. ° ® @ Y 4
(]
500 —
I I I I I
11/05/09 11/07/09

Page

10

10

Flow (cfs)

Flow (cfs)

Figure 37: Silver Beach Creek storm water monitoring rasialt Events 2, 4, 5,

and 6: total nitrogens() vs. flow (—).
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Figure 38: Silver Beach Creek storm water monitoring resialt Events 7, 8, 9,
and 10: total nitrogene{ vs. flow (—).
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Figure 39: Silver Beach Creek storm water monitoring rasialt Events 2, 4, 5,
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Figure 40: Silver Beach Creek storm water monitoring resialt Events 7, 8, 9,
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Figure 41: Correlation between flow rates and total suspkidéds in Silver
Beach Creek (Events 2 and 4-10). Flow rates were measurédnainute inter-
vals that rarely matched sample collection times; coingiflews were estimated
by averaging adjacent flows. Kendal'scorrelations were used because the data
were not monotonic-linear; all correlations were signffica
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Figure 42: Correlation between flow rates and total phogghor Silver Beach
Creek (Events 2 and 4-10). Flow rates were measured at 15amimervals
that rarely matched sample collection times; coincidentglavere estimated by
averaging adjacent flows. Kendall’scorrelations were used because the data

were not monotonic-linear; all correlations were signffiica
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Figure 43: Correlations between flow rates and total phaggh@oluble phos-
phate, total nitrogen, and nitrate/nitrite in Silver Be&rkeek (Events 2 and 4-10).
Kendall's  correlations were used because the data were not mondioeas:

all correlations were significant.
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Figure 44: North Shore Drive overlay showing porous cormcbétycle lanes and
sidewalk.
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Figure 45: Catch basin access for North Shore Drive overlay.
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lower figure show when flowing water was detected in the system
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Figure 47: Flow events recorded for the North Shore Drivelayébased on visual
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was observed in the system; the green vertical lines show e system was
inspected and no flowing water was observed.
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A Site Descriptions

Figures A1-A3 (pages 117-119) show the locations of theeatinrmonitoring

sites and Table Al (page 116) lists the approximate GPS owies for the lake
and creek sites. All site descriptions, including text diggions and GPS co-
ordinates, are approximate because of variability in bgeloverage, GPS unit
sensitivity, boat movement, stream bank or channel altersitstream flow rates,
weather conditions, and other factors that affect sampéingtion. Text descrip-
tions contain references to local landmarks that may changetime. For de-
tailed information about exact sampling locations, conta(s.

A.1 Lake Whatcom Monitoring Sites

Site 1is located at 20 m in the north central portion of basin 1 al@sgraight line
from the Bloedel Donovan boat launch to the house locatedBEL North Shore
Rd. The depth at Site 1 should be at least 25 meters.

Site 2is located at 18—20 m in the south central portion of basirsRyest of the
intersection of a line joining the boat house at 73 StrawbBoint and the point
of Geneva sill.

Thelntake Site location is omitted from this report at the City’s request.

Site 3is located in the northern portion of basin 3, mid-basin path of a line
between the old railroad bridge and Lakewood. The depthtat3should be at
least 80 m.

Site 4is located in the southern portion of basin 3, mid-basin, jastinorth of
South Bay. The depth at Site 4 should be at least 90 m.

A.2 Tributary Monitoring Sites

Anderson Creeksamples are collected 15 m upstream from South Bay Rd. Water
samples and discharge measurements are collected up$toeathe bridge. The
Anderson Creek hydrographis mounted in the stilling well on the east side of

21This hydrograph is no longer maintained by IWS; contact thyg & Bellingham for data.
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Anderson Creek, directly adjacent to the bridge over AmalefSreek (South Bay
Rd.), approximately 0.5 km from the mouth of the creek.

The Austin Creek hydrograph gauge and sampling site is located approxignatel
15 m downstream from Lake Whatcom Blvd. From October 2004uitin
September 2006, three additional sampling sites were gahnpthe Austin Creek
watershed, so for clarification, the gauged site has beeamnredLower Austin
Creek.

Blue Canyon Creeksamples are collected downstream from the culvert under
Blue Canyon Rd. in the second of three small streams thas ¢hesroad. This
site can be difficult to locate and may be dry or have minima¥ fllairing drought
conditions; contact IWS for detailed information about $ite location.

Brannian Creek samples are collected approximately 40 m downstream from
South Bay Rd. near the USGS hydrograph gauge. This site vaesiad October
2004 as part of the monthly 2004—-2006 creek monitoring ptoje

Carpenter Creek samples are collected approximately 7 m upstream from North
Shore Dr. near the USGS hydrograph gauge. This site was addedtober
2004 as part of the monthly 2004—-2006 creek monitoring ptoje

Euclid Ave. samples are collected from an unnamed tributary locateDedator
Rd. near the USGS hydrograph gauge. The site is named foraksnuty to

Euclid Ave., and was added in October 2004 as part of the hoR004—-2006
creek monitoring project.

Millwheel Creek samples are collected approximately 8 m upstream from Flynn
St. near the USGS hydrograph gauge. The creek is unnamedsiriapographic
maps, but has been called “Millwheel Creek” by residenthiefwatershed due to

its proximity to the old mill pond. This site was added in G0 2004 as part of
the monthly 2004—-2006 creek monitoring project.

Olsen Creeksamples are collected just downstream from North Shore &ar n
the USGS hydrograph gauge. This site was added in Octobdr&0part of the
monthly 2004—-2006 creek monitoring project.

Park Place samples are collected from the storm drain that emptiesliai@
Whatcom at Park Place Ln. Samples from this site includesbtldw from the
Park Place storm water treatment facility.
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Silver Beach Creeksamples are collected approximately 15 m upstream from the
culvert under North Shore Rd.

The Smith Creek hydrograph is mounted on the south wall of a sandstone bluff
directly underneath the bridge over Smith Creek (North 8iRd.) approximately

1 km upstream from the mouth of the creek. Water samples diectad at the
gaging station approximately 15 m downstream from Northr&Imy.

Whatcom Creek samples are collected approximately 2 m downstream from the
foot bridge below the Lake Whatcom outlet spillway. Thisesitas added in
October 2004 as part of the monthly 2004—2006 creek monga@roject.

A.3 Storm Water Monitoring Sites

The storm water monitoring program was revised in 2009/201f@cus on col-

lecting baseline data at the Silver Beach Creek outlet aadNtirth Shore Drive
overlay. For information about other storm water sites Hate been monitored
by IWS, refer to the annual reports listed in Section 6.2 ¢oRL0).

Silver Beachstorm runoff samples were collected at the USGS gaugindsite
hind the house at 3007 Maynard Place and approximately 150stnaam from
the culvert at North Shore Dr.

North Shore Drive storm flow observations were made by accessing the manhole
on the northeast corner of the intersection of Dakin St. aadiNShore Dr.
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Lake Sites Latitude Longitude
Site 1 48.4536 122.2438
Intake (GPS omitted)

Site 2 48.4436  122.2254
Site 3 48.4416  122.2009
Site 4 48.4141 122.1815
Creek Sites Latitude Longitude
Anderson 48.67335 122.26751
Austin (lower) 48.71312 122.33076
Blue Canyon  48.68532 122.28295
Brannian 48.66910 122.27949
Carpenter 48.75432 122.35449
Euclid 48.74844 122.4100b
Millwheel 48.75507 122.41635
Olsen 48.75129 122.35353
Park Place 48.76894 122.40915
Silver Beach  48.76859 122.40700
Smith 48.73191 122.30864
Whatcom 48.75715 122.42229

Table Al: Approximate GPS coordinates for Lake Whatcom sexggites.
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This figure was created using source files provided by Gerald Gabrisch
using data obtained from Western Washington University, Skagit County,
the Nooksack Tribe, and the City of Bellingham.

Figure Al: Lake Whatcom lake sampling sites.
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This figure was created using source files provided by Gerald Gabrisch
using data obtained from Western Washington University, Skagit County,
the Nooksack Tribe, and the City of Bellingham.

Figure A2: Lake Whatcom tributary sampling sites.
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This figure was created using source files provided by Gerald Gabrisch
using data obtained from Western Washington University, Skagit County,
the Nooksack Tribe, and the City of Bellingham.

Figure A3: Silver Beach Creek and North Shore Drive stornmewsites.
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B Long-Term Water Quality Figures

The current and historic Lake Whatcom water quality datgpéotted on the fol-
lowing pages. Detection limits and abbreviations for eaatameter are listed in
Table 1 (page 18).

The historic detection limits for each parameter were estidth based on recom-
mended lower detection ranges (APHA, 1998; Hydrolab, 1997, 1985), in-
strument limitations, and analyst judgment on the lowgstatable concentration
for each test. Over time, some analytical techniques hapeowed so that current
detection limits are lower than defined below (see curretgai®n limits in Table
1, page 18). Because the Lake Whatcom data set includegdéomgmonitoring
data that have been collected using a variety of analytsdrtiques, this report
sets conservative historic detection limits to allow congzans between all years.

In the Lake Whatcom report, unless indicated, no data dubietis are used for
below detection values (“bdl” data). Instead, we identifiyrsnary statistics that
include bdl values, and, if appropriate, discuss the inapikims of including these
values in the analysis.

Because of the length of the data record, many of the figuflextérends related
to improvements in analytical techniques over time, andduction of increas-

ingly sensitive field equipment (see, for example, Figuré6-870, pages 189—
193, which show the effect of using increasingly sensitiweductivity probes).

These changes generally result in a reduction in analytex@bility, and some-

times result in lower detection limits.
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Figure B1: Lake Whatcom Hydrolab profile for Site 1, Octobg2@09.
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Figure B2: Lake Whatcom Hydrolab profile for Site 2, Octobg2@09.
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Figure B3: Lake Whatcom Hydrolab profile for the Intake, (&8, 2009.
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Figure B4: Lake Whatcom Hydrolab profile for Site 3, OctobgR@09. The pH
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Figure B5: Lake Whatcom Hydrolab profile for Site 4, Octobg2®09.
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Figure B6: Lake Whatcom Hydrolab profile for Site 1, Novemég2009.
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Figure B8: Lake Whatcom Hydrolab profile for the Intake, NioNeer 4, 2009.
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Figure B9: Lake Whatcom Hydrolab profile for Site 3, Novem®g2009.
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Figure B10: Lake Whatcom Hydrolab profile for Site 4, Novem®e2009.
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Figure B11: Lake Whatcom Hydrolab profile for Site 1, Decenthe2009.
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Figure B12: Lake Whatcom Hydrolab profile for Site 2, Decenthe2009.
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Figure B13: Lake Whatcom Hydrolab profile for the Intake, Baber 2, 2009.
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Figure B14: Lake Whatcom Hydrolab profile for Site 3, Decenmhe009.
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Figure B15: Lake Whatcom Hydrolab profile for Site 4, Decenmhe009.
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Figure B16: Lake Whatcom Hydrolab profile for Site 1, Febyu@yr2010.
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Figure B17: Lake Whatcom Hydrolab profile for Site 2, Febyu@yr2010.
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Figure B18: Lake Whatcom Hydrolab profile for the Intake, ety 9, 2010.
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Figure B19: Lake Whatcom Hydrolab profile for Site 3, Febyué&r2010.
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Figure B20: Lake Whatcom Hydrolab profile for Site 4, Febyué&r2010.
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Figure B21: Lake Whatcom Hydrolab profile for Site 1, April, Z010.
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Figure B22: Lake Whatcom Hydrolab profile for Site 2, April, Z010.
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Figure B23: Lake Whatcom Hydrolab profile for the Intake, N5, 2010.
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Figure B26: Lake Whatcom Hydrolab profile for Site 1, May 410
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Figure B27: Lake Whatcom Hydrolab profile for Site 2, May 410
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Figure B28: Lake Whatcom Hydrolab profile for the Intake, Mgy010.
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Figure B29: Lake Whatcom Hydrolab profile for Site 3, May 610
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Figure B30: Lake Whatcom Hydrolab profile for Site 4, May 610
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Figure B32: Lake Whatcom Hydrolab profile for Site 2, June®,@
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Figure B33: Lake Whatcom Hydrolab profile for the Intake,d3n2010.
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Figure B35: Lake Whatcom Hydrolab profile for Site 4, Junel,@



2009/2010 Lake Whatcom Final Report

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Temperature (C)

0000000000000°C000000

|
40

T T T
60 80 100

Conductivity (uS/cm)

T
120

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Pags

o
o)
o
o
o
o
o/o/
o
o
o
0
o
o
o
o
1e)
o)
o
T T T T
6 7 8 9
pH
o
o)
o
[e)
[o)
o
o
o)
o—0
o—°
o-
o
0
o
)
o)
o
I¢)
1)
T T T T T T T
2 4 6 8 10 12 14

Dissolved Oxygen (mg/L)

Figure B36: Lake Whatcom Hydrolab profile for Site 1, July 81Q.
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Figure B37: Lake Whatcom Hydrolab profile for Site 2, July 81Q.
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Figure B38: Lake Whatcom Hydrolab profile for the Intake yJ&i 2010.
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Figure B39: Lake Whatcom Hydrolab profile for Site 3, July 81Q.
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Figure B40: Lake Whatcom Hydrolab profile for Site 4, July 61Q.
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Figure B41: Lake Whatcom Hydrolab profile for Site 1, Augus2610.
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Figure B42: Lake Whatcom Hydrolab profile for Site 2, Augus2610.
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Figure B43: Lake Whatcom Hydrolab profile for the Intake, Asg5, 2010.
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Figure B44: Lake Whatcom Hydrolab profile for Site 3, Augus2310.
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Figure B45: Lake Whatcom Hydrolab profile for Site 4, Augus2310.
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Figure B46: Lake Whatcom Hydrolab profile for Site 1, Septenth 2010.
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Figure B47: Lake Whatcom Hydrolab profile for Site 2, Septenth 2010.
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Figure B48: Lake Whatcom Hydrolab profile for the Intake, t8efber 9, 2010.



2009/2010 Lake Whatcom Final Report Paga

o — g o — §
~
S | o/o S | o/o
I o” ! o
o o
~ 9 o ~ 9 o
E Y 7 o E Y 7 o
- o - o
J‘E':L o %_ o
o o
g 84 o g 8- S
o o
o o
o o o o
® o ® o
o o
S _| o
- —
! T T T T I T T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
N N i
o o o o’
N — o Q o)
! o ! o
o o
-~ @ o ~ © °
E ¥ 7 o E Y 7 o
- o = o
g o g_ o
o o
g 8- ; g 8 s
o o
o o
o o
$ - o $ . o
o o
S _| S |
— —
! T T T T T I T T T T T T T T
40 60 80 100 120 0O 2 4 6 8 10 12 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B49: Lake Whatcom Hydrolab profile for Site 3, Septent 2010.
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Figure B50: Lake Whatcom Hydrolab profile for Site 4, Septent 2010.
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B.2 Long-term Hydrolab Data (1988-present)
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Figure B52: Lake Whatcom historic temperature data for &ite
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Lake Whatcom temperature data for Site 3, February 1988 through December 2010.
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Figure B54: Lake Whatcom historic temperature data for Site
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Lake Whatcom dissolved oxygen data for Site 2, February 1988 through December 2010.
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Figure B57: Lake Whatcom historic dissolved oxygen dateSite 2.
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Figure B58: Lake Whatcom historic dissolved oxygen datdtierintake.
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Lake Whatcom dissolved oxygen data for Site 3, February 1988 through December 2010.
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Figure B59: Lake Whatcom historic dissolved oxygen dateSite 3.
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Lake Whatcom dissolved oxygen data for Site 4, February 1988 through December 2010.
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Figure B60: Lake Whatcom historic dissolved oxygen dateSite 4.
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Lake Whatcom pH data for Site 1, February 1988 through December 2010.

Figure B61: Lake Whatcom historic pH data for Site 1.
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Lake Whatcom pH data for Site 2, February 1988 through December 2010.
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Figure B62: Lake Whatcom historic pH data for Site 2.
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Lake Whatcom pH data for Intake, February 1988 through December 2010.
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Figure B63: Lake Whatcom historic pH data for the Intake.
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Lake Whatcom pH data for Site 3, February 1988 through December 2010.
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Figure B64: Lake Whatcom historic pH data for Site 3.
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Figure B65: Lake Whatcom historic pH data for Site 4.
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Figure B66: Lake Whatcom historic conductivity data foreSit The decreasing
conductivity trend is the result of changing to increasinggnsitive equipment
during the past two decades.
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Figure B67: Lake Whatcom historic conductivity data foreStt The decreasing
conductivity trend is the result of changing to increasinggnsitive equipment
during the past two decades.
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Figure B68: Lake Whatcom historic conductivity data for lhiake. The decreas-
ing conductivity trend is the result of changing to incregdy sensitive equipment
during the past two decades.
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Figure B69: Lake Whatcom historic conductivity data foreSst The decreasing
conductivity trend is the result of changing to increasinggnsitive equipment
during the past two decades.
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Figure B70: Lake Whatcom historic conductivity data foreSit The decreasing
conductivity trend is the result of changing to increasinggnsitive equipment
during the past two decades.
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B.3 Long-term Water Quality Data (1988-present)
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Lake Whatcom alkalinity data for Site 2, February 1988 through December 2010.
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Figure B72: Lake Whatcom alkalinity data for Site 2.
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Figure B73: Lake Whatcom alkalinity data for the Intake site
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Lake Whatcom alkalinity data for Site 3, February 1988 through December 2010.
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Lake Whatcom alkalinity data for Site 3.
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Lake Whatcom alkalinity data for Site 4, February 1988 through December 2010.

Page

OOOO000
OLO—NIO000
Lcccccccc

e e e e e el
Q0000000
LDLOOVVDLLLD

[ala/a’a'aa/a’al

perfres

I
05/08

|
11/02

|
05/97

I
11/91

0§ ov

Figure B75:

oc (014 (0]

(1/Bw) Auuey

Lake Whatcom alkalinity data for Site 4.
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Lake Whatcom turbidity data for Intake, February 1988 through December 2010.
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, February 1988 through December 2010.

Lake Whatcom turbidity data for Site 3
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Figure B79: Lake Whatcom turbidity data for Site 3.
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, February 1988 through December 2010.

Lake Whatcom turbidity data for Site 4
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Figure B80: Lake Whatcom turbidity data for Site 4.
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Figure B81: Lake Whatcom ammonia data for Site 1.
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February 1988 through December 2010.

Lake Whatcom ammonia data for Site 2,
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Figure B82: Lake Whatcom ammonia data for Site 2.
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February 1988 through December 2010.

Lake Whatcom ammonia data for Site 3
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Figure B84: Lake Whatcom ammonia data for Site 3.
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February 1988 through December 2010.

Lake Whatcom ammonia data for Site 4
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Figure B85: Lake Whatcom ammonia data for Site 4.
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Lake Whatcom nitrate/nitrite data for Site 1, February 1988 through December 2010.
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Figure B86: Lake Whatcom nitrate/nitrite data for Site 1.
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Lake Whatcom nitrate/nitrite data for Site 2, February 1988 through December 2010.
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Figure B87: Lake Whatcom nitrate/nitrite data for Site 2.
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Lake Whatcom nitrate/nitrite data for Intake, February 1988 through December 2010.
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Figure B88: Lake Whatcom nitrate/nitrite data for the Ireaite.
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Lake Whatcom nitrate/nitrite data for Site 3, February 1988 through December 2010.
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Figure B89: Lake Whatcom nitrate/nitrite data for Site 3.
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Lake Whatcom nitrate/nitrite data for Site 4, February 1988 through December 2010.
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Figure B90: Lake Whatcom nitrate/nitrite data for Site 4.
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Lake Whatcom total nitrogen data for Site 1, February 1988 through December 2010.
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Lake Whatcom total nitrogen data for Site 1.
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Lake Whatcom total nitrogen data for Intake, February 1988 through December 2010.
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Figure B93: Lake Whatcom total nitrogen data for the Intake s



2009/2010 Lake Whatcom Final Report

Lake Whatcom total nitrogen data for Site 3, February 1988 through December 2010.
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Figure B94: Lake Whatcom total nitrogen data for Site 3.
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Lake Whatcom total nitrogen data for Site 4, February 1988 through December 2010.
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Figure B95: Lake Whatcom total nitrogen data for Site 4.
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Lake Whatcom soluble reactive phosphate data for Site 1, February 1988 through December 2010.
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Lake Whatcom soluble reactive phosphate data for Site 2, February 1988 through December 2010.
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Figure B98: Lake Whatcom soluble phosphate data for thé&dndée.
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Lake Whatcom soluble reactive phosphate data for Site 3, February 1988 through December 2010.
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Figure B99: Lake Whatcom soluble phosphate data for Site 3.
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Lake Whatcom soluble reactive phosphate data for Site 4, February 1988 through December 2010.
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Figure B100: Lake Whatcom soluble phosphate data for Site 4.
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Figure B103: Lake Whatcom total phosphorus data for thekéngéte.
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Lake Whatcom total phosphorus data for Site 3, February 1988 through December 2010.
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Figure B104: Lake Whatcom total phosphorus data for Site 3.
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Lake Whatcom total phosphorus data for Site 4, February 1988 through December 2010.
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Figure B105: Lake Whatcom total phosphorus data for Site 4.
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Lake Whatcom chlorophyll a data for Site 1, February 1988 through December 2010.
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Figure B106: Lake Whatcom chlorophyll data for Site 1.
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Lake Whatcom chlorophyll a data for Site 2, February 1988 through December 2010.
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Figure B107: Lake Whatcom chlorophyll data for Site 2.
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Lake Whatcom chlorophyll a data for Site 3, February 1988 through December 2010.
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Figure B109: Lake Whatcom chlorophyll data for Site 3.
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Lake Whatcom chlorophyll a data for Site 4, February 1988 through December 2010.
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Figure B110: Lake Whatcom chlorophyll data for Site 4.
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Lake Whatcom Secchi data for Site 1, February 1988 through December 2010.
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Figure B111: Lake Whatcom Secchi depths for Site 1.
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Lake Whatcom Secchi data for Site 2, February 1988 through December 2010.
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Figure B112: Lake Whatcom Secchi depths for Site 2.
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Lake Whatcom Secchi data for Intake, February 1988 through December 2010.
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Figure B113: Lake Whatcom Secchi depths for the Intake site.
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Lake Whatcom Secchi data for Site 3, February 1988 through December 2010.
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Figure B114: Lake Whatcom Secchi depths for Site 3.
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Lake Whatcom Secchi data for Site 4, February 1988 through December 2010.

Page

I
05/08

|
11/02

|
05/97

I
11/91

(014 aT (0] S

ydaq 1yooes

Figure B115: Lake Whatcom Secchi depths for Site 4.



Lake Whatcom fecal coliform data for Site 1, February 1988 through December 2010.
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Lake Whatcom fecal coliform data for Site 2, February 1988 through December 2010.
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Lake Whatcom fecal coliform data for Intake, February 1988 through December 2010.
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Lake Whatcom fecal coliform data for Site 3, February 1988 through December 2010.
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Lake Whatcom fecal coliform data for Site 4, February 1988 through December 2010.
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Figure B122: Lake Whatcom plankton data for Site 2.
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, February 1988 through December 2010.
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Figure B123: Lake Whatcom plankton data for the Intake Site.
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, February 1988 through December 2010.

Lake Whatcom plankton data for Site 3
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Figure B124: Lake Whatcom plankton data for Site 3.
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Figure B125: Lake Whatcom plankton data for Site 4.
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Figure B128: Lake Whatcom plankton data for the Intake Siith Chrysophyta
omitted to show remaining plankton groups.
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Figure B129: Lake Whatcom plankton data for Site 3, with Gbophyta omitted

to show remaining plankton groups.
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Figure B130: Lake Whatcom plankton data for Site 4, with Gbophyta omitted

to show remaining plankton groups.
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B.4 Lake Whatcom Tributary Data (2004-present)

The figures in this appendix include the monthly baselina datlected from Oc-
tober 2004 through September 2006, biannual data colléasdFebruary 2007
through September 2009, and monthly data collected duhi@gurrent monitor-
ing period. Each figure includes a dashed (blue) horizoirial that shows the
median value for Smith Creek and a solid (red) horizonta thmat shows the me-
dian value for each creek. Smith Creek was chosen as a reéebatause it is a
major tributary to the lake and has a history of being redyiwnpolluted. Ex-

treme outliers have been omitted to provide more infornegpidotting scales; all
original data, including outliers, are available onlind#p://www.wwu.edu/iws.
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Figure B131: Temperature data for Anderson, Austin, Smatigd Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B132: Temperature data for Blue Canyon, Branniamp&der, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B133: Temperature data for Euclid, Millwheel, anty&i Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B134: Dissolved oxygen data for Anderson, AustinjtBpand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B135: Dissolved oxygen data for Blue Canyon, Bramniarpenter, and
Olsen Creeks. Dashed (blue) horizontal reference line slibev median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek.
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Figure B136: Dissolved oxygen data for Euclid, MillwheehdaSilver Beach
Creeks and the Park Place drain. Dashed (blue) horizoritakree line shows
the median value for Smith Creek; solid (red) horizontagrehce line shows the
median value for each creek.
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Figure B137: Tributary pH data for Anderson, Austin, Smiimd Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B138: Tributary pH data for Blue Canyon, Brannian;g@ater, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B139: Tributary pH data for Euclid, Millwheel, and\&r Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B140: Conductivity data for Anderson, Austin, Smidnd Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B141: Conductivity data for Blue Canyon, Branniaarg&nter, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B142: Conductivity data for Euclid, Millwheel, andv&r Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B143: Alkalinity data for Anderson, Austin, SmitmdaWhatcom Creeks.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
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solid (red) horizontal reference line shows the medianevétu each creek.
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Figure B144: Alkalinity data for Blue Canyon, Brannian, @anter, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B145: Alkalinity data for Euclid, Millwheel, and S#r Beach Creeks and
the Park Place drain. Dashed (blue) horizontal referemesedhows the median
value for Smith Creek; solid (red) horizontal referenceslshows the median
value for each creek.
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Figure B146: Total suspended solids data for Anderson,iAuSiith, and What-

com Creeks. Dashed (blue) horizontal reference line shoevaiedian value for
Smith Creek; solid (red) horizontal reference line shovestiedian value for each
creek.
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Figure B147: Total suspended solids data for Blue Canyoani@an, Carpenter,
and Olsen Creeks. Dashed (blue) horizontal referencetioesthe median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek.
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Figure B148: Total suspended solids data for Euclid, Mitk&h and Silver Beach
Creeks and the Park Place drain. Dashed (blue) horizoritakree line shows
the median value for Smith Creek; solid (red) horizontagrehce line shows the
median value for each creek.
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Figure B149: Turbidity data for Anderson, Austin, SmithdaWhatcom Creeks.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianevétu each creek.



2009/2010 Lake Whatcom Final Report Pag&

Blue Canyon Creek Brannian Creek

5 5
\'Z: o E o
g 7 o g 7
= =
°
LW ° P St PR Y
o - -_——== - =] i rad @ -® B
T T T ! T T T !
08/05 12/06 05/08 09/09 08/05 12/06 05/08 09/09
o _ o 4
@ Carpenter Creek @ Olsen Creek
8 o 8
5 5
E o _| E o
s ¥ s v
= = °
& 8
° ° °
° o ° ° o
o PRS- = 5 —’—.T o —""-'*-. S Oy -."“'
T T T ! T T T !
08/05 12/06 05/08 09/09 08/05 12/06 05/08 09/09

Figure B150: Turbidity data for Blue Canyon, Brannian, Gamer, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B151: Turbidity data for Euclid, Millwheel, and S#vBeach Creeks and
the Park Place drain. Dashed (blue) horizontal referemesedhows the median
value for Smith Creek; solid (red) horizontal referenceslshows the median
value for each creek.
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Figure B152: Ammonia data for Anderson, Austin, Smith, aniddi¢om Creeks.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianevétu each creek.
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Figure B153: Ammonia data for Blue Canyon, Brannian, Catgrermnd Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B154: Ammonia data for Euclid, Millwheel, and Singeach Creeks and
the Park Place drain. Dashed (blue) horizontal referemesedhows the median
value for Smith Creek; solid (red) horizontal referenceslshows the median
value for each creek.
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Figure B155: Nitrate/nitrite data for Anderson, Austin, iBmand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B156: Nitrate/nitrite data for Blue Canyon, Braimi@arpenter, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B157: Nitrate/nitrite data for Euclid, Millwheelnd Silver Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B158: Total nitrogen data for Anderson, Austin, $mand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.



2009/2010 Lake Whatcom Final Report

TN (ug-N/L)

TN (ug-NI/L)

1000 2000 3000 4000

0

1000 2000 3000 4000

]

Blue Canyon Creek

08/05

T T T
12/06 05/08 09/09

Carpenter Creek

08/05

T T T
12/06 05/08 09/09

TN (ug-NI/L)

TN (ug-NI/L)

1000 2000 3000 4000

0

1000 2000 3000 4000

o]

Pagd
Brannian Creek
°
°
° ° °
° °
- - —e= =0 = = = D - - - -
) o
'\0 ‘. ° ° Q..
T T T !
08/05 12/06 05/08 09/09
Olsen Creek
°
° °
°
°
-LQ—‘%‘-._. o —o— - = = o= -.LI'_
° LY ° v ®
@4 Y ° ®
T T T !
08/05 12/06 05/08 09/09

Figure B159: Total nitrogen data for Blue Canyon, Branni@aypenter, and
Olsen Creeks. Dashed (blue) horizontal reference line slibev median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek.
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Figure B160: Total nitrogen data for Euclid, Millwheel, aBdver Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B161: Soluble phosphate data for Anderson, Austmitt§ and Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B162: Soluble phosphate data for Blue Canyon, Beamr€arpenter, and
Olsen Creeks. Dashed (blue) horizontal reference line slibev median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek.
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Figure B163: Soluble phosphate data for
Creeks and the Park Place drain. Dashed (blue) horizoritakree line shows
the median value for Smith Creek; solid (red) horizontagrehce line shows the
median value for each creek.
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Figure B164: Total phosphorus data for Anderson, Austinitigrand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B165: Total phosphorus data for Blue Canyon, BrannGarpenter, and
Olsen Creeks. Dashed (blue) horizontal reference line slibev median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek.
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Figure B166: Total phosphorus data for Euclid, MillwheehdaSilver Beach

Creeks and the Park Place drain. Dashed (blue) horizoritakree line shows
the median value for Smith Creek; solid (red) horizontagrehce line shows the
median value for each creek.
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Figure B167: Fecal coliform data for Anderson, Austin, Smand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B168: Fecal coliform data for Blue Canyon, Branni@arpenter, and
Olsen Creeks. Dashed (blue) horizontal reference line slibev median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek.
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Figure B169: Fecal coliform data for Euclid, Millwheel, aBdver Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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C Quality Control

C.1 Performance Evaluation Reports

In order to maintain a high degree of accuracy and confidenttesiwater quality
data all personnel associated with this project were tchageording to standard
operating procedures for the methods listed in Table 1 (d&je Single-blind
quality control tests were conducted as part of the IWS latooy certification
process (Tables C1-C2). All results from the single-bliests were within ac-
ceptance limits.
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Reported True  Acceptance Test

Valueg'®  Value¢' Limits Result
Specific conductivity £S/cm at 25C) 438 436 391481 accept
Total alkalinity (mg/L as CaCg) 76.2 77.3 68.1-85.6  accept
Ammonia nitrogen, manual (mg-N/L) 111 11.0 8.15-13.7 ptce
Ammonia nitrogen, autoanalysis (mg-N/L) 10.2 11.0 8.15%#13 accept
Nitrate nitrogen, autoanalysis (mg-N/L) 21.2 214 17.4924 accept
Nitrite nitrogen, autoanalysis (mg-N/L) 2.75 2.70 2.29413. accept
Orthophosphate, manual (mg-P/L) 2.81 2.74 2.23-3.27  &gcep
Orthophosphate, autoanalysis (mg-P/L) 2.79 2.74 2.23F-3.2accept
Total phosphorus, manual (mg-P/L) 2.12 2.28 1.83-2.78 pgce
Total phosphorus, autoanalysis (mg-P/L) 2.18 2.28 1.88-2. accept
pH 6.49 6.50 6.30-6.70  accept
Solids, non-filterable (mg/L) 24.8 28.3 19.6-34.2  acqgept
Turbidity (NTU) 4.85 485  3.98-5.66 accept

Table C1: Single-blind quality control results, WP-154/¢1132009).
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Reported True  Acceptance  Test

Valueg'®  Value¢' Limits Result
Specific conductivity £S/cm at 25C) 375 370 330410 accept
Total alkalinity (mg/L as CaCg) 62.5 63.0 55.1-70.6 accept
Ammonia nitrogen, manual (mg-N/L) 9.11 9.16 6.77-11.5 ptce
Ammonia nitrogen, autoanalysis (mg-N/L) 10.6 9.16 6.77511 accept
Nitrate nitrogen, autoanalysis (mg-N/L) 6.96 6.95 5.6698. accept
Nitrite nitrogen, autoanalysis (mg-N/L) 0.750 0.740 050896 accept
Orthophosphate, manual (mg-P/L) 1.28 1.24 0.969-1.53 pacce
Orthophosphate, autoanalysis (mg-P/L) 1.25 1.24 0.963-1. accept
Total phosphorus, manual (mg-P/L) 3.48 3.60 2.96-4.32  dce
Total phosphorus, autoanalysis (mg-P/L) 3.74 3.60 2.82-4. accept
pH 6.89 6.90 6.70-7.10 accept
Solids, non-filterable (mg/L) 38.0 42.1 31.8-48.8 accept
Turbidity (NTU) 13.4 14.3 12.2-16.0 accept

Table C2: Single-blind quality control results, WP-16@B(2010).
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C.2 Laboratory Duplicates, Spikes, and Check Standards

Ten percent of all lake, storm water, and tributary samphedyaed in the labora-
tory were duplicated to measure analytical precision. Samatrix spikes were
analyzed during each analytical run to evaluate analyteviesy for the nutrient
analyses (ammonia, nitrate/nitrite, total nitrogen, btdueactive phosphate, and
total phosphorus). External check standards were anatjuély each analytical
run to evaluate measurement precision and accéfacy.

The quality control results for laboratory duplicates, nxaspikes, and check
standards are plotted in control charts. Upper and loweemaace limits £
2 std. dev. from mean pair difference) and upper and lowenivgrlimits (+
3 std. dev. from mean pair difference) were developed usatg ffom Septem-
ber 2006 through September 2009 (upper examples in Figute€Z4, pages
299-322), and used to evaluate data from October 2009 thr®agtember 2010
(lower examples in Figures C1-C24).

22External check standards are not available for all analytes
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Figure C1: Alkalinity laboratory duplicates for the Lake YAtbhom monitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C2: Alkalinity check standards for the Lake Whatcormnitoring pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Chlorophyll Laboratory Duplicates, Test Data

Figure C3: Chlorophyll laboratory duplicates for the Lakdén&ttom monitoring
program (lake samples). Upper/lower acceptance liritsgtd. dev. from mean
pair difference) and upper/lower warning limits std. dev. from mean pair dif-
ference) were calculated based on the preceding two yeéab dfiplicate data.
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Figure C4: Conductivity laboratory duplicates for the LAk@atcom monitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C5: Dissolved oxygen laboratory duplicates for th&d Whatcom moni-

toring program. Upper/lower acceptance limi2(std. dev. from mean pair dif-

ference) and upper/lower warning limits$ std. dev. from mean pair difference)
were calculated based on the preceding two years of labcdueldata.
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Ammonia Laboratory Duplicates, Test Data

Figure C6: Ammonia laboratory duplicates for the Lake Whatamonitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C7: Ammonia matrix spikes for the Lake Whatcom maimig program.
Upper/lower acceptance limits-¢ std. dev. from mean pair difference) and up-
per/lower warning limits£3 std. dev. from mean pair difference) were calculated
based on the preceding two years of lab duplicate data. Adhohe training
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Figure C8: Ammonia check standards for the Lake Whatcom toong pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Nitrate+Nitrite Laboratory Duplicates, Test Data

Figure C9: Nitrate/nitrite laboratory duplicates for thalke Whatcom monitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte Increased vari-
ability was noted in February 2009; instrument repaired ardh 2009.
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Nitrate+Nitrite Spike Recoveries, Test Data

Figure C10: Nitrate/nitrite matrix spikes for the Lake Wd@nh monitoring pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Nitrate+Nitrite Check Standards, Test Data

Figure C11: Nitrate/nitrite check standards for the Lakeaf¢bm monitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C12: Total nitrogen laboratory duplicates for th&é &/hatcom monitor-
ing program. Upper/lower acceptance limits2(std. dev. from mean pair dif-
ference) and upper/lower warning limits$§ std. dev. from mean pair difference)
were calculated based on the preceding two years of labcdueldata.
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Figure C13: Total nitrogen matrix spikes for the Lake Whatamonitoring pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C14: Total nitrogen check standards for the Lake \d4ratmonitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C15: Laboratory pH duplicates for the Lake Whatcommmaoing pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Soluble Phosphate Laboratory Duplicates, Test Data

Figure C16: Soluble reactive phosphate laboratory duiggcéor the Lake What-
com monitoring program. Upper/lower acceptance limi8 §td. dev. from mean
pair difference) and upper/lower warning limitsg std. dev. from mean pair dif-
ference) were calculated based on the preceding two ye&ab dfiplicate data.
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Figure C17: Soluble reactive phosphate matrix spikes ®t#ke Whatcom mon-

itoring program. Upper/lower acceptance limits2(std. dev. from mean pair dif-

ference) and upper/lower warning limits$ std. dev. from mean pair difference)
were calculated based on the preceding two years of labcdueldata.
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Figure C18: Soluble reactive phosphate check standardbddcake Whatcom
monitoring program. Upper/lower acceptance limit2 (std. dev. from mean pair
difference) and upper/lower warning limits-§ std. dev. from mean pair differ-
ence) were calculated based on the preceding two years diif@lrate data.
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Figure C19: Total phosphorus laboratory duplicates folthlee Whatcom moni-
toring program. Upper/lower acceptance limi2(std. dev. from mean pair dif-
ference) and upper/lower warning limits$§ std. dev. from mean pair difference)
were calculated based on the preceding two years of labadupldata. Slight
increase in variability may be due to insufficient pers@fabncentration; method
revised to increase concentration.
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Figure C20: Total phosphorus matrix spikes for the Lake \&at monitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C21: Total phosphorus check standards for the Lakat®dm monitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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Figure C22: Total suspended solids laboratory duplicaieshie Lake Whatcom
monitoring program (creek and storm water samples). Ugvesf acceptance
limits (£2 std. dev. from mean pair difference) and upper/lower wayhiimits
(43 std. dev. from mean pair difference) were calculated basetti® preceding
two years of lab duplicate data.
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Figure C23: Total suspended solids check standards forake Whatcom mon-
itoring program (creek and storm water samples). Uppe#gtaacceptance lim-
its (+2 std. dev. from mean pair difference) and upper/lower waytimits (+3
std. dev. from mean pair difference) were calculated basetth® preceding two
years of lab duplicate data.
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Figure C24: Turbidity laboratory duplicates for the Lake &tom monitoring
program. Upper/lower acceptance limitis)X std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizte
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C.3 Field Duplicate Results

Separate field duplicates were collected and analyzed fanemmum of 10% of
all of the water quality parameters except the Hydrolab ¢eigures C25-C41,
pages 324-340). To check the Hydrolab measurements, dtgpbamples were
analyzed for at least 10% of the Hydrolab measurements wgaigr samples
collected from the same depth as the Hydrolab measurembkatafisolute mean
difference was calculated using the following equation:

> |Original Sample — Duplicate Sample|

Absolute mean difference =
n



2009/2010 Lake Whatcom Final Report P&g4

N - absmean=0.2 mg/L o
.
//
.
4
.
.
4
4
L] d
N T L7
.
4
4
.
4
°
.
g AN )
> [ ¢
E ° e
% :.2
o’ @
> & e 0
£ ° ®
< ’
g S S Lo
< . 4
o s o
e
e o9 o
4
° °
4
4
«© _| ’
— //
7
P
4
4
.
4
.
.
4
S .-
I I I I I I
17 18 19 20 21 22

Alkalinity #1 (mg/L)

Figure C25: Alkalinity field duplicates for the 2009/2010KeaWhatcom Moni-
toring Project (lake samples). Diagonal reference linensh@ 1:1 relationship.
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Figure C26: Alkalinity field duplicates for the 2009/2010KeaWhatcom Moni-
toring Project (creek samples). Diagonal reference lirmsvsha 1:1 relationship.
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Figure C27: Chlorophyll field duplicates for the 2009/20Hke Whatcom Mon-
itoring Project (lake samples). Diagonal reference lirengha 1:1 relationship.
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Figure C29: Dissolved oxygen field duplicates for the 2002@Lake Whatcom

Monitoring Project (lake samples). Diagonal reference Bhows a 1:1 relation-
ship. Most outliers were collected when the lake was steatifit depths were
extreme oxygen gradients were present. These differeligssate the variation

between samples collected at true depth (Hydrolab) anchdepasured using a
marked line (Winkler), which is slightly shallower thanérdepth.
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Figure C30: Dissolved oxygen field duplicates for the 2002(2Lake Whatcom
Monitoring Project (creek samples). Diagonal reference §hows a 1:1 relation-
ship.
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Figure C31: Ammonia field duplicates for the 2009/2010 Lakiea¥om Moni-
toring Project (lake samples). Diagonal reference linensha 1:1 relationship;
horizontal reference line shows the current detectiontimihe high degree of
scatter is due to the low concentrations of the samples.
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Figure C32: Ammonia field duplicates for the 2009/2010 Lakiea¥om Moni-
toring Project (creek samples). Diagonal reference liresvsha 1:1 relationship;
horizontal reference line shows the current detectiontimihe high degree of

scatter is due to the low concentrations of the samples.
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Figure C33: Nitrate/nitrite field duplicates for the 200®1P Lake Whatcom
Monitoring Project (lake samples). Diagonal reference Bhows a 1:1 relation-
ship; horizontal reference line shows the current detadinits.
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Figure C34: Nitrate/nitrite field duplicates for the 200®1P Lake Whatcom
Monitoring Project (creek samples). Diagonal referenoe Bhows a 1:1 rela-
tionship; horizontal reference line shows the currentateia limits.
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Figure C35: Total nitrogen field duplicates for the 20092Q0Bke Whatcom
Monitoring Project (lake samples). Diagonal reference Bhows a 1:1 relation-
ship. All total nitrogen samples were above the detectimnt li
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Figure C36: Total nitrogen field duplicates for the 20092Q0Bke Whatcom
Monitoring Project (creek samples). Diagonal reference §hows a 1:1 relation-
ship. All total nitrogen samples were above the detectimnt li
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Figure C37: Field duplicates for pH from the 2009/2010 Lakieat¢om Monitor-
ing Project (lake samples). Diagonal reference line shofug aelationship.



2009/2010 Lake Whatcom Final Report P&aga

7
4
@ - absmean=23.57ug-P/L v
d
d
4
rd
4
o _| L7
™ Site 1 (5 m) - Feb ’
° P
rd
4
d
0 _| e
—~~ N P
= s’
=~ ’
o .
| ,
(@] s
E o | P
N s’
g . ,
5 2
= L7
% d
s 9 .
ey z,
o [ ] ’
— rd
©
B o,
o ® °
= o ] o '/’
‘—| rd
[} /, °
// [ ]
rd
‘e
......... O
n — /,
//. [}
4
.. ,'
4
d
o - -
e
I I I I I I I I
0 5 10 15 20 25 30 35

Total phosphorus (ug-P/L)

Figure C38: Total phosphorus field duplicates for the 200902Lake Whatcom
Monitoring Project (lake samples). Diagonal reference Bhows a 1:1 relation-
ship; horizontal reference line shows the current detadiioits. The high degree
of scatter is due to the low concentrations of the samples.
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Figure C39: Total phosphorus field duplicates for the 200902Lake Whatcom
Monitoring Project (creek samples). Diagonal reference §hows a 1:1 relation-
ship; horizontal reference line shows the current detadiioits. The high degree

of scatter is due to the low concentrations of the samples.
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Figure C40: Turbidity field duplicates for the 2009/2010 eak’hatcom Moni-
toring Project (lake samples). Diagonal reference linensh@ 1:1 relationship.
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Figure C41: Turbidity field duplicates for the 2009/2010 eak’hatcom Moni-
toring Project (creek samples). Diagonal reference lirmsvsha 1:1 relationship.
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D Lake Whatcom Online Data

The following readme file describes the electronic data posted at the IWS web
site. Please contact the Director of the Institute for W&ted Studies if you have
guestions or trouble accessing the online data.

ER R I I I R R R R I I R I R R R I R I I O

* README FI LE - LAKE WHATCOM ONLI NE DATA

* THI'S FI LE WAS UPDATED FEBRUARY 2, 2011

IR EE R EEEEEEEEEEEEEEEEEEEEREEEEEREEEREEEEEEEEEEEEEEEESESESESRESESSE]

The historic Lake Whatcomdata are available in electronic format at the IWs
website (http://ww. ww. edu/iws), with the exception of the coliformdata
whi ch are available fromthe Cty of Bellingham Public Wrks Departnent.

The historic and current detection limts and abbreviations for each paraneter
are listed in the annual reports. The historic detection limts for each
paraneter were estinated based on reconmended | ower detection ranges
instrument limtations, and anal yst judgnment on the | owest repeatable
concentration for each test. Over tinme, sonme anal ytical techniques have
improved so that current detection limts are usually lower than historic
detection linmts. Because the Lake Whatcom data set includes |ong-term

nmoni toring data, which have been collected using a variety of analytica

techni ques, this report sets conservative historic detection limts to allow
conpari sons between years

Al files are conma-separated ascii data files. The code "NA" has been
entered into all enpty cells in the ascii data files to fill in unsanpled
dates and depths, missing data, etc. Questions about m ssing data should be
directed to the W5 Director.

Unl ess ot herwi se indicated, the electronic data files have NOT been censored
to flag or otherwi se identify bel ow detecti on and above detection values. As
a result, the ascii files nay contain negative values due to |inear
extrapol ati on of the standards regression curve for bel ow detection data. It
is essential that any statistical or analytical results that are generated
using these data be reviewed by soneone fanmiliar with statistical uncertainty
associ ated with uncensored data

Kk khhkhkhhkhkhhkhhkhkhhkhhhhkhhkhhkhkhkhhkhhk ok h ok khkhhkkhkhkhkhhkkkkk k%

* LAKE DATA FI LES

Kk khhkhkhhkhkhhkhkhkhkhhkhhkhkhhkhhkhkhkhhkhhkhkhhkhhkh ok hhkhkhkhkkhkhkkkkkk k%

Hydr ol ab data Water quality Pl ankt on
1988 _hl . csv 1988_wg. csv pl ankt on. csv
1989 _hl . csv 1989_wg. csv

1990_hl . csv 1990_wg. csv

1991 hl.csv 1991 _wg. csv Met al s/ TOC
1992 _hl . csv 1992_wg. csv | akenet al st oc. csv
1993 _hl . csv 1993_wg. csv

1994 _hl . csv 1994_wg. csv

1995 hl . csv 1995 _wg. csv

1996 _hl . csv 1996_wg. csv

1997_hl . csv 1997_wg. csv

1998 hl . csv 1998 _wg. csv

1999 _hl . csv 1999_wg. csv



2009/2010 Lake Whatcom Final Report P&ge

2000_hl . csv 2000_wg. csv
2001_hl . csv 2001_wg. csv
2002_hl . csv 2002_wg. csv
2003 _hl . csv 2003_wg. csv
2004 _hl . csv 2004_wg. csv
2005_hl . csv 2005_wg. csv
2006_hl . csv 2006_wg. csv
2007_hl . csv 2007_wg. csv
2008 _hl . csv 2008_wg. csv
2009_hl . csv 2009_wg. csv
2010_hl . csv 2010_wg. csv

The hydrol ab data files contain the followi ng variables: site, depth (sanple
collection depth, m, nonth, day, year, tenp (water tenperature, C), pH, cond
(specific conductivity, uS/cn), do (dissolved oxygen, ng/L), Icond (lab
conductivity quality control data, uS/cm, secchi (secchi depth, m.

The water quality data files contain the followi ng variables: site, depth
(sanple collection depth, m, nonth, day, year, alk (alkalinity, ng/L as
CaCO3), turb (turbidity. NTU), nh3 (ammonium ug-NL), tn (total persulfate
nitrogen, ug-N'L), nos (nitrate/ nitrite, ug-NL), srp (soluble reactive
phosphate, ug-P/L), tp (total persulfate phosphorus, ug-P/L), ch

(chl orophyl I, ug/L)

The pl ankton data file contains the followi ng variables: site, depth (sanple
collection depth, m, nonth, day, year, zoop (zooplankton, #/L), chry
(chrysophyta, #/L), cyan (cyanobacteria, #/ L), chlo (chlorophyta, #/ L), pyrr
(pyrrophyta, #/ L)

The | ake nmetals and toc data file contains the follow ng variables: site
depth (sanple collection depth, m, nonth, day, year, TOC (total organic
carbon, ng/L), A (alum num ng/L), Sb (antinony, ng/L), As (arsenic, ng/lL),
B (boron, nmg/L), Ba (barium ng/L), Be (beryllium ng/L), Ca (calcium ng/L),
Cd (cadmium ng/L), Co (cobalt, ng/L), C (chromum ng/L), Cu (copper

mg/L), Fe (iron, ng/L), Hg (nercury, ng/L), K (potassium ng/L), Li (lithium
mg/ L), My (magnesium ng/L), M (manganese, ng/L), M (nol ybdenum ng/L), Na
(sodium ng/L), N (nickel, ng/L), P (phosphorus, ng/L), Pb (lead, ng/L), S
(sul fur, nmg/L), Se (selenium mg/L), Si (silicon, ng/L), Ag (silver, nmg/L),
Sn (tin, mg/L), Sr (strontium ng/L), Ti (titanium ng/L), Tl (thallium

mg/ L), V (vanadium ng/L), Y (yttrium ng/L), Zn (zinc, ng/L)

IR EE R EEEEEEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEEEREEEEEEEESEESEERESESSE]
* HYDROGRAPH DATA FI LES

ER R R R R R R R I I R R R R I I I R I I O
WY1998. csv

WY1999. csv

Wy2000. csv

WY2001. csv

Wy2002. csv

Wr2003. csv

WY2004_rev. csv (revi sed Anderson Creek data)

Wy2005. csv

WY2006. csv

Wy2007. csv

Wr2008. csv

Wy2009. csv

Wr2010. csv
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The hydrograph data files contain the follow ng variables: nonth, day, year,
hour, min, sec, ander.g (anderson gage height, ft), ander.cfs (anderson

di scharge, cfs), austin.g (austin gage height, ft), austin.cfs (austin

di scharge, cfs), smith.g (smth gage height, ft), smth.cfs (smth discharge,
cfs)

Begi nning wi th WY2002, the variable "tine" replaced "hour, min, sec," with
time reported daily on a 24-hr basis.

Al data are reported in as Pacific Standard Tine w thout Daylight Saving Tine
adj ust ment .

ER R R R R O R R R

* STORM WATER DATA FI LES

ER R R R R O O R R R R

CURRENT:

In 2009 the stormwater nonitoring goals changed to focus on storm event
sanpling in Silver Beach Creek and visual nonitoring of flowin the North
Shore Drive overlay system The electronic data from Silver Beach Creek are
not yet available online but may be obtained by contacting the Institute for
Wat ershed Studies. The North Shore Drive overlay observations are described
in the annual report and are not available as an electronic data file.

HI STORI C STORM WATER MONI TORI NG DATA:
conps. csv
grab. csv

Hi storic stormwater nonitoring data will continue to be posted online. Most
of the variables in conps.csv and grab.csv are neasured infrequently,
resulting in many NA entries in the data. Printed versions of the raw data
that are included in the annual reports are edited to renpve variabl es that
were not neasured during that sanpling period. The electronic files retain
al|l variable colums.

Many of the values are bel ow detection. Data obtained from AnTest has been
censored and include "<" to indicate val ues bel ow the detection limt.

The stormwater treatnent conposite data file (conps.csv) is a conma-separ at ed
file and contains the follow ng variables: site, source (inlet/outlet or
sanpl e col l ection description), startnonth, endnonth, startday, endday, year,
TSS, (total suspended solids, ng/L), TS (total solids, ng/L), TOC (total
organi ¢ carbon, nmg-C/ L), TN (total nitrogen, ng-NL), TP (total phosphorus,
mg-P/L), Al (alumnum ng/L), Sb (antinony, ng/L), As (arsenic, ng/L), B
(boron, ng/L), Ba (barium ng/L), Be (beryllium ng/L), Ca (calcium ng/L),
Cd (cadmium ng/L), Co (cobalt, ng/L), C (chromum ng/L), Cu (copper,

mg/ L), Fe (iron, ng/L), Hg (nercury, ng/L), K (potassium ng/L), Li (lithium
nmg/ L), My (magnesium ng/L), M (manganese, ng/L), M (nol ybdenum ng/L), Na
(sodium ng/L), N (nickel, ng/L), P (phosphorus, ng/L), Pb (lead, my/L), S
(sul fur, nmg/L), Se (selenium ng/L), Si (silicon, ng/L), Ag (silver, ng/L),
Sn (tin, mg/L), Sr (strontium nmg/L), Ti (titanium ng/L), Tl (thallium

mg/ L), V (vanadium ng/L), Y (yttrium ng/L), Zn (zinc, ng/L)

The stormwater treatnment grab data file (grab.csv) is a comm- separated file
and contains the follow ng variables: site, source (inlet/outlet or sanple
collection description), sanple (A-D, in order of collection), nonth, day,
year, tine (24-hr basis), ampm (relative tinme: amor pn), tenp (water
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temperature, C, pH, do (dissolved oxygen, ng/L), cond (specific
conductivity, uS/cnm), tc (total coliforns, cfu/100 nm.), fc (fecal coliforns,
cfu/100 nmL), ec (enterococcus, cfu/100 m), ecoli( E coli, cfu/100 m.), TSS
(total suspended solids, ng/L), TS (total solids, ng/L), TOC (total organic
carbon, nmg-C/L), TN (total nitrogen, ng-N L), TP (total phosphorus, ng-P/L),
NGB (nitrite+nitrate, nmg-N'L), SRP (soluble reactive phosphate, nmg-P/L), NH3
(ammoni um nmg-NL), A (aluminum ng/L), Sb (antinmony, ng/L), As (arsenic,
mg/ L), B (boron, ng/L), Ba (barium ng/L), Be (beryllium ng/L), Ca (calcium
nmg/ L), Cd (cadmium ng/L), Co (cobalt, nmg/L), C (chromum ng/L), Cu
(copper, ng/L), Fe (iron, nmg/L), Hg (nercury, nmg/L), K (potassium ng/L), Li
(lithium ng/L), My (nmagnesium ng/L), M (nmanganese, ng/L), M (nol ybdenum
mg/ L), Na (sodium ng/L), N (nickel, mg/L), P (phosphorus, ng/L), Pb (Iead,
mg/L), S (sulfur, nmg/L), Se (selenium ng/L), Si (silicon, my/L), Ag (silver,
mg/L), Sn (tin, mg/L), Sr (strontium ng/L), Ti (titanium ng/L), TI
(thallium ng/L), V (vanadium ng/L), Y (yttrium ng/L), Zn (zinc, ng/L),
gasoline (ng/L), diesel (ng/L), and oil (ng/L).

ER R I I R R R R I R I R R R I R I I O
* TRI BUTARY DATA FI LES:
kkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkkhkhkhkhkkkkkkkkkk*x*x
creeks. csv (2004-present)

creeksnetal toc. csv (2005-present)

creekwal k. csv (Nov 20, 2004)

48h. csv (2004- 2006)

nonst d_di schar ge. csv (2004-2007)

The nonthly tributary data file (creeks.csv) is a comma-separated file and
contains the follow ng variables: code (IW5 site code), site (descriptive
site nanme), nonth, day, year, tine (24-hr basis), tenp (water tenperature,
C), ph, do (dissolved oxygen, ng/L), cond (specific conductivity, uS/ cm,
turb (turbidity, NTU), alk (alkalinity, ng/L as CaCO3), tp (total phosphorus,
ug-P/L), tn (total nitrogen, ug-NL), nos (nitrite+nitrate, ug-NL), srp
(sol ubl e reactive phosphate, ug-P/L), nh3 (ammonium ug-NL), tss (total
suspended solids, ng/L), ts (total solids, ng/L), ecoli (E coli, cfu/100 ni),
fc (fecal coliforms, cfu/100 ni)

The creek netals and toc data file (creeksmetaltoc.csv) contains the follow ng
variabl es: site, nonth, day, year, TOC (total organic carbon, nmg/L), A
(alum num ng/L), Sb (antinony, ng/L), As (arsenic, ng/L), B (boron, ng/lL),
Ba (barium ng/L), Be (beryllium ng/L), Ca (calcium ng/L), Cd (cadm um
mg/ L), Co (cobalt, ng/L), C (chromium ng/L), Cu (copper, ng/L), Fe (iron,
mg/ L), Hg (mercury, ng/L), K (potassium ng/L), Li (lithium ng/L), My
(magnesium ng/L), M (manganese, ng/L), M (nmolybdenum ng/L), Na (sodium
mg/ L), Ni (nickel, ng/L), P (phosphorus, ng/L), Pb (lead, ng/L), S (sulfur,
mg/ L), Se (selenium ng/L), Si (silicon, ng/L), Ag (silver, mg/L), Sn (tin,
mg/ L), Sr (strontium ng/L), Ti (titanium ng/L), Tl (thallium ng/L), V
(vanadi um ng/L), Y (yttrium mg/L), Zn (zinc, ng/L)

The Austin Creek and Beaver Creek intensive sanpling data file (creekwal k. csv)
is a comma-separated file and contains the follow ng variables: creek (Austin
or Beaver), site, ID (field code - see report discussion), instream
(y=instream sanpl e from Austin or Beaver Creeks), nonth, day, year, tinme,
(original time in hr+mn), tine2 (corrected time interval in hr+[mn/60]),
temp (water tenperature, C), adj.tenp (adjusted tenperature - see report

di scussion), do.ysi (YSI dissolved oxygen, ng/L), do.win (Wnkler dissolved
oxygen, ng/L), turb (turbidity, NTU), fc (fecal coliforms, cfu/100 nL), ecoli
(E.coli, cfu/100 nL), tss (total suspended solids, ng/L), tn (total nitrogen,
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ug-NL), tp (total phosphorus, ug-P/L).

The 48-hr creek data file (48f.csv) is a comma-separated file and contains the
followi ng variables: code (IW site code), date (nonth/day/year), tinme (24-hr
basis), tenmp (water tenperature, C, pH, do (dissolved oxygen, ng/L), cond
(specific conductivity, uS/cn), turb (turbidity, NTU), alk (alkalinity, nmg/L
as CaCl), tp (total phosphorus, ug-P/L), tn (total nitrogen, ug-NL), nos
(nitrate+nitrite, ug-NL), srp (soluble reactive phosphate, ug-{/L), nh3
(ammni um ug-N'L), tss (total suspended solids, nmg/L), ts (total solids,

mg/ L), fc (fecal coliforms, cfu/100 nL). => TH S FILE WAS UPDATED | N THE
2005/ 2006 REPORT TO CORRECT A DATA ENTRY ERROR | N THE 2004/ 2005 REPORT.

The ungauged di scharge data file (nonstd_di scharge.csv) is comma- separated
and contains the follow ng variables: code (IW site code), site (descriptive
site name), nonth, day, year, tine (24-hr basis), discharge (cfs). Beginning
in 2007, ungauged discharge is only neasured at Blue Canyon; these data are
available fromthe Institute for Watershed Studies.

kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkkhkkhkhhkkkkkkkkkk*x*x

* S| TE CODES (ALL DATA FILES - | NCLUDES DI SCONTI NUED S| TES)

Kk khkhkhkhhkhkhhkhhhkhhkhhkhhkhkhkhhkhhhkhkhhkhhhhhkhhkhhkkhkhhkhkhkhkhkhkkkkk k%

The site codes in the data are as follows:

11 = Lake Wiatcom 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 S1
34 = Strawberry Sill site S2
35 = Strawberry Sill site S3

Al abama cani ster vault inlet

Al abama cani ster vault outl et

Br ent wood wet pond inl et

Br ent wood wet pond outl et

Park Place wet pond cell 1

Park Pl ace wet pond cell 2

Park Place wet pond cell 3

Park Pl ace wet pond inlet

Park Pl ace wet pond outl et

Par kst one grass swal e inlet

Par kst one grass swal e outl et

Par kst one wet pond inl et

Par kst one wet pond outl et

South Canpus stormwater facility inlet

South Canmpus stormwater facility east outlet
South Canmpus stormwater facility west outlet
Syl van stormdrain inlet

Syl van stormdrain outlet

Grace Lane wetl and

Al abamaVvaul t inlet

Al abanmaVaul t outl et
Brent wood i nl et

Br ent wood out | et

Par kPl ace cel |l 1

Par kPl ace cel | 2

Par kPl ace cel | 3

Par kPl ace inl et

Par kPl ace outl et

Par kst one_swal e i nl et
Par kst one_swal e out| et
Par kst one_pond i nl et
Par kst one_pond out | et
Sout hCanpus i nl et
Sout hCanpus outl etE
Sout hCanpus outl et W
Syl van inl et

Syl van outl et

Wet | and outl et

CW = Smith Creek (see alternate code bel ow)

CW2 = Silver Beach Creek (see alternate code bel ow)
CWB = Park Place drain (see alternate code bel ow)
CW = Blue Canyon Creek (see alternate code bel ow)
CWb = Anderson Creek (see alternate code bel ow)

CW6 = W dwood Creek (discontinued in 2004)



2009/2010 Lake Whatcom Final Report P&4é

CW = Austin Creek (see alternate code bel ow)

The following tributary site codes were used for the expanded 2004- 2006
tributary nonitoring project

AND Anderson Creek (sane |ocation as CWb above)
BEA1 = Austin. Beaver. confl uence

AUS = Austin.lower (same |ocation as CW above)
BEA2 = Austin. upper

BEA3 Beaver . upper

BLU = Bl ueCanyon (sane | ocation as CM above)
BRA = Branni an

CAR = Carpenter

EUC = Euclid

ML = MIIwheel

QLS = d sen

PAR = Par kPl ace (sane | ocation as CWB above)
SIL = SilverBeach (sanme | ocation as CW2 above)
SM = Smith (sanme |ocation as CWM above)

WHA = What com

kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhkhkhkkkkkkkkkk*x*x

* VERI FI CATI ON PROCESS FOR THE LAKE WHATCOM DATA FI LES
kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhkhkhkkkkkkkkkkx*x*x

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 included with annual Lake What com nonitoring
reports. This was the first attenpt to nmake a | ong-term Lake Whatcom data
record available to the public. Because these data had been generated using
different quality control plans over the years, a conprehensive
re-verification process was done.

The re-verification started with printing a copy of the entire data file and
checking 5% of all entries against historic |aboratory bench sheets and field
not ebooks. 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., mnimm

maxi mun) were conputed to identify outliers and unusual results. All
outliers and unusual data were verified agai nst original bench sheets. A
summary of decisions pertaining to these data is presented below. All
verification actions were entered into the printed copy, dated, and initialed
by the IWs director.

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

Specific Deletions: 1) Rows containing only mssing values were deleted. 2)
Al lab conductivity for February 1993 were deleted for cause: neter

i nadequate for |ow conductivity readi ngs (borrowed Huxl ey’s student

meter). 3) Al Hydrolab conductivity fromApril - Decenber 1993 were del eted
for cause: Hydrolab probe slowy lost sensitivity. Probe was replaced and
Hydrol ab was reconditioned prior to the February 1994 sanpling. 4) Al 1993
Hydr ol ab di ssol ved oxygen data | ess than or equal to 2.6 ng/L were del eted
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for cause: Hydrolab probe |lost sensitivity at | ow oxygen concentrations
Probe was replaced 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
sanpl es. 6) Decenber 2, 1991, Site 3, 0 mconductivity point deleted due to
inconsi stency with adjacent points. 7) Decenmber 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 del eted due to
evi dence of equi pnent problens related to depth. 9) February 2, 1990, Site 1
20 m sol uble reactive phosphate and total phosphorus points del eted due to
evi dence of sanple contamination. 10) August 6, 1990, Site 1, 0 m soluble
reactive phosphate and total phosphorus points del eted due to evi dence of
sanpl e contam nation. 11) Cctober 5, 1992, Site 3, 80 m all data deleted
due to evidence of sanple contamination in turbidity, amonium and tota
phosphorus results. 12) August 31, 1992, Site 3, 5 m soluble reactive
phosphate and total phosphorus data del eted due to probable coding error
13) Al total Kjeldahl nitrogen data were renpved fromthe historic record
This was not due to errors with the data but rather on-going confusion over
whi ch records contained total persulfate nitrogen and which contained tota
Kj el dahl nitrogen. The current historic record contains only tota
persul fate nitrogen. Total Kjeldahl nitrogen data were retained in the IWs
data base, but not in the long-termLake Watcomdata files

ER R R I R O R R R R

* ROUTI NE DATA VERI FI CATI ON PROCESS

ER R R R R O O R R R R

1994-present: The Lake Whatcom data are verified using a four step nethod: 1)
The results are reviewed as they are generated. CQutliers are checked for
possi bl e anal ytical or conputational errors. This step is conpleted by the
Laboratory Anal yst and | W5 Laboratory Supervisor. 2) The results are
reviewed nonthly and sent to the City. Unusual results are identified. This
step is conpleted by the IWs Director. 3) The results are reviewed on an
annual basis and discussed in the Lake Whatcom Monitoring Program Fi nal
Report. Unusual results are identified, and explained, if possible. This
step is conpleted by the IWs Director, |Ws Laboratory Supervisor, and
Laboratory Analyst. 4) Single-blind quality control sanples, |aboratory
duplicates, and field duplicates are anal yzed as specified in the Lake

What com Monitoring Program contract and in the IWS Laboratory Certification
requirements. Unusual results that suggest instrunentation or analytical
problens are reported to the IWs Director and City. The results fromthese
anal yses are summari zed in the annual report.

1987-1993: The | ake data were revi ewed as above except that the |W5 Director’s
responsibilities were delegated to the Principle Investigator in charge of
the |l ake nonitoring contract (Dr. Robin Matthews).

Prior to 1987: Data were informally reviewed by the Laboratory Anal yst and |IWs
Director. Laboratory and field duplicates were comonly included as part of
the analysis process, but no formal (i.e., witten) quality control program
was in place. Laboratory |logs were maintained for nost analyses, so it is
possible to verify data against original analytical results. It is also
possible to review | aboratory quality control results for sone anal yses
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