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Executive Summary

e This report describes the results from the 2010/2011 Lakatédm moni-
toring program. The objectives of this program were to cargilong-term
baseline water quality monitoring in Lake Whatcom and dekbtributary
streams; collect high flow water quality data from selectdalitaries; 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 ogepdy .

e During the summer the lake stratified into a warm surfacerléye epil-
imnion) and a cool bottom layer (the hypolimnion). The waésnperatures
were unusually cool throughout most of the spring and sumiiee lake
was stratified at Sites 1-4 by early June.

e The levels of hypolimnetic oxygen have declined over tineitd 1, causing
the lake to be listed by the Department of Ecology on the 1@2i3ist of
impaired waterbodies in the State of Washington. Followthngjonset of
stratification, the hypolimnetic oxygen concentrationspgred, but not as
quickly as in 2010. This may have been related to the unyscadil spring
and summer conditions in 2011.

¢ 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 Iteslin slightly
elevated concentrations of ammonium and hydrogen sulfidddgnd of
the summer. These indicators were lower than usual, whighhage been
related to the cool spring and summer conditions.
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e The summer near-surface total phosphorus and chloroptytdentrations
have increased significantly over time at most sites. Theepet continue
to be somewhat variable, but it does not appear that thegieseke reversed
or stabilized.

e Summer algal blooms developed that were associated withvaier fil-
tration rates at the City’s water treatment facility. Therdoant algae as-
sociated with this bloom wer@phanocapsand Aphanothecgnontoxic
Cyanobacteria), as well as diatodgclotellaandThalassiosira

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 recreationabgfcollected
offshore from the swimming area) were slightly higher thaid-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. Lead was detected in many sasnjlut this
was due to analytical changes that lowered the detectiai fiom 0.001
mg/L to 0.00005 mg/L.

e Beginning in January 2010, the tributaries were sampledthipto collect
baseline data. Most of the tributaries had relatively lomaantrations of
total and dissolved solids, low alkalinities and condutig#g, and low levels
of nitrate and ammonium. Residential streams had highetesdrations
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. Thernmgjuts into
the lake during WY2014included surface and subsurface runoff (75.1%),
direct precipitation (18.0%), and water diverted from theltle Fork of
the Nooksack River (6.9%). Outputs included Whatcom Cr8&k2%0), the

Iwater Year 2011 covers the period from October 1, 2010 tHi@eptember 30, 2011
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City of Bellingham (9.0%), evaporation (7.0%), the Whatcbails Hatch-
ery (2.1%), the Lake Whatcom Water and Sewer District (0%%nd the
Puget Sound Energy Co-Generation (0.1%)

e Six storm events were monitored in Silver Beach Creek usingueaomated
sampler to collect flow-paced, discrete samples. The stonwiff contained
elevated levels of total suspended solids and phosphoatisvigre signifi-
cantly correlated with flow rates. In addition, total susgesh solids and
total phosphorus concentrations were highly correlated each other.

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 97.

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 2010/2011 Lake Whatcom momitpprogram were
to continue long-term baseline water quality monitoring_atke Whatcom and
selected tributary streams; collect high flow water quatigta from selected
tributary streams; continue collection of hydrologic datan Austin and Smith
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. Th&tdric lake data
are plotted in Appendix B. The current quality control résudan be found in
Appendix C. The monitoring data are available online at:htipvw.wwu.edu/iws
as described in Appendix D (page 337). Table 1 (page 17)dtstseviations and
units used to describe water quality analyses in this doatime

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 105 in Appendix A.1). Sites 1-2 aoated 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 ¥ifter samples were
also collected at the City of Bellingham Water TreatmenhPgmtehouse, which
is located onshore and west of the intake site.

2.2 Field Sampling and Analytical Methods

The lake was sampled on October 5 & 7, November 2 & 4 and Deceinke?,
2010; and February 1 & 3, April 12 & 14, May 3 & 5, June 7 & 9, Julg5/,
August 2 & 4, and September 6 & 8, 2011. 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 temper-
ature, pH, dissolved oxygen, and conductivity. The Hydsqdel and conductivity
probes failed repeatedly during the 2010/2011 samplinges®aAttempts to re-
pair the probes met with limited success, so the Hydrolabreglaced in Novem-
ber 2011 with a new YSI field meter. The new YSI meter was nodl usging the

SIf the field meter is not functioning, conductivity and pH rsaeements are done using labo-
ratory meters and water sample collected in the field.
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2010/2011 monitoring period, which corresponds to the Betdo September
water year. Side-by-side quality control meter compassaill be included in
next year’s report.

All water samples (including bacteriological samples)eaxikd in the field were
stored on ice and in the dark until they reached the laboratord were ana-
lyzed as described in Table 1 (page 17). Total metals ama(gssenic, cadmium,
chromium, copper, iron, mercury, nickel, lead, and zing) total organic carbon
analyses were done by AmTésPlankton samples were placed in a cooler and
returned to the laboratory unpreserved. The plankton sargilmes were mea-
sured in the laboratory and the samples were preserved wgablls solution. The
bacteria samples were analyzed by the City of Bellingham.

2.3 Results and Discussion

The lake monitoring data include monthly field measurem@uasductivity, dis-
solved oxygen, pH, Secchi depth, and water temperatut&)rdsory analyses for
ambient water quality parameters (ammoniunitrate/nitrite, total nitrogen, sol-
uble phosphate, total phosphorus, alkalinity, turbidityprophyll); plankton and
bacteria counts; and biannual metals and total organi®oarieasurements.

Tables 2—6 (pages 18-22) summarize the current field measuats, ambi-
ent water quality, and coliform data. The raw data are abhldlanline at
http://www.wwu.edu/iws as described in Appendix D (pag&)33rhe monthly
Hydrolab profiles for temperature, dissolved oxygen, catidity, and pH are
plotted in Figures B1-B50 (pages 111-160).

The 2010/2011 lake data are plotted with historic lake datigures B51-B130
(pages 162—-242). These figures are scaled to plot the fgerahLake 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.

8AmTest, 13600 Northeast 126th Place, Suite C, Kirkland, 98034-8720.

"Ammonium (NHJ) is ionized ammonia (Nk). Nearly all ammonia is ionized in surface
water. Earlier IWS reports used the term ammonia and ammmoiriterchangeably to describe
ammonium concentrations because it is generally undetst@d ammonia is usually ionized. To
improve clarity, IWS has switched to the term “ammonium”ndicate that we are reporting the
concentration of ionized ammonia. This does not represgnthange in analytical methods.
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2.3.1 Water temperature

The mid-winter Hydrolab profiles (e.g., Figures B16—B20g¢= 126—130) and
the multi-year temperature profiles (Figures B51-B55, pd@®—166) 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§és160) show how
the lake stratifies into a warm surface layepi{imnior), and cool bottom layer
(hypolimnion. The transition zone between the epilimnion and hypolonr{the
metalimnior), is a region of rapidly changing water temperature. Wheatifed,
the profiles show distinct differences between surface atibim temperatures.

Stratification develops gradually, and once stable, psraistil fall or winter, de-
pending on location in the lake. Seasonal weather differgadter the timing of
lake stratification; if the spring is cool, cloudy, and windye lake may stratify
later than when it has been hot and sunny.

In Lake Whatcom, all sites except the Intake are usuallyti@ 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 teenperature differences
in the water column, but also by water circulation and locaather patterns. Once
the water column temperature differs by at ledsC5(AT >5°C), it is unlikely
that the lake will destratif§.

The lake cools as the weather becomes colder and days shastére lake cools,
the surface and bottom water temperatures become moresianid 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 destratifyjem@mperatures may
be uniform from the surface to the bottom, but the rate of waiteulation may
not be sufficient to replenish hypolimnetic oxygen concaimins (see November
2006 Hydrolab profiles from Sites 1-2: Figures B6 and B7 inthkaws, et al.,
2008). Basins 1 and 2 (Sites 1-2) usually destratify by thie afrOctober but
basin 3 (Sites 3—4) is often still stratified in November afyeBecember. Com-

8The AT is the difference between the epilimnion and hypolimnEmperatures.
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plete destratification of basin 3 usually occurs in Decenobegarly January, so by
February the temperatures are relatively uniform througktwe water column at
all sites. During the current sampling period, Sites 1-2ewmmpletely destrat-
ified by November 4, 2010 (Figures B6—-B7, pages 116-117) #ed $-4 were

destratified by December 1, 2010 (Figures B14-B15, pagesiPH).

Historic data reveal that water temperatures in basin 3@mermglly cooler than in
basins 1 and 2, but the two shallow basins experience morenegttemperature
variations. The lowest and highest temperatures measutbe ilake since 1988
were at Site 1 (4.2C on February 1, 1988 and February 26, 1989; 2€&1on
August 4, 2009). The large water volume in basin 3 moderatepérature fluc-
tuations, so water temperatures in basin 3 change slowesponse to weather
conditions compared to the shallow basins.

The surface water temperatures were cooler than usualgpinespring and sum-
mer of 2011 (Figure 1, page 28). The lake was unstratified inl Apd unstrati-
fied or very weakly stratified in May (Figures B21-B30, pag&6-1135). Stable
stratification was not present until June (Figures B31-p3afes 141-145).

2.3.2 Dissolved oxygen

Low oxygen conditions are associated with a number of urapgewater qual-
ity problems in lakes, including loss of aquatic habitalpase of phosphorus
from the sediments; increased rates of algal productionaltedease of phospho-
rus; unpleasant odors during lake destratification; fisls 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 15118624 67-168).
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 wRtelogical respiration
usually increases when there is an abundant supply of argzatier (e.g., decom-
posing algae). In basin 3, which has a very large, well-orgted hypolimnion,
biological respiration has little influence on hypolimmetixygen concentrations



2010/2011 Lake Whatcom Report Pdye

(Figures B50 and B60, pages 160 and 171). In contrast, tkespid depletion
of the hypolimnetic oxygen concentrations at Sites 1-2(fdg B46-B47, and
B56-B57, pages 156-157 and 167-168). 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 summér.

The levels of hypolimnetic oxygen have declined over timeSig 1, causing
the lake to be listed by the Department of Ecology as an “ingplliiwaterbody
(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 datangisin exponential
function (see discussion by Matthews, et al., 2004). Ascaigid in Figures 2—
5 (pages 29-32), there were significant negative correlatietween dissolved
oxygen and time for all hypolimnetic samples collected nigiduly and August!

The rate of Site 1 hypolimnetic oxygen loss was not as rapditi as in 2010. In
2010, the hypolimnetic dissolved oxygen concentratioopped 6—8 mg/L from
June to August, averaging 0.13 mg/L per day. By comparisaoring the same
period in 2011 the oxygen loss was 5—6 mg/L, averaging 0.1 ipgr day. The
difference may be related to water temperature becauserctohperatures can
slow down the rate of bacterial growth and respiration. aliph both years were
characterized by cool spring and summer temperaturesyérage hypolimnetic
water temperatures were abod€Cwarmer in July and August 2010 compared to
2011:

Site 1 Avg. Hypolimnion Water Temp. (10-20 m)

2010 2011 Difference
July 11.7C 9.8C 1.9
August 11.9C 9.9C 2.0°

9The photic zone is the portion of the lake with enough lighstipport algal photosynthesis.
In Lake Whatcom, peak chlorophyll levels are usually at Smtders, so photic zone volumes will
be defined as the percent volura@0 meters. Using this definition, the photic zones for basjns
2, and 3 occupy 75%, 70%, and 17%, respectively (Mitchel).e2010).

Ohttp://www.ecy.wa.gov/programs/wa/303d.

HcCorrelation analyses examine the relationships betweenawables. The test statistic ranges
from —1 to +1; the closer te-1, the stronger the correlation. The significance is measusang
the p-value; significant correlations have p-valugs05.
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A region of supersaturated oxygen was evident in the metatimat Site 1 in
July (Figure B36, page 146). This was caused by the accuiomlaf phy-
toplankton along the density gradient between the epilimr@nd hypolimnion
where light and nutrients are sufficient to support very Haglels of photosyn-
thesis. Chlorophyll concentrations within the metalimneikygen peak may be
4-5 times higher than those measured near the surface aikadMatthews and
DeLuna, 2008).

Site 3 developed an oxygen sag near the bottom during latensurand fall in

both 2010 and 2011 (Figures B9 and B49, pages 119 and 15%s $iand
4 developed small oxygen sags near the thermocline (egurdés B4 and B5,
pages 114 and 115), which are caused by respiration of hetphic bacteria that
accumulate along the density gradient between the epitimand hypolimnion
(Matthews and DelLuna, 2008).

2.3.3 Conductivity and pH

Due to equipment problems, Hydrolab pH and conductivityfifg® are not avail-
able for some of the lake sampling dates. When the Hydrolanwafunctioning
reliably;'> pH and conductivity data were generated by collecting discwater
samples and measuring the samples using a laboratory mb&Hydrolab meter
was replaced in November 2011.

The pH and conductivity data followed trends that were, f& most part, typ-
ical for Lake Whatcom (Figures B61-B70, pages 172-181)faSarpH values
increased during the summer due to photosynthetic actidigpolimnetic pH val-

ues decreased and conductivities increased due to decitimpasd the release
of dissolved compounds from the sediments.

Previous reports describe a significant increase in the maxi pH values over
time (see Matthews, et al., 2011). As discussed above, ong@guipment prob-
lems meant that some of the pH and conductivity data werergtteby collect-
ing discrete water samples and measuring the samples usihgatory meter.
Although the field and laboratory pH results were comparghknumber of pH
samples collected in 2010/2011 was lower, so pH trend aisalyes not included
in this year’s report.

12The meter either failed or did not meet IWS quality contrgjuigements
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There was also a significant long-term trend in the condiigtdata. This trend
has been attributed to using increasingly sensitive egapruring the past two
decades and does not indicate any actual change in the dosiyua the lake
(Matthews, et al., 2004).

2.3.4 Alkalinity and turbidity

Because Lake Whatcom is a soft water lake, the alkalinityesvere fairly low
at most sites and depths (Figures B71-B75, pages 183-187ipngihe summer
the alkalinity values at the bottom of Sites 1-2, and occeesly Site 3, increased
due to decomposition and the release of dissolved compaontioks lower waters.

Turbidity values in the lake were usually low (1-3 NTU) excdpring 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 188-192).

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 hijinoughout the water
column. Storm-related turbidity peaks are easier to seampges from the Intake
and basin 3 because there are fewer distracting late sunypelifnnetic turbidity
peaks (see February 2009 storm-related turbidity peakgunrés B78 and B79—
B80).

2.3.5 Nitrogen and phosphorus

Figures B81-B105 (pages 193-217) 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 grovhénlake. 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.

130rganic nitrogen and phosphorus comes from living or deasimg plants and animals, and
may include bacteria, algae, leaf fragments, and othendzgerticles.
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Nitrogen: Most algae require inorganic nitrogen in the form of nitrateam-
monium for growth, but some types of algae can use organiogeh or even
dissolved nitrogen gad. Nitrate depletion was evident at all sites in the photo-
synthetic zone during the summer (Figures B86—B90, pag8s2®), particu-
larly at Site 1, where the epilimnetic nitrate concentnagioften drop below 20
11g-N/L by the end of the summer. Epilimnetic nitrogen depletis an indirect
measure of phytoplankton productivity, and because algasities have been in-
creasing throughout the lake, epilimnetic dissolved iaaig nitrogen concentra-
tions (DIN)* have been declining over time (Figure 6, page 33). Low epititic
DIN concentrations favor the growth of Cyanobacteria beeamany types of
Cyanobacteia can use dissolvegdds as a nitrogen source.

Hypolimnetic nitrate concentrations dropped below26N/L at Sites 1 and 2. In
anaerobic environments, bacteria reduce nitrate;(N@ nitrite (NQ; ) and nitro-
gen gas (N). The historic data indicate that nitrate reduction haslm@enmon in
the hypolimnion at Site 1, but was not common at Site 2 ungildihimmer of 1999.
At Site 2 the hypolimnetic nitrate concentrations droppelblw 20..g-N/L from
1999-2006 and 2008-2011, but not in 2007. Matthews, et@8Phypothesized
that the higher levels in 2007 were the result of late steatifon, which shortened
the period of anoxia in the hypolimnion and resulted in leégsite reduction. Al-
though the summer of 2011 was unusually cool, the lake wasifsgd by June
and the hypolimnetic nitrogen levels wetg0 ng-N/L at 20 meters in October
and November. The onset of stratification is only one facteolved in hypolim-
netic nitrate depletion; the duration of stratificationlsceimportant. In 2007, the
water column at Site 2 was nearly destratified by early Octalne completely
mixed by November, so the period of anoxia was fairly shar011, Site 2 was
strongly stratified in OctoberXT = 5.9C) and weakly stratified in November
(AT = 2.6°C), resulting in a longer period of stratification compare@®©07.

Ammonium, along with hydrogen sulfide, is often an indicatbhypolimnetic
anoxia. Ammonium is produced during decomposition of olgamatter. Am-
monium is readily taken up by plants as a growth nutrient. Xygenated envi-
ronments, ammonium is rarely present in high concentrati@cause it is rapidly
converted to nitrite and nitrate through biological androleal processes. In low
oxygen environments, ammonium accumulates until the |lastratifies. High

140Only Cyanobacteria and a few uncommon species of diatomasmnitrogen gas.

15pissolved inorganic nitrogen includes ammonium, nitrate] nitrite. Under most conditions,
epilimnetic concentrations of ammonium and nitrite areyMew, so epilimnetic DIN is nearly
equivalent to nitrate.
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ammonium and hydrogen sulfide concentrations were meagusegdrior to de-
stratification in the hypolimnion at Sites 1 and 2 (Table §ga3; Figures B81 &
B82, pages 193 & 194). Elevated hypolimnetic ammonium cotmagons have
been common at both sites throughout the monitoring pebatlbeginning in
1999 the concentrations increased noticeably at Site 2I(€iB82, page 194).

The hypolimnetic ammonium concentrations in October 20&dewelatively low
compared to previous years, which might be related to théecowmter tempera-
tures. As discussed above, Site 2 was still weakly stratifeNovember 1AT =
2.6°C), and had an ammonium concentration of 486N/L at 20 meters. Site 1
was not stratifiedAT = 0.8C), and the October ammonium concentrations were
low and nearly uniform throughout the water column (21+#83N/L)

Sites 3 and 4 often have slightly elevated ammonium conagois at 20 m (met-
alimnion) or near the bottom at 80-90 m (Figures B84—-B85,epaP6—-197).
This is caused by bacterial decomposition of organic matigr the concentra-
tions never approach the levels found in the hypolimniontas3 —2.

Site 2 hypolimnetic ammonium and hydrogen sulfide: The hypolimnion at
Site 2 usually has higher concentrations of ammonium anddgygoh sulfide than
Site 1 (Table 7, page 23). Although the oxygen concentrattop to near zero
at both sites, basin 2 is slightly shallower than basin 1 ¢h&tl, et al., 2010),
so a sample from 20 meters is slightly closer to the bottomtatXSthan Site 1.
As a result, the 20 m samples from Site 2 typically containemadrthe soluble
compounds leaching from the sediments (e.g., ammonium b éen sulfide).

Hydrogen sulfide concentrations are measured in Octobechwh the latest
month that isconsistentlystratified at Sites 1-2. When the lake stratifies late or
is unusually cool, as in 2011, the October ammonium and lgairsulfide levels
will not be as high as in warmer years. But the general pattmained the same:
the October 2011 ammonium and hydrogen sulfide levels weigehiat Site 2
than Site 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 instdyphosphorus
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) and Gr@64.1) found that

~50% of the total persulfate phosphorus in soils in the Lakeaittm watershed
was “bioavailable” and could be extracted 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 incegaompounds, 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 208-212 and B101-B10fe9a13-217).
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 (Figure
7, page 34). The epilimnetic phosphorus levels have ineckagnificantly at all
sites (Figure 7, page 34); however, the pattern is quiteierraflecting the com-
plicated nature of phosphorus movement in the water colums.important to
note that low water column phosphorus concentrations damays match up
with low algal densities, and may instead indicate rapid effidient cycling of
phosphorus among the lake biota.
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2.3.6 Chlorophyll, plankton, and Secchi depth

Site 1 continued to have the highest chlorophyll conceiotnatof all the sites (Fig-
ures B106-B110, pages 218-222). Peak chlorophyll coratestis were usually
collected at 0—15 m, while samples from 20 m had relativelydblorophyll con-
centrations because light levels are not optimal for algalh at this depth.

The Lake Whatcom plankton counts were usually dominated lysdphyta,
consisting primarilyDinobryon Mallomonas and diatoms (Figures B121-B130,
pages 233-242). Substantial blooms of bluegreen bacteyanpbacteria) and
green algae (Chlorophyta) were also measured at all sitesgdsummer and
late fall. Previous analyses of algal biomass in Lake Whatoadicated that
although Chrysophyta dominate the numerical plankton tyudyanobacteria
and Chlorophyta often dominate the plankton biomass,qdatily in late summer
and early fall (Ashurst, 2003; Matthews, et al., 2002b). dditon, most of the
Cyanobacteria in these samples are counted by colony rdtheras individual
cells because of the tiny cell size. When the Cyanobactetla are estimated,
as in the settled counts discussed later in Section 2.36pldnkton counts are
dominated by tiny Cyanobacteria.

Secchi depths (Figures B111-B115, pages 223-227) showetbaonseasonal
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 a
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).

The median near-surface summer chlorophyll concentratigare slightly lower
in 2011, probably due to the cool spring and summer, but wétéadlowing an
increasing trend throughout the lake (Figure 8, page 35& 2011 algae counts
(all sites combined) were about the same as in 2010 (Figw®3, pages 36-37).
This discrepancy between chlorophyll and algae countscteftae difference be-
tween numerical density and biomass. Chlorophyll is a tineeasure of algal
biomass and is best used to evaluate trophic changes inkibéday., is the lake
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becoming more biologically productive?). Algal counts araumerical way to
look for trends within the same type of algae (e.g., are thebars of Cyanobac-
teria increasing?). The relationship between chloropduytl cell density is com-
plex. The amount of chlorophyllin an algal cell is influendsdhe physiological
age and condition of the cell, light intensity, nutrient iésaility, and many other
factors. In addition, while most types of algae are countethtividual cells, a

few types must be counted by colonies because the cells adiffecult to see.

Even if the amount of chlorophyll was constant in each cellyauld take many
tiny cells to equal the chlorophyll biomass in one large nglo

One of the eutrophication trends in Lake Whatcom has beeirlg $&eady in-
crease in the numbers of Cyanobacteria. This trend is bestd using a log
plot (Figure 10, page 37), which shows the counts increasorg 1994 through
2004 or 2005. The Cyanobacteria counts have been more ardesistent since
2005, going up or down slightly depending on the site 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 rategtfdws, et al., 2010).
Most of the algae in the August 2009 samples were tiny roghath@and spher-
ical Cyanobacteria that have been collectively referredgéphanocapsand
AphanothecdFigure 11, page 38). Unlike the closely relatéitrocystis flos-
aguae AphanocapsandAphanotheceare not considered to be toxic Cyanobac-
teria (Granéli and Turner, 2006). They are, however, edioggy slimy because
the individual cells are embedded in a thick, sticky colbmacilage.

Beginning in December 2009, IWS started collecting suppleta monthly
plankton samples from 10 meters at Site 2 and the Intake amd fhe City’s
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-
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ton net. Because of the different concentration methodsantpling depths, the
settled algae counts are not directly comparable to therisalgal counts col-
lected using a plankton net (Figures B121-B130, pages 223;-8ut the general
taxonomic patterns will be similar.

AphanocapsandAphanothecelominated the algae counts (Tables 10-11, pages
26-27), representing 76.6% of the total count. SeveralroByanobacteria
were moderately abundant, especidllyanothecd6.9% of the total count) and
Snowella(4.2% of the total count). The samples also contained langeters of
diatoms, especiallZyclotellaandThalassiosirg2.7% of the total count). Both of
these diatoms excrete long thread-like filaments that fnighizenefit the diatoms

by slowing sinking rates or discouraging predation by fifesxding zooplankton
(Figures 12—-13, pages 39-40. In the City's water filters, du@x, the filaments
may help create an algal mat stuck together by Cyanobacjiela

Although theAphanocapsand Aphanotheceell counts were very high, these
Cyanobacteria are exceedingly tiny, usually on the ordér&f:m in diameter. A
typical “pill-box” shapedCyclotellacell is about 3Qum in diameter and about 10—
15 um in height, making th&yclotellacell volume 1500-2500 greater than a
singleAphanocapsar Aphanotheceell. A common way to adjust for differences
in cell size is to calculate alga@ovolumeby multiplying the number of each
type of algae by its average cell volume. This approach has beed in several
scientific publications on Lake Whatcom (e.g., Matthews Betluna, 2008), but
is beyond the scope of the annual reports.

The City of Bellingham Public Works Department provided ergiroduction rate
data for the period from 2007 through 2011. The data werertegan units
of “unit filter run volume” (UFRV), which is the product of thiltration rate
(gal/min), filter run length (min), and filter surface are)(fGood water produc-
tion rates are usually5000 (P. Wendling and B. Evans, City of Bellingham Pub-
lic Works Department, personal communications). The UFReee plotted with
Intake chlorophyll concentrations and Cyanobacteria tofmom plankton net
samples (Figures 14-15, pages 41-42), which revealed aqpooelation, espe-
cially for Cyanobacteria counts and water production ragsnilarly, the settled
algae counts from the Gatehouse revealed a strong link bat@ganobacteria
densities and low water production rates (Figure 16, pageMthough the exact
mechanisms for slow water production can’'t be determinethfour data, both
chlorophyll concentration and Cyanobacteria density aanded to predict when
water production rates will decline.
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2.3.7 Coliform bacteria

The current surface water standards are based on “designaé&® categories,
which for Lake Whatcom is “Extraordinary Primary ContactcRetion.” The
standard for bacteria is described in Chapter 173—-201A@WWashington Ad-
ministrative Code, Water Quality Standards for Surfaceergabf 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 samplespmint
ist) obtained for calculating the geometric mean value edagg 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 228-232) and passeckste fr
waterExtraordinary Primary Contact Recreatidracteria standard.

Coliform samples collected offshore from the Bloedel-Deano swimming area
had slightly higher counts than at Site 1 (mid-basin). Nohehe Bloedel-

Donovan counts exceeded 100 cfu/100 mL and the geometric wea 3.3
cfu/100 mL, so this site passed both parts of the freshweatéaordinary Pri-

mary Contact Recreatiobacteria standard.

2.3.8 Metals

The metals data for Lake Whatcom are included in Table 8 (2dge 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 &re included as part
of the analytical procedure used by AmTest. In 1999, AmTesggraded their
equipment and analytical procedures for most metals. 11 28inTest changed
the analytical method for measuring lead, decreasing thecten limit from
0.001 mg/L to 0.00005 mg/L. As a result, many of the analysss imave lower
detection limits, resulting in fewer “below detection” dgbdl). These detections
probably do not represent increased metals concentratidghs lake.

16Colony forming unit/100 mL; cfu/100 mL is sometimes labefedlonies/100 mL.”
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The metals concentrations were within normal concentatimges for the lake.
Iron and zinc were all in the detectable range. The highest aoncentration
was measured in August at the bottom of Site 1. The elevabedcimncentration
was the result of sediment-bound iron converting to soltdyi®s under anaerobic
conditions and leaching into the overlying water. Chromjigopper, and mercury
were detected in many of the samples, but at levels closeéotiten limits, which
is typical for Lake Whatcom. Lead was often detected, butdsated above, this
represents a change in the analytical method, not an irechedése lead levels. All
of the lead concentrations were lower than the historicatiete level (<0.001
mg/L).

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 angacompounds 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.

The 2010/2011 total organic carbon levels at the Intake ey typical for the
lake (Table 9, page 25). The long-term data indicate thaf miganic carbon
concentrations have become more variable. The minimumetcdrations mea-
sured each year may kel-2 mg/L but the maximums have increased (Figure 17,
page 44). Because of the within-year variability, the ongyndicant trend in the
raw data was from the gatehouse, where the large samplersideqged statistical
significance despite a low correlation statistic (Figureds®ye 45).

The THMs have been increasing in Bellingham'’s treated dnimkvater, particu-
larly during the late summer/fall (third quarter; Figure, page 46). Haloacetic
acids (another disinfection by-product) are not as clobeked to algal concen-
trations and chlorine dose (Sung, et al., 2000). The JanH>e&s results were
marginally correlated with time (due to the large sample)sibut the the third
quarter data were not significantly correlated with time.

"Gatehouse data were provided by the City of Bellingham Rinbirks Department.
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Historic 2010/2011 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 - - 4+ 0.6 mg/L
cond Conductivity APHA (2005) #2510; SOP-LW-19 - - + 1.7uS/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 0.02 pH unit
tss T. suspended solids APHA (2005) #2540 D; SOP-IWS-22 2mg/ 0.4mg/L + 1.4 mg/L
turb Turbidity APHA (2005) #2130; SOP-IWS-11 - - 4+ 0.2NTU
nh3 Ammonium (auto) APHA (2005) #4500-NHH; SOP-IWS-19  1Qug-N/L 5.8 ug-N/L + 7.1 ug-N/L
no3 Nitrite/nitrate (auto) ~ APHA (2005) #4500-N@; SOP-IWS-19  2Qug-N/L 2.9 ug-N/L + 3.9g-N/L
tn T. nitrogen (auto) APHA (2005) #4500-N C; SOP-IWS-19 1@AN/L  14.4ug-N/L + 43.8ug9-N/L
srp Sol. phosphate (auto)  APHA (2005) #4500-P G; SOP-IWS-19 5 pg-P/L 0.7ug-P/L + 1.7ug-P/IL
tp T. phosphorus (auto) ~ APHA (2005) #4500-P H; SOP-IWS-19  ug®/L 3.3ug-P/L +2.9ug-P/IL
IWS plankton analyses:
chl Chlorophyll APHA (2005) #10200 H; SOP-IWS-16 - - + 0.1ug/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 APHA (2005) #9222 D 1 cfu/100 mL -
AmTest analyses:
As T. arsenic EPA (1994) 200.7 - 0.01 mg/L -
Cd T. cadmium EPA (1994) 200.7 - 0.0005 mg/L -
Cr T. chromium EPA (1994) 200.7 - 0.001 mg/L -
Cu T. copper EPA (1994) 200.7 - 0.001 mg/L -
Fe T.iron EPA (1994) 200.7 - 0.005 mg/L -
Pb T. lead EPA (1979) 239.2 0.001 mg/L  0.00005 mig/L —
Hg T. mercury EPA (1994) 245.1 - 0.0001 mg/L -
Ni T. nickel EPA (1994) 200.7 - 0.005 mg/L -
Zn T. zinc EPA (1994) 200.7 - 0.001 mg/L -
TOC T. organic carbon EPA (1979) 415.1 - 1.0 mg/L -

T Historic detection limits (DL) are usually higher than ant method detection limits (MDL).
fMethod change in 2011 resulted in lower detection limit

Table 1: Summary of IWS, AmTest, and City of Bellingham atiaBl methods
and parameter abbreviations.
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Nitrogen - total {tg-N/L)

Phosphorus - totaj{g-P/L)

Chlorophyll (ug/L)
Secchi depth (m)

Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 188 20.1 20.5 295
Conductivity S/cm) 579 60.0 61.1 77.6
Dissolved oxygen (mg/L) 0.2 9.9 8.7 122
pH 6.4 7.4 73 8.6
Temperature°C) 5.8 9.8 111 211
Turbidity (NTU) 0.7 1.1 1.5 8.2

Nitrogen - ammoniumg(g-N/L)
Nitrogen - nitrate/nitrite £g-N/L)
186.9 434.1 391.4 539.

Phosphorus - soluble:g-P/L)

Coliforms - fecal (cfu/100 mL¥)

<10 <10 25.3 331.3
<20 219.0 194.0 343.

N O

<5 <5 <5 10.0
<5 9.4 12.9 90.7

0.7 3.1 42 11.2
2.4 4.0 3.9 53

<1 1 1 4

fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer @&~ 1).

Table 2: Summary of Site 1 ambient water quality data, Oct020Sept. 2011.
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Nitrogen - total {tg-N/L)

Phosphorus - totaj{g-P/L)

Chlorophyll (ug/L)
Secchi depth (m)

Nitrogen - ammoniumg(g-N/L)
Nitrogen - nitrate/nitrite £g-N/L)
243.8 378.9 379.2 505.

Phosphorus - soluble:g-P/L)

Coliforms - fecal (cfu/100 mL¥)

(=]

Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 181 19.0 19.2 205
Conductivity S/cm) 56.8 58.4 58.4 60.
Dissolved oxygen (mg/L) 8.6 10.7 106 121
pH 72 7.6 77 8.6
Temperature°C) 6.5 13.2 13.3 20.4
Turbidity (NTU) 0.5 0.7 0.7 1.1

<10 <10 <10 225
88.2 230.3 229.3 362.4

W

<5 <5 <5 6.0
<5 6.2 6.4 13.1

11 2.8 3.0 5.2
3.6 4.6 5.2 7

<1 1 1 2

fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer @&~ 1).

Table 3: Summary of Intake ambient water quality data, O&1.02 Sept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 17.2 1838 19.2 287
Conductivity S/cm) 56.5 58.3 58.9 75p
Dissolved oxygen (mg/L) 0.3 104 9.7 121
pH 6.5 7.4 7.4 8.4
Temperature°C) 6.2 10.3 11.7 19.9
Turbidity (NTU) 0.4 0.7 0.8 6.4
Nitrogen - ammoniumg(g-N/L) <10 <10 22.6 511.3
Nitrogen - nitrate/nitrite 4g-N/L) <20 251.8 248.8 366.0
Nitrogen - total {tg-N/L) 243.9 4359 4214 676.9
Phosphorus - soluble:g-P/L) <5 <5 <5 7.7
Phosphorus - tota}{g-P/L) <5 7.3 9.8 54.6
Chlorophyll (ug/L) 0.5 2.4 2.6 5.7
Secchi depth (m) 3.6 5.0 5.6 7.6
Coliforms - fecal (cfu/100 mL¥) <1 1 1 1

fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer @&~ 1).

Table 4: Summary of Site 2 ambient water quality data, Oct020Sept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 16.7 185 18.6 20.3
Conductivity S/cm) 56.3 58.2 58.1 60.4
Dissolved oxygen (mg/L) 6.0 9.9 10.0 121
pH 6.5 7.2 7.3 8.3
Temperature°C) 6.2 7.4 9.8 19.7
Turbidity (NTU) 0.2 0.5 0.6 4.6

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 16.7
Nitrogen - nitrate/nitrite 4g-N/L) 132.9 365.9 317.2 404.9

Nitrogen - total {tg-N/L) 270.8 459.5 437.3 5426
Phosphorus - soluble:g-P/L) <5 <5 <5 7.6
Phosphorus - totaj{g-P/L) <5 6.1 6.5 17.3
Chlorophyll (ug/L) 0.6 2.8 2.6 5.2
Secchi depth (m) 3.8 5.7 6.1 97
Coliforms - fecal (cfu/100 mL¥) <1 1 1 2

fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer @&~ 1).

Table 5: Summary of Site 3 ambient water quality data, Oct020Sept. 2011.



2010/2011 Lake Whatcom Report P&t

Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 17.8 184 185 20.2
Conductivity S/cm) 56.2 58.0 58.0 60.1
Dissolved oxygen (mg/L) 7.6 10.0 10.1  12.2
pH 6.7 7.2 7.2 8.2
Temperature°C) 6.3 7.3 9.5 19.3
Turbidity (NTU) 0.2 0.5 0.5 0.8

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 174
Nitrogen - nitrate/nitrite 4g-N/L) 137.7 375.2 334.1 418.8

Nitrogen - total {tg-N/L) 271.9 460.0 444.6 581[7
Phosphorus - soluble:g-P/L) <5 <5 <5 5.2
Phosphorus - totaj{g-P/L) <5 6.1 6.2 155
Chlorophyll (ug/L) 0.5 2.2 24 5.3
Secchi depth (m) 4.2 6.7 6.5 83
Coliforms - fecal (cfu/100 mL¥) <1 1 1 3

fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer @&~ 1).

Table 6: Summary of Site 4 ambient water quality data, Oct020Sept. 2011.
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H,S (mg/L) NH; (g-N/L)
Year Site1 Site 2 Site 1 Site 2
1999 0.03-0.04 0.40 268.3 42414
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 0.20 324.5 79.3
2008 0.28 0.38 294.5 40419
2009 0.15 0.47 271.3 3012
2010 0.38 0.40 331.3 5113
2011 0.12 0.16 180.9 20944

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

Table 7: October hypolimnetic ammonium and hydrogen submecentrations
at Sites 1 and 2 (20 m). The,B samples have been analyzed by Edge Analytical
since 2005. Earlier samples were analyzed using a HACH fslickit.



2010/2011 Lake Whatcom Report Patfe
Depth T. As T.Cd T.Cr T.Cu T. Fe T. Hg T. Ni T.Pb T.2Z
(m) Date (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L) (g/L)  (mg/L)

Site 1 0 Feb 3,2011 <0.01 <0.0005 <0.001 <0.001 0.020 <0.0001 <0.005 <0.00005 0.004
Site 1 20 Feb 3,2011 <0.01 <0.0005 <0.001 <0.001 0.041 <0.0001 <0.005 0.00009 0.00§
Intake 0 Feb 3,2011 <0.01 <0.0005 <0.001 <0.001 0.020 <0.0001 <0.005 <0.00005 0.005
Intake 10 Feb 3,2011 <0.01 <0.0005 <0.001 0.001 0.012 <0.0001 <0.005 <0.00005 0.004
Site 2 0 Feb 3,2011 <0.01 <0.0005 <0.001 <0.001 0.013 0.0001 <0.005 <0.00005 0.006
Site 2 20 Feb 3,2011 <0.01 <0.0005 <0.001 0.002 0.016 0.0003 <0.005 0.00039 0.01Q
Site 3 0 Feb1,2011 <0.01 <0.0005 <0.001 0.002 0.022 <0.0001 <0.005 <0.00005 0.004
Site 3 80 Feb1,2011 <0.01 <0.0005 <0.001 0.002 0.013 <0.0001 <0.005 <0.00005 0.005
Site 4 0 Feb1,2011 <0.01 <0.0005 <0.001 <0.001 0.026 <0.0001 <0.005 0.00007 0.005
Site 4 90 Feb 1,2011 <0.01 <0.0005 <0.001 0.002 0.028 0.0002 <0.005 <0.00005 0.006
Site 1 0 Aug 4,2011 <0.01 <0.0005 <0.001 0.002 0.018 <0.0001 <0.005 <0.00005 0.004
Site 1 20 Aug 4,2011 <0.01 <0.0005 <0.001 0.002 0.158 <0.0001 <0.005 0.00010 0.00§
Intake 0 Aug 4,2011 <0.01 <0.0005 <0.001 0.002 0.017 <0.0001 <0.005 0.00006 0.003
Intake 10 Aug 4,2011 <0.01 <0.0005 <0.001 0.002 0.016 0.0005 <0.005 <0.00005 0.004
Site 2 0 Aug 4,2011 <0.01 <0.0005 0.001 0.002 0.010 0.0001 <0.005 0.00006 0.004
Site 2 20 Aug 4,2011 <0.01 <0.0005 0.001 0.002 0.033 0.0003 <0.005 0.00006 0.00§
Site 3 0 Aug 2,2011 <0.01 <0.0005 <0.001 <0.001 0.008 <0.0001 <0.005 <0.00005 0.005
Site 3 80 Aug 2,2011 <0.01 <0.0005 <0.001 0.002 0.018 0.0001 <0.005 <0.00005 0.004
Site 4 0 Aug 2,2011 <0.01 <0.0005 <0.001 0.002 0.010 <0.0001 <0.005 0.00038 0.004
Site 4 90 Aug 2,2011 <0.01 <0.0005 <0.001 0.001 0.013 0.001 <0.005 <0.00005 0.004

Table 8: Lake Whatcom 2010/2011 total metals data. Only teels specified in
the monitoring plan are included in this table; the reswts24 additional metals

are available from IWS. The total lead (T. Pb) method chang@®11, resulting
in a much lower detection limit{0.00005 vs<0.001 in previous years).
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TOC TOC
Site Date Depth  (mg/L) Date Depth  (mg/L)
Sitel Feb 3,2011 0 2.9 Aug 4, 2011 0 2.4
Feb 3,2011 20 2.8 Aug4,2011 20 8.4
Intake Feb 3, 2011 0 2.8 Aug 4, 2011 0 24
Feb 3,2011 10 2.8 Aug4,2011 10 2.2
Site2 Feb 3, 2011 0 2.5 Aug 4, 2011 0 2.3
Feb 3,2011 20 3.0 Aug4,2011 15 1.7
Site3 Feb 1, 2011 0 2.0 Aug 2, 2011 0 2.2
Feb 1,2011 80 4.0 Aug 2,2011 80 1.5
Site4 Feb1, 2011 0 3.1 Aug 2, 2011 0 2.2
Feb1,2011 90 3.5 Aug 2,2011 90 1.5

Table 9: Lake Whatcom 2010/2011 total organic carbon data.
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Pct. of Count  Pct. of Count Total Count
Including Excluding Including
Aphanocapsa Aphanocapsa Aphanocapsh
Aphanothece  Aphanothece  Aphanothece
Cyanobacteria (bluegreen algae)
Anabaenaory de Saint-Vincent & Bornet & Flahault 0.4 1.9 3,496
Aphanocapsalageli andAphanothec&lageli 76.6 NA 595,877
Chroomonasiansgirg andeucapsisClements & Shantz <0.1 0.1 106
CyanodictyorPascher anBseudanabaenaauterborn 6.9 29.4 53,49(
MerismopedidVieyen <0.1 0.1 248
MicrocystisLemmermann 0.4 1.8 3,204
PhormidiumKutzing ex Gomont <0.1 0.1 142
Rhabdoderm&chmidle & Lauterborn <0.1 <0.1 18
SnowelleElenkin 4.2 18.2 33,027
Woronichinia naegelianélnger) Elekin 0.1 0.4 801
Chrysophyta (golden algae)
Bitrichia chodatii(Reverdin) Chodat <0.1 0.1 177
Chrysamoeb&. A. Klebs <0.1 <0.1 9
Dinobryon bavaricumimhof 0.1 0.4 774
Dinobryon divergengmhof 0.3 1.3 2,324
Dinobryon sertulariaEhrenberg <0.1 0.2 314
EpipyxisEhrenberg <0.1 0.1 204
MallomonasPerty 0.1 0.3 461
Ochromonag/ysotskii [Wissotsky], <0.1 <0.1 18
ChromulinaL. Cienkowsky, andChrysochromulind.ackey
StichogloeaChodat 0.1 0.3 621
Stylochrysalig=. Stein <0.1 <0.1 4
Chrysophyta (diatoms)
Asterionella formos#&lassall 0.5 2.0 3,709
AulacoseiraThwaites 0.4 1.9 3,368
Cyclotella(Kitzing) Brébisson an@fhalassiosiraCleve 2.7 11.7 21,308
Fragilaria Lyngbye 0.4 1.7 3,036
MelosiraC. Agardh <0.1 <0.1 22
Stephanodiscushrenberg <0.1 0.2 284
Synedre&Ehrenberg 0.6 2.6 4,745
Tabellaria fenistratgLyngbye) Kiitzing 0.7 2.9 5,231
Urosolenia longisetdO. Zacharias) Edlund & Stoermer 0.4 1.8 3,217
diatoms, misc 0.2 0.9 1,580

Table 10: Total count and percent of Cyanobacteria (blwsgatgae) and Chrys-
ophyta (golden algae and diatoms) in samples collectedeagdtehouse, Intake

(20 m), and Site 2 (10 m) between December 2009 and Decemb2r 20
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Pct. of Count  Pct. of Count Total Count
Including Excluding Including
Aphanocapsa Aphanocapsa Aphanocapsa
Aphanothece  Aphanothece  Aphanothece
Chlorophyta (green algae)
Ankistrodesmu€orda <0.1 <0.1 4
AnkyraFott <0.1 <0.1 4
Asterococcu$cherffel andPlanktosphaerid@. M. Smith <0.1 0.1 129
BotryococcuKitzing 0.5 2.0 3,604
Chlamydomonakhrenberg <0.1 0.1 133
Chlorella M. Beijerinck <0.1 <0.1 13
Crucigenia tetrapedigKirchner) Kuntze 0.2 0.7 1,239
CrucigeniellaLemmermann <0.1 <0.1 89
Dictyosphaerium pulchellumd. C. Woods 0.1 0.3 463
Elakatothrix gelatinosaVille 0.1 0.3 624
MonoraphidiunmKoméarkova-Legnerova <0.1 <0.1 18
OocystidNageli & A. Braun 0.1 0.3 540
Pandorina morun{O. F. Muller) Bory de Saint-Vincent <0.1 <0.1 35
PediastrumMeyen <0.1 0.1 257
Pediastrum tetragEhrenberg) Ralfs <0.1 <0.1 80
QuadrigulaPrintz <0.1 0.2 359
Scenedesmideyen 0.8 3.5 6,315
Sphaerocystis schroetefhodat 0.1 0.4 764
Tetraedron minimunfA. Braun) Hansgirg <0.1 0.2 292
Tetraspora lacustrit emmermann 0.1 0.3 531
desmids (misc.) 0.1 0.3 602
Pyrrhophyta (dinoflagellates
Gymnodiniunstein 0.1 0.3 460
PeridiniumEhrenberg <0.1 0.1 138
Peridinium umbonaturf. Stein 0.1 0.5 904
Euglenophyta (euglenoids)
Trachelomonag&hrenberg <0.1 <0.1 13
Cryptophyta (cryptomonads)
Cryptomonaghrenberg 0.5 1.9 3,532
KommabD. R. A. Hill and Chroomonadiansgirg 1.9 8.0 14,595

Table 11: Total count and percent of Chlorophyta (greeneglgad miscellaneous

other types of algae in sampled collected at the gatehautsée (10 m), and Site

2 (10 m) between December 2009 and December 2012.
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Figure 1: Boxplots showing 1988-2010 surface water tenpeys (depth<1
m, all sites and years) with monthly 2011 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: Relationship between dissolved oxygen and tim8itt 1, 12 m.
Kendall's T correlations were used because the data were not mondiosie:

all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 14
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Figure 3: Relationship between dissolved oxygen and tim8itt 1, 14 m.
Kendall's T correlations were used because the data were not mondiosie:

all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 16
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Figure 4: Relationship between dissolved oxygen and tim8it 1, 16 m.
Kendall's  correlations were used because the data were not mondioeas:
all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 18
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Figure 5: Relationship between dissolved oxygen and tim8itt 1, 18 m.
Kendall's  correlations were used because the data were not mondioeas:
all correlations were significant.
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Figure 6: Minimum summer, near-surface dissolved inomyaitrogen concen-
trations (1994-2011, 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
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Figure 7. Median summer, near-surface total phosphorusertrations (1994—
2011, June-Oct, depthsb 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:

all correlations were significant.
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Figure 8: Median summer near-surface chlorophyll conegioins (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 9: Log, plots of median summer, near-surface algae counts (1994;: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 10: Log, plots of median summer, near-surface Cyanobacteria counts
(1994-2010, June-October, deptdiS m). Kendall'sT correlations were used
because the data were not monotonic-linear; all correlatigere significant.
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Figure 11: Lake WhatcorAphanocapsandAphanotheceolonies. Several other
common Lake Whatcom algae taxa are also shown, inclusimoyvellaandCryp-
tomonas See Tables 10-11 (pages 26—27) for a list of algae founceitakte.
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Cyclotella

Figure 12:Cyclotellacell showing extracellular fibers. See Tables 10-11 (pages
26-27) for a list of algae found in the lake.
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Thalassiosira cells
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Figure 13: Thalassiosiracells showing extracellular fibers. See Tables 10-11
(pages 26-27) for a list of algae found in the lake.
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Figure 14: Intake chlorophyll concentrations at 5 and 10emsats. UFRVs, 2007—
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Figure 15: Intake Cyanobacteria counts (5 meters) vs. UFRU87-2011. The
upper figure shows cyanobacteria collected using a plankein(cells/mL or
colonies/mL) and UFRVs (galfit over time. The lower figure show the signifi-
cant correlation between cyanobacteria counts and UFRpsanocapsgAphan-
othece and similar Cyanobacteria were counted as colonies. c&tlue lines
show Jan. 1 of each year.
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Figure 16: Gatehouse total algae and settled Cyanobactends vs. UFRVs, De-
cember 2009-November 2011. Upper figure shows total algastsdcells/mL)
and UFRVs (gal/ft) over time. The lower figure shows Cyanobacteria counts
(cells/mL) and UFVRs over time. Aphanocapsa Aphanotheceand similar
Cyanobacteria were counted using cell estimates and dtedin@ost of the total
cell counts. February 9, 2010 cyanobacteria count is ndtqulqoff-scale — O
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2010/2011 Lake Whatcom Report Page

Site 1 Site 2
o _] o
— tau = 0.475 — tau = 0.373
p-value<0.05 p-value <0.05
o - 0 -
- d
D D
E o©- E o-
Q Q
O O
L =
X x
© ©
= =
N o~
o - o
T T T T T T
2000 2005 2010 2000 2005 2010
Site 3 Site 4
o
n _| tau = 0.403 — tau = 0.458
— p-value <0.05 p-value <0.05
0 -
g g
[=2) =)
3 S E © -
Q Q
O O
[ = <
3 v 3
= =
~
o - o
T T T T T T
2000 2005 2010 2000 2005 2010

Figure 17: 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 18: Total organic carbon concentrations at the mi{@#f-shore, surface
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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 19: Total trihalomethanes (TTHMs) and haloacetidsa¢HAAS) con-
centrations in the Bellingham water distribution syste®92-2011. Data were
provided by the City of Bellingham Public Works DepartmeKendall’s = cor-
relations were used because the data were not monotoergxjinorrelations for
THMS (Jan-Dec and Qtr 3) and Jan-Dec HAAs 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. Mignsamples 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 106.

3.2 Field Sampling and Analytical Methods

The tributaries were sampled on October 12, November 9, acdmber 7, 2010;
and on January 11, February 8, March 8, April 19, May 20, July, 11, August
9, and September 13, 2011.

The analytical procedures for sampling the tributariessaramarized in Table
1 (page 17). 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 weegael for each analysis
were followed (see Table 1). The bacteria samples were aedlyy the City of

Bellingham. Total metals analyses (arsenic, cadmium,ohnm, copper, iron,

mercury, nickel, lead, and zinc) and total organic carbaalye®es were done by
AmTest!® All other analyses were done by WWU.

BAmTest, 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 12-24 (pages »@r62the bian-
nual metals and total organic carbon data are listed in $étie26 (pages 63—64).
Historic data from 2004 through the current monitoring pérare plotted in Ap-
pendix B.4 (Figures B131-B169, pages 244-282). These fgunckide 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 lower dissolved oxyggrentrations, which
is typical for streams in developed watersheds (Figures3gitgl B136).

Most of the creeks in the Lake Whatcom watershed had relgtioe concentra-
tions of dissolved solids, indicated by pH levels near 6.5-Median conductivi-
ties<100uS, and median alkalinities20 mg/L (Table 24; Figures B137-B145).
Sites that did not match this description included the esidl tributaries (Euclid,
Millwheel, and Silver Beach Creeks and the Park Place deaid)Blue Canyon
Creek, which drains an area rich in soluble minerals. Mdstsilso had low total
suspended solids concentratiorb(mg/L) and low turbidities€5 NTU) except
during periods of high precipitation and runoff (FiguresAB+B151).

Ammonium concentrations were generally low10 ;.g-N/L) except in the res-
idential streams (Table 24; Figures B152—-B154). Ammoniwasdnot persist
long in oxygenated surface waters. When present in streaosjally indicates
a near-by source such as an upstream wetland with anaemlsiosa pollution

source.

Most of the creeks had lower total nitrogen and nitratedigticoncentrations than
Smith Creek (Figures B155— B160). The relatively high nérand total nitrogen
concentrations in Smith Creek is probably due to the presehaitrogen-fixing
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alders Alnus rubrg in the riparian zone upstream from the sampling site. High
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 2010/2®0&Imedian soluble
phosphate concentrations werd 0 g-P/L at all sites except Euclid and Silver
Beach Creeks and the Park Place drain. The historic dateaitedihat although
soluble phosphate concentrations were generally lowlyhaHrsites have had a
few high peaks, and high concentrations were common ineatal streams.

Total phosphorus concentrations were higher than solutdeghate concentra-
tions (Figures B161-B166). The median 2010/2011 conceorisawere<20
1g-P/L at all sites except Euclid, Mill Wheel, and Silver BeaCreeks and the
Park Place drain. As with soluble phosphate, nearly al¢itese had occasional
high total phosphorus peaks, and high concentrations warenon in samples
from residential sites.

High coliform counts are an indicator of residential pathat (Table 24; Figures
B167-B169). Although most of the sites had low coliform cisun 2010/2011,
three sites exceeded a geometric mean of 50 cfu/100 mL (Gmpéillwheel,
and Silver Beach Creeks) and five sites had more than 10% fatingles with
counts>100 cfu/100 mL (Carpenter, Euclid, Millwheel, and Silverdgté Creeks
and the Park Place drain).

The total organic carbon and metals concentrations wetamaxpected ranges
for surface waters in the watershed (Tables 25-26). Mostefietals concen-
trations were at or below detection levels. Chromium, cogpan, and zinc were
often detectable, but were within normal ranges . Lead wesnafetected, but
as indicated in Section 2.3.8 (page 15), this representsiagehin the analytical
method, not an increase in the lead levels. All of the leadtentrations were less
than or equal to the historic detection level of 0.001 mg/L.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 153 17.3 176 225
Conductivity (©S/cm) 46.4 55.6 56.4 653
Dissolved oxygen (mg/L) 93 114 114 133
pH 6.8 7.0 7.0 7.2
Temperature°C) 2.8 7.8 8.0 1275
Total suspended solids (mg/L) <2 2.7 45 18.2
Turbidity (NTU) 07 24 50 22.7
Nitrogen - ammoniumg(g-N/L) <10 <10 <10 275
Nitrogen - nitrate/nitrite 4g-N/L)  62.7 467.9 390.4 661.p
Nitrogen - total {tg-N/L) 160.1 615.0 509.6 776.9
Phosphorus - soluble:g-P/L) 5.1 6.3 6.8 11.1
Phosphorus - totaj{g-P/L) 10.5 16.0 19.8 47.2
Coliforms - fecal (cfu/100 mL¥) <1 13 9 46

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

Table 12: Summary of Anderson Creek water quality data, Z00—Sept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 12.3 155 19.6 38.0
Conductivity (©S/cm) 48.0 57.3 72.8 1419
Dissolved oxygen (mg/L) 9.7 117 116 135
pH 7.2 7.3 7.4 7.1
Temperature°C) 2.9 7.8 8.2 13.7
Total suspended solids (mg/L) <2 <2 2.1 6.7
Turbidity (NTU) 05 15 1.8 4.9
Nitrogen - ammoniumg(g-N/L) <10 <10 <10 125
Nitrogen - nitrate/nitrite 4g-N/L) 238.4 504.5 495.6 836.5
Nitrogen - total {tg-N/L) 300.1 612.4 590.1 9206
Phosphorus - soluble:g-P/L) 5.5 7.6 85 12.%
Phosphorus - totaj{g-P/L) 86 151 145 17.8
Coliforms - fecal (cfu/100 mL¥) 1 13 14 120

(Percent of samples100 cfu/100 mL = 8)
fUncensored arithmetic means except coliforms(geomet@n)
iCensored values replaced with closest integer (&= 1).

Table 13: Summary of Austin Creek water quality data, OcL@®Bept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 815 133.3 1294 1579
Conductivity («S/cm) 199.8 286.0 275.7 3100
Dissolved oxygen (mg/L) 98 11.6 11.7 14.1
pH 8.0 8.3 8.3 8.4
Temperature°C) 2.7 8.5 8.6 14.8
Total suspended solids (mg/L) <2 2.1 2.3 3.8
Turbidity (NTU) 0.9 1.9 2.0 3.6

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 16.0
Nitrogen - nitrate/nitrite 4g-N/L) 128.4 305.1 339.0 904.8

Nitrogen - total {tg-N/L) 186.4 4045 482.2 1056.7
Phosphorus - soluble:g-P/L) 6.5 9.1 9.0 11.5
Phosphorus - totaj{g-P/L) <5 117 10.7 14.8
Coliforms - fecal (cfu/100 mL) <1 7 5 32

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

Table 14: Summary of Blue Canyon Creek water quality datat. @810—
Sept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 7.0 8.9 11.0 23.4
Conductivity («S/cm) 33.7 39.6 41.2 62.2
Dissolved oxygen (mg/L) 0.8 114 10.4 13.3
pH 6.6 6.9 6.9 7.1
Temperature°C) 3.0 8.1 8.3 13.9
Total suspended solids (mg/L) <2 <2 <2 2.6
Turbidity (NTU) 01 1.3 1.2 2.1

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 13.1
Nitrogen - nitrate/nitrite 4g-N/L) 170.2 526.4 550.8 10239

Nitrogen - total {tg-N/L) 220.6 655.7 643.9 11110
Phosphorus - soluble:g-P/L) <5 <5 <5 5.9
Phosphorus - totaj{g-P/L) <5 10.0 10.6 25.0
Coliforms - fecal (cfu/100 mL¥) <1 4 4 12

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

Table 15: Summary of Brannian Creek water quality data, 2210-Sept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 13.9 19.0 24.1 45.0
Conductivity S/cm) 60.3 68.6 75.9 115[7
Dissolved oxygen (mg/L) 9.4 11.4 11.4 13.7
pH 7.3 7.4 7.4 1.1
Temperature°C) 2.5 7.9 8.6 154
Total suspended solids (mg/L) <2 2.1 2.0 3.3
Turbidity (NTU) 0.7 3.3 3.1 4.9

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 <10
Nitrogen - nitrate/nitrite 4g-N/L) 294.5 889.1 855.3 17470

Nitrogen - total {1g-N/L) 428.4 1160.0 1083.3 1954|7
Phosphorus - soluble:g-P/L) 5.2 7.6 10.5 20.7
Phosphorus - totaj{g-P/L) 16.3 19.6 20.0 25.8
Coliforms - fecal (cfu/100 mL¥) 31 100 94 370

(Percent of samples100 cfu/100 mL =55
fUncensored arithmetic means except coliforms(geometi@n)
iCensored values replaced with closest integer (&= 1).

Table 16: Summary of Carpenter Creek water quality data, ZDdt0—Sept. 2011.
Carpenter Creek had negligible flow on September 13, 201lyvater quality
samples were collected under these conditions.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 20.8 26.6 33.8 57.6
Conductivity («S/cm) 80.0 101.9 107.3 1419
Dissolved oxygen (mg/L) 8.2 10.8 10.7 12.3
pH 7.1 7.4 7.3 7.5
Temperature°C) 3.6 8.4 8.6 14.Q
Total suspended solids (mg/L) <2 2.8 3.5 13.1
Turbidity (NTU) 1.1 3.7 3.9 11.2

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 28.9
Nitrogen - nitrate/nitrite 4g-N/L) 109.3 504.1 576.3 11234

Nitrogen - total {tg-N/L) 255.6 776.9 747.8 12915
Phosphorus - soluble:g-P/L) 7.2 111 11.5 17.4
Phosphorus - totaj{g-P/L) 176 23.0 23.7 30.9
Coliforms - fecal (cfu/100 mL¥) 6 36 43 390

(Percent of samples100 cfu/100 mL = 27)
fUncensored arithmetic means except coliforms(geomet@n)
{Censored values replaced with closest integer (&= 1).

Table 17: Summary of Euclid Creek water quality data, OclL(®®bBept. 2011.
Euclid Creek had negligible flow on September 13, 2011; nemnagtality sam-
ples were collected under these conditions.
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Variable Min.  Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 19.4 32.1 38.6 79.7
Conductivity S/cm) 80.3 915 106.9 17411
Dissolved oxygen (mg/L) 1.0 11.0 9.7 12.9
pH 7.1 7.3 7.3 7.9
Temperature°C) 3.0 8.1 9.4 20.5
Total suspended solids (mg/L) <2 5.6 9.5 35.8
Turbidity (NTU) 4.4 7.4 8.5 17.2

Nitrogen - ammoniumg(g-N/L) <10 <10 43.9 291.7
Nitrogen - nitrate/nitrite 4g-N/L) <20 684.7 829.8 1932.3

Nitrogen - total {1g-N/L) 523.3 1250.7 1318.4 2231}8
Phosphorus - soluble:g-P/L) 6.7 8.5 10.0 22.6
Phosphorus - totaj{g-P/L) 22.4 32.8 52.8 180.3
Coliforms - fecal (cfu/100 mL¥) 40 120 149  110C

(Percent of samples100 cfu/100 mL =70
fUncensored arithmetic means except coliforms(geometi@n)
iCensored values replaced with closest integer (&= 1).

Table 18: Summary of Millwheel Creek water quality data, Qo10—Sept. 2011.
Millwheel Creek had negligible flow on August 9 and Septemb&r2011; no
water quality samples were collected under these condition
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 124 16.6 22.1 48.9
Conductivity («S/cm) 47.3 59.7 68.8 1298
Dissolved oxygen (mg/L) 9.7 115 11.6 13.9
pH 72 7.3 7.4 7.8
Temperature°C) 2.4 7.7 8.6 15.1
Total suspended solids (mg/L) <2 3.3 6.0 25.4
Turbidity (NTU) 06 3.2 46  17.6

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 11.0
Nitrogen - nitrate/nitrite 4g-N/L) 420.1 742.4 805.8 13566

Nitrogen - total {tg-N/L) 498.6 875.5 9155 14784
Phosphorus - soluble:g-P/L) 5.3 9.5 10.8 18.2
Phosphorus - totaj{g-P/L) 111 184 18.4 23.6
Coliforms - fecal (cfu/100 mL¥) <1 11 7 106

(Percent of samples100 cfu/100 mL =9)
TUncensored arithmetic means except coliforms(geomee@n)
{Censored values replaced with closest integer (&= 1).

Table 19: Summary of Olsen Creek water quality data, Oct028&pt. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 63.6 885 86.0 110.8
Conductivity («S/cm) 1742 221.0 2247 289|0
Dissolved oxygen (mg/L) 7.2 10.0 9.7 119
pH 74 75 7.6 8.0
Temperature°C) 51 111 115 18.8
Total suspended solids (mg/L) <2 <2 <2 3.4
Turbidity (NTU) 1.3 24 2.7 4.8
Nitrogen - ammoniumy(g-N/L) <10 18.1 28.2 83.6
Nitrogen - nitrate/nitrite 4g-N/L) 161.9 514.9 599.8 12119
Nitrogen - total {tg-N/L) 423.3 775.8 851.6 14684
Phosphorus - soluble:g-P/L) 145 234 24.8 47.2
Phosphorus - totaj{g-P/L) 254 352 40.4 73.5
Coliforms - fecal (cfu/100 mL¥) 8 35 35 160

(Percent of samples100 cfu/100 mL = 17)

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

Table 20: Summary of Park Place drain water quality data, Zdt0—-Sept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 43.0 715 79.4 1423
Conductivity («S/cm) 126.5 181.0 198.4 3350
Dissolved oxygen (mg/L) 9.2 10.9 11.0 13.2
pH 7.7 79 7.9 8.2
Temperature°C) 3.0 9.7 9.9 15.8
Total suspended solids (mg/L) <2 2.3 2.4 3.9
Turbidity (NTU) 2.2 4.1 4.8 8.0

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 15.7
Nitrogen - nitrate/nitrite 4g-N/L) 341.4 554.9 605.5 13779

Nitrogen - total {tg-N/L) 599.5 799.0 8825 16728
Phosphorus - soluble:g-P/L) 94 15.9 18.3 33.2
Phosphorus - totaj{g-P/L) 247 305 32.8 47.1
Coliforms - fecal (cfu/100 mL¥) 24 150 152  220¢

(Percent of samples100 cfu/100 mL = 58)
TUncensored arithmetic means except coliforms(geomee@ny)
{Censored values replaced with closest integer (&= 1).

Table 21: Summary of Silver Beach Creek water quality dataj. @Q010—
Sept. 2011.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 11.8 144 18.1 33.8
Conductivity («S/cm) 447 544 58.8 96.6
Dissolved oxygen (mg/L) 99 118 11.9 14.1
pH 7.2 7.3 7.4 7.1
Temperature°C) 2.6 7.6 8.3 14.6
Total suspended solids (mg/L) <2 2.0 2.3 5.4
Turbidity (NTU) 03 15 1.7 4.Q
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10
Nitrogen - nitrate/nitrite 4g-N/L) 333.0 769.8 830.1 14017
Nitrogen - total {tg-N/L) 421.0 888.1 935.2 15184
Phosphorus - soluble:g-P/L) 5.3 8.2 8.8 134
Phosphorus - totaj{g-P/L) 89 135 13.7 18.1
Coliforms - fecal (cfu/100 mL¥) <1 4 4 46

(Percent of samples100 cfu/100 mL = 0)

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

Table 22: Summary of Smith Creek water quality data, Oct02@&ept. 2011.
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Nitrogen - ammoniumg(g-N/L)
Nitrogen - total {tg-N/L)

Phosphorus - soluble:g-P/L)
Phosphorus - totaj{g-P/L)

Coliforms - fecal (cfu/100 mL¥)

Nitrogen - nitrate/nitrite g-N/L)
231.3

(Percent of samples100 cfu/100 mL = 0)

NN

Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 19.2 204 205 215
Conductivity (©S/cm) 60.3 62.0 62.1 63.
Dissolved oxygen (mg/L) 8.6 10.6 105 121
pH 7.4 7.5 7.5 8.0
Temperature°C) 51 11.8 12.3 21.0
Total suspended solids (mg/L) <2 <2 <2 3.7
Turbidity (NTU) 09 1.2 1.2 1.7

<10 <10 <10 30.6
<20 1929 186.2 345.
363.0 365.1 494.

[ BAY

<5 <5 <5 51
<5 111 10.4 18.0

<1 5 4 18

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

Table 23: Summary of Whatcom Creek water quality data, @d02Sept. 2011.
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Typical range Anderson  Austin Brannian Olsen Smith Whatgom
Alkalinity med. <20 mg/L yes yes yes yes yes yes
Conductivity med<100uS yes yes yes yes yes yes
pH 6.5-7.5 yes yes yes yes yes yes
T. susp. solids med<5 mg/L yes yes yes yes yes yes
Turbidity med.<5 NTU yes yes yes yes yes yes
Ammonium med<10 ug-N/L yes yes yes yes yes yes
Sol. phosphate med: 10 g-P/L yes yes yes yes yes yes
T. phosphorus  med<20 ng-P/L yes yes yes yes yes yes
F. coliforms GM<50 cfu yes yes yes yes yes yes

More than 10% no no no no no no

exceed 100 cfu

Blue Mill Park Silver

Typical range Canyon Carpenter Euclid Wheel Place Beach
Alkalinity med. <20 mg/L no yes no no no no
Conductivity med<100uS no yes no yes no no
pH 6.5-7.5 no yes yes yes yes no
T. susp. solids med<5 mg/L yes yes yes no yes yes
Turbidity med.<5 NTU yes yes yes no yes yes
Ammonium med<10 ug-N/L yes yes yes yes no yes
Sol. phosphate med10 ug-P/L yes yes no yes no no
T. phosphorus  med<20 ug-P/L yes yes no no no no
F. coliforms GM<50 cfu yes no yes no yes no

More than 10% no yes yes yes yes yes

exceed 100 cfu

Table 24: Comparison of water quality features in Lake Wiiat¢ributaries.
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T. As T.Cd T.Cr T.Cu T. Fe T.Hg T. Ni T.Pb T.Z

Date (mg/L) (mg/L)  (mg/lL) (mg/L) (mg/L) (mg/L)  (mg/L) (mgl.  (mg/L)

Anderson Feb 16,2011 <0.01 <0.0005 <0.001 <0.001 0.191 <0.0001 <0.005 0.00018 <0.001
Austin (lower)  Feb 16,2011 <0.01 <0.0005 0.002 0.001 0.190 <0.0001 <0.005 0.00017 <0.001
Blue Canyon Feb 16,2011 <0.01 <0.0005 <0.001 0.002 0.131 <0.0001 <0.005 0.00052 <0.001
Brannian Feb 16,2011 <0.01 <0.0005 <0.001 0.001 0.134 <0.0001 <0.005 0.00029 <0.001
Carpenter Feb 16,2011 <0.01 <0.0005 <0.001 0.002 0.253 <0.0001 <0.005 0.00020 <0.001
Euclid Feb 16,2011 <0.01 <0.0005 0.001 0.002 0.214 <0.0001 <0.005 0.00026 <0.001
Millwheel Feb 16,2011 <0.01 <0.0005 <0.001 0.002 0.449 <0.0001 <0.005 0.00030 0.002
Olsen Feb 16,2011 <0.01 <0.0005 <0.001 0.001 0.243 <0.0001 <0.005 0.00014 <0.001
Park Place Feb 16,2011 <0.01 <0.0005 <0.001 0.003 0.339 <0.0001 <0.005 0.00026 0.010
Silver Beach Feb 16,2011 <0.01 <0.0005 0.002 0.002 0.510 <0.0001 <0.005 0.00026 0.004
Smith Feb 16, 2011 <0.01 <0.0005 0.001 0.001 0.145 <0.0001 <0.005 0.00013 0.002
Whatcom Feb 16,2011 <0.01 <0.0005 <0.001 0.001 0.059 <0.0001 <0.005 0.00014 0.003
Anderson Jul 13,2011 <0.01 <0.0005 0.001 0.002 0.582 <0.0001 <0.005 0.00016 0.003
Austin (lower)  Jul 13,2011 <0.01 <0.0005 <0.001 0.002 0.158 <0.0001 <0.005 0.00005 0.003
Blue Canyon Jul 13,2011 <0.01 <0.0005 <0.001 0.002 0.503 <0.0001 <0.005 0.00023 0.009
Brannian Jul 13,2011 <0.01 <0.0005 <0.001 0.002 0.268 <0.0001 <0.005 0.00009 0.004
Carpenter Jul 13,2011 <0.01 <0.0005 <0.001 0.001 0.129 <0.0001 <0.005 <0.00005 0.004
Euclid Jul 13,2011 <0.01 <0.0005 <0.001 0.005 0.458 <0.0001 <0.005 0.00009 0.004
Millwheel Jul 13, 2011 <0.01 <0.0005 0.002 0.003 2.120 <0.0001 <0.005 0.00036 0.004
Olsen Jul 13,2011 <0.01 <0.0005 <0.001 0.001 0.106 <0.0001 <0.005 <0.00005 0.004
Park Place Jul 13,2011 <0.01 <0.0005 <0.001 0.004 0.388 <0.0001 <0.005 0.00011 0.005
Silver Beach Jul 13,2011 <0.01 <0.0005 <0.001 0.003 0.301 <0.0001 <0.005 <0.00005 0.005
Smith Jul 13,2011 <0.01 <0.0005 <0.001 0.002 0.034 <0.0001 <0.005 <0.00005 0.004
Whatcom Jul 13,2011 <0.01 <0.0005 <0.001 0.001 0.079 <0.0001 <0.005 0.00026 0.007

Table 25: Lake Whatcom tributary data: total metals
the monitoring plan are included in this table; the reswts24 additional metals

are available from IWS. This parameter is sampled twice gaen. The total

. Ondyrtfetals specified in

lead (T. Pb) method changed in 2011, resulting in a much laleezction limit
(<0.00005 vs<0.001 in previous years).



2010/2011 Lake Whatcom Report Pdife

TOC TOC
Site Date (mg/L) Date (mg/L
Anderson Feb 8,2011 <1 Jul11,2011 14
Austin (lower) Feb 8,2011 <1 Jul 11,2011 1.8
Blue Canyon  Feb 8, 2011 7.6 Jul 11, 2011 1.4
Brannian Feb 8,2011 <1 Jul11,2011 2.1
Carpenter Feb 8, 2011 2.6 Jul 11, 2011 2.0
Euclid Feb 8, 2011 2.4 Jul 11, 2011 3.0
Millwheel Feb 8, 2011 5.9 Jul 11,2011 12.0
Olsen Feb 8,2011 3.4 Jul 11,2011 2.1
Park Place Feb 8, 2011 5.8 Jul 11, 2011 4.9
Silver Beach  Feb 8,2011 54 Jul11,2011 5.6
Smith Feb 8, 2011 2.9 Jul 11, 2011 1.1
Whatcom Feb 8, 2011 3.4 Jul 11, 2011 2.5

Table 26: 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 20-21 (pages 71-72). The locatioraoh dnydrograph
is described in Appendix A.2. All hydrograph data, incluglidata from previ-

ous years, are online at http://www.wwu.edu/iws. Detafleldl notes and rating
curves for each water year are available from the Institotéfatershed Studies.
All results are reported as Pacific Standard Time, withoutlight Saving Time

adjustment.

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 = chast@rage (Table
27, page 68). Inputs into the lake include direct preciftatrunoff (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 DistdtThe change in storage is estimated
from daily lake-level changes. All of these are measuredtjies provided by
the City of Bellingham except for evaporation, diverted evaand runoff.

Daily direct-precipitation magnitudes on the lake surfa@ge estimated using
the precipitation data recorded at the Bloedel Donovang@egatehouse, North
Shore, and Brannian Creek gauges. Due to an equipment rotitfat the North
Shore gauge, rainfall data from January 18 to February 1& weplaced with
rainfall data from the Geneva gatehouse gauge. The minineamyyrainfall (44.5
inches) was recorded at the Bloedel Donovan gauge, the maxif62.4 inches)
was recorded at the Brannian creek gauge. A daily weightedage rainfall
average was calculated using a Python script that emplogpdtal interpolation
technique (inverse distance weighted) in ArcGIS to distebrainfall from the

19 ocated at the Georgia Pacific site
2OFormerly Water District #10
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four gauges over a 10 meter raster of the lake. The averaget-lirecipitation
depth (inches) for a given day was converted to volume iniomdl of gallons
(MG) via a rating curve generated from the lake level-arga @itchell et al.,
2010). The rating curve accounts for changes in surfacedrtee lake due to
lake level changes. The average annual direct rainfalltdetke for the water year
2010/2011 was 51.2 inches (6,900 MG); 71% of which occuretd/éen October
1 and April 1.

Daily diversion volumes were estimated using a hydrograpasation technique
based on daily discharge data from the Anderson Creek USfe@nstgauge
(USGS 12201950), modeled streamflow using the Distributedrélogy-Soils-
Vegetation Model (DHSVM), and the outfall valve log-sheeipded by the City
of Bellingham. The DHSVM is a spatially distributed, phyalg based numerical
model that was calibrated to the Anderson Creek basin (Mathet al., 2007).
The log-sheet documents the dates and times that the disexrsis operating and
the valve opening percent. These dates and times were dooatde hydrograph.
The natural streamflow was estimated by the DHSVM and manuaihoved
from the USGS hydrograph. The remaining volume was usedtiito&® a daily
volume discharging to the lake from the diversion. The dugfste was never open
more than 30%, which on average accounted for about 18—20 &t@gy dur-
ing dry periods. As such, if the hydrograph separation tegleyielded a value
greater than 20 MG during a storm event, it was set to 20 MG.réymately
2,629 MG were diverted into the lake in 2010/2011.

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 treasger concepts. The
method requires daily average incident solar radiatiarteanperature, dew point
temperature, and wind speed. Hourly data from the Northé&Siweather 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 20.5 is€Ber70 MG), 82%
of which occurred between April and September.

Daily change in storage was determined by subtracting eagk lhke 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;
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small lake level changes correspond to large lake volumks.dhily net change
in lake level (inches) was converted to a volume (MG) via engaturve generated
from the lake level-volume data developed by Mitchell et(2010). The rating
curve accounts for changes in volume of the lake due to laks thanges. The
median total lake volume in 2010/2011 was 252,637 MG. Figdirdpage 73)
shows daily lake-volume values for the past five years. Tha®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.

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. THeMMHwas also

used to simulate runoff into the lake.

The daily water balance quantities were summed into 7-d&fstowhich were
used to generate Figures 23-26 (pages 74—77). Figure 23 shaday summed
totals for inputs, outputs, and change in storage. All thpiis except runoff are
shown in Figure 24; all outputs except Whatcom Creek are shiowrigure 25.

Due to their much higher magnitude, runoff and Whatcom Cdegl are included
on Figure 26.

Yearly water balance totals are listed in Table 27 (page B8)gawith data from

four previous water years. The total volume of outputs in WY2were 15.8% 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 6.3 year residence tinté Tables 28 and 29 (pages 69—70) show the 2010/2011
total input and output volumes along with the correspondirathly percentage
of each total.

21Although 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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WY2011

(9/30/10-10/1/11)

WY2010
(9/30/09-10/1/10)

WY2009

(9/30/08-10/1/09)

WY2008
(9/30/07—10/1/08)

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

WY2007

Inputs (MG) T
Direct Precipitation
Diversion

Runoff

Total

Outputs (MG%)
Whatcom Creek
Hatchery

Puget Sound Co-Gen
City of Bellingham

LW Water/Sewer Distr.
Evaporation

Total 39,847 (100%) 29,589 (100%) 34,317 (100%)
Net change in storage -1,609 1,384 -2,115 2,033 -520
Median lake volume (MG) 252,637 252,074 252,433 253,003 252,759
Outflow percent of volume 15.8% 11.7% 13.6 13.4% 15.6%
Residence time (years) 6.3 8.5 7.4 7.5 6.4

6,900 (18.0%)
2,629 (6.9%)
28,709 (75.1%)
38,238 (100%)

32,351 (81.2%)
851 (2.1%)

57 (0.1%)
3,593 (9.0%)
226 (0.6%)
2,770 (7.0%)

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%)
2,592 (8.8%)

5,712 (17.7%)
0 (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%)
2,723 (7.9%)

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%)
2,807 (8.3%)

33,883 (100%)

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%)
39,376 (100%)

TRunoff = surface runoff + groundwater; no diversion inputs\'Y2009.
fBased on the assumption that water in the lake is completadgdrand flow is steady state (i. e., inputs = outputs)

Table 27: Annual water balance quantities for the Lake Wiratevatershed,
WY2007-WY2011.
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Input Percents
Month | Diversion Precipitation Runoff Total
Oct 7.88 6.60 3.04 4.02
Nov 15.24 10.91 9.39 10.06
Dec 3.15 15.87 21.01 18.86
Jan 1.67 18.05 24.7% 21.95
Feb 3.84 7.56 6.22 6.30
Mar 6.69 13.00 13.36 12.84
Apr 5.13 10.45 13.83 12.62
May 13.92 9.25 10.88 10.79
Jun 21.27 2.04 0.84 2.46
Jul 20.66 2.94 -0.74 1.39
Aug 0.55 0.64 -2.01 -1.35
Sep 0.00 2.69 -0.5 0.06

Input Volume (MG)
Total 2,629 6,900 28,709 38,238

TRunoff = surface runoff + groundwater;

Table 28: Monthly input water balance quantities for the ¢ &hatcom water-
shed, October 2010-September 2011.
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Output Percents
Month WC Hatch PSE COB WSD Evap Total
Oct 988 1044 681 7.85 8.11 4.25 931
Nov 10.70 11.14 6.67 7.25 852 2.02 9.78
Dec 19.36 12.19 3.02 7.18 8.09 1.2816.76
Jan 2154 1235 10.23 754 7.80 1.0718.56
Feb 961 798 2745 6.59 6.94 3.16 8.87
Mar 142 826 073 7.19 7.79 593 244
Apr 1233 7.73 30.21 7.01 7.68 8.1411.46
May 1052 798 055 7,59 8.22 11.3610.23
Jun 1.25 6.12 0.14 892 852 1574 3.09
Jul 083 577 1.88 10.40 9.40 16.66 2.95
Aug 1.14 521 357 1224 9.92 1844 3.48
Sep 143 483 8.75 10.24 8.99 11.94 3.08

Output Volume (MG)
Total | 32,351 851 57 3,593 226 2,771(89,847
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 29: Monthly output water balance quantities for thied_#hatcom water-
shed, October 2010-September 2011.
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Figure 20: Austin Creek hydrograph, October 1, 2010-Selp¢er80, 2011. Data
were recorded at 15 minute intervals.
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Figure 21: Smith Creek hydrograph, October 1, 2010-Septe® 2011. Data
were recorded at 15 minute intervals.
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Figure 22: Comparison of Lake Whatcom daily lake volumesWY2007—
WY2011. Horizontal line represents median lake volumelfierpgeriod plotted.
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Figure 23: Summary of 7-day inputs, outputs, and changesake Whatcom
storage, October 1, 2010-September 30, 2011.
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Figure 24: Lake Whatcom watershed direct hydrologic inpOtstober 1, 2010—
September 30, 2011. Runoff is included on Figure 26 as destiin Section
4.2.
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Figure 25: Lake Whatcom watershed hydrologic withdraw@istober 1, 2010-
September 30, 2011. Whatcom Creek outputis included on&Rfuas described
in Section 4.2.
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Figure 26: Summary of 7-day Whatcom Creek flows, water ba&aunnoff esti-
mates, and DHSVM runoff estimates, October 1, 2010-SepeB() 2011.
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5 Storm Water Monitoring

5.1 Site Descriptions

The storm water monitoring program was revised in 2009 ta$omn collecting
baseline data at the Silver Beach Creek outlet and the Ntwdhe®rive overlay.
Both sites were monitored in 2009/2010 (see Matthews, €2@1.1). During the
2010/2011 monitoring period, the emphasis was on collgaihditional storm
water samples from Silver Beach Creek. For information abther storm water
sites that have been monitored by IWS, refer to the annuathtfisted in Section
6.2 (page 97).

5.2 Field Sampling and Analytical Methods

Flow-paced discrete samples were collected at the USGSrgaside near the
mouth of Silver Beach Creek (Figure A3, page 107) using ardS@mpler pro-
vided by the City of Bellingham. A total of six storm eventsr&esampled be-
tween October 2010 and April 2011 (Table 30, page 82). Allh&fse storms
met the precipitation goa{1 cm in 24 hr) and included samples from the rising
and falling leg of the hydrograph. Each storm event was gavenique number
(Events #11-16; Events #1-10 were discussed in Matthewat, 2011).

The sampler was calibrated to collect 20-24 flow-paced sssnglring each
storm event. The samples were analyzed to measure totadrsiesg solids, to-

tal phosphorus, soluble phosphate, total nitrogen, amdtaihitrite following the
methods summarized in Table 1 (page 17). Stream elevatiagg$ieight) was
recorded at 15 minute intervals during each storm event dreghva water sam-
ple was collected? Stream flow was estimated from stage height (ft) using the
following rating curves.

Oct - Dec 2010: Flow (cfs)
Feb - Apr 2011: Flow (cfs)

(2.6402 stage height — 9.1803)
(2.7108 stage height —9.3703)

2?The flow-paced water samples were collected at irregulariats based on stream flow, so
the sampling time rarely coincided with the automatic 15+stage height measurements.
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Sample stage height data (and estimated flow rates) wereohetted for a few
samples due to instrumentation error. For these samplestéige height at the
time of sampling was estimated using a time-weighted aeeodgdjacent 15-min
interval stage height data.

5.3 Results and Discussion

The amount and intensity of precipitation varied betweennstevents. Four
events (11, 12, 13, and 15) had a maximum 24-hr total of 130eth and two
events (14 and 16) had a maximum 24-hr total of 3.6 cm (Tab)e A@hough
Events 14 and 16 had similar maximum 24-hr precipitatioal$ot3.6 cm), Event
14 had much higher flow rates (see solid blue lines on Figure82, pages 83—
87).

Total suspended solids and total phosphorus increasedtngdim flow, especially
during high flow events (Figures 27-28, Events 14 & 16). Evdidtand 12 also
had high suspended solids and phosphorus peaks, desaitealgllow flow rates.
Soluble phosphate and total nitrogen, were less consjsemtetimes increasing
with flow and other times showing little relationship to thydhograph (Figures
29-30). Nitrate concentrations were usually diluted bycimigation (Figure 31).

Correlation analysis was used to test the relationship &stvetream flow, stream
elevation (stage height), and water quality (Figures 32p88es 88-94). Both
stage height and stream flow were included because streansféstimated from
a rating curve, so it contains uncertainty; stage heightdsect measurement of
the height of water in the stream.

Total suspended solids and total phosphorus were sigrifjceorrelated with
stream flow and stage height (Figures 32 and 33). This wasstenswith the
results illustrated in Figures 27 and 28. In addition, tstadpended solids and
total phosphorus were highly correlated with each othegufe 34). Total phos-
phorus is often adsorbed to the surface of sediment partanid is transported
with sediments in storm runoff.

Figures 32 and 33 suggest that the correlations betweendémiiment, and phos-
phorus are excellent at high flow rates but very poor at loes.afhis is mostly
an artifact from combining storm event data. If the total gttworus data are sep-
arated by storm event, the individual correlations arei@ant regardless of flow
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rate (Figure 35). In theory, the “best” statistical apptoaould be to evaluate all
data separately by storm event, but this is not always fegsib even desirable,
especially if the the goal is to develop a simple model ofytalht transport as a
function of stream flow.

The soluble phosphate, total nitrogen, and nitrate conagoms were also signifi-
cantly correlated with stream flow and stage height (FigBfes38). As with total
suspended solids and total phosphorus, there were obvifieedces between
storm events, and more information could be obtained by éxamthe data sep-
arately by event. This is beyond the scope of the currentraieitoring project,
but the data will be made available to the City to assist witlirtassessment of
storm water mitigation in the Silver Beach Creek watershed.
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Event Max. 24-hr
Event Sampling Period Duration (hr) Precip Qualify?

11  18:450ct81to 13:00 Oct 11, 2010 67 0.501in Yes
(1.3 cm)

12 15:450ct 2310 11:15 Oct 26, 2010 68 0.49in Yes
(1.2 cm)

13  19:30 Nov 29 to0 12:30 Dec 2, 2010 65 0.50in Yes
(1.3 cm)

14  19:30 Dec 8 to 14:00 Dec 11, 2010 67 1.43in Yes
(3.6 cm)

15 22:00 Feb 27 to 23:45 Mar 1, 2011 49 0.40 Yes
(2.0 cm)

16  21:57 Mar 30 to 23:45 Apr 2, 2011 74 1.41 Yes
(3.6 cm)

Table 30: Summary of Silver Beach Creek storm events and manri 24-hr
precipitation total at the Bloedel/Donovan precipitatgauge. Precipitation data
were provided by the City of Bellingham.
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Figure 27: Silver Beach Creek storm water monitoring resfat Events 11-16:
total suspended solid9)(vs. stream flow+{). Results for Events 1-10 were
presented in the 2009/2010 report (Matthews, et al., 2011).
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Figure 28: Silver Beach Creek storm water monitoring resfat Events 11-16:
total phosphoruss{ vs. stream flow-{). Results for Events 1-10 were presented
in the 2009/2010 report (Matthews, et al., 2011).
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Figure 29: Silver Beach Creek storm water monitoring restdt Events
16: soluble phosphate) vs. stream flow+). Results for Events 1-10
presented in the 2009/2010 report (Matthews, et al., 2011).
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Figure 30: Silver Beach Creek storm water monitoring resfat Events 11-16:
total nitrogen ¢) vs. stream flow-{-). Results for Events 1-10 were presented in
the 2009/2010 report (Matthews, et al., 2011).
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Figure 31: Silver Beach Creek storm water monitoring resfat Events 11-16:
nitrate/nitrite @) vs. stream flow-). Results for Events 1-10 were presented in
the 2009/2010 report (Matthews, et al., 2011).
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Figure 32: Correlation between stream flow or stage heigtittaral suspended
solids in Silver Beach Creek (Events 11-16). Results fomiEs/&—10 were pre-
sented in the 2009/2010 report (Matthews, et al., 2011).del¥s = correlations

were used because the data were not monotonic-linear;rafilabons were sig-
nificant.
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Figure 33: Correlation between stream flow or stage heigthtatal phosphorus
in Silver Beach Creek (Events 11-16). Results for Event® ixdre presented in
the 2009/2010 report (Matthews, et al., 2011). Kendalt®rrelations were used
because the data were not monotonic-linear; all correlatiere significant.
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Figure 34: Correlation between total suspended solids atad phosphorus in
Silver Beach Creek (Events 11-16). Results for Events 1-di@ wresented in
the 2009/2010 report (Matthews, et al., 2011). Kendalt®rrelations were used
because the data were not monotonic-linear; all correlatiere significant.
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Figure 35: Correlation between stream flow and total phosghioy storm event
in Silver Beach Creek (Events 11-16). Results for Event® ixdre presented in
the 2009/2010 report (Matthews, et al., 2011). Kendalt®rrelations were used
because the data were not monotonic-linear; all correlatiere significant.
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Figure 36: Correlation between stream flow or stage heightafuble phosphate
in Silver Beach Creek (Events 11-16). Results for Event® ixdre presented in
the 2009/2010 report (Matthews, et al., 2011). Kendalt®rrelations were used
because the data were not monotonic-linear; all correlatiere significant.
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Figure 37: Correlation between stream flow or stage heigthttaial nitrogen in
Silver Beach Creek (Events 11-16). Results for Events 1-di@ wresented in
the 2009/2010 report (Matthews, et al., 2011). Kendalt®rrelations were used
because the data were not monotonic-linear; all correlatiere significant.
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Figure 38: Correlation between stream flow or stage heigtitramate in Sil-
ver Beach Creek (Events 11-16). Results for Events 1-10 presented in the
2009/2010 report (Matthews, et al., 2011). Kendat'sorrelations were used
because the data were not monotonic-linear; all correlatigere significant.
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A Site Descriptions

Figures A1-A3 (pages 105-107) show the locations of theeatinmonitoring

sites and Table Al (page 104) 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.
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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
Anderson Creek, directly adjacent to the bridge over AmutefSreek (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 sahnpthe 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 ¢hasroad. 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 vaeesiad 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 addadtober
2004 as part of the monthly 2004—2006 creek monitoring ptoje

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

Euclid Ave., and was added in October 2004 as part of the nhoB004—-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 Gz#o 2004 as part of
the monthly 2004—-2006 creek monitoring project.

23This hydrograph is no longer maintained by IWS; contact thyg @ Bellingham for data.
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Olsen Creeksamples are collected just downstream from North Shore &ar n
the USGS hydrograph gauge. This site was added in Octobdr&9part 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.

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 8ifRd.) approximately

1 km upstream from the mouth of the creek. Water samples diectax 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 mongaroject.

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. Both sites were monitored in 2009/2010 (see Matshet al., 2011).
During the 2010/2011 monitoring period, the emphasis wasadkecting addi-
tional storm water samples from Silver Beach Creek. Formédion about other
storm water sites that have been monitored by IWS, referdaatinual reports
listed in Section 6.2 (page 97).

Silver Beachstorm runoff samples were collected at the USGS gaugindsite
hind the house at 3007 Maynard Place and approximately 15pstnaam from
the culvert at North Shore Dr.
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Lake Sites Latitude°(N) Longitude (W)
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’N) Longitude (W)
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 122.41005
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

Pédet

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 storm water site.
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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 17).

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 17). 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 177—
181, 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 profiles for Site 1, Octobg2010.
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Figure B2: Lake Whatcom Hydrolab profiles for Site 2, Octobg2010.
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Figure B4: Lake Whatcom Hydrolab profiles for Site 3, Octo®e2010.
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Figure B5: Lake Whatcom Hydrolab profiles for Site 4, Octo®e2010.
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Figure B6: Lake Whatcom Hydrolab profiles for Site 1, Novemhe2010.
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Figure B7: Lake Whatcom Hydrolab profiles for Site 2, Novemhe2010.



2010/2011 Lake Whatcom Report Pddie3

o - o o — o)
o) o
o o)
: :
0 - o) o - 0
o) o)
o) o)
o o)
~ O o) ~ © o
E 7 7 o IS o
=] S
o o
§ % g %
o o
Y ] 7
[Te) [Te]
N o -
: T T T T Lo T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
O o] o [o]
o) 9]
o) o
8 3
P - 8 P g
9] o
o) o
o) o)
~ O o —~ O o
S © E T 7 ©
S s
o Q.
n [Te]
8 ‘T' ] 8 Tq -
o o
T ¥
n n
N — N -
: T T T T T : T T T T T T 1
40 60 80 100 120 0 2 4 6 8 10 12 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B8: Lake Whatcom Hydrolab profiles for the Intake, Bimber 4, 2010.
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Figure B9: Lake Whatcom Hydrolab profiles for Site 3, Novenhe2010.
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Figure B10: Lake Whatcom Hydrolab profiles for Site 4, Novem®, 2010.
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Figure B11: Lake Whatcom Hydrolab profiles for Site 1, Decenth 2010.
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Figure B12: Lake Whatcom Hydrolab profiles for Site 2, Decenth 2010.
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Figure B13: Lake Whatcom Hydrolab profiles for the Intakec@maber 2, 2010.
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Figure B14: Lake Whatcom Hydrolab profiles for Site 3, Decenth 2010.
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Figure B15: Lake Whatcom Hydrolab profiles for Site 4, Decenth 2010. The
pH data from 65—85 meters are not available due to equipmalfitinction.
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Figure B16: Lake Whatcom Hydrolab profiles for Site 1, Febyu& 2011. The
conductivity and pH profiles are not available due to equipnealfunction; dis-
crete results were generated from water samples measutteel ledboratory.
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Figure B17: Lake Whatcom Hydrolab profiles for Site 2, Febyu& 2011. The
conductivity and pH profiles are not available due to equipnealfunction; dis-
crete results were generated from water samples measutteel ledboratory.
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Figure B18: Lake Whatcom Hydrolab profiles for the Intakebfeary 3, 2011.
The conductivity and pH profiles are not available due to popeint malfunction;
discrete results were generated from water samples mekisutee laboratory.
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Figure B19: Lake Whatcom Hydrolab profiles for Site 3, Febyug 2011. The
conductivity and pH profiles are not available due to equipnealfunction; dis-
crete results were generated from water samples measutteel ledboratory.
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Figure B20: Lake Whatcom Hydrolab profiles for Site 4, Febyug 2011. The
conductivity and pH profiles are not available due to equipnealfunction; dis-
crete results were generated from water samples measutteel ledboratory.



2010/2011 Lake Whatcom Report Pag

O le] o — (]
o) o)
o) o)
3 8
S - e g
o o
o) o)
o) 0
= 9 | 9 = 9 | °
é | 8 é | 8
ey e
= o) = 0
g o S g 9 S
o) 1 I a | S
o) 0
o) o)
o o o o
N o N 6]
n n
N - N -
! T T T T ! T T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
o — o o — o)
o)
o)
3
0 - o o - oy
o
o)
o)
2 9 4 o = 9 4 8
é | é | 0
£ £ S
o o
] a4 o 8 = 3
| I 9]
0
0
o o o
N o) N o
[Te) [Te]
AN — AN —
: T T T T T e e IS A B . —
40 60 80 100 120 0 2 4 6 8 10 12 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B21: Lake Whatcom Hydrolab profiles for Site 1, Apdl, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B22: Lake Whatcom Hydrolab profiles for Site 2, Apdl, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B23: Lake Whatcom Hydrolab profiles for the IntakeriAp4, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B24: Lake Whatcom Hydrolab profiles for Site 3, Ap&l, 2011.
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Figure B25: Lake Whatcom Hydrolab profiles for Site 4, Ap&l, 2011.
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Figure B26: Lake Whatcom Hydrolab profiles for Site 1, May 61 2.
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Figure B27: Lake Whatcom Hydrolab profiles for Site 2, May 61 2.
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Figure B28: Lake Whatcom Hydrolab profiles for the Intake yNsa2011.
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Figure B29: Lake Whatcom Hydrolab profiles for Site 3, May 812. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B30: Lake Whatcom Hydrolab profiles for Site 4, May 812. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B31: Lake Whatcom Hydrolab profiles for Site 1, Jun20a,1. The con-
ductivity and pH profiles are not available due to equipmealfumction; discrete
results were generated from water samples measured indbeatary.
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Figure B32: Lake Whatcom Hydrolab profiles for Site 2, Jun20a,1. The con-
ductivity and pH profiles are not available due to equipmealfumction; discrete
results were generated from water samples measured indbeatary.
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Figure B33: Lake Whatcom Hydrolab profiles for the Intakeyeli, 2011. The
conductivity and pH profiles are not available due to equipnealfunction; dis-
crete results were generated from water samples measutteel ledboratory.
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Figure B34: Lake Whatcom Hydrolab profiles for Site 3, Jung®,1. The con-
ductivity and pH profiles are not available due to equipmealfumction; discrete
results were generated from water samples measured indbeatary.
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Figure B35: Lake Whatcom Hydrolab profiles for Site 4, Jung®,1. The con-
ductivity and pH profiles are not available due to equipmealfumction; discrete
results were generated from water samples measured indbeatary.
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Figure B36: Lake Whatcom Hydrolab profiles for Site 1, Juh\2@11. The pH
profile is not available due to equipment malfunction; diseresults were gener-
ated from water samples measured in the laboratory.
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Figure B37: Lake Whatcom Hydrolab profiles for Site 2, Juh\2@11. The pH
profile is not available due to equipment malfunction; diseresults were gener-
ated from water samples measured in the laboratory.
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Figure B38: Lake Whatcom Hydrolab profiles for the Intakdy Jy 2011. The
pH profile is not available due to equipment malfunction;ctkse results were
generated from water samples measured in the laboratory.
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Figure B39: Lake Whatcom Hydrolab profiles for Site 3, July2611. The pH
profile is not available due to equipment malfunction; diseresults were gener-
ated from water samples measured in the laboratory.
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Figure B40: Lake Whatcom Hydrolab profiles for Site 4, Jul\2611. The pH
profile is not available due to equipment malfunction; diseresults were gener-
ated from water samples measured in the laboratory.
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Figure B41: Lake Whatcom Hydrolab profiles for Site 1, AugdisR011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B42: Lake Whatcom Hydrolab profiles for Site 2, AugdisR011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B43: Lake Whatcom Hydrolab profiles for the IntakegAst 4, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B44: Lake Whatcom Hydrolab profiles for Site 3, AugRsR011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B45: Lake Whatcom Hydrolab profiles for Site 4, AugRsf011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B46: Lake Whatcom Hydrolab profiles for Site 1, Sefiten8, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B47: Lake Whatcom Hydrolab profiles for Site 2, Sefiten8, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B48: Lake Whatcom Hydrolab profiles for the Intakept8enber 8, 2011
The conductivity profile is not available due to equipmentfarection; discrete
results were generated from water samples measured indbatary..
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Figure B49: Lake Whatcom Hydrolab profiles for Site 3, Sefiten®, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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Figure B50: Lake Whatcom Hydrolab profiles for Site 4, Sefiten®, 2011. The
conductivity profile is not available due to equipment matftion; discrete results
were generated from water samples measured in the labprator
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B.2 Long-term Hydrolab Data (1988-present)
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data for Site 1, February 1988 through December 2011.
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re B51: Lake Whatcom historic temperature data for Bite
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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 2011.
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Figure B54: Lake Whatcom historic temperature data for Site
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Lake Whatcom temperature data for Site 4, February 1988 through December 2011.
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Figure B55: Lake Whatcom historic temperature data for &ite
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Lake Whatcom dissolved oxygen data for Intake, February 1988 through December 2011.
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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 2011.
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Lake Whatcom historic dissolved oxygen dateSite 3.
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Lake Whatcom dissolved oxygen data for Site 4, February 1988 through December 2011.
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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 2011.

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 2011.
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Figure B62: Lake Whatcom historic pH data for Site 2.
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Pdget

Lake Whatcom pH data for Intake, February 1988 through December 2011.
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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 2011.
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Figure B64: Lake Whatcom historic pH data for Site 3.
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Lake Whatcom pH data for Site 4, February 1988 through December 2011.
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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 more sewsiéiquipment.
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Figure B67: Lake Whatcom historic conductivity data forestt The decreasing
conductivity trend is the result of changing to more sewsiéiquipment.
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Figure B68: Lake Whatcom historic conductivity data for théake. The de-
creasing conductivity trend is the result of changing to ersensitive equipment.
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Figure B69: Lake Whatcom historic conductivity data foreS3t The decreasing
conductivity trend is the result of changing to more sewsiéiquipment.
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Figure B70: Lake Whatcom historic conductivity data foreSit The decreasing
conductivity trend is the result of changing to more sewsiéiquipment.
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B.3 Long-term Water Quality Data (1988-present)
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Lake Whatcom alkalinity data for Site 1, February 1988 through December 2011.
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Figure B71: Lake Whatcom alkalinity data for Site 1.
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Lake Whatcom alkalinity data for Site 2, February 1988 through December 2011.
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Figure B72: Lake Whatcom alkalinity data for Site 2.
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Lake Whatcom alkalinity data for Site 3, February 1988 through December 2011.
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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 2011.
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Figure B75:

oc (014 (0]

(/Bw) Auuiey

Lake Whatcom alkalinity data for Site 4.
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Lake Whatcom turbidity data for Site 1, February 1988 through December 2011.
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Figure B76: Lake Whatcom turbidity data for Site 1.
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Lake Whatcom turbidity data for Site 2, February 1988 through December 2011.
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Lake Whatcom turbidity data for Intake, February 1988 through December 2011.
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Lake Whatcom turbidity data for Site 3, February 1988 through December 2011.
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Figure B79: Lake Whatcom turbidity data for Site 3.
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, February 1988 through December 2011.

Lake Whatcom turbidity data for Site 4
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Figure B80: Lake Whatcom turbidity data for Site 4.
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February 1988 through December 2011.

Lake Whatcom ammonium data for Site 1,
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Figure B81: Lake Whatcom ammonium data for Site 1.
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February 1988 through December 2011.

Lake Whatcom ammonium data for Site 2,
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Figure B82: Lake Whatcom ammonium data for Site 2.
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February 1988 through December 2011.

Lake Whatcom ammonium data for Site 3
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Figure B84: Lake Whatcom ammonium data for Site 3.
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February 1988 through December 2011.

Lake Whatcom ammonium data for Site 4
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Figure B85: Lake Whatcom ammonium data for Site 4.



2010/2011 Lake Whatcom Report

Lake Whatcom nitrate/nitrite data for Site 1, February 1988 through December 2011.
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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 2011.
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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 2011.
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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 4, February 1988 through December 2011.
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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 2011.
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Figure B91: Lake Whatcom total nitrogen data for Site 1.
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Lake Whatcom total nitrogen data for Site 2, February 1988 through December 2011.
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Figure B92: Lake Whatcom total nitrogen data for Site 2.
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Figure B93: Lake Whatcom total nitrogen data for the Intake s



2010/2011 Lake Whatcom Report

Lake Whatcom total nitrogen data for Site 3, February 1988 through December 2011.
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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 2011.
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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 2011.
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Lake Whatcom soluble reactive phosphate data for Site 2, February 1988 through December 2011.
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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 2011.
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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 2011.
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Figure B100: Lake Whatcom soluble phosphate data for Site 4.
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Lake Whatcom total phosphorus data for Site 1, February 1988 through December 2011.
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Figure B101: Lake Whatcom total phosphorus data for Site 1.

Patfes

05/08

11/02

05/97

11/91



2010/2011 Lake Whatcom Report

Lake Whatcom total phosphorus data for Site 2, February 1988 through December 2011.
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Figure B102: Lake Whatcom total phosphorus data for Site 2.
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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 2011.
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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 2011.
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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 2011.
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Figure B106: Lake Whatcom chlorophyll data for Site 1.

Patjes

05/08

11/02

05/97

11/91



2010/2011 Lake Whatcom Report

Lake Whatcom chlorophyll a data for Site 2, February 1988 through December 2011.
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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 2011.
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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 2011.
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Figure B110: Lake Whatcom chlorophyll data for Site 4.
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Pags

Lake Whatcom Secchi data for Site 1, February 1988 through December 2011.
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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 2011.
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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 2011.
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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 2011.
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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 2011.
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Figure B115: Lake Whatcom Secchi depths for Site 4.
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Lake Whatcom fecal coliform data for Site 1, February 1988 through December 2011.
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Lake Whatcom fecal coliform data for Site 2, February 1988 through December 2011.
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Lake Whatcom fecal coliform data for Intake, February 1988 through December 2011.
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Lake Whatcom fecal coliform data for Site 3, February 1988 through December 2011.
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Lake Whatcom fecal coliform data for Site 4, February 1988 through December 2011.
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Figure B121: Lake Whatcom plankton data for Site 1.

I
90+3¢

(1/#) uopjueld

05/08

11/02

05/97

11/91



*Z 91IS Joj erep uopjue|d wodreyM axe :zz1g a4nbiq

Plankton (#/L)

1le+06 2e+06 3e+06 4e+06

0e+00

Lake Whatcom plankton data for Site 2, February 1988 through December 2011.

+

0 Iankton
Epond

CK? %peﬁarla
Chloro
Pyrrophy

X+

¥

Joday wooreym axe] 110z2/0102

eRd



2010/2011 Lake Whatcom Report Patps

%pﬁ%a}'ia
hyta™

? lankton
Mt
Pyrrop

Vs
no
oro

o
¢
¢

I
05/08

_e_
-A -
._x._
_<>_

February 1988 through December 2011.
I
11/02

Lake Whatcom plankton data for Intake
I
05/97

I
11/91

I I I I I
90+3¥ 90+9¢€ 90+3¢ 90+9T 00+90

(1/#) uopjueld

Figure B123: Lake Whatcom plankton data for the Intake Site.
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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 B127: Lake Whatcom plankton data for Site 2, with Gbophyta 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.



2010/2011 Lake Whatcom Report Patpet

Blue Canyon Creek Brannian Creek

Cond (uS)
200
|
%o
Cond (uS)
200
|

08/05 05/08 01/11 08/05 05/08 01/11

Olsen Creek

Carpenter Creek

Cond (uS)
200
|
Cond (uS)
200
|

g ° o ° o ° & o
=1 ) ° _ ° ° °
Bt — e« = — —fbSws — |
o — o -
T T T T T T T T T T
08/05 05/08 01/11 08/05 05/08 01/11

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;
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.
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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
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Figure B152: Ammonium data for Anderson, Austin, Smith, aNtatcom
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 B153: Ammonium data for Blue Canyon, Brannian, Catge 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 B154: Ammonium data for Euclid, Millwheel, and SiM@each 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 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.



2010/2011 Lake Whatcom Report Pay®
S _| Euclid Creek =1 Millwheel Creek
8 8
- : g o
Y ] ° Y °
g g . .
Q o ° N o °
2 g_'--."---*----"-- 2 § F o " e~ " —"~=-~-~- o= = 3 -
S | &° ®o ° o % o, s & ° ° Lt T
® © ] ® O 3 °
o = o e . °
o — %o ° ° ® ° o @ o ; o o .. .00.
I I I I I I I
08/05 05/08 01/11 08/05 05/08 01/11
8 _| Park Place Drain =1 Silver Beach Creek
8 8
B °
: g4 : 8
gl N g} N
S g 4y ° o} 8 °
z § Hax-0----%- e == o — Z § P m - m - - - - - - —
° ® o ° ° 7 o°® ° o® °
8 o oo . ° @%-—0—of g ]° ° ©eo 070
el ° ° ° s} e A7) L4 ML LA
.* %o ° ) 4 % .® ° ¢ °
o — o
I I I I I I I
08/05 05/08 01/11 08/05 05/08 01/11

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.
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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 Euclid, Millwhesid 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 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 Report

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 (dage Single-blind
quality control tests were conducted as part of the IWS latooy certification
process (Table C1). All results from the single-blind tegtse within acceptance
limits.
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Reported True  Acceptance Test

Valu¢  Valu€ Limits Result
Specific conductivity £S/cm at 25C) 397 395 353-437 accept
Total alkalinity (mg/L as CaCg) 54.0 56.3 49.0-63.6  accept
Ammonium nitrogen, manual (mg-N/L) 8.95 9.04 6.68-11.3 eptc
Ammonium nitrogen, autoanalysis (mg-N/L) 9.45 9.04 6.6B31 accept
Nitrate nitrogen, autoanalysis (mg-N/L) 17.0 16.2 13.2818 accept]
Nitrite nitrogen, autoanalysis (mg-N/L) 2.96 2.98 2.53K8. accept
Orthophosphate, manual (mg-P/L) 3.50 3.57 2.93-4.24  a&ccep
Orthophosphate, autoanalysis (mg-P/L) 3.54 3.57 2.93-4.2accept]
Total phosphorus, manual (mg-P/L) 2.80 2.92 2.37-3.53 mgce
Total phosphorus, autoanalysis (mg-P/L) 2.85 2.92 2.358-3. accept
pH 7.96 7.90 7.70-8.10  accept
Solids, non-filterable (mg/L) 71.9 77.0 62.6-85.9 acdept
Turbidity (NTU) 2.62 2.52 1.95-3.11 accept

Table C1: Single-blind quality control results, WP-170/{(®#2011).
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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 (ammonium, nitrate/nitrite, total nitrogen,ubt# reactive phosphate,
and total phosphorus). External check standards were zethtjuring each ana-
lytical run to evaluate measurement precision and acciifacy

The quality control results for laboratory duplicates, nmxaspikes, and check
standards are plotted in control charts. Upper and loweemaace limits £
2 std. dev. from mean pair difference) and upper and loweningrlimits (+
3 std. dev. from mean pair difference) were developed usatg tffom Septem-
ber 2006 through September 2009 (upper examples in Figute€8D, pages
286-315), and used to evaluate data from October 2009 thr®agtember 2010
(lower examples in Figures C1-C30).

24external 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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Alkalinity Check Standards, Test Data

Figure C2: Alkalinity high-range check standards for thé&é.&/hatcom 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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Alkalinity Check Standards, Test Data

Figure C3: Alkalinity low-range check standards for the &alk’hatcom 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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Chlorophyll Laboratory Duplicates, Test Data

Figure C4: Chlorophyll laboratory duplicates for the Lakdén&t€om 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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Conductivity Laboratory Duplicates, Test Data

Figure C5: Conductivity laboratory duplicates for the Lakdatcom 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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Dissolved Oxygen Laboratory Duplicates, Test Data

Figure C6: 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 C7: Ammonium laboratory duplicates for the Lake V¢bat 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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Ammonia Spike Recoveries, Test Data

Figure C8: Ammonium matrix spikes for the Lake Whatcom manirity 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 C9: Ammonium high-range check standards for the Makatcom 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 Check Standards, Test Data

Figure C10: Ammonium low-range check standards for the Mdkatcom 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 C11: Nitrate/nitrite laboratory duplicates for theke Whatcom 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 labahtpldata. Increased
variability was noted in February 2009; instrument reghireMarch 2009.
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Figure C12: 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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Figure C13: Nitrate/nitrite high-range check standardstfe Lake 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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Nitrate+Nitrite Check Standards, Test Data

Figure C14: Nitrate/nitrite low-range check standards tfoe Lake 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 C15: 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 C16: 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 C17: Total nitrogen high-range check standardsHerliake 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 C18: Total nitrogen low-range check standards ferlthke 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: 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



2010/2011 Lake Whatcom Report Paps

AN
O
@ 44— g “ 4
U Y Mttt ittt 2.7
O 27 °© o 4 o
5289 0 8ga.4a.28

g 0 _....440.6.8 ........ § ..... g...gg eggg ég o § 8 g 089 0.0926
© —27.--- o .%o o T oo % -251
S 4 -3.82
8 I I I I

11/08 06/09 12/09 07/10

Soluble Phosphate Laboratory Duplicates, Training Data

N
©)
@ 4 4
— 2_ """"""""""""""""""""""""""""""" 27
8 0 é ...... 8.8 .o .. ... g -8 8....§ ...... ° s 6. 0.0926
@ s s 8§ g 5 8 s o B '
8 "2 L On oo -2.51
S 4. -3.82
A T T T T

10/10 01/11 05/11 08/11
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Figure C20: 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 limits std. dev. from mean pair dif-
ference) were calculated based on the preceding two ye&ab dfiplicate data.
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Figure C21: Soluble reactive phosphate matrix spikes ®ttdke 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 C22: Soluble reactive phosphate high-range checridatds for the Lake
Whatcom monitoring program. Upper/lower acceptance $ifit2 std. dev. from

mean pair difference) and upper/lower warning limi#s3(std. dev. from mean
pair difference) were calculated based on the precedingyéacs of lab duplicate
data.
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Figure C23: Soluble reactive phosphate low-range checldatas for the Lake
Whatcom monitoring program. Upper/lower acceptance $ifit2 std. dev. from
mean pair difference) and upper/lower warning limi#s3(std. dev. from mean
pair difference) were calculated based on the precedingyéacs of lab duplicate
data.
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Figure C24: Total phosphorus laboratory duplicates folthlee Whatcom moni-
toring program. Upper/lower acceptance limi2(std. dev. from mean pair dif-
ference) and upper/lower warning limits$§ 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 C25: 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 C26: Total phosphorus high-range check standardedd_ake 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 C27: Total phosphorus low-range check standardhé&lake 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 C28: 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 C29: 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 C30: 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 ¢REitgures C31-C49,
pages 317-335). 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
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Figure C31: Alkalinity field duplicates for the 2010/2011KeaWhatcom Moni-
toring Project (lake samples). Diagonal reference linensh@ 1:1 relationship.
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Figure C32: Alkalinity field duplicates for the 2010/2011KeaWhatcom Moni-
toring Project (creek samples). Diagonal reference lirmsvsha 1:1 relationship.
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Figure C33: Chlorophyll field duplicates for the 2009/20Hké Whatcom Mon-
itoring Project (lake samples). Diagonal reference lirengha 1:1 relationship.
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Figure C34: Conductivity field duplicates for the 2009/2058e Whatcom Mon-
itoring Project (lake samples). Diagonal reference lirengha 1:1 relationship.
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Figure C35: Dissolved oxygen field duplicates for the 20Q00RLake Whatcom
Monitoring Project (lake samples). Diagonal reference Bhows a 1:1 relation-
ship. Most outliers were collected when the lake was steatiéit depths were
extreme oxygen gradients were present.
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Figure C36: Dissolved oxygen field duplicates for the 20Q00RLake Whatcom
Monitoring Project (creek samples). Diagonal reference §hows a 1:1 relation-
ship.
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Figure C37: Ammonium field duplicates for the 2010/2011 L#keatcom Mon-
itoring 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 C38: Ammonium field duplicates for the 2010/2011 L#keatcom Mon-
itoring Project (creek samples). Diagonal reference |hmms a 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 C39: Nitrate/nitrite field duplicates for the 201012 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 C40: Nitrate/nitrite field duplicates for the 201@12 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 C41: Total nitrogen field duplicates for the 2010/2QBke 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 C42: Total nitrogen field duplicates for the 2010/2QBke 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 C43: Field duplicates for pH from the 2010/2011 Lakieat¢om Monitor-
ing Project (lake samples). Diagonal reference line shofug aelationship.
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Figure C44: Soluble phosphorus field duplicates for the 22011 Lake What-
com Monitoring Project (creek samples). Diagonal refeedime shows a 1:1 re-
lationship; horizontal reference line shows the curremécten limits. The high

degree of scatter is due to the low concentrations of the ksmp
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Figure C45: Total phosphorus field duplicates for the 200012 ake 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 C46: Total phosphorus field duplicates for the 200012 ake 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 C47: Total suspended solids field duplicates for #2011 Lake What-
com Monitoring Project (creek samples). Diagonal refeeelmme shows a 1:1
relationship.



2010/2011 Lake Whatcom Report P&t

To)
i | absmean=0.11 NTU 7
//
.
rd
.
.
d
d
O 7
N7 .7
.
d
d
.
rd
. °
.
d
ey s
E 2 ] ./‘
Pz L7
N hd //
H ’
> . .
= e
2 < e
E — [ ] ,/
.
° ¢
./‘ [ ) b
(374
v ,o. i
o °?
‘e
»
d
.
rd
.
.
o _ 7’
d /,
I I I I I I
0.0 0.5 1.0 1.5 2.0 2.5

Turbidity #1 (NTU)

Figure C48: Turbidity field duplicates for the 2010/2011 eak’hatcom Moni-
toring Project (lake samples). Diagonal reference linensh@ 1:1 relationship.
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Figure C49: Turbidity field duplicates for the 2010/2011 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

* TH S FI LE WAS UPDATED FEBRUARY 22, 2012

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
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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
2011_hl . csv 2011 _wg. csv

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

The water quality data files contain the followi ng variables: site, depth
(sanple collection depth, m, nonth, day, year, alk (alkalinity, ng/L as
CaC®3), turb (turbidity. NTU), nh3 (ammonium ug-NL), tn (total persulfate
nitrogen, ug-NL), 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 plankton 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 metals 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 (alumnum ng/L), Sb (antinmony, ng/L), As (arsenic, ng/lL),
B (boron, ng/L), Ba (barium ng/L), Be (beryllium ng/L), Ca (calcium ng/L),
Cd (cadmium ng/L), Co (cobalt, nmg/L), Cr (chromium mg/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 nmg/L), Si (silicon, ng/L), Ag (silver, ng/L),
Sn (tin, mg/L), Sr (strontium ng/L), Ti (titanium ng/L), TI (thallium

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

ER R I I I I R I I R R R R I I I R R R I I R R I I I O
* HYDROGRAPH DATA FI LES

IR EE R EEEEEEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEEEREEEEEEEEESEESESRESESSE]
WY1998. csv

WY1999. csv

Wr2000. csv (revised Feb 22, 2012)

Wy2001. csv

Wr2002. csv

Wr2003. csv

WY2004_rev. csv (revised June 21, 2006)

WY2005. csv

WY2006. csv

Wr2007. csv (revised July 31, 2008)

Wy2008. csv

WY2009. csv



2010/2011 Lake Whatcom Report P&3p9

Wy2010. csv
Wr2011. csv

The current hydrograph data files contain the follow ng variables: nonth, day,
year, hour, mn, sec, austin.g (austin gage height, ft), austin.cfs (austin

di scharge, cfs), snmith.g (smth gage height, ft), smth.cfs (smth discharge,
cfs). Wr1998-Wr2007 al so contai ned ander.g (anderson gage hei ght, ft),

ander. cfs (anderson di scharge, cfs).

Begi nning with WY2002, the variable "tine" replaced "hour, mn, 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 O R R R R

* STORM WATER DATA FI LES

ER R R R R S R R 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 available online but may be obtained by contacting the Institute for
Wat ershed Studies. The North Shore Drive overlay observations are not
avail abl e as an electronic data file but are described in the 2009/2010
annual report.

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

Historic 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 renmove variabl es that
were not neasured during that sanpling period. The electronic files retain
all variable colums.

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

The stormwater treatnment 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), A (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, nmg/L), Cr (chromium nmg/L), Cu (copper,

nmg/ 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, 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 ng/L), Ti (titanium ng/L), TI (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 comma- separated file
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and contains the follow ng variables: site, source (inlet/outlet or sanple
coll ection description), sanple (A-D, in order of collection), nonth, day,
year, tinme (24-hr basis), ampm(relative tine: amor pnm), tenp (water
tenperature, 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, ng-P/L), NH3
(ammoni um nmg-NL), Al (aluminum ng/L), Sb (antinmony, ng/L), As (arsenic,
nmg/ L), B (boron, ng/L), Ba (barium ng/L), Be (beryllium ng/L), Ca (calcium
mg/ 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 (magnesium ng/L), M (nmanganese, ng/L), M (nol ybdenum
mg/ L), Na (sodium ng/L), N (nickel, mg/L), P (phosphorus, nmg/L), Pb (Iead,
mg/L), S (sulfur, mg/L), Se (selenium ng/L), Si (silicon, nmy/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, ngy/L),
gasoline (ng/L), diesel (ng/L), and oil (ng/L).

EE R I I I I R R R R I R R R R I I R I I O
* TRI BUTARY DATA FI LES:

ER R I I I R R R R I I R I R I R I I I O
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 nane), nonth, day, year, tinme (24-hr basis), tenp (water tenperature,
©, ph, do (dissolved oxygen, mg/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 nli),
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, ng/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 (molybdenum 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), TI (thallium nmg/L), V
(vanadium ng/L), Y (yttrium nmg/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, ting,
(original tine in hr+mn), tine2 (corrected time interval in hr+[nin/60]),
tenmp (water tenperature, C), adj.tenp (adjusted tenperature - see report
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di scussion), do.ysi (YSI dissolved oxygen, mg/L), do.win (Wnkler dissolved
oxygen, ng/L), turb (turbidity, NTU), fc (fecal coliforns, cfu/100 nL), ecoli
(E.coli, cfu/100 nL), tss (total suspended solids, ng/L), tn (total nitrogen,
ug-NL), tp (total phosphorus, ug-P/L).

The 48-hr creek data file (48f.csv) is a comma-separated file and contains the
follow 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/cm), turb (turbidity, NTU), alk (alkalinity, nmg/L
as CaC3), 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, ng/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 I 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 nane), nonth, day, year, tinme (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.

kkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkhkhkkkkkkkkkkk*x*x

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

kkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhhkhkhkkkkkkkkkkk*x*x

The site codes in the data are as foll ows:

11 = Lake Whatcom Site 1
21 = Lake Whatcom Intake site
22 = Lake Whatcom Site 2
31 = Lake Whatcom Site 3
32 = Lake Whatcom Site 4
33 = Strawberry Sill site Sl
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 Place wet pond cell 2

Park Pl ace 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 abamaVaul t inl et

Al abanmaVaul t outl et
Brent wood i nl et

Br ent wood out | et

Par kPl ace cel | 1

Par kPl ace cel | 2

Par kPl ace cel | 3

Par kPl ace i nl 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 out | 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)
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CW = Blue Canyon Creek (see alternate code bel ow)
CWs = Anderson Creek (see alternate code bel ow)
CW6 = W1 dwood Creek (discontinued in 2004)

CW = Austin Creek (see alternate code bel ow)

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

AND Ander son Creek (sanme |ocation as CWb above)
BEA1 Austi n. Beaver. confl uence
AUS = Austin.lower (sanme |ocation as CW above)

BEA2 = Austi n. upper

BEA3 = Beaver. upper

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

CAR = Carpenter

EUC = Euclid

ML = MIIwheel

OLS = 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

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

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

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

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 make a | ong-term Lake What com dat a
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
sunmary 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
VWhatcomdata 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 del eted 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
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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 nmg/L were del eted
for cause: Hydrolab probe |ost 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 contanmination in at |least three
sanpl es. 6) Decenber 2, 1991, Site 3, 0 mconductivity point deleted due to
inconsi stency with adjacent points. 7) Decenber 15, 1993, Site 4, 80 mlab
conductivity point del eted because matching field conductivity data are
absent and point is inconsistent with all other lab conductivity points. 8)
Novenber 4, 1991, Site 2, 17-20 m conductivity points del eted due to

evi dence of equipnent problens related to depth. 9) February 2, 1990, Site 1,
20 m soluble reactive phosphate and total phosphorus points del eted due to
evi dence of sanple contamination. 10) August 6, 1990, Site 1, 0O 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 del eted
due to evidence of sanple contamination in turbidity, ammonium and total
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 whi ch contained total
Kj el dahl nitrogen. The current historic record contains only total

persul fate nitrogen. Total Kjeldahl nitrogen data were retained in the IWs
data base, but not in the Iong-termLake Whatcomdata fil es.

ER R R R O O R R R R

* ROUTI NE DATA VERI FI CATI ON PROCESS

ER R R R R S R R R R R O R

1994-present: The Lake Whatcom data are verified using a four step nethod: 1)
The results are reviewed as they are generated. Qutliers 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, |W 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 |W5 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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