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Executive Summary

e This report describes the results from the 2005/2006 Lakaté#ém mon-
itoring program. The objectives of this program were to gurg long-
term baseline water quality monitoring in Lake Whatcom aglécted trib-
utary streams; monitor the effectiveness of storm wateatitnent systems;
continue collection of hydrologic data from Anderson, Aasand Smith
Creeks; and 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 Lake Whatcom reports, includipgcsal
project reports, is included in Section 6.1, beginning ogepdy .

e During the summer the lake stratified into a warm surfacerléye epil-
imnion) and a cool bottom layer (the hypolimnion). The scefavater tem-
peratures were slightly warmer than usual during FebruadyNovember,
but all months were within typical historic ranges. The lakas weakly
stratified by the first week in May, with stable stratificatnesent by mid-
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@&Pdist of
impaired waterbodies in the State of Washington.

¢ Nitrate depletion was evident at all sites in the photosgtititzone during
the summer. Epilimnetic nitrate concentrations fell beRfy.g-N/L at Site
1, creating an environment favorable for cyanobacteriagdpleen algae).

¢ Hypolimnetic nitrate concentrations dropped belowdON/L at both Sites
1 and 2, indicating prolonged anaerobic conditions. Highdiynnetic con-
centrations of ammonia and phosphorus were present atlSites2, which
is consistent with anaerobic conditions.

e Summer near-surface levels of total phosphorus, chlodg@nd plankton
have increased significantly at all sites in the lake. Aksibhow appear to
meet Ecology’s total phosphorus criteria to be classifiesh@sotrophic.

e Despite increasing chlorophyll and algal levels, the addiof new wa-
ter treatment chemicals resulted in a decrease in the ctraten of tri-
halomethanes in Bellingham'’s treated water.
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e Most of the mid-basin fecal coliforms arkl coli counts were less than 10
cfu/100 mL. The coliform counts at the Bloedel-Donovan eational area
(collected near the dock offshore from the swimming areajevatightly
higher than mid-basin counts, but passed the freshvizatieaordinary Pri-
mary Contact Recreation&lacteria standard for Washington State.

e Zinc and iron were detected at all sites, but were within redmanges for
the lake. Other metals were occasionally detected, butdaheentrations
were near the limits of detection.

e Monthly creek sampling was conducted from October 2004 utino
September 2006. The final results from this two-year basetionitoring
project are described in this report.

e Most of the creeks in the Lake Whatcom watershed had relative con-
centrations of total and dissolved solids, low alkalirsteand conductivities,
and low levels of nitrate and ammonia. Residential streaaddigher con-
centrations of total and dissolved solids, higher alkéésiand conductivi-
ties, and higher nutrient concentrations.

e Many of the creeks failed to meet the surface water standara®liforms
(WAC 173-201A) because more than 10% of the samples excedifed
cfu/100 mL. Carpenter, Euclid, Millwheel, Park Place, anlde3 Beach
Creeks also failed because they had geometric mean coatiensrexceed-
ing 50 cfu/100 mL. Upper Austin and Beaver Creeks, Lower AuSteek,
Blue Canyon Creek, Smith Creek, and Whatcom Creek passkdb@tria.

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 WY2006included surface and subsurface runoff (71.1%),
direct precipitation (17.9%), and water diverted from thieltde Fork of the
Nooksack River (11.0%). Outputs included Whatcom Creek8%4, the
City of Bellingham (10.9%), Georgia Pacific (2.5%), evariom (7.8%),
the Whatcom Falls Hatchery (3.3%), and the Lake Whatcom i\ate
Sewer District (0.6%¥.

Iwater Year 2005 covers the period from October 1, 2005 tHi@eptember 30, 2006
2Formerly Water District #10
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The Distributed Hydrology-Soils-Vegetation Model (DHSYMas applied
to all of the creeks monitored during the 2-year baselindystohe simu-
lated stream flow results are plotted for each site.

An updated metric bathymetry model is being developed twigeonew
lake morphometry data for the lake as a whole and for eachrnbajgin
based on the 1999 Bureau of Reclamation hydrographic sw¥&ake
Whatcom. A detailed report should be available by June 2007.

Three storm water treatment systems were monitored in 20056/ the
Park Place wet pond; the Alabama Hill underground storm miegatment
vault; and the South Campus storm water treatment facilitych is outside
the Lake Whatcom watershed, but is used as a reference site.

Of the three storm water treatment systems that were mexitan
2004/2005, only the South Campus system provided consigtespho-
rus removal. The Park Place storm water treatment systenretraditted
with sand filters, and now appears to be removing a large atadsedi-
ment (76—88%), but shows no evidence of phosphorus rem8uailarly,
the Alabama Hill vault provided good sediment removal (48%$ but no
consistent phosphorus removal.

XXiii
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1 Introduction

This report is part of an on-going series of annual report$ special project
reports that provide a complete documentation of the Lakeatéddm mon-
itoring program over time. Many of the reports are availabl@ine at
http://www.ac.wwu.edutiws (follow links to the Lake Whatcom Watershed
Project); older reports are available in the IWS library @inebugh the City of
Bellingham Public Works Department. A summary of the Lakedf¢bm reports,
including special project reports, is included in Sectiah 6eginning on page 97.

Lake Whatcom is the primary drinking water source for they @it Bellingham

and parts of Whatcom County, including Sudden Valley. LakieaWom also
provides high quality water for the Georgia-Pacific Corpioramill®, which, prior

to 2001, was the largest user of Lake Whatcom water. The lakeparts of
the watershed provide recreational opportunities, as agefiroviding important
habitats for fish and wildlife. The lake is used as a storagerwir to buffer peak
storm water flows in Whatcom Creek. Much of the watershedngddor forestry
and is managed by state or private timber companies. BeaHuse aesthetic
appeal, much of the watershed is highly valued for residéd@velopment.

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 2005/2006 Lake Whatcom momitpprogram were

to continue long-term baseline water quality monitoring_atkke Whatcom and
selected tributary streams; monitor the effectivenessoofrswater treatment sys-
tems; continue collection of hydrologic data from AndersaAnstin, and Smith

Creeks; and update the hydrologic model for Lake Whatcom.

3The Georgia-Pacific Corporation closed its pulp mill operat in 2001, reducing its water
requirements from 30—35 MGD to 7-12 MGD. The water requinegisieave been further reduced,
and are currently1-4 MGD.
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Detailed site descriptions can be found in Appendix A. Thstdric lake data are
plotted in Appendix B. The current quality control resulesdoe found in Ap-

pendix C. The 2005/2006 monitoring data are printed in hgpgwersion of this
report in Appendix D and included in electronic format in tdine version of

this report. Table D1 on page 333 (at the beginning of AppeBdilists abbrevi-

ations and units used to describe water quality analyséssmiocument.

2 Lake Whatcom Monitoring

2.1 Site Descriptions

Water quality samples were collected at five long-term nuoimg sites in Lake
Whatcom (Figure Al, page 104, in Appendix A.1). Sites 1-2lacated 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 thepédst 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 & 6, November 15 & 17 and DeeedB
& 15, 2005; and February 7 & 9, April 4 & 6, May 9 & 11, June 13 & 1ly
11 & 12, August 8 & 9, and September 12 & 13, 2006. Each samgeqt is a
multi-day task; all samples are collected during daylightds, typically between
10:00 am and 3:00 pm.

A Surveyor IVa Hydrolab was used to measure temperaturedgdplved oxy-

gen, and conductivity. All water samples (including baiciegical samples) col-
lected in the field were stored on ice and in the dark until tie@ghed the labora-
tory, and were analyzed as described in Table 1 on page 14l. metals analyses
(arsenic, cadmium, chromium, copper, iron, mercury, ridead, and zinc) and
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total organic carbon analyses were done by Amtestlankton samples were
placed in a cooler and returned to the laboratory unpredeiMee plankton sam-
ple volumes were measured in the laboratory and the samplespreserved with
Lugol’s solution. The bacteria samples were analyzed byiheof Bellingham
at their water treatment plant.

2.3 Results and Discussion

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

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

Tables 2—6 (pages 15-19) summarize the current field measate, ambient
water quality, and coliform data. The raw data are incluadedppendix D and
are available in electronic format on the CD that accomathés report. The
monthly Hydrolab profiles for temperature, dissolved oxygeonductivity, and
pH are plotted in Figures B1-B50 (pages 116—165).

The 2005/2006 lake data are plotted with historic lake dataigures B51-B70
(pages 167-186) and Figures B71-B135 (pages 188-255). e Tlygses are
scaled to plot the full range of Lake Whatcom water qualittadacluding mini-
mum, maximum, and outlier values. As a result, they usuallyot provide the
best illustration of trends that occur in the lake. Sepataiées and figures are
provided for trend discussions.

2.3.1 Water temperature

The mid-winter Hydrolab profiles (e.g., Figures B16—B20g¢= 131-135) and
the multi-year temperature profiles (Figures B51-B55, pd@d—171) 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.

4AmTest, 14603 N.E. 87th St., Redmond, WA, 98052.
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The summer Hydrolab profiles (e.g., Figures B46—B50, pagés165) illustrate
how the lake stratifies into a warm surface layer @pdimnion) and a cool bot-
tom layer (thehypolimnior). The transition zone between the epilimnion and
hypolimnion, themetalimnionis a region of rapidly changing water temperature.
When stratified, the Hydrolab profiles show distinct diffezes between surface
and bottom temperatures. Climatic differences alter timénty of lake stratifica-
tion; if the spring is cool, cloudy, and windy, the lake wiltatify later than when

it has been hot and sunny.

Stratification develops gradually, and once stable, psraistil fall or winter, de-
pending on location in the lake. In Lake Whatcom, all sitesegt the Intake,
which is too shallow to develop a stable stratification, asaally stratified by
June. Stratification may begin as early as April, but is oftethistable until May
or June. The stability of stratification is determined intdar the temperature
differences in the water column, but also by water circalatind local weather
patterns. Once the water column temperature differs byaat B C, it is unlikely
that the lake will destratify. Typically, this occurs in #iiree basins by early June.

Destratification occurs abruptly in basins 1 and 2, and maoaduglly in basin 3.
The lake cools as the weather becomes colder and day lengitess. Basins
1 and 2 (Sites 1-2) destratify by the end of October, whilenb@4Sites 3-4)
is often still stratified in November or early December. Céetgpdestratification
probably occurs in late December or early January in basio 8)at by February,
the temperatures are relatively uniform throughout theewedlumn.

The historic water temperature data indicate that the dnmadian temperatures
in basin 3 are cooler than basins 1 and 2, and the two shallsimdaxperience
more extreme temperature variations. The lowest and higleperatures mea-
sured in the lake since 1988 were at Site 1 (4£Z2on February 1, 1988; 23°L
on August 13, 1997). The large water volume in basin 3 modsr&mperature
fluctuations, so it will be less susceptible than the shalbasins to temperature
changes in response to weather conditions.

The 2006 surface water temperatures were warmer than usirsdd~ebruary and
November, but all months were within typical historic raader the lake (Figure
1, page 23). The lake was weakly stratified by the first week ay A T < 5°
C), with stable stratification present at Sites 1-4 in mideJ(Figures B26-B35,
pages 141-150).
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2.3.2 Dissolved oxygen

Low oxygen conditions are associated with a number of urelppewater quality
problems in lakes, including loss of aquatic habitat; redeaf nutrients (phospho-
rus and nitrogen) from the sediments; increased rates af pfgduction due to
release of nutrients; unpleasant odors during lake overtish kills, particularly
during lake overturn; release of metals and organics fransédiments; increased
mercury methylation; increased drinking water treatmeydts; increased taste
and odor problems in drinking water; and increased riskeaated with disin-
fection by-products created during the drinking waterttreant process.

As in previous years, Sites 1 and 2 developed severe hypetiowxygen deficits
by mid-summer (Figures B41-B42 and B56-B57, pages 156-1&7132-173).
Hypolimnetic oxygen depletion only becomes apparent afteatification, at
which time the lower waters of the basin are isolated fromldke’s surface and
biological respiration consumes the oxygen dissolvedemtater. Biological pro-
ductivity and respiration are increased when there is anddmt supply of nutri-
ents, as well as by other environmental factors such as wat@rwemperatures.
In basin 3, which has comparatively low concentrations eéasial nutrients such
as phosphorus, biological respiration has less influendaypolimnetic oxygen
concentrations (e.g., Figures B50 and B60, pages 165 arjd lh&®ntrast, Site 1
shows rapid depletion of the hypolimnetic oxygen conceiatna following strat-
ification (Figures B46 and B56, pages 161 and 172).

The levels of hypolimnetic oxygen have declined over tim8ig 1, causing the
lake to be listed by the Department of Ecology on the 1998 3@3bf impaired
waterbodies in the State of Washington (Pelletier, 1998he increasing rate of
oxygen loss is most apparent during July and August, afeelagke develops a
stable thermal stratification, but before oxygen levelgpdnmoear zero.

To illustrate this trend we fitted the July and August datagsin exponential
function (see discussion by Matthews, et al., 2004). Ascaigid in Figures 2—
5 (pages 24-27), there were significant negative correlatietween dissolved
oxygen and time for all samples collected from the hypolonriuring July and
August®

SInformation about the 303(d) list is available at http:/Mnecy.wa.gov/programs/wa/303d.

6Correlation analyses were used to examine the strengthlaiforeships between two vari-
ables (e.g., fecal coliforms arkl coli). Correlation test statistics range from —1 to +1; the alose
to £1, the stronger the correlation. The significance is meadsusing the p-value; significant
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A region of supersaturated oxygen was evident in the metadimat Site 1 in July
(Figure B36, page 151). This was caused by the accumulatiphydoplankton
along the density gradient between the epilimnion and hgpobn in basin 1,
where light and nutrients are sufficient to support very héyels of photosynthe-
sis. Chlorophyll concentrations within the metalimnetkygen peak may be 4-5
times higher than those measured near the surface of théDakeina, 2004).

Sites 3—4 had small oxygen sags near the bottom during Q¢fdbeember, and

December. The December oxygen sags were probably the cédate destrati-

fication. The December temperature profiles for Sites 3—4vetla slight tem-

perature difference between the surface and bottom, itwdgcéhat basin 3 had
only recently started mixing. Both sites occasionally haxk oxygen sags near
the thermocline, which was probably caused by respiratfdreterotrophic bac-

teria that accumulate along the density gradient betweerpilimnion and hy-

polimnion (DeLuna, 2004).

2.3.3 Conductivity and pH

The Hydrolab pH and conductivity data followed trends tharevtypical for
Lake Whatcom, with only small differences between sites depths (Figures
B61-B70, pages 177-186). Surface pH increased during thensu due to pho-
tosynthetic activity. Hypolimnetic pH values decreased aanductivity values
increased due to decomposition and the release of dissobredounds from the
sediments. A significant long-term trend was apparent inctireductivity data.
This trend is the result of changing to increasingly sevsigiquipment during the
past two decades, resulting in lower values over time, ams$ dot indicate any
change in the actual conductivity in the lake (Matthews).e2@04).

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 188—188hdgthe summer
the alkalinity and conductivity values at the bottom of Sile-2 increased due to
decomposition and the release of dissolved compounds iower waters.

correlations have p-values0.05. Monotonic linear correlations were measured usirggsoa’s
r; nonlinear (e.g., exponential) correlations were meabusing Kendall’sr.
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The turbidity values were mostly less than 1-2 NTU excepinduate summer in

samples from the lower depths at Sites 1-2, and occasidbigdi\d (Figures B76—
B80, pages 193-197). The high turbidity levels near thednotire an indication

of increasing turbulence in the lower hypolimnion as theslakars turnover. The
influence of winter storms on turbidity can be seen in the dasfpom December
1996. At that time, the water column was thoroughly mixedit#sSL and 2, so

higher turbidities were measured at all depths. Basin 3 gwew was still strati-

fied below 40-50 m so higher turbidities were measured ontizerepilimnion.

2.3.5 Nitrogen and phosphorus

Figures B81-B105 (pages 199-223) 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 growthenlake. In Lake
Whatcom, most algae use inorganic nitrogen in the form ahtatfor growth.
Under some conditions, ammonia or dissolved nitrogen gadeaised.

Nitrate depletion was evident at all sites in the photosgtithzone during the
summer (Figures B86—B90, pages 204—-208), particularljt@atlSwhere the epil-
imnetic nitrate concentrations fell below 2@-N/L. Epilimnetic nitrogen deple-
tion is an indirect measure of phytoplankton productiviGoincident with low
nitrate concentrations, late summer is when we usually fiechighest densities
of nitrogen-fixing Cyanobacteria (also known as bluegresstdria or bluegreen
algae) in the plankton samples. Epilimnetic nitrate cobre¢ions decrease at
Sites 3—4, but rarely fall below 150g-N/L, making nitrogen co-limitation un-
likely. The hypolimnetic nitrate concentrations droppetolw 10,:.9-N/L at both
Sites 1 and 2. In anaerobic environments, bacteria redaaen({NQ;) to nitrite
(NO3) and nitrogen gas (N. The historic data indicate that nitrate reduction has
been common at Site 1, but was not common at Site 2 until thersuraf 1999.

Ammonia, along with hydrogen sulfide, is often an indicatbthgpolimnetic
anoxia. Ammonia is produced during decomposition of orgamatter. Ammonia
is readily taken up by plants as a growth nutrient. In oxygeta@&nvironments,
ammonia is rarely present in high concentrations becauseapidly converted
to nitrite and nitrate through biological and chemical @eges. In low oxygen
environments, ammonia accumulates until the lake defgtsati

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



2005/2006 Lake Whatcom Final Report P&ge

High ammonia concentrations were measured just prior tetawein the hy-
polimnion at Sites 1 and 2 (Figures B81 & B82, pages 199 & 2lpvated
hypolimnetic ammonia concentrations have been commontatdies through-
out the monitoring period, but beginning in 1999 the conidns increased
noticeably at Site 2. Currently, the ammonia and hydrogd#idsuconcentrations
are higher at Site 2 than at Site 1 (Table 9, page 22). Sitesl3laiften have
slightly elevated ammonia concentrations at 20 m (metabmyror near the bot-
tom at 80—-90 m (Figures B84—B85, pages 202—-203). This isecklog bacterial
decomposition of organic matter, but the concentrationsmnapproach the levels
found in the hypolimnion at Sites 1-2.

Although the Lake Whatcom microbiota require nitrogen, ggtworus is usually
what limits microbial growth (Bittner, 1993; Liang, 1994 dthews, et al., 2002a;
McDonald, 1994). Soluble forms of phosphorus (e.g., sephlosphate) are eas-
ily taken up by microbiota, and, as a result, are rarely faaridgh concentrations
in the water column. Insoluble phosphorus can be presefteiwater column
bound to the surface of tiny particles or as suspended argaatter. Because
competition for phosphorus is so intense, microbiota hawelkbped many mech-
anisms for obtaining phosphorus from the surface of padiol from decompos-
ing organic matter. Liang (1994) found that 50% of the totedgphorus bound to
the surface of soil collected from a construction site inlthke Whatcom water-
shed was “bioavailable” and could be extracted by algae anwbhbiota.

Soluble phosphate concentrations were usually ledQ 1.g-P/L) at all sites and
depths except in the hypolimnion at Sites 1 and 2 just prioowerturn (Fig-
ures B96-B100, pages 214-218). Elevated total phosphevalslwere present
in the hypolimnion at Sites 1 and 2 during stratification (Fe&s B101-B105,
pages 219-223). When hypolimnetic oxygen concentratiom$osv, sediment-
bound phosphorus becomes soluble and leaches into thgiogeniater. Prior to
turnover, hypolimnetic phosphorus may be taken up by miotakin the metal-
imnion (see Section 2.3.2 and DeLuna, 2004). When the lakeswn the fall, the
hypolimnetic phosphorus will be mixed throughout the watdumn. As oxygen
concentrations increase during mixing, any soluble phogghthat has not been
taken up by biota will convert into insoluble forms.
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2.3.6 Chlorophyll, plankton, and Secchi depth

Site 1 continued to have the highest chlorophyll conceiotnatof all the sites (Fig-
ures B106—-B110, pages 225—-229). Peak chlorophyll coratestis were usually
collected at 0—15 m, while samples from 20 m had relativelydblorophyll con-
centrations. Twenty meters is near the lower limit of thetghzoone, so the light
levels are not optimal for algal growth at this depth.

The Lake Whatcom plankton counts were usually dominated lgysdphyta,

consisting primarily of diatomsDinobryon and Mallomonas(Figures B111—
B120, pages 230-239). Substantial blooms of bluegreeeti@¢Cyanobacteria)
and green algae (Chlorophyta) were also measured at alditeng summer and
late fall. Previous analyses of algal biovolume in Lake VWbat indicated that al-
though Chrysophyta dominate the numerical plankton co@wanobacteria and
Chlorophyta often dominate the plankton biovolume, pafédy in late summer
and early fall (Ashurst, 2003; Matthews, et al., 2002b).

Secchi depths (Figures B121-B125, pages 240-244) showetkaoseasonal
pattern because transparency in Lake Whatcom is affectquhtiiculates from
storm events and the Nooksack River diversion as well as blgams

Indications of eutrophication: Matthews, et al. (2005) describe trends in
chemical and biological indicators of eutrophication agp&in the historic wa-
ter quality data from Lake Whatcom. Eutrophication is thenteised to describe
a lake that is becoming more biologically productive. It @gply to an unpro-
ductive lake that is becoming slightly more eutrophic, oredoictive lake that is
becoming extremely eutrophic (see Wetzel,1983, for mooaieéutrophication).

Although Lake Whatcom phosphorus levels are still reldyivew most of the
year, the concentrations of total phosphorus appear todsedsing in samples
collected during summer from near the lake’s surface (lEg@and 7, pages 28
and 29). This means that phosphorus is becoming more pleatithe times and
depths when algal blooms are most likely to occur.

Figure 7 shows that Lake Whatcom phosphorus levels have fieen the olig-
otrophic range to the lower mesotrophic range, and occalljoexceed the ac-
tion value of 20ug-P/L defined by WAC 173-201A-230. The annual total phos-
phorus values in Figure 7 were calculated using protocdasrileed by Ecology
(2006). Each point on the figured., each annual average) represents the average
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of the maximum, monthly, epilimnetic total phosphorus cantcations collected
between June and October from 0-5 meters. At each site, twplea were col-
lected on each sampling date (0 and 5 m), but the Ecology @t#specify using
only the maximum value on each date. As a result, each sit@'sa average is
based on five points, one per month, picking the maximum curagon mea-
sured at either 0 or 5 metefts.

Not surprisingly, summer near-surface chlorophyll comions and algal
counts have also increased significantly ((Figures 8 ana@ 30 and 31). All
four of the major algal taxonomic groups have increased kelM@hatcom, but the
most striking increase has occurred in the counts for Cyacteba, or bluegreen
“algae” (Figure 10, page 32.

Prior to 2003, Cyanobacteria were relatively uncommon ikeL'/hatcom, usu-
ally appearing in predictable, but low density blooms irelatimmer or fall just
prior to overturn. Since 2003, however, the Cyanobactegiasiies have in-
creased significantly at all sites, and are now common aital hroughout the
summer and fall. It should be noted that Cyanobacteria saumderestimate their
actual biomass relative to most other algae (see discue$idahurst’s work on
phytoplankton biovolume in Matthews, et al., 2002b). Cyzawieria cells are
very tiny, so most species are counted as colonies ratharitigividual cells,
while most other algae are counted as individuals.

2.3.7 Coliform bacteria

The current surface water standards are based on “dedsignese’ cate-
gories, which for Lake Whatcom is likely to be “ExtraordigaPrimary
Contact Recreation.” The standard for bacteria is desdribe Chapter
173-201A of the Washington Administrative Code, Water Quéabtandards

8In the absence of lake-specific studies, the Ecology guidskpecify using samples collected
from June-September at 0—3 m, selecting only the maximumrevah dates when more than one
sample is collected at the same site. The guidelines alzalate that additional times and depths
should be included if lake-specific data indicate that higiiranetic phosphorus concentrations
may be present. In Lake Whatcom, samples collected in Octotmefrom 5 meters were included
because the period of stratification runs from June—Octdberepilimnion is more than 5 me-
ters deep at all sites, and high phosphorus concentrataoneacur at these additional times and
depths. We also collect nutrient samples at 10 m depthshisutlepth occasionally falls within
the metalimnion or hypolimnion, so the 10 m samples werenmtided.

9Cyanobacteria are photosynthetic bacteria, not true algae
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for Surface Waters of the State of Washington (online versawailable at
http://www.ecy.wa.gov/biblio/wac173201a.html):

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

The standard is based on fecal coliform counts, but allowsue of alternate
methods (e.g.E. coli counts) when there is evidence that most of the coliform
contamination is not from warm-blooded animals. In surfaeger samples from
the Lake Whatcom watershed, there is a very close corralagbween fecal co-
liform counts ancE. coli counts (Figure 11, page 33), so fecal coliform counts
appear to be a reliable tool for determining compliance.

All of the mid-basin (Sites 1-4) and Intake values for feaalforms andE. coli
counts were less than 10 é#1.00 mL (Figures B126-B135, pages 246—255) and
passed the freshwat€&xtraordinary Primary Contact Recreatidpacteria stan-
dard. The single outlier occurred at Site 1 on November 3nvwhe fecal coliform
count was 12 cfu/100 mL (th&. coli count was 7 cfu/100 mL).

Coliform samples collected near the dock offshore from thee8el-Donovan
swimming area had slightly higher counts than at Site 1 (badin). None of the
Bloedel-Donovan counts exceeded 100 cfu/100 mL, and wibihngric means of
3.3 and 3.4 cfu/100 mL for fecal coliforms aiid coli, respectively, the Bloedel-
Donovan site passed both parts of the freshwis¢raordinary Primary Contact
Recreatiorbacteria standard.

2.3.8 Metals

The metals data for Lake Whatcom are included in Table 7 (R@yeThis table

includes only the regularly contracted metals (arsenidgream, chromium, cop-
per, iron, mercury, nickel, lead, and zinc); Appendix Dstdiconcentrations for
an additional 24 metals that are included as part of the Hoalyprocedure used
by AmTest. In 1999, AmTest upgraded their equipment andyéinal procedures

10Colony forming unit/100 mL; cfu/100 mL is sometimes labeledlonies/100 mL.”



2005/2006 Lake Whatcom Final Report Page

for most metals. As a result, many of the analyses now haverldetection lim-
its, resulting in fewer “below detection” data (bdl). Themavly detectable metals
probably do not represent increases in the metals contientsan the lake.

Most of the metals concentrations were near or below deteditinits, or were
within normal concentration ranges for the lake. Iron amat zvere detectable at
all sites during February and September. The highest iroceardrations, 1.340
mg/L and 0.967 mg/L, were measured in September at the batt@ites 1 and
2, respectively. The elevated iron concentrations at Sitasd 2 were the result of
sediment-bound iron converting to soluble forms under eotae conditions and
leaching into the overlying water. Chromium and copper witected in many
of the samples, but at levels close to detection limits.

2.3.9 Total organic carbon and disinfection by-products

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

The 2005/2006 total organic carbon concentrations at ttekénwere fairly low
(Table 8, page 21). The long-term data, however, suggesstitbaoncentrations
may be increasing over time, particularly at the raw wateelgause (Figure 12,
page 34)!

As illustrated in Figure 13 (page 35), THMs have been inénggis Bellingham’s

treated drinking water, particularly during the fall (thiquarter). To address this
trend, the City started using a different chemical to helpaoee organic matter
before the disinfection step in drinking water treatmerdcess. Although the
chemical increased annual treatment costs by $10,00@Q e resulting reduc-

Gatehouse data were provided by the City of Bellingham RWbrks Department.
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tion in THMs is encouraging? It is important to note that this approach has
limits, and if algal densities continue to increase, we Vikiély see the THMs
start to increase again.

Haloacetic acids (another important disinfection by-pictyldo not appear to be
increasing with time (Figure 13) and do not have a statifyisggnificant regres-
sion with time. Unlike THMs, which are predictable based tabconcentration
and chlorine dose, the formation of HAAs is not well correthtvith algal con-
centration or chlorine dose (Sung, et al., 2000).

12Cost estimates provided by the City of Bellingham Public K¢gdDepartment.
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Pade

Historic 2005/2006 Sensitivity or
Parameter Method DL MDL Confidence limit
Conductivity-field Hydrolab (1997), field meter - - + 2 uSlcm
Conductivity-lab APHA (1998) #2510, low-level, SOP-LW-9 - - + 1.9uS/cm
Dissolved oxygen-field  Hydrolab (1997), field meter - - + 0.1 mg/L
Dissolved oxygen-lab APHA (1998) #4500-0O.C., Winkler, SON-12 - - + 0.1 mg/L
pH-field Hydrolab (1997), field meter - - 4 0.1 pH unit
pH-lab APHA (1998) #4500-H, low-ionic, SOP-LW-8 - - =+ 0.07 pH unit
Temperature Hydrolab (1997), field meter - - +0.1°C
Alkalinity APHA (1998) #2320, low level, SOP-IWS-15 - - + 0.3 mg/L
Discharge Rantz et al. (1982), rating curve, SOP-IWS-6 - - -
Secchi disk Lind (1985) - - +0.1m
T. solids APHA (1998) #2540 B, gravimetric, SOP-LW-22 2 mg/L 4.7 mg/L + 5.8 mg/L
T. suspended solids APHA (1998) #2540 D, gravimetric, SO\RA2 2 mg/L 0.7 mg/L + 1.8 mg/L
Turbidity APHA (1998) #2130, nephelometric, SOP-LW-11 - - + 0.2 NTUs
Ammonia (auto) APHA (1998) #4500-NHH., phenate, SOP-LW-19 10g-N/L 49ug-N/L £+ 7.2ug-N/L
Nitrite/nitrate (auto) APHA (1998) #4500-N{Q., Cd reduction, SOP-IWS-19 20g-N/L 4.8pg-NL - +5.2ug9-N/L
T. nitrogen (auto) APHA (1998) #4500-N C., persulfate diges SOP-IWS-19  10Q.g-N/L 6.8uug9-N/L £ 16.0p9-N/L
Sol. phosphate (auto) APHA (1998) #4500-P G., ascorbic &P-IWS-19 5ug-P/L 15ug-PIL +2.8ug-P/L
T. phosphorus (auto) APHA (1998) #4500-P H., persulfatestign, SOP-IWS-19  hg-P/L 3.1ug-PIL £ 2.8ug-PIL
Chlorophyll APHA (1998) #10200 H, acetone, SOP-IWS-16 - - + 0.1 mg/n¥
Plankton Lind (1985), Schindler trap - - -
E. coli (City) EPA (2005) 1603, mod. m-Tec membrane filtratio 2 cfu/l00 mL - -

Fecal coliform (City) APHA (1998) #9222 D, membrane filter

fa/¢00 mL

T Historic detection limits (DL) are usually higher than ent method detection limits (MDL). See Appendix D for adufiéal information.

Table 1: Summary of IWS and City of Bellingham analytical huets.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 183 204 206 27.1 2.0 50
Conductivity («S/cm) 52.8 58.9 50.2 714 3.6 202
Dissolved oxygen (mg/L) 0.2 10.2 85 122 41 202
pH 6.3 7.4 7.4 8.8 0.6 202
Temperature°C) 6.2 104 114 215 4.4 202
Turbidity (NTU) 0.6 0.8 0.9 2.6 0.4 50
Nitrogen - ammoniay(g-N/L) <10 104 38.6 2575 64.3 49
Nitrogen - nitrate/nitrite 4g-N/L) <20 175.9 184.5 365.6 116.5 350
Nitrogen - total {1g-N/L) 2119 390.0 4015 5405 923 49
Phosphorus - soluble:g-P/L) <5 <5 <5 7.8 2.3 50
Phosphorus - totaj{g-P/L) <5 9.8 13.2 951 142 49
Chlorophyll (mg/nd) 0.2 3.1 3.6 10.8 2.5 48
Secchi depth (m) 3.0 4.0 4.1 5.3 0.6 9
Coliforms - fecal (cfu/100 mL) <1 1 1 3 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 4 na 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 2: Summary of Site 1 ambient water quality data, Od2520 Sept. 2006.



2005/2006 Lake Whatcom Final Report Page
Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 155 189 190 204 1.0 30
Conductivity («S/cm) 528 57.4 56.7 595 21 110
Dissolved oxygen (mg/L) 89 104 105 123 0.9 11
pH 7.2 7.8 7.9 85 04 110
Temperature°C) 7.0 137 13.8 21 5.1 110
Turbidity (NTU) 0.4 0.5 0.5 08 0.1 30
Nitrogen - ammoniay(g-N/L) <10 <10 <10 158 3.2 30
Nitrogen - nitrate/nitrite 4g-N/L) 105.2 238.8 236.0 382.9 96.7 30
Nitrogen - total {1g-N/L) 274.0 418.7 406.5 532.0 88.2 30
Phosphorus - soluble:g-P/L) <5 <5 <5 6.5 1.8 30
Phosphorus - totaj{g-P/L) <5 6.3 8.1 379 606 30
Chlorophyll (mg/nd) 0.8 2.8 3.0 54 1.1 30
Secchi depth (m) 4.0 5.1 5.5 9.0 15 10
Coliforms - fecal (cfu/100 mL) <1 1 1 1 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 3 na 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 3: Summary of Intake ambient water quality data, C@d52— Sept. 2006.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 18.0 1838 19.2 271 15 49
Conductivity («S/cm) 52.8 57.2 57.0 727 28 201
Dissolved oxygen (mg/L) 0.2 103 94 123 28 20
pH 6.3 7.4 7.5 8.5 05 201
Temperature°C) 7.0 10.7 123 21.3 46 201
Turbidity (NTU) 0.3 0.5 0.7 7.8 1.0 50
Nitrogen - ammoniay(g-N/L) <10 <10 27.2 4504 71.0 50
Nitrogen - nitrate/nitrite 4g-N/L) <20 271.4 252.0 390.4 105.1 350
Nitrogen - total {1g-N/L) 226.2 441.0 436.6 639.7 97.2 50
Phosphorus - soluble:g-P/L) <5 <5 <5 8.3 2.0 50
Phosphorus - totaj{g-P/L) <5 6.8 12.8 142.8 21.5 50
Chlorophyll (mg/nd) 0.5 2.7 2.6 5.9 1.2 50
Secchi depth (m) 4.1 5.7 5.9 9.5 1.6 9
Coliforms - fecal (cfu/100 mL) <1 1 1 8 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 4 na 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 4: Summary of Site 2 ambient water quality data, Odd520 Sept. 2006.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 16.7 18.3 184 199 0.6 68
Conductivity («S/cm) 535 57.2 56.9 616 1.5 244
Dissolved oxygen (mg/L) 50 101 99 124 14 244
pH 6.4 7.2 7.4 85 05 244
Temperature°C) 6.8 7.9 104 201 45 244
Turbidity (NTU) 0.2 0.4 0.5 1.8 03 69
Nitrogen - ammoniay(g-N/L) <10 <10 <10 24.7 6.0 69
Nitrogen - nitrate/nitrite 4g-N/L) 121.2 377.5 334.8 447.3 96.9 69
Nitrogen - total {1g-N/L) 287.0 503.4 473.4 559.9 79.0 69
Phosphorus - soluble:g-P/L) <5 <5 <5 6.7 1.7 69
Phosphorus - totaj{g-P/L) <5 6.6 7.3 334 40 69
Chlorophyll (mg/nd) 0.3 2.4 2.5 6.1 1.3 50
Secchi depth (m) 3.9 6.6 6.3 80 15 9
Coliforms - fecal (cfu/100 mL) <1 1 1 3 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 2 na 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 5: Summary of Site 3 ambient water quality data, Odd520 Sept. 2006.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 17.3 18.1 18.3 20.2 0.6 80
Conductivity («S/cm) 53.0 57.1 56.8 60.3 1.5 269
Dissolved oxygen (mg/L) 7.4 10.0 99 122 11 269
pH 6.7 7.2 7.3 84 05 269
Temperature°C) 6.7 7.6 100 20.0 43 269
Turbidity (NTU) 0.2 0.4 0.4 08 0.2 80
Nitrogen - ammoniay(g-N/L) <10 <10 <10 33.3 54 80
Nitrogen - nitrate/nitrite 4g-N/L) 129.0 398.0 353.2 448.2 91.6 80
Nitrogen - total {1g-N/L) 288.9 515.0 484.8 565.3 75.6 79
Phosphorus - soluble:g-P/L) <5 <5 <5 6.0 1.8 80
Phosphorus - totaj{g-P/L) <5 6.0 6.0 104 1.9 79
Chlorophyll (mg/n) 0.3 2.0 2.4 6.3 1.4 50
Secchi depth (m) 4.5 6.5 7.0 96 1.8 10
Coliforms - fecal (cfu/100 mL) <1 1 1 1 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 1 na 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 6: Summary of Site 4 ambient water quality data, Odd520 Sept. 2006.



2005/2006 Lake Whatcom Final Report Page
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)  (g/L) (mg/L)

Site 1 0 Feb 9, 2006 <0.01 <0.0005 <0.001 <0.001 0.039 <0.0002 <0.005 <0.001 0.003
Site 1 20 Feb9,2006 <0.01 <0.0005 0.002 <0.001 0.047 <0.0002 <0.005 <0.001 0.002
Intake 0 Feb 9, 2006 <0.01 <0.0005 0.002 <0.001 0.038 <0.0002 <0.005 <0.001 0.006
Intake 10 Feb9,2006 <0.01 <0.0005 <0.001 <0.001 0.034 <0.0002 <0.005 <0.001 0.004
Site 2 0 Feb9,2006 <0.01 <0.0005 <0.001 <0.001 0.026 <0.0002 <0.005 <0.001 0.002
Site 2 20 Feb 9, 2006 <0.01 <0.0005 <0.001 <0.001 0.031 <0.0002 <0.005 <0.001 0.014
Site 3 0 Feb 7,2006 <0.01 <0.0005 0.002 <0.001 0.029 <0.0002 <0.005 <0.001 0.004
Site 3 80 Feb 7, 2006 <0.01 <0.0005 <0.001 <0.001 0.036 <0.0002 <0.005 <0.001 0.001
Site 4 0 Feb 7,2006 <0.01 <0.0005 <0.001 <0.001 0.032 <0.0002 <0.005 <0.001 0.002
Site 4 90 Feb 7, 2006 <0.01 <0.0005 0.003 <0.001 0.037 <0.0002 <0.005 <0.001 0.003
Site 1 0 Sept 13,2006 <0.01 <0.0005 0.001 0.002 0.039 <0.0002 <0.005 <0.001 0.003
Site 1 20 Sept 13,2006 <0.01 <0.0005 <0.001 <0.001 1.340 <0.0002 <0.005 <0.001 0.006
Intake 0 Sept 13,2006 <0.01 <0.0005 <0.001 <0.001 0.012 <0.0002 <0.005 <0.001 0.002
Intake 10 Sept 13,2006 <0.01 <0.0005 <0.001 0.001 0.022 <0.0002 <0.005 <0.001 0.003
Site 2 0 Sept 13,2006 <0.01 <0.0005 0.001 <0.001 0.013 <0.0002 <0.005 <0.001 0.004
Site 2 20 Sept 13,2006 <0.01 <0.0005 <0.001 0.002 0.967 0.0005 <0.005 <0.001 0.010
Site 3 0 Sept 12,2006 <0.01 <0.0005 0.002 <0.001 0.005 <0.0002 <0.005 <0.001 0.003
Site 3 80 Sept 12,2006 <0.01 <0.0005 0.001 <0.001 0.038 <0.0002 <0.005 <0.001 0.007
Site 4 0 Sept 12,2006 <0.01 <0.0005 <0.001 0.002 0.012 <0.0002 <0.005 <0.001 0.003
Site 4 90 Sept 12,2006 <0.01 <0.0005 0.002 <0.001 0.068 <0.0002 <0.005 <0.001 0.005

Table 7: Lake Whatcom 2005/2006 total metals data. Only teels specified in
the monitoring plan are included in this table; the reswts24 additional metals
are included in Appendix D.7.
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TOC TOC
Site Date Depth  (mg/L) Date Depth  (mg/L)
Site1 Feb9, 2006 0 3.8 Sept 13, 2006 0 5.9
Feb9,2006 20 2.0 Sept 13,2006 20 2.5
Intake Feb 9, 2006 0 <1 Sept 13, 2006 0 <1
Feb9,2006 10 2.8 Sept 13,2006 10 <1
Site2 Feb 9, 2006 0 <1 Sept 13, 2006 0 3.1
Feb9,2006 20 2.2 Sept 13,2006 15 1.0
Site3 Feb 7, 2006 0 1.2 Sept 12, 2006 0 3.4
Feb 7,2006 80 2.8 Sept 12,2006 80 4.4
Site 4 Feb 7, 2006 0 1.3 Sept 12, 2006 0 1.6
Feb 7,2006 90 11 Sept 12,2006 90 3.5

Table 8: Lake Whatcom 2005/2006 total organic carbon data.
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Date HS (mg/L) NH; (ug-N/L)
October 1999 Site 1 (bottom) 0.03-0.04 268.3
Site 2 (bottom) 0.40 424.4
October 2000 Site 1 (bottom) 0.27 208.8
Site 2 (bottom) 0.53 339.5
October 2001 Site 1 (bottom) 0.42 168.7
Site 2 (bottom) 0.76 331.9
October 2002 Site 1 (bottom) 0.09 203.9
Site 2 (bottom) 0.32 383.8
October 2003 Site 1 (bottom) 0.05 333.8
Site 2 (bottom) 0.05 340.0
October 2004 Site 1 (bottom) 0.25 300.3
Site 2 (bottom) 0.25 378.3
October 2005 Site 1 (bottom) 0.13,0.12* 257.5
Site 2 (bottom) 0.25, 0.42* 450.4
October 2006 Site 1 (bottom) 0.20 334.1
Site 2 (bottom) 0.42 354.1

*First concentration from HACH field kit; second concenimat

from duplicates analyzed by Edge Analytical.

Page

Table 9: October hypolimnetic ammonia and hydrogen sulfateentrations at
Sites 1 and 2 (1999-2006). All samples were analyzed in tleuseng a HACH
water quality test kit except in 2005, when duplicate sasplere analyzed by

Edge Analytical, Bellingham, WA.
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Figure 1: Comparison of 2006 surface water temperatwds poxplots showing
1988-2005 surface temperature medians and ranges (dépthfor all sites and
years). Boxplots show medians and upper/lower quartilésskers extend 1.5
x interquartile range or to maximum/minimum values; ouslige outside 1.5«

IQR.
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Site 11 Dissolved Oxygen by Year at Depth 12

—e—  July p =0.0036
—A—  August p =0.00046
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Figure 2: Nonlinear regression model showing relationsieéfween dissolved

oxygen and time at Site 1, 12 m. Kendalf'sorrelations were used because the

data were not monotonic-linear; all correlations wereistiaally significant.
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Site 11 Dissolved Oxygen by Year at Depth 14

—— July p =0.0019
—A—  August p =0.008
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Figure 3: Nonlinear regression model showing relationsieéfween dissolved
oxygen and time at Site 1, 14 m. Kendalf'sorrelations were used because the
data were not monotonic-linear; all correlations wereistiaally significant.



2005/2006 Lake Whatcom Final Report Page

Site 11 Dissolved Oxygen by Year at Depth 16

w —
—— July p =0.0016
—A—  August p=0.0017
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Figure 4: Nonlinear regression model showing relationsigéfween dissolved
oxygen and time at Site 1, 16 m. Kendalf'sorrelations were used because the
data were not monotonic-linear; all correlations wereistiaally significant.
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Site 11 Dissolved Oxygen by Year at Depth 18

—e—  July p = 6e-04
—A—  August p=0.0017
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Figure 5: Nonlinear regression model showing relationsieéfween dissolved
oxygen and time at Site 1, 18 m. Kendalf'sorrelations were used because the
data were not monotonic-linear; all correlations wereistiaally significant.
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Figure 6: Lake Whatcom summer near-surface total phosghmacentrations,
1994-2006. Data represent June through October condensatt depths<5
m. Boxplots show median and upper/lower quartiles; whislettend 1.5x
interquartile range or to maximum/minimum values; extresodiers were not
plotted, but were included in the correlation analysis (&e¢ for discussion).
Kendall's  correlations were used because the data were not mondioeas:

all correlations were statistically significant.
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Figure 7: Lake Whatcom total phosphorus concentrationspeoed to lake nu-
trient criteria for the Coast Range, Puget Lowlands, andion Rockies Ecore-
gions (WAC 173-201A-230, Table 230.1). See Ecology( 2008)dscussion on
page 10 for description of methods. Note that the scale ferdifit for Site 1 due
to the high 2002 value.



2005/2006 Lake Whatcom Final Report

Page

Site 1 Site 2
o o
— tau = 0.193 — tau = 0.393
p-value <0.002 p-value <0.001
g [ce) - o o g [ce}
o 1 - (=]
E o - ! ! T £ © - o o
= Il =
£ NI QQ £ . T
o < N ! o <
: . |05 aaaae i I S R e
= ] | L L ] E T E T
(@) | (@) | fmay= [
o J'_ é s 1L oL J'- N HE EJ— . L ?E L L
L
o - o -
L L L L L L L L L T 1T T 1T T 1T 1T T 1T T 11
1994 1997 2000 2003 2006 1994 1997 2000 2003 2006
Site 3 Site 4
o o
— tau = 0.375 — tau = 0.422
p-value <0.001 p-value <0.001
/_T [ee] :I\ [ee)
> 8 >
\E, © - T o E/ © - - o
R I i T £ T
o e \ o < - !
g 0 Q = 2 e QQQ
Ny <
N é.E@EE@Q O « o BE "*-
ml=k 29 .
o - o -
T 1T T T T T T 11 T 1T T 11
1994 1997 2000 2003 2006 1994 1997 2000 2003 2006

Figure 8: Lake Whatcom summer near-surface chlorophyitentrations, 1994—
2006. Data represent June through October concentratialepths<5 m. Box-
plots show median and upper/lower quartiles; whiskersmekie5 x interquartile
range or to maximum/minimum values. Kendalfsorrelations were used be-
cause the data were not monotonic-linear; all correlatiwae statistically sig-
nificant.
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Figure 9: Distribution of summer algal counts, 1994—-200@&talrepresent June
through October concentrations at all depths and sites.plBtsxshow median

and upper/lower quartiles; whiskers extend &.5nterquartile range or to maxi-
mum/minimum values; extreme outliers were not plottedwere included in the

correlation analysis (see text for discussion). Kendallrrelations were used
because the data were not monotonic-linear; all correlatieere statistically sig-

nificant.
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Figure 10: Distribution of summer Cyanobacteria countstas3 -4, 1994—-2006.
Data represent June through October concentrations agihs. Boxplots show
median and upper/lower quartiles; whiskers extendxlibterquartile range or to
maximum/minimum values. Kendall’scorrelations were used because the data
were not monotonic-linear; all correlations were stataty significant.
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Fecal coliforms as predictor of E. coli — all data

< - Pearson’s r = 0.955 4
p-value < 0.0001 /s

E. coli (Log10 cfu/100 mL)
2
L

o % &Pk

Fecal coliforms (Log10 cfu/100 mL)

Figure 11: Correlation between fecal coliforms dhadcoli counts in surface wa-
ter samples (lake, stream, storm water treatment facilityhe Lake Whatcom
watershed, October 2004 — September 2006. Pearsartsrelation was used
because the log-transformed data were nearly monotameedliand the residu-
als were homogeneous. The diagonal line was added for nefette show a 1:1
relationship.
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Figure 12: Total organic carbon concentrations at the mi{@#f-shore, surface
and bottom) and from the gatehouse. Gatehouse data werelgudwy the City

of Bellingham Public Works Department. Note that multipleted points at the
detection limit (red dotted line) may not be visible. Kerldat correlations were
used because the data were not monotonic-linear; only tiedgase correlation

was statistically significant
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Figure 13: Total trihalomethanes (TTHMs) and haloacetidsa(HAAS) concen-
trations in the Bellingham water distribution system, 1:92@06. Regressions for
Jan-Dec and Qtr 3 THMs vs. time were significant. Data wereigeal by the
City of Bellingham Public Works Department.
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3 Creek Monitoring

The major objective for the monthly creek monitoring was toyide baseline
data for the major tributaries that flow into Lake Whatcom. atdom Creek was
also sampled to provide baseline data for the lake’s outlet.

3.1 Site Descriptions

Fifteen sites were sampled monthly from October 2004 thindbgptember 2006
to provide baseline tributary data in the Lake Whatcom vedwed (Figure A2,
page 105). Monthly samples were collected from AndersonstiAu Beaver,
Blue Canyon, Brannian, Carpenter, Euclid, Mill Wheel, @lsPark Place, Sil-
ver Beach, Smith, and Whatcom Creeks. The sampling locafemthese sites
are described in Appendix A.2.

In addition to monthly sampling, Anderson, Austin, and 3n@reeks were sam-
pled twice during the 2004/2005 sampling year to collechd#@8omposite sam-
ples, and the Austin Creek and Beaver Creek watersheds aerpled inten-
sively during a 1-day “creek walk.” Although these resultsrevsummarized in
last year’s report (Matthews, et al., 2006), brief desaipd have been included in
the 2005/2006 report to provide an overview of the two yeaekmonitoring ef-
fort. Beginning in October 2006, the frequency of creek rntammg was reduced
to biannual sampling at the sites listed above.

3.2 Field Sampling and Analytical Methods

The analytical procedures for sampling the creeks are suinedain Table 1
(page 14). All water samples (including bacteriologicainpées) collected in
the field were stored on ice and in the dark until they reachedlaboratory.
Once in the laboratory the handling procedures that weevaal for each anal-
ysis were followed (see Table 1). The bacteria samples weag/zed by the
City of Bellingham at their water treatment plant. All otheralyses were done
by WWU personnel. Creek discharge measurements were temlletonthly at
Blue Canyon Creek using the transect procedure describédS63S (Rantz, et
al., 1982) and during 2004/2005 from ungauged sites in thetiAlCreek and
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Beaver Creek watersheds. All other sites have USGS or IW§egathat provide
discharge data to the City; all IWS discharge data are ireddud Appendix D.

3.3 Results and Discussion
3.3.1 Monthly creek monitoring

The monthly data are summarized in Tables 10-24 (pages #1¥66 raw data
are included in Appendix D and are available in electroniofat on the CD that
accompanies this report. The raw data are also plotted stgme to show the
October 2004-September 2006 data for each creek (Figuras-BBIL65, pages
257-286). These figures include a dashed (blue) horizanltat shows the
median value for Smith Creek and a solid (red) horizonta kinat shows the
median value for each creek. Smith Creek was chosen as ame&because it is
a major tributary to the lake and has a history of being nedfitiunpolluted.

Water temperatures and dissolved oxygen concentratiors ngkatively similar
at all sites (Figures B140-B141 and B144-B145), with a fewable excep-
tions. Whatcom Creek had higher temperatures and loweresxggncentrations
than the other sites, reflecting the influence of Lake What@féigures B141 and
B145). The Park Place wet pond outlet and Silver Beach Cradlslightly lower
median dissolved oxygen concentrations and slightly higredlian temperatures,
which is typical for residential streams.

Most of the creeks in the Lake Whatcom watershed had relgtioes concen-
trations of dissolved solids, indicated by low concentragi for alkalinity €50
mg/L), conductivity €100 1S), and total solids<100 mg/L), with pH levels
near 7.0 (Figures B136-B139, B142-B143, and B156-B157&s $nat did not
match this description included the residential streangs,(Bark Place outlet and
Silver Beach Creek) and Blue Canyon Creek, which drains @a ach in solu-
ble minerals. Most sites also had low total suspended sotidsentrations<{10
mg/L) and low turbidities €5 NTU) except for outliers that were usually related
to precipitation events (Figures B158—-B161). The influeocstorm events on
turbidity and suspended solids was clearly illustratedhim January 2006 data,
which show distinct spikes at almost all sites except WhatGoeek. Lake What-
com serves as a sedimentation basin, and our monitoringsdideated near the
lake outlet, so sediment spikes from storm runoff were nesent.
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Total nitrogen includes both inorganic nitrogen (ammomigdrite, and nitrate)
and organic nitrogen. In the Lake Whatcom tributaries,|toimogen and ni-
trate/nitrite concentrations were very similar, indiogtthat most of the nitrogen
was inorganic (Figures B146— B14%).Most of the creeks had lower total ni-
trogen and nitrate/nitrate concentrations than SmithICréke exceptionally low
concentrations in Whatcom Creek reflect algal uptake obgén in the lake. Low
inorganic nitrogen concentrations are not an indicatidowfpollution levels, and
instead favor the growth of nuisance Cyanobacteria.

Ammonia concentrations were elevated in several resialesttieams (e.g., Park
Place, Millwheel, and Euclid Creeks), as well as in Andersod Whatcom
Creeks (Figures B150-B151). Ammonia does not persist lormxygenated sur-
face waters. When present in streams, it usually indicatesaa-by source such
as an upstream wetland with anaerobic soils or a pollutiomcgo The elevated
ammonia at Park Place probably reflects residential pohutin Whatcom Creek,
it may be coming from basin 1. The ammonia source in AnderseelCis un-
known; there is a wetland, a small lake, and small “hobby &ifwcated upstream
from our sampling site.

Total phosphorus, like total nitrogen, includes inorgaaia organic forms of
phosphorus. Soluble inorganic phosphate is quickly remdngam surface water
by biota, so high concentrations of soluble phosphorusllysindicate a near-by
source such as an anaerobic wetland or a pollution sourcéhelhake What-
com tributaries, total phosphorus concentrations werallysmuch higher than
soluble phosphate concentrations (Figures B152—B155)al pimosphorus and
soluble phosphate concentrations were usually highebeimesidential streams,
and distinct peaks were present during storm events (euguady 2006).

High coliform counts are an indicator of residential patut (Figures B162—
B165), and many of the residential sites in the Lake Whatcaterghed failed to
meet the coliform surface water standards set by WAC 173A201

Extraordinary Primary Contact Recreation Fecal coliform organ-
ism levels must not exceed a geometric mean value of 50 ad4r0
mL, with not more than 10 percent of all samples (or any sisgla-
ple when less than ten sample points exist) obtained foulzlog
the geometric mean value exceeding 100 colonies/100 mL.

13Total nitrogen concentrations do not include dissolverbgién gas, which is also present and
abundant in streams, but is not readily available as a mitidemost plants and algae.
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Many of the creeks failed to meet the WAC coliform standarcdose more than
10% of their samples exceeded 100 cfu/100 mL; CarpenteikCEelid Creek,
Millwheel Creek, Park Place outlet, and Silver Beach Crdsk &iled to meet
the criterion of a geometric mean lower than 50 cfu/100 mlb{@25, page 56);

The forested sites in upper Austin and Beaver Creeks, Blug&@aCreek, and
Smith Creek passed the coliform standard, as did Lower AuGteek, which
is located downstream from Sudden Valley. Whatcom Creelt pésses both
criteria.

3.3.2 48-hr sampling

Because streams are constantly moving, water samplesteallzom stream only
capture a brief snapshot of the water quality changes tpaddlly occur on a daily
basis. During January and March, 2005 monitoring periodtiple samples were
collected during a 48-hr period to provide information atshort-term variability
in stream water quality. Composite samples were colledt8@ aninute intervals
for 48 hours from Anderson, Lower Austin, and Smith Creekstasure total
nitrogen, total phosphorus, total solids, and total sudpdrsolids'* During this
48-hr period, 4 grab samples were collected from Lower Aumtid Smith Creeks
to measure temperature, dissolved oxygen, pH, conductiuibidity, alkalinity,
ammonia, nitrate/nitrite, soluble phosphate, and feckflacms.

The results from the 48-hr monitoring project were repoitedhe 2004/2005
annual report (Matthews, et al., 2006), but an error waodlis@d after the report
was published. The Smith Creek total nitrogen and total phosis data from
March 2005 were transposed. The corrected data and updateesiare included
in Appendix B, and the updated figures include the additiomaithly monitoring
data from 2005/2006 (Figures B166—B172).

3.3.3 Austin Creek and Beaver Creek intensive sampling

Beaver Creek and Austin Creek were sampled intensively areidber 20, 2004
to measure temperature, dissolved oxygen, turbidity] tateogen, total phos-
phorus, total suspended solids, and fecal coliforms. Tlhectifze was to assess

14The composite samples were also analyzed for total metsdytthews, et al., 2006.
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the amount of variability that can be expected for water igypuaieasurements col-
lected from these creeks at different times during the dayiradifferent locations
within the Austin Creek and Beaver Creek watersheds.

Water quality data were collected every 30 minutes at thtea@sary or “fixed”
sites in upper and lower Austin Creek and Beaver Creek, beginat 8:00 am
and ending at 16:00 (4 pm). During this same period, ind@icdamples were
collected at 24 additional “creek walk” sites within the AnsCreek and Beaver
Creek watersheds (Figure A3, page 106). The creek walkisitkgded 8 sites in
Austin Creek, 8 sites in Beaver Creek, 5 small tributarieBuetin Creek, and 3
small tributary to Beaver Creek. The full creek walk repsravailable online at
http://www.ac.wwu.edu/ iws.
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Coliforms - E. coli (cfu/100 mL) 2 17 21 180 NA 24
Coliforms - fecal (cfu/100 mL) 4 25 27 220 NA 24

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 10.2 18.1 18.2 26.9 40 24
Conductivity («S/cm) 394 61.1 60.0 73.4 93 24
Dissolved Oxygen (mg/L) 8.8 105 10.9 14.8 15 24
pH 6.7 7.0 7.0 7.6 0.2 24
Temperature°C) 2.1 8.7 9.0 15.1 3.3 24
Turbidity (NTU) 0.4 2.5 10.1 107.0 219 24
Total solids (mg/L) 43.0 515 59.2 1936 301 P23
Total suspended solids (mg/L) <2 3.4 126 168.8 340 24
Nitrogen - ammoniay(g-N/L) <10 144 15.1 32.6 9.7 24
Nitrogen - nitrate/nitrite 4g-N/L) <20 471.3 454.0 11319 2975 24
Nitrogen - total {1g-N/L) 113.6 628.8 631.8 1862.2 401.8 24
Phosphorus - soluble:g-P/L) <5 7.8 8.1 14.6 32 24
Phosphorus - totaj{g-P/L) 105 20.2 33.0 1989 393 24

TUncensored arithmetic means except as noted; not adjustegifeated measure
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 10: Summary of Anderson Creek monthly water qualityad@ct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 6.4 14.4 17.0 35.8 7.8 24
Conductivity (xS/cm) 350 524 66.7 1816 36.0 24
Dissolved Oxygen (mg/L) 93 111 11.3 13.8 1.3 24
pH 7.1 7.4 7.4 7.7 0.2 24
Temperature°C) 1.6 8.9 8.8 15.5 3.8 24
Turbidity (NTU) 0.2 0.5 1.6 18.8 3.8 24
Total solids (mg/L) 33.7 48.5 53.6 108.3 194 23
Total suspended solids (mg/L) <2 <2 4.1 594 120 24
Nitrogen - ammoniay(g-N/L) <10 <10 <10 16.1 4.3 24
Nitrogen - nitrate/nitrite 4g-N/L) 255.2 475.5 521.7 1016.8 189.9 24
Nitrogen - total f1g-N/L) 306.8 560.6 608.4 1122.4 2133 24
Phosphorus - soluble:g-P/L) <5 9.2 9.7 21.6 4.7 24
Phosphorus - totaj{g-P/L) <5 135 17.8 743 146 24
Coliforms - E. coli (cfu/100 mL) <1 4 5 200 NA 24
Coliforms - fecal (cfu/100 mL¥) <1 5 6 240 NA 24

TUncensored arithmetic means except as noted; not adjustegifeated measure
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 11: Summary of upper Austin Creek monthly water qualita, Oct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 8.3 145 16.7 33.6 6.3 2B
Conductivity (xS/cm) 455 61.6 68.4 127.7 20.7 23
Dissolved Oxygen (mg/L) 85 10.7 10.7 13.5 1.3 23
pH 6.8 7.1 7.1 7.6 0.1 28
Temperature°C) 1.3 9.0 8.9 14.5 3.6 28
Turbidity (NTU) 0.2 1.7 5.5 78.0 159 238
Total solids (mg/L) 40.2 54.2 61.7 179.0 28.1 P2
Total suspended solids (mg/L) <2 <2 85 1447 299 23
Nitrogen - ammoniay(g-N/L) <10 10.6 10.7 24.2 59 2p
Nitrogen - nitrate/nitrite 4g-N/L) 212.5 702.8 710.0 1691.0 392.1 23
Nitrogen - total {1g-N/L) 370.6 742.8 868.3 1959.4 431.1 23
Phosphorus - soluble:g-P/L) <5 122 12.0 22.4 49 28
Phosphorus - totaj{g-P/L) 6.3 236 31.3 128.8 25.0 23
Coliforms - E. coli (cfu/100 mL) <1 6 8 210 NA 23
Coliforms - fecal (cfu/100 mL¥) 1 9 10 160 NA 23

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 12: Summary of upper Beaver Creek monthly water quddita, Oct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.
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Coliforms - E. coli (cfu/100 mL) <1 16 15 350 NA 24
Coliforms - fecal (cfu/100 mL) 1 21 21 250 NA 24

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 95 18.0 21.2 41.7 85 24
Conductivity (xS/cm) 453 71.1 80.7 1635 305 24
Dissolved Oxygen (mg/L) 8.4 10.7 10.8 13.7 1.3 24
pH 6.8 7.3 7.3 7.7 0.2 24
Temperature°C) 0.9 9.1 9.3 15.0 3.7 24
Turbidity (NTU) 0.4 1.6 75 120.0 242 24
Total solids (mg/L) 36.0 59.8 72.7 253.7 421 P23
Total suspended solids (mg/L) <2 <2 123 1999 416 23
Nitrogen - ammoniay(g-N/L) <10 <10 9.8 20.5 45 24
Nitrogen - nitrate/nitrite 4g-N/L) 227.9 539.4 601.9 1606.3 356.1 24
Nitrogen - total {1g-N/L) 318.3 623.8 746.6 1981.0 4255 24
Phosphorus - soluble:g-P/L) <5 10.6 11.3 18.1 34 24
Phosphorus - totaj{g-P/L) 109 205 26.7 1428 257 24

TUncensored arithmetic means except as noted; not adjustegifeated measure
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 13: Summary of water quality data collected at the cenfte of Austin
Creek and Beaver Creek, Oct. 2004 — Sept. 2006. Note thatthmary includes
data from two years of monthly sampling.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 8.0 184 21.1 39.8 84 24
Conductivity (xS/cm) 49.1 68.0 77.1 1375 249 23
Dissolved Oxygen (mg/L) 8.8 10.8 11.0 13.9 1.4 24
pH 7.0 7.4 7.4 7.7 0.2 28
Temperature°C) 0.8 10.0 9.2 15.3 40 24
Turbidity (NTU) 0.2 1.3 5.6 89.2 18.0 24
Total solids (mg/L) 445 60.7 67.3 189.8 30.1 P23
Total suspended solids (mg/L) <2 <2 10.3 166.5 33.8 24
Nitrogen - ammoniay(g-N/L) <10 <10 <10 26.8 5.7 24
Nitrogen - nitrate/nitrite 4g-N/L) 202.6 554.7 582.1 1353.8 292.7 24
Nitrogen - total {1g-N/L) 3034 634.6 714.1 1585.1 3385 24
Phosphorus - soluble:g-P/L) <5 10.7 11.7 22.6 46 24
Phosphorus - totaj{g-P/L) 50 205 23.3 1133 202 24
Coliforms - E. coli (cfu/100 mL) 1 23 18 130 NA 24
Coliforms - fecal (cfu/100 mL¥) 3 34 24 170 NA 24

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 14: Summary of lower Austin Creek (downstream fromflo@mce with
Beaver Creek) monthly water quality data, Oct. 2004 — Sd}fi62 Note that this
summary includes data from two years of monthly sampling.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 63.6 126.6 122.2 1635 225 24
Conductivity (xS/cm) 165.2 270.5 265.0 289.0 279 Pp4
Dissolved Oxygen (mg/L) 96 11.0 11.2 13.5 1.1 24
pH 7.9 8.3 8.3 8.4 0.1 24
Temperature°C) 2.2 9.7 9.4 14.8 3.2 24
Turbidity (NTU) 0.8 2.1 3.7 35.5 6.9 24
Total solids (mg/L) 1426 1649 164.1 176.6 83 23
Total suspended solids (mg/L) <2 3.5 6.7 63.6 125 24
Nitrogen - ammoniay(g-N/L) <10 <10 <10 11.2 3.5 24
Nitrogen - nitrate/nitrite 4g-N/L) 99.0 195.3 373.2 1602.2 398.1 24
Nitrogen - total {1g-N/L) 151.2 269.5 460.2 1898.7 463.1 24
Phosphorus - solublg:g-P/L) <5 8.2 8.9 17.2 3.3 24
Phosphorus - totaj{g-P/L) 6.0 12.6 16.9 64.0 135 24
Coliforms - E. coli (cfu/100 mL) <1 4 4 83 NA 24
Coliforms - fecal (cfu/100 mL¥) <1 3 5 81 NA 24

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 15: Summary of Blue Canyon Creek monthly water qudlktia, Oct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 4.8 9.7 10.9 21.2 41 2P
Conductivity («S/cm) 325 428 43.5 62.0 6.4 22
Dissolved Oxygen (mg/L) 59 104 10.2 13.1 1.9 22
pH 6.6 6.9 6.9 7.1 0.1 22
Temperature°C) 2.4 8.4 8.7 14.2 32 22
Turbidity (NTU) 0.3 0.7 4.3 748 158 2p
Total solids (mg/L) 30.1 36.7 43.8 168.6 29.1 Pp1
Total suspended solids (mg/L) <2 <2 79 1382 293 22
Nitrogen - ammoniay(g-N/L) <10 <10 <10 15.9 39 22
Nitrogen - nitrate/nitrite 4g-N/L) 255.2 683.1 728.7 1770.3 400.7 22
Nitrogen - total {1g-N/L) 340.6 756.3 879.1 1986.5 457.2 22
Phosphorus - solublg:g-P/L) <5 5.3 5.6 10.6 25 22
Phosphorus - totaj{g-P/L) <5 128 198 1723 342 2P

Coliforms - E. coli (cfu/100 mL) 2 13 17 580 NA 22
Coliforms - fecal (cfu/100 mL¥) 1 13 18 750 NA 22
TUncensored arithmetic means except as noted; not adjustegifeated measure
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 16: Summary of Brannian Creek monthly water qualittad®ct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 10.6 227 26.1 453 106 22
Conductivity (xS/cm) 50.3 70.3 76.4 113.0 193 22
Dissolved Oxygen (mg/L) 4.8 10.8 10.5 14.6 22 22
pH 7.1 7.4 7.5 7.8 0.2 22
Temperature°C) 0.0 8.7 9.1 16.2 42 22
Turbidity (NTU) 0.6 2.7 5.8 576 118 2P
Total solids (mg/L) 52.6 69.7 74.6 1447 20.7 P21
Total suspended solids (mg/L) <2 2.2 9.0 994 211 22
Nitrogen - ammoniay(g-N/L) <10 <10 13.8 749 17.7 22
Nitrogen - nitrate/nitrite 4g-N/L) 292.3 580.9 684.6 1485.0 342.8 22
Nitrogen - total {1g-N/L) 511.7 782.3 938.6 2141.9 4150 22
Phosphorus - solublg:g-P/L) <5 13.0 14.4 31.0 7.1 2
Phosphorus - totaj{g-P/L) 153 244 31.2 1044 19.7 22
Coliforms - E. coli (cfu/100 mL) 6 74 65 1500 NA 22
Coliforms - fecal (cfu/100 mL¥) 8 90 79 1600 NA 22

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 17: Summary of Carpenter Creek monthly water quakiyadOct. 2004

— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 13.6 31.3 32.0 51.2 107 21
Conductivity (xS/cm) 57.8 96.2 96.0 132.7 213 21
Dissolved Oxygen (mg/L) 7.3 10.3 10.2 12.9 1.5 21
pH 6.9 7.3 7.3 7.5 01 21
Temperature°C) 1.5 8.9 9.4 15.2 35 21
Turbidity (NTU) 1.3 2.1 4.7 48.1 100 21
Total solids (mg/L) 57.8 734 75.7 1247 152 PO
Total suspended solids (mg/L) <2 2.1 6.6 776 165 21
Nitrogen - ammoniay(g-N/L) <10 147 13.7 29.7 7.3 21
Nitrogen - nitrate/nitrite 4g-N/L) 101.6 522.4 527.2 1579.8 326.0 21
Nitrogen - total {1g-N/L) 298.6 661.0 723.1 1873.2 379.0 21
Phosphorus - solublg:g-P/L) 6.6 15.1 15.0 20.7 3.7 2

Phosphorus - totaj{g-P/L) 16.1 25.2 299 1186 211 2

Coliforms - E. coli (cfu/100 mL) 8 56 58 540 NA 21
Coliforms - fecal (cfu/100 mL¥) 8 74 65 720  NA 21
TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 18: Summary of Euclid Creek monthly water quality d&dat. 2004 —
Sept. 2006. Note that this summary includes data from twasyeamonthly
sampling.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 15.0 355 41.3 84.0 182 20
Conductivity (xS/cm) 61.5 1014 1075 1796 320 20
Dissolved Oxygen (mg/L) 1.1 10.2 9.7 13.6 27 RO
pH 7.1 7.3 7.5 9.2 04 20
Temperature°C) 1.0 9.3 11.3 21.8 6.1 20
Turbidity (NTU) 3.7 6.8 9.5 43.0 8.8 19
Total solids (mg/L) 67.2 90.7 91.6 128.8 184 19
Total suspended solids (mg/L) 2.0 6.1 9.3 546 114 |20
Nitrogen - ammoniay(g-N/L) <10 19.9 50.2 569.4 1240 20
Nitrogen - nitrate/nitrite 4g-N/L) <20 529.7 558.1 2048.3 5585 20
Nitrogen - total {1g-N/L) 417.3 941.3 1046.1 2436.1 580.1 20
Phosphorus - solublg:g-P/L) 59 121 18.3 1165 24.0 20
Phosphorus - totaj{g-P/L) 26.9 433 60.5 198.0 474 20
Coliforms - E. coli (cfu/100 mL) 4 72 68 790 NA 20
Coliforms - fecal (cfu/100 mL) 16 100 97 740 NA 2Q

TUncensored arithmetic means except as noted; not adjustegifeated measures.

‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 19: Summary of Millwheel Creek monthly water qualigtal Oct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.
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TUncensored arithmetic means except as noted; not adjustegifeated measure
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 20: Summary of Olsen Creek monthly water quality d&et. 2004 —
Sept. 2006. Note that this summary includes data from twasyeamonthly
sampling.

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 8.0 216 25.4 50.8 121 24
Conductivity (xS/cm) 519 711 79.8 136.3 252 24
Dissolved Oxygen (mg/L) 9.0 11.0 11.2 14.8 15 24
pH 7.2 7.5 7.5 7.8 0.2 24
Temperature°C) 0.0 9.3 9.0 15.6 4.3 24
Turbidity (NTU) 0.3 1.2 5.2 86.9 175 24
Total solids (mg/L) 46.1 60.3 68.7 1949 30.0 P23
Total suspended solids (mg/L) <2 <2 9.7 1669 336 24
Nitrogen - ammoniay(g-N/L) <10 <10 <10 18.0 46 24
Nitrogen - nitrate/nitrite 4g-N/L) 271.6 799.2 840.7 2077.3 448.1 24
Nitrogen - total {1g-N/L) 409.8 885.3 971.1 2271.4 493.7 24
Phosphorus - solublg:g-P/L) <5 11.8 14.9 46.9 9.0 24
Phosphorus - totaj{g-P/L) 10.7 19.6 23.8 119.7 215 24
Coliforms - E. coli (cfu/100 mL) 1 19 16 260 NA 24
Coliforms - fecal (cfu/100 mL) 1 41 22 270 NA 24

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 36.0 86.8 919 1325 244 23
Conductivity (xS/cm) 57.7 2295 2193 289.0 494 24
Dissolved Oxygen (mg/L) 6.6 9.3 9.3 11.9 16 p4
pH 7.2 7.7 7.7 8.1 0.2 24
Temperature°C) 45 126 12.3 19.9 47 24
Turbidity (NTU) 0.4 3.6 5.6 24.4 6.3 24
Total solids (mg/L) 108.4 1448 143.8 1858 223 |23
Total suspended solids (mg/L) <2 <2 4.6 39.2 8.1 24
Nitrogen - ammoniay(g-N/L) 19.3 285 35.5 822 170 24
Nitrogen - nitrate/nitrite 4g-N/L) 120.6 501.5 636.1 2648.4 556.8 24
Nitrogen - total {1g-N/L) 446.5 807.1 1012.6 3358.0 604.9 P24
Phosphorus - solublg:g-P/L) 139 23.6 24.8 55.8 9.7 24
Phosphorus - totaj{g-P/L) 27.7 425 554 1715 336 24
Coliforms - E. coli (cfu/100 mL) 4 68 77 1300 NA 23
Coliforms - fecal (cfu/100 mL) 6 86 111 18000 NA 23

TUncensored arithmetic means except as noted; not adjustegifeated measur
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 21: Summary of Park Place outlet monthly water qualéta, Oct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.

€s.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 315 728 79.2 1378 317 23
Conductivity (xS/cm) 1025 1729 192.6 310.0 60.5 P23
Dissolved Oxygen (mg/L) 8.0 10.2 10.4 14.4 1.7 24
pH 7.5 7.9 7.9 8.2 0.2 23
Temperature°C) 0.0 10.9 10.3 16.6 45 24
Turbidity (NTU) 1.5 4.6 6.0 26.1 54 28
Total solids (mg/L) 97.3 1228 1334 1928 29.1 |22
Total suspended solids (mg/L) <2 2.9 5.3 38.7 80 23
Nitrogen - ammoniay(g-N/L) <10 123 10.9 19.3 57 28
Nitrogen - nitrate/nitrite 4g-N/L) 149.0 417.9 532.6 1403.1 333.1 23
Nitrogen - total {1g-N/L) 4235 706.4 867.9 1981.0 386.0 23
Phosphorus - soluble:g-P/L) 7.8 20.0 20.5 40.3 8.2 23
Phosphorus - totaj{g-P/L) 251 405 43.3 98.1 165 23
Coliforms - E. coli (cfu/100 mL) 20 340 324 4000 NA 23
Coliforms - fecal (cfu/100 mL¥) 17 450 397 12000 NA 23

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 22: Summary of Silver Beach Creek monthly water qudgita, Oct. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly

sampling.
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Variable Min.  Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 9.7 17.3 19.7 36.1 7.4 24
Conductivity (xS/cm) 48.5 57.9 65.0 106.9 155 24
Dissolved Oxygen (mg/L) 9.0 11.3 115 15.1 1.5 24
pH 7.2 7.5 7.5 7.7 0.2 24
Temperature°C) 0.5 9.3 8.8 14.9 4.0 24
Turbidity (NTU) 0.2 0.9 2.5 34.8 6.9 24
Total solids (mg/L) 42.2 52.0 55.3 1224 16.1 P3
Total suspended solids (mg/L) <2 <2 5.1 814 16.3 24
Nitrogen - ammoniay(g-N/L) <10 <10 <10 11.6 35 24
Nitrogen - nitrate/nitrite 4g-N/L) 427.0 992.0 1016.9 2228.0 453.4 P4
Nitrogen - total {1g-N/L) 519.6 1073.8 1138.4 2449.2 510.7 p4
Phosphorus - solublg:g-P/L) <5 10.4 10.9 24.9 56 24
Phosphorus - totaj{g-P/L) 8.0 12.7 15.5 65.7 115 24
Coliforms - E. coli (cfu/100 mL) 1 9 9 110 NA 24
Coliforms - fecal (cfu/100 mL) <1 14 11 140 NA 24

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 23: Summary of Smith Creek monthly water quality d&@at. 2004 —
Sept. 2006. Note that this summary includes data from twasyeamonthly

sampling.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 185 211 21.0 23.0 1.2 24
Conductivity (xS/cm) 60.8 63.2 67.3 163.1 204 24
Dissolved Oxygen (mg/L) 7.7 9.3 9.7 121 1.4 P4
pH 7.3 7.5 7.5 8.2 0.2 24
Temperature°C) 45 13.2 13.7 234 5.9 24
Turbidity (NTU) 0.5 1.0 1.0 1.6 0.2 24
Total solids (mg/L) 352 411 419 47.7 3.5 23
Total suspended solids (mg/L) <2 <2 <2 3.4 1.0 24
Nitrogen - ammoniay(g-N/L) <10 16.0 156 324 8.0 24
Nitrogen - nitrate/nitrite 4g-N/L) <20 155.1 167.2 353.6 119.6 24
Nitrogen - total {1g-N/L) 226.6 364.4 368.0 5264 954 24
Phosphorus - solublg:g-P/L) <5 <5 <5 6.2 1.7 24
Phosphorus - totaj{g-P/L) 57 120 116 175 32 24
Coliforms - E. coli (cfu/100 mL) <1 6 8 79 NA 24
Coliforms - fecal (cfu/100 mL¥) 2 9 9 74  NA 24

TUncensored arithmetic means except as noted; not adjustegifeated measures.
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 24: Summary of Whatcom Creek monthly water qualityadéict. 2004
— Sept. 2006. Note that this summary includes data from tvewsyef monthly
sampling.
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Geom.Mean (GM) Max 10%

<50 cfu/100 mL >100 cfu/100 mL
Anderson Creek GM =27 pass 17%>100 fail
Austin Creek, upper GM =6 pass 8% >100 pass
Beaver Creek, upper GM =10 pass 9% >100 pass
Austin/Beaver confluenceGM = 21 pass 17%>100 fail
Austin Creek, lower GM =24 pass 8% >100 pass
Blue Canyon Creek GM=5 pass 0% >100 pass
Brannian Creek GM =18 pass 14%>100 fail
Carpenter Creek GM =79 fail 45% >100 fail
Euclid Creek GM =65 fail 30% >100 fail
Millwheel Creek GM =97 fail 45% >100 fail
Olsen Creek GM =22 pass 17%>100 fail
Park Place outlet GM =111 fail 39% >100 fail
Silver Beach Creek GM =397 fail 83%>100 fail
Smith Creek GM =11 pass 8% >100 pass
Whatcom Creek GM=9 pass 0% >100 pass

tAll censored values replaced with closest integer (k. = 1).

Table 25: Comparison of October 2004—-September 2006 fetadren data from
Lake Whatcom tributaries to WAC 173—201A surface watercsiaahs.
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4 Lake Whatcom Hydrology

4.1 Hydrograph Data

Recording hydrographs have been installed in Andersontidjuand Smith
Creeks; the data are plotted in Figures 14-16 (pages 64-Bg. location of
each hydrograph is described in Appendix A.2. All hydrodraata, including
data from previous years, are included on the CD that accompdhis report.
Detailed field notes for each water year are available fragrnbtitute for Water-
shed Studies. All results are reported as Pacific Standand, Wwithout Daylight
Saving Time adjustment.

The historic hydrograph data were recorded at 30 minuteval®until summer of
2003, when new recorders were installed at all sites. Thereewrders log data at
15 minute intervals. The primary reason for changing thgilog interval was to
conform with USGS hydrograph data that are being colledtetkadditional sites
in the Lake Whatcom watershed (Brannian, Carpenter, EUdiiiwWheel, Olsen,
and Silver Beach Creeks). Figure 17 (page 67) shows thegratirves for each
hydrograph. New rating curves need to be generated whettevereek channel
is significantly altered due to storm runoff or constructamtivities. Starting dates
for each rating curve are indicated in Figure 17. Rating esifor earlier water
years are available from the Institute for Watershed Studie

4.2 Watershed Modeling

The Distributed Hydrology-Soils-Vegetation Model (DHSYMas applied to the
Lake Whatcom watershed to simulate surface-water runtdf tine lake and to
predict stream flow magnitudes along stream segments whass guality mea-

surements were collected. The DHSVM is a physically basedenical model

developed at the University of Washington and Pacific Noe$tvNational Labo-

ratory (Wigmosta et al., 1994). Its primary application bagn in mountainous
watersheds in the Pacific Northwest (e.g., Storck et al.8;1Béwling et al., 2000;

VanSharr et al., 2002; Kelleher, 2006).

Watershed attributes in the DHSVM are defined by geograpticcmation sys-
tem grids including a DEM, watershed boundary, soil typd,teackness, vege-
tation, and stream flow network. The input grids for the basuere developed



2005/2006 Lake Whatcom Final Report Page

in Arcinfo using a 30-meter grid spacing. The model simdatevater and en-
ergy balance at the grid cell scale given input values faleairperature, humidity,
wind speed, incoming short wave radiation, incoming longeveadiation, and

precipitation. The meteorological input data were codddrom the Smith Creek
weather station in the watershed or were estimated usirtigbree models (e.qg.,

longwave radiation). Precipitation data from the Genewa bause and Brannian
creek rain gauges were also used. All data were formattedané-hour time

steps.

The DHSVM model was used to estimate stream flow magnituddseatreek
monitoring sites (see Figures 24-27 on pages 74—77 for atedihydrographs
and Figure 28 on page 78 for a map of the monitoring locationkg simulated
flow data for individual creeks were not included on the CQh Heompanies this
report, or in electronic format online, but interested wdiials may request data
from Dr. Robert Mitchell, Department of Geology, Westernshiagton Univer-
sity, Bellingham, WA.

4.3 Water Budget

A water balance was applied to Lake Whatcom to identify itpomaater inputs
and outputs and to examine runoff and storage. The traditimethod of esti-
mating a water balance (i.e., inputs - outputs = change nag&) was employed.
Inputs into the lake include direct precipitation, wateratted from the Middle
Fork of the Nooksack River (diversion), runoff (surface atint groundwater).
Outputs include evaporation, Whatcom Creek, the Hatcl@ity,of Bellingham,
Georgia Pacific, and the Lake Whatcom Water and Sewer Oistrithe change
in storage is estimated from daily lake-level changes. Athese are measured
guantities provided by the City of Bellingham except for gweaation, and runoff.

Daily direct-precipitation magnitudes were estimateshggshe precipitation data
recorded at the Geneva gatehouse, Smith Creek, and Bra@nésk gauges.
The Thiessen polygon method (Dingman, 1994) was used to&stithe direct-
precipitation areal average over the lake by weighting tlteipitation at each
gauge by a respective lake-area percentage. The weiglgas aere determined
by a Thiessen Polygon extension in ArcGIS (Figure 18, page BBe average
direct-precipitation depth (inches) for a given day wasveoted to a volume in

SFormerly Water District #10
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millions of gallons (MG) via a rating curve generated frora thke level-area data
developed by Ferrari and Nuanes (2001). The rating curveusts for changes
in surface area of the lake due to lake level changes. Theshdirect rainfall to
the lake for the water year 2005/2006 was 50.0 inches (6783 MG

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 treassger concepts. The
method requires daily average incident solar radiatiarteanperature, dew point
temperature, and wind speed. Hourly data from the SmithCwesather sta-
tion in the watershed were used to estimate daily averadesdaily evaporation
depths (inches) predicted by the model were converted toveds (MG) via a
rating curve generated from the lake level-area data dpeelby Ferrari and Nu-
anes (2001). The estimated yearly evaporation from the flakthe water year
2005/2006 was 21.6 inches (2946 MG), most of which occunsédmt June and
September.

Daily change in storage was determined by subtracting eagls thke level by
the subsequent day’s level. This resulted in negative galteen the lake level
was decreasing and positive values when the lake level wasasing. The daily
net change in lake level (inches) was converted to a volum@)(Ma a rating
curve generated from the lake level-capacity data devdlbpé&errari and Nuanes
(2001). The rating curve accounts for changes in volume etdake due to lake
level changes. The median total lake volume in 2005/2006 2&25287 MG.
Figure 23 (page 73) shows daily lake-volume values for that fige years. The
dramatic changes throughout the course of a year are dueysirto rainfall-
runoff events and the Whatcom Creek discharges that areotlextby the COB.

Surface runoff and groundwater were combined into a singt@ff component

that is determined by adding the outputs to the change iagtoand subtracting
the precipitation and diversion magnitudes. Negativeaslof runoff are likely

due to the change in storage estimates (Figures 21 and 225 gagnd 72).

Yearly water balance totals are listed in Table 26 (page Bhgawith the yearly
total values for the four previous water years. The totalite@nd outputs were
estimated to be 37,817 MG and 37,802 MG, respectively. Tted t@lume of
outputs correspond to 15.0% of the median total volume otake. Under the
assumption that the lake is completely mixed and flow is stestate (inputs =
outputs), this would correspond to a 6.7 year residence tiitk residence times
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for the past 5 years ranging from 5.1-10.1 yeé&rgables 27 and 28 (pages 62—63)
show the 2005/2006 total input and output volumes along thighcorresponding
monthly percentage of each total.

The daily water balance quantities were summed into 7-d&fstowhich were
used to generate plots of the input, output, change in stoeagl estimated runoff
volumes (Figures 19-22, pages 69-72). All the inputs, extmprunoff, are
shown in Figure 19 and all the outputs, except for Whatconekirare shown
in Figure 20. The runoff estimated from the water budget arfthiébm Creek
outflow are shown along with the runoff estimated using DHSWiMFigure 21.
Figure 22 shows 7-day summed totals for inputs, outputschadge in storage.

4.4 Lake Whatcom Bathymetry Model

In 1972, Lighthart et al. (1972) published the first comprediee set of mor-
phological data for Lake Whatcom. This model served as theary source of
lake morphometry information until 1999, when the U. S. Buref Reclama-
tion (BOR) conducted a new hydrographic survey of Lake Wirat¢Ferrari and
Nuanes (2001).

The 1999 hydrographic survey produced detailed bathyowditia for Lake What-

com, and these data should be used to replace the olderclasste 1972 mor-
phometry values. However, the 1999 BOR soundings were mesgufeet, and

the derived bathymetric maps and volume capacities werlleddd using En-

glish units (feet, acre-feet) rather than metric units. $&entific research, metric
units are required. In addition, while the BOR study wasexiely detailed, it fo-

cused on describing lake surface area and capacity (voJame xid not subdivide
the lake by basins. As a result, many of the useful morphotdgneasurements
that were published by Lighthart, et al. have not yet beeriggad from the 1999
BOR data.

We are currently working with Mr. Gerry Gabrisch, who hasateel an updated,
metric bathymetric model from the 1999 BOR depth soundimgisshoreline con-

tours (Figure 28, page 78). A detailed report should be albkalby June 2007 that
describes the updated bathymetric model and provides raoretnic data for the

lake as a whole and for each major basin.

18Although the lake is not completely mixed and the flow is netsly state, these assumptions
are commonly used to provide a simple estimate of residémeefor water in lakes.
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2005-2006

2004-2005

2003-2004

2002-2003

2001-2002

Inputs (MG)

Direct Precipitation
Diversion

Runoff*

Total

Outputs (MG)
Whatcom Creek
Hatchery

Georgia Pacific
City of Bellingham

LW Water/Sewer Distr.

Evaporation

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

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

6,501 (16.2%)
3,852 (9.6%)
29,673 (74.1%)
40,026 (100%)

30,899 (74.0%)
1,288 (3.1%)
2,198 (5.3%)
4,111 (9.8%)

252 (0.6%)
2,990 (7.2%)

7,612 (18.6%)
5,095 (12.4%)
28,288 (69.0%)
40,955 (100%)

26,948 (71.2%)
1,278 (3.4%)
2,053 (5.4%)

4,449 (11.8%)
204 (0.5%)
2,924 (7.7%)

4,859 (19.5%)
4,442 (17.8%)
15,589 (62.6%)
24,890 (100%)

13,361 (53.5%)
1,124 (4.5%)
2,988 (12.0%)
4,342 (17.4%)
136 (0.6%)
3,016 (12.1%)

7,078 (14.5%)

4,693 (9.6%)
36,920(75.8%)
48,691(1009%)

38,223 (77.5%)
901 (1.8%)
3,046 (6.2%)
4,234 (8.6%)
126 (0.3%)
2,812 (5.7%)

Total 37,802 (100%)| 41,738 (100%)| 37,855 (100%)| 24,971 (100%)| 49,341 (100%)
Net change in storage 15 -1,692 3,139 -81 -651
Median lake volume (MG) 252,287 252,856 252,970 252,075 252,368
Outflow percent of volume 15.0% 16.5% 15.0% 9.9% 19.6%
Residence time (years) 6.7 6.1 6.7 10.1 5.1

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

Table 26: Annual water balance quantities for the Lake Wiratevatershed,
WY2002-WY2006.
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Input Percents
Month | Diver Precip Runoff*| Total
Oct 8.72 12.85 3.63 5.84
Nov | 14.56 13.04 12.91 13.12
Dec 9.92 10.72 11.61 11.26
Jan 257 24.19 34.94 29.45
Feb 0.00 10.08 17.06 13.93
Mar 0.00 4.02 594 4.95
Apr 988 7.79 7.25 7.63
May | 22.58  6.37 3.38 6.03
Jun | 26.36 3.73 3.37 5.96
Jul 543 1.54 0.63 1.32
Aug 0.00 235 -0.33 0.19
Sep | 0.00 3.33 -0.39 0.32

Input Volume (MG)
Total | 4,155 6,783 26,87937,817
*Runoff = surface runoff + groundwater

Table 27: Monthly input water balance quantities for the ¢ &hatcom water-
shed, October 2005-September 2006.
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Output Percents
Month WC Hatch GP COB WSD Evap Total
Oct 10.39 7.71 1154 750 6.95 452 954
Nov 16.13 6.77 11.12 7.11 7.25 1471351
Dec 8.73 8.12 1273 6.86 7.95 1.02 8.01
Jan 3353 8.73 1230 6.92 8.80 2.1526.67
Feb 21.94 772 951 6.21 711 3.2817.89
Mar 232 868 514 693 7.64 6.27 3.44
Apr 166 7.71 754 680 7.22 13.25 3.51
May 0.65 742 3.20 8.16 8.23 11.27 2.63
Jun 3.18 7.46 268 9.03 8.48 13.70 4.80
Jul 057 9.79 7.40 13.33 11.28 17.96 3.86
Aug 0.57 10.36 7.74 12.44 10.64 15.838 3.58
Sep 0.33 953 9.09 871 846 9.12 255

Output Volume (MG)
Total | 28,290 1,253 960 4,111 242 2,947,802

Table 28: Monthly output water balance quantities for thied_#hatcom water-
shed, October 2005-September 2006.
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Figure 14: Anderson Creek hydrograph, October 1, 2005-e8dpr 30, 2006.
Data were recorded at 15 minute intervals.
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Figure 15: Austin Creek hydrograph, October 1, 2005-Seip¢er80, 2006. Data
were recorded at 15 minute intervals.
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Figure 16: Smith Creek hydrograph, October 1, 2005-Septe® 2006. Data
were recorded at 15 minute intervals.
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Figure 17: Anderson Creek, Austin Creek, and Smith Creekgaturves. Re-
gressions show the relationship between gauge height (kKsanare root trans-
formed discharge (y), beginning from the date listed on daglre. For earlier
rating curves, contact the Institute for Watershed Studies
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Figure 18: Lake Whatcom watershed precipitation groupsvagighted areas.
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Figure 19: Lake Whatcom watershed direct hydrologic inpOtstober 1, 2005—
September 30, 2006.
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Figure 20: Lake Whatcom watershed hydrologic withdraw@istober 1, 2005—
September 30, 2006.
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Figure 21: Summary of 7-day Whatcom Creek flows, water ba&annoff esti-
mates, and DHSVM runoff estimates, October 1, 2005-Se@ed) 2006.
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Figure 22: Summary of 7-day inputs, outputs, and changesake Whatcom
storage, October 1, 2005-September 30, 2006.
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Figure 23: Comparison of Lake Whatcom daily lake volumesZo90-2006.
Horizontal line represents median lake volume for the pepiotted.
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Figure 24: Simulated creek flows for Euclid, Millwheel, P&lace, and Silver
Beach Creeks, October 1, 2005-September 30, 2006. The#¢ ak@\Whatcom
tributaries have simulated discharge rates:@0 cfs.
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Figure 25: Simulated creek flows for Blue Canyon, Branniaarp€nter, and
Olsen Creeks, October 1, 2005—-September 30, 2006. ThesszeillLake What-
com tributaries have simulated discharge rates 200 cfs.
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Figure 26: Simulated and gaged creek flows for Anderson anithSomeeks,
October 1, 2005—-September 30, 2006. These large Lake Whatdoutaries
have flows that can exceed 200 cfs and have recording gagesaitect flow
data at 15 min. intervals. The simulated Anderson Creek flowper left) do not
include diversion flow; the figure showing gaged flows (uppgrt) illustrates the
influence of the diversion.
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Figure 27: Simulated creek flows for Austin and Beaver Cre@ksober 1, 2005—
September 30, 2006. Lower Austin Creek represents the camullows from
upper Austin Creek and all of Beaver Creek.
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Figure 28: Updated Lake Whatcom bathymetry map created I&yaBrisch from
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of Bellingham.
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5 Storm Water Treatment Monitoring

The objective of this portion of the lake monitoring projeeas to evaluate the
storm water treatment efficiencies of representative rireat facilities in the
vicinity of the Lake Whatcom watershed. During the 2005&2@tbnitoring pe-
riod, samples were collected from the Park Place wet pond,uerground
storm water vault (Alabama Hill vault), and the South Camgtosm water treat-
ment facility!’” The locations of all current and previous monitoring sites a
described in Appendix A, beginning on page 100, and illasttan Figures A4
and A5 (pages 107 and 108). Photographs of the monitoriag are included in
Figures A6—A10 (pages 109-113).

5.1 Sampling Procedures

Due to construction activities, weather conditions, and flows, Park Place and
South Campus were only sampled twice, while the Alabamawudillt was sam-
pled three times. Park Place was sampled on February 27hM&@and May
22-24, 2006. The South Campus storm water treatment faaids sampled on
November 9-10, 2005 and April 17-19, 2006. The Alabama waa# sampled
on February 28, April 29, and November 1-2, 2006.

Where possible, composite samples were collected at inflmvoartflow points
using ISCO samplers (provided by the City of Bellingham} twdlect water sam-
ples at 90 minute intervals over a 48 hour period. The conpasimples were
analyzed for total solids, total suspended solids, heavglséarsenic, cadmium,
chromium, copper, iron, nickel, lead, and zinc), total migacarbon, total ni-
trogen, and total phosphorus. Multiple grab samples welleated during the
sampling period at the inflow(s) and outflow(s) at each sitméasure bacteria
(fecal coliforms ancE. coli), conductivity, dissolved oxygen, pH, and tempera-
ture, which are parameters that can’t be measured from csiteggamples. Bac-
teria samples were analyzed by the City of Bellingham; catidiy, dissolved
oxygen, pH, and temperature were measured in the field usengydrolab.

"The South Campus storm water treatment facility is a sthtbeart combination of grass
swales and rock/plant filters. Although outside the Lake Witva watershed, it is included in the
monitoring effort as an indicator of potential treatmerieefiveness.

8Composite sampling started during the afternoon of Felrd@r grab sampling started the
following morning on February 28.
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Due to flow and design constraints, 48-hr composite samimgrely possible
in the Alabama Hill vault. In order to obtain data from thisesimultiple grab
samples were collected over 24-48 hrs to measure totalssatithl suspended
solids, total nitrogen, and total phosphorus in additiothtoparameters normally
collected from grab samples. Although composite sampégeferred, previous
data from this site and the Park Place wet ponds suggestrdiatsgmples may
provide reasonably similar results compared to compoaitgées (see discussion
on page 81).

5.2 Results and Discussion

The Park Place wet pond has been monitored since 1994 andlamater qual-

ity data are summarized by Matthews, et al. (2001). Momtprat the South
Campus facility began in 2001 and monitoring at the Alabanibvdult began

in 2004. Additional storm water treatment sites that havenbmonitored in the
past include the Brentwood wet pond (1998-2004), the Ramkstwale/wet pond
(2004) and the Silvern vault (2004).

Tables 29-32 (pages 84-87) show the raw data and percepteareduction from
the storm water treatment systems that were monitored i5/2006. Percent
reduction was calculated as follows, based on the approastribed by Winer
(2000) forEvent Mean Concentration Efficiency

: Einlct - Toutlct
Reduction(%) = ———22% x 100
Linlet
where :
Tinlet = inlet avg. conc.
Toutlet — outlet avg. conc.

Although we use percent reduction to describe changes ticat @as water passes
through the storm water treatment sites, it is importantdterthat changes in
measurements such as temperature, pH, dissolved oxygeércoaductivity, are
not necessarily indicative of pollutant removal. Tempemt for example, de-
creased at the Park Place outlet during the February sagmplemt and increased
during May. This reflects the slower movement of water thiotilge wet pond
and sand filters, which allowed time for runoff to warm or cat#pending on air
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temperature. At the same site, the dissolved oxygen wag lattbe outlet, most
likely due to microbial oxygen consumption coupled withvedo flow rates and
less water turbulence, which limited reoxygenation of theorff.

Two of the most important storm water measurements, reléilake eutrophica-
tion, are total suspended solids and total phosphorus tiedsc As discussed on
page 8, phosphorus is likely to limit algal growth in Lake \WWdwam, and phospho-
rus often enters lakes physically or chemically bound tostiméace of particles.
From Tables 29-31 we see that all three sites removed suspesadids, with
percent reductions ranging from 43.1% (Alabama vault, Madver 1-2, 2006)
to 91.6% (South Campus, April 17-19, 2006). Only the Soutmg@ss site had
significant reductions for total phosphorus (61.5-68.2%)e other sites either
exported phosphorus, with higher concentrations at thietoacampared to the in-
let, or showed minimal reductions that would not be staidly different from
zero (the Alabama vault had an 8.7% phosphorus reductiorpoih 29, 2006).

The 2005/2006 results for total suspended solids and thtaghorus reductions
were consistent with historic patterns at each site (Fg@8-30, pages 91-92),
with the possible exception of Park Place (see discussiqrage 82). Statistical
analysis of the historic data revealed that none of the sit#b8n the watershed
provided significant phosphorus reductions, and only thebAina Hill vault pro-
vided significant total suspended solids reductions (TaB)é®

Since phosphorus is known to move with particulates, it mggem contradic-
tory to have solids reduction but not phosphorus reductitmwever, not all sus-
pended solids are equally attractive to phosphorus. Ploosphends to bind to
small, charged particles (e.g., clay), which are slow ttlesetLarger particles
settle quickly, and are thus easily removed by a variety ainstwater treatment
systems, but may not carry much of the total phosphorus loatirm runoff?’
This phosphorus transport feature might explain the weksioaship between
total suspended solids and total phosphorus concentsatiahis present in storm
runoff samples from the watershed (Figure 31, page 93).

9statistical significance was based on a one sample t-tegtt¢éondine whether the mean per-
cent reduction was significantly different than zeffy,(: = = 0).

20western Washington University graduate student Scott &iwcurrently working on a re-
search project to assess the relationship between soddesistics and phosphorus in the Lake
Whatcom watershed.
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Alabama Hill vault:  The Alabama Hill vault is an underground canister system
that can be filled with special materials designed to rem@ezific pollutants
from surface runoff (Figure A6, page 109). Due to flow and glegsionstraints,
composite sampling is only feasible when there has beentaised period of
heavy precipitation that does not also result in back-flowmtamination of the
outflow by untreated surface runoff. Because of these sag@oncerns, we
were only able to collect multiple grab samples during 20086.

In November 2004, heavy precipitation created the rightid@ns for collecting

a 24-hr composite sampté.During the same time period we collected multiple
grab samples to assess the similarities and differencesebetthe composite and
grab sample results for removal to total suspended solidd@al phosphorus.
We were not able to collect composite samples from the vau?005/2006, so
we collected concurrent grab and composite samples froniPénk Place wet
pond.

In the Alabama Hill vault, the total phosphorus reductioresawirtually identi-

cal for the composite and grab samples (Table 34, page 8@)toral suspended
solids reductions were not as close, but both indicatedttieggie was minimal, if
any, removal of suspended solids. The paired composite idsgample reduc-
tions from Park Place were also very close (Table 35, page BOj)h types of
samples confirmed large reductions in total suspendedsy@1&8—88.0%) but no
removal of total phosphorus (Téxportof 5.5-22.1%). These results suggests that
the multiple grab samples, although not ideal, may provigeal approximation

of solids and phosphorus removal when composite samplingtipossible.

Park Place retrofit: Both of our 2006 sampling dates followed an extensive
redesign of the Park Place system that involved filling twthefthree wet ponds
with sand (Figures A8 and A9 show photographs from beforeadtied the retrofit.
Previously, storm runoff entered the system and flowed segly through three
wet ponds before being discharged at the outlet. Due to sesairstraints on
available land, the ponds were small relative to the amotmiater flowing into
the system. As a result, storm water often received minineatment prior to
discharge. Following the retrofit, water now flows into thstfjpond, then is split
and directed into two sand-filled cells before discharging.

21Flow through the vault was not sufficient to collect a 48-hmpmsite sample.
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After only two sampling events, it is too early to determihe effectiveness of
the retrofit, but the preliminary results for total suspehselids are encouraging.
Prior to the retrofit, there was no consistent reduction spsaded solids, (Figure
29), and the mean percent removal was not significantlyreiffisfrom zero (Table
33). After the retrofit, the composite samples showed cterdisotal suspended
solids removals 0f80% (Table 29). In addition to the 48-hr composite samples,
we collected multiple grab samples during both the Febraad/May sampling
event. These also showed excellent total suspended seirds/al of 75.8—88.0%
(Table 35

Unfortunately, the retrofit did not appear to improve totabgphorus reductions,
and the 2006 results were similar to those from before thefre(Figure 30 and
Table 35).
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TSS TS TOC TN TP
Site Date (mg/L) (mg/L) (mg/L) (mg-N/L) (mg-P/L
Park Place inlet Feb 27—Mar 1, 2006 6.5 115.0 4.7 0.910 0.057
Park Place outlet Feb 27-Mar 1, 2006 1.2 112.1 4.2 0.837 0.0p2
Percent reduction: 80.9 2.5 10.6 8.0 -8.8
Park Place inlet May 22-24, 2006 14.6 NA 6.7 0.702 0.086
Park Place outlet May 22-24, 2006 2.8 NA 6.4 0.650 0.105
Percent reduction: 81.0 NA 4.5 7.4 -22.1
S. Campus inlet Nov 9-11, 2005 32.7 236.1 8.3 1.247 0.078
S. Campus outletE Nov 9-11, 2005 9.5 197.7 8.1 0.956 0.085
S. Campus outletWW  Nov 9-11, 2005 2.2 190.1 9.6 0.649 0.025
Percent reduction: 82.1 17.9 -6.6 35.6 61.5
S. Campus inlet Apr 17-19, 2006 6.6 237.6 3.6 1.053 0.085
S. Campus outletE Apr 17-19, 2006 1.0 230.6 2.3 0.683 0.020
S. Campus outletW  Apr 17-19, 2006 0.1 201.7 NA 0.411 0.015
Percent reduction: 91.6 9.0 36.1 48.1 68.2
As Cd Cr Cu Fe Hg Ni Pb Zn
Site Date (mg/L) (mglL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) nfg/L) (mg/L)
Park Place inlet Feb 27-Mar 1, 2006 <0.01  <0.0005  0.007 0.005 0.508 <0.0002 <0.005 0.001 0.013
Park Place outlet Feb 27-Mar 1, 2006 <0.01  <0.0005 0.001* 0.009 0.209 <0.0002 <0.005 0.001* 0.008
Percent reduction: NA NA 85.7 -80.0 58.9 NA NA 0.0 38.5
Park Place inlet May 22-24,2006 <0.01 <0.0005 0.006 0.014 1.100 0.0002 <0.005 0.002 0.019
Park Place outlet May 22—-24,2006 <0.01 <0.0005 0.004 0.014 0.273 0.0002* <0.005 0.002 0.035
Percent reduction: NA NA 33.3 0.0 75.2 0.0 NA 0.0 -84.
S. Campus inlet Nov 9-11, 2005 <0.01 <0.0005 0.001* 0.007 2.200 <0.0002 <0.005 <0.001 0.024
S. Campus outletE Nov 9-11, 2005 <0.01 <0.0005 0.005 0.008 0.550 <0.0002 <0.005 <0.001 0.016
S. Campus outletW  Nov 9-11, 2005 <0.01 <0.0005 0.004 0.007 0.140 <0.0002 <0.005 <0.001 0.012
Percent reduction: NA NA -350.0 -7.1 84.3 NA NA NA 41.7
S. Campus inlet Apr 17-19, 2006 <0.01 <0.0005 0.001* 0.008 1.900 <0.0002 <0.005 <0.001 0.010
S. Campus outletE ~ Apr17-19,2006 <0.01 <0.0005 0.006 0.005 0.140 <0.0002 <0.005 0.001 0.010
S. Campus outletW  Apr 17-19, 2006 <0.01 <0.0005 0.004 0.003 0.032 <0.0002 <0.005 <0.001 0.008
Percent reduction: NA NA -400.0 50.0 95.5 NA NA NA 10.9

*Value replaced with detection limit to calculate percesduction.

Table 29: Park Place wet pond and South Campus rock/plartddmposite sam-
ples and average percent reductions between inlet and satigles. Negative
values represent an increase in concentration at the outlet
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Temp DO Cond FC E. coli
Site Date (Time) 1{C) pH (mg/L) @S/em)  (cfu/l00 mL)  (cfu/100 mL)
Inlet Feb 28, 2006 (A) 6.0 7.65 11.40 158.1 100 65
Outlet Feb 28, 2006 (A) 6.2 7.30 10.55 146.4 35 42
Percent reduction: -3.3 4.6 7.5 7.4 65.0 35.4
Inlet Apr 29, 2006 (A) 120 7.36 9.44 48.0 NA NA
Inlet Apr 29, 2006 (B) 12.0 7.39 9.18 68.3 NA NA
Inlet Apr 29, 2006 (C) 121 7.49 9.26 99.4 NA NA
Outlet Apr 29, 2006 (A) 12.0 7.45 8.68 49.4 NA NA
Outlet Apr 29, 2006 (B) 12.0 7.40 8.29 67.8 NA NA
Outlet Apr 29, 2006 (C) 12.0 7.46 7.80 85.1 NA NA
Percent reduction: 0.3 -0.3 11.2 6.2 NA NA
Inlet Nov 1-2, 2006 (A) 11.0 7.24 NA 134.0 1200 720
Inlet Nov 1-2, 2006 (B) 116 7.29 9.64 204.0 1000 720
Inlet Nov 1-2, 2006 (C) 115 7.49 9.28 254.0 530 400
Outlet  Nov 1-2, 2006 (A) 109 7.40 NA 135.0 620 960
Outlet  Nov 1-2, 2006 (B) 115 7.41 9.62 203.0 530 1000
Outlet  Nov 1-2, 2006 (C) 115 7.51 8.53 261.0 110 210
Percent reduction: 0.6 -1.4 4.1 -1.2 53.8 -17.9
TSS TS TOC TN TP
Site Date (mg/L) (mg/L) (mg/L) (mg-N/L) (mg-P/L
inlet Feb 28, 2006 (A) 6.4 NA 5.4 1.386 0.097
outlet  Feb 28, 2006 (&) 2.0 NA 4.4 1.522 0.107
Percent reduction: 68.7 NA 185 -9.8 -10.3
inlet Apr 29, 2006 (A) 40.3 NA NA 1.289 0.242
inlet Apr 29, 2006 (B) 24.6 NA NA 1.532 0.243
inlet Apr 29, 2006 (C) 18.9 NA NA 1.887 0.278
outlet Apr 29, 2006 (A) 21.9 NA NA 1.172 0.201
outlet Apr 29, 2006 (B) 8.6 NA NA 1.427 0.202
outlet Apr 29, 2006 (C) 5.3 NA NA 1.569 0.294
Percent reduction: 57.2 NA NA 9.1 8.7
Inlet Nov 1-2, 2006 (A) 10.2 101.8 NA 2.409 0.147
Inlet Nov 1-2, 2006 (B) 4.2 148.1 NA 4.503 0.147
Inlet Nov 1-2, 2006 (C) 2.6 175.6 NA 4.486 0.109
Outlet  Nov 1-2, 2006 (A) 6.4 100.4 NA 2.355 0.178
Outlet  Nov 1-2, 2006 (B) 3.1 144.3 NA 4.381 0.176
Outlet  Nov 1-2, 2006 (C) 0.2 176.8 NA 4.382 0.204
Percent reduction: 43.1 0.9 NA 2.5 -38.5

TOnly one grab sample could be collected due to flow conditions

Table 30: Alabama vault grab samples and average percanmttieals between
inlet and outlet samples. Sample collection times wereeattpl, beginning with
A, and include A-D if there was sulfficient flow through the gystto collect four
samples. Negative values indicate an increase in contientegt the outlet.
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Temp DO Cond FC E. coli
Site Date (Time) {C) pH (mg/L)  @S/cm)  (cfu/100 mL)  (cfu/100 mL)
Inlet Feb 28-Mar 1, 2006 6.0 7.22 11.67 146.8 540 220
Inlet Feb 28—Mar 1, 2006 6.7 7.34 11.47 155.0 190 150
Inlet Feb 28-Mar 1, 2006 7.0 7.55 9.67 158.2 150 210
Inlet Feb 28—Mar 1, 2006 7.3 7.71 10.52 158.7 160 92
OQutlet  Feb 28-Mar 1, 2006 5.8 6.97 6.90 167.8 7 5
Outlet Feb 28-Mar 1, 2006 6.0 6.94 7.13 167.6 6 2
Outlet  Feb 28-Mar 1, 2006 6.2 7.20 5.82 168.5 2 4
Outlet Feb 28-Mar 1, 2006 6.6 7.08 7.89 157.0 82 a7
Percent reduction: 8.9 5.5 36.0 -6.8 90.7 91.4
Inlet May 22-23, 2006 13.7 7.47 9.44 107.0 14000 16000
Inlet May 22-23, 2006 13.3 7.58 10.39 154.0 4100 5100
Inlet May 22-23, 2006 140 7.58 10.00 154.0 1800 2900
Inlet May 22-23, 2006 13.6 7.48 10.28 152.0 860 900
Outlet May 22-23, 2006 153 6.78 6.06 127.0 1600 2000
Outlet May 22-23, 2006 14.6 6.85 3.55 149.0 63 52
Outlet May 22-23, 2006 143 6.87 4.47 144.0 20 140
Outlet May 22-23, 2006 14.3 6.86 3.37 153.0 6 8
Percent reduction: -7.1 9.1 56.5 -1.1 915 91.2
TSS TS TOC TN TP
Site Date (mg/L) (mg/L) (mg/L) (mg-N/L) (mg-P/L
Inlet Feb 28—Mar 1, 2006 5.7 105.9 NA 0.812 0.054
Inlet Feb 28—Mar 1, 2006 2.5 110.7 NA 0.768 0.04(¢
Inlet Feb 28—Mar 1, 2006 125 123.4 25 0.777 0.090
Inlet Feb 28—Mar 1, 2006 35 116.3 NA 0.714 0.045
Outlet Feb 28-Mar 1, 2006 2.4 113.6 NA 0.819 0.057
Outlet Feb 28—Mar 1, 2006 0.8 112.1 NA 0.813 0.057
Outlet Feb 28-Mar 1, 2006 1.1 109.8 2.7 0.789 0.05[7
Outlet Feb 28—Mar 1, 2006 1.6 109.4 NA 0.818 0.114
Percent reduction: 75.8 2.5 -8.0 -5.5 -25.6
Inlet May 22-23, 2006 55.1 NA NA 1.226 0.192
Inlet May 22-23, 2006 8.4 NA NA 0.614 0.089
Inlet May 22-23, 2006 11.0 NA NA 0.856 0.089
Inlet May 22-23, 2006 9.6 NA NA 0.586 0.083
Outlet May 22-23, 2006 5.0 NA NA 0.869 0.172
Outlet May 22-23, 2006 1.6 NA NA 0.574 0.102
Outlet May 22-23, 2006 2.5 NA NA 0.640 0.105
Outlet May 22-23, 2006 1.0 NA NA 0.529 0.099
Percent reduction: 88.0 NA NA 20.4 -5.5

Table 31: Park Place wet pond grab samples and average pegdentions be-
tween inlet and outlet samples. Sample collection timegwequential; negative
values indicate an increase in concentration at the outlet.
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Temp DO Cond FC E. coli

Site Date (Time) 1{C) pH (mg/L) @S/em)  (cfu/l00 mL)  (cfu/100 mL)
Inlet Nov 9-10, 2005 129 7.48 8.97 391.0 10 7
Inlet Nov 9-10, 2005 129 753 8.47 393.0 8 5
Inlet Nov 9-10, 2005 13.0 7.46 8.42 411.0 NA 2
Inlet Nov 9-10, 2005 11.8 7.62 9.81 195.0 580 490
Outlete Nov 9-10, 2005 11.3 7.48 6.86 374.0 34 17
Outlete Nov 9-10, 2005 11.7 7.49 6.41 385.0 27 35
Outlete Nov 9-10, 2005 11.7 745 6.16 402.0 NA 15
Outlete Nov 9-10, 2005 12.2 7.46 7.78 321.0 300 290
Outletw Nov 9-10, 2005 100 7.44 5.02 335.0 3 3
OutletWw Nov 9-10, 2005 10.0 7.44 4.80 339.0 2 1
Outletw Nov 9-10, 2005 101  7.40 4.92 402.0 NA 4
OutletWw Nov 9-10, 2005 10.3 751 7.06 366.0 180 220

Percent reduction: 13.7 0.8 31.3 -5.2 54.3 42.0
Inlet April 17-19, 2006  10.8  7.63 NA 366.0 15 11
Inlet April 17-19, 2006  11.0 7.61 NA 392.0 3 3
Inlet April 17-19,2006 112  7.59 8.87 383.0 5 1
Inlet April 17-19, 2006  11.0 7.56 8.56 401.0 1 4
Outlete April 17-19, 2006 9.7 7.65 NA 357.0 15 5
Outlete April 17-19, 2006 104  7.65 NA 383.0 NA NA
Outlete April 17-19,2006 11.0 7.66 7.02 386.0 8 9
Outlete April 17-19, 2006  10.0 7.64 6.87 396.0 2 1
OutletW  April 17-19, 2006 9.1 7.64 NA 306.0 2 2
OutletW  April 17-19, 2006 9.4 7.60 NA 340.0 NA NA
OutletW  April 17-19, 2006 9.1 7.62 5.96 346.0 1
OutletW  April 17-19, 2006 9.2 7.61 5.70 370.0 1 1

Percent reduction: 115 -0.5 26.7 6.5 19.4 29.8

Table 32: South Campus rock/plant filter grab samples ancgegercent reduc-
tions between inlet and outlet samples. Sample colleciinag were sequential;
negative values indicate an increase in concentratioreatukiet.
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Total Suspended Solids
Site Mean 95% CI Sig
Alabama (n=6) 31.6 0.7-62.5 0.05
Brentwood (n=15) -51.0 -102.1-0.007 0.05
Park Place (n=32) 14.5 -7.7-36.8 ns
South Campus (n=15) 80.0 72.7-91.40.0001

Total Phosphorus
Site Mean 95% CI Sig
Alabama (n=6) -7.2 -28.2-13.8 ns
Brentwood (n=16) -11.1 -69.1-46.8 ns
Park Place (n=34) 5.1 -173-7.1 ns
South Campus (n=16) 50.3 41.3-59.30.0001

Table 33: Summary of total suspended solids and total plavephreductions at
Alabama, Brentwood, Park Place, and South Campus storm tkeé¢ment sites.
Statistical significance was tested using a one samplé teteletermine whether
the mean percent reduction was significantly different tharo (H, T = 0).
Brentwood was not monitored in 2005/2006, but is schedudzkbtmonitored in
2006/2007.
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Sample Type Source TSS TP
24 hr composite inlet 13.97 0.21
(90 min. intervals) outlet 11.37 0.20
Percent reduction: 18.6 3.8
Grab samples inletavg. 12.78 0.16
(n=41in 24 hr) outletavg. 13.64 0.16
Percent reduction: -6.7 2.9
Individual grab sample results:
Grab #1 inlet 10.43 0.13
Grab #2 inlet 31.27 0.1y
Grab #3 inlet 6.35 0.20
Grab #4 inlet 3.07 0.1%
Grab #1 outlet 21.97 0.1p
Grab #2 outlet 26.30 0.1p
Grab #3 outlet 400 0.18
Grab #4 outlet 2.28 0.14

"Not zero because inlet/outlet averages were rounded after
calculation of percent reduction

Table 34: Comparison between 24-hr composite samples atipplagrab sam-
ples (n=4 during 24 hr) collected November 1-2, 2004 at ttabaina Hill vault.
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Feb/Mar May
Sample Type Source | TSS TP | TSS TP
48 hr composite inlet 6.50 0.06|14.57 0.09
(90 min. intervals) outlet 1.24 0.06| 2.77 0.11
Percent reduction; 80.9 -8.8 | 81.0 -22.1
Grab samples inletavg.| 6.04 0.06| 21.03 0.11
(n=41in 48 hr) outletavg| 1.47 0.07| 252 0.12

Percent reduction; 75.8 -25.6/ 88.0 -5.5

Individual grab sample results:

Grab #1 inlet 5.67 0.05| 55.10 0.19
Grab #2 inlet 250 0.04]| 8.40 0.09
Grab #3 inlet 3.50 0.09| 11.00 0.09
Grab #4 inlet 2.37 0.05| 9.63 0.08
Grab #1 outlet 2.37 0.06| 5.00 0.17
Grab #2 outlet 0.81 0.06] 1.59 0.10
Grab #3 outlet 1.07 0.06| 248 0.11
Grab #4 outlet 161 0.11| 1.01 0.10

"Not zero because inlet/outlet averages were rounded afteulation of
percent reduction

Table 35: Comparison between 48-hr composite samples atipplagrab sam-
ples (n=4 during 48 hr) collected February 27—March 1 and RR2y24, 2006 at
the Park Place wet pond.
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TSS Percent Reduction
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Figure 29: Percent reduction of total suspended solidsartrations at the Al-
abama, Brentwood, Park Place and South Campus storm wesdmgnt sites.
Negative values indicate higher concentrations at theebatdimpared to the inlet.
Two sites, Alabama and South Campus, had significant sadidsctions (One
sample t-test; p-valug0.05); the Brentwood site had significant solids export (p-
value<0.05). Brentwood was not monitored in 2005/2006, but is datezl to be
monitored in 2006/2007.
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TP Percent Reduction
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Figure 30: Percent reduction of total phosphorus conceoimat the Alabama,
Brentwood, Park Place and South Campus storm water treasites. Negative
values indicate higher concentrations at the outlet coetptw the inlet. Only
South Campus had significant phosphorus reduction (Onelsdngst; p-value
<0.05). Brentwood was not monitored in 2005/2006, but is dalexl to be mon-
itored in 2006/2007.



TP (mg/L)

TP (mg/L)

0.15 0.30

0.00

0.15 0.30

0.00

2005/2006 Lake Whatcom Final Report P&Ge
Inlet
TSS inlet median = 6.17
) TP inlet median = 0.07
)
e © ° Y
£3
Py °
° e®
I I I I I I
0 20 40 60 80 100
TSS (mg/L)
Outlet
TSS outlet median = 4
(] TP outlet median = 0.06
°® ~o ) ) )
® )
X3
® 9
D%
I I I I I I
0 20 40 60 80 100
TSS (mg/L)

Figure 31: Total suspended solids and total phosphoruseatrations in inlet
and outlet samples from the Alabama, Brentwood, and PareRtorm water
treatment sites. Each point represents the TSS and TP dositt@ms measured
in individual composite or grab samples. Figure shows tt&% Toncentrations
were generally lower at the outlet but TP concentrationevadout the same.
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6.1 Lake Whatcom Reports
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ports are available in the IWS library and through the cityBeflingham Public
Works Department. This list does not include research tepstudent projects,
or publications that were not prepared specifically for thiey Gf Bellingham.
Contact IWS for information about additional Lake Whatcouilications.
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A Site Descriptions

Figures A1-A5 (pages 104-108) show the locations of theeatinrmonitoring

sites and Table Al (page 103) lists the approximate GPS owies for the lake
and creek sites. All site descriptions, including text diggions and GPS co-
ordinates, are approximate because of variability in beloverage, GPS unit
sensitivity, boat movement, stream bank or channel altersitstream flow rates,
weather conditions, and other factors that affect sampéingtion. Text descrip-
tions contain references to local landmarks that may changetime. For de-
tailed information about exact sampling locations, coriae IWS Director.

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 StrawbPBoint and the point
of Geneva sill.

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

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

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

A.2 Creek 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 hydrograph is mounted in the stilling welltba east side of
Anderson Creek, directly adjacent to the bridge over AmutetSreek (South Bay
Rd.), approximately 0.5 km from the mouth of the creek.
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The Austin Creek hydrograph gauge and sampling site is located approxignatel
15 m downstream from Lake Whatcom Blvd. Beginning in Octadh@04, three
additional sampling sites were added in the Austin Creelessated, so for clarifi-
cation, the gauged site was renani@aver Austin Creek. Upper Austin Creek
samples are collected approximately 20 m upstream from TinghkVater Ln.
Upper Beaver Creek samples are collected approximately 15 m downstream
from the confluence of Beaver Creek and an unnamed tributadysaaccessed
from Gate 13 in Sudden Valley. Samples from thestin Creek/Beaver Creek
confluenceare collected approximately 60 m downstream from the confle®f
Austin and Beaver Creeks.

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

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

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

Euclid Ave. samples are collected from an unnamed tributary locatebetator
Rd. near the USGS hydrograph gauge. The site is named faoieity to Eu-
clid Ave., and was added in October 2004 as part of the mowtielgk monitoring
project.

Millwheel Creek samples are collected approximately 8 m upstream from Flynn
St. near the USGS hydrograph gauge. The creek is unnamedsirtopographic
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 creek monitoring project.

Olsen Creeksamples are collected just downstream from North Shore &t n
the USGS hydrograph gauge. This site was added in Octobdr&0part of the
monthly creek monitoring project.
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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 8iRad.) approximately

1 km upstream from the mouth the the creek. Water samplesieeted 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 creek monitoring project

A.3 Storm Water Monitoring Sites

The Alabama Hill storm water treatment vault is located on the east side of
a 3-way intersection of Alabama St., Electric Ave., and N@hore Drive. The
vault drains directly into Lake Whatcom.

The Brentwood wet pondis located at the southwest corner of the intersection
between Britton Rd. and Barkley Blvd. The facility treatsidential runoff from
north of Barkley Blvd. and west of Britton Rd. Treated watewf$ from the facil-

ity into an underground drain that flows directly into Lake &#tom, bypassing
the Park Place storm water treatment system.

ThePark Place wet pondis located on Park Place, south of North Shore Dr. and
east of the intersection with Britton Rd. The facility treaésidential runoff from
south of Barkley Blvd. and west of Britton Rd. Treated watexw8 from the
facility flows directly into Lake Whatcom.

The South Campus storm water treatment facility is located south of the inter-
section between Bill McDonald Pky. and South College Dr, medts runoff from
the southern portion of Western Washington University. Mumeoff flows into a
large underground concrete settling vault located on thithnest corner of the
intersection, then flows into a series of grass swales aneigbads planted with
aquatic vegetation. This facility is outside the Lake Whbatovatershed.
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Lake Sites Latitude Longitude
Site 1 48.4536  122.2438
Intake (GPS omitted)

Site 2 48.4436  122.2254
Site 3 48.4416  122.2009
Site 4 48.4141 122.1815
Creek Sites Latitude Longitude
Anderson 48.67335 122.26751
Austin (lower) 48.71312 122.33076
Austin/Beaver (confluence) 48.71163 122.34035
Austin (upper) 48.70870 122.34310
Beaver (upper) 48.72284 122.365p1
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 122.35333
Park Place 48.76894 122.40915
Silver Beach 48.76859 122.40700
Smith 48.73191 122.30864
Whatcom 48.75715 122.42229
Storm Water Sites Latitude Longitude
Alabama Hill no GPS data available
Brentwood no GPS data available
Park Place 48.4608 122.2433
South Campus no GPS data available

Table Al: Approximate GPS coordinates for the current Lakeatom Monitor-
ing Project 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 Al: Lake Whatcom 2005/2006 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 2005/2006 creek sampling sites.
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Figure A3: Sampling sites in the Austin Creek and Beaver Kreatersheds,

November 20, 2004.
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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 A4: Locations of the Park Place and Brentwood wet pant the Al-

abama Hill vault.
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This figure was created using source files provided by Shawn Boe§&Fer j
from data obtained from Western Washington University

Figure A5: Locations of the South Campus storm water treatriaeility.
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Figure A6: Photograph of the Alabama Hill vault, May 2006.
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Figure A7: Photograph of the Brentwood wet pond, July 2004is Fite was not
sampled in 2005 or 2006, but is scheduled for sampling in 2007
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Figure A8: Photograph of the original Park Place storm watatment system
prior to retrofit (March 2005).
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Figure A9: Photograph of the Park Place storm water treatisystem in May
2006, after an extensive retrofit where two of the sites wks geere filled with
sand.
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Jan-

Figure A10: Photograph of the South Campus storm watemteaitfacility,

uary 2005
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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 D1. Table D1 includes abbreviations and detectioitdifior all analytes
measured during the current year’s monitoring program,edkas any other anal-
yses included in the verified historic data set included @eGBb with this report.

The historic detection limits for each parameter were estith based on rec-
ommended lower detection ranges (APHA, 1998; Hydrolab,7199d, 1985)
instrument limitations, and analyst judgment on the lowepeatable concentra-
tion for each test. Over time, some analytical technique® laproved so that
current detection limits are lower than defined below (saegfample, current de-
tection limits in Table 1, page 14). Because the Lake Whatdata set includes
long-term monitoring data, which have been collected uaingriety of analytical
techniques, this report sets conservative historic detettnits in order to allow
comparisons between all years.

In the Lake Whatcom report, unless indicated, no data dubetis are used for
below detection values (“bdl” data). Instead, we identifiysnary 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, ancduction of increas-

ingly sensitive field equipment (see, for example, Figuré6-870, pages 182—
186, 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. Refer to Matthewsak (2005) for a dis-

cussion of historic trends in Lake Whatcom.
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B.1 Monthly Hydrolab Profiles

Page
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Figure B1: Lake Whatcom Hydrolab profile for Site 1, Octobg2®05.
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Figure B3: Lake Whatcom Hydrolab profile for the Intake, (eto6, 2005.
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Figure B4: Lake Whatcom Hydrolab profile for Site 3, Octobg2@05.
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Figure B5: Lake Whatcom Hydrolab profile for Site 4, Octobg2@05.
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Figure B6: Lake Whatcom Hydrolab profile for Site 1, Novembéy 2005.
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Figure B7: Lake Whatcom Hydrolab profile for Site 2, Novembéy 2005.
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Figure B9: Lake Whatcom Hydrolab profile for Site 3, Novembg&y 2005.
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Figure B10: Lake Whatcom Hydrolab profile for Site 4, Novembg, 2005.



2005/2006 Lake Whatcom Final Report

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Temperature (C)

Conductivity (uS/cm)

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Page

_ e e o ................
)
- 0O
e
. 0O
— BETEN e I
o]
. O
- O
NN o]
— 0 ...............
e}
o]
e
o]
T o ................
el
o]
- O
o]
I SRE 2 R
I I I I I

|
0,

00000000060600

Q0000

|
o}

Dissolved Oxygen (mg/L)

Figure B11: Lake Whatcom Hydrolab profile for Site 1, Decenitig 2005.



2005/2006 Lake Whatcom Final Report Pags

o - - Qv el o - B o R R R R
(o] : o)
(o] : -0
3 : 9
LP J O i LP _ o
o) : ‘0
(o] : e
o : o)
= 9 ... S = 9 oS
é | [e) é | . o)
£ 5 5 : : 8
Q o : .
o 0 S8 o W ol S
a 57778 o T 3
o) : e}
[¢] . -0
o o o : e}
(I\I _ O .......................... (I\l _ ................ o ...............
A - A
: T T T T by T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
o - i © c e o - D Qe
O : Ne)
O : Ko}
S : 2
W o AR EE IR R R RRRppps W SiQ--
o . e}
[0 : e
o : ‘0
= 9 S i = 9l .. S
é | o é | : 0
< 81 < . 18
o : o : :
o o | S L O W | 8o
§ 4 g 8 T4 g
O . 0
o4 : 0
o o o : 0
(I\I _ O ...................... (I\I _ ... .................. O .......
A N I e IO IT IR SIS
! T T T T T L I N B B
40 60 80 100 120 0 2 4 6 8 10 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B12: Lake Whatcom Hydrolab profile for Site 2, Decenitig 2005.
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Figure B13: Lake Whatcom Hydrolab profile for the Intake, Beber 15, 2005.
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Figure B15: Lake Whatcom Hydrolab profile for Site 4, Deceniti 2005.
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Figure B16: Lake Whatcom Hydrolab profile for Site 1, Febyu@r2006.
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Figure B17: Lake Whatcom Hydrolab profile for Site 2, Febyu@r2006.
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Figure B18: Lake Whatcom Hydrolab profile for the Intake, fegloy 9, 2006.
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Figure B19: Lake Whatcom Hydrolab profile for Site 3, Febyiar2006.
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Figure B20: Lake Whatcom Hydrolab profile for Site 4, Febyiar2006.
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Figure B21: Lake Whatcom Hydrolab profile for Site 1, AprilZ806.



2005/2006 Lake Whatcom Final Report

Depth (m)

Depth (m)

Page

o - - O v i e O [o DT
o: o:
o O :
S S
LP J o ....................... LP ] o
o) o
o 0
o . o
o o) ~ O .0
e O e [S e e @
| o) = | . O
: £ 8
0 o T © 0
- - O R I ) e Qe
I 0 I s
o) e}
o -0
o (o] o o]
(I\I _ ... O ........................... (I\l —_ O ...............
Te) Te] :
AN e AN e R TR
: T T T T by T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
o - i [0 I I o - O -
o : 0
O: . o
2 3
LP [ o ........................ LP ] O
o: : 18]
O: : Q
o: : o)
o o: ~ O : o
e Qv c - — Q-
| o. = | . O.
o = T
0 o3 T w S0
— e [CIEEE S a T e Qe
| 0. : | : T 0:
O: . . . O
O: : : . O
o O: . o X 0
(I\I _ o ........ ............... (I\I —_ e ..... o .....
n . To) .
AN e Seeee i AN e I R R
! T T T T T L I N B B
40 60 80 100 120 0 2 4 6 8 10 14

Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B22: Lake Whatcom Hydrolab profile for Site 2, AprilZ806.
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Figure B23: Lake Whatcom Hydrolab profile for the Intake, Bhfr 2006.



2005/2006 Lake Whatcom Final Report Page

Depth (m)

Depth (m)

o _f ....................... o - g ..............
o oS o O
N - O c vt e o~ - Q-
| fo) | o)
o ‘0
=) o ~ ©O 0
ql- P o‘ ....................... E ql- — 8 ................
o = :
o = )
o o : T o he}
(o —_ o‘ ....................... D @ _ e o ...............
! o ! ©
) : O
o e . o O
(ID _ ....................... (ID —_ .................
o i o i
O i S i i
— : — .
I T T T T I T T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
O - g. 44444444444444444444444 o - , §
o Oé o o
N e O v ~N - IO N
I o : I : © ol
o: : : o
o O: : —_ © : . O:
Q- _ e o,, ................. E Q- —] , O..
I o : E : ol
o g : o
o o: : T o : DO
(o _ e o: ....... ................ D (o _\o ......... O- .....
! O: : ! : 0
O: : : 10
o o: : o : 10
(ID T ............... (ID _ ....................
= o
[ T i O i
— . — :
I T T T T T I 1T 1 T T T T 1
40 60 80 100 120 0 2 4 6 8 10 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B24: Lake Whatcom Hydrolab profile for Site 3, April2006.
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Figure B25: Lake Whatcom Hydrolab profile for Site 4, April2006.
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Figure B26: Lake Whatcom Hydrolab profile for Site 1, May 1Q08.
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Figure B27: Lake Whatcom Hydrolab profile for Site 2, May 1Q08.
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Figure B28: Lake Whatcom Hydrolab profile for the Intake, Mdy 2006.
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Figure B29: Lake Whatcom Hydrolab profile for Site 3, May 1608.
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Figure B30: Lake Whatcom Hydrolab profile for Site 4, May 9080
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Figure B31: Lake Whatcom Hydrolab profile for Site 1, June 2@06. Points
below 10 m missing due to equipment malfunction.



2005/2006 Lake Whatcom Final Report

Page

O D e o - B> RIS
: : o : e
: : g : :%
| B BT 8 ........... | — 8
: - S : )
— o . e —_ o . . O
E T‘ _ e o .............. E T‘ —] O
= : : = : :
=% : o .
2 g o O 3 ? B R A L@
o : o :
(T‘ e o ....................... (l\l e o .................
clq e (?I . .................
T T T T T T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
o - - (e IR R I P O Q- v
: (o] (@]
: 8 8
: 0
P § ........................ 0 T2
: 8 %
— o . [0} —_ o e
E T' _. 44444 0 ........................ E T' —] o
< . . £ . .
=% : : o .
2 ? o 3 $ B e A DO
o : :
(l\l _ 44444 O ......................
(I‘ _ ..........................
T T T T T
40 60 80 100 120
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B32: Lake Whatcom Hydrolab profile for Site 2, June 2@06. Points
below 10 m missing due to equipment malfunction.



2005/2006 Lake Whatcom Final Report

O O e
.0
: (o]
8
LP_O ...........
B}
e
0
= S_OO ............
E T ;
p= :
o
n
8 T|_ ..................................
o
AN - e
|
n
A -
: T T T T
5 10 15 20
Temperature (C)
o - i O v
a :
o :
8 .
W o SRR R TR TR R RppRS
a :
[0} :
(o] .
—~ o O .
E T'_ 4444444444 o.‘ .................
£ . .
Q .
R D S SRR i
o :
N e RIS DIRIR
! :
AN s RTINS
! T T T T T
40 60 80 100 120

Conductivity (uS/cm)

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Page

!
0

I
©000500000

pH

e o .........

o

o

o

0

0

O

0

0
T T T T T T 1
0 2 4 6 8 10 14

Dissolved Oxygen (mg/L)

Figure B33: Lake Whatcom Hydrolab profile for the Intake,ddd, 2006.



2005/2006 Lake Whatcom Final Report

Depth (m)

Depth (m)

-20

-40

-80

-100

-20

-40

-80

-100

! ,oé‘§ !
...... ST
o
o
o
44444 Q e
(e]
(e]
(e]
44444 o‘:.
(e]
o
o
..... O - st
I I I I

|
0.0 .

Temperature (C)

Conductivity (uS/cm)

Depth (m)

Depth (m)

-80 -60 -40 -20

-100

-80 -60 -40 -20

-100

Page

: o@é :
. O :
e
-0
Ke
o ................
O
O
o]
................... o..
e}
0
o)
4444444444444444 O..
I I I I I
5 6 7 8 9
pH
‘o
: 0
: 0
: O
: o
: )
: 9}
P B N .O .........
: (o}
.0
. .Q
—_ e O. ..........
I I I I I I I I
0 2 4 6 8 10 14

Dissolved Oxygen (mg/L)
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2005/2006 Lake Whatcom Final Report Pags

Depth (m)

Depth (m)

O i ..... g ........ O ........ g .....
. o . ¢
N OT e ~ - Lo .

I o . I o)

o) ‘0

=) o ~ O o
ql- P O ........................... E ql- — e o .................

~ o

o = 0

o o % o (0]
(o . 0 ........................... D @ J N T T I I o ................

| o I Q

o Q

o o o Q
w _— et O ............................ w P N O .................

! o ! 0

o Q

o o :
© i L P B ek

— — .
! T T T T ! T T T T T
5 10 15 20 5 6 7 8 9

Temperature (C) pH

o - g ....................... o - o g ..........
o Oé o : o
N e [0 I T ~N - Ve SRR
I o : I o
o: : o}
=) O: : —~ O %
Q- _ e o, e e e .‘ ................. E Q- —] .. o ..........
I o : E pS
o : £ o
o O: : % o ¢}
(o e o: ....... ................ D (o —_ e e e o ...........
! o: : ! Q
o: : o}
o O: . o o
w _ o ....... ................ w —_ e O ..........
I o: : ! o
O: : O:
o . . o .
[ T i O i
- - —
I T T T T T I 1T 1 T T T T 1
40 60 80 100 120 0 2 4 6 8 10 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B40: Lake Whatcom Hydrolab profile for Site 4, July 2Q06.
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Figure B45: Lake Whatcom Hydrolab profile for Site 4, Augus2006.
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Figure B46: Lake Whatcom Hydrolab profile for Site 1, Septeni8, 2006.
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Figure B48: Lake Whatcom Hydrolab profile for the Intake, t8efber 13, 2006.
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Figure B50: Lake Whatcom Hydrolab profile for Site 4, Septeni®, 2006.
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Lake Whatcom temperature data for Site 1, February 1988 through December 2006.
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Figure B51: Lake Whatcom historic temperature data for Bite
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Figure B52: Lake Whatcom historic temperature data for &ite
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Lake Whatcom temperature data for Site 3, February 1988 through December 2006.
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Figure B55: Lake Whatcom historic temperature data for &ite
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Figure B59: Lake Whatcom historic dissolved oxygen dateSite 3.
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Lake Whatcom dissolved oxygen data for Site 4, February 1988 through December 2006.
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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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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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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 2006.
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Figure B65: Lake Whatcom historic pH data for Site 4.
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Lake Whatcom conductivity data for Site 1, February 1988 through December 2006.
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Figure B66: Lake Whatcom historic conductivity data foreSit The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.
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Lake Whatcom conductivity data for Site 2, February 1988 through December 2006.
1Jan95

1Jan90

0ct 00T 08 09 ov

(sn) Awanonpuod

Figure B67: Lake Whatcom historic conductivity data foreStt The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.
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Figure B68: Lake Whatcom historic conductivity data for thiake. The decreas-
ing conductivity trend is the result of changing to incregsy sensitive equipment
during the past two decades.
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Lake Whatcom conductivity data for Site 3, February 1988 through December 2006.
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Figure B69: Lake Whatcom historic conductivity data foreS3t The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.
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Lake Whatcom conductivity data for Site 4, February 1988 through December 2006.
1Jan95

1Jan90

0ct 00T 08 09 ov

(sn) Awanonpuod

Figure B70: Lake Whatcom historic conductivity data foreSit The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.
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B.3 Alkalinity and Turbidity
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Lake Whatcom alkalinity data for Site 1, February 1988 through December 2006.
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Lake Whatcom alkalinity data for Site 2, February 1988 through December 2006.
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Lake Whatcom alkalinity data for Intake, February 1988 through December 2006.
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Lake Whatcom alkalinity data for Site 3, February 1988 through December 2006.
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Lake Whatcom alkalinity data for Site 4, February 1988 through December 2006.
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Lake Whatcom turbidity data for Site 1, February 1988 through December 2006.
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Lake Whatcom turbidity data for Site 2, February 1988 through December 2006.
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Lake Whatcom turbidity data for Intake, February 1988 through December 2006.
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Lake Whatcom turbidity data for Site 3, February 1988 through December 2006.
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Lake Whatcom turbidity data for Site 4, February 1988 through December 2006.
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February 1988 through December 2006.

Lake Whatcom ammonia data for Site 1
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Figure B81: Lake Whatcom ammonia data for Site 1.
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Lake Whatcom ammonia data for Site 2, February 1988 through December 2006.
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Figure B82: Lake Whatcom ammonia data for Site 2.
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Lake Whatcom ammonia data for Site 4, February 1988 through December 2006.
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Lake Whatcom nitrate/nitrite data for Site 1, February 1988 through December 2006.
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Figure B86: Lake Whatcom nitrate/nitrite data for Site 1.
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Lake Whatcom nitrate/nitrite data for Intake, February 1988 through December 2006.
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Figure B88: Lake Whatcom nitrate/nitrite data for the It aite.
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Lake Whatcom nitrate/nitrite data for Site 3, February 1988 through December 2006.
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Lake Whatcom total nitrogen data for Site 1, February 1988 through December 2006.
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Lake Whatcom total nitrogen data for Site 1.
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Lake Whatcom total nitrogen data for Site 2, February 1988 through December 2006.
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Figure B92: Lake Whatcom total nitrogen data for Site 2.
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Lake Whatcom total nitrogen data for Intake, February 1988 through December 2006.
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Figure B93: Lake Whatcom total nitrogen data for the Intake s
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Lake Whatcom total nitrogen data for Site 3, February 1988 through December 2006.
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Figure B94: Lake Whatcom total nitrogen data for Site 3.
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Lake Whatcom soluble reactive phosphate data for Site 1, February 1988 through December 2006.
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Lake Whatcom soluble reactive phosphate data for Site 2, February 1988 through December 2006.
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Lake Whatcom soluble reactive phosphate data for Intake, February 1988 through December 2006.
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Lake Whatcom soluble reactive phosphate data for Site 3, February 1988 through December 2006.
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Lake Whatcom soluble reactive phosphate data for Site 4, February 1988 through December 2006.
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Lake Whatcom total phosphorus data for Site 1, February 1988 through December 2006.
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Lake Whatcom total phosphorus data for Site 2, February 1988 through December 2006.

%

S+

Depth 0
Depth 5
Depth 10
Depth 15
Depth 20

Date

1Jan2000

1Jan2005

uoday [eui woareyp axeT 9002/5002

eded



"9R3LP ) J0J e1ep snioydsoyd 210} WodJeYAA 3xeT :£0Tg 2.nbi4

Total Phosphorus (ug/L)

200

150

100

50

Lake Whatcom total phosphorus data for Intake, February 1988 through December 2006.
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Lake Whatcom total phosphorus data for Site 3, February 1988 through December 2006.
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Lake Whatcom total phosphorus data for Site 4, February 1988 through December 2006.
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B.5 Chlorophyll, Plankton, and Secchi Depth
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Lake Whatcom chlorophyll a data for Site 1, February 1988 through December 2006.
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Figure B106: Lake Whatcom chlorophyll data for Site 1.
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Lake Whatcom chlorophyll a data for Intake, February 1988 through December 2006.
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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 2006.
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Figure B109: Lake Whatcom chlorophyll data for Site 3.
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February 1988 through December 2006.

Lake Whatcom chlorophyll a data for Site 4,
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Figure B110: Lake Whatcom chlorophyll data for Site 4.
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Figure B111: Lake Whatcom plankton data for Site 1.
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Lake Whatcom plankton data for Site 2, February 1988 through December 2006.
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Figure B112: Lake Whatcom plankton data for Site 2.
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Lake Whatcom plankton data for Intake, February 1988 through December 2006.
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Figure B113: Lake Whatcom plankton data for the Intake Site.
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Lake Whatcom plankton data for Site 3, February 1988 through December 2006.
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Figure B114: Lake Whatcom plankton data for Site 3.
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Lake Whatcom plankton data for Site 4, February 1988 through December 2006.
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Figure B115: Lake Whatcom plankton data for Site 4.
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Figure B116: Lake Whatcom plankton data for Site 1, with Gophyta omitted
to show remaining plankton groups.
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Lake Whatcom plankton data for Site 2, February 1988 through December 2006.
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Figure B117: Lake Whatcom plankton data for Site 2, with Gbophyta omitted
to show remaining plankton groups.
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Figure B118: Lake Whatcom plankton data for the Intake St Chrysophyta

omitted to show remaining plankton groups.
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Lake Whatcom Secchi data for Site 1, February 1988 through December 2006.
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Figure B121: Lake Whatcom Secchi depths for Site 1.
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Lake Whatcom Secchi data for Site 2, February 1988 through December 2006.
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Figure B122: Lake Whatcom Secchi depths for Site 2.
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Lake Whatcom Secchi data for Intake, February 1988 through December 2006.
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Lake Whatcom Secchi depths for the Intake site.
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Lake Whatcom Secchi data for Site 3, February 1988 through December 2006.
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Figure B124: Lake Whatcom Secchi depths for Site 3.
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Lake Whatcom Secchi data for Site 4, February 1988 through December 2006.
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Figure B125: Lake Whatcom Secchi depths for Site 4.
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B.6 Coliform Bacteria
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B.7 Lake Whatcom 2004—-2006 Tributary Data
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Figure B136: Monthly alkalinity data for Anderson, AustBeaver, Blue Canyon,
Brannian, Carpenter, and Euclid Creeks. Dashed (blueztital reference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B137: Monthly alkalinity data for Millwheel, OlseRark Place, Silver
Beach, Smith, and Whatcom Creeks. Dashed (blue) horizoetatence line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B138: Monthly conductivity data for Anderson, AustiBeaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.



2005/2006 Lake Whatcom Final Report P26

— Millwheel Creek Olsen Creek — Park Place Drain
o o o
B B R N o Af°
2 " 3 3 " AR
2 o 2 o 2 o
o n - [s} n o n -
] — \ ( K O — ] —
O = B = e = = - - - o - - O = e e e e == = -
wn wn wn
I I I I I I I I I I I I
1Jan2005 1Jan2006 1Jan2005 1Jan2006 1Jan2005 1Jan2006
— Silver Beach Creek 0@ — Smith Creek — Whatcom Creek

150
|

Cond (uS)
150 250
| I I |
éa
Cond (uS)
250
[
Cond (uS)
250
[

150
|
>
—
h

e i

o8 Vv

5
|
50
|
50

T T T T T T T T T T T T
1Jan2005 1Jan2006 1Jan2005 1Jan2006 1Jan2005 1Jan2006

Figure B139: Monthly conductivity data for Millwheel, OlsgPark Place, Sil-
ver Beach, Smith, and Whatcom Creeks. Dashed (blue) haakference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B140: Monthly dissolved oxygen data for Andersonstiy Beaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.
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Figure B142: Monthly pH data for Anderson, Austin, BeavduyeBCanyon, Bran-
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Figure B143: Monthly pH data for Millwheel, Olsen, Park Rda&ilver Beach,
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median value for each creek.




2005/2006 Lake Whatcom Final Report

Temperature (C)

Temperature (C)

Temperature (C)

5 10 15 20 25

0

10 15 20 25

5

0

5 10 15 20 25

0

Anderson Creek

1Jan2005 1Jan2006

Lower Austin Creek

AL

1Jan2005 1Jan2006

Brannian Creek

A ol
v* %%

1Jan2005 1Jan2006

Temperature (C)

Temperature (C)

Temperature (C)

5 10 15 20 25

0

10 15 20 25

5

0

10 15 20 25

5

0

Upper Austin Creek

1Jan2005

1Jan2006

Upper Beaver Creek

N
7

v

T
1Jan2005

T T
1Jan2006

Carpenter Creek

1Jan2005

1Jan2006

Temperature (C)

Temperature (C)

Temperature (C)

5 10 15 20 25

0

10 15 20 25

5

0

5 10 15 20 25

0

Pags

Austin/Beaver Confluence

2\
v

1Jan2005 1Jan2006

Blue Canyon Creek

2

VA
v

1Jan2005 1Jan2006

Euclid Creek

.4
WA

V'

1Jan2005 1Jan2006

Figure B144: Monthly temperature data for Anderson, AysBeaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.
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Figure B145: Monthly temperature data for Millwheel, Ols&ark Place, Sil-
ver Beach, Smith, and Whatcom Creeks. Dashed (blue) haakference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B146: Monthly total nitrogen data for Anderson, AasBeaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.
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Figure B147: Monthly total nitrogen data for Millwheel, @Is, Park Place, Sil-
ver Beach, Smith, and Whatcom Creeks. Dashed (blue) haakference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B148: Monthly nitrate/nitrite data for Anderson, gtim, Beaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.
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Figure B149: Monthly nitrate/nitrite data for Millwheel,l§&n, Park Place, Sil-
ver Beach, Smith, and Whatcom Creeks. Dashed (blue) haakference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B150: Monthly ammonia data for Anderson, Austin,\BeaBlue Canyon,
Brannian, Carpenter, and Euclid Creeks. Dashed (blueztital reference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B151: Monthly ammonia data for Millwheel, Olsen, lP&lace, Silver
Beach, Smith, and Whatcom Creeks. Dashed (blue) horizoetatence line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek. One outlier from W#et Creek is off
scale (569:g-H/L, Feb 8, 2005).
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Figure B152: Monthly total phosphorus data for Andersonsthky Beaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.
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Figure B153: Monthly total phosphorus data for Millwheelsén, Park Place,
Silver Beach, Smith, and Whatcom Creeks. Dashed (blueydwtal reference
line shows the median value for Smith Creek; solid (red)zworial reference line
shows the median value for each creek.
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Figure B154: Monthly soluble reactive phosphate data fodé&son, Austin,
Beaver, Blue Canyon, Brannian, Carpenter, and Euclid Gre&ashed (blue)
horizontal reference line shows the median value for Smitkel, solid (red)

horizontal reference line shows the median value for eaebkcr
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Figure B155: Monthly soluble reactive phosphate data fdiviltieel, Olsen, Park
Place, Silver Beach, Smith, and Whatcom Creeks. Dashed)(barizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.
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Figure B156: Monthly total solids data for Anderson, AustBeaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.
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Figure B157: Monthly total solids data for Millwheel, OlseRark Place, Sil-
ver Beach, Smith, and Whatcom Creeks. Dashed (blue) haakference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B158: Monthly total suspended solids data for Anolers\ustin, Beaver,
Blue Canyon, Brannian, Carpenter, and Euclid Creeks. [@b@fiae) horizontal
reference line shows the median value for Smith Creek; gofid) horizontal

reference line shows the median value for each creek.
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Figure B159: Monthly total suspended solids data for Mikeh Olsen, Park
Place, Silver Beach, Smith, and Whatcom Creeks. Dashed)(barizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference

line shows the median value for each creek.
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Figure B160: Monthly turbidity data for Anderson, Austire®ser, Blue Canyon,
Brannian, Carpenter, and Euclid Creeks. Dashed (blueztital reference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B161: Monthly turbidity data for Millwheel, Olsenafk Place, Silver
Beach, Smith, and Whatcom Creeks. Dashed (blue) horizoetatence line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.
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Figure B162: MonthlyE. coli data for Anderson, Austin, Beaver, Blue Canyon,
Brannian, Carpenter, and Euclid Creeks. Dashed (blueztital reference line
shows the median value for Smith Creek; solid (red) horiabreference line
shows the median value for each creek.



2005/2006 Lake Whatcom Final Report

Millwheel Creek
= -
£ o
§ 81
=}
8 -
8 o
. S
uoog
Pa AA. s —Pac A
o A Sad — s
I I I I
1Jan2005 1Jan2006
Silver Beach Creek
g -
s 8
g 8
2
S -
8 o
. s
uo g
R
o —dead o o —ba%f - o
T T T T
1Jan2005 1Jan2006

E. coli (cfu/100 mL)

E. coli (cfu/100 mL)

3000

0 1000

3000

0 1000

Olsen Creek

T T T T
1Jan2005 1Jan2006

Smith Creek

T T T T
1Jan2005 1Jan2006

E. coli (cfu/100 mL)

E. coli (cfu/100 mL)

3000

0 1000

3000

0 1000

Park Place Drain

e S

T
1Jan2005

T T T
1Jan2006

Whatcom Creek

T
1Jan2005

T T T
1Jan2006

Figure B163: Monthl\E. colidata for Millwheel, Olsen, Park Place, Silver Beach,
Smith, and Whatcom Creeks. Dashed (blue) horizontal neéerdine shows the
median value for Smith Creek; solid (red) horizontal refees line shows the

median value for each creek.




2005/2006 Lake Whatcom Final Report

£ Anderson Creek
o

o 8 |

s 3

]

S o
o

g 2

8

5 8

o Q7]

©

3

D O P00,

L o —see o0

I I I I
1Jan2005 1Jan2006

£ Lower Austin Creek
o

k= o

s 8

3

S g

g 87

S

s 8

o IS

©

]

e o oOee 0 R0t

T T T T
1Jan2005 1Jan2006

£ Brannian Creek
o

S o

s 3

3

S o
s

g 3

S

5 8

o <

g

e o 2 o

1Jan2005 1Jan2006

Fecal Coliforms (cfu/100 mL) Fecal Coliforms (cfu/100 mL)

Fecal Coliforms (cfu/100 mL)

2000 4000 6000

0

2000 4000 6000

0

2000 4000 6000

0

Upper Austin Creek

—jeccecc-e 00 eccec 30 c eenoe
T T T
1Jan2005 1Jan2006

Upper Beaver Creek

1Jan2005 1Jan2006

Carpenter Creek

VAN

T T T T
1Jan2005

1Jan2006

Fecal Coliforms (cfu/100 mL) Fecal Coliforms (cfu/100 mL)

Fecal Coliforms (cfu/100 mL)

2000 4000 6000

0

2000 4000 6000

0

2000 4000 6000

0

Pagse

Austin/Beaver Confluence

1Jan2005 1Jan2006

Blue Canyon Creek

—rec-ece
T T T
1Jan2005 1Jan2006
Euclid Creek

PO AN o a0 o-0B 00
—t of-0-of

1Jan2005 1Jan2006

Figure B164: Monthly fecal coliform data for Anderson, AustBeaver, Blue
Canyon, Brannian, Carpenter, and Euclid Creeks. Dashad)(hbrizontal refer-
ence line shows the median value for Smith Creek; solid (nedyontal reference
line shows the median value for each creek.



2005/2006 Lake Whatcom Final Report

Fecal Coliforms (cfu/100 mL)
2000 4000 6000
1

. Aa

Millwheel Creek

220 0-aao-ae

0

ad

T
1Jan2005

T T T
1Jan2006

Fecal Coliforms (cfu/100 mL)
2000 4000 6000
1

Silver Beach Creek

PO =

0
|

P
- o 000 -
T T T

T
1Jan2005

1Jan2006

Fecal Coliforms (cfu/100 mL)

Fecal Coliforms (cfu/100 mL)

2000 4000 6000

0

2000 4000 6000

0

Olsen Creek

T T T
1Jan2005 1Jan2006

Smith Creek

T T T T
1Jan2005 1Jan2006

Fecal Coliforms (cfu/100 mL)

Fecal Coliforms (cfu/100 mL)

2000 4000 6000

0

2000 4000 6000

0

Park Place Drain

s\ A

T
1Jan2005

T T
1Jan2006

Whatcom Creek

T
1Jan2005

T T
1Jan2006

Figure B165: Monthly fecal coliform data for Millwheel, Gs, Park Place, Sil-
ver Beach, Smith, and Whatcom Creeks. Dashed (blue) hdakaference line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek. Several outlie?®Q0 cfu/100 mL)
were off scale.




2005/2006 Lake Whatcom Final Report Pags

Smith Lower Austin
2 2
® Monthly e Monthly
o _| & Grab o _| & Grab
—~ N — N
Q Q
g i ] L 0 |
2z - 2 -
< ©
Q o | @ o |
g — g § § — é é
[ [
1 - v -
o o
T T T T T T T T
01/05 08/05 02/06 09/06 01/05 08/05 02/06 09/06
Smith Lower Austin
2 2
® Monthly e Monthly
A Grab A Grab
o _| o _|
N N
- -
E 9- E w9
8 & 8 M
o _| o
- —
0 — 0 —
T T T T T T T T
01/05 08/05 02/06 09/06 01/05 08/05 02/06 09/06

Figure B166: Monthly and 48-hr temperature and dissolvegher data from
Lower Austin and Smith Creeks (grab samples only).
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Figure B169: Monthly and 48-hr ammonia and nitrate/nitdsga from Lower
Austin and Smith Creeks (grab samples only).
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Figure B171: Monthly and 48-hr total nitrogen and total gifusrus data from
Anderson, Lower Austin and Smith Creeks. This figure costaavised data as
described in the text on page 39.



2005/2006 Lake Whatcom Final Report P28

Smith Anderson Lower Austin
8 4 S S
® ® Monthly @ ® Monthly ® Monthly
A Grab A Grab A Grab
3 46 Com 8 4o com 8 4o com
G P & P & P
(=] o o
& & &
o o = a
> > >
E B 4 E B 4 E B 4
n - A 0 0
0 0 n
= o = o = o
o S S -
- — —
2 8 5] 2
A A
a &
o - o - o -
T T T T T T T T T T T T
01/05 08/05 02/06 09/06 01/05 08/05 02/06 09/06 01/05 08/05 02/06 09/06
Smith Anderson Lower Austin
S g - g
™ ©  Monthly gl ©  Monthly el ©  Monthly
A Grab A Grab A Grab
3 4o com 8 4o com 8 4o com
Q omp & omp & omp
8 8 8
IS IS IS A
g g g
2 g4 ° 2 3 - 2 g
~ — ~ — =
% % n
=4 =4 =
o o o ﬁ
S S S -
- - -
] IN
3 e 3 ° 3 e
o o - o -
T T T T T T T T T T T T
01/05 08/05 02/06 09/06 01/05 08/05 02/06 09/06 01/05 08/05 02/06 09/06

Figure B172: Monthly and 48-hr total suspended solids atad smlids data from
Anderson, Lower Austin and Smith Creeks.
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C Quiality Control

C.1 Performance Evaluation Reports

In order to maintain a high degree of accuracy and confidenttesiwater quality
data all personnel associated with this project were tchaueording to standard
operating procedures for the methods listed in Table 1 (daje 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)

WP-105 (10/17/2005) 841.0 812 731-893 pass

WP-111 (04/14/2006) 587.0 589 530-648 pass
Total alkalinity (mg/L as CaCg)

WP-105 (10/17/2005) 75.8 75.4 66.4-83.6 pass

WP-111 (04/14/2006) 72.2 712  62.5-79.2  pass
Ammonia nitrogen, manual (mg-N/L)

WP-105 (10/17/2005) 14.0 13.6 10.1-16.9 pass

WP-111 (04/14/2006) 14.1 13.8 10.3-17.1 pass
Ammonia nitrogen, autoanalysis (mg-N/L)

WP-105 (10/17/2005) 14.6 13.6 10.1-16.9 pass

WP-111 (04/14/2006) 134 13.8 10.3-17.1 pass
Nitrate nitrogen, autoanalysis (mg-N/L)

WP-105 (10/17/2005) 39.8 38.6 30.1-46.5 pass

WP-111 (04/14/2006) 21.1 20.5 16.0-24.7 pass
Orthophosphate, manual (mg-P/L)

WP-105 (10/17/2005) 3.01 3.01 2.46-3.59 pass

WP-111 (04/14/2006) 0.97 0.960 0.733-1.20 pass
Orthophosphate, autoanalysis (mg-P/L)

WP-105 (10/17/2005) 2.97 3.01 2.46-3.59 pass

WP-111 (04/14/2006) 0.922 0.960 0.733-1.20 pass
Total phosphorus, manual (mg-P/L)

WP-105 (10/17/2005) 4.31 4.34 3.55-5.18 pass

WP-111 (04/14/2006) 9.02 9.26 7.66-10.9 pass
Total phosphorus, autoanalysis (mg-P/L)

WP-105 (10/17/2005) 4.41 4.34 3.55-5.18 pass

WP-111 (04/14/2006) 9.47 9.26 7.66-10.9 pass
pH

WP-105 (10/17/2005) 5.29 5.30 5.10-5.50 pass

WP-111 (04/14/2006) 7.18 7.20 7.00-7.40 pass
Non-filterable residue (mg/L)

WP-105 (10/17/2005) 79.7 84.9 69.6-94.3 pass

WP-111 (04/14/2006) 32.8 35.4 25.9-41.7 pass
Turbidity (NTU)

WP-105 (10/17/2005) 14.2 15.0 12.8-16.8 pass

WP-111 (04/14/2006) 6.46 6.10 5.07-7.03 pass

Table C1: Summary of 2005/2006 single-blind quality cohtesults.
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C.2 Laboratory Duplicates, Spikes, and Check Standards

Ten percent of all samples analyzed in the laboratory wepiichied to measure
analytical precision. Sample matrix spikes were analyaathd each analytical

run to evaluate analyte recovery for the nutrient analysesr{onia, nitrate/nitrite,

total nitrogen, soluble reactive phosphate, and total phosis). External check
standards were analyzed during each analytical run to aefneasurement pre-
cision and accuraci

The quality control results for laboratory duplicates, nmxaspikes, and check
standards are plotted in control charge. Upper and lowezmance limits £
2 std. dev. from mean pair difference) and upper and lowenwvgrlimits (+
3 std. dev. from mean pair difference) were developed usatg tfom Septem-
ber 2003 through September 2005 (upper examples in Figute€Z1, pages
297-317), and used to evaluate data from October 2005 thi®agtember 2006
(lower examples in Figures C1-C21).

22External check standards are not available for all analytes
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Figure C1: Alkalinity laboratory duplicates for the Lake YAtbom 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 preceeding two years of lab dupliza.
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Figure C2: Alkalinity check standards for the Lake Whatcormnitoring pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupliza.
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Figure C3: Chlorophyll laboratory duplicates for the Laké&itom 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 preceeding two years of lab dupliza.



2005/2006 Lake Whatcom Final Report P&§e

o °7
4.9
A g D LR CEEEEEE 3.35
ol 2] ° ° [l
o 0 - ‘. ......... o oo PR ..w.:.."." 44444 0.258
% ) ° e o
%_ ———————————————————————————————————————————————— -2.83
2 —4 7 -4.38
6 - T T T T
12/03 07/04 01/05 08/05
Conductivity Laboratory Duplicates, Training Data
o 6 —
Q 4.9
e e P 3.35
O 2 °
°
?; 0 o8 .’............. ..... ..& ..... 000 eme 00 90 g % 0.258
T o °
% e -2.83
2 —4 7 -4.38
=6 T T T T
11/05 02/06 06/06 09/06
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Figure C4: Conductivity laboratory duplicates for the LAk@atcom 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 preceeding two years of lab dupliza.
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Figure C5: Dissolved oxygen laboratory duplicates for th&d 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 preceeding two years of lalicdtgtata.
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Figure C6: Ammonia laboratory duplicates for the Lake Whatamonitoring
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 preceeding two years of lab dupliza.
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Figure C7: Ammonia check standards for the Lake Whatcom toong pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupliza.
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Figure C8: Nitrate/nitrite laboratory duplicates for thake Whatcom 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 preceeding two years of lab dupliza.
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Figure C9: Nitrate/nitrite matrix spikes for the Lake Whatt monitoring pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupliza.
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Figure C10: Nitrate/nitrite check standards for the Lakeaf¢bm 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 preceeding two years of lab dupliza.



2005/2006 Lake Whatcom Final Report Pags

3 ° 59.4
A o -t ... 39.4
g ° e g o . $ee * ¢
(@4 0 — | . ; ....... 8 "’ ...... .‘ ‘!.. ..... ..'..’ 44444 -0.53
2 ° LIPS °® ° LY
o ° ° o © e® ©
2 BQ [T Tt e T -40.5
= -60.5
a °
T T T T
12/03 07/04 01/05 08/05
Total Persulfate Nitrogen Laboratory Duplicates, Training Data
o
8 50 4 59.4
S '.""."";"'."". """" ®----1394
O ° L4 [ ] ‘
o d....8. ... 8. . & .| ® e oo . .8 o ¥ o _
¢ 0 $ f | o See g B . | 0.53
o )
e i e e -40.5
g ™0 e -60.5
a
T T T T
11/05 02/06 06/06 09/06

Total Persulfate Nitrogen Laboratory Duplicates, Test Data

Figure C11: 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 preceeding two years of lalicdtgtata.
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Figure C12: Total nitrogen matrix spikes for the Lake Whataomonitoring pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupliza.



2005/2006 Lake Whatcom Final Report P&§o

5 40 e 36.2
; 20 f--~-"------ e T TTTTTTTTTommoomooomoomooooes 22.4
by ® 0o o8 2,2 ¢ °
2 0 . o e® 0 o0 0.‘..... ..... !3".'” R N ::' 44444 -5.2

° °% e * o 4 -
g 07 . o0 _.° i * | a2
S 4o - i -32.
£ 40 . . ~46.6

_60 —
T T T T
12/03 07/04 01/05 08/05

Total Persulfate Nitrogen Check Standards, Training Data

5 40 7 36.2
g 20 —‘.:. -------- o L « - 22.4
°
g 0—......% ... e . P : ....... 3 ............... ‘! ............. : ...... e . o ... -5.2

I =20 ° [ J o
) °
I e R R LT -32.8
2 —40 - °
[ -46.6
_60 —]
I I I I
11/05 02/06 06/06 09/06

Total Persulfate Nitrogen Check Standards, Test Data

Figure C13: Total nitrogen check standards for the Lake \&4ratmonitoring
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 preceeding two years of lab dupliza.
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Figure C14: Laboratory pH duplicates for the Lake Whatcommmaoing pro-
gram. Upper/lower acceptance limitsZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupliza.
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Figure C15: Soluble reactive phosphate laboratory dutggcéor 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 preceeding two yElafs duplicate data.
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Figure C16: Soluble reactive phosphate matrix spikes ®ttdke Whatcom mon-

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

ference) and upper/lower warning limits$ std. dev. from mean pair difference)
were calculated based on the preceeding two years of lalicdtgtata.
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Figure C17: Soluble reactive phosphate check standardbddcake Whatcom
monitoring program. Upper/lower acceptance limit2(std. dev. from mean pair
difference) and upper/lower warning limits-§ std. dev. from mean pair differ-
ence) were calculated based on the preceeding two years diifdicate data.
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Figure C18: Total phosphorus laboratory duplicates follee 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 preceeding two years of lalicdtgtata.
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Figure C19: Total phosphorus matrix spikes for the Lake \&at 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 preceeding two years of lab dupliza.
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Figure C20: Total phosphorus check standards for the Lakat®dim 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 preceeding two years of lab dupliza.
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Figure C21: 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 preceeding two years of lab dupliza.
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C.3 Field Duplicate Results

Separate field duplicates were collected and analyzed fanemmm of 10% of
all of the water quality parameters except the Hydrolab ¢Ritgures C22-C34,
pages 319-331). To check the Hydrolab measurements, dtgpbamples were
analyzed for at least 10% of the Hydrolab measurements wgaigr samples
collected from the same depth as the Hydrolab measurembkatafisolute mean
differencé was calculated for the 2005/2006 lake data and 2004/2006tary
dat&? using the following equation:

>~ |Original Sample — Duplicate Sample|

*Absolute mean difference =
n

23This report summarized the two year monthly tributary maniiig project; monthly tributary
monitoring was discontinued in October 2006.
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Figure C22: Alkalinity field duplicates for the 2005/2006KeaWhatcom Moni-
toring Project (lake and tributary data). Diagonal refeeetine shows a 1:1 re-
lationship. Higher degree of scatter in the lake replicédetue to the low con-
centrations in the lake samples; the absolute mean ditferenlower for lake

samples.
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Figure C23: Chlorophyll field duplicates for the 2005/20G#ke Whatcom Mon-
itoring Project (lake data only). Diagonal reference lihews a 1:1 relationship.
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Figure C24: Conductivity field duplicates for the 2005/20@&e Whatcom Mon-
itoring Project (lake and tributary data). Diagonal refere line shows a 1:1 rela-
tionship. Lake duplicates show a systematic bias due tdgrsansitivity of the
Hydrolab field meter.
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Figure C25: Fecal coliform and E. coli field duplicates foe 2005/2006 Lake
Whatcom Monitoring Project (tributary data only). Diagbreference line shows
a 1:1 relationship.
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Figure C27: Ammonia field duplicates for the 2005/2006 Lakiea¥om Moni-
toring Project (lake and tributary data). Diagonal refeeehine shows a 1:1 rela-
tionship; horizontal reference line shows the currentateda limits.
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Figure C28: Nitrate/nitrite field duplicates for the 200808 Lake Whatcom
Monitoring Project (lake and tributary data). Diagonalereince line shows a
1:1 relationship; horizontal reference line shows theenirdetection limits.
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Figure C29: Total nitrogen field duplicates for the 20052Q0&ke Whatcom
Monitoring Project (lake and tributary data). Diagonakreihce line shows a 1:1
relationship. All total nitrogen samples were above theckn limit.
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Figure C30: pH field duplicates for the 2005/2006 Lake Whaiddonitoring
Project (lake and tributary data). Diagonal referencedimaws a 1:1 relationship.
The lake results show a slight systematic bias due to changgissolved CQ
and associated inorganic carbon ions between field anddadgrsamples.
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Figure C31: Soluble phosphate field duplicates for the 200@ Lake What-
com Monitoring Project (tributary data only). Diagonaleednce line shows a 1:1
relationship; horizontal reference line shows the curdet¢ction limits. Field du-
plicates are not plotted for lake data because most aremeangtlytical detection
limit.
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Figure C32: Total phosphorus field duplicates for the 200862Lake Whatcom
Monitoring Project (lake and tributary data). Diagonakreihce line shows a 1:1
relationship; horizontal reference line shows the curdatéction limits. Higher
degree of scatter in the lake duplicates is due to the lowamtnations in the
samples; the absolute mean difference is lower for lake ksmnp
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Figure C33: Total suspended solids and total solids fieldliicages for the
2005/2006 Lake Whatcom Monitoring Project (tributary datéy). Diagonal ref-
erence line shows a 1:1 relationship. The tributary ousisanples were collected
during high flow and may represent variation in sedimentsjpaint.
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Figure C34: Turbidity field duplicates for the 2005/2006 eak/hatcom Mon-
itoring Project (lake and tributary data). Diagonal refee line shows a 1:1
relationship. Higher degree of scatter in the lake duptisas due to the low
concentrations in the samples; the absolute mean differisiower for lake sam-
ples.



2005/2006 Lake Whatcom Final Report PagR2

D Lake Whatcom Data

The Lake Whatcom raw data are available in hardcopy formatiited versions
of the annual reports, with the exception of the coliformedathich are available
from the City of Bellingham Public Works Department. Onlireports do not
include printed copies of the raw data, but electronic copiemost current and
historic data are posted on the Institute’s website (Hitpniv/ac/wwu/edutiws).

The historic and current detection limits and abbreviatitom each parameter are
listed in the annual reports. The historic detection lirffotseach parameter were
estimated based on recommended lower detection rang&snmesnt limitations,
and analyst judgment on the lowest repeatable concentriticeach test. Over
time, some analytical techniques have improved so thaentdetection limits
are usually lower than historic detection limits. Becauseltake Whatcom data
set includes long-term monitoring data, which have beelectad using a variety
of analytical techniques, this report sets conservatig&hic detection limits in
order to allow comparisons between all years.

The code “NA’ has been entered into all empty cells in thei asta files to fill in
unsampled dates and depths, missing data, etc. Questionssgcific missing
data should be directed to the IWS director.

Unless otherwise indicated, the electronic data files haw@ Heen censored to
flag or otherwise identify below detection and above dedectalues. As a result,
the ascii files may contain negative values due to lineaapriation of the stan-
dards regression curve for below detection data. It is ¢isdéinat any statistical
or analytical results that are generated using these datvieved by someone
familiar with statistical uncertainty associated with ansored data.
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Historic Det. Limits (dI)

Historic Det. Limits (dl)

Abbrev.  Analysis or Sensitivity=) Abbrev.  Analysis or Sensitivity=)

alk Alkalinity + 0.5mg/L As arsenic, total dl'=0.03/0.01/0.001 mg/L|
ecolit Bacteria,E. coli dl = 2 cfu/100 mL Cd cadmium, total dl = 0.002/0.0005 mg/L
enty Bacteria,Enterococcus dl = 2 cfu/100 mL Cr chromium, total  dl = 0.006/0.001 mg/L
fct Bacteria, fecal coliforms dl =2 cfu/100 mL Cu copper, total dl = 0.002/0.001 mg/L
tet Bacteria, total coliforms dl =2 cfu/100 mL Fe iron, total dl = 0.01/0.005 mgfL
toc Carbon, total organic dl=1.0 mg/L Pb lead, total dl =0.001 mgiL

chl Chlorophylla + 0.1 mg/n¥ Hg mercury, total dl=0.01 mgi

cond Conductivity, Hydrolab + 2 uSlcm Ni nickel, total dl =0.01/0.005 mgA
cond Conductivity, lab + 2 uSlcm Zn zinc, total dl = 0.002/0.001 mgiL
disch Discharge na

nh3 Nitrogen, ammonia dl = 10g-N/L

no3 Nitrogen, nitrate/nitrite dl =2pg-N/L

tn Nitrogen, total nitrogen dl =100g-N/L

do Oxygen, Hydrolab + 0.1 mg/L

do Oxygen, Winkler 4+ 0.1 mg/L

pH pH, Hydrolab + 0.1 pH unit

pH pH, lab + 0.1 pH unit

srp Phosphate, soluble reactive  dl #&-P/L

tp Phosphorus, total dl = pg-P/L

secchi Secchi depth +0.1m

temp Temperature +0.1°C

tss Total suspended solids dl =2 mg/L

ts Total solids dl=2mg/L

turb Turbidity +0.2NTU

TColiform data are available from the City of Bellingham RalWorks Dept.
fAmTest detection limits decreased in 1999 and 2002.

Table D1: Summary of analyses in the Lake Whatcom monitgoiogect. The
historic detection limits listed in this table are cons¢meestimates designed to
permit comparisons with historic data. Table 1 on page 14 tlse current IWS
detection limits for selected analyses and Appendix D1# tise current AmTest
detection limits.
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D.1 Lake Whatcom Hydrolab Data

Hydrolab data from the current sampling period are includduardcopy format
in the printed version of this report. Electronic copiestd# historic Lake What-
com Hydrolab data are available on the CD that accompaneprihted report
or may be obtained by contacting the Institute for WatersBeralies, Western
Washington University, Bellingham, WA, 98225.
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D.2 Lake Whatcom Water Quality Data

Water quality data from the current sampling period areudet in hardcopy
format in the printed version of this report. Bacteria deagennot been included
in this appendix, but are available from the City of Belliagh Public Works

Department. Electronic copies of the historic Lake Whateeater quality data
are available on the CD that accompanies the printed reponay be obtained
by contacting the Institute for Watershed Studies, Wedtashington University,

Bellingham, WA, 98225.
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D.3 Lake Whatcom Plankton Data

Lake Whatcom plankton data from the current sampling peaiedincluded in
hardcopy format in the printed version of this report. Eilexic copies of the
historic Lake Whatcom plankton data are available on the & a&ccompanies
the printed report or may be obtained by contacting the tutstifor Watershed
Studies, Western Washington University, Bellingham, W8225.
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D.4 Lake Whatcom Tributary Data

Lake Whatcom monthly creek data and the revised 48-hr aiputiata are in-

cluded in hardcopy format in the printed version of this mepdlardcopies of

the Austin Creek and Beaver Creek intensive tributary nooimty were published

in an earlier report. Bacteria data have not been includetighappendix, but

are available from the City of Bellingham Public Works Depaent. Electronic

copies of all verified tributary data are available on the GBttaccompanies the
printed report or may be obtained by contacting the Ingtitat Watershed Stud-
ies, Western Washington University, Bellingham, WA, 98225
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D.5 Storm Water Treatment Monitoring Data

The storm water treatment data from the current samplinggere included in
hardcopy format in the printed version of this report. Baatdata have not been
included in this appendix, but are available from the CityBeflingham Public
Works Department. Electronic copies of the historic storatew treatment data
are available on the CD that accompanies the printed reponay be obtained
by contacting the Institute for Watershed Studies, Wedtashington University,
Bellingham, WA, 98225.
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D.6 Lake Whatcom Electronic Data

The annual Lake Whatcom reports include a CD containinghesHydrolab and
water quality data; Austin Creek, Anderson Creek, and S@rdek hydrograph
data; tributary data,; plankton data; and storm waterrreat system monitoring
data. The files included on the CD are described in theddégme.txt included
on the CD. Bacteria data have not been included in this appdnd are available
from the City of Bellingham Public Works Department.

Unless otherwise indicated, the electronic data files IN®& been censored to
flag or otherwise identify below detection and above debectialues. Refer to
Tables 1 and D1 (pages 14 and 333) for applicable detectiutsland abbrevia-
tions. Itis essential that any statistical or analyticalites that are generated using
these data be reviewed by someone familiar with statistice¢rtainty associated
with uncensored data.
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D.7 AmTest Metals and TOC (Lake, Creeks, Storm Water)

Copies of the AmTest analytical reports for metals and totg&nic carbon anal-
yses are printed in the hardcopy version of this report (ldgcollection date).
Electronic copies of these data are not available.

Sample location Date Analyses
Lake Whatcom, surface and bottom February 9, 2006 metadd cdmanic carbon

September 12,2006 metals, total organic carbon
Alabama Hill vault March 1, 1006 metals,total organic carfdoydrocarbong
Park Place wet ponds March 1, 2006 metals, total organi@carb

May 24, 2006
South Campus storm drain November 10, 2005 metals, totahargarbon

April 19, 2006 metals, total organic carbon

Sites Codes for the AmTest reports are as follows:

Lake Sites Storm Water Treatment Sites
110 Site 1, surface (0.3 m) ALA IN Alabama inlet
11 B Site 1, bottom (20 m) | ALA OUT Alabama outlet

21 0O Intake, surface (0.3 m) PPCOMP IN Park Place inlet

21 B Intake, bottom (10 m)] PPCOMP OUT Park Place outlet
220 Site 2, surface (0.3 m) SC IN South Campus inlet
22 B Site 2, bottom (20 m) | SC OUTE South Campus east outlét
310 Site 3, surface (0.3 m) SC OUT W South Campus west outlet
31B Site 3, bottom (80 m)
320 Site 4, surface (0.3 m
32B Site 4, bottom (90 m)
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