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Executive Summary

e This report describes the results from the 2011/2012 Lakatédim moni-
toring program. The major objectives were to continue lterga baseline
water quality monitoring in Lake Whatcom and selected tabyi streams;
collect storm runoff water quality data from Silver Beacle€k; continue
collection of hydrologic data from Austin and Smith Creedsd update 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 IWS Lake Whatcom reports, inahgdipecial
project reports, is included in Section 6.2, beginning ogepd9.

e During the summer the lake stratified into a warm surfacerléye epil-
imnion) and a cool bottom layer (the hypolimnion). The wampera-
tures were near historic median values during most of the geeept in
June 2012, which was slightly cooler than usual. Despighdiy cooler
temperatures, all sites except the Intake were stratifieghbly June.

e The levels of hypolimnetic oxygen have declined over tim@itd 1, causing
the lake to be listed by the Department of Ecology on the 1@3i3ist of
impaired waterbodies in the State of Washington. Followheyonset of
stratification, the hypolimnetic oxygen concentrationspgired rapidly. By
August 8, 2012, the oxygen concentration walsmg/L from 12 meters to
the bottom.

¢ 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 Iteguin ele-
vated concentrations of ammonium by the end of the summercdhcen-
trations were lower than usual in October 2011, followingpalsummer,
but were typical for the lake in October 2012.
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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 appears that the trends mayreached a
plateau.

e The concentrations of trihalomethanes in Bellingham'ated drinking wa-
ter have been increasing over time, particularly duringahbe summer/fall
(third quarter). The total THMS and HAAS remained below tkeam-
mended maximum contaminant levels of 0.080 mg/L and 0.06Qyng-
spectively.

¢ All of the mid-basin fecal coliforms counts were less thancily100 mL.
The coliform counts at the Bloedel-Donovan recreationabgicollected
offshore from the swimming area) were slightly higher thaid-masin
counts, but passed the freshwaketraordinary Primary Contact Recre-
ational bacteria standard for Washington State.

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

e Beginning in January 2010, 11 lake tributaries and WhatcogelCwere
sampled monthly to collect baseline data. Most of the tebas had rel-
atively low concentrations of total and dissolved solidsy lalkalinities
and conductivities, and low levels of nitrate and ammoniuResidential
streams had higher concentrations of total and dissolvidissdigher al-
kalinities and conductivities, higher coliform counts,damgher nutrient
concentrations.

e A water balance was applied to Lake Whatcom to identify itjomaater
inputs and outputs and to examine runoff and storage. Thernmguts into
the lake during WY2012included surface and subsurface runoff (74.6%),
direct precipitation (19.0%), and water diverted from theltle Fork of
the Nooksack River (6.4%). Outputs included Whatcom Cr&ékd0s), the
City of Bellingham (9.9%), evaporation (7.0%), the Whatcbails Hatch-
ery (2.3%), the Lake Whatcom Water and Sewer District (0%6%1)d the
Puget Sound Energy Co-Generation Plant (021%)

Iwater Year 2012 covers the period from October 1, 2011 tHi@eptember 30, 2012
2Formerly Water District #10
3This facility currently operates at the former Georgia Rasite.
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e Eight storm events were monitored in Silver Beach Creekguaim auto-
mated sampler to collect flow-paced, discrete samples. trengunoff
contained elevated levels of total suspended solids,dityband phospho-
rus that were significantly correlated with flow rates. Inifidd, total sus-
pended solids, turbidity, and total phosphorus conceatratwere highly
correlated with each other.
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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.éas/ Older reports are
available in the IWS library and through the City of Belliregh Public Works
Department. A summary of the Lake Whatcom reports, inclgdipecial project
reports, is included in Section 6.2, beginning on page 89.

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. Th&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 stateatpriimber compa-
nies. Because of its aesthetic appeal, much of the waterslmeghly 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 qualégunements. 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 2011/2012 Lake Whatcom momitpprogram were
to continue long-term baseline water quality monitoringake Whatcom and se-
lected tributary streams; collect storm runoff water gqyalata from Silver Beach
Creek; continue collection of hydrologic data from Austimde&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 329). Table 1 (page 16)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 nuwimy sites in Lake
Whatcom (Figure Al, page 97 in Appendix A.1). Sites 1-2 armated at the
deepest points in their respective basins. The Intakessiteated adjacent to the
underwater intake point where the City of Bellingham withas lake water from
basin 2. Site 3 is located at the deepest point in the northidorbasin of basin
3 (north of the Sunnyside sill), and Site 4 is located at thepdst point in the
southern sub-basin of basin 3 (south of the Sunnyside ¥il§ter samples were
also collected at the City of Bellingham Water TreatmentPgmtehouse, which
is located onshore and west of the intake site.

2.2 Field Sampling and Analytical Methods

The lake was sampled on October 4 & 5, November 1 & 2 and Decetker,
2011; and February 7 & 9, April 10 & 12, May 8 & 10, June 12 & 14lyJi0 &
12, August 7 & 9, and September 4 & 6, 2012. Each sampling es@nhulti-day
task; all samples were collected during daylight hoursclly between 10:00 am
and 3:00 pm.

A Hydrolab or a YSI field meter was used to measure tempergititedissolved
oxygen, and conductivity.Raw water samples were collected using a VanDorn
sampler. All water samples (including bacteriological p&m) collected in the

5The Hydrolab Surveyor 4 field meter was used for field samghn@ctober 2011, but was
replaced to resolve on-going issues with the conductivitygH probes. Beginning in November
2011, field measurements were collected using a YSI 6600 \rfieter. No major differences
have been observed between the results from the Hydrolabhe/3'Sl field meters.
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field were stored on ice and in the dark until they reachedaberhtory, and were
analyzed as described in Table 1 (page 16). Total metalyse®(arsenic, cad-
mium, chromium, copper, iron, mercury, nickel, lead, anttyiand total organic
carbon analyses were done by AmTe®iankton samples were placed in a cooler
and returned to the laboratory unpreserved. The planktompkeavolumes were
measured in the laboratory and the samples were presertledwgol’s solution.
The bacteria samples were analyzed by the City of Bellingham

2.3 Results and Discussion

The lake monitoring data include monthly field measurem@muasductivity, 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 17-21) summarize the current field measuats, ambi-
ent water quality, and coliform data. The raw data are abhlElanline at
http://www.wwu.edu/iws as described in Appendix D (pag®)32rhe monthly
profiles for temperature, dissolved oxygen, conductiatyd pH are plotted in
Figures B1-B50 (pages 103-152).

The 2011/2012 lake data are plotted with historic lake datigures B51-B130
(pages 154-234). These figures are scaled to plot the figgerahLake Whatcom
water quality data including minimum, maximum, and outiralues, and do not
provide the best illustration of trends that occur in theelaBeparate tables and
figures are provided to show trends and illustrate specitiepss in the data.

5AmTest, 13600 Northeast 126th Place, Suite C, Kirkland, 88934—8720.

’Ammonium (NHY) 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 undetstad 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 temperature profiles (e.g., Figures B16-p2@es 118-122) and
the multi-year temperature profiles (Figures B51-B55, pdd#—158) 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 temperature profiles (e.g., Figures B46—B5@&9ag¢8—-152) show
how the lake stratifies into a warm surface laygpilijmnion), and cool bottom

layer (hypolimnion). The transition zone between the epilimnion and hypolonni
(themetalimnion), is a region of rapidly changing water temperature. Wheat-st
ified, the profiles show distinct differences between serfacd bottom tempera-
tures.

Stratification develops gradually, and once stable, psraistil fall or winter, de-
pending on location in the lake. Seasonal weather diff@em@dter 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 usuallytird 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 nab& 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 leadsC5(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 destratifyem@mperatures may
be uniform from the surface to the bottom, but the rate of waiteulation may
not be sufficient to replenish hypolimnetic oxygen concaiins (see Novem-
ber 2006 temperature and oxygen profiles from Sites 1-2:r&gB6 and B7 in
Matthews, et al., 2008). Basins 1 and 2 (Sites 1-2) usualjrakfy by the end

8The AT is the difference between the epilimnion and hypolimnEmperatures.
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of October but basin 3 (Sites 3—4) is often still stratifiedNiavember or early
December. Complete destratification of basin 3 usually kcouDecember or
early January, so by February the temperatures are rdiatimdorm throughout
the water column at all sites.

During the current sampling period, Site 1 was destratifigtllbvember 1, 2011
but Site 2 was still slightly stratified (Figures B6-B7, pad®8-109). The oxy-
gen concentrations were still very low near the bottom &t Biaes, indicating that
although the water temperatures were nearly uniform, thtenglumn was not
yet completely mixed. Sites 3—4 were still stratified on Nober 2, 2011, and
very weakly stratified December 6, 2011 (Figures B14-B15epd 16-117).

Historic data reveal that water temperatures in basin 3@merglly cooler than in
basins 1 and 2, but the two shallow basins experience morenegttemperature
variations. The lowest and highest temperatures measutbe ilake since 1988
were at Site 1 (42C on February 1, 1988 and February 26, 1989; 2€Ion
August 4, 2009). The large water volume in basin 3 moderatepérature fluc-
tuations, so water temperatures in basin 3 change slowesponse to weather
conditions compared to the shallow basins.

The 2012 surface water temperatures were close to the ibist@dian values
during most months, but were slightly cooler than usual &sS1-2 in June and
at Sites 3—4 in July (Figure 1, page 25). The lake was unfs#ein April and
unstratified or very weakly stratified in May (Figures B21-6BBages 128-127).
Stable stratification was not present until June (Figure$-B35, pages 133—
137).

2.3.2 Dissolved oxygen

Low oxygen conditions are associated with a number of urapewater qual-
ity problems in lakes, including loss of aquatic habitalease of phosphorus
from the sediments; increased rates of algal productionateease of phospho-
rus; unpleasant odors during lake destratification; fisks,kparticularly during
lake destratification; release of metals and organics flrasédiments; increased
mercury methylation; increased drinking water treatmerdts; increased taste
and odor problems in drinking water; and increased riskeaated with disin-
fection by-products created during the drinking waterttresnt process.
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As in previous years, Sites 1 and 2 developed severe hypetiowxygen deficits
by mid-summer (Figures B41-B42 and B56-B57, pages 1431144 %9-160).
Hypolimnetic oxygen depletion only becomes apparent ati@tification, when
the lower waters of the basin are isolated from the lake’éasarand biologi-
cal respiration consumes the oxygen dissolved in the wtelogical respiration
usually increases when there is an abundant supply of argaatier (e.g., decom-
posing algae). In basin 3, which has a very large, well-orgted hypolimnion,
biological respiration has little influence on hypolimmetixygen concentrations
(Figures B50 and B60, pages 152 and 163). In contrast, teespid depletion
of the hypolimnetic oxygen concentrations at Sites 1-2 (g B46-B47, and
B56-B57, pages 148-149 and 159-160). 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 tim8i& 1, causing the
lake to be listed by the Department of Ecology as an “impéivesterbody (Pel-
letier, 1998)'° The increasing rate of oxygen loss is most apparent durilyg Ju
and August, after the lake develops a stable thermal steidin but before oxy-
gen levels drops near zero. To illustrate this trend we fititedJuly and August
data using an exponential function (see discussion by Matthet al., 2004). As
indicated in Figures 2-5 (pages 26-29), there were signtficagative correla-
tions between dissolved oxygen and time for all hypolimnstimples collected
during July and August: Despite slightly cooler temperatures in June, the rate
of hypolimnetic oxygen depletion was very rapid. By Augus2812, the oxygen
concentration was:1 mg/L from 12 meters to the bottom.

A region of supersaturated oxygen was evident in the metadimat Site 1 in July
and August (Figures B36 and B41, pages 138 and 144). This auesed by the
accumulation of phytoplankton along the density gradietveen the epilimnion
and hypolimnion where light and nutrients are sufficientupport very high lev-

9The photic zone is the portion of the lake with enough lighstpport algal photosynthesis.
In Lake Whatcom, peak chlorophyll levels are usually at SmEders, 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.

Correlation 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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els of photosynthesis. Chlorophyll concentrations withemmetalimnetic oxygen
peak may be 4-5 times higher than those measured near tlheewoiffthe lake
(Matthews and DelLuna, 2008).

Site 3 developed an oxygen sag near the bottom during latensuand fall (Fig-
ures B4-B14, pages 106-116). Sites 3 and 4 developed snyaikkn>sags near
the thermocline (e.g., Figures B4 and B5, pages 106 and W®iigh are caused
by respiration of heterotrophic bacteria that accumulkegthe density gradient
between the epilimnion and hypolimnion (Matthews and Del, #908).

2.3.3 Conductivity and pH

The pH and conductivity data followed trends that were tgpfor Lake What-
com (Figures B61-B70, pages 164-173). Surface pH valuesased during the
summer due to photosynthetic activity. Hypolimnetic pHwes decreased and
conductivities increased due to decomposition and thaselef dissolved com-
pounds from the sediments.

There was a significant long-term trend in the conductivayad This trend has
been attributed to using increasingly sensitive equipnaeming the past two
decades and does not indicate any actual change in the dosiyua the lake
(Matthews, et al., 2004). As mentioned in the field sampliegatiption (page 2),
the conductivity probe on the Hydrolab Surveyor 4 field méaded repeatedly,
so the conductivity samples collected in October 2011 wezasured in the lab-
oratory from water samples collected at 5 meter intervatyuiies B1-B5, pages
103-107). Beginning in November, the new YSI field meter wsedito measure
conductivity profiles at each site (Figures B6—B50, pagés-162).

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 175-1é8phgthe summer
the alkalinity values at the bottom of Sites 1-2, and occeesly Site 3, increased
due to decomposition and the release of dissolved compontioks 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 turbititsels during this
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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 180-184).

Suspended sediments from storm events can also causecdl¢vdiidity levels
in the lake. Major storm events usually occur during winteearly spring when
the lake is destratified, so the turbidity levels will be hipinoughout 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 peakgyurés B78 and B79—
B80).

Figures B81-B105 (pages 185-209) 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.

2.3.5 Nitrogen and phosphorus

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 gas$. Nitrate depletion was evident at all sites in the photo-
synthetic zone during the summer (Figures B86—B90, pagés1), particu-
larly at Site 1, where the epilimnetic nitrate concentnagioften drop below 20
1g-N/L by the end of the summer. Epilimnetic nitrogen depletis an indirect
measure of phytoplankton productivity, and because algasidies have been in-
creasing throughout the lake, epilimnetic dissolved iaaig nitrogen concentra-
tions (DIN)** have been declining over time (Figure 6, page 30). Low epiéitic
DIN concentrations favor the growth of Cyanobacteria beeamany types of
Cyanobacteria can use dissolvegddis as a nitrogen source.

20rganic nitrogen and phosphorus comes from living or deasimg plants and animals, and
may include bacteria, algae, leaf fragments, and othendzgerticles.

130nly Cyanobacteria and a few uncommon species of diatomasmnitrogen gas.

14Dissolved inorganic nitrogen includes ammonium, nitrated nitrite. Under most conditions,
epilimnetic concentrations of ammonium and nitrite areyMew, so epilimnetic DIN is nearly
equivalent to nitrate.
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Hypolimnetic nitrate concentrations dropped below26N/L at Sites 1 and 2. In
anaerobic environments, bacteria reduce nitrate;(N@ nitrite (NG, ) and nitro-
gen gas (N). The historic data indicate that nitrate reduction haslm@enmon in
the hypolimnion at Site 1, but was not common at Site 2 ungildlhmmer of 1999.
At Site 2 the hypolimnetic nitrate concentrations droppelblw 20..g-N/L from
1999-2006 and 2008—-2012, 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 legsite reduction. The
onset of stratification is only one factor involved in hypofietic nitrate deple-
tion; the duration of stratification is also important. IN0ZQ not only did the lake
stratify late, Site 2 was nearly destratified by early Octa@ral completely mixed
by November. The entire period of anoxia was short comparedaist years.

Ammonium, along with hydrogen sulfide, is often an indicatbhypolimnetic
anoxial®> Ammonium is readily taken up by plants as a growth nutrientoxy-
genated environments, ammonium is rarely present in higbaxttrations because
it is rapidly converted to nitrite and nitrate through bigical and chemical pro-
cesses. In low oxygen environments, ammonium accumulatishe lake de-
stratifies. High levels of ammonium (and hydrogen sulfidee-lse&low) are often
detected in the hypolimnion at Sites 1 and 2 just before defstation (Table 7,
page 22; Figures B81 & B82, pages 185 & 186). Elevated hypwin ammo-
nium concentrations have been common at both sites thratighe monitoring
period, but beginning in 1999 the concentrations increasstteably at Site 2
(Figure B82, page 186).

The hypolimnetic ammonium concentrations in October 20&dewelatively low
compared to previous years, which might be related to théecowmter temper-
atures during the summer of 2011 (Matthews, et al., 2012)discussed above,
Site 2 was still weakly stratified when sampled in Novemb&r2(\T = 2.6°C),
and had an ammonium concentration of 4aBN/L at 20 meters. Site 1 was
not stratified in November 201\T = 0.8C), and the ammonium concentrations
were low and nearly uniform throughout the water column @l#g-N/L). The
hypolimneticammonium concentrations in October 2012 vygyesal for the lake
(275 and 267:g-N/I at Sites 1 and 2, respectively; Table 7).

5Ammonium is produced during decomposition of organic nmiattgdrogen sulfide is pro-
duced by bacteria that use sulfate (SAnstead of oxygen, creating sulfide*(9 that reacts with
hydrogen ions to form hydrogen sulfide4$).
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Sites 3 and 4 often have slightly elevated ammonium conatoiis at 20 m (met-
alimnion) or near the bottom at 80—-90 m (Figures B84—B85,epa38—189).
This is caused by bacterial decomposition of organic maligtrthe concentra-
tions never approach the levels found in the hypolimnionitasS—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 22). Although the oxygen concentrattbop 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 containerafrthe soluble
compounds leaching from the sediments (e.g., ammonium yrgen sulfide).

Hydrogen sulfide concentrations are measured in Octobechwh the latest
month that isconsistently stratified at Sites 1-2. When the lake stratifies late or is
unusually cool, the October ammonium and hydrogen sulfigddeavill not be as
high as in warmer years. The 2012 hydrogen sulfide concerisatvere reported
as being below the analytical detection limit. This is ualik given historic H
concentrations and the strong “rotten egg” smell in bothsw@ples, which in-
dicates hydrogen sulfide. The presence of a rotten egg snoslever, is not a
clear indication that the {6 levels were above detection. Humans can detection
H,S at concentrations well below the Edge Analyticaldétection limit of 0.100
mg/L. We have contacted Edge Analytical to request confionaif the results,
and have entered the data as “na” in Table 7 while the issusinglsesolved.

Phosphorus: Although the Lake Whatcom microbiota require nitrogen, $ho
phorus is usually what limits microbial growth (Bittner, 48 Liang, 1994;
Matthews, et al., 2002a; McDonald, 1994). The total phosphconcentration
in the water column is a complex mixture of soluble and ins@phosphorus
compounds, only some of which can be used by algae to sustaitlg Solu-
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 intenseolpinta have de-
veloped many mechanisms for obtaining phosphorus fromutface of particles
or from decomposing organic matter. Liang (1994) and Gr@64.1) found that



2011/2012 Lake Whatcom Report Pdde

~50% of the total persulfate phosphorus in soils in the Lakaithm 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. Rridiestratification,
hypolimnetic phosphorus may be taken up by microbiota inhiyy@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 usuallgdmeerted 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, sinds 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 200-204 and B101-B10§e9a05-209).
Epilimnetic total phosphorus concentrations are usualyer than late-summer
hypolimnetic peaks. Prior to 2000, the median epilimnetiogphorus concentra-
tions were<5 ug-P/L at Sites 2—4 and approximately 5+@-P/L at Site 1 (Figure
7, page 31). The epilimnetic phosphorus levels have ineckaignificantly at all
sites (Figure 7, page 31); 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 dalmatys predict low
algal densities, and may instead indicate rapid and efticiling of phosphorus
among the lake biota.

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 210-214). 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.
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The Lake Whatcom plankton counts were usually dominated lysdphyta,
consisting primarilyDinobryon, Mallomonas, and diatoms (Figures B121-B130,
pages 225-234). Substantial blooms of bluegreen bacteyanpbacteria) and
green algae (Chlorophyta) were also measured at all sitgsglsummer and late
fall. Previous analyses of algal biomass in Lake Whatcortatdd that although
Chrysophyta dominate the numerical plankton counts, Cyacteria and Chloro-
phyta often dominate the plankton biomass, particularlpiea summer and early
fall (Ashurst, 2003; Matthews, et al., 2002b). In additiomgst of the Cyanobac-
teriain these samples are counted by colony rather thanasdnal cells because
of the tiny cell size. When the Cyanobacteria density isnestied using settled
algae counts (Matthews, et al. 2012), the plankton coumtslaminated by tiny
Cyanobacteria.

Secchi depths (Figures B111-B115, pages 215-219) showetbaonseasonal
pattern because transparency in Lake Whatcom is affectquhiiiculates from
storm events and the Nooksack River diversion as well as bllgams.

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 2012 compared to 2011 (Figure 8, page 32). The chloromioyicentrations
at all sites have increased significantly since 1994, wita Sishowing the least
amount of change and Sites 3—4 showing the greatest chaitgeugh the annual
chlorophyll concentrations are quite variable, they seematve stabilized since
2004, ranging from 3.8-6.7g/L at Site 1 and 2.9-4.6g/L at Sites 2—4.

Chlorophyll is a direct measure of algal biomass and is bestluio evaluate
trophic changes in the lake (e.g., is the lake becoming mamedically pro-
ductive?). We used algal counts rather than chlorophylbad ffor trends within
the same type of algae (e.g., are the numbers of Cyanolmautereasing?). The
actual relationship between chlorophyll concentratiod tre algae cell count is
complex. The amount of chlorophyll in an algal cell is inflaed by the phys-
iological age and condition of the cell, light intensity,tnent availability, and
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many other factors. In addition, while most types of algae @unted by indi-
vidual cells, a few types must be counted by colonies bectheseells are too
difficult to see. Even if the amount of chlorophyll was comstan each cell, it
would take many tiny cells to equal the chlorophyll biomasemne large colony.

Except for the dinoflagellatésthe algae counts have also increased significantly
since 1994 (Figure 9, page 33). Similarly, there has beeeaggtincrease in the
numbers of Cyanobacteria at all sites (Figure 10, page 34)with the chloro-
phyll concentrations, the algae and Cyanobacteria coppisaa to have stabilized
around 2004. The algae count variability looks to be muchllemian Figures 9—

10, but that is because the cell counts are plotted using,g $ogle.

2.3.7 Coliform bacteria

The current surface water standards are based on “designaé&® categories,
which for Lake Whatcom is “Extraordinary Primary ContactcRmation.” The

standard for bacteria is described in Chapter 173—201A-62@®0e Washington
Administrative Code, Water Quality Standards for Surfacaets of the State of
Washington:

Fecal coliform organism levels must not exceed a geometric mean
value of 50 colonies/100 mL, with not more than 10 percent of all
samples (or any single sample when less than ten sample points ex-
ist) obtained for calculating the geometric mean value exceeding 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 220-224) and passecte fr
waterExtraordinary Primary Contact Recreation bacteria standard.

Coliform samples collected offshore from the Bloedel-Daaro swimming area
had slightly higher counts than at Site 1 (mid-basin). Nohe¢he Bloedel-
Donovan counts exceeded 100 cfu/100 mL and the geometrio was5 cfu/100
mL, so this site passed both parts of the freshwai@raordinary Primary Con-
tact Recreation bacteria standard.

pinoflagellates are small single-cell algae that are comimaake Whatcom, but rarely have
high densities in the plankton counts.
17Colony forming unit/100 mL; cfu/100 mL is sometimes labeledlonies/100 mL.”
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2.3.8 Metals

The metals data for Lake Whatcom are included in Table 8 (28)e This ta-

ble includes only the metals listed in our monitoring coati@rsenic, cadmium,
chromium, copper, iron, mercury, nickel, lead, and zindgctonic data files
available from IWS contain concentrations for 24 additiomatals that are in-
cluded as part of the analytical procedure used by AmTest.

AmTest has upgraded their equipment, changed analytioakdures, and recal-
culated detection limits several times since we began cotig metal data from
the lake. Because many of the Lake Whatcom metals concemntsatre extremely
low, changes in equipment or methods can cause the contenti@ move from
detectable to non-detectable, or vice versa. This type afgé does not indicate
an actual change in the metals concentration in the lakde Tafpage 16) shows
the historic and current AmTest detection limits for eachahe

The metals concentrations were within normal concenmatimges for the lake.
Iron and zinc concentrations were usually in the detectalige. The highestiron
concentration was measured in August at the bottom of Sifehé&.elevated iron
concentration was the result of sediment-bound iron cdimgeto soluble forms
under anaerobic conditions and leaching into the overlyiatgr. Cadmium, cop-
per, and mercury were detected in many of the samples, batvalsl| close to
detection limits, which is typical for Lake Whatcom. Leadsnaaften detected,
but the current analytical method has a very low detectinit I{0.00005 mg/L).
All of the lead concentrations were lower than the histoatedtion level £0.001
mg/L, Table 1).

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 paigntiarmful disinfec-
tion by-products through the reaction of chlorine with engacompounds during
the drinking water treatment process. Algae excrete disslobrganic carbon
into water, which, along with other decaying organic matlercan react with
chlorine to form disinfection by-products, predominatehjoroform and other
trihalomethanes (THMS).
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The 2011/2012 total organic carbon concentrations werealoall sites (1.4-2.3
mg/L; Table 9, page 24). The long-term data suggest thdtdgganic carbon con-
centrations have become more variable. The minimum coratéris measured
each year have remained low, usuallf—2 mg/L, but the maximum concentra-
tions have increased (Figure 11, page 35). The data are t@bleato determine
a specific cause for this pattern.

When algal densities or total organic carbon concentratinorease, we expect
to see an increase in THMs. To minimize risk, the EnvironrakeRtrotection
Agency limits the levels of disinfection by-products alkedvin treated drinking
water through the Safe Drinking Water Act’s Disinfection@gduct Rule. This
Rule was adopted in 1979 and has undergone two major regi@ibrase | in 1998;
Phase Il in 2005). The sampling requirement doubled undaséH, and begin-
ning with the fourth quarter of 2012 the data will be summedizlifferently:8.
Figure 12 (page 36) includes data through the end of Septe2Mie (third quar-
ter). The revised methods will be incorporated into the #guand discussion in
future monitoring reports.

The THMs have been increasing in Bellingham'’s treated dnimkvater, particu-

larly during the late summer/fall (third quarter; Figure, p2ge 36). Haloacetic
acids (another disinfection by-product) are not as clobeked to algal concen-
trations and chlorine dose (Sung, et al., 2000). The JanHXeks results were

marginally correlated with time (due to the large sample)sibut the the third
guarter data were not significantly correlated with time.e Tatal THMS and

HAAS remained below the recommended maximum contaminaatdef 0.080

mg/L and 0.060 mg/L, respectively, described in Chapter286-310 of Wash-
ington Administrative Code, Water Quality Standards foblRuWater Supplies
of the State of Washington.

8p_ Wendling, pers. comm., City of Bellingham Public WorkgoReDecember 5, 2012
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Historic 2011/2012 Sensitivity or
Abbrev.  Parameter Method DLY mDL Confidence limit
IWS field measurements:
cond Conductivity Hydrolab (1997) or YSI (2010) - - + 2 uSlcm
do Dissolved oxygen Hydrolab (1997) or YSI (2010) - - + 0.1 mg/L
ph pH Hydrolab (1997) or YSI (2010) - - + 0.1 pH unit
temp Temperature Hydrolab (1997) or YSI (2010) - - +0.1°C
disch Discharge Rantz et al. (1982); SOP-IWS-6 - - -
secchi Secchi depth Lind (1985) - - +0.1m
IWS laboratory analyses:
alk Alkalinity APHA (2012) #2320; SOP-IWS-8 - - + 0.4 mg/L
cond Conductivity APHA (2012) #2510; SOP-IWS-8 - - + 1.4uS/em
do Dissolved oxygen APHA (2012) #4500-0.C.; SOP-IWS-8 - - + 0.1 mg/L
ph pH-lab APHA (2012) #4500-H; SOP-IWS-8 - - 4 0.03 pH unit
tss T. suspended solids APHA (2012) #2540 D; SOP-IWS-13 2mg/ 0.9 mg/L + 1.4 mg/L
turb Turbidity APHA (2012) #2130; SOP-IWS-8 - - 4+ 0.2NTU
nh4 Ammonium (auto) APHA (2012) #4500-NHH; SOP-IWS-19 1Qug-N/L 9.9 ug-N/L + 7.0 ug-N/L
no3 Nitrite/nitrate (auto) ~ APHA (2012) #4500-NQ; SOP-IWS-19 2Qug-N/L 5.5 ug-N/L + 3.4 ug-N/L
tn T. nitrogen (auto) APHA (2012) #4500-§0 & PJ; SOP-IWS-19  10Qg-N/L 21.8ug-N/L + 34.3ug-N/L
srp Sol. phosphate (auto)  APHA (2012) #4500-P G; SOP-IWS-19 5 ug-P/L 1.1p09-P/L + 1.7 pug-P/IL
tp T. phosphorus (auto) ~ APHA (2012) #4500-P G & J; SOP-IWS-19 5 ug-P/L 4.8ug-P/L + 3.8ug-P/L
IWS plankton analyses:
chl Chlorophyll APHA (2012) #10200 H; SOP-LW-16 - - +0.1pg/L
chlo Chlorophyta Lind (1985), Schindler trap - - -
cyan Cyanobacteria Lind (1985), Schindler trap - - -
chry Chrysophyta Lind (1985), Schindler trap - - -
pyrr Pyrrophyta Lind (1985), Schindler trap - - -

City coliform analyses:
fc Fecal coliform

Edge Analytical analyses:
H.S H>S

AmTest analysest

As T. arsenic

Cd T. cadmium

Cr T. chromium

Cu T. copper

Fe T.iron

Pb T. lead

Hg T. mercury

Ni T. nickel

Zn T. zinc

TOC T. organic carbon

APHA (2005) #9222 D

APHA (2012) 4500-3

EPA (1994) 200.7
EPA (1994) 200.7
EPA (1994) 200.7
EPA (1994) 200.7
EPA (1994) 200.7
EPA (1994) 200.8
EPA (1994) 245.1

EPA (1994) 200.7
EPA (1994) 200.7

APHA5310B

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

1 cfu/100 mL

0.100 mg/L -

0.02 mg/L -
0.0015 mg/L -
0.0025 mg/L -
0.005 mg/L -
0.009 mg/L -

0.00005 mg/L -
0.00005 mg/L -
0.005 mg/L -

0.002 mg/L -

0.5 mg/L -

T Historic detection limits (DL) are usually higher than e@nt method detection limits (MDL).
fChanges reflect recalculation of detection limits or changaethods.

Table 1: Summary of IWS, AmTest, Edge Analytical, and CityBa&fllingham
analytical methods and parameter abbreviations.
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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)
216.3 393.4 364.9 504.

Phosphorus - soluble:g-P/L)

Coliforms - fecal (cfu/100 mL¥)

Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 185 19.7 20.6 26.3
Conductivity S/cm) 58.0 60.0 61.2 729
Dissolved oxygen (mg/L) 0.0 9.8 8.5 127
pH 6.0 7.3 71 8.4
Temperature°C) 5.2 9.8 11.0 21.8
Turbidity (NTU) 0.6 1.0 1.4 9.1

<10 <10 22.3 180.9
<20 219.0 194.0 343.

= O

<5 <5 <5 8.9
<5 10.7 11.8 28.5

0.5 3.2 4.3 12.8
2.8 5.0 4.7 64

<1 1 1 3

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

Table 2: Summary of Site 1 water quality data, Oct. 2011 — 2.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 185 19.0 19.2 20.3
Conductivity S/cm) 56.0 58.0 58.7 60.0
Dissolved oxygen (mg/L) 8.9 107 10.7 125
pH 71 7.6 76 8.1
Temperature°C) 6.2 13.3 13.3 223
Turbidity (NTU) 0.4 0.6 0.6 0.7

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 10.3
Nitrogen - nitrate/nitrite 4g-N/L) 109.8 238.9 228.7 354.56

Nitrogen - total {tg-N/L) 2749 3721 3746 4791
Phosphorus - soluble:g-P/L) <5 <5 <5 <5
Phosphorus - totaj{g-P/L) <5 7.3 7.7 145
Chlorophyll (ug/L) 1.1 3.4 3.3 5.5
Secchi depth (m) 4.0 5.5 5.7 80
Coliforms - fecal (cfu/100 mL¥) <1 1 1 2

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

Table 3: Summary of Intake water quality data, Oct. 2011-+.1.2.
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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)
286.8 409.8 410.6 605.

Phosphorus - soluble:g-P/L)

Coliforms - fecal (cfu/100 mL¥)

Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 184 189 194 275
Conductivity S/cm) 58.0 58.0 59.4 830
Dissolved oxygen (mg/L) 0.0 10.3 94 126
pH 59 7.4 72 8.0
Temperature°C) 59 10.8 11.7 20.9
Turbidity (NTU) 0.3 0.6 0.9 5.7

<10 <10 23.1 456.1
<20 240.6 242.0 376.1

oo +=

<5 <5 <5 <5
<5 7.9 8.8 2438

0.7 2.9 2.9 5.7
3.9 5.5 6.0 95

<1 1 1 3

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

Table 4: Summary of Site 2 water quality data, Oct. 2011 — H)H2.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCOy) 179 186 18.7 21.8
Conductivity S/cm) 57.0 58.0 58.5 68.0
Dissolved oxygen (mg/L) 0% 10.3 10.3 128
pH 65 7.1 72 8.0
Temperature°C) 6.1 7.0 9.7 21.3
Turbidity (NTU) 02 04 05 30

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 134
Nitrogen - nitrate/nitrite 4g-N/L) 127.1 355.9 319.3 429.6

Nitrogen - total {tg-N/L) 231.3 468.4 439.6 608.3
Phosphorus - soluble:g-P/L) <5 <5 <5 7.0
Phosphorus - tota}{g-P/L) <5 5.5 6.4 255
Chlorophyll (ug/L) 0.8 2.9 2.8 5.4
Secchi depth (m) 4.0 5.7 6.0 80
Coliforms - fecal (cfu/100 mL¥) <1 1 1 2

fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer (&= 1).
$Atypical value - see discussion in text.

Table 5: Summary of Site 3 water quality data, Oct. 2011 — 2.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCG;) 17.6 185 18.6 20.1
Conductivity S/cm) 57.0 58.0 58.4 60.5
Dissolved oxygen (mg/L) 8.3 10.3 104 12.8
pH 64 7.0 71 7.8
Temperature°C) 6.1 6.7 9.4 20.3
Turbidity (NTU) 0.2 0.4 0.4 0.7

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 18.8
Nitrogen - nitrate/nitrite 4g-N/L) 138.5 374.4 338.4 4153

Nitrogen - total {tg-N/L) 294.8 474.8 452.7 5351
Phosphorus - soluble:g-P/L) <5 <5 <5 5.9
Phosphorus - totaj{g-P/L) <5 6.2 7.0 29.7
Chlorophyll (ug/L) 0.6 3.0 2.6 4.8
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 water quality data, Oct. 2011 — H)H2.
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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
2012 na na 274.6 2673

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 fslikit.
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Depth T. As T.Cd T.Cr T.Cu T. Fe T. Hg T.Ni T.Pb T. Z
(m) Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L) (gL) (mg/L)

Site 1 0 Feb9,2012 <0.01 0.0008 <0.001 <0.001 0.020 <0.0001 <0.005 <0.00005 0.0060
Site 1 20 Feb9,2012 <0.01 0.0010 <0.001 0.002 0.019 <0.0001 <0.005 0.000250  0.008¢
Intake 0 Feb9,2012 <0.01 0.0011 <0.001 <0.001 0.011 <0.0001 <0.005 <0.00005 0.0060
Intake 10 Feb9,2012 <0.01 0.0011 <0.001 <0.001 0.012 0.0001 <0.005 <0.00005 0.0080
Site 2 0 Feb9,2012 <0.01 0.0009 <0.001 0.002 0.011 <0.0001 <0.005 <0.00005 0.0120
Site 2 20 Feb9,2012 <0.01 0.0010 <0.001 <0.001 0.012 0.0002 <0.005 <0.00005 0.0070
Site 3 0 Feb 7,2012 <0.01 0.0008 <0.001 <0.001 0.012 <0.0001 <0.005 <0.00005 0.0060
Site 3 80 Feb 7,2012 <0.01 0.0007 <0.001 0.004 0.016 <0.0001 <0.005 <0.00005 0.0100
Site 4 0 Feb 7,2012 <0.01 0.0007 <0.001 0.001 0.013 <0.0001 <0.005 <0.00005 0.0070
Site 4 90 Feb 7,2012 <0.01 <0.0005 <0.001 0.001 0.014 0.0003 <0.005 <0.00005 0.0080
Site 1 0 Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.016 0.00012 <0.005 0.000075 0.0037
Site 1 20 Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.085 <0.00005 <0.005 <0.00005 0.0028
Intake 0 Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.012 0.00020 <0.005 <0.00005 0.0043
Intake 10 Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 <0.009 <0.00005 <0.005 <0.00005 0.0033
Site 2 0 Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 <0.009 0.00030 <0.005 0.000156  0.002¢
Site 2 20 Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.024 0.00060 <0.005 <0.00005 0.0058
Site 3 0 Jul 10,2012 <0.02 <0.0015 <0.0025 <0.005 <0.009 <0.00005 <0.005 0.000241  0.005¢
Site 3 80 Jul 10,2012 <0.02 <0.0015 <0.0025 <0.005 0.015 <0.00005 <0.005 0.000094 0.0261
Site 4 0 Jul 10,2012 <0.02 <0.0015 <0.0025 <0.005 <0.009 <0.00005 <0.005 0.000092  0.013¢
Site 4 90 Jul 10,2012 <0.02 <0.0015 <0.0025 <0.005 0.011 <0.00005 <0.005 <0.00005 0.0048

Table 8: Lake Whatcom 2011/2012 total metals data. Only thelw specified in
the monitoring plan are included in this table; the reswts24 additional metals
are available from IWS. AmTest recalculated analyticaédeon limits between

February and July 2012. The February data include origie@alion limits; July

data include new detection limits (see Table 1 for summa#mfest methods).
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Site Date Depth  (mg/L) Date Depth  (mg/L)
Sitel Feb9, 2012 0 2.0 Jul 12, 2012 0 2.3
Feb9,2012 20 2.0 Jul 12,2012 20 1.8
Intake Feb 9, 2012 0 1.9 Jul 12, 2012 0 2.2
Feb9,2012 10 1.8 Jul12,2012 10 2.1
Site2 Feb9, 2012 0 1.6 Jul 12, 2012 0 2.2
Feb9,2012 20 1.8 Jul 12,2012 20 1.8
Site 3 Feb 7, 2012 0 1.9 Jul 10, 2012 0 2.0
Feb7,2012 80 1.6 Jul 10,2012 80 14
Site4 Feb7,2012 0 1.8 Jul 10, 2012 0 2
Feb7,2012 90 2.0 Jul 10,2012 90 1.5

Table 9: Lake Whatcom 2011/2012 total organic carbon data.
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Figure 1: Boxplots showing 1988-2011 surface water tentpera (depth<1
m, all sites and years) with monthly 2012 da&y (Boxplots show medians and

upper/lower quartiles; 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 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 18
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Figure 5: Relationship between dissolved oxygen and tim8itt 1, 18 m.
Kendall's T correlations were used because the data were not mondiosie:

all correlations were significant.
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Figure 6: Minimum summer, near-surface dissolved inomyaitrogen concen-
trations (1994-2012, 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—
2012, 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 (1994-2012,
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 (1992;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
(1994-2012, 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: Boxplots of annual total organic carbon conegiuns at Sites 1—
4. Boxplots show medians and upper/lower quartiles; whgskbow the maxi-
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Figure 12: Total trihalomethanes (TTHMs) and haloacetidsa¢HAAS) con-
centrations in the Bellingham water distribution syste®92-2012. 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. Monthly sampling wasitted in January
2010 and will continue through December 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 98.

3.2 Field Sampling and Analytical Methods

The tributaries were sampled on October 12, November 9, awkiber 14,
2011; and on January 10, February 14, March 6, April 5, MaytheBb, July 17,
August 8, and September 12, 2012.

The analytical procedures for sampling the tributariessaramarized in Table
1 (page 16). 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.

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

The monthly tributary data are summarized in Table 10 (pagewith descriptive

statistics for each site listed in Tables 11-22 (pages 42-8& biannual metals
and total organic carbon data are listed in Tables 23—24e§p&4-55). Historic
data from 2004 through the current monitoring period ardt@tbin Appendix

B.4 (Figures B131-B169, pages 236-274). These figuresdadwdashed (blue)
horizontal line that shows the median value for Smith Cree#t a solid (red)

horizontal line that shows the median value for each creehittSCreek was

chosen as a reference because it is a major tributary tokbealad has a history
of being relatively unpolluted.

Water temperatures and dissolved oxygen concentratiditsvéd 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). WmatCoeek 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®Idrain) often had
slightly elevated temperatures and lower dissolved oxyggrentrations, which
is typical for streams in developed watersheds (Figure 3@l B136).

Most of the creeks in the Lake Whatcom watershed had relgtioes concen-
trations of dissolved solids, indicated by conductiviti€s00 S and alkalinities
<20 mg/L (Table 10; Figures B137-B145). Sites that did notamahis de-
scription included the residential tributaries (Euclidlivheel, and Silver Beach
Creeks and the Park Place drain) and Blue Canyon Creek, win&hs an area
rich in soluble minerals. Most sites also had low total susieel solids concen-
trations €5 mg/L) and low turbidities €5 NTU) except during periods of high
precipitation and runoff (Figures B146—B151).

Ammonium concentrations were generally low10 1.g-N/L) except in the res-
idential streams (Table 10; 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
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concentrations in Smith Creek are probably due to the poeseinitrogen-fixing
alders Alnus rubra) 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 favoe 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 2011/20&2median soluble
phosphate concentrations weté0 ng-P/L at all sites except Olsen, Euclid, Mill
Wheel, and Silver Beach Creeks and the Park Place draing I8! The historic

data indicate that although soluble phosphate concemtisativere generally low,
nearly all sites have had a few high peaks, and high condentsavere common

in residential streams.

Total phosphorus concentrations were higher than solutdesghate concentra-
tions (Figures B161-B166). The median 2011/2012 conceorisawere<20
1g-P/L at all sites except Carpenter, Euclid, Mill Wheel, &ilder Beach Creeks
and the Park Place drain (Table 10). As with soluble phosphmaarly all sites
have had occasional high total phosphorus peaks, and higleotrations were
common in samples from residential sites.

High coliform counts are an indicator of residential pdthat (Table 10; Figures
B167-B169). Although most of the sites had low coliform cisun 2011/2012,
five sites exceeded a geometric mean of 50 cfu/100 mL (Caspdeuclid, Mill-

wheel, and Silver Beach Creeks and the Park Place drain) ewresh sites had
more than 10% of the samples with count$00 cfu/100 mL (Brannian, Smith,
Carpenter, Euclid, Millwheel, and Silver Beach Creeks dedRark Place drain).

The total organic carbon and metals concentrations areided in Tables 23—
24. AmTest has upgraded their equipment, changed andlpticeedures, and
recalculated detection limits several times since we begdlacting metal data
from the tributaries to Lake Whatcom. Because many of thalmebncentrations
are extremely low, changes in equipment or methods can ¢chesmncentration
to move from detectable to non-detectable, or vice versas fiipe of change
does not indicate an actual change in the metals concemtriatithe tributaries.
Table 1 (page 16) shows the historic and current AmTest tletelimits for each

metal.
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The metals concentrations were within normal concentmatoges for tributaries
to Lake Whatcom. Iron and zinc concentrations were usuallthe detectable
range. Low concentrations of cadmium, chromium, copped, mercury were

detected in many of the March 2012 samples, but at levels tbodetection limits.

These elements were all at or below detection in the July Emnpead was often
detected, but the current analytical method has a very Idactien limit (0.00005

mg/L). All of the lead concentrations were lower than thedris detection level

(<0.001 mg/L, Table 1).
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exceed 100 cfu

Typical range Anderson  Austin Brannian Olsen Smith Whatd
Alkalinity med. <20 mg/L yes yes yes no yes yes
Conductivity med<100uS yes yes yes yes yes yes
pH 6.5-8.0 yes yes no 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 no 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

Fewer than 10% yes no yes no yes yes

exceed 100 cfu

Blue Mill Park Silver

Typical range Canyon Carpenter Euclid Wheel Place Bedl
Alkalinity med. <20 mg/L no no no no no no
Conductivity med<100uS no yes no no no no
pH 6.5-8.0 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 no no yes
Sol. phosphate med10 ug-P/L yes yes no no no no
T. phosphorus  med<20 ug-P/L yes no no no no no
F. coliforms GM<50 cfu yes no no no no no

Fewer than 10% yes no no no no no

Table 10: Comparison of water quality features in Lake Wiat¢ributaries.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 129 182 18.8 26.8
Conductivity (©S/cm) 43.4 58.8 576 706
Dissolved oxygen (mg/L) 9.2 115 11.1 126
pH 6.5 7.1 7.0 7.2
Temperature°C) 4.5 7.7 8.2 13.7
Total suspended solids (mg/L) <2 2.5 4.8 27.2
Turbidity (NTU) 08 27 45 249

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 30
Nitrogen - nitrate/nitrite 4g-N/L) 64.6 443.7 424.9 681.4

Nitrogen - total {tg-N/L) 155.0 653.8 565.3 805.1
Phosphorus - soluble:g-P/L) <5 6.9 6.4 11.6
Phosphorus - totaj{g-P/L) 86 174 214 51.8
Coliforms - fecal (cfu/100 mL¥) <1 10 8 64

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

Table 11: Summary of Anderson Creek water quality data, Z0it1-Sept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 104 199 20.1 35.8
Conductivity («S/cm) 46.6 72.2 746 1285
Dissolved oxygen (mg/L) 98 11.7 11.7 13.5
pH 69 75 7.4 7.9
Temperature°C) 2.7 7.7 8.3 15.2
Total suspended solids (mg/L) <2 <2 2.8 16.5
Turbidity (NTU) 0.6 1.2 2.1 8.2
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10
Nitrogen - nitrate/nitrite 4g-N/L) 288.9 661.4 626.7 1038,3
Nitrogen - total {tg-N/L) 362.2 769.8 742.2 128p
Phosphorus - soluble:g-P/L) 5.6 8.9 9.1 14
Phosphorus - totaj{g-P/L) 7.2 17.3 16.3 27.7
Coliforms - fecal (cfu/100 mL¥) 3 26 25 360

(Percent of samples100 cfu/100 mL = 25)

fUncensored arithmetic means except coliforms (geomete@n))

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

Table 12: Summary of Austin Creek water quality data, OcL12Bept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 58.1 133.7 125.7 160.2
Conductivity («S/cm) 153.8 287.1 268.3 319
Dissolved oxygen (mg/L) 102 114 11.6 13.1
pH 7.7 8.3 8.2 8.4
Temperature°C) 4.0 8.6 8.7 13.§8
Total suspended solids (mg/L) <2 3.2 3.2 6.5
Turbidity (NTU) 0.5 2.2 2.1 4.4

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 <10
Nitrogen - nitrate/nitrite 4g-N/L) 143.2 419 434  898.4

==

Nitrogen - total {tg-N/L) 195.0 509.0 527.5 1006.1
Phosphorus - soluble:g-P/L) <5 8.6 8.5 14.6
Phosphorus - totaj{g-P/L) 59 13.9 12.5 17.9
Coliforms - fecal (cfu/100 mL) <1 2 3 76

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

Table 13: Summary of Blue Canyon Creek water quality datat. @311—
Sept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 6.1 11 11.9 21.8
Conductivity («S/cm) 30.8 445 44.7 62.[7
Dissolved oxygen (mg/L) 71 111 10.7 12.4
pH 6.4 7 6.9 7.1
Temperature°C) 4.0 8.0 8.6 14.4
Total suspended solids (mg/L) <2 <2 2.3 13.7
Turbidity (NTU) 04 1.2 1.8 6.1

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 11.5
Nitrogen - nitrate/nitrite 4g-N/L) 136.7 587.6 704.8 1652.5

Nitrogen - total {tg-N/L) 2154 7285 818.2 1747)9
Phosphorus - soluble:g-P/L) <5 <5 <5 7.1
Phosphorus - totaj{g-P/L) <5 123 12.8 23.3
Coliforms - fecal (cfu/100 mL¥) <1 8 9 58

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

Table 14: Summary of Brannian Creek water quality data, 2@11-Sept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 121 26.2 28.9 48
Conductivity («S/cm) 534 77.1 82.7 1167
Dissolved oxygen (mg/L) 94 115 11.5 13.3
pH 6.8 7.5 75 7.9
Temperature°C) 2.7 7.8 8.6 16.6
Total suspended solids (mg/L) <2 2.2 4.0 16.8
Turbidity (NTU) 0.4 2.3 2.6 6.5

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 67.2
Nitrogen - nitrate/nitrite 4g-N/L) 165.2 511.5 676.5 1436,3

Nitrogen - total {tg-N/L) 345.7 722.8 889.9 1661,0
Phosphorus - soluble:g-P/L) 5.3 9.9 12.2 35.1
Phosphorus - totaj{g-P/L) 9.8 20.3 23.0 58.8
Coliforms - fecal (cfu/100 mL¥) 18 140 117 390

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

Table 15: Summary of Carpenter Creek water quality data,ZDdt1-Sept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 17.3 45.9 39.9 67.9
Conductivity («S/cm) 22.3 108.6 100.4 152/1
Dissolved oxygen (mg/L) 89 114 10.9 12.5
pH 7.0 7.4 7.4 7.6
Temperature°C) 3.5 8.7 9.0 15.7
Total suspended solids (mg/L) <2 2.4 2.9 5.5
Turbidity (NTU) 0.5 2.1 2.3 4.7

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 23.2
Nitrogen - nitrate/nitrite 4g-N/L) 179.8 344.2 4541 898.9

Nitrogen - total {tg-N/L) 358.5 520.2 612.2 1042)0
Phosphorus - soluble:g-P/L) 83 111 11.3 16
Phosphorus - totaj{g-P/L) 8.3 20.6 21.2 30.6
Coliforms - fecal (cfu/100 mL¥) 8 72 69 3200

(Percent of samples100 cfu/100 mL = 36)
fUncensored arithmetic means except coliforms (geometei@n))
{Censored values replaced with closest integer (&= 1).

Table 16: Summary of Euclid Creek water quality data, OcfL12Bept. 2012.
Euclid Creek had negligible flow on September 12, 2012; nemnatality sam-
ples were collected under these conditions.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 17.8 50.5 46.6 82.9
Conductivity (S/cm) 66.3 117.7 121.0 184l6
Dissolved oxygen (mg/L) 0.6 10.7 9.0 12.4
pH 6.8 7.3 7.3 7.9
Temperature°C) 3.4 9.3 11.3 23.6
Total suspended solids (mg/L) <2 7.8 17.0 93.5
Turbidity (NTU) 2.5 75 145 558

Nitrogen - ammoniumg(g-N/L) <10 28.1 929 837.7
Nitrogen - nitrate/nitrite g-N/L) 56 290.3 517.3 17244

Nitrogen - total (1g-N/L) 425.2 1129.2 1426.2 3245/5
Phosphorus - soluble:g-P/L) 6.5 10.2 13.5 27.2
Phosphorus - totaj{g-P/L) 18.1 49.0 1284 5218
Coliforms - fecal (cfu/100 mL¥) 5 345 207 2100

(Percent of samples100 cfu/100 mL =58
fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer (&= 1).

Table 17: Summary of Millwheel Creek water quality data, Q&11-Sept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 9.6 22.1 22.4 46.7
Conductivity (S/cm) 43.0 67.4 69.3 118]1
Dissolved oxygen (mg/L) 9.7 11.8 11.7 13.4
pH 6.8 7.5 7.4 7.8
Temperature°C) 2.7 6.9 8.0 16.1
Total suspended solids (mg/L) <2 4.9 7.8 30.6
Turbidity (NTU) 0.4 3.8 56  17.3

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 21.4
Nitrogen - nitrate/nitrite 4g-N/L) 418.1 950.2 916.1 1536.7

Nitrogen - total {1g-N/L) 481.8 1093.8 1038.5 1760|1
Phosphorus - soluble:g-P/L) 5.9 10.1 10.3 18.5

Phosphorus - totaj{g-P/L) 11.3 18.0 20.9 31.8

Coliforms - fecal (cfu/100 mL¥) <1 20 14 240

(Percent of samples100 cfu/100 mL = 25
fUncensored arithmetic means except coliforms (geometeian))
iCensored values replaced with closest integer (&= 1).

Table 18: Summary of Olsen Creek water quality data, Oct128&pt. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ;) 54.6 825 86.6 123.5
Conductivity («S/cm) 18.4 244 226.6 309.0
Dissolved oxygen (mg/L) 6.2 10.9 10.1 12.4
pH 7.2 7.5 7.5 7.9
Temperature°C) 52 101 115 22.6
Total suspended solids (mg/L) <2 <2 <2 4.5
Turbidity (NTU) 0.8 2.5 2.8 5.8

Nitrogen - ammoniumy(g-N/L) <10 23.2 35.3 150.6
Nitrogen - nitrate/nitrite 4g-N/L) 101.7 341.1 493.4 11205

Nitrogen - total {tg-N/L) 420.8 5735 743.8 1358
Phosphorus - soluble:g-P/L) 147 175 21.5 38.8
Phosphorus - totaj{g-P/L) 21.3 33.7 52.0 153.5
Coliforms - fecal (cfu/100 mL¥) 7 73 81 490

(Percent of samples100 cfu/100 mL = 33)
fUncensored arithmetic means except coliforms (geomete@n))
{Censored values replaced with closest integer (&= 1).

Table 19: Summary of Park Place drain water quality data, Zidt1-Sept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCQ) 353 89.7 82.2 144
Conductivity («S/cm) 109.9 2109 202.3 3110
Dissolved oxygen (mg/L) 91 11.2 11.2 12.9
pH 7.3 8.0 7.9 8.2
Temperature°C) 3.3 8.8 9.3 18.5
Total suspended solids (mg/L) <2 2.9 4.4 14.4
Turbidity (NTU) 2.2 4.3 4.5 8.5
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 22.1
Nitrogen - nitrate/nitrite 4g-N/L) 287.5 469.3 580.2 1175.5
Nitrogen - total {tg-N/L) 530.2 733.6 848.9 14998
Phosphorus - soluble:g-P/L) 10.5 15.6 16.6 27.6
Phosphorus - totaj{g-P/L) 16.4 35.8 33.9 46.8
Coliforms - fecal (cfu/100 mL¥) 28 190 172 700

(Percent of samples100 cfu/100 mL = 75)

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

Table 20: Summary of Silver Beach Creek water quality dataf. @Q011—
Sept. 2012.
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Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 10.0 17.2 18.2 31.6
Conductivity (S/cm) 43.3 60.2 60.2 86.5
Dissolved oxygen (mg/L) 9.9 12.1 11.9 13.6
pH 7.0 7.4 7.4 7.8
Temperature°C) 2.8 6.9 8.1 15.6
Total suspended solids (mg/L) <2 <2 3.1 11.2
Turbidity (NTU) 0.4 1.0 1.9 7.6

Nitrogen - ammoniumg(g-N/L) <10 <10 <10 <10
Nitrogen - nitrate/nitrite 4g-N/L) 476.3 1043.9 1074.1 1908/4

Nitrogen - total (1g-N/L) 550.8 1167.2 1196 20729
Phosphorus - soluble:g-P/L) <5 7.3 7.8 14
Phosphorus - totaj{g-P/L) 9.2 14.3 14.7 21.3
Coliforms - fecal (cfu/100 mL¥) <1 4 6 150

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

Table 21: Summary of Smith Creek water quality data, Oct12@&kept. 2012.
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P

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)
198.1

(Percent of samples100 cfu/100 mL = 0)

NN

Variable Min. Med. Meah Max.
Alkalinity (mg/L CaCGQ;) 194 20.8 205 215
Conductivity (©S/cm) 58.8 60.7 61.0 64.
Dissolved oxygen (mg/L) 8.6 10.8 10.8 12.6
pH 7.1 7.5 7.5 7.6
Temperature°C) 59 115 12.2 223
Total suspended solids (mg/L) <2 <2 <2 3.4
Turbidity (NTU) 0.7 0.9 1.1 2.1

<10 <10 <10 31.8
10.3 1599 170.0 331.
317.6 337.9 456.

= o

<5 <5 <5 11.8
<5 13.3 13.2 28.1

<1 8 8 54

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

Table 22: Summary of Whatcom Creek water quality data, @d12Sept. 2012.
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T. As T.Cd T.Cr T.Cu T. Fe T. Hg T.Ni T. Pb T. Z1
Date (mglL) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L  (mg/L)
Anderson Mar 6, 2012 <0.01 0.0013 <0.001 <0.001 0.234 <0.0001 <0.005 0.000160 0.006
Austin (lower) Mar 6,2012 <0.01 0.0011 0.001 <0.001 0.528 <0.0001 <0.005 0.000170 0.005
Blue Canyon Mar 6, 2012 <0.01 0.0017 <0.001 0.001 0.164 <0.0001 <0.005 0.000060 0.006
Brannian Mar 6, 2012 <0.01 0.0009 <0.001 <0.001 0.104 <0.0001 <0.005 0.000090 0.004
Carpenter Mar 6, 2012 <0.01 0.0014 <0.001 0.002 0.315 <0.0001 <0.005 0.000150 0.006
Euclid Mar 6, 2012 <0.01 0.0015 <0.001 <0.001 0.218 <0.0001 <0.005 0.000200 0.007
Millwheel Mar 6,2012 <0.01 0.0014 0.002 0.003 1.090 <0.0001 <0.005 0.000710 0.017
Olsen Mar 6, 2012 <0.01 0.0012 0.001 <0.001 0.364 <0.0001 <0.005 0.000160 0.007
Park Place Mar 6, 2012 <0.01 0.0021 <0.001 0.003 0.353 0.0003 <0.005 0.000300 0.015
Silver Beach Mar 6, 2012 <0.01 0.0017 <0.001 0.003 0.476 <0.0001 <0.005 0.000250 0.009
Smith Mar 6, 2012 <0.01 0.0010 <0.001 <0.001 0.295 <0.0001 <0.005 0.000100 0.006
Whatcom Mar 6, 2012 <0.01 0.0013 <0.001 0.002 0.039 0.0001 <0.005  0.000070 0.005
Anderson Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.610 <0.00005 <0.005 0.000168 <0.002
Austin (lower)  Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.741 <0.00005 <0.005 <0.00005 0.002
Blue Canyon Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.056 <0.00005 <0.005 <0.00005 <0.002
Brannian Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.243 <0.00005 <0.005 0.000064 <0.002
Carpenter Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.124 <0.00005 <0.005 <0.00005 0.004
Euclid Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.216 <0.00005 <0.005 0.000075 <0.002
Millwheel Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.790 <0.00005 <0.005 0.000259 0.002
Olsen Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.099 <0.00005 <0.005 <0.00005 <0.002
Park Place Jul 12,2012 <0.02 0.0015 <0.0025 <0.005 0.325 <0.00005 <0.005 <0.00005 0.006
Silver Beach Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.796 <0.00005 <0.005 0.000089 <0.002
Smith Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.023 <0.00005 <0.005 0.000055 <0.002
Whatcom Jul 12,2012 <0.02 <0.0015 <0.0025 <0.005 0.071 <0.00005 <0.005 0.000107 <0.002

Table 23: Lake Whatcom tributary data: total metals.

(see Table 1 for summary of AmTest methods).

Ongyrtietals specified in
the monitoring plan are included in this table; the reswts24 additional metals
are available from IWS. This parameter is sampled twice gach. AmTest re-
calculated analytical detection limits between March amgt 2012. The March
data include the original detection limits; July data im#unew detection limits
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TOC TOC
Site Date (mg/L) Date (mg/L
Anderson Mar 6,2012 2.4 Jul12,2012 1.9
Austin (lower) Mar6,2012 2.2 Jul 12,2012 2.4
Blue Canyon  Mar 6, 2012 3.1 Jul 12,2012 1.8
Brannian Mar 6,2012 2.2 Jul12,2012 24
Carpenter Mar 6, 2012 5.2 Jul 12, 2012 3.9
Euclid Mar 6, 2012 3.9 Jul 12, 2012 3.5
Millwheel Mar 6, 2012 4.8 Jul 12, 2012 6.9
Olsen Mar 6, 2012 3.2 Jul 12, 2012 2.8
Park Place Mar 6,2012 5.2 Jul12,2012 4.5
Silver Beach  Mar6,2012 6.1 Jul12,2012 5.6
Smith Mar 6, 2012 3.0 Jul 12, 2012 2.2
Whatcom Mar 6, 2012 2.1 Jul 12, 2012 2.6

Table 24: 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 13-14 (pages 62—63). 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 = chiarggerage (Table
25, page 59). 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 DistétThe 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@re 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 June 22 to September 30 wplaced with rain-
fall data from the Geneva gatehouse gauge. Note, howewarptity about 9%
of the annual rainfall occurred during this time intervalheTminimum yearly
rainfall (40.0 inches) was recorded at the Bloedel Donoaurgg, the maximum
(61.8 inches) was recorded at the Brannian creek gauge. lAwleighted aver-
age rainfall average was calculated using a Python scigpteitmployed a spatial

20 ocated at the Georgia Pacific site
2'Formerly Water District #10
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interpolation technique (inverse distance weighted) in@&S to distribute rain-
fall from the four gauges over a 10 meter raster of the lakee dterage direct-
precipitation depth (inches) for a given day was converaatume in millions of
gallons (MG) via a rating curve generated from the lake larek data (Mitchell
et al., 2010). The rating curve accounts for changes inseidaea of the lake due
to lake level changes. The average annual direct rainfahedake for the wa-
ter year 2011/2012 was 50.3 inches (6778 MG); 69% of whicliwed between
October 1 and April 1.

Daily diversion volumes were estimated using a hydrograpasation technique
based on daily discharge data from the Anderson Creek USfeanstgauge
(USGS 12201950), modeled streamflow using the DHSVM, anatiti@ll valve
log-sheet provided by the City of Bellingham. The DistridiHydrology-Soils-
Vegetation Model (DHSVM) is a spatially distributed, phyadly based numerical
model that was calibrated to the Anderson Creek basin (Mathet al., 2007).
The log-sheet documents the dates and times that the dimexrsis operating and
the valve opening percent. These dates and times were domatde hydrograph.
The natural streamflow was estimated by the DHSVM and manuaihoved
from the USGS hydrograph. The remaining volume was usedtim&® 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
2279 MG were diverted into the lake in 2011/2012.

Daily lake evaporation was estimated using a model baseldeoRéenman method
(Dingman, 1994). The Penman method is theoretically bagetehthat 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&Sweather 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 18.2 in€h460 MG), 80% of
which occurred between April and September.

Daily change in storage was determined by subtracting eagk ke level by the
subsequent day’s level. This resulted in negative valuesnwhe lake level was
decreasing and positive values when the lake level wasastrg. The minimum
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lake level (311.43 ft) was recorded on December 22, 201 1tlechaximum lake
level (314.65 ft) occurred on July 4, 2012. The change inegf@mmagnitudes are
sensitive to the accuracy of the lake level measurement] kke level changes
correspond to large lake volumes. The daily net change ie lekel (inches)
was converted to a volume (MG) via a rating curve generatad the lake level-
volume data developed by Mitchell et al. (2010). The ratinogre accounts for
changes in volume of the lake due to lake level changes. Tlutamé¢otal lake
volume in 2011/2012 was 252,758 MG. Figure 15 (page 64) siuaiy lake-
volume values for the past five years. There was a spike indakene when the
lake rose from a level of 312.0 feet on January 4, to 315.0dedanuary 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 obffiestimated 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. THeVIHwas also

used to simulate runoff into the lake. Runoff represent6%dof the annual input
to the lake. About 54% of the total input to the lake occursua®ff between

January 1 and April 30. Predictably, about 50% of the totapouof the lake

discharges out Whatcom Creek during the same four monttvaite

The daily water balance quantities were summed into 7-d&fstowhich were
used to generate Figures 16—-19 (pages 65—-68). Figure 1&shoay summed
totals for inputs, outputs, and change in storage. All thmuig except runoff
are shown in Figure 17; all outputs except Whatcom Creek lawers in Figure
18. Due to their much higher magnitude, observed runoff, etexti runoff, and
Whatcom Creek data are included on Figure 19.

Yearly water balance totals are listed in Table 25 (page E®)gawith data from
four previous water years. The total volume of outputs w&.8% of the median
total volume of the lake. Under the assumption that the lal@®mpletely mixed
and flow is steady state (inputs = outputs), this would cpoed to a 7.2 year

residence timé? Tables 26 and 27 (pages 60—61) show the 2011/2012 total input

and output volumes along with the corresponding monthlgeaiage of each
total.

22Although 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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Page

WY2012
(9/30/11-10/1/12)

WY2011
(9/30/10-10/1/11)

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

WY2009
(9/30/08—10/1/09)

(9/30/07—10/1/08)

WY2008

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 2,460 (7.0%) 2,770 (7.0%)

Total 34,903 (%100)| 39,847 (100%) 29,589 (100%)| 34,317 (100%) 33,883 (100%)
Net change in storage 740 -1,609 1,384 -2,115 2,033
Median lake volume (MG) 252,758 252,637 252,074 252,433 253,003
Outflow percent of volume 13.8% 15.8% 11.7% 13.6 13.4%
Residence time (years) 7.2 6.3 8.5 7.4 7.5

6,778 (19.0%)
2,279 (6.4%)
26,586 (74.6%)
35,643 (100%)

27,899 (79.9%)
807 (2.3%)

45 (0.1%)
3,467 (9.9%)
225 (0.6%)

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%)

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%)

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 25: Annual water balance quantities for the Lake Wiratevatershed,
WY2008-WY2012.
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Input Percents
Month | Diversion Precipitation Runoff Total
Oct 0.00 8.16 -1.3§ 0.54
Nov 11.31 13.55 499 7.02
Dec 3.64 5.52 422 4.43
Jan 1.93 12.71 16.84 15.10
Feb 4.43 13.31 18.70 16.76
Mar 7.72 15.12 20.79 18.87
Apr 5.92 11.79 15.95 14.52
May 16.06 5.57 9.55 9.21
Jun 24.54 7.95 6.91 8.23
Jul 23.83 5.94 5.56 6.80
Aug 0.63 0.02 -0.03 0.02
Sep 0.00 0.37 -2.11 -1.51
Input Volume (MG)
Total 2,279 6,778 26,586 35,643

TRunoff = surface runoff + groundwater;

Table 26: Monthly input water balance quantities for the e &hatcom water-
shed, October 2011-September 2012.
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Output Percents
Month WC Hatch PSE COB WSD Evap Total
Oct 061 573 019 8.01 812 4.63 1.79
Nov 6.51 6.35 151 7.32 7.98 232 6.29
Dec 433 810 16.46 7.21 853 1.18 4.53
Jan 1594 8.04 1635 7.29 9.19 2.4113.90
Feb 1769 7.61 11.10 6.70 8.03 2.5615.23
Mar 16.92 8.89 1477 7.25 7.33 6.6414.98
Apr 1156 957 816 7.21 7.32 8.2310.82
May 893 809 535 874 814 16.33 9.40
Jun 777 948 232 820 7.66 13.82 8.27
Jul 6.26 9.83 14.77 9.65 8.78 17.47 7.50
Aug 240 9.63 0.00 12.07 9.73 15.%2 4.50
Sep 1.09 8.68 9.03 10.36 9.18 8.89 2.80

Output Volume (MG)
Total | 27,899 807 45 3,467 225 2,46(84,903
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 27: Monthly output water balance quantities for thied_#hatcom water-
shed, October 2011-September 2012.
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Figure 13: Austin Creek hydrograph, October 1, 2011-Seip¢er80, 2012. Data
were recorded at 15 minute intervals.
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Figure 14: Smith Creek hydrograph, October 1, 2011-SepteSl 2012. Data
were recorded at 15 minute intervals.
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Figure 15: Comparison of Lake Whatcom daily lake volumesWY2008—
WY2012. Horizontal line represents median lake volumelfierpgeriod plotted.
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Figure 16: Summary of 7-day inputs, outputs, and changesake Whatcom

storage, October 1, 2011-September 30, 2012.
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Figure 17: Lake Whatcom watershed direct hydrologic inpOtstober 1, 2011
September 30, 2012. Runoffisincluded on Figure 19 (seeddet? discussion).
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Figure 18: Lake Whatcom watershed hydrologic withdraw@istober 1, 2011—
September 30, 2012. Whatcom Creek output is included orr&ig®@ ( see Sec-
tion 4.2 discussion).
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Figure 19: Summary of 7-day Whatcom Creek flows, water ba&annoff esti-
mates, and DHSVM runoff estimates, October 1, 2011-SepeB®) 2012.
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5 Storm Water Monitoring

5.1 Site Descriptions

The storm water monitoring program was revised in 2009 tagoon collect-

ing baseline data at the Silver Beach Creek outlet and thedfiBellingham’s

North Shore Drive overlay project. Both sites were monilare2009/2010 (see
Matthews, et al., 2011). Beginning in 2010, the emphasiaded on collecting
additional storm water samples from Silver Beach Creek.ifformation about
other storm water sites that have been monitored by IWS;, tefthe annual re-
ports listed in Section 6.2 (page 89).

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 99) using an 1S@@pler pro-
vided by the City of Bellingham. A total of eight storm eventere sampled
between November 2011 and April 2012 (Table 28, page 72)h Bem event
was given a unique number (Events 17-24Six of these storms met the precip-
itation goal &1 cm in 24-hr) and included samples from the rising and fglleg

of the hydrograph. Two storms (19 and 21) did not meet theipitation goal,
but have been included in this report for general infornmatio

The sampler was calibrated to collect flow proportional dasguring each storm
event. The samples were analyzed to measure total suspsaligs] turbidity,
total phosphorus, soluble phosphate, total nitrogen, dnatey/nitrite following
the methods summarized in Table 1 (page 16). Stream elavigiage height)
was recorded at 15 minute intervals during each storm evehtrdoen a water
sample was collected. Stream flow was estimated from stage height (ft) using
the following rating curves.

Oct - Dec 2010: Flow (cfs) = (2.6402 stage height —9.180%3)
Feb 2011 - Apr 2012: Flow (cfs) = (2.7103stage height —9.3703)

23Events 1-16 were discussed by Matthews, et al. (2011; 2012)
24The 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 unweighted averagejatent 15-min

interval stage height data.

5.3 Results and Discussion

The amount and intensity of precipitation varied betweennstevents (Table 28;
Figures 20-25, pages 73-78). Four events (17, 18, 20, anda2R24-hr max-
imum precipitation totals of 1.0-2.0 cm during the monigrevent, two events
had>2.5 cm (23 and 24), and two events had.0 cm (19 and 21). Of the two
low-flow events, Event 19 displayed a typical hydrograph typital water qual-
ity patterns in response to the hydrograph. Event 21 wasatelll during a period
of high flow in January 2012. There was no obvious hydrogragdkpand the
water quality data collected during this event were atyigmmamost parameters.

Total suspended solids, turbidity, and total phosphorasased with stream flow
for all events except Event 21 (Figures 20—-22). Soluble phate and total nitro-
gen increased with flow during some of the storm events (Evgnts 18 and 23),
but often showed little relationship to the hydrograph (fFes 23—-24). Nitrate
concentrations were usually diluted by precipitation (Fegg25). Event 21, which
occurred during consistently high flow (no hydrograph peh&yl nearly constant
levels for all of the water quality parameters.

Correlation analysis was used to test the relationship detvgtream flow, stream
elevation (stage height), and water quality (Figures 26p2fjes 79-84). Both
stage height and stream flow were included because streansféstimated from
a rating curve, so it contains uncertainty. Stage heightdgect measurement
of the height of the stream when the sample is collected, anduged slightly
better correlations with the water quality data. Events i@ 21 were excluded
because they did not meet the precipitation goals and Evemli® not have a
typical hydrograph profile or water quality responses.

All of the water quality parameters were significantly ctated with stream flow
and stage height (Figures 26— 31); however, the significasitipe correlation
for nitrate with stream flow and stage height was mostly aifiaattof the large
sample size. All other parameters (total suspended stlidsdity, total phospho-
rus, soluble phosphate, and total nitrogen) had much higeedall’s r statistics
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compared to nitrate. Total suspended solids, turbiditg,tatal phosphorus were
highly correlated with each other (Figure 32). Total phasph is often adsorbed
to the surface of sediment particles and is transported sétliments in storm
runoff.

Part of the scattered “noise” in Figures 26—31 comes frorinAstorm variation,

which can be seen by plotting the storm events separatefyXample, Figure 33
shows the correlations between total phosphorus and flowéyte The results
varied considerably, with correlation statistics randirmmn insignificant (Events
19 and 21) to very highly significant (Event 20= 0.95)2° In theory, the “best”

statistical approach would be to evaluate all data sepgrayestorm event. But
this is not always feasible, or even desirable, especitiheigoal is to develop a
simple model of pollutant transport as a function of streaw.fl

25The maximum value for a correlation statistictid..O.
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Event Max. 24-hr|
Event Sampling Period Duration (hr) Precip
17  06:00 Nov 11to 12:00 Nov 12, 2011 30 0.721in
(2.8 cm)
18 12:00 Nov 16 to 12:00 Nov 18, 2011 48 0.42in
(2.2 cm)
19  14:00 Dec 16 to 09:30 Dec 20, 2011 91 0.201in
(0.51 cm)
20  14:00 Dec 27 to 14:00 Dec 28, 2011 24 0.51in
(2.3 cm)
21  10:00 Jan 25 to 09:45 Jan 26, 2012 23 0.291n
0.74 cm)
22 20:00Jan 28 to 08:30 Jan 31, 2012 60 0.641in
(1.6 cm)
23  20:00 Feb 20 to 12:00 Feb 23, 2012 64 1.371ip
(3.5¢cm)
24 18:00 Apr 19 to 14:00 Apr 20, 2012 20 1.03in
(2.6 cm)

Table 28: Summary of Silver Beach Creek storm events and rmansi 24-hr
precipitation total at the Bloedel/Donovan precipitatgauge. Precipitation data
were provided by the City of Bellingham.
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Figure 21: Silver Beach Creek storm water monitoring resfat Events 17—24:
turbidity (e) vs. stream flow-{). Note scale for each event. Results for Events
1-16 were presented in earlier reports (Matthews et al.12Matthews et al.,
2012).
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Figure 22: Silver Beach Creek storm water monitoring restdt Events 17—
24: total phosphoruse] vs. stream flow+). Note scale for each event. Re-
sults for Events 1-16 were presented in the earlier repidstiews et al., 2011,
Matthews et al., 2012).
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Figure 23: Silver Beach Creek storm water monitoring resfat Events 17—24:
soluble phosphate] vs. stream flow-{-). Note scale for each event. Results for
Events 1-16 were presented in earlier reports (Matthews @04 1; Matthews et
al., 2012).
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Figure 24: Silver Beach Creek storm water monitoring resfat Events 17—24:
total nitrogen ¢) vs. stream flow+-). Note scale for each event. Results for
Events 1-16 were presented in earlier reports (Matthews @04 1; Matthews et
al., 2012).
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Figure 25: Silver Beach Creek storm water monitoring resfat Events 17—24:
nitrate/nitrite @) vs. stream flow ). Note scale for each event. Results for
Events 1-16 were presented in earlier reports (Matthews @04 1; Matthews et
al., 2012)
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Figure 26: Correlation between stream flow or stage heigtittaral suspended
solids in Silver Beach Creek (Events 17-18, 20, and 22—-24¢&nts 19 and 21
were excluded because they did not meet precipitation g&adsults for Events
1-16 were presented in earlier reports (Matthews et al.12Matthews et al.,
2012). Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Figure 27: Correlation between stream flow or stage heigihtanbidity in Silver
Beach Creek (Events 17-18, 20, and 22-24). Events 19 and &lexeluded
because they did not meet precipitation goals. Resultsyents 1-16 were pre-
sented in earlier reports (Matthews et al., 2011; Mattheves. £2012). Kendall's
7 correlations were used because the data were not mondtosac: all correla-
tions were significant.
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Figure 28: Correlation between stream flow or stage heigthtatal phosphorus
in Silver Beach Creek (Events 17-18, 20, and 22-24). Evehtantl 21 were
excluded because they did not meet precipitation goalsulRder Events 1-16
were presented in earlier reports (Matthews et al., 201%tHéas et al., 2012).
Kendall's 7 correlations were used because the data were not mondioesc;
all correlations except Event 19 & 21 were significant.
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Figure 29: Correlation between stream flow or stage heightafuble phosphate
in Silver Beach Creek (Events 17-18, 20, and 22-24). Evehtantl 21 were
excluded because they did not meet precipitation goalsulRder Events 1-16
were presented in earlier reports (Matthews et al., 201%tHéas et al., 2012).
Kendall's 7 correlations were used because the data were not mondioesc;
all correlations were significant.
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Figure 30: Correlation between stream flow or stage heigtittatal nitrogen
in Silver Beach Creek (Events 17-18, 20, and 22-24). Evehtantl 21 were
excluded because they did not meet precipitation goalsulRder Events 1-16
were presented in earlier reports (Matthews et al., 201%tHéas et al., 2012).
Kendall's 7 correlations were used because the data were not mondioesc;

all correlations were significant.
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Figure 31: Correlation between stream flow or stage heigtitrgtnate in Silver

Beach Creek (Events 17-18, 20, and 22-24). Events 19 and &lexeluded

because they did not meet precipitation goals. Resultsyents 1-16 were pre-
sented in earlier reports (Matthews et al., 2011; Mattheves. £2012). Kendall's

7 correlations were used because the data were not mondtosac: all correla-

tions were significant.
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Figure 32: Correlation between total suspended solidbidity, and total phos-
phorus in Silver Beach Creek (Events 17-18, 20, and 22-24nt8 19 and 21
were excluded because they did not meet precipitation g&adsults for Events
1-16 were presented in earlier reports (Matthews et al.12Matthews et al.,
2012). Kendall'sr correlations were used because the data were not monotonic-

linear; all correlations were significant.
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Figure 33: Correlation between stream flow and total phosghioy storm event
in Silver Beach Creek (Events 17—-24). Results for Event$ Ixdre presented in
earlier reports (Matthews, et al., 2011; Matthews, et &12). Kendall'sr cor-
relations were used because the data were not monotoe#r]iall correlations
were significant.
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A Site Descriptions

Figures A1-A3 (pages 97-99) show the locations of the curmamitoring sites
and Table Al (page 96) lists the approximate GPS coordirfatebe lake and
creek sites. All site descriptions, including text destoips and GPS coordinates,
are approximate because of variability in satellite coger&PS unit sensitivity,
boat movement, stream bank or channel alterations, streamrdites, weather
conditions, and other factors that affect sampling locatitext descriptions con-
tain references to local landmarks that may change over tioedetailed infor-
mation about exact sampling locations, contact IWS.

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.

26This 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 2009/2@l@®cus on

collecting baseline data at the Silver Beach Creek outldttae North Shore
Drive overlay. Both sites were monitored in 2009/2010 (sesttMews, et al.,
2011). During the 2010/2011 and 2011/2012 monitoring pirithe emphasis
was on collecting additional storm water samples from $iBeach Creek. The
2010/2011 Silver Beach Creek runoff data are described ljhieda, et al. (2012).
For information about other storm water sites that have Ibeemnitored by IWS,

refer to the annual reports listed in Section 6.2 (page 89).

Silver Beachstorm runoff samples were collected at the USGS gaugingsite
hind the house at 3007 Maynard Place and approximately 15pstnaam from
the culvert at North Shore Dr.



2011/2012 Lake Whatcom Report

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

P&fe

Table Al: Approximate GPS coordinates for Lake Whatcom sexggites.
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®
Site 3
(basin 3)
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(basin’3)
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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 16).

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 16). 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 169—
173, 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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B.1 Monthly Hydrolab Profiles

Page
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Figure B1: Lake Whatcom Hydrolab profiles for Site 1, Octobef011. Con-
ductivity profile is not available due to equipment malfuont discrete results
were generated from water samples measured in the labprator
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Figure B2: Lake Whatcom Hydrolab profiles for Site 2, Octobef011. Con-
ductivity profile is not available due to equipment malfuont discrete results
were generated from water samples measured in the labprator
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ductivity profile is not available due to equipment malfuont discrete results
were generated from water samples measured in the labprator
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Figure B5: Lake Whatcom Hydrolab profiles for Site 4, Octobef011. Con-
ductivity profile is not available due to equipment malfuont discrete results
were generated from water samples measured in the labprator
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Figure B6: Lake Whatcom YSI profiles for Site 1, November 1120
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Figure B7: Lake Whatcom YSI profiles for Site 2, November 1120
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Figure B8: Lake Whatcom YSI profiles for the Intake, Novembe2011.
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Figure B9: Lake Whatcom YSI profiles for Site 3, November 2120
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Figure B10: Lake Whatcom YSI profiles for Site 4, November@, 2.
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Figure B11: Lake Whatcom YSI profiles for Site 1, December0, 22
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Figure B12: Lake Whatcom YSI profiles for Site 2, December01, 22
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Figure B13: Lake Whatcom YSI profiles for the Intake, Decenhe011.
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Figure B14: Lake Whatcom YSI profiles for Site 3, December@,22 The low
oxygen value at 80 meters was most likely due to incompletenealumn mixing
following recent destratification.
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Figure B15: Lake Whatcom YSI profiles for Site 4, December®, 2
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Figure B16: Lake Whatcom YSI profiles for Site 1, February@®.2
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Figure B17: Lake Whatcom YSI profiles for Site 2, February@®1.2
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Figure B18: Lake Whatcom YSI profiles for the Intake, Febyuzr2012.
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Figure B19: Lake Whatcom YSI profiles for Site 3, February@12
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Figure B20: Lake Whatcom YSI profiles for Site 4, February@12
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Figure B21: Lake Whatcom YSI profiles for Site 1, April 14, 201
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Figure B22: Lake Whatcom YSI profiles for Site 2, April 14, 201



2011/2012 Lake Whatcom Report

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Conductivity (uS/cm)

o
o

)

o

o

o)

o

o

o
o
o
T T T
10 15 20
Temperature (C)
o)
o)
o
o
o)
o
o)
o)
o)
o
o)
T T T T T
40 60 80 100 120

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Padgks

OOOOOOoooOO

90000000000

8

Dissolved Oxygen (mg/L)

10 12 14

Figure B23: Lake Whatcom YSI profiles for the Intake, April, 2D12.
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Figure B24: Lake Whatcom YSI profiles for Site 3, April 10, 201
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Figure B25: Lake Whatcom YSI profiles for Site 4, April 10, 201
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Figure B26: Lake Whatcom YSI profiles for Site 1, May 10, 2012.
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Figure B27: Lake Whatcom YSI profiles for Site 2, May 10, 2012.
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Figure B28: Lake Whatcom YSI profiles for the Intake, May 1012.
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Figure B29: Lake Whatcom YSI profiles for Site 3, May 3, 2012.
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Figure B30: Lake Whatcom YSI profiles for Site 4, May 3, 2012.
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Figure B31: Lake Whatcom YSI profiles for Site 1, June 7, 2012.
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Figure B32: Lake Whatcom YSI profiles for Site 2, June 7, 2012.
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Figure B33: Lake Whatcom YSI profiles for the Intake, June(7,22
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Figure B34: Lake Whatcom YSI profiles for Site 3, June 9, 2012.
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Figure B35: Lake Whatcom YSI profiles for Site 4, June 9, 2012.
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Figure B36: Lake Whatcom YSI profiles for Site 1, July 7, 2012.
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Figure B37: Lake Whatcom YSI profiles for Site 2, July 7, 2012.
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Figure B38: Lake Whatcom YSI profiles for the Intake, July G12.



2011/2012 Lake Whatcom Report

Depth (m)

Depth (m)

-80 -60 -40 -20

-100

-80 -60 -40 -20

-100

o Gﬁf
rd O /
— /o
o
[o)
O —_~
© £
O ~—
o £
le) [oR
° a
o
o
o
o
T T T T
5 10 15 20
Temperature (C)
o
o
o
o
O ~—
o £
o ~—
b =
lo) Qo
° a
o
o
o
o

T T T T T
40 60 80 100 120

Conductivity (uS/cm)

-40 -20

-60

-80

-100

-40 -20

-60

-80

-100

Page.

o
o
— o
o
o
o
— o
o
o
o
— o
o
o
o
— o
T T T T T
5 6 7 8 9
pH
(o)
— o
o
o
o
— [}
o
o
o
— o
o
o)
o
— o
1 T T T T T 1
0O 2 4 6 8 10 12 14

Dissolved Oxygen (mg/L)

Figure B39: Lake Whatcom YSI profiles for Site 3, July 5, 2012.
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Figure B40: Lake Whatcom YSI profiles for Site 4, July 5, 2012.
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Figure B41: Lake Whatcom YSI profiles for Site 1, August 4,201
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Figure B42: Lake Whatcom YSI profiles for Site 2, August 4,201
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Figure B43: Lake Whatcom YSI profiles for the Intake, Augus2@12.
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Figure B44: Lake Whatcom YSI profiles for Site 3, August 2,201
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Figure B45: Lake Whatcom YSI profiles for Site 4, August 2,201
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Figure B46: Lake Whatcom YSI profiles for Site 1, Septemb&(8,2.
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Figure B47: Lake Whatcom YSI profiles for Site 2, Septemb&(8,2.
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Figure B48: Lake Whatcom YSI profiles for the Intake, Septeng) 2012.
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Figure B49: Lake Whatcom YSI profiles for Site 3, Septemb&04,2.
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Figure B50: Lake Whatcom YSI profiles for Site 4, Septemb&03,2.
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B.2 Long-term Hydrolab Data (1988-present)

Péges



2011/2012 Lake Whatcom Report

Péget

(D) ainelad

Figure B51: Lake Whatcom historic temperature



2011/2012 Lake Whatcom Report

Lake Whatcom temperature data for Site 2, February 1988 through December 2012.
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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 2012.
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Figure B54: Lake Whatcom historic temperature data for Site
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Pégs

Lake Whatcom temperature data for Site 4, February 1988 through December 2012.
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Figure B55: Lake Whatcom historic temperature data for &ite
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Lake Whatcom dissolved oxygen data for Site 3, February 1988 through December 2012.
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Lake Whatcom dissolved oxygen data for Site 4, February 1988 through December 2012.
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Figure B60: Lake Whatcom historic dissolved oxygen dateSite 4.
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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 2012.
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Figure B62: Lake Whatcom historic pH data for Site 2.
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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 2012.
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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 2012.
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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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Lake Whatcom conductivity data for Site 3, February 1988 through December 2012.
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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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Lake Whatcom conductivity data for Site 4, February 1988 through December 2012.
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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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Lake Whatcom alkalinity data for Site 1, February 1988 through December 2012.
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Figure B71: Lake Whatcom alkalinity data for Site 1.
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Figure B72: Lake Whatcom alkalinity data for Site 2.



a)Is @¥eju| 8y} Joj elep Aluifes[e Wwodteypn e €29 2inbiy

Alkalinity (mg/L)

50

40

30

20

10

Lake Whatcom alkalinity data for Intake, February 1988 through December 2012.
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Lake Whatcom alkalinity data for Site 3, February 1988 through December 2012.
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Lake Whatcom alkalinity data for Site 4, February 1988 through December 2012.
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Lake Whatcom alkalinity data for Site 4.
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Lake Whatcom turbidity data for Site 1, February 1988 through December 2012.
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Lake Whatcom turbidity data for Site 2, February 1988 through December 2012.
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Lake Whatcom turbidity data for Intake, February 1988 through December 2012.

—o— Depth 0
-A-  Depthb5
+-  Depth 10

(¢]

| | | | |
11/91 05/97 11/02 05/08 10/13

Joday wooreym axe1 z10z/I1102



2011/2012 Lake Whatcom Report

Pags

]
— o
: S
: -
R =17
OO000 :
OLOANST©O0 ey
. Lcccccc & & .
o SE5E505 ”
— OO (0] N ———— . RSy
o [alalalaalala) B3 7K
N D
—_ | N .
o ) | | = o SV
g | genied — |
£ _ = E=4 3
[} k% [
O _ S o
) B gy
o
o
o
=)
(@]
S
c
= b
[0 0] $
3
R
N
= ga | 9
=)
S
Q0
(¢}]
LL
') 8 ———i
(o) = &
=
)]
o) 4
~
,m - L 2
: T}
I ; ©
© :
2 )
© A
b 3
S >
=) :
+— 3
:
N>
o é —
@© L @
e I —
W = —
y:E
Q 4=
© 5
k
[ D
B
o
I I I I I
0¢ ST 0T g 0

(NLN) AuprounL

Figure B79: Lake Whatcom turbidity data for Site 3.
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, February 1988 through December 2012.

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 2012.

Lake Whatcom ammonium data for Site 1,
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Figure B81: Lake Whatcom ammonium data for Site 1.



2011/2012 Lake Whatcom Report

February 1988 through December 2012.

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 2012.

Lake Whatcom ammonium data for Site 3
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Figure B84: Lake Whatcom ammonium data for Site 3.
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Lake Whatcom ammonium data for Site 4
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Figure B85: Lake Whatcom ammonium data for Site 4.
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Lake Whatcom nitrate/nitrite data for Site 1, February 1988 through December 2012.
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Figure B86: Lake Whatcom nitrate/nitrite data for Site 1.



2011/2012 Lake Whatcom Report

Lake Whatcom nitrate/nitrite data for Site 2, February 1988 through December 2012.
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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 2012.
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Figure B88: Lake Whatcom nitrate/nitrite data for the Ireaite.
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Lake Whatcom nitrate/nitrite data for Site 3, February 1988 through December 2012.
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Figure B89: Lake Whatcom nitrate/nitrite data for Site 3.



Lake Whatcom nitrate/nitrite data for Site 4, February 1988 through December 2012.
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Figure B90: Lake Whatcom nitrate/nitrite data for Site 4.
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Figure B91: Lake Whatcom total nitrogen data for Site 1.
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Figure B92: Lake Whatcom total nitrogen data for Site 2.
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Lake Whatcom total nitrogen data for Site 4, February 1988 through December 2012.
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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 2012.
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Lake Whatcom soluble reactive phosphate data for Site 2, February 1988 through December 2012.
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Lake Whatcom soluble reactive phosphate data for Intake, February 1988 through December 2012.
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Lake Whatcom soluble reactive phosphate data for Site 3, February 1988 through December 2012.
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Figure B99: Lake Whatcom soluble phosphate data for Site 3.
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Figure B100: Lake Whatcom soluble phosphate data for Site 4.
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Figure B101: Lake Whatcom total phosphorus data for Site 1.
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Lake Whatcom total phosphorus data for Site 3, February 1988 through December 2012.
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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 2012.
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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 2012.
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Figure B106: Lake Whatcom chlorophyll data for Site 1.
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Lake Whatcom chlorophyll a data for Site 2, February 1988 through December 2012.
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Lake Whatcom chlorophyll a data for Intake, February 1988 through December 2012.
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Figure B108: Lake Whatcom chlorophyll data for the Intake.si
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Lake Whatcom chlorophyll a data for Site 3, February 1988 through December 2012.
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Lake Whatcom chlorophyll a data for Site 4, February 1988 through December 2012.
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Figure B110: Lake Whatcom chlorophyll data for Site 4.
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Lake Whatcom Secchi data for Site 1, February 1988 through December 2012.
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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 2012.
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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 2012.
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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 2012.
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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 2012.
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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 2012.
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Lake Whatcom fecal coliform data for Site 2, February 1988 through December 2012.
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Lake Whatcom fecal coliform data for Intake, February 1988 through December 2012.
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Lake Whatcom fecal coliform data for Site 3, February 1988 through December 2012.
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Lake Whatcom fecal coliform data for Site 4, February 1988 through December 2012.
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, February 1988 through December 2012.

Lake Whatcom plankton data for Site 1
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Figure B121: Lake Whatcom plankton data for Site 1.
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, February 1988 through December 2012.

Lake Whatcom plankton data for Site 2
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Figure B122: Lake Whatcom plankton data for Site 2.
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Figure B123: Lake Whatcom plankton data for the Intake Site.
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Figure B125: Lake Whatcom plankton data for Site 4.



'sdnoub uopjue|d Bulurewal moys 0}

paniwo erkytio® yum ‘T a11S Joj erep uopjue|d woareym axe :9z1g ainbi4

Plankton (#/L)

1500000

1000000

500000

Lake Whatcom plankton data for Site 1, February 1988 through December 2012.

—— ZooR aglkton

et 1’:1 cteria
X oro
—-o- Pyrrop Y a
+
+

Joday wooreym axe1 z10z/I1102

GgRd



2011/2012 Lake Whatcom Report Parpd

©
. com
N 25658
— X BT >
o m.Dpn
N =028
2SS0
o 8%=8
o NOOA
= -
U
8 | grxo | 8
a 8
<
o
5
)
S
=
©
©
o
—
>
f—
]
m N
% L S
L e
o
)
=
0p]
Ke)
8
]
©
c
S
=< &
n — ~
8 8
o
&
8 XXH.NAEX
©
M X VINWM
2 X e XiTITITE
©
—
m .
L @
—
—
T T T
00000ST 000000T 00000s 0

(1/#) uopjueld

Figure B127: Lake Whatcom plankton data for Site 2, with Gbophyta omitted
to show remaining plankton groups.
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Figure B128: Lake Whatcom plankton data for the Intake Siith Chrysophyta
omitted to show remaining plankton groups.
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Figure B129: Lake Whatcom plankton data for Site 3, with Gbophyta omitted
to show remaining plankton groups.
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Figure B130: Lake Whatcom plankton data for Site 4, with Gbophyta omitted
to show remaining plankton groups.
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B.4 Lake Whatcom Tributary Data (2004-present)

The figures in this appendix include the monthly baselina datlected from Oc-

tober 2004 through September 2006, biannual data colléasdFebruary 2007
through September 2009, and monthly data collected duhi@gurrent monitor-

ing period. Each figure includes a dashed (blue) horizoirial that shows the
median value for Smith Creek and a solid (red) horizonta thmat shows the me-
dian value for each creek. Smith Creek was chosen as a reéebatause it is a
major tributary to the lake and has a history of being redyiwinpolluted. The

figures were scaled to include all but extreme outlierssctite outliers are listed
in the figure caption. All data are available online at httpw/w.wwu.edu/iws.
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Figure B131: Temperature data for Anderson, Austin, Smatigd Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B132: Temperature data for Blue Canyon, Branniamp&der, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B133: Temperature data for Euclid, Millwheel, anty&i Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B134: Dissolved oxygen data for Anderson, AustinjtBpand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B135: Dissolved oxygen data for Blue Canyon, Bramniarpenter, and
Olsen Creeks. Dashed (blue) horizontal reference line slibev median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek.
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Figure B136: Dissolved oxygen data for Euclid, MillwheehdaSilver Beach
Creeks and the Park Place drain. Dashed (blue) horizoritakree line shows
the median value for Smith Creek; solid (red) horizontagrehce line shows the
median value for each creek.
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Figure B137: Tributary pH data for Anderson, Austin, Smiimd Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B138: Tributary pH data for Blue Canyon, Brannian;g@ater, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B139: Tributary pH data for Euclid, Millwheel, and\&r Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B140: Conductivity data for Anderson, Austin, Smidnd Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B141: Conductivity data for Blue Canyon, Branniaarg&nter, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B142: Conductivity data for Euclid, Millwheel, andv&r Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B143: Alkalinity data for Anderson, Austin, SmitmdaWhatcom Creeks.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
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,iAuSinith, and What-
com Creeks. Dashed (blue) horizontal reference line shbe/siiedian value for
Smith Creek; solid (red) horizontal reference line shovesttedian value for each
creek. Two outliers were off-scale (Austin and Andersonekse Jan. 10, 2006).
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Figure B147: Total suspended solids data for Blue Canyoani@an, Carpenter,
and Olsen Creeks. Dashed (blue) horizontal referencehiomsthe median value
for Smith Creek; solid (red) horizontal reference line shdlae median value for
each creek. Two outliers were off-scale (Brannian and Oereks, Jan. 10,
2006).
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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 medianes&bu each creek. One
outlier was off-scale (Anderson Creek, Jan. 10, 2006).
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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
value for each creek.
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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. Three outliers were off-scale (Mib&hCreek, Feb. 8, 2005,
July 11, 2011, Sept. 12, 2012).
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Figure B155: Nitrate/nitrite data for Anderson, Austin, iBmand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B156: Nitrate/nitrite data for Blue Canyon, Braimi@arpenter, and Olsen
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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Figure B157: Nitrate/nitrite data for Euclid, Millwheelnd Silver Beach Creeks
and the Park Place drain. Dashed (blue) horizontal referbne shows the me-
dian value for Smith Creek; solid (red) horizontal referehioe shows the median
value for each creek.
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Figure B158: Total nitrogen data for Anderson, Austin, $mand Whatcom
Creeks. Dashed (blue) horizontal reference line shows #d#an value for Smith
Creek; solid (red) horizontal reference line shows the mredalue for each creek.
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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) horizontatrefce line shows the
median value for each creek. One outlier was off-scale (iidel Creek, Feb. 8,
2005).
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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) horizontaérehce line shows the
median value for each creek. Three outliers were off-sdsliéwheel Creek,
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Sept. 14, 2010, Oct. 12, 2011, Sept. 12, 2012).
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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.
One outlier was off-scale (Austin Creek, July 17, 2007.
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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 refer@fice shows the median
value for each creek. Ten outliers were off-scale (EuclideRr Oct. 12, 2011,
Millwheel Creek, Sept. 14, 2010, June 5, 2012; Park Placedfaig. 1 2006;
Silver Beach Creek, Oct. 10, 2005, Sept. 13, 2005, Aug. 16200y 17, 2007,
July 15, 2008, Sept. 13, 2011).
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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 (d&je 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

Value Value Limits Result
Specific conductivity £S/cm at 25C) 420 418  375-462 accept
Total alkalinity (mg/L as CaCg) 101 103  91.4-113 accept
Ammonium nitrogen, manual (mg-N/L) 7.69 7.74 5.70-9.74 eptc
Ammonium nitrogen, autoanalysis (mg-N/L)  7.65 7.74 5.7049 accept
Nitrate/nitrite nitrogen, autoanalysis (mg-N/L) 11.0 a0. 8.64-12.3 accept
Nitrite nitrogen, autoanalysis (mg-N/L) 0.470 0.480 0.-3@®02 accept
Orthophosphate, manual (mg-P/L) 2.37 240 1.94-2.88 agcep
Orthophosphate, autoanalysis (mg-P/L) 2.45 240 1.98-2.8 accept
Total phosphorus, manual (mg-P/L) 1.64 1.66 1.31-2.06 pgce
Total phosphorus, autoanalysis (mg-P/L) 1.68 1.66 1.3B-2. accept
pH 7.78 7.80 7.60-8.00 accept
Solids, non-filterable (mg/L) 84.4 94.0 77.6-104 accept
Turbidity (NTU) 14.8 155 12.8-18.2 accept

Table C1: Single-blind quality control results, WP-183/(#32012).
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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 acciffacy

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 2008 through September 2011 (upper examples in Figute€8D, pages
278-307), and used to evaluate data from October 2011 thi®aegtember 2012
(lower examples in Figures C1-C30).

2’External check standards are not available for all analytes
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Figure C1: Alkalinity laboratory duplicates for the Lake Atbom monitoring
program. Upper/lower acceptance limits) 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 duplizdte
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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 limit2(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 labcditeldata.



2011/2012 Lake Whatcom Report Pagd

5 1.5 + 1.38
S 1.0 feoceooeeoeeooeees O - - 1.02
8 054 g8 O 09 © 88 o § ©
% : g o & Qo.o....Q.oo@).% ............ @ @@O ...... g)o ...... 0.28
r 00 o ¥ o oo o o 3 % 8
Q 0.5 -t -0.454
T -1.0 ~0.822
| T T |
12/09 07/10 01/11 08/11
Alkalinity Check Standards, Training Data

5 157 5 1.38
S L0 oo 1.02
(]
© 05 - © o) (]
Q O ... O O b YRR Fo T O e 0.28
= 00 8 g o ©° 8 B % 9% ®

00 o0 ©
8 05 o e R ERACEEEETRELEEE ~0.454
£ 1o -0.822

| T T |
11/11 03/12 06/12 09/12

Alkalinity Check Standards, Test Data

Figure C3: Alkalinity low-range check standards for the &ak’hatcom moni-
toring program. Upper/lower acceptance limit2(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 labcditeldata.
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Chlorophyll Laboratory Duplicates, Test Data

Figure C4: Chlorophyll laboratory duplicates for the Lakdé&ttom monitoring
program (lake samples). Upper/lower acceptance liritsgtd. dev. from mean
pair difference) and upper/lower warning limits{ std. dev. from mean pair dif-
ference) were calculated based on the preceding two yeéab diiplicate data.
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Conductivity Laboratory Duplicates, Test Data

Figure C5: Conductivity laboratory duplicates for the Lakbatcom monitoring
program. Upper/lower acceptance limits) 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 duplizdte
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Dissolved Oxygen Laboratory Duplicates, Test Data

Figure C6: Dissolved oxygen laboratory duplicates for th&d \WWhatcom moni-

toring program. Upper/lower acceptance limit2(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 labcditeldata.
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Ammonia Laboratory Duplicates, Test Data

Figure C7: Ammonium laboratory duplicates for the Lake V¢bat monitoring
program. Upper/lower acceptance limits) 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 duplizdte
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Ammonia Spike Recoveries, Test Data

Figure C8: Ammonium matrix spikes for the Lake Whatcom manitg 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.
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Ammonia Check Standards, Test Data

Figure C9: Ammonium high-range check standards for the Makatcom moni-
toring program. Upper/lower acceptance limit2(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 labcditeldata.
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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 limiis2(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 labcditeldata.
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Nitrate+Nitrite Laboratory Duplicates, Test Data

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 labcditeldata.
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Nitrate+Nitrite Spike Recoveries, Test Data

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 limitst{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizdte
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Nitrate+Nitrite Check Standards, Test Data

Figure C13: Nitrate/nitrite high-range check standardstfie 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 dtijalzate 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 dtijalzate 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 labcditeldata.
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Total Persulfate Nitrogen Spike Recoveries, Test Data

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 limitst{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizdte
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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 dtijalzate 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 dtijalzate data.
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Figure C19: Laboratory pH duplicates for the Lake Whatcomiaoing pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limitst{3 std. dev. from mean pair difference) were
calculated based on the preceding two years of lab duplizdte
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Soluble Phosphate Laboratory Duplicates, Test Data

Figure C20: Soluble reactive phosphate laboratory duiggcéor the Lake What-
com monitoring program. Upper/lower acceptance limit8 §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 yeéab diiplicate data.
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Figure C21: Soluble reactive phosphate matrix spikes ®tt#ke Whatcom mon-

itoring program. Upper/lower acceptance limiis2(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 labcditeldata.
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Figure C22: Soluble reactive phosphate high-range checridatds for the Lake
Whatcom monitoring program. Upper/lower acceptance $igit2 std. dev. from

mean pair difference) and upper/lower warning limis3(std. dev. from mean
pair difference) were calculated based on the precedinyéacs 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 $igit2 std. dev. from
mean pair difference) and upper/lower warning limis3(std. dev. from mean
pair difference) were calculated based on the precedinyéacs of lab duplicate
data.
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Figure C24: Total phosphorus laboratory duplicates folthlee Whatcom moni-
toring program. Upper/lower acceptance limit2(std. dev. from mean pair dif-
ference) and upper/lower warning limits$ std. dev. from mean pair difference)
were calculated based on the preceding two years of labaeldata. Slight
increase in variability may be due to insufficient pers@fedncentration; method
revised to increase concentration.



2011/2012 Lake Whatcom Report P&

.. 120 o Q 120
§ 110 —'"'0"'8""""0' """""""""""""" O"""""O """" 112
8 8 8 o 9 o o ©
S 100 ... §.@.,a ........ g 8..§..o..o. ....... 0Ol g0 g O 8.g8.88. .. 97.4
n:_ 90 o 00 § o o © 3 8o
b (@) o) (0]
E 80 e l'e 824
S} 74.9
70
T T T T
12/09 07/10 01/11 08/11
Total Phosphorus Spike Recoveries, Training Data
.. 120 5 Q 120
C 110 o 77Tyt Tttt 112
3 ° 8
g 100 ... O O O oo Gy 97.4
o 8 e ©° ©
- 90 o €] o g
B g 2 Q---1824
8 74.9
70 - 8
T T T T
11/11 03/12 06/12 09/12

Total Phosphorus Spike Recoveries, Test Data

Figure C25: Total phosphorus matrix spikes for the Lake \&nat monitoring
program. Upper/lower acceptance limits) 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 duplizdte
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Figure C26: Total phosphorus high-range check standardbdd_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 dtijalzate data.
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Figure C27: Total phosphorus low-range check standardhétake 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 dtijalzate data.
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Figure C28: Total suspended solids laboratory duplicaieshie Lake Whatcom
monitoring program (creek and storm water samples). Uvesf acceptance
limits (£2 std. dev. from mean pair difference) and upper/lower wayhiimits
(£3 std. dev. from mean pair difference) were calculated basetth® 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#gtaecceptance 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 limits) 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 duplizdte
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C.3 Field Duplicate Results

Field duplicates (FiguresC31-C49, pages 309-327) welectetl and analyzed
for a minimum of 10% of all of the water quality parameterseptthe Hydrolab
or YSI field meter data. To check the field meter measuremenidjcate sam-
ples were analyzed for at least 10% of the field meter measmenusing water
samples collected from the same depth as the field meter nesasnt.

The absolute mean difference for the field duplicates wasutated using the
following equation:

> |Original Sample — Duplicate Sample|

Absolute mean difference = - -
number of duplicate pairs
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toring Project (lake samples). Diagonal reference linensh@ 1:1 relationship.
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Figure C32: Alkalinity field duplicates for the 2011/2012KeaWhatcom Moni-
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Figure C33: Chlorophyll field duplicates for the 2011/20%ke Whatcom Mon-
itoring Project (lake samples). Diagonal reference lirengha 1:1 relationship.
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Figure C35: Dissolved oxygen field duplicates for the 20012 Lake What-
com Monitoring Project (lake samples). Diagonal referelimoe shows a 1:1 re-
lationship. The labeled outliers were collected when tlke l&aas stratified, or
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Figure C36: Dissolved oxygen field duplicates for the 20012Lake Whatcom
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Figure C37: Ammonium field duplicates for the 2011/2012 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 2011/2012 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 201012 Lake Whatcom
Monitoring Project (creek samples). Diagonal referenoe Bhows a 1:1 rela-
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Figure C41: Total nitrogen field duplicates for the 20112Q0%Bke 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 C44: Soluble phosphorus field duplicates for the 220112 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 200122 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 C47: Total suspended solids field duplicates for 0312012 Lake What-
com Monitoring Project (creek samples). Diagonal refeeelmme shows a 1:1

relationship.
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Figure C48: Turbidity field duplicates for the 2011/2012 eak’hatcom Moni-
toring Project (lake samples). Diagonal reference linensh@ 1:1 relationship.
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Figure C49: Turbidity field duplicates for the 2011/2012 eak’hatcom Moni-
toring Project (creek samples). Diagonal reference lirmsvsha 1:1 relationship.
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D Lake Whatcom Online Data

The followingreadmefile describes the electronic data posted at the IWS web site
and additional data available from IWS. Please contact thecir of the Institute
for Watershed Studies if you have questions or trouble aougshe online data.

EE R I I I R R I R I I R I I R R I R R I R R I O

* README FI LE - LAKE WHATCOM ONLI NE DATA

* TH S FI LE WAS UPDATED MARCH 7, 2013

EIR IR I S I R R R R R I S I R I R R I R R R R R I I S I I I R R R R R R R R I I I I I I R

Most of the Lake Whatcomwater quality data are available in
electronic format at the W5 website (http://ww. ww. edu/iws) or from
the | W5 Director

The historic and current detection linmts and abbreviations for each
paranmeter are listed in the annual reports. The historic detection
limts for each paraneter were estimted based on recomended | ower
detection ranges, instrunent limtations, and anal yst judgnment on the
| owest repeatable concentration for each test. Over tine, sone

anal ytical techniques have inproved so that current detection limts
are usually lower than historic detection limts. Because the Lake
What com data set includes long-termnonitoring data, which have been
collected using a variety of analytical techniques, this report sets
conservative detection linmits to allow conpari sons between years.

Al files are comua-separated ascii data files. The code "NA" has
been entered into all enpty cells in the ascii data files to fill in
unsanpl ed dates and depths, m ssing data, etc. Questions about

m ssing data should be directed to the I W5 Director

Unl ess otherwi se indicated, the electronic data files have NOT been
censored to flag or otherw se identify bel ow detection and above
detection values. As a result, the ascii files may contain negative
val ues due to linear extrapolation of the standards regression curve
for bel ow detection data. It is essential that any statistical or
anal ytical results that are generated using these data be revi ewed by
soneone famliar with statistical uncertainty associated with
uncensored dat a.
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EE R I I I I R I I I I R I R R R I O R R I O

* ONLI NE LAKE DATA FI LES:

khkhkkhkhkhhkhkhhkhkhhhkhhhkhhhhhhhhdhhhhhhdhhdhhdhdhddhkhhhddhdddhrrhrxk*x*x%

Hydr ol ab/ YSI data Water quality data Pl ankt on data

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
1992 hl.csv 1992 wg. 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
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
2012 _hl.csv 2012 _wg. csv

The * _hl.csv files include: site, depth (m, nonth, day, year, tenp
(water temperature, C), pH, cond (specific conductivity, uS/cn), do
(di ssol ved oxygen, ng/L), lcond (lab conductivity quality contro
data, uS/cn), secchi (secchi depth, m.

The * wg.csv files include: site, depth (m, nonth, day, year, alk
(alkalinity, mg/L as CaCO3), turb (turbidity. NTU), nh3 (anmoni um
ug-N L), tn (total persulfate nitrogen, ug-NL), nos (nitrate/
nitrite, ug-NL), srp (soluble reactive phosphate, ug-P/L), tp (total
persul fate phosphorus, ug-P/L), chl (chlorophyll, ug/L).

The plankton.csv file includes: site, depth (m, nonth, day, year
zoop (zoopl ankton, #/L), chry (chrysophyta, #/L), cyan
(cyanobacteria, #/ L), chlo (chlorophyta, #/ L), pyrr (pyrrophyta,
#/L).
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* ONLI NE HYDROGRAPH DATA FI LES:

ER R R R I I I R R R R R I S A R I I R R R I I R R R I R I I I I I R R O R R R R R R I I I R
Wr1998. csv

WY1999. csv

WY2000_rev.csv (revised March 8, 2012)
WY2001. csv

Wr2002. csv

Wr2003. csv

WY2004_rev.csv (revised June 21, 2006)
WY2005. csv

WY2006. csv

WY2007. csv (revised July 31, 2008)
Wr2008. csv

Wr2009. csv

WY2010. csv

WY2011. csv

WY2012. csv

The WY+, csv files include: nonth, day, year, hour, mn, sec, ander.g
(anderson gage height, ft), ander.cfs(anderson discharge, cfs),
austin.g (austin gage height, ft), austin.cfs (austin discharge,
cfs), smth.g (snth gage height, ft), smth.cfs (smth di scharge
cfs). Anderson Creek hydrograph data were deleted in W2000_rev. csv
due to uncertainty about the gage hei ght; Anderson Creek data are
avai | abl e for Wy1998, Wy1999, and Wr2001- Wr2007. Begi nning with
WY2002, the variable "time" replaced "hour, mn, sec," with time
reported daily on a 24-hr basis. Data are reported as Pacific
Standard Tinme w thout Daylight Saving Tine adjustnent.

kkkkkhkkhkkhkhkhkkhkhkhkhkkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkkhkhkhkhkhk d k khkikkkhkhkhhkk,*,*,k,* khkkkkkk*x*x%

* STORM WATER DATA FI LES
kkkkkhkkhkkhkhkhkkkhkhkkhkhkhkhkhkkkhkhkhkhkhkhkhkhkhkhkhkhkhk d k kikikkkhkhkhk kk,*,*,k,k,khkkkkkk*x*x%

The storm water data include conposite and grab sanpl es from nunerous
sites in the Lake What com wat ershed (1994--present), representing a
variety of study objectives and sanpling intensities over tinme. The
electronic data files are not posted online, but nay be obtained by
contacting the Institute for Watershed Studi es.
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* TRI BUTARY DATA FI LES
khkkkkhhkhkkhhhkhkhhhkkhhhhkhhhkhhhhhhdxkhhhhdhrdhdxdhrdhdxdhxxddxdh*x*dx*k*x*x%
CURRENT (ONLI NE) :

The current creek data are listed in creeks.csv. The data file
contains the follow ng variables: code (IW5 site code), site
(descriptive site nanme), nonth, day, year, time (24-hr basis), tenp
(water tenperature, C), ph, do (dissolved oxygen, ng/L), cond
(specific conductivity, uS/cnm, turb (turbidity, NTU), alk
(alkalinity, ng/L as CaCO3), tp (total phosphorus, ug-P/L), tn (tota
nitrogen, ug-N'L), nos (nitrite+nitrate, ug-NL), srp (soluble
reactive phosphate, ug-P/L), nh3 (ammonium ug-N1L), tss (total
suspended solids, ng/L), ts (total solids, ng/L), ecoli (E. coli

cfu/ 100 m.), fc (fecal coliforns, cfu/100 ml)

HI STORI C STORM WATER MONI TORI NG DATA:

Historic creek data include netals and toc data (creeksnetaltoc.csv);
results froman intensive sanpling effort in Austin Creek and Creek
(creekwal k. csv); a 48-hr creek sanpling project; and di scharge
estimated fromungauged sites. The electronic data are not avail able
online, but may be obtained by contacting the Institute for Watershed
St udi es.

R S O I R I b O S I R I S S Ik I R o
* S| TE CODES
* ALL FILES - | NCLUDES DI SCONTI NUED SI TES AND OFF- LI NE DATA

khkhkkhkhkhhkhkhhkhkhhhkhhhkhhhhhhhhhhhhhhhhhhdhdhddhdhhhdhdhdddhdhkdrxk*x*x%

The site codes in the data are as fol |l ows:

11 = Lake Whatcom Site 1
21 = Lake Whatcom I ntake site
22 = Lake VWhatcom Site 2
31 = Lake Whatcom Site 3
32 = Lake Whatcom Site 4
33 = Strawberry Sill site S1
34 = Strawberry Sill site S2
35 = Strawberry Sill site S3

Al abama cani ster vault inlet
Al abama cani ster vault outl et
Brent wood wet pond i nl et

Br ent wood out | et Brent wood wet pond outl et

Par kPl ace cell 1 Park Pl ace wet pond cell 1
Par kPl ace cel |l 2 = Park Pl ace wet pond cell 2

Al abamaVaul t i nl et
Al abamaVaul t out | et
Br ent wood i nl et
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Par kPl ace cel | 3

Par kPl ace inl et

Par kPl ace outl et

Par kst one_swal e inl 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

Wt | and out | et

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 inl et

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 Canpus stormwater facility east outlet
South Canpus stormwater facility west outlet
Sylvan stormdrain inlet

Sylvan stormdrain outlet

Grace Lane wetl and

CW = Snmith Creek (see alternate code bel ow)

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

CWs = WIdwood Creek (discontinued in 2004)

CW = Austin Creek (see alternate code bel ow)

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

AND = Anderson Creek (sane |ocation as CW above)
= Austin. Beaver. confl uence
AUS = Austin.lower (same |location as CAW above)

BEA2 = Austi n. upper

BEA3 = Beaver. upper

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

CAR = Car penter

EUC = Euclid

ML = MIIwhee

OLS = d sen

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

What com
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* VERI FI CATI ON PROCESS FOR THE LAKE WHATCOM DATA FI LES
khkkkkhhkhkkhhhkhkhhhkkhhhhkhhhkhhhhhhdxkhhhhdhrdhdxdhrdhdxdhxxddxdh*x*dx*k*x*x%

During the sumrer of 1998 the Institute for Watershed Studies began
creating an electronic data file that would contain |ong termdata
records for Lake Whatcom These data were to be included with annua
Lake Whatcom nmonitoring reports. This was the first attenpt to nake a
| ong-term Lake Whatcom data record available to the public. Because

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

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

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

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

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

repl aced and Hydrol ab was reconditioned prior to February 1994
sanmpling. 5) Al srp and tp data were deleted (entered as "m ssing"
in 1989) fromthe July 10, 1989 wg data due to sanple contamination in
at |least three sanples. 6) Decenber 2, 1991, Site 3, 0 mconductivity
poi nt del eted due to inconsistency with adjacent points. 7) Decemnber
15, 1993, Site 4, 80 mlab conductivity point del eted because matchi ng
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field conductivity data are absent and point is inconsistent with al
other lab conductivity points. 8) Novenmber 4, 1991, Site 2, 17-20 m
conductivity points del eted due to evidence of equi pnment probl ens
related to depth. 9) February 2, 1990, Site 1, 20 m soluble reactive
phosphate and total phosphorus points deleted due to evidence of
sanmpl e contam nation. 10) August 6, 1990, Site 1, O m soluble
reactive phosphate and total phosphorus points deleted due to evidence
of sanple contam nation. 11) COctober 5, 1992, Site 3, 80 m all data
del eted due to evidence of sanple contanmination in turbidity,

amoni um 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
removed fromthe historic record. This was not due to errors with the
data but rather on-going confusion over which records contained tota
persul fate nitrogen and whi ch contained total Kjeldahl nitrogen. The
current historic record contains only total persulfate nitrogen

Total Kjeldahl nitrogen data were retained in the | W data base, but
not in the long-term Lake Whatcom data files.

EE R I I I R R I R R I O R R I O

* ROUTI NE DATA VERI FI CATI ON PROCESS
kkkkkhkkhkhkhkhkkkkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhhkhkhk k k khkikkkhkhkhhkk,*,k,k,*,khkkkkkk*x*x*%

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

net hod: 1) The results are reviewed as they are generated. Qutliers
are checked for possible analytical or conputational errors. This
step is conpleted by the Laboratory Anal yst and | 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

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

Unusual results are identified, and explained, if possible. This step
is conpleted by the IW5 Director, |IW Laboratory Supervisor, and
Laboratory Analyst. 4) Single-blind quality control sanples,

| aboratory duplicates, and field duplicates are anal yzed as specified
in the Lake Whatcom Monitoring Programcontract and in the W5
Laboratory Certification requirenents. Unusual results that suggest
instrumentation or analytical problens are reported to the I'W5
Director and City. The results fromthese anal yses are sunmarized in
t he annual report.

1987-1993: The | ake data were reviewed as above except that the IWs
Director’s responsibilities were delegated to the Principle

I nvestigator in charge of the |ake nmonitoring contract (Dr. Robin
Mat t hews) .
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Prior to 1987: Data were infornmally reviewed by the Laboratory Anal yst
and WS Director. Laboratory and field duplicates were conmnonly

i ncluded as part of the anal ysis process, but no formal (i.e.

witten) quality control programwas in place. Laboratory |ogs were
mai nt ai ned for nost analyses, so it is possible to verify data agai nst
original analytical results. 1t is also possible to review |aboratory
quality control results for sonme anal yses.
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