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Executive Summary

e This report describes the results from the 2006/2007 Lakaté#m 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 6.2, beginning ogep&00.

e During the summer the lake stratified into a warm surfacerléye epil-
imnion) and a cool bottom layer (the hypolimnion). The lakaswveakly
stratified by the first week in May, with stable stratificatioresent by the
first week in June.

e The levels of hypolimnetic oxygen have declined over tinitd 1, causing
the lake to be listed by the Department of Ecology on the 1@#dist of
impaired waterbodies in the State of Washington.

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

e Anaerobic conditions in the hypolimnion at Site 1 resulte@levated con-
centrations of ammonia, nitrate, and hydrogen sulfide byetme of the
summer. Although Site 2 had similar increases, the conagoiis were
lower than in 2006. The difference may relate to an unusisilbyt period
of lake stratification due to cold weather in May and October.

e The 2007 summer near-surface total phosphorus concemsativere
slightly lower at most sites compared to 2006. Similarlgrgbacteria and
Chrysophyta algae counts were lower at most sites. The 20@rophyll
concentrations and Chlorophyta algae counts, howevee higher than in
2006.
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e The concentrations of trihalomethanes in Bellingham'ated drinking wa-
ter increased in 2007 despite changes in water treatmentichls that re-
sulted in a short term reduction of the trihalomethanes iB620This in-
crease is consistent with the increasing chlorophyll cotraéions in 2007.

¢ All of the mid-basin fecal coliforms counts were less thancfi@100 mL.
The coliform counts at the Bloedel-Donovan recreationabgicollected
near the dock offshore from the swimming area) were slighigyer than
mid-basin counts, but passed the freshwitdraordinary Primary Contact
Recreationabacteria standard for Washington State.

e Zinc and iron were detected at all sites in the lake, but weathimnvnor-
mal ranges for the lake. Other metals were occasionallyctezte but the
concentrations were near the limits of detection.

e Adiurnal study was conducted beginning at dawn and endieg sfinset to
measure temperature, dissolved oxygen, pH, and condycat/two hour
intervals from the surface to bottom at Site 1. The resulls eantify the
amount of change that occurs in the water column througtheuday.

e Tributaries were sampled in February and September 2003llectbase-
line data from locations that were sampled monthly in 2000&2 Most of
the tributaries had relatively low concentrations of tetadl dissolved solids,
low alkalinities and conductivities, and low levels of aie and ammonia.
Residential streams had higher concentrations of totatisssblved solids,
higher alkalinities and conductivities, and higher nuttieoncentrations.

e The relationship between turbidity and total phosphorus &eamined in
the 2004—2007 tributary data using regression analyskseafaw and log;-
transformed data. Although there were significant regoessfor most
sites, the linear models were heavily influenced by outliarsl most re-
gressions had a high degree of uncertainty.

e A water balance was applied to Lake Whatcom to identify itjomaater
inputs and outputs and to examine runoff and storage. Thernmgjuts into
the lake during WY200%included surface and subsurface runoff (74.2%),
direct precipitation (18.2%), and water diverted from thieltdle Fork of the
Nooksack River (7.5%). Outputs included Whatcom Creek1@oj, the

Iwater Year 2007 covers the period from October 1, 2006 tHi@eptember 30, 2007
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City of Bellingham (10.5%), Georgia Pacific (2.0%), evarionma (7.2%),
the Whatcom Falls Hatchery (2.5%), and the Lake Whatcom i\ate
Sewer District (0.6%¥.

e Four storm water treatment systems were monitored in 2006/2he Park
Place sand filtéy the Alabama Hill underground storm water treatment
vault; the Brentwood wet ponds; and the South Campus stottier waat-
ment facility, which is outside the Lake Whatcom watershed,is used as
a reference site.

e Most of the storm water treatment systems removed suspesatield from
the runoff, with percent reductions ranging from 29-89%e Hark Place
system was retrofitted in 2006, adding a series of sand filéed this site
had very high suspended solids removal efficiencies in 285+89%).
Phosphorus removal efficiencies were low and inconsistergifes inside
the watershed (-38—-33%); only the South Campus systemdgedwionsis-
tent phosphorus removal (67% in 2007).

2Formerly Water District #10
3Formerly the Park Place wet ponds
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1 Introduction

This report is part of an on-going series of annual reports special project
reports that document the Lake Whatcom monitoring prograen tme. Many
of the reports are available online at http://www.ac.wwlu/e'iws (follow links
under Lake Studies to Lake Whatcom); older reports are ablailin the IWS
library and through the City of Bellingham Public Works Depaent. A summary
of the Lake Whatcom reports, including special project regpas included in
Section 6.2, beginning on page 100.

Lake Whatcom is the primary drinking water source for they @it Bellingham
and parts of Whatcom County, including Sudden Valley. Lakeatdom has also
served as a water source for the Georgia-Pacific Corporatithfy, 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 2006/2007 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 AndersAnstin, and Smith

Creeks; and update the hydrologic model for Lake Whatcom.

4The Georgia-Pacific Corporation closed its Bellingham puiiboperations in 2001, reducing
its water requirements from 30-35 MGD to 7-12 MGD. By 200& \later requirements had been
reduced to 0.6—3.88 MGD; the mill closed its operations icéeber 2007.
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Detailed site descriptions can be found in Appendix A. Thstdric lake data are
plotted in Appendix B. The current quality control resulesdoe found in Ap-
pendix C. The 2006/2007 monitoring data are printed in ApipeD in hardcopy
versions of this report and are available online at httpvinac.wwu.edutiws.
Table D1 on page 371 (at the beginning of Appendix D) listsrahtions and
units used to describe water quality analyses in this doatime

2 Lake Whatcom Monitoring

2.1 Site Descriptions

Water quality samples were collected at five long-term nuoimg sites in Lake
Whatcom (Figure Al, page 107 in Appendix A.1). Sites 1-2 apated at the
deepest points in their respective basins. The Intakessiteated adjacent to the
underwater intake point where the City of Bellingham withas lake water from
basin 2. Site 3 is located at the deepest point in the northidorbasin of basin
3 (north of the Sunnyside sill), and Site 4 is located at 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 3 & 4, November 1 & 2 and Decebnked 2,
2006; and February 6 & 8, April 4 & 5, May 1 & 3, June 5 & 7, July 1112,
August 1 & 2, and September 5 & 6, 2007. Each sampling eventmsili-day
task; all samples were collected during daylight hoursicsity 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 (page 163l fmtals analyses
(arsenic, cadmium, chromium, copper, iron, mercury, fidead, and zinc) and
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total organic carbon analyses were done by AmYe&tlankton 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 17-21) summarize the current field measate, ambient
water quality, and coliform data. The raw data are incluge8ppendix D and are
available online at http://www.ac.wwu.edulvs. The monthly Hydrolab profiles
for temperature, dissolved oxygen, conductivity, and pél @lotted in Figures
B1-B50 (pages 118-167).

The 2006/2007 lake data are plotted with historic lake datgures B51-B130
(pages 169-249). These figures are scaled to plot the fgerahLake Whatcom
water quality data including minimum, maximum, and outiralues, and do not
provide the best illustration of trends that occur in theelaBeparate tables and
figures are provided to show trends and illustrate specitiepss in the data.

2.3.1 Water temperature

The mid-winter Hydrolab profiles (e.g., Figures B16—-B20g¢m 133-137) and
the multi-year temperature profiles (Figures B51-B55, pd@®—-173) 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.

SAmTest, 14603 N.E. 87th St., Redmond, WA, 98052.




2006/2007 Lake Whatcom Final Report Pdge

The summer Hydrolab profiles (e.g., Figures B46—B50, pa@as-167) illus-
trate how the lake stratifies into a warm surface layergiémnion and a cool
bottom layer, thehypolimnion The transition zone between the epilimnion and
hypolimnion, themetalimnionis a region of rapidly changing water temperature.
When stratified, the Hydrolab profiles reveal distinct diigeces between surface
and bottom temperatures.

Stratification develops gradually, and once stable, psraistil fall or winter, de-
pending on location in the lake. Climatic differences albertiming of lake strat-
ification; if the spring is cool, cloudy, and windy, the lakdlstratify later than
when it has been hot and sunny.

In Lake Whatcom, all sites except the Intake, which is todlshato develop a
stable stratification, are usually stratified by June. Biration may begin as early
as April, but is often not stable until May or June. The siapdf stratification is
determined in part by the temperature differences in themgatiumn, but also by
water circulation and local weather patterns. Once theneatemn temperature
differs by at least 5C, it is unlikely that the lake will destratify. Typicallyhts
occurs in all three basins by early June.

Destratification occurs abruptly in basins 1 and 2, and maaduglly in basin 3.
The lake cools as the weather becomes colder and day lengtieis. Basins 1
and 2 (Sites 1-2) destratify by the end of October, whilerba¢Bites 3—4) is often
still stratified in November or early December. Completa@dication probably
occurs in late December or early January in basin 3, so themwe collect winter
samples in February, the temperatures are relatively umitbroughout the water
column.

Although destratification is relatively abrupt, the prace$ mixing the lake from
surface to bottom is not instantaneous. In November, thenaaiumn temper-
atures at Sites 1 and 2 were nearly uniform, but the dissalxgden, pH, and
conductivity profiles indicated that the water column was campletely mixed
(Figures B6—-B7, pages 123-124). By December, Sites 1 andgeshthe typi-
cal, mixed water column, with nearly uniform temperatutd, ponductivity, and
dissolved oxygen at all depths (Figures B11-B12, pagesliZH-

The historic water temperature data indicate that the dmediar? temperatures
in basin 3 are cooler than basins 1 and 2, and the two shallemaxperi-

5The median is the center of a data set; half the data are abeveddian and half are below.
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ence more extreme temperature variations. The lowest ayeeéii temperatures
measured in the lake since 1988 were at Site 1 {€.»n February 1, 1988 and
February 26, 1989; 23 on August 13, 1997). The large water volume in basin
3 moderates temperature fluctuations, so water tempesaituiigasin 3 change
slower in response to weather conditions compared to tHeghidasins.

Most of the 2007 surface water temperatures were close tcameédlues for the
lake. May and October were unusually cold compared to histtata, and July
was unusually warm (Figure 1, page 28). The lake was weakdyifstd by the
first week in May A T < 5° C), with stable stratification present at Sites 1-4 by
early June (Figures B26—B35, pages 143-152).

2.3.2 Dissolved oxygen

Low oxygen conditions are associated with a number of urelppewater quality
problems in lakes, including loss of aquatic habitat; reéeaf nutrients (phospho-
rus and nitrogen) from the sediments; increased rates af pfgduction due to
release of nutrients; unpleasant odors during lake dégtation; fish kills, par-
ticularly during lake destratification; release of metaid arganics from the sed-
iments; increased mercury methylation; increased driniuater treatment costs;
increased taste and odor problems in drinking water; anckased risks asso-
ciated with disinfection by-products created during thieking water treatment
process.

As in previous years, Sites 1 and 2 developed severe hypetiowxygen deficits
by mid-summer (Figures B41-B42 and B56-B57, pages 1581863 24-175).
Hypolimnetic oxygen depletion only becomes apparent ateatification, 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 eéatial nutrients such
as phosphorus, biological respiration has less influendeypolimnetic oxygen
concentrations (e.g., Figures B50 and B60, pages 167 arjdIhZntrast, Site 1
shows rapid depletion of the hypolimnetic oxygen conceiatng following strat-
ification (Figures B46 and B56, pages 163 and 174).
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The levels of hypolimnetic oxygen have declined over timé&ig¢ 1, causing
the lake to be listed by the Department of Ecology as an “ingadiwaterbody
(Pelletier, 1998). The increasing rate of oxygen loss is most apparent during
July and August, after the lake develops a stable thernetifstation, but before
oxygen levels drops near zero.

To illustrate this trend we fitted the July and August datagisain exponential
function (see discussion by Matthews, et al., 2004). Ascatgid in Figures 2—
5 (pages 29-32), there were significant negative correlatietween dissolved
oxygen and time for all samples collected from the hypolonmiluring July and
August® For the past two years, the hypolimnion has become nearkrabi at
depths greater than 12 meters by August, so the trend lirugust is beginning
to flatten.

A region of supersaturated oxygen was evident in the metédimat Site 1 in
June and July (e.g., Figure B31, page 148). This was causedebgccumu-
lation of phytoplankton along the density gradient betw#enepilimnion and
hypolimnion in basin 1, where light and nutrients are swgfitito support very
high levels of photosynthesis. Chlorophyll concentratiovithin the metalim-
netic oxygen peak may be 4-5 times higher than those measeegdhe surface
of the lake (Matthews and DeLuna, 2008).

Sites 3—4 developed small oxygen sags near the bottom ddurigg late sum-
mer or fall (e.g., Figure B4, page 121). Both sites occadipimiad small oxy-
gen sags near the thermocline (e.g., Figure B4), which wasechby respiration
of heterotrophic bacteria that accumulate along the degs#tdient between the
epilimnion and hypolimnion (Matthews and DeLuna, 2008).

2.3.3 Conductivity and pH

The Hydrolab pH and conductivity data followed trends thatewypical for Lake
Whatcom, with only small differences between sites and tdeffFigures B61—

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

8Correlation analyses were used to examine the strengthlaiforeships between two vari-
ables. Correlation test statistics range from —1 to +1; theer to+1, the stronger the correla-
tion. The significance is measured using the p-value; s@grificorrelations have p-value$.05.
Monotonic linear correlations were measured using Pe& spnonlinear (e.g., exponential) cor-
relations were measured using Kendatl’s
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B70, pages 179-188). Surface pH values increased duringutinener due to

photosynthetic activity and hypolimnetic pH values deseshdue to decompo-
sition and the release of dissolved compounds from the ssdsn A significant

long-term trend was apparent in the conductivity data. Titead is the result

of changing to increasingly sensitive equipment duringpast two decades, re-
sulting in lower values over time, and does not indicate antya change in the
conductivity in the lake (Matthews, et al., 2004).

2.3.4 Alkalinity and turbidity

Because Lake Whatcom is a soft water lake, the alkalinityesvere fairly low
at most sites and depths (Figures B71-B75, pages 190-184hdthe summer
the alkalinity and conductivity values at the bottom of Sile-2 increased due to
decomposition and the release of dissolved compounds iower waters.

The turbidity values were mostly less than 1-2 NTU excepingulate summer
in samples from the lower depths at Sites 1-2, and occasyoBie 3 (Figures
B76-B80, pages 195-199). The high turbidity levels neabtittom are an in-
dication of increasing turbulence in the lower hypolimnamthe lake begins to
destratify. The influence of winter storms on turbidity candeen in the samples
from December 1996. At that time, the water column was thginbumixed at
Sites 1 and 2, so higher turbidities were measured at alhdepiasin 3, however,
was still stratified below 40-50 m so higher turbidities wereasured only in the
epilimnion.

The turbidity patterns at Site 1 have been slightly atypicathe past two years
(Figure B76, page 195). Historically, there were large gaakurbidity just prior

to destratification in samples from 20 meters. In 2006 and7260wever, the
peaks at 20 meters were less pronounced, despite relatigélyurbidity values at
other depths in the water column. It is possible that we miisise short intervals
of time in 2006 and 2007 when these peaks occurred, or theyebma new

turbidity pattern developing at Site 1.

2.3.5 Nitrogen and phosphorus

Figures B81-B105 (pages 200-224) show the nitrogen andopbass data for
Lake Whatcom. Nitrogen and phosphorus are important migrithat influence
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the amount and type of microbiota (e.g., algae) that grovhenléke. 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 205-209), particularlyitet § where the
epilimnetic nitrate concentrations often fall below 28-N/L by the end of the
summer. Epilimnetic nitrogen depletion is an indirect measof phytoplank-
ton productivity, and because algal densities are inangasiroughout the lake,
epilimnetic dissolved inorganic nitrogen concentrati¢iN)° may be dropping
over time (Figure 6, page 33). As discussed earlier, the =2mof007 appeared
to have a relatively short period of stratification, and t@@2DIN results were
atypical at Sites 2-4, so the DIN pattern is not yet clearbaleisshed. Coincident
with low DIN concentrations, late summer is when we usualhyl fihe highest
densities of nitrogen-fixing Cyanobacteria (also known lagdreen bacteria or
bluegreen algae).

Hypolimnetic nitrate concentrations dropped below26N/L at Sites 1 and 2. In
anaerobic environments, bacteria reduce nitrate;(N@ nitrite (NQ; ) and nitro-
gen gas (N). The historic data indicate that nitrate reduction hasytmemmon
in the hypolimnion at Site 1, but was not common at Site 2 duh&lsummer of
1999. At Site 2 the hypolimnetic nitrate concentrationgied below 2Q.g-N/L
in 2006 (and from 1999-2005), but not in 2007.

Ammonia, along with hydrogen sulfide, is often an indicatbthgpolimnetic

anoxia. Ammonia is produced during decomposition of orgamtter. Ammonia
is readily taken up by plants as a growth nutrient. In oxyges&nvironments,
ammonia is rarely present in high concentrations becauseapidly converted
to nitrite and nitrate through biological and chemical gsses. In low oxygen
environments, ammonia accumulates until the lake defs@sati High ammonia
concentrations were measured just prior to destratificatidhe hypolimnion at
Sites 1 and 2 (Figures B81 & B82, pages 200 & 201). Elevatedlhyppetic am-

monia concentrations have been common at both sites thootigfre monitoring
period, but beginning in 1999 the concentrations increasstteably at Site 2
(Table 7, page 22). In 2007, however, the hydrogen sulfidesamtionia levels

90Only Cyanobacteria and a few uncommon species of diatomas®nitrogen gas.

10pjssolved inorganic nitrogen includes ammonium, nitrate] nitrite. Under most conditions,
epilimnetic concentrations of ammonium and nitrite areyMew, so epilimnetic DIN is nearly
equivalent to nitrate.
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were considerably lower at Site 2 compared to Site 1 (se@sksan on page 9).

Sites 3 and 4 often have slightly elevated ammonia cond@msaat 20 m (metal-
imnion) or near the bottom at 80—90 m (Figures B84—-B85, p208s-204). This
is caused by bacterial decomposition of organic matter,theitconcentrations
never approach the levels found in the hypolimnion at Sités 1

Although the Lake Whatcom microbiota require nitrogen, ggtwrus is usually
what limits microbial growth (Bittner, 1993; Liang, 1994 dthews, et al., 2002a;
McDonald, 1994). Soluble forms of phosphorus (e.g., s@phlosphate) are eas-
ily taken up by microbiota, and, as a result, are rarely faarkdgh concentrations
in the water column. Insoluble phosphorus can be presefteirwater column
bound to the surface of tiny particles or as suspended argaaiter. 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 totadgphorus bound to
the surface of soil collected from a construction site inlthke Whatcom water-
shed was “bioavailable” and could be extracted by algae aonwbhbiota.

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

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

lake mixes in the fall, the hypolimnetic phosphorus will bexed throughout the
water column. As oxygen concentrations increase duringngjxany soluble
phosphorus that has not been taken up by biota will usuallgdmeerted back
into insoluble phosphorus.

Total phosphorus and soluble phosphate concentratioreswgeally low except in
the hypolimnion at Sites 1 and 2 just prior to destratificaijbigures B96—B100,
pages 215-219 and B101-B105, pages 220-224). Epilimmedcghosphorus
concentrations are usually lower than late-summer hypwin peaks, but the
levels of epilimnetic total phosphorus have been increaginoughout the lake
(Figure 7, page 34). Prior to 2000, the median epilimnetmspihorus concentra-
tions were below analytical detection levélat Sites 3 and 4, and usually below
detection at Site 2. Since 2000, most of the medians havedis®re detection.

Analytical detection limits vary slightly from year to yea#istorically, the detection limits
were about 5:g-P/L; currently, the total phosphorus detection level.&;3)-P/L.
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Site 2 hypolimnetic nitrogen and phosphorus: Many of the Site 2 hypolim-
netic by-products of anoxia, including ammonia and totalgghorus, were lower
in 2007 compared to 2005 and 2006. The reason for these atypgults is not
clear; however, the length of lake stratification may be @ofadviay 2007 was
unusually cool, and the lake stratified relatively late. Blypnetic oxygen de-
pletion does not occur as fast at Site 2 as at Site 1, and th@ihypon at Site 2

still contained 2—4 mg/L of oxygen during the first week of Aisg The Site 2
hypolimnion was anoxic in September, but October was unlyst@d, and Site 2

was destratified by the first week in November 2007. As a regghdthypolimnion

was anoxic for no more than 2 months, which may not have beendaough to

develop high concentrations of hydrogen sulfide, ammomiphosphorus.

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 coratéstis were usually
collected at 0—15 m, while samples from 20 m had relativelydblorophyll con-
centrations. Twenty meters is near the lower limit of thetghzone, so the light
levels are not optimal for algal growth at this depth.

The Lake Whatcom plankton counts were usually dominated lysdphyta,

consisting primarily of diatomsDinobryon and Mallomonas(Figures B121—
B130, pages 240-249). Substantial blooms of bluegreeeti@¢Cyanobacteria)
and green algae (Chlorophyta) were also measured at allditeng summer and
late fall. Previous analyses of algal biomass in Lake Whatoalicated that al-
though Chrysophyta dominate the numerical plankton co@wanobacteria and
Chlorophyta often dominate the plankton biomass, paditylin late summer
and early fall (Ashurst, 2003; Matthews, et al., 2002b).

Secchi depths (Figures B111-B115, pages 230-234) showetkaoseasonal
pattern because transparency in Lake Whatcom is affectquhtiiculates from
storm events and the Nooksack River diversion as well as blgams

Indications of eutrophication: Eutrophication is the term used to describe
lake that is becoming more biologically productive. It cgplg to an unpro-
ductive lake that is becoming slightly more eutrophic, oradpictive lake that
is becoming extremely eutrophic (see Wetzel, 1983, for nad»@ut eutrophica-
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tion and Matthews, et al., 2005, for a description of the deahand biological
indicators of eutrophication in Lake Whatcom).

The median near-surface summer chlorophyll concentraiimreased at all sites
(Figure 8, page 35), especially at Site 1. Conversely, algaierical counts were
lower in 2007 for all major groups except Chlorophyta (Fegi®—10, pages 36—
37). This discrepancy between higher chlorophyll coneiuins and lower algal
counts reflects the difference between algal biomass (@pihgil) and numerical
counts. Algae come in different sizes. Most of the Chrysa@laye large enough
to be counted as individual cells. Many of the Cyanobactand Chlorophyta
are counted by colonies because the individual cells arg tugy. Colonies of
Cyanobacteria and Chlorophyta contain much more algal &@sithan individual
Chrysophyta cells. As a result, changes in numerical caloni always correlate
with changes in algal biomass. Numerical counts are besttoseok for trends
within the same type of algae (e.g., are the numbers of Cyanteba increasing?)
and algal biomass is best used to evaluate changing troalticsge.g., is the lake
becoming more biologically productive).

Lake Whatcom algal taxonomy: Plankton counts are included as part of the
long-term lake monitoring project, but the counts are daiegibroad taxonomic
groups (e.g., Cyanobacteria, Chlorophyta, etc.). Altiihgre have been several
graduate and undergraduate projects that involved igemgiand quantifying al-
gae in Lake Whatcom, there has not yet been a systematicptterescribe the
algal taxonomic diversity of the lake. To begin this pro¢cess sent algal samples
collected on April 3, 2007 to the Academy of Natural ScienceBhiladelphid?
for taxonomic identification. The Academy completed a tait list (Tables 8—
10, pages 23-25) and provided digital images for most taixa(és B131-B170,
pages 251-290 in Appendix B.4). Because the samples wdezitsal in early
spring, the plankton were dominated by Chrysophyta (dig)aand Chlorophyta;
Cyanobacteria were poorly represented. We plan to coliéditianal samples
during 2008 to add to the taxonomic list for Lake Whatcom.

121900 Benjamin Franklin Parkway, Philadelphia, PA, 19103
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2.3.7 Coliform bacteria

The current surface water standards are based on “designese’ cate-
gories, which for Lake Whatcom is “Extraordinary Primary ract Recre-
ation.” The standard for bacteria is described in ChapteB—201A of
the Washington Administrative Code, Water Quality Staddarfor Sur-
face Waters of the State of Washington (online version ak#al at
http://www.ecy.wa.gov/biblio/wac173201a.html):

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

All of the mid-basin (Sites 1-4) and Intake values for feaaliforms were less
than 10 cfd3/100 mL (Figures B116-B120, pages 235-239) and passeckste fr
waterExtraordinary Primary Contact Recreatidracteria standard.

Coliform samples collected near the dock offshore from tha@e8el-Donovan
swimming area had slightly higher counts than at Site 1 (bagin). None of the
Bloedel-Donovan counts exceeded 100 cfu/100 mL, and witoagtric mean of
3.2, the Bloedel-Donovan site passed both parts of the ratsinExtraordinary
Primary Contact Recreatiobacteria standard.

2.3.8 Metals

The metals data for Lake Whatcom are included in Table 11g@28). This
table includes only the regularly contracted metals (acseadmium, chromium,
copper, iron, mercury, nickel, lead, and zinc); Appendi% Dsts concentrations
for 24 additional metals that are included as part of theydital procedure used
by AmTest. In 1999, AmTest upgraded their equipment andyéinal procedures
for most metals. As a result, many of the analyses now haverlastection
limits, resulting in fewer “below detection” data (bdl). @&e newly detectable
metals probably not represent increased metals condensan the lake.

13Colony forming unit/100 mL; cfu/100 mL is sometimes labeledlonies/100 mL.”
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Most of the metals concentrations were within normal cotreg¢ion ranges for

the lake. Iron and zinc were detectable at all sites durityusey and September.
The highest iron concentrations, 1.590 mg/L and 1.160 mgére measured in
September at the bottom of Sites 1 and 2, respectively. Téwated iron con-

centrations at Sites 1 and 2 were the result of sedimentébwan converting to

soluble forms under anaerobic conditions and leachingtimcoverlying water.

Chromium, copper, lead, and mercury were detected in mattyeadamples, but
at levels close to detection limits and typical for Lake \\dwan.

2.3.9 Total organic carbon and disinfection by-products

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

The 2006/2007 total organic carbon concentrations at ttekénwere fairly low
(Table 12, page 27). The long-term data, however, suggaistith concentrations
may be increasing over time, particularly at the raw wateelgause (Figure 11,
page 38):*

As illustrated in Figure 12 (page 39), THMs have been inénggis Bellingham’s
treated drinking water, particularly during the fall (thiquarter). To address this,
the City used different treatment chemicals in 2006 to ojzgmemoval of organic
matter before the disinfection step in the drinking wateatment process. The
additional treatment increased annual treatment costd®W80-12,000, and was
initially encouraging because the THMs were lower in 260B8nfortunately, the
2007 THMs concentrations have resumed an upward trend.

4Gatehouse data were provided by the City of Bellingham Rinbirks Department.
15Cost estimates provided by the City of Bellingham Public K¢gdDepartment.
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Haloacetic acids (another important disinfection by-miyl are not as closely
linked to algal concentrations and chlorine dose (Sund,,€2@00), and in previ-

ous reports, were not significantly correlated with timee Bmnual HAAS corre-

lations are now marginally significant, possibly becausthefincreasing sample
size® The third quarter HAAs were not significantly correlatediwtime.

2.3.10 Site 1 diurnal study

Diurnal studies measure lake patterns that fluctuate onlya lolasis, such as al-
gal migrations up and down the water column in response 4, ligy dissolved
oxygen changes over a 24-hr period. This type of informakielps provide a
comparison for the changes we observe from month to montly@audto year.

The Lake Whatcom diurnal study was designed to measure haosh rliange
was occurring in temperature, dissolved oxygen, pH, andectivity at a single
site (Site 1) within a single day (August 7, 2007). The studsplved collecting
Hydrolab temperature, oxygen, pH, and conductivity preféeery two hours,
beginning at dawn (4:18 am) and ending just after sunse® (@)1’

Diurnal temperatures (Figures 13—-14, pages 40—-41) weecagsistent within

the epilimnion (0—6 m) and hypolimnion (12—-20 m). Epilimogemperatures
cooled slowly during the day, probably because the weathsravercast and un-
usually cool. As expected, metalimnetic temperaturesWdld a depth gradient,
becoming increasingly cooler near the bottom of the lake Mletalimnetic tem-
peratures also oscillated over time at each depth. The Hpllmeasures true
depth, so these oscillations were probably not caused loeumate depth mea-
surements, but rather by internal waves in the metalinifiion

The diurnal oxygen levels were also very consistent witheepilimnion and hy-
polimnion. The metalimnion oxygen concentrations de@édasth depth and os-
cillated over time (Figures 15-16, pages 42—-43). The mokirgg difference was
that the uppermost metalimnetic samples had oxygen legstsbling the epil-
imnion, while the lowermost metalimnetic samples resechtie hypolimnion.

18Correlation significance is a function of the correlaticatistic and sample size; as the sample
size increases, the critical value for determining siatissignificance decreases.

"The times listed for the diurnal study were Pacific StandandeT not adjusted for daylight
savings time.

8For a more complete discussion of waves and water moveméakes, see Wetzel, 1983.
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The diurnal pH results were similar to temperature and omygsults: epilimnion
and hypolimnion pH readings were consistent, while metailom samples fol-
lowed a depth gradient and oscillated with time (Figures1B/-pages 44-45).
The lowest metalimnetic pH values (11 m) were similar to Hypoetic data.

The diurnal conductivity data did not follow the same patteas temperature,
oxygen, and pH. Instead, conductivities decreased thimutghe day, with nearly
the same amount of variation at all depths (Figures 19-2@e946-47). Epil-
imnetic conductivities started higher and ended lower thizwer depths (Figure
19), suggesting a possible link to algal photosynthesisal§ae photosynthesize,
they take up inorganic carbon from the water column and aorve carbohy-
drates. In “soft” water lakes like Lake Whatcom, inorgaracton levels are often
so low that photosynthetic uptake can be tracked duringglatyhours. The inor-
ganic carbon levels are replenished at night as dissolvbdcalioxide combines
with water to form carbonic acid and bicarbonate, the domtitype of inorganic
carbon in soft water lakes. Although conductivity is notedity linked to pho-
tosynthesis, it is a measure of the concentration of digsblgns in water. In
most soft water lakes, carbonic acid and bicarbonate datest substantial frac-
tion of the dissolved ions, so photosynthetic removal os¢himorganic carbon
compounds could be reflected in decreasing daytime comitiesi
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Historic 2006/2007 Sensitivity or
Parameter Method DLT MDL Confidence limit
Conductivity-field Hydrolab (1997), field meter - - + 2 uSlem
Conductivity-lab APHA (2005) #2510, low-level, SOP-LW-9 - - + 0.8uS/em
Dissolved oxygen-field  Hydrolab (1997), field meter - - + 0.1 mg/L
Dissolved oxygen-lab APHA (2005) #4500-0.C., Winkler, SON-12 - - + 0.1 mg/L
pH-field Hydrolab (1997), field meter - - + 0.1 pH unit
pH-lab APHA (2005) #4500-F, low-ionic, SOP-LW-8 - - 4+ 0.03 pH unit
Temperature Hydrolab (1997), field meter - - +0.1°C
Alkalinity APHA (2005) #2320, low level, SOP-IWS-15 - - + 0.7 mg/L
Discharge Rantz et al. (1982), rating curve, SOP-IWS-6 - - -
Secchi depth Lind (1985) - - +0.1m
T. solids APHA (2005) #2540 B, gravimetric, SOP-LW-22 - 5.8/m + 7.7 mg/L
T. suspended solids APHA (2005) #2540 D, gravimetric, SO\RA2 2 mg/L 2.6 mg/L + 1.5 mg/L
Turbidity APHA (2005) #2130, nephelometric, SOP-LW-11 - - + 0.2 NTUs
Ammonia (auto) APHA (2005) #4500-N4H., phenate, SOP-LW-19 10g9-N/L 5.4 ug-N/L + 6.9 ug-N/L
Nitrite/nitrate (auto) APHA (2005) #4500-Nf., Cd reduction, SOP-IWS-19 20g-N/L 6.4 ug-N/L + 4.9 ug-NJ/L
T. nitrogen (auto) APHA (2005) #4500-N C., persulfate diges SOP-IWS-19  10Q:g-N/L 11.3ug-N/L +18.1ug-N/L
Sol. phosphate (auto) APHA (2005) #4500-P G., ascorbic &P-IWS-19 5ug-P/L 1.8ug-P/L + 3.1 pug-P/L
T. phosphorus (auto) APHA (2005) #4500-P H., persulfatestign, SOP-IWS-19  hg-P/L 3.9ug-P/L + 5.9u0-P/IL
Chlorophyll APHA (2005) #10200 H, acetone, SOP-IWS-16 - - + 0.1 mg/n¥
Plankton Lind (1985), Schindler trap - - -
Fecal coliform (City) APHA (2005) #9222 D, membrane filter fw/aoo mL - -

T Historic detection limits (DL) are usually higher than ent method detection limits (MDL). See Appendix D for adufiél 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) 185 19.7 206 275 2.2 50
Conductivity (:S/cm} 57.6 59.0 60.2 78.2 3.7 166
Dissolved oxygen (mg/L) 0.2 101 8.3 125 4.3 208
pH 6.3 7.4 7.4 8.9 0.6 208
Temperature°C) 4.7 10.8 114 225 45 208
Turbidity (NTU) 0.4 0.8 1.0 3.3 0.6 50
Nitrogen - ammoniumy(g-N/L) <10 <10 334 3341 69.8 50
Nitrogen - nitrate/nitrite 4g-N/L) <20 231.3 193.9 356.0 134.7 350
Nitrogen - total {1g-N/L) 215.0 431.7 394.2 496.0 94.4 50
Phosphorus - soluble:g-P/L) <5 <5 <5 25.2 3.5 50
Phosphorus - totaj{g-P/L) <5 7.8 10.0 68.5 10.7 50
Chlorophyll (mg/nd) 0.5 3.5 4.1 17.6 2.9 50
Secchi depth (m) 3.4 4.9 4.8 6.2 0.9 10
Coliforms - fecal (cfu/100 mL) <1 1 1 4 1 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.

tConductivity data are not available for Aug-Sept 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 2: Summary of Site 1 ambient water quality data, Od2620 Sept. 2007.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 18.0 19.0 19.1 21.0 0.9 2
Conductivity (:S/cm} 56.7 57.9 579 595 0.8 8
Dissolved oxygen (mg/L) 9.1 10.3 105 12.2 09 1
pH 7.2 7.8 7.8 8.4 04 11
Temperature°C) 6.1 145 13.8 215 51 11
Turbidity (NTU) 0.3 0.5 0.6 0.8 0.2 3
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 11.3 4.4 30
Nitrogen - nitrate/nitrite 4g-N/L) 91.4 249.6 246.5 384.4 105.3 K
Nitrogen - total {1g-N/L) 260.2 422.3 402.4 508.0 89.4 K
Phosphorus - soluble:g-P/L) <5 <5 <5 6.3 1.6 30
Phosphorus - totaj{g-P/L) <5 51 <5 9.0 2.8 30
Chlorophyll (mg/n) 1.4 3.3 3.3 6.1 1.3 3(
Secchi depth (m) 4.0 5.8 5.8 7.4 1.2
Coliforms - fecal (cfu/100 mL) <1 1 1 1 0 10

S 65O ®©

30
30

J

TUncensored arithmetic means except as noted; not adjustegifeated measures.

tConductivity data are not available for Aug-Sept 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 3: Summary of Intake ambient water quality data, Q62— Sept. 2007.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 179 18.8 19.4 273 1.7 50
Conductivity (:S/cm} 56.5 57.6 58.4 89.9 3.7 167
Dissolved oxygen (mg/L) 0.2 10.0 94 121 29 209
pH 6.3 7.5 7.5 8.4 0.5 209
Temperature°C) 58 11.0 122 209 46 209
Turbidity (NTU) 0.3 0.5 0.7 6.4 0.9 50
Nitrogen - ammoniumy(g-N/L) <10 <10 23.0 3541 62.0 50
Nitrogen - nitrate/nitrite 4g-N/L) <20 307.3 262.4 398.8 113.7 350
Nitrogen - total {1g-N/L) 262.6 459.9 432.0 587.7 89.9 50
Phosphorus - soluble:g-P/L) <5 <5 <5 11.0 1.7 50
Phosphorus - totaj{g-P/L) <5 <5 59 551 9.1 50
Chlorophyll (mg/nd) 0.6 3.0 3.0 7.2 1.3 50
Secchi depth (m) 4.5 5.8 6.1 9.1 1.3 9
Coliforms - fecal (cfu/100 mL) <1 1 1 2 1 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.
tConductivity data are not available for Aug-Sept 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 4: Summary of Site 2 ambient water quality data, Od2620 Sept. 2007.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 17.7 183 187 225 0.9 6[7
Conductivity (:S/cm} 55.3 56.8 569 614 1.0 197
Dissolved oxygen (mg/L) 4.3 10.1 10.1 119 1.2 247
pH 6.4 7.3 7.4 83 05 247
Temperature°C) 6.2 7.4 10.2 21.7 4.8 24[7
Turbidity (NTU) 0.2 0.4 0.5 27 04 70

Nitrogen - ammoniumy(g-N/L) <10 <10 <10 96.7 12.7 70

Nitrogen - nitrate/nitrite 4g-N/L) 113.9 388 337.1 428.1 98.0 70
Nitrogen - total {1g-N/L) 289 491.3 4579 553.3 73.8 70
Phosphorus - soluble:g-P/L) <5 <5 <5 59 13 70
Phosphorus - totaj{g-P/L) <5 5.6 54 189 3.9 70
Chlorophyll (mg/nd) 0.7 2.6 2.5 58 1.3 50
Secchi depth (m) 4.2 6.9 7.0 94 1.8 8
Coliforms - fecal (cfu/100 mL) <1 1 1 6 2 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.
tConductivity data are not available for Aug-Sept 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 5: Summary of Site 3 ambient water quality data, Od2620Sept. 2007.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 17.7 182 185 20.2 0.6 79
Conductivity (:S/cm} 55.3 56.6 56.8 588 0.9 214
Dissolved oxygen (mg/L) 7.3 101 101 119 09 26
pH 6.6 7.3 7.4 83 05 268
Temperature°C) 6.3 7.3 99 20.7 4.7 268
Turbidity (NTU) 0.2 0.4 0.4 1.0 01 80
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 26.2 55 80
Nitrogen - nitrate/nitrite 4g-N/L) 120.5 397.1 352.7 424.7 86.5 79
Nitrogen - total {1g-N/L) 297.9 496.8 468.4 550.4 64.8 80
Phosphorus - soluble:g-P/L) <5 <5 <5 55 13 80
Phosphorus - totaj{g-P/L) <5 5.5 53 127 3.0 79
Chlorophyll (mg/n) 0.7 2.5 2.5 54 1.3 50
Secchi depth (m) 4.3 8.0 7.4 9.0 16 9
Coliforms - fecal (cfu/100 mL) <1 1 1 1 0 10

TUncensored arithmetic means except as noted; not adjustegifeated measures.

tConductivity data are not available for Aug-Sept 2007.

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

Table 6: Summary of Site 4 ambient water quality data, Od1620Sept. 2007.
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Date HS (mg/L) NH; (uzg-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
October 2007  Site 1 (bottom) 0.40 324.5
Site 2 (bottom) 0.20 79.3

TSamples analyzed by Edge Analytical.

Table 7: October hypolimnetic ammonia and hydrogen sulfateentrations at
Sites 1 and 2, 1999-2007. The$isamples were analyzed in the field using a
HACH test kit until 2005, when duplicate samples were aredyay Edge Ana-
lytical, Bellingham, WA. After 2005, samples were analybgdEdge Analytical.
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Code Sitel Site2 Intake Site3 Site4
Diatoms
Achnanthidiunsp. 1 1045 - - - ° °
Actinocyclus normanii 86002 ° ° ° ° -
Asterionella formosa 9001 ° ° ° °
Aulacoseira ambigua 10008 ° ° ° ° °
Cocconeisp. T 16990 - - . . -
Cyclotella bodanica 20002 ° ° ° ° °
Cyclotella meneghiniana 20007 ° ° ° ° °
Cyclotellasp. 1 20990 ° ° ° ° °
Cyclotellasp. 2 20991 ° ° ° - °
Cymbella affinis 23073 - ° ° ° °
Diploneissp. 1 30990 ° - ° ° -
Encyonemap. 1 110039 o - - ° -
Fragilaria capucina 34006 - ° - -
Fragilaria crotonensis 34017 ° ° ° ° °
Fragilaria sp. 1 34990 - - ° -
Nitzschia sigmoidea 48177 - - ° - -
Stephanodiscus minutulus 64018 ° -
Stephanodiscus niagarae 64001 ° ° °
Stephanodiscusp. 1 64990 ° - -
Stephanodiscusp. 2 64991 - ° ° - -
Synedrasp. 1 66990 ° ° ° °
Thalassiosira pseudonana 70007 ° ° ° °
Other Chrysophyta
Dinobryon divergens 1110007 e ° ° ° -
Dinobryonsp. 1 1110002 - - ° - -
Mallomonassp. 1 1145000 e ° ° ° -

TNo photograph available

Table 8: Diatoms and other Chrysophyta in Lake Whatcom wsderples col-
lected on April 3, 2007. Presence) (or absence (-) is indicated for each site.
Taxonomic identifications were provided by the Academy ofux Sciences of
Philadelphia. Images for most species are included in ApipeB.4.
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Code Sitel Site2 Intake Site3 Sitg4

Chlorophyta

Ankistrodesmus falcatls 261000 - - - - °
Ankistrodesmusp. 1 261004 - ° ° ° °
Botryococcus braunii 279000 - - - ° -
Crucigenia quadrata 328000 ° - ° ° °
Crucigenia tetrapedia 328002 ° ° ° ° °
Elakatothrix gelatinosa 367000 - ° ° - -
Eudorina elegans 380000 ° - - - -
Mougeotiasp. 1 44400 - - . - -
Oocystis parva 458006 ° - ° ° °
Oocystissp. 1 458004 - ° - - °
Quadrigula lacustris 500000 - - ° - -
Quadrigulasp. 1 500002 e - ° - -
Scenedesmus ecornis 510002 ° ° ° °
Scenedesmusp. 1 510030 ° °
Tetraedron caudatum 553005 - - . - -
Tetraedron minimum 553002 ° ° ° ° °
Euglenophyta

Euglenasp. 1 970000 - - . - -
Cryptophyta

Cryptomonas ovata 1265003 e ° ° ° °
Cryptomonasp. 1 1265002 o - - ° °
Pyrrhophyta

Ceratium hirudinella 1334000 e - - - -
Peridinium willei 1457013 e ° ° ° °

TNo photograph available

Table 9: Non-chrysophyte algae in Lake Whatcom water sasngdlected on
April 3, 2007. Presences) or absence (-) is indicated for each site. Taxonomic
identifications were provided by the Academy of Natural 8ces of Philadel-
phia. Images for most species are included in Appendix B.4.
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Code Sitel Site2 Intake Site3 Site4
Cyanobacteria
Aphanocapsap. 1 807001 - ° ° ° °
Aphanothecep. I 808000 - - ° °
Pseudanabaengp. 1 897003 o - ° -

TNo photograph available

Table 10: Cyanobacteria in Lake Whatcom water samplesatetleon April 3,
2007. Presence) or absence (-) is indicated for each site. Taxonomic idienti
cation and species codes were provided by the Academy ofr&l&uaiences of
Philadelphia. Images for most species are included in ApipeB.4. Samples
were collected in early spring, so there were few Cyanobagteesent.
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Depth T. As T.Cd T.Cr T.Cu T. Fe T. Hg T. Ni T.Pb T.Z
(m) Date (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L) (g/L) (mg/L)
Site 1 0 Feb 8, 2007 <0.01 <0.0005 <0.001 <0.001 0.042 0.0001 <0.005 <0.001 0.002
Site 1 20 Feb 8,2007 <0.01 <0.0005 0.001 <0.001 0.146 <0.0002 <0.005 <0.001 <0.001
Intake 0 Feb 8, 2007 <0.01 <0.0005 0.001 0.001 0.061 <0.0002 <0.005 <0.001 0.011
Intake 10 Feb 8, 2007 <0.01 <0.0005 <0.001 <0.001 0.024 <0.0002 <0.005 <0.001 <0.001
Site 2 0 Feb 8,2007 <0.01 <0.0005 <0.001 <0.001 0.017 <0.0002 <0.005 <0.001 0.003
Site 2 20 Feb 8, 2007 <0.01 <0.0005 <0.001 <0.001 0.027 0.0001 <0.005 0.001 <0.001
Site 3 0 Feb 6,2007 <0.01 <0.0005 0.001 <0.001 0.024 0.0001 <0.005 <0.001 0.006
Site 3 80 Feb 6, 2007 <0.01 <0.0005 0.003 0.002 0.030 0.0002 <0.005 0.001 <0.001
Site 4 0 Feb 6,2007 <0.01 <0.0005 0.002 0.001 0.036 0.0001<0.005 <0.001 0.001
Site 4 90 Feb 6, 2007 <0.01 <0.0005 <0.001 0.007 0.056 0.0001 <0.005 0.002 0.014
Site 1 0 Sept 12,2007 <0.01 <0.0005 0.004 0.001 0.034 <0.0001 <0.005 <0.001 0.002
Site 1 20 Sept 12, 2007 <0.01 <0.0005 0.005 <0.001 1.590 <0.0001 <0.005 <0.001 <O0.001
Intake 0 Sept 12,2007 <0.01 <0.0005 0.003 0.002 0.025 <0.0001 <0.005 <0.001 0.006
Intake 10 Sept 12, 2007 <0.01 <0.0005 0.003 <0.001 0.041 <0.0001 <0.005 <0.001 0.002
Site 2 0 Sept 12,2007 <0.01 <0.0005 0.003 0.003 0.019 <0.0001 <0.005 <0.001 0.006
Site 2 20 Sept 12, 2007 <0.01 <0.0005 <0.001 <0.001 1.160 <0.0001 <0.005 <0.001 0.002
Site 3 0 Sept 12,2007 <0.01 <0.0005 0.003 <0.001 0.007 <0.0001 <0.005 <0.001 <0.001
Site 3 80 Sept 12, 2007 <0.01 <0.0005 0.003 <0.001 0.025 <0.0001 <0.005 <0.001 0.017
Site 4 0 Sept 12, 2007 <0.01 <0.0005 0.003 <0.001 0.008 <0.0001 <0.005 <0.001 0.002
Site 4 90 Sept 12,2007 <0.01 <0.0005 0.003 <0.001 0.014 <0.0001 <0.005 <0.001 0.002

Table 11: Lake Whatcom 2006/2007 total metals data. Onlyrtetals specified
in the monitoring plan are included in this table; the resttr 24 additional
metals are included in Appendix D.5.
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TOC TOC
Site Date Depth  (mg/L) Date Depth  (mg/
Site1 Feb 8, 2007 0 1.6 Sept 12, 2007 0 <1
Feb 8,2007 20 <1 Sept 12,2007 20 <1
Intake Feb 8, 2007 0 1.4 Sept 12, 2007 0 1.
Feb 8,2007 10 <1 Sept 12,2007 10 2.2
Site 2 Feb 8, 2007 0 <1 Sept 12, 2007 0 <1
Feb 8,2007 20 <1 Sept 12,2007 15 <1
Site 3 Feb 6, 2007 0 <1 Sept 12, 2007 0 15
Feb 6,2007 80 1.6 Sept 12,2007 80 <1
Site4 Feb 6, 2007 0 1.2 Sept 12, 2007 0 <1
Feb 6,2007 90 <1 Sept 12,2007 90 <1

Table 12: Lake Whatcom 2006/2007 total organic carbon data.
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Figure 1: Boxplots showing 1988-2006 surface water tentpera (depth<1
m, all sites and years) with monthly 2007 da#g. ( Boxplots show medians
and upper/lower quartiles; whiskers extend %.bnterquartile range or to maxi-
mum/minimum values; outliers lie outside Ix51QR.
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Site 11 Dissolved Oxygen by Year at Depth 12
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Figure 2: Nonlinear relationship between dissolved oxyged time at Site 1,
12 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 11 Dissolved Oxygen by Year at Depth 14
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Figure 3: Nonlinear relationship between dissolved oxyged time at Site 1,
14 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 11 Dissolved Oxygen by Year at Depth 16
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Figure 4: Nonlinear relationship between dissolved oxyged time at Site 1,
16 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 11 Dissolved Oxygen by Year at Depth 18
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Figure 5: Nonlinear relationship between dissolved oxyged time at Site 1,
18 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Figure 6: Minimum summer, near-surface dissolved inomyaitrogen concen-
trations (1994-2007, June-Oct, deptfs m). Pearson’s correlations were used
because the data were approximately monotonic-linearelations were signifi-

cant at Sites 1-3.
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Figure 7. Median summer, near-surface total phosphorusertrations (1994—
2007, June-Oct, depths5 m). Uncensored (raw) data were used to illustrate
that median values are increasingly above analytical detelimits (3.9.:.9-P/L;

Table 1). Pearson’scorrelations were used because the data were approximately
monotonic-linear; all correlations were significant.
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Figure 8: Median summer near-surface chlorophyll conedioins (1994-2007,
June-October, depthsb m). Pearson’s correlations were used because the data
were approximately monotonic-linear; all correlationgavsignificant.



2006/2007 Lake Whatcom Final Report Page

Summer Algae Counts
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Figure 9: Median summer, near-surface algae counts (100%;2une-October,

all sites and depths). Kendall’scorrelations were used because the data were not
monotonic-linear; correlations for Chrysophyta, Chldrgia, and Cyanobacteria
were significant.
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Figure 10: Median summer, near-surface cyanobacterias¢i®94—-2007, June-
October, depths’5 m). Kendall'sr correlations were used because the data were
not monotonic-linear; all correlations were significant.
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Figure 11: Total organic carbon concentrations at the mi{@#f-shore, surface
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Figure 12: Total trihalomethanes (TTHMs) and haloacetidsa¢HAAS) con-
centrations in the Bellingham water distribution syste®92-2007. Data were
provided by the City of Bellingham Public Works DepartmdPgarson’s: corre-
lations were used because the data were approximately oroodinear; corre-
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Figure 13: Site 1 diurnal water temperature patterns on Augu2007. Epil-
imnion, metalimnion, and hypolimnion categories were @ssidl based on tem-
perature changes with depth; metalimnion data were platiéd lines joining
data from the same depths (7—11 meters).
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Figure 14: Boxplots showing Site 1 diurnal water tempemapatterns on August
7, 2007. Boxplots show medians and upper/lower quartildsskers extend to
maximum/minimum values.
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Figure 15: Site 1 diurnal dissolved oxygen patterns on Augu007. Epil-
imnion, metalimnion, and hypolimnion categories were@ssil based on water
temperature; metalimnion data were plotted with linesijgjrdata from the same
depths (7—11 meters). Results from 7 and 11 meters reserapitinetic and
hypolimnetic data and were shaded accordingly.
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Figure 16: Boxplots showing Site 1 diurnal dissolved oxygatterns on August
7, 2007. Boxplots show medians and upper/lower quartildsskers extend to
maximum/minimum values.
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Figure 17: Site 1 diurnal pH patterns on August 7, 2007. Epilon, metal-
imnion, and hypolimnion categories were assigned basedropdrature changes
with depth; metalimnion data were plotted with lines jompitiata from the same
depths (7—11 meters). Results from 11 meters resembledityypaiic data and
were shaded accordingly.
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Figure 18: Boxplots showing Site 1 diurnal pH patterns on ésig7, 2007.
Boxplots show medians and upper/lower quartiles; whislextend to maxi-
mum/minimum values.
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Figure 19: Site 1 diurnal conductivity patterns on Augus@Q7. Epilimnion,
metalimnion, and hypolimnion categories were assigne@das temperature
changes with depth.
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Figure 20: Boxplots showing Site 1 diurnal conductivity tpats on August 7,
2007. Boxplots show medians and upper/lower quartilesskédrs extend to max-

imum/minimum values.
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3 Tributary Monitoring

The major objective for the tributary monitoring was to po®/baseline data for
the major tributaries that flow into Lake Whatcom. Whatconedkr was also
sampled to provide baseline data for the lake’s outlet. Migriiaseline data were
collected from 2004—-2006. This level of effort was reduged007, and tributary
data are now collected twice each year.

3.1 Site Descriptions

Twelve sites were sampled twice during 2007 (February ampdeS®er) to pro-
vide baseline tributary data in the Lake Whatcom watersliégute A2, page
108). Samples were collected from Anderson, Austin, BluayGa, Brannian,
Carpenter, Euclid, Mill Wheel, Olsen, Park Place, Silvea8le Smith, and What-
com Creeks. The sampling locations for these sites are idedcin Appendix
A.2.

3.2 Field Sampling and Analytical Methods

The analytical procedures for sampling the tributariessaramarized in Table
1 (page 16). All water samples (including bacteriologicahgles) collected in
the field were stored on ice and in the dark until they reachedldaboratory.

Once in the laboratory the handling procedures that weegael for each analysis
were followed (see Table 1). The bacteria samples were zeadlyy the City of

Bellingham at their water treatment plant. All other anal/s/ere done by WWU
personnel. Discharge measurements were collected at Blago@ Creek; all

other sites have USGS or IWS gauges that provide dischatgdalthe City.

3.3 Results and Discussion
3.3.1 Biannual monitoring

The current data are listed in Tables 13-16 (pages 52-55platieéd in Ap-
pendix B.5 (Figures B171-B212, pages 292-332). The plofspipendix B.5
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also include the monthly data collected from October 208gt&mber 2006 data
to show the typical ranges for each site. These figures iecludashed (blue)
horizontal line that shows the median value for Smith Creekasolid (red) hor-

izontal line that shows the median value for each creek. I5@iieek was chosen
as a reference because it is a major tributary to the lake asd history of being

relatively unpolluted.

Water temperatures and dissolved oxygen concentratiditsvid predictable
seasonal cycles at most sites (Figures B171-B176), witlecoémperatures and
higher oxygen during the winter and warmer temperaturesawmer oxygen dur-
ing the summer. Whatcom Creek had higher temperatures am tixygen con-
centrations than the other sites, reflecting the influenteaké Whatcom (Figures
B171 and B174). The Park Place outlet and Silver Beach Craélslightly lower
median dissolved oxygen concentrations and slightly higrelian temperatures,
which is typical for residential streams (Figures B173 aid®.

Most of the creeks in the Lake Whatcom watershed had relgtioes concen-
trations of dissolved solids, indicated by pH levels ne&-7.5, conductivities
<150 uS, alkalinities<50 mg/L, total solids<100 mg/L, and total organic car-
bon concentrations:1 mg/L (Figures B177-B191 and Table 16). Sites that did
not match this description included the residential stieéarg., Park Place outlet
and Silver Beach Creek) and Blue Canyon Creek, which draingrea rich in
soluble minerals. Most sites also had low total suspendidssconcentrations
(<10 mg/L) and low turbidities<5 NTU) except for outliers that were usually
related to precipitation events (Figures B186—B194).

Ammonia concentrations were elevated in several resiglesiteams (Park Place,
Millwheel, and Euclid Creeks), as well as in Anderson and Wi Creeks (Fig-
ures B195-B197). Ammonia does not persist long in oxygehsieface waters.
When present in streams, it usually indicates a near-bys@urch as an upstream
wetland with anaerobic soils or a pollution source. Theatest ammonia at Park
Place probably reflects residential pollution. In WhatcoreeR, it may be com-
ing from basin 1. The ammonia source in Anderson Creek is awhkn there
is a wetland, a small lake, and small “hobby farms” locatedtigam from our
sampling site.

Most of the creeks had lower total nitrogen and nitratedtgticoncentrations than
Smith Creek (Figures B198— B203). The relatively high nérand total nitro-
gen concentrations in Smith Creek may be due to the presémigagen-fixing
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alders Alnus rubrg in the riparian zone upstream from the sampling site. High
nitrate and total nitrogen concentrations are not neciéssar indication of wa-

ter pollution, and low nitrate concentrations actuallydiathe growth of nuisance
Cyanobacteria. The exceptionally low concentrations irWbm Creek reflect
algal uptake of nitrogen in the lake.

Soluble inorganic phosphate is quickly removed from s@rfaater by biota, so
high concentrations of soluble phosphorus usually indieatear-by source such
as an anaerobic wetland or a pollution source. In the Laket®¥dhatributaries,
total phosphorus concentrations were usually much higitzer $oluble phosphate
concentrations (Figures B204-B209). Total phosphorussatable phosphate
concentrations were usually highest in the residentiabstis.

High coliform counts are an indicator of residential patut (Figures B210—
B212), and many of the Lake Whatcom tributaries exceedetMh@ 173—-201A
coliform surface water standards, based on the monthly adtacted in 2004—
2006 (Matthews, et al., 2007). The current biannual momitpprogram does
not provide enough data to assess whether sites fail to ine&VAC 173—-201A
standards; however, all sites had very high coliform coumtduly 2007 ¢100

cfu/100 mL). Only one site, Silver Beach Creek, had a higlif@wh count in

February 2007 (110 cfu/100 mL).

The metals concentrations were within expected rangesnastiwere near or be-
low detection levels (Table 15). Copper, iron, and zinc witen detectable, and
were usually higher in residential tributaries, but all e&ithin normal ranges
for surface waters in the watershed.

3.3.2 Relationship between turbidity and phosphorus

There is an important relationship between sediments atadl phosphorus in

surface runoff because phosphorus is often transportddsediments, either as
particulate organic phosphorus (e.g., plant debris) oorddsl onto the surface of
fine particles. Because of this, it is theoretically possiiol predict phosphorus
concentrations by measuring runoff turbidity, which is aagmgimpler and faster
analytical procedure than measuring phosphorus. Tuybid#asurements can
even be measured directly in the field using automated sasaple

To assess the relationship between turbidity and phosphothe Lake Whatcom
watershed, we looked for significant regressions using @8222006 monthly
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tributary data (Matthews, et al., 2007) and the tributatadallected in February
and July, 2007. The data were censored to remove phosphalues\welow an-
alytical detection limits (TR<5 .-P/L).X° Only tributaries to Lake Whatcom that
were monitored in 2007 were included in this analy8igvhatcom Creek was not
included because its water quality does not reflect surfaweff flowing into the
lake.

When all tributary data were combined (Figure 21, page 9, regression
between total phosphorus and turbidity was statisticaigyniicant (p-value
<0.001), but not very accurate (low?). A log,, transformation revealed that
the untransformed regressions were biased by a few higles&iurhe low R?
resulted in a high degree of uncertainty for estimates @l tphosphorus. For
example, given a turbidity of 20 NTU, the 95% confidence waéfor predicting
total phosphorus would be 14-9@-P/L for the untransformed linear model and
23-144,9-P/L for the log, transformed linear model (Figure 22, page 57).

There were significant regressions between total phosphamd turbidity for
most of the individual tributaries (Figures 23-32, pages&8; however, the un-
transformed regressions were heavily influenced by a fetvxig points (see, for
example, the Anderson Creek results in Figure 23). Theg lmgnsformed regres-
sions provided better (less biased) models of the lineatiogiships at each site,
but the transformed regressions had loéwalues.

The only sites that did not have significant regressions éetvurbidity and phos-
phorus were Millwheel Creek (Figure 28) and Silver Beachekr@-igure 31 -
log-scale). Both are residential sites, and Millwheel ®reas an upstream pond.
Ponds trap sediment, making turbidity levels less prebietand attract wildlife,
making phosphorus transport less predictable.

19Censoring affected two samples: Smith Creek on FebruargQe¥, and Brannian Creek on
May 17, 2006. All other total phosphorus concentrationsevarove Su-P/L.

20The 2004-2006 monitoring program included additional AuSteek and Beaver Creek sites.

21| east-squares regression is heavily influenced by higregdbecause the fit is determined by
minimizing the squared distance from the fitted line.
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Alk Cond DO Temp Turb TS TSS

Site Date (mg/L) fS/cm) (mg/L) pH © (NTU) (mg/L) (mg/L)
Anderson Feb 14, 2007 19.6 63.0 12.5 7.0 5.9 2.7 53.8 43

Jul 17, 2007 15.4 53.6 9.8 7.0 142 24.8 65.3 2213
Austin Feb 14, 2007 18.7 73.2 12.2 7.4 6.2 NA 57.4 3.2

Jul 17, 2007 34.3 124.0 9.5 7.6 16.4 0.8 813 <2
Blue Canyon  Feb 14, 2007 132.1 286.0 125 7.7 7.0 3.0 175.8 1.4

Jul 17, 2007 134.6 277.0 10.5 8.2 13.9 6.0 171.9 ey
Brannian Feb 14, 2007 8.4 41.5 12.6 6.8 6.0 0.9 36.3 <2

Jul 17, 2007 16.5 50.0 7.2 6.7 128 0.6 39.2 <2
Carpenter Feb 14, 2007 21.3 71.5 12.2 7.4 6.0 0.8 549 <2

Jul 17, 2007 46.0 116.9 7.8 74 172 0.7 88.1 <2
Euclid Feb 14, 2007 324 101.9 11.3 7.3 6.6 1.8 711 <2

Jul 17, 2007 49.3 136.1 7.4 7.0 16.2 34 102.2 2.p
Millwheel Feb 14, 2007 34.3 98.7 10.1 7.3 7.0 7.7 80.8 5.5

Jul 17, 2007 85.9 185.8 0.7 72 230 6.8 135.4 6.9
Olsen Feb 14, 2007 22.1 73.9 12.0 7.5 6.1 15 63.0 412

Jul 17, 2007 44.2 117.0 9.3 7.7 16.7 0.4 846 <2
Park Place Feb 14, 2007 91.2 226.0 11.1 7.7 7.6 3.2 152.9 3.2

Jul 17, 2007 99.7 230.0 8.2 7.4 19.3 19.6 158.4 <2
Silver Beach Feb 14, 2007 61.6 163.6 12.0 7.9 6.5 4.5 114.0 3.8

Jul 17, 2007 112.2 252.0 8.5 8.0 17.8 5.0 171.9 5.0
Smith Feb 14, 2007 16.1 58.0 13.0 7.4 6.1 0.9 51.3 <2

Jul 17, 2007 32.1 86.1 9.8 76 163 0.4 65.6 <2
Whatcom Feb 14, 2007 18.9 61.6 11.6 7.4 6.1 0.8 43.0 <2

Jul 17, 2007 20.6 61.0 8.5 7.4 22.3 1.2 436 <2

Table 13: Lake Whatcom tributary data: alkalinity, condity, dissolved oxy-
gen, temperature, turbidity, pH, total solids and totapsmsled solids.
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NH3 NO3 TN SRP TP FC

Site Date g-N/L)  (ug-N/L)  (ug-N/L)  (ng-P/L)  (ug-P/L)  (cft/200 mL)
Anderson Feb 14, 2007 15.1 504.3 667.1 8.6 16.9 3

Jul 17, 2007 <10 212.2 332.0 7.0 35.2 120
Austin Feb 14,2007 <10 531.9 628.0 10.3 19.6 45

Jul 17, 2007 17.2 290.2 436.2 13.0 14.4 2100
Blue Canyon Feb 14,2007 <10 144.0 2479 9.5 13.7 3

Jul 17, 2007 <10 189.3 303.3 9.5 12.4 300
Brannian Feb 14,2007 <10 913.3 1036.2 <5 12.3 2

Jul 17, 2007 <10 299.6 405.8 6.2 55 1200
Carpenter Feb 14,2007 <10 954.1 1099.4 12.4 14.8 <1

Jul 17, 2007 22.1 465.7 666.4 23.1 24.9 1600
Euclid Feb 14, 2007 <10 429.4 581.2 12.7 16.1 24

Jul 17, 2007 32.5 578.9 946.3 20.6 35.9 1300
Millwheel Feb 14, 2007 25.1 383.1 669.1 12.0 38.0 10

Jul 17, 2007 68.8 16.7 837.9 28.8 112.8 760
Olsen Feb 14,2007 <10 815.1 995.6 12.7 17.3 9

Jul 17, 2007 15.0 504.0 665.4 19.8 17.6 600
Park Place Feb 14, 2007 26.0 642.7 893.6 21.2 28.5 12

Jul 17, 2007 88.1 556.0 1054.1 38.8 64.2 700
Silver Beach Feb 14,2007 <10 462.1 764.2 13.9 25.8 110

Jul 17, 2007 <10 287.5 760.2 28.3 55.7 5300
Smith Feb 14, 2007 <10 1012.0 1125.6 9.1 <5 1

Jul 17, 2007 15.8 413.7 524.7 145 9.4 380
Whatcom Feb 14,2007 <10 340.0 537.7 6.0 15.9 2

Jul 17, 2007 30.3 108.6 336.6 <5 8.3 110

Table 14: Lake Whatcom tributary data: ammonia, nitratefaj total nitrogen,
soluble phosphate, total phosphorus, and fecal coliforms.
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T. As T.Cd T.Cr T.Cu T.Fe T.Hg T. Ni T.Pb T.Z
Date (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L (mg/L)

Anderson Feb 14,2007 <0.01 <0.0005 <0.001 <0.001 0.257 <0.0001 <0.005 <0.001 <0.001
Austin (lower)  Feb 14,2007 <0.01 <0.0005 <0.001 0.002 0.157 <0.0001 <0.005 <0.001 0.002
Blue Canyon Feb 14,2007 <0.01 <0.0005 <0.001 0.001 0.204 <0.0001 <0.005 <0.001 <0.001
Brannian Feb 14,2007 <0.01 <0.0005 <0.001 <0.001 0.115 <0.0001 <0.005 <0.001 0.001
Carpenter Feb 14,2007 <0.01 <0.0005 0.001 <0.001 0.054 <0.0001 <0.005 <0.001 0.003
Euclid Feb 14,2007 <0.01 <0.0005 <0.001 0.002 0.106 <0.0001 <0.005 <0.001 0.002
Millwheel Feb 14,2007 <0.01 <0.0005 <0.001 0.002 0.616 <0.0001 <0.005 <0.001 0.002
Olsen Feb 14,2007 <0.01 <0.0005 <0.001 0.001 0.128 <0.0001 <0.005 <0.001 <0.001
Park Place Feb 14,2007 <0.01 <0.0005 <0.001 0.003 0.405 <0.0001 <0.005 <0.001 0.004
Silver Beach Feb 14,2007 <0.01 <0.0005 <0.001 <0.001 0.470 <0.0001 <0.005 <0.001 0.001
Smith Feb 14,2007 <0.01 <0.0005 <0.001 <0.001 0.536 <0.0001 <0.005 <0.001 <0.001
Whatcom Feb 14,2007 <0.01 <0.0005 <0.001 <0.001 0.027 <0.0001 <0.005 <0.001 <0.001
Anderson July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.959 <0.0001 <0.005 0.002 <0.001
Austin (lower)  July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.255 <0.0001 <0.005 <0.001 <0.001
Blue Canyon July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.263 <0.0001 <0.005 <0.001 <0.001
Brannian July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.127 <0.0001 <0.005 <0.001 <0.001
Carpenter July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.164 <0.0001 <0.005 <0.001 <0.001
Euclid July 17,2007 <0.01 <0.0005 0.002 <0.001 0.366 <0.0001 <0.005 <0.001 <0.001
Millwheel July 17,2007 <0.01 <0.0005 <0.001 <0.001 1.660 <0.0001 <0.005 <0.001 0.001
Olsen July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.062 <0.0001 <0.005 <0.001 <0.001
Park Place July 17,2007 <0.01 <0.0005 <0.001 0.002 0.546 <0.0001 <0.005 <0.001 <0.001
Silver Beach July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.500 <0.0001 <0.005 <0.001 <0.001
Smith July 17,2007 <0.01  <0.0005 0.002 <0.001 0.026 <0.0001 <0.005 <0.001 <0.001
Whatcom July 17,2007 <0.01 <0.0005 <0.001 <0.001 0.066 <0.0001 <0.005 <0.001 <0.001

Table 15: Lake Whatcom tributary data: total metals.

Ongyrtretals specified in
the monitoring plan are included in this table; the reswts24 additional metals
are included in Appendix D.5.
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TOC TOC
Site Date (mg/L) Date (mg/L
Anderson Feb 14,2007 <1 July 17,2007 <1
Austin (lower) Feb 14, 2007 1.9 July 17, 2007 <1
Blue Canyon  Feb 14,2007 3.8 July 17, 2007 <1
Brannian Feb 14,2007 <1 July 17,2007 <1
Carpenter Feb 14, 2007 <1 July 17,2007 <1
Euclid Feb 14,2007 <1 July 17, 2007 1.4
Millwheel Feb 14, 2007 1.2 July 17,2007 <1
Olsen Feb 14, 2007 14 July 17,2007 <1
Park Place Feb 14,2007 <1 July 17,2007 <1
Silver Beach Feb 14, 2007 2.5 July 17, 2007 <1
Smith Feb 14,2007 <1 July 17,2007 <1
Whatcom Feb 14,2007 3.0 July 17, 2007 <1

Table 16: Lake Whatcom tributary data: total organic carbon

Page
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2004-2007 Tributary Data — All Sites

o
O p—
N
. ‘
T
3 &-
[a
= 8 ] Adj. R"2 = 0.523
.- p-value <0.0001
© T S I I I I I
0 20 40 60 80 100 120
Turbidity (NTU)
) - )
J o 2 g °
T S
o
=)
=~
& -
S o |
g 4 7 Adj. R"2 = 0.524
3 p-value <0.0001
%9
[ [ [ [ [ [
-0.5 0.0 0.5 1.0 1.5 2.0
Log10 Turbidity (NTU)

Figure 21: Linear regression between total phosphorus wahddity for all cur-
rently monitored tributaries in the Lake Whatcom watersfdderson, lower
Austin, Brannian, Carpenter, Euclid, Millwheel, OlsenrPRBlace, Silver Beach,
and Smith Creeks).
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2004-2007 Tributary Data — All Sites
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Figure 22: Linear regressions for untransformed anghltrgnsformed total phos-
phorus at all tributary sites showing 95% confidence inferf@ turbidity = 20
NTU.
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Anderson Creek
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Figure 23: Regressions between total phosphorus and tiyrtbad Anderson

Creek.
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Lower Austin Creek
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Figure 24: Regressions between total phosphorus and tiyrfod Lower Austin
Creek.
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Brannian Creek

Page

o .-
n - .-
~ i — - -
- . —
o o -
[ S - - =T-"
o o e
3 i -
o o _| ’:,—"‘
= B Adj. R*2 = 0.991
- - p-value <0.0001
© I T T T
0 20 40 60
Turbidity (NTU)
-~ )
~ O
= o 7]
T
o
S v ]
N
|_
o
Q e ] Adj. R*2 = 0.692
A -7 p-value <0.0001
o .--
[ [ [ [ [
-0.5 0.0 0.5 1.0 15

Log Turbidity (NTU)

Figure 25: Regressions between total phosphorus and tiyrtbad Brannian

Creek.
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Carpenter Creek
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Figure 26: Regressions between total phosphorus and ityriiad Carpenter
Creek.
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Figure 27: Regressions between total phosphorus and ityrfwd Euclid Creek.
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Millwheel Creek
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Figure 28: Regressions between total phosphorus and tiyribeat Millwheel
Creek.
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Olsen Creek
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Figure 29: Regressions between total phosphorus and ityrfnd Olsen Creek.
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Park Place Outlet
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Figure 30: Regressions between total phosphorus and iyrfodthe Park Place
storm water treatment outlet.
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Silver Beach Creek
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Figure 31: Regressions between total phosphorus and tiyrbod Silver Beach
Creek.
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Smith Creek
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Figure 32: Regressions between total phosphorus and tiyrfd Smith Creek.
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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 33-35 (pages 74-&. location of

each hydrograph is described in Appendix A.2. All hydrodraata, including
data from previous years, are online at http://www.ac.vedui-iws. Detailed

field notes for each water year are available from the Irtstitr Watershed Stud-
ies. All results are reported as Pacific Standard Time, witlixaylight 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 36 (page 77) 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 36. Rating esifor earlier water
years are available from the Institute for Watershed Studie

The City’s hydrological monitoring equipment was stoleonfr the Anderson
Creek site during the summer of 2007. As a result, the IWSrdsctor An-

derson Creek are incomplete in WY2007. Beginning in Sepen2007, the
USGS was contracted to monitor Anderson Creek and post tteeaidine at
http://waterdata.usgs.gov/WA/nwis/current/?type=fleas IWS no longer main-
tains this site.

4.2 \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 was employed, where inputs - outptharge in storage
(Tablel7, page 71). Inputs into the lake include direct iprtion, water di-
verted from the Middle Fork of the Nooksack River (divergiomunoff (surface
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runoff + groundwater). Outputs include evaporation, WbatcCreek, the Hatch-
ery, City of Bellingham, Georgia Pacific, and the Lake WhatdWater and Sewer
District.?> The change in storage is estimated from daily lake-levehgha. All
of these are measured quantities provided by the City ofir@glam except for
evaporation, and runoff. The diversion magnitudes usedherwater balance
were estimated, and have the lowest degree of precision.

Daily direct-precipitation magnitudes were estimateshggshe precipitation data
recorded at the Bloedel Donovan, Geneva gatehouse, SneekCand Bran-
nian Creek gauges. This is the first year that data from theddbDonovan
gauge were used in the analysis. The Thiessen polygon méiiagiman, 1994)
was used to estimate the daily direct-precipitation areatage over the lake by
weighting the precipitation at each gauge by a respectike-éaea percentage.
The weighted areas were determined by the “Create Thiesdggdns” tool in
ArcGIS. The average direct-precipitation depth (inchesxfgiven day was con-
verted to volume in millions of gallons (MG) via a rating cargenerated from
the lake level-area data (Ferrari and Nuanes, 2001). Thgratirve accounts for
changes in surface area of the lake due to lake level changes.average an-
nual direct rainfall to the lake for the water year 2006/20@5 52.0 inches (7062
MG).

Daily lake evaporation was estimated using a model baseldeoRénman 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 SmithCvwesather sta-

tion in the watershed were used to estimate daily averadesdaily evaporation

depths (inches) predicted by the model were converted tomved (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

2006/2007 was 20.8 inches (2831 MG), most of which occuretaéen 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

22Formerly Water District #10
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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 2006/2007 2&25759 MG.
Figure 37 (page 78) shows daily lake-volume values for that fiee 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 was determined by adding the outputs to the changeragg@nd subtracting
precipitation and diversion magnitudes. Negative valdasiooff are likely due
to the change in storage estimates.

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

used to generate Figures 38—41 (pages 79-82). Figure 3&shoay summed
totals for inputs, outputs, and change in storage. All thpeiis except runoff are
shown in Figure 39; all outputs except Whatcom Creek are shiovrigure 40.

Due to their much higher magnitude, runoff and Whatcom Cdegl are included
on Figure 41.

Yearly water balance totals are listed in Table 17 (page [thgawith the yearly
total values for the four previous water years. The totalra of outputs cor-
respond to 15.6% of the median total volume of the lake. Utitierassumption
that the lake is completely mixed and flow is steady stateufmp outputs), this
would correspond to a 6.4 year residence time, with resigléntes for the past
5 years ranging from 6.1-10.1 ye&?sTables 18 and 19 (pages 72—-73) show the
2006/2007 total input and output volumes along with theesponding monthly
percentage of each total.

The Distributed Hydrology-Soils-Vegetation Model (DHSYMas use to simu-
late surface-water runoff into the lake (Figure 41). The MNSis a physically

based numerical model developed at the University of Wagbmand Pacific
Northwest National Laboratory (Wigmosta et al., 1994). Thedel was ap-
plied in earlier Lake Whatcom watershed studies (Matthenas €2007; Kelleher,
2006). The runoff estimated from the water budget and WmatCoeek outflow
are shown along with the runoff estimated using DHSVM in Fegdil.

Z3Although the lake is not completely mixed and the flow is negsly state, these assumptions
are commonly used to provide a simple estimate of residémeefor water in lakes.
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Page

WY 2007
(9/30/06-10/1/07)

WY2006
(9/30/05-10/1/05)

WY2005
(9/30/04-10/1/05)

WY 2004
(9/30/03-10/1/04)

WY2003
(9/30/02-10/1/03)

Inputs (MG)

Direct Precipitation
Diversion

Runoff*

Total

Outputs (MG)
Whatcom Creek
Hatchery

Georgia Pacific

City of Bellingham

LW Water/Sewer Distr.
Evaporation

Total

Net change in storage

Median lake volume (MG)
Outflow percent of volume

Residence time (years)

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

30,359 (77.1%)
1,002 (2.5%)
807 (2.0%)
4,145 (10.5%)
232 (0.6%)
2,831 (7.2%)
39,376 (100%)

-520

252,759
15.6%

6.4

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%)
37,802 (100%)

15

252,287
15.0%

6.7

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%)
41,738 (100%)

-1,692

252,856
16.5%

6.1

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%)
37,855 (100%)

3,139

252,970
15.0%

6.7

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%)
24,971 (100%)

-81

252,075
9.9%

10.1

*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 17: Annual water balance quantities for the Lake Wiratevatershed,

WY2003-WY2007.
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Input Percents
Month | Diver Precip Runoff*| Total
Oct 094 3.40 -1.19 -0.19
Nov 8.04 26.18 18.07 18.79
Dec 531 11.42 18.24 16.02
Jan 0.00 14.26 25.78 21.73
Feb 9.15 8.06 10.42 9.89
Mar |11.92 13.25 18.07 16.73
Apr 7.34  6.53 6.5 6.61
May | 23.54  3.19 3.49 495
Jun | 17.30 3.83 1.39 3.04
Jul | 13.61 3.07 1.28 2.53
Aug | 1.75 2.11 -0.1§ 0.38
Sep 1.11 471 -1.92 -0.48
Input Volume (MG)
Total | 2,920 7,063 28,717 38,700
*Runoff = surface runoff + groundwater

Table 18: Monthly input water balance quantities for the ¢ &hatcom water-
shed, October 2006—September 2007.
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Output Percents
Month WC Hatch GP COB WSD Evap Total
Oct 358 872 698 7.70 7.68 5.13 4.35
Nov 1766 6.29 10.30 7.06 7.75 3.1515.00
Dec 20.62 6.49 11.07 7.27 8.27 15%217.21
Jan 2698 6.49 10.81 6.95 851 1.8322.10
Feb 828 6.82 719 6.38 7.47 3.82 7.70
Mar 9.74 789 778 699 734 6.72 9.13
Apr 468 763 798 6.74 7.40 10.45 5.47
May 3.22 7.70 561 811 7.93 12.29 4.8
Jun 1.78 11.85 565 8.61 8.54 1252 3.65
Jul 1.53 1141 6.44 13.22 10.27 18.05 4.35
Aug 0.85 7.24 10.72 12.34 10.11 15.25 3.51
Sep 1.09 1146 9.47 8.63 8.73 9.26 2.95

Output Volume (MG)
Total | 30,359 1,002 807 4,145 232 2,83B9,376

Table 19: Monthly output water balance quantities for thied_#hatcom water-
shed, October 2006—September 2007.
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Figure 33: Anderson Creek hydrograph, October 1, 2006-e8dpr 30, 2007.
Data were recorded at 15 minute intervals. Data are notadailafter July 27
due to equipment loss.
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Figure 34: Austin Creek hydrograph, October 1, 2006—Seip¢er80, 2007. Data
were recorded at 15 minute intervals.
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Smith Creek
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Figure 35: Smith Creek hydrograph, October 1, 2006—Septe® 2007. Data
were recorded at 15 minute intervals.
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Anderson Creek (Beginning Oct 2004)
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Figure 36: 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 37: Comparison of Lake Whatcom daily lake volumesZo92—-2007.
Horizontal line represents median lake volume for the pepiotted.
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Figure 38: Summary of 7-day inputs, outputs, and changesake Whatcom

storage, October 1, 2006—September 30, 2007.
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Figure 39: Lake Whatcom watershed direct hydrologic inpOtstober 1, 2006—
September 30, 2007. Runoff is included on Figure 41 as dexton page 70.
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Figure 40: Lake Whatcom watershed hydrologic withdraw@istober 1, 2006—
September 30, 2007. Whatcom Creek output is included on&#fluas described
on page 70.
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Figure 41: Summary of 7-day Whatcom Creek flows, water ba&aunnoff esti-
mates, and DHSVM runoff estimates, October 1, 2006—SepeB®) 2007.
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5 Storm Water Treatment Monitoring

The objective of the storm water monitoring was to evaluiagestorm water treat-
ment efficiencies of representative treatment facilitrethe Lake Whatcom wa-
tershed. During the 2006/2007 monitoring period, samplegewollected from
the Park Place sand filtér the Brentwood wet ponds, the Alabama Hill vault,
and the South Campus storm water treatment faéfiffhe locations of the cur-
rent monitoring sites are described in Appendix A; photpbsaof the sites are
included in Figures A5-A9 (pages 111-115).

5.1 Sampling Procedures

Storm water samples were collected on the following datéschwvere selected
to cover a range of weather conditions including wet weatioeninal and high
flows and dry weather nominal flows:

Alabama Feb 14-15, 2007: Wet conditions; precip. prior t dumring sampling
Hill Jul 20, 2007: Dry conditions; 0.45 in. precip during aling

Park Place  Nov 14-16, 2006: Wet conditions/high flow; heaegip. prior to and during sampling
Mar 6-8, 2007: Wet conditions/high flow; heavy precip. ptmand during sampling
Jun 18-20, 2007: Dry conditions/low flow; no precip. withihZrs of sampling

Brentwood Mar 6-8, 2007: Wet conditions/high flow; heavyqgipeprior to and during sampling
Mar 20-21, 2007: Wet conditions/low flow; heavy precip. ptmsampling
Jun 18-20, 2007: Dry conditions/low flow; no precip. withih2Zrs of sampling

S. Campus Apr 16-18, 2007: Wet conditions/high flow; modcipreorior to and during sampling
May 14-16, 2007: Wet conditions/low flow; no precip. withi@ Ars of sampling

Where possible, composite samples were collected at inflmvoatflow points
using ISCO samplers provided by the City of Bellingham tladlect 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-

2formerly the Park Place wet ponds

25The South Campus storm water treatment facility is a stitbeart combination of grass
swales and rock/plant filters. Although outside the Lake W@ watershed, it is included to
provide information about the effectiveness of this typ&reatment system.
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trogen, and total phosphorus. Multiple grab samples welleated during the

sampling period at the inflow(s) and outflow(s) at each sitmé&asure bacteria
(fecal coliforms), conductivity, dissolved oxygen, pHdaemperature, which are
parameters that can’t be measured from composite samplasteria samples
were analyzed by the City of Bellingham; conductivity, dis®d oxygen, pH,

and temperature were measured using the Hydrolab field meter

Due to flow and design constraints, 48-hr composite samgdingt feasible in the

Alabama Hill vault. In order to obtain data from this site, ltqple grab samples

were collected over 24—48 hrs to measure total solids, $otgdended solids, total
nitrogen, and total phosphorus in addition to the parammatermally collected

from grab samples. Although composite sampling is prefercemparisons be-
tween composite sampling and multiple grab sampling shasareably similar

results (see discussion on page 85).

5.2 Results and Discussion

The Park Place wet pond has been monitored since 1994 andlavater quality
data are summarized by Matthews, et al. (2001). MonitoririgeaSouth Campus
facility began in 2001 and monitoring at the Alabama Hill kdaegan in 2004.
The Brentwood wet ponds were sampled from 1998-2004 and0ii.2@.ddi-
tional storm water treatment sites that have been monitaréek past include the
Parkstone swale/wet pond (2004) and the Silvern vault (2004

Tables 20-25 (pages 87-92) show the raw data and perceyteareduction from
the storm water treatment systems that were sampled dumengurrent monitor-
ing period. Percent reduction was calculated as followsetan the approach
described by Winer (2000) fdtvent Mean Concentration Efficiency

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

Two of the most important storm water measurements, reléilake eutrophica-
tion, are total suspended solids and total phosphorus tiedsc As discussed on
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page 9, phosphorus is likely to limit algal growth in Lake \WWdwam, and phospho-
rus often enters lakes physically or chemically bound tcstiméace of particles.

During the current monitoring period, all sites with detdate levels of TSS pro-
vided at least some removal of suspended solids, with reheffi@encies ranging
from 29-89% (Tables 20 and 22, pages 87 and 89). The best Ti&&aés were
measured at the Park Place sand filter (85-89%) and the Sautp rock/plant
filter (66—89%). Data from previous years shows that the I5Qampus facility
consistently provides good TSS removal, but prior to itsofét Park Place had
very mixed results (see long-term data in Figure 42 and T2@)eThe installation
of sand filters appears to have been very successful for iregliSS.

Phosphorus removal was less consistent, ranging from {8&fhorus export) at
the Park Place sand filter to 67% reduction at the South Casigu§ables 20 and
22). As with TSS, the South Campus site demonstrated gooddietion in 2007

(67%), with an average reduction of 52% for 2001-2007 (Fegd8 and Table
26). The other sites had low, inconsistent TP reduction81{®) or exported

phosphorus (see Table 20, Park Place TP reduction for Ju#018-38%)

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 A5, page 111). Due to flow and gilesionstraints,
composite sampling is not feasible. Instead, we collecttipialgrab samples
within 24-48 hr storm events when flow in the system is sufficie ensure ac-
curate sampling of the inlet and outlet.

Because the Alabama Hill vault is sampled differently, wented to assess the
comparability between results generated using multipbdb ggampling versus
composite sampling. The Park Place sand filter provides és¢ location for
comparative sampling, so in addition to the regular contpasamples, we col-
lected four sets of inlet/outlet grab samples during thiferént sampling events
in 2006 (Table 27, page 94). The results were very similatHermultiple grab
and composite data, both in terms of average inlet/outletaconinant concentra-
tions and the percent TSS and TP reductions. These resticsia that multiple
grab sampling is a feasible surrogate for composite samplficomposite sam-
pling is not possible.

In 2007 the Alabama Hill vault produced small, but consisteductions for total
phosphorus (8—18%; Table 22). Although the past performanthis site rarely
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showed significant phosphorus reductions (Table 26, andr&ig3), the 2007
results are higher than the historic mean{ —2%), and one of the values (18%)
was slightly higher that the 95% confidence interval. Theg 8és placed this site
on a 2-3 month preventative maintenance and cleaning sieheshich should
improve the performance of the systétie will continue to monitor this site in
2008 to watch for improvements in phosphorus reduction.

26Alabama Hill vault maintenance schedule information wasvigted by the City of Belling-
ham Public Works Department.
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TSS TS TOC TN TP
Site Date (mg/L) (mg/L) (mg/L) (mg-N/L) (mg-P/L
Brentwood inlet Mar 6-8, 2007 8.53 1446 <1 1.08 0.032
Brentwood outlet Mar 6-8, 2007 5.47 106.7 <1 0.39 0.023
Percent reduction: 36 26 NA 64 28
Brentwood inlet Mar 20-22, 2007 <2 132.8 NA 1.42 0.021
Brentwood outlet Mar 20-22, 2007 <2 93.2 NA 0.62 0.017
Percent reduction: NA 30 NA 56 19
Brentwood inlet Jun 18-20, 2007 <2 172.6 <1 1.14 0.021
Brentwood outlet Jun 18-20, 2007 <2 121.6 <1 0.50 0.021
Percent reduction: NA 30 NA 56 0
Park Place inlet Nov 14-16,2006 13.52 130.8 2.8 1.51 0.099
Park Place outlet Nov 14-16, 2006 <2* 109.6 3.1 1.39 0.062
Percent reduction : 85 16 -11 8 37
Park Place inlet Mar 6-8, 2007 28.33 123.8 <1 0.84 0.099
Park Place outlet Mar 6-8, 2007 3.04 994 <1 0.63 0.066
Percent reduction: 89 20 NA 24 33
Park Place inlet Jun 18-20, 2007 <2 121.0 <1 0.45 0.055
Park Place outlet Jun 18-20, 2007 <2 116.3 <1 0.51 0.076
Percent reduction: NA 4 NA -14 -38
S.Campus inlet Apr16-18,2007 54.80 2316 <1 0.84 0.082
S. Campus outletE  Apr 16-18, 2007 6.05 199.3 <1 0.36 0.026
S.Campus outletW  Apr 16-18, 2007 6.42 192.4 <1 0.40 0.018
Percent reduction: 89 15 NA 55 67
S.Campus inlet May 14-16, 2007  5.93 286.2 <1 0.84 0.060
S. Campus outletE  May 14-16, 2007 <2* 283.2 <1 0.23 0.022
S.Campus outletW  May 14-16, 2007 <2* 287.8 <1 0.25 0.018
Percent reduction: 66 0 NA 71 67

*Value replaced with detection limit to calculate percesduction.

Table 20: Composite samples from the Brentwood, Park PéaxckSouth Campus
storm water treatment sites with average percent reduct@tween inlet and
outlet for total suspended solids, total solids, total argaarbon, total nitrogen,
and total phosphorus. Negative values represent an ircieaoncentration at

the outlet.
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As Cd Cr Cu Fe Hg Ni Pb Zn
Site Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  nfg/L) (mglL)
Brentwood inlet Mar 6-8, 2007 <0.01 <0.0005 <0.001 <0.001 0.736 0.0001 <0.005 0.002 0.010
Brentwood outlet Mar 6-8, 2007 <0.01 <0.0005 <0.001 0.005 0.353 0.0002 <0.005 0.002 0.006
Percent reduction: NA NA NA -400 52 -100 NA 0 40
Brentwood inlet Mar 20-22, 2007 NA NA NA NA NA NA NA NA NA
Brentwood outlet Mar 20-22, 2007 NA NA NA NA NA NA NA NA NA
Percent reduction: NA NA NA NA NA NA NA NA NA
Brentwood inlet Jun 18-20, 2007 <0.01 <0.0005 <0.001* <0.001* 0.453 <0.0001 <0.005 <0.001 <0.001*
Brentwood outlet Jun 18-20, 2007 <0.01 <0.0005 0.002 0.005 0.548 <0.0001 <0.005 <0.001 0.002
Percent reduction: NA NA -100 -400 -21 NA NA NA -100
Park Place inlet Nov 14-16, 2006 <0.01 <0.0005 0.002 0.002 0.910 <0.0002 <0.005 0.002 0.024
Park Place outlet Nov 14-16, 2006 <0.01 <0.0005 <0.001* <0.001* 0.282 <0.0002 <0.005 <0.001* 0.002
Percent reduction: NA NA 50 50 69 NA NA 50 92
Park Place inlet Mar 6-8, 2007 <0.01 <0.0005 <0.001 0.007 1.570 <0.0001 <0.005 0.004 0.045
Park Place outlet Mar 6-8, 2007 <0.01 <0.0005 <0.001 0.003 0.322 <0.0001 <0.005 <0.001* 0.006
Percent reduction: NA NA NA 57 79 NA NA 75 87
Park Place inlet Jun 18-20, 2007 <0.01 <0.0005 0.003 <0.001 0.639 <0.0001 <0.005 <0.001 i0.001
Park Place outlet Jun 18-20, 2007 <0.01  <0.0005 0.003 <0.001 0.690 <0.0001 <0.005 <0.001 j0.001
Percent reduction: NA NA 0 NA -8 NA NA NA NA
S.Campus inlet Apr 16-18, 2007 <0.01 <0.0005 <0.001 <0.001 2.180 0.0002 <0.005 0.004 0.025
S. Campus outletE ~ Apr 16-18, 2007 <0.01 <0.0005 <0.001  <0.001 0.258 0.0001 <0.005 0.002 0.005
S.Campus outletW  Apr 16-18, 2007 <0.01 <0.0005 <0.001 <0.001 0.241 <0.0001* <0.005 0.001 0.012
Percent reduction: NA NA NA NA 89 50 NA 63 66
S.Campus inlet May 14-16, 2007 <0.01  <0.0005 0.004 <0.001* 1.980 <0.0001 <0.005 <0.001 0.012
S. Campus outletE ~ May 14-16, 2007 <0.01  <0.0005 <0.001* 0.007 0.005 <0.0001 <0.005 <0.001 0.013
S.Campus outletW  May 14-16, 2007 <0.01  <0.0005 0.001 0.002 0.021 <0.0001 <0.005 <0.001 0.018
Percent reduction: NA NA 75 -350 99 NA NA NA -29

*Value replaced with detection limit to calculate percesduction.

Table 21: Composite samples from the Brentwood, Park PéaxceSouth Campus
storm water treatment sites with average percent redigcti@tween inlet and
outlet for total metals. Negative values represent an asgen concentration at
the outlet.
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Temp DO Cond FC
Site Date (Time) A (®) pH (mg/L)  @S/cm)  (cfu/100 mL)
Inlet Feb 14, 2007 (A) 7.1 7.47 12.88 72.7 150
Inlet Feb 15, 2007 (B) 7.9 7.49 10.49 101.3 88
Inlet Feb 15, 2007 (C) 8.0 7.48 10.30 120.3 150
Inlet Feb 15, 2007 (D) 8.0 7.57 10.35 159.3 95
Inlet Feb 15, 2007 (E) 8.1 7.57 10.67 161.3 110
Outlet  Feb 14, 2007 (A) 7.0 7.42 12.42 72.8 91
Outlet Feb 15, 2007 (B) 7.8 7.46 10.40 100.8 130
Outlet  Feb 15, 2007 (C) 7.9 7.39 9.94 108.7 68
Outlet Feb 15, 2007 (D) 8.0 7.43 10.14 132.5 73
Outlet  Feb 15, 2007 (E) 8.0 7.47 10.53 164.4 100
Percent reduction: 1 1 2 6 22
Inlet Jul 20, 2007 (A) 20.0 7.26 7.40 67.3 NA
Inlet Jul 20, 2007 (B) 195 7.29 7.77 64.7 NA
Inlet Jul 20, 2007 (C) 19.0 7.26 7.94 57.9 NA
Inlet Jul 20, 2007 (D) 19.0 7.30 7.83 65.1 NA
Outlet  Jul 20, 2007 (A) 20.0 7.11 7.23 77.0 NA
Outlet  Jul 20, 2007 (B) 19.6 7.20 7.59 68.0 NA
Outlet  Jul 20, 2007 (C) 19.2 717 7.87 61.6 NA
Outlet  Jul 20, 2007 (D) 19.0 7.19 7.65 63.2 NA
Percent reduction: 0 2 2 -6 NA
TSS TS TN TP NO3 SRP
Site Date (mg/L) (mg/L) (mg/L) (mg-N/L) (mg-P/L) (mg/L
Inlet Feb 14, 2007 (A) 81.0 128.9 0.935 0.207 0.273 0.043
Inlet Feb 15, 2007 (B) 52.7 118.3 1.034 0.161 0.484 0.060
Inlet Feb 15, 2007 (C) 18.9 97.7 1.061 0.136 0.655 0.0[77
Inlet Feb 15, 2007 (D) 8.8 105.9 1.310 0.127 0.952 0.0P0
Inlet Feb 15, 2007 (E) 36.6 142.0 1.460 0.154 0.904 0.076
Outlet  Feb 14, 2007 (A) 82.2 130.6 0.984 0.219 0.291 0.039
Outlet  Feb 15, 2007 (B) 30.5 101.8 0.932 0.132 0.479 0.047
Outlet  Feb 15, 2007 (C) 8.3 74.7 0.892 0.092 0.579 0.0652
Outlet Feb 15, 2007 (D) 4.8 86.8 1.070 0.085 0.757 0.068
Outlet  Feb 15, 2007 (E) 15.1 125.6 1.370 0.112 0.977 0.066
Percent reduction: 29 12 10 18 6 22
Inlet Jul 20, 2007 (A) 30.3 NA 1.400 0.149 NA NA
Inlet Jul 20, 2007 (B) 18.0 NA 1.160 0.149 NA NA
Inlet Jul 20, 2007 (C) 26.0 NA 1.040 0.143 NA NA
Inlet Jul 20, 2007 (D) 15.4 NA 1.030 0.151 NA NA
Outlet  Jul 20, 2007 (A) 20.7 NA 1.650 0.148 NA NA
Outlet  Jul 20, 2007 (B) 16.2 NA 1.230 0.136 NA NA
Outlet  Jul 20, 2007 (C) 17.0 NA 1.070 0.132 NA NA
Outlet  Jul 20, 2007 (D) 8.6 NA 0.993 0.129 NA NA
Percent reduction: 30 NA -7 8 NA NA

Page

Table 22: Alabama vault grab samples and average percanmttieas between
inlet and outlet samples. Sample collection times were esattpl, beginning with

A; up to five samples were collected within 48 hr if flow was stéint to ensure
accurate sampling of inflow and outflow. Negative valuesdatéi an increase in

concentration at the outlet.
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Temp DO Cond FC
Site Date (Time) 1{C) pH (mg/L)  @S/cm)  (cfu/100 mL)
Inlet Mar 6, 2007 (A) 8.8 6.94 10.15 257.0 1
Inlet Mar 7, 2007 (B) 9.2 6.82 10.10 81.1 490
Inlet Mar 7, 2007 (C) 9.0 6.86 9.02 203.0 120
Inlet Mar 8, 2007 (D) 8.7 7.00 9.30 224.0 14
Outlet  Mar 6, 2007 (A) 6.2 7.35 10.90 159.8 1
Outlet  Mar 7, 2007 (B) 7.4 7.25 8.94 151.6 2
Outlet  Mar 7, 2007 (C) 7.8 7.39 10.07 158.7 2
Outlet  Mar 8, 2007 (D) 7.1 7.35 9.01 173.8 9
Percent reduction: 20 -6 -1 16 98
Inlet Mar 20, 2007 (A) 9.7 6.96 8.89 214.0 16
Inlet Mar 21, 2007 (B) 9.3 6.92 9.75 223.0 6
Inlet Mar 21, 2007 (C) 9.6 6.97 9.13 224.0 12
Inlet Mar 22, 2007 (D) 9.4 6.97 8.84 226.0 NA
Outlet  Mar 20, 2007 (A) 9.6 7.20 9.00 135.5 3
Outlet  Mar 21, 2007 (B) 7.8 7.15 8.97 150.0 1
Outlet  Mar 21, 2007 (C) 9.0 7.19 9.16 150.5 <1*
Outlet  Mar 22, 2007 (D) 7.8 7.16 8.17 153.3 NA
Percent reduction: 10 -3 4 34 85
Inlet Jun 18, 2007 (A) 158 7.17 8.11 256.0 16
Inlet Jun 19, 2007 (B) 157 7.19 8.15 263.0 2
Inlet Jun 19, 2007 (C) 16.1 7.15 8.32 263.0 12
Inlet Jun 20, 2007 (D) 159 7.20 7.62 264.0 12
Outlet  Jun 18, 2007 (A) 143 7.33 7.33 181.0 2
Outlet  Jun 19, 2007 (B) 138 7.35 7.12 181.0 12
Outlet  Jun 19, 2007 (C) 145 7.42 7.26 182.0 9
Outlet  Jun 20, 2007 (D) 156 741 6.67 185.0 5
Percent reduction: 8 -3 12 30 33

*Value replaced with detection limit to calculate percesduction.
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Table 23: Brentwood wet pond grab samples and average peszkrctions 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

Site Date (Time) {C) pH (mg/L)  @S/cm)  (cfu/100 mL)
Inlet Nov 14, 2006 (A) 9.1 7.44 10.79 175.9 69
Inlet Nov 15, 2006 (B) 9.6 7.48 9.80 184.3 160
Inlet Nov 16, 2006 (C) 8.9 7.43  10.45 180.8 120
Inlet Nov 16, 2006 (D) 9.6 7.52 10.11 185.8 100
Outlet Nov 14,2006 (A) 9.0 7.05 8.19 165.1 17
Outlet  Nov 15, 2006 (B) 9.0 7.02 5.71 181.5 3
Outlet  Nov 16, 2006 (C) 8.9 6.97 7.37 173.6 37
Outlet  Nov 16, 2006 (D) 9.3 7.06 7.70 173.2 35

Percent reduction: 3 6 30 5 80
Inlet Mar 6, 2007 (A) 7.8 7.37 11.72 143.8 150
Inlet Mar 7, 2007 (B) 8.6 7.32 10.53 101.2 130
Inlet Mar 7, 2007 (C) 8.4 7.39 10.40 146.4 78
Inlet Mar 8, 2007 (D) 7.6 7.18 10.36 114.0 250
Outlet  Mar 6, 2007 (A) 7.3 7.00 8.07 148.8 58
Outlet  Mar 7, 2007 (B) 8.4 7.09 8.64 123.3 40
Outlet  Mar 7, 2007 (C) 8.5 7.10 7.80 119.1 25
Outlet  Mar 8, 2007 (D) 7.3 7.13 8.37 136.0 52

Percent reduction: 3 3 24 -4 71
Inlet Jun 18, 2007 (A) 13.7 7.64 9.35 183.0 1200
Inlet Jun 19, 2007 (B) 13.8 7.63 9.33 167.0 1100
Inlet Jun 19, 2007 (C) 14.4 7.59 9.37 157.0 640
Inlet Jun 20, 2007 (D) 143 7.61 8.61 160.0 280
Outlet  Jun 18, 2007 (A) 14.1 6.87 3.71 156.0 13
Outlet  Jun 19, 2007 (B) 144  6.86 2.35 168.0 3
Outlet  Jun 19, 2007 (C) 14.5 6.86 1.46 172.0 1
Outlet  Jun 20, 2007 (D) 143 6.85 0.20 186.0 <1*

Percent reduction: -2 10 79 -2 99

*Value replaced with detection limit to calculate percesdluction.

Table 24: Park Place sand/gravel filter grab samples andgegrercent reduc-
tions between inlet and outlet samples. Sample colleciinag were sequential;
negative values indicate an increase in concentratioreatukiet.
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Temp DO Cond FC

Site Date (Time) {C) pH (mg/L)  @S/cm)  (cfu/100 mL)
Inlet Apr 16, 2007 (A) 116 7.48 7.54 409.0 40
Inlet Apr 17, 2007 (B) 10.1  7.69 9.40 195.0 1200
Inlet Apr 17, 2007 (C) 11.3 7.89 9.14 191.0 400
Inlet Apr 18, 2007 (D) 109 755 7.44 356.0 60
Outlet-E Apr 16, 2007 (A) 10.6  7.38 3.28 407.0 18
Outlet-E Apr 17, 2007 (B) 104 7.62 5.74 271.0 77
Outlet-E Apr 17, 2007 (C) 119 7.67 5.80 263.0 120
Outlet-E Apr 18, 2007 (D) 9.8 7.40 2.25 327.0 25
Outlet-W  Apr 16, 2007 (A) 102 741 2.44 416.0 10
Outlet-W  Apr 17, 2007 (B) 10.2 7.64 4.46 271.0 93
Outlet-W  Apr 17, 2007 (C) 11.3  7.71 5.23 251.0 86
Outlet-W  Apr 18, 2007 (D) 101 751 2.40 338.0 7

Percent reduction: 4 1 53 -11 87
Inlet May 14, 2007 (A) 13.8 7.39 7.33 464.0 5
Inlet May 15, 2007 (B) 132 7.42 6.90 463.0 2
Inlet May 15, 2007 (C) 134 7.44 6.85 471.0 10
Inlet May 16, 2007 (D) 13.3 7.41 7.05 455.0 17
Outlet-E May 14,2007 (A) 119 7.26 0.55 465.0 <1*
Outlet-E May 15, 2007 (B) 121 7.20 0.66 466.0 23
Outlet-E May 15, 2007 (C) 11.8 7.27 0.41 467.0 9
Outlet-E May 16, 2007 (D) 121 7.25 0.45 470.0 23
Outlet-W  May 14, 2007 (A) 11.7 7.29 0.82 466.0 <1*
Outlet-W  May 15, 2007 (B) 11.8 7.25 0.70 466.0 <1*
Outlet-W  May 15, 2007 (C) 116 7.31 0.75 466.0 1
Outlet-W  May 16, 2007 (D) 119 7.25 0.63 470.0 <1*

Percent reduction: 12 2 91 -1 12

*Value replaced with detection limit to calculate percesdluiction.

Table 25: South Campus rock/plant filter grab samples ancgegercent reduc-
tions between inlet and outlet samples. Sample colleciinas were sequential;
negative values indicate an increase in concentratioreatukiet.
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Total Suspended Solids

Site Min. Max. Mean 95% CI
Alabama (n=7) -1 69 32 9 — 55**
Brentwood (n=18) -174 77 -38 =75 —-1*
Park Place (n=34) -239 89 15 -6 — 37 (ns)
South Campus (n=18) O 94 70 59 — 82***

Total Phosphorus

Site Min. Max. Mean 95% CI
Alabama (n=7) -38 18 -2 -19 -15 (ns)
Brentwood (n=19) -410 58 -7 -57 — 42 (ns)
Park Place (n=36) -129 70 -5 -17 -7 (ns)
South Campus (n=18) 13 74 52 43 — 60***

*sig. at p<0.05 **sig. at p<0.01 ***sig. at p<0.001

Table 26: Overall TSS and TP reductions at Alabama (2004A2 ®rentwood
(1998-2007), Park Place (1994-2007), and South Campud+{2007) storm
water treatment sites. Statistical significance was tastety a one sample t-test
to determine whether the mean percent reduction was significdifferent from
zero.
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Feb/Mar May Nov
Sample Type Source | TSS TP | TSS TP | TSS TP
48 hr composite inlet 6.50 0.057| 14.57 0.086 13.52 0.099
(90 min. intervals) outlet <2 0.062| 2.77 0.105 <2 0.062
Percent reduction: 69 -9 81 -22 85 37

Grab samples inletavg.| 6.04 0.057| 21.03 0.113 19.08 0.072
(n=41in 48 hr) outletavg} 2.09 0.071 2.87 0.120] 2.00 0.065
Percent reduction; 65 -26 86 -6 90 10

Individual grab samples:

Grab #1 inlet 5.67 0.052/ 55.10 0.192 3.33 0.044
Grab #2 inlet 2.50 0.040f 8.40 0.089| 62.62 0.151
Grab #3 inlet 3.50 0.090[ 11.00 0.089 6.23 0.049
Grab #4 inlet 2.37 0.045 9.63 0.083 7.12 0.045
Grab #1 outlet 237 0.06| 5.00 0.172] <2 0.063
Grab #2 outlet <2 0.06|] <2 0102 <2 0.058
Grab #3 outlet <2 0.06| 2.48 0.105 <2 0.068
Grab #4 outlet <2 011 <2 0.099] <2 0.071

"Value replaced with detection limit to calculate percemiuetion.

Table 27: Comparison between 48-hr composite samples atipplagrab sam-
ples (n=4 during 48 hr) collected February 27—March 1, May2R and Novem-
ber 14-16, 2006 at the Park Place sand filter.
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200

100

-100

-200

TSS Reduction

@ Alabama @ Brentwood
v Park Place A S.Campus
v PV NN PR A
} N
v B A A v
Vv v v v A A4
v 5] Ve X
v v v Q [m]
_____ !_____V_',_!_E'.g____v_n__.,g\____g__
v v 9 -
v =] v 8
o
=]
=]
. 5]
v
I I I I I I
08/94 05/97 02/00 11/02 08/05 05/08

Figure 42: Percent reduction of total suspended solidsesdrations at the Al-
abama, Brentwood, Park Place and South Campus storm waémgnt sites.
Negative values indicate higher concentrations at theebatimpared to the inlet.
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TP Reduction
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Figure 43: Percent reduction of total phosphorus conceotimat the Alabama,
Brentwood, Park Place and South Campus storm water treaisites. Negative
values indicate higher concentrations at the outlet coatptr the inlet.
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6.2 Related Reports

The following is a list of annual reports and special projegbrts produced by the
Institute for Watershed Studies since 1987 as part of the Mdkatcom monitor-
ing program sponsored by the City of Bellingham and WesteasiMhgton Uni-
versity. Many of the reports are available online at httpmiv.ac.wwu.edwiws
(follow links to the Lake Whatcom project under Lake Stujtiedéder reports are
available in the IWS library and through the city of Belliragh Public Works
Department. This list does not include research repodsesit projects, or pub-
lications that were not prepared specifically for the CityBeflingham. Contact
IWS for information about additional Lake Whatcom publioat.
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6.2.2 Other Lake Whatcom reports
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A Site Descriptions

Figures A1-A4 (pages 107-110) show the locations of theeatinrmonitoring

sites and Table Al (page 106) 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, conita(s.

A.1 Lake Whatcom Monitoring Sites

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

Site 2is located at 18—20 m in the south central portion of basirsRyest of the
intersection of a line joining the boat house at 73 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 Tributary Monitoring Sites

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

2This hydrograph is no longer maintained by IWS; contact thyg & Bellingham for data.
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Anderson Creek, directly adjacent to the bridge over AmalefSreek (South Bay
Rd.), approximately 0.5 km from the mouth of the creek.

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

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 2004—-2006 creek monitoring ptoje

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

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

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

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

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

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

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

The Smith Creek hydrograph is mounted on the south wall of a sandstone bluff
directly underneath the bridge over Smith Creek (North 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 2004—2006 creek mongagroject.

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@tiore Dr. 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 watew$ from the facil-

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

ThePark Place sand filteris 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 watewl from the
facility flows directly into Lake Whatcom. This site was foenly the Park Place
wet pond, but was renamed following the 2006 retrofit.

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 aneigoads planted with
aguatic 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
Blue Canyon 48.68532 122.28295
Brannian 48.66910 122.27949
Carpenter 48.75432 122.35449
Euclid 48.74844 122.410056
Millwheel 48.75507 122.41635
Olsen 48.75129 122.35353
Park Place 48.76894 122.40915
Silver Beach 48.76859 122.40700
Smith 48.73191 122.30864
Whatcom 48.75715 122.42229
Storm Water Sites Latitude Longitude
Alabama Hill no GPS data available
Brentwood no GPS data available
Park Place 48.4608 122.24383
South Campus no GPS data available

Table Al: Approximate GPS coordinates for the current Lakeatdom sampling
sites.
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Site 4
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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 2006/2007 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 2006/2007 creek sampling sites.
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This figure was created using source files provided by Gerald Gabrisch
using data obtained from Western Washington University, Skagit County,

the Nooksack Tribe, and the City of Bellingham.

Figure A3: Locations of the Park Place sand filter, Brentwawedl pond, and the

Alabama 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 A4: Location of the South Campus storm water treatrfzaility.
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Figure A5: Photograph of the Alabama Hill vault, May 2006.
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Figure A6: Photograph of the Brentwood wet pond, July 2004.
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Figure A7: Photograph of the original Park Place storm watatment system
prior to retrofit (March 2005).
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Figure A8: 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-

: Photograph of the South Campus storm water tresattfacility,

Figure A9
uary 2005



2006/2007 Lake Whatcom Final Report Page

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 historic data posted online at httpaiivac.wwu.edutiws.

The historic detection limits for each parameter were estidth based on recom-
mended lower detection ranges (APHA, 1998; Hydrolab, 1997, 1985) in-
strument limitations, and analyst judgment on the lowgstatable concentration
for each test. Over time, some analytical techniques hapeawed so that cur-
rent detection limits are lower than defined below (see ctiidetection limits in
Table 1, page 16). Because the Lake Whatcom data set indluaggerm mon-
itoring data, which have been collected using a variety @flygital techniques,
this report sets conservative historic detection limitsnter 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 figufiextérends related
to improvements in analytical techniques over time, ancduction of increas-

ingly sensitive field equipment (see, for example, Figuré6-870, pages 184—
188, 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 (2006/2007)

Page
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Figure B1: Lake Whatcom Hydrolab profile for Site 1, Octobg2@06.
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Figure B2: Lake Whatcom Hydrolab profile for Site 2, Octobg2@06.
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Figure B5: Lake Whatcom Hydrolab profile for Site 4, Octobg2@06. Data are
not available at 20 m due to sampling error.
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are not available at 15 m due to sampling error.
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2006/2007 Lake Whatcom Final Report

o e R R R R R R I,
o) .
. 0 :
08 :
LP o ...............
o] .
e) :
e .
= 9 0 ST SO SRR S
é | .0 .
< 18 .
& o | Qi
a g PSS :
e} .
. 0 :
o ] .
(I\I O ...............
N I T T
: T T T T
5 10 15 20
Temperature (C)
o - i o IR R R TR
o) :
€] :
8 .
LP L o, .................
e) :
Q :
[e] .
= gl .. S i
\E/ | [e) .
= S E
o v | o i
o 5 3 :
0 :
o .
o 0 :
(I\I —_ Q ....... .................
AN e Seeee i
! 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

Pags

— O ...............
o]
e
o]
. 0
— SO
: 0
. O
- 0
)
— e o ................
o]
e}
e
e
T o ................
- O
)
- O
e}
I @
I I I I I

pH

Y o .......

o:

O:

0.

o:

o:

O:

O-

o:

0.

O:

O.

o:
_ e i e O- ......

O

o:

o

O .
—_ e O ......
I I I I I I I I
0 2 4 6 8 10 14

Dissolved Oxygen (mg/L)

Figure B11: Lake Whatcom Hydrolab profile for Site 1, Deceniliz 2006.
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Figure B12: Lake Whatcom Hydrolab profile for Site 2, Deceniliz 2006.
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Figure B13: Lake Whatcom Hydrolab profile for the Intake, Beber 12, 2006.
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Figure B14: Lake Whatcom Hydrolab profile for Site 3, Decenthe2006.
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Figure B15: Lake Whatcom Hydrolab profile for Site 4, Decenthe2006.
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Figure B16: Lake Whatcom Hydrolab profile for Site 1, Feby#r2007.
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Figure B17: Lake Whatcom Hydrolab profile for Site 2, Feby#r2007.
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Figure B18: Lake Whatcom Hydrolab profile for the Intake, fegloy 8, 2007.
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Figure B19: Lake Whatcom Hydrolab profile for Site 3, Febyu&r2007.



2006/2007 Lake Whatcom Final Report Paga

Depth (m)

Depth (m)

o - g ............................ O 5 .........
o éo o N
N o r O o~ - e O - -
| o) | -0
e ‘o
o . 0 ~ ©O . 0
ql- _.o 44444444444444444444444444444 E QI- . 8 4444444444444444
) = o
o ) T o )
(o _\o ............................. D @ _ e O ..............
I ‘o I s
e e}
o e o e
w _o ........................ w —_ O ..............
! 10 ! 10
o) e)
o : o :
© i S i e
— — .
I T T T T I T T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
o -y E ....................... o - 5 .....
o Oé o Oé
N e O - v ~N - Q-
| o . | o
o' : 10
o O: : - O 10
v _ e o,, ................. E v —] .O.
I o : E ‘o -
o' : < [0
o O: : T o (0
(o e o: ....... ................ D (o —_ e i O .........
! O: : ! .0
O: : e
o O: : o e
w _ o ....... ................ w —_ O .......
I o: : ! 0
O: : ko)
o . . o .
S ... i O i
- - —
I T T T T T I 1 T 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 B20: Lake Whatcom Hydrolab profile for Site 4, Febyu&r2007.
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Figure B21: Lake Whatcom Hydrolab profile for Site 1, AprilZR07.
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Figure B22: Lake Whatcom Hydrolab profile for Site 2, AprilZR07.
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Figure B23: Lake Whatcom Hydrolab profile for the Intake, hpr 2007.
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Figure B24: Lake Whatcom Hydrolab profile for Site 3, April2007.
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Figure B25: Lake Whatcom Hydrolab profile for Site 4, April2007.
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Figure B26: Lake Whatcom Hydrolab profile for Site 1, May 3020
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Figure B27: Lake Whatcom Hydrolab profile for Site 2, May 3020
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Figure B28: Lake Whatcom Hydrolab profile for the Intake, Mgay2007.
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Figure B29: Lake Whatcom Hydrolab profile for Site 3, May 1020
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Figure B30: Lake Whatcom Hydrolab profile for Site 4, May 1020
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Figure B31: Lake Whatcom Hydrolab profile for Site 1, JuneGQ2
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Figure B32: Lake Whatcom Hydrolab profile for Site 2, JuneGQ2
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Figure B33: Lake Whatcom Hydrolab profile for the Intake,&in2007.
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Figure B34: Lake Whatcom Hydrolab profile for Site 3, June@2 Data are
not available at 65 m due to sampling error.
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Figure B35: Lake Whatcom Hydrolab profile for Site 4, June@2 Data are
not available at 65 m due to sampling error.
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Figure B36: Lake Whatcom Hydrolab profile for Site 1, July 2@07. The high
pH value measured at 20 meters has been verified; the calmewfusual reading
is not known, but could be from sediment contamination.
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Figure B37: Lake Whatcom Hydrolab profile for Site 2, July 2Q07.
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Figure B38: Lake Whatcom Hydrolab profile for the IntakeyJlL2, 2007.
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Figure B39: Lake Whatcom Hydrolab profile for Site 3, July 2Q07.
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Figure B40: Lake Whatcom Hydrolab profile for Site 4, July 2Q07.
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Figure B41: Lake Whatcom Hydrolab profile for Site 1, Augus2@07. Conduc-
tivity data are missing due to equipment malfunction.
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Figure B42: Lake Whatcom Hydrolab profile for Site 2, Augus2@07. Conduc-
tivity data are missing due to equipment malfunction.
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Figure B44: Lake Whatcom Hydrolab profile for Site 3, Augus?2Q07. Conduc-
tivity data are missing due to equipment malfunction.
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Figure B46: Lake Whatcom Hydrolab profile for Site 1, Septenth 2007. Con-
ductivity data are missing due to equipment malfunction.



2006/2007 Lake Whatcom Final Report Pagd

~10
]
o

Depth (m)
-15
1
6
Lo
Depth (m)
-15
o
o

-20
-20

Temperature (C) pH

0
]
o

-10

-10
06 :
..2900000600006.

Depth (m)
Depth (m)

Conductivity (uS/cm) Dissolved Oxygen (mg/L)
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Figure B48: Lake Whatcom Hydrolab profile for the Intake, t8eber 6, 2007.
Conductivity data are missing due to equipment malfunction
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Figure B49: Lake Whatcom Hydrolab profile for Site 3, Septenth 2007. Con-
ductivity data are missing due to equipment malfunction.
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Figure B50: Lake Whatcom Hydrolab profile for Site 4, Septenth 2007. Con-
ductivity data are missing due to equipment malfunction.
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Lake Whatcom temperature data for Site 2, February 1988 through December 2007.
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Figure B52: Lake Whatcom historic temperature data for &ite
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Lake Whatcom temperature data for Site 4, February 1988 through December 2007.
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Figure B55: Lake Whatcom historic temperature data for &ite
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Lake Whatcom dissolved oxygen data for Site 2, February 1988 through December 2007.
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Figure B57: Lake Whatcom historic dissolved oxygen dateSite 2.
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Figure B58: Lake Whatcom historic dissolved oxygen datdtierintake.
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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 2007.
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Figure B60: Lake Whatcom historic dissolved oxygen dateSite 4.
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Figure B61: Lake Whatcom historic pH data for Site 1.
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Lake Whatcom pH data for Site 2, February 1988 through December 2007.

Figure B62: Lake Whatcom historic pH data for Site 2.
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Lake Whatcom pH data for Intake, February 1988 through December 2007.

Figure B63: Lake Whatcom historic pH data for the Intake.
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Lake Whatcom pH data for Site 3, February 1988 through December 2007.

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 2007.

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 2007.
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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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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 2007.
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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 2007.
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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 Long-term Water Quality Data (1988-present)
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Lake Whatcom alkalinity data for Site 1, February 1988 through December 2007.
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Lake Whatcom alkalinity data for Site 2, February 1988 through December 2007.
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Lake Whatcom alkalinity data for Intake, February 1988 through December 2007.
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Lake Whatcom alkalinity data for Site 3, February 1988 through December 2007.
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Lake Whatcom alkalinity data for Site 4, February 1988 through December 2007.
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Lake Whatcom turbidity data for Site 1, February 1988 through December 2007.
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Lake Whatcom turbidity data for Site 2, February 1988 through December 2007.
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Lake Whatcom turbidity data for Intake, February 1988 through December 2007.
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Lake Whatcom turbidity data for Site 3, February 1988 through December 2007.
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Lake Whatcom turbidity data for Site 4, February 1988 through December 2007.
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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 2007.

00228 e o e}
ccccc O-—====== - =0 — — — —
288388
QDD DD
[a]alalala) e g — — — — — — —
IIIIIIIIIIII CO-———0
|
R
4+xd e __
A’v_ ' O—====g———-—-"_"_ O — — — — _ Xiix%
O mmEEEESI I TS
O r iy S
O T T T T T T XS
0""""””““”“Aﬂl|l.|l.|AvW||l|nll.|
© R T I T I T T T T T
O=—===
o===ZZ7"_
S———_ _
S—————-
Qe T T T T A .
T 5. m
R
T T T T T T T
009 00S (004 00€ 002 00T 0

(7/6n) elUOWWY

Figure B82: Lake Whatcom ammonia data for Site 2.
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Lake Whatcom ammonia data for Intake, February 1988 through December 2007.
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Lake Whatcom ammonia data for Site 3, February 1988 through December 2007.
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Lake Whatcom ammonia data for Site 4, February 1988 through December 2007.
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Lake Whatcom nitrate/nitrite data for Site 1, February 1988 through December 2007.
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Figure B86: Lake Whatcom nitrate/nitrite data for Site 1.
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Lake Whatcom nitrate/nitrite data for Site 2, February 1988 through December 2007.

009 oov 00¢ 0

(7/6n) snmN/erRIIN

Figure B87: Lake Whatcom nitrate/nitrite data for Site 2.
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Lake Whatcom nitrate/nitrite data for Intake, February 1988 through December 2007.
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Figure B88: Lake Whatcom nitrate/nitrite data for the Ieakte.
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Lake Whatcom nitrate/nitrite data for Site 3, February 1988 through December 2007.
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Figure B89: Lake Whatcom nitrate/nitrite data for Site 3.
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Lake Whatcom nitrate/nitrite data for Site 4, February 1988 through December 2007.
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Figure B91: Lake Whatcom total nitrogen data for Site 1.
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Figure B92: Lake Whatcom total nitrogen data for Site 2.
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Figure B93: Lake Whatcom total nitrogen data for the Intake s
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Figure B94: Lake Whatcom total nitrogen data for Site 3.
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Lake Whatcom total nitrogen data for Site 4, February 1988 through December 2007.
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Figure B95: Lake Whatcom total nitrogen data for Site 4.
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Lake Whatcom soluble reactive phosphate data for Site 1, February 1988 through December 2007.
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Lake Whatcom soluble reactive phosphate data for Site 2, February 1988 through December 2007.

- A

=X
_e_

Depth 0
Depth 5
Depth 10
Depth 15
Depth 20

1Jan90

T
1Jan95

Date

T
1Jan2000

1Jan2005

uoday [euiq woareym axeT L002/9002

gted



"OREPPY] J0) B1Rp areydsoyd ajqnjos wod1eypn axe 869 ainbi4

Soluble Reactive Phosphate (ug/L)

50

40

30

20

10

Lake Whatcom soluble reactive phosphate data for Intake, February 1988 through December 2007.
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Lake Whatcom soluble reactive phosphate data for Site 3, February 1988 through December 2007.
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Lake Whatcom soluble reactive phosphate data for Site 4, February 1988 through December 2007.

.mmMawu

=

- A

=X
_e_
-—g—-

Depth 0
Depth 5
Depth 10
Depth 20
Depth 40
Depth 60
Depth 80
Depth 90

T
1Jan90

T
1Jan95

Date

T
1Jan2000

T
1Jan2005

uoday [euiq woareym axeT L002/9002

ebed



"T 1S J0ojJ erep snioydsoyd [e101 wodeypA axe] :Totg 2.nbi4

Total Phosphorus (ug/L)

200

150

100

50

Lake Whatcom total phosphorus data for Site 1, February 1988 through December 2007.
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Lake Whatcom total phosphorus data for Site 2, February 1988 through December 2007.
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Lake Whatcom total phosphorus data for Intake, February 1988 through December 2007.
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Lake Whatcom total phosphorus data for Site 3, February 1988 through December 2007.
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Lake Whatcom total phosphorus data for Site 4, February 1988 through December 2007.
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Lake Whatcom chlorophyll a data for Site 1, February 1988 through December 2007.
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Figure B106: Lake Whatcom chlorophyll data for Site 1.
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Figure B107: Lake Whatcom chlorophyll data for Site 2.
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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 2007.
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Lake Whatcom Secchi data for Site 1, February 1988 through December 2007.
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Lake Whatcom Secchi data for Site 2, February 1988 through December 2007.
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Lake Whatcom Secchi data for Intake, February 1988 through December 2007.
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Figure B113: Lake Whatcom Secchi depths for the Intake site.
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Lake Whatcom Secchi data for Site 3, February 1988 through December 2007.
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Figure B114: Lake Whatcom Secchi depths for Site 3.
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Lake Whatcom Secchi data for Site 4, February 1988 through December 2007.
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Figure B115: Lake Whatcom Secchi depths for Site 4.
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Lake Whatcom fecal coliform data for Site 1, February 1988 through December 2007.
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Lake Whatcom fecal coliform data for Site 3, February 1988 through December 2007.
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Figure B121: Lake Whatcom plankton data for Site 1.
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Lake Whatcom plankton data for Site 2, February 1988 through December 2007.
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Figure B122: Lake Whatcom plankton data for Site 2.
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Figure B123: Lake Whatcom plankton data for the Intake Site.
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Figure B124: Lake Whatcom plankton data for Site 3.
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Lake Whatcom plankton data for Site 4, February 1988 through December 2007.
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Figure B126: Lake Whatcom plankton data for Site 1, with Gbophyta omitted
to show remaining plankton groups.
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Figure B127: Lake Whatcom plankton data for Site 2, with Gbophyta omitted
to show remaining plankton groups.
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Figure B128: Lake Whatcom plankton data for the Intake Siith Chrysophyta
omitted to show remaining plankton groups.
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Figure B129: Lake Whatcom plankton data for Site 3, with Gbophyta omitted
to show remaining plankton groups.
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Figure B130: Lake Whatcom plankton data for Site 4, with Gbophyta omitted
to show remaining plankton groups.
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B.4 Images of Lake Whatcom Algae
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Figure B131: CHRYSOPHYTA - diatomAchnanthidiunsp. 1 (ANSP #1045).
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Figure B132: CHRYSOPHYTA - diatom:Actinocyclus normani(Gregory)
Hustedt (ANSP #86002).
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Figure B133: CHRYSOPHYTA - diatomAsterionella formosalassal (ANSP
#9001).
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Figure B134: CHRYSOPHYTA - diatomAulacoseira ambigug@Grunow) Si-
monsen (ANSP #10008).
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Figure B135: CHRYSOPHYTA - diatomCyclotella bodanicaGrunow (ANSP
#20002).
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Figure B136: CHRYSOPHYTA - diatom:Cyclotella meneghinian&utzing
(ANSP #20007).
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Figure B137: CHRYSOPHYTA - diatomCyclotellaspp. (ANSP #20990 and
20991).
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Figure B138: CHRYSOPHYTA - diatom:Cymbella affinisKutzing (ANSP
#23073).
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Figure B139: CHRYSOPHYTA - diatonDiploneissp. 1 (ANSP #30990).
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Figure B140: CHRYSOPHYTA - diatonEncyonemap. 1 (ANSP #110039).
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Figure B141: CHRYSOPHYTA - diatomEragilaria crotonensisKitton (ANSP
#34017).
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Figure B142: CHRYSOPHYTA - diatomFragilaria sp. 1 (ANSP #34990) or
Fragilaria capucinaDesmaziéres (ANSP #34006).
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Figure B143: CHRYSOPHYTA - diatomNitzschia sigmoide@Nitzsch) Ehren-
berg (ANSP #48177).
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Figure B144: CHRYSOPHYTA - diatomStephanodiscus minutul@Kitzing)
Cleve et Moller (ANSP #64018).
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Figure B145: CHRYSOPHYTA - diatomStephanodiscus niagardehrenberg
(ANSP #64001), valve view.
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Figure B146: CHRYSOPHYTA - diatomStephanodiscus niagardehrenberg
(ANSP #64001), girdle view.
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27 um diameter

Figure B147: CHRYSOPHYTA - diatomStephanodiscuspp. (ANSP #64990
and 64991).
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Figure B148: CHRYSOPHYTA - diatonBSynedrasp. 1 (ANSP #66990).
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Figure B149: CHRYSOPHYTA - diatomThalassiosira pseudonaridasle et
Heimdal (ANSP #70007).
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Figure B150: CHRYSOPHYTADInobryon divergengmhof (ANSP #1110007).
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Figure B151: CHRYSOPHYTADIinobryonsp. 1 (ANSP #1110002).
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Figure B152: CHRYSOPHYTAMallomonasspp. (ANSP #1145000). These
appear to be two species, but ANSP assigned the same nuntimhtimages.
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Figure B153: CHLOROPHYTAAnNkistrodesmusp. 1 (ANSP #261004).
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Figure B154: CHLOROPHYTA: Botryococcus brauniiKutzing (ANSP
#279000). Image is from the IWS digital image library; no ANBnhage is avail-
able.
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Figure B155: CHLOROPHYTACrucigenia quadrataMorren (ANSP #328000).
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Figure B156: CHLOROPHYTACrucigenia tetrapedigKirchner) West et West
(ANSP #328002).
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Figure B157: CHLOROPHY TAElakatothrix gelatinosaVille (ANSP #367000).
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Figure B158: CHLOROPHYTAEudorina elegan&hrenberg (ANSP #380000).
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Figure B159: CHLOROPHYTAOocystis parvalest et West (ANSP #458006).
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Figure B160: CHLOROPHYTAOocystissp. 1 (ANSP #458004).
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Figure B161: CHLOROPHYTAQuadrigula lacustris(Tanner-Fullman) Smith
(ANSP #500000) oQuadrigulasp. (ANSP #500002).
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Figure B162: CHLOROPHYTA:Scenedesmus ecorniRalfs) Chodat (ANSP
#510002).
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Figure B163: CHLOROPHYTAScenedesmusp. 1 (ANSP #510030).
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Figure B164: CHLOROPHYTATetraedron minimuniBraun) Hansgirg (ANSP
#553002).
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Figure B165: CYANOBACTERIAAphanocapsap. 1 (ANSP #807001).
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Figure B166: CYANOBACTERIAPseudanabaensp. 1 (ANSP #897003).
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Figure B167: CRYPTOPHYTA: Cryptomonas ovataEhrenberg (ANSP
#1265003).
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Figure B168: CRYPTOPHYTACryptomonasp. 1 (ANSP #1265002).
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Figure B169: PYRRHOPHYTACeratium hirudinellaMoller) Dujardin (ANSP
#1334000). Image is from the IWS digital image library; no &N image is
available.
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Figure B170: PYRRHOPHYTA:Peridinium willei Huitfeld-Kaas (ANSP
#1457013).
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B.5 Lake Whatcom Tributary Data (2004-present)

The figures in this appendix include the monthly baselina datllected from
October 4004 through September 2006 and the biannual ddézted during
the current monitoring period. Each figure includes a dagbkat) horizontal
line that shows the median value for Smith Creek and a sodid) (horizontal
line that shows the median value for each creek. Smith Cresekalosen as a
reference because it is a major tributary to the lake and Hastary of being
relatively unpolluted. Extreme outliers from 2004—-200&édd®een omitted to
provide more informative plotting scales; all original @aincluding outliers, are
available online at http://www.ac.wwu.eduivs.
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Figure B171: Temperature data for Anderson, Austin, Smatid Whatcom
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B172: Temperature data for Blue Canyon, Branniamp&der, and Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
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the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B173: Temperature data for Euclid, Millwheel, Patkde, and Silver
Beach Creeks. Current bi-annual data (February and Septe2007) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek.
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Figure B174: Dissolved oxygen data for Anderson, AustinjtBpand Whatcom
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B175: Dissolved oxygen data for Blue Canyon, Bramn@arpenter, and
Olsen Creeks. Current bi-annual data (February and Septe2@®7) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek.
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Figure B176: Dissolved oxygen data for Euclid, Millwhee#rl Place, and Sil-
ver Beach Creeks. Current bi-annual data (February ance®éer 2007) are
plotted with the monthly 2004—2006 results. Dashed (blueizbntal 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 B177: Tributary pH data for Anderson, Austin, Smiimd Whatcom
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B178: Tributary pH data for Blue Canyon, Brannian;g@ater, and Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B179: Tributary pH data for Euclid, Millwheel, ParkaPe, and Silver
Beach Creeks. Current bi-annual data (February and Septe2007) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek.
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Figure B180: Conductivity data for Anderson, Austin, Smidmd Whatcom
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Figure B181: Conductivity data for Blue Canyon, Branniaarg&nter, and Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B182: Conductivity data for Euclid, Millwheel, PaRtace, and Silver
Beach Creeks. Current bi-annual data (February and Septe2007) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line

shows the median value for each creek.
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Figure B183: Alkalinity data for Anderson, Austin, SmitmdaWhatcom Creeks.
Current bi-annual data (February and September 2007) atteglwith the
monthly 2004—-2006 results. Dashed (blue) horizontal egies line shows the
median value for Smith Creek; solid (red) horizontal refee line shows the
median value for each creek.
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Figure B184: Alkalinity data for Blue Canyon, Brannian, @anter, and Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B185: Alkalinity data for Euclid, Millwheel, Park &e, and Silver Beach
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B186: Total suspended solids data for Anderson,iAuStinith, and What-
com Creeks. Current bi-annual data (February and Septegtfst) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line

shows the median value for each creek.
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Figure B187: Total suspended solids data for Blue Canyoani@an, Carpenter,
and Olsen Creeks. Current bi-annual data (February ancei®@eptr 2007) are
plotted with the monthly 2004—2006 results. Dashed (blueizbntal 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 B188: Total suspended solids data for Euclid, Mitheh Park Place, and
Silver Beach Creeks. Current bi-annual data (February aptegber 2007) are
plotted with the monthly 2004—2006 results. Dashed (blueizbntal 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 B189: Total solids data for Anderson, Austin, Smiéimd Whatcom
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B190: Total solids data for Blue Canyon, Branniamp€ater, and Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with

the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the

median value for each creek.
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Figure B191: Total solids data for Euclid, Millwheel, Paila&e, and Silver Beach
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with

the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B192: Turbidity data for Anderson, Austin, SmithdaWhatcom Creeks.
Current bi-annual data (February and September 2007) atteglwith the

monthly 2004—-2006 results. Dashed (blue) horizontal egies line shows the
median value for Smith Creek; solid (red) horizontal refee line shows the
median value for each creek.
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Figure B193: Turbidity data for Blue Canyon, Brannian, Gamer, and Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B194: Turbidity data for Euclid, Millwheel, Park e and Silver Beach
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B195: Ammonia data for Anderson, Austin, Smith, anlddi¢om Creeks.
Current bi-annual data (February and September 2007) atteglwith the

monthly 2004—-2006 results. Dashed (blue) horizontal egies line shows the
median value for Smith Creek; solid (red) horizontal refee line shows the
median value for each creek.
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Figure B196: Ammonia data for Blue Canyon, Brannian, Catgrermnd Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B197: Ammonia data for Euclid, Millwheel, Park Plaaad Silver Beach
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with

the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B198: Nitrate/nitrite data for Anderson, Austin, iBmand Whatcom
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B199: Nitrate/nitrite data for Blue Canyon, Branimi@arpenter, and Olsen
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B200: Nitrate/nitrite data for Euclid, Millwheelaf Place, and Silver
Beach Creeks. Current bi-annual data (February and Septe2007) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line

shows the median value for each creek.
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Figure B201: Total nitrogen data for Anderson, Austin, $mand Whatcom

Creeks. Current bi-annual data (February and Septembé?) 208 plotted with

the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Olsen Creeks. Current bi-annual data (February and Septe2@®7) are plot-

ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line

shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek.
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Figure B203: Total nitrogen data for Euclid, Millwheel, Rdlace, and Silver
Beach Creeks. Current bi-annual data (February and Septe2007) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line

shows the median value for each creek.
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Figure B204: Soluble phosphate data for Anderson, Austmttg and Whatcom
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the
median value for each creek.
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Figure B205: Soluble phosphate data for Blue Canyon, Beamr€arpenter, and
Olsen Creeks. Current bi-annual data (February and Septe2@®7) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line

shows the median value for each creek.
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Figure B206: Soluble phosphate data for Euclid, Millwhé&&rk Place, and Sil-
ver Beach Creeks. Current bi-annual data (February ance®éer 2007) are
plotted with the monthly 2004—2006 results. Dashed (blueizbntal 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 B207: Total phosphorus data for Anderson, Austinitigrand Whatcom
Creeks. Current bi-annual data (February and Septembé?) 208 plotted with
the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
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median value for each creek.
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Figure B208: Total phosphorus data for Blue Canyon, BrannGarpenter, and
Olsen Creeks. Current bi-annual data (February and Septe2@®7) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek.
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Figure B209: Total phosphorus data for Euclid, MillwheedyiPPlace, and Sil-
ver Beach Creeks. Current bi-annual data (February ance®éer 2007) are
plotted with the monthly 2004—2006 results. Dashed (blueizbntal 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 B210: Fecal coliform data for Anderson, Austin, 3mand Whatcom
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Creeks. Current bi-annual data (February and Septembé?) 208 plotted with

the monthly 2004-2006 results. Dashed (blue) horizonfareace line shows
the median value for Smith Creek; solid (red) horizontag¢refce line shows the

median value for each creek.
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Figure B211: Fecal coliform data for Blue Canyon, Branni@arpenter, and
Olsen Creeks. Current bi-annual data (February and Septe2@®7) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek.
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Figure B212: Fecal coliform data for Euclid, Millwheel, RdPlace, and Silver
Beach Creeks. Current bi-annual data (February and Septe2007) are plot-
ted with the monthly 2004—-2006 results. Dashed (blue) botel reference line
shows the median value for Smith Creek; solid (red) horiabrdgference line
shows the median value for each creek.
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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 (d&je Single-blind
quality control tests were conducted as part of the IWS latooy certification
process (Tables C1-C2). All results from the single-bliests were within ac-
ceptance limits.
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Table C1: Single-blind quality control results, WP-117/(1832007).

Reported True Acceptance  Test

Valueg'®  Value¢' Limits Result
Specific conductivity £S/cm at 25C) 597.0 598 538-658 pass
Total alkalinity (mg/L as CaCg) 11.7 11.8 8.44-17.2 pass
Ammonia nitrogen, manual (mg-N/L) 14.7 14.8 11.0-18.3 pass
Ammonia nitrogen, autoanalysis (mg-N/L) 16.7 14.8 11.0318 pass
Nitrate nitrogen, autoanalysis (mg-N/L) 9.45 9.40 7.32311 pass
Orthophosphate, manual (mg-P/L) 4.31 4.30 3.54-5.09 pass
Orthophosphate, autoanalysis (mg-P/L) 4.07 4.30 3.58-5.0 pass
Total phosphorus, manual (mg-P/L) 4.86 4.78 3.92-5.70 pass
Total phosphorus, autoanalysis (mg-P/L) 4.77 4.78 3.9B-5. pass
pH 9.21 9.20 9.00-9.40 pass
Solids, non-filterable (mg/L) 85.0 95.5 78.9-106 pass
Turbidity (NTU) 1.6 1.68 1.22-2.19 pass
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Reported True  Acceptance Test

Valueg'®  Value¢' Limits Result
Specific conductivity £S/cm at 25C) 476 485 436-534 pass
Total alkalinity (mg/L as CaCg) 44.5 43.3 37.1-50.1 pass
Ammonia nitrogen, manual (mg-N/L) 9.13 8.94 6.60-11.2 pass
Ammonia nitrogen, autoanalysis (mg-N/L) 9.34 8.94 6.60211 pass
Nitrate nitrogen, autoanalysis (mg-N/L) 31.6 30.9 25.2935 pass
Orthophosphate, manual (mg-P/L) 3.44 3.56 2.92-4.23 pass
Orthophosphate, autoanalysis (mg-P/L) 3.35 3.56 2.93-4.2 pass
Total phosphorus, manual (mg-P/L) 2.91 2.88 2.33-3.48 pass
Total phosphorus, autoanalysis (mg-P/L) 2.98 2.88 2.3B-3. pass
pH 5.49 5.50 5.30-5.70 pass
Solids, non-filterable (mg/L) 65.8 67.4 54.1-75.7 pass
Solids, total (mg/L) 200 195 159-229 pass
Turbidity (NTU) 4.59 455  3.72-5.33 pass

Table C2: Single-blind quality control results, WP-124/02007).
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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 accuracif

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 2004 through September 2006 (upper examples in Figute€Zl1, pages
338-358), and used to evaluate data from October 2006 thr®agtember 2007
(lower examples in Figures C1-C21).

28external check standards are not available for all analytes
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Alkalinity Laboratory Duplicates, Test Data

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 Lakdn&t€om 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 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.
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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.
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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.



2006/2007 Lake Whatcom Final Report P&gR

~ o
8 4 — 5 3.61
I I O-------- R 2.37
3] o 88 g° °° 9 © § 98 8
(04 .86 .48 ... o....8.88. .. 0..Q.. A 8. 8.86.|_
O o a8 58 & o 86868 Oog@@ 0.107
= 0 &0 o 0?9 o 8
] -2 — o o e} 8
ié_ S O------------ o i -2.59
S5 -4 4 O -3.83
&
T T T T
01/05 08/05 02/06 09/06
Soluble Phosphate Laboratory Duplicates, Training Data
N
S 4 3.61
| 7 2.37
— o 8
) o
(04 O—O ..... 8 ..... O [ T e O B g -0.107
g o o e 8 8 § °
S 2..09_____. O L .. —259
§ 4 -3.83
T T T
12/06 03/07 07/07 10/07

Soluble Phosphate Laboratory Duplicates, Test Data

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.



2006/2007 Lake Whatcom Final Report P&&a

10

B = 5 5 5 7.84
5 B e il 5.81
z 5 o 0© ° 0 oo
[} OO 8 (o) (@] o le) 0.0 o

................ O T gy T g . 80 175
® o] %8s "8 oTwrgy g0 T889°
R e R e R LR -2.32
g -4.35

T T T T
01/05 08/05 02/06 09/06
Soluble Phosphate Check Standards, Training Data
10
g o1
5 IrT--"-"-"-"-"-"-""-"-"°-"-"-~"-~"~"~"~"=~"°~"°=" =" =" =" =" °"°"°"°"¥°°°"°¥°¥°~*°"°~*°"~*°"~°"~*"~"~~°~"°~-°/° .
g ° o
L [© O e D)
= 5 R 6 51178
| 0 8 o o 8 8
g Fe-Q--- - O - - s oS o s oo -oo-oooo-oo-o-o--o-- o -1-2.32
E 5 -4.35
T T T
12/06 03/07 07/07 10/07

Soluble Phosphate Check Standards, Test Data

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-C31,
pages 360-369). To check the Hydrolab measurements, dtgpbamples were
analyzed for at least 10% of the Hydrolab measurements waiegy samples col-
lected from the same depth as the Hydrolab measurement. bwduée mean
differencé was calculated for the 2006/2007 lake data using the folgwiqua-
tion:

> |Original Sample — Duplicate Sample|

*Absolute mean difference =
n
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Figure C22: Alkalinity field duplicates for the 2006/2007KeaWhatcom Moni-
toring Project. Diagonal reference line shows a 1:1 retestiop.
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Figure C23: Chlorophyll field duplicates for the 2006/20@&ke Whatcom Mon-
itoring Project. Diagonal reference line shows a 1:1 reteghip. The outliers
were all epilimnetic samples collected during late summieenvalgal communi-

ties were highly stratified by depth.
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Figure C24: Conductivity field duplicates for the 2006/20@ke Whatcom Mon-
itoring Project. Diagonal reference line shows a 1:1 reteghip. The outlier was
collected when there was a sharp conductivity gradienteabtitom of the lake.
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Figure C25: Dissolved oxygen field duplicates for the 2008/2Lake Whatcom
Monitoring Project. Diagonal reference line shows a 1:atrehship. The outliers
were collected at Sites 1 and 2 during late summer when egtoatygen gradients
were present. The differences illustrate the variatiowbet samples collected at
true depth (Hydrolab) and depth measured using a markedWirgler), which

is slightly shallower than true depth.
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Figure C26: Ammonia field duplicates for the 2006/2007 Lakiea¥dom Moni-
toring Project. Diagonal reference line shows a 1:1 refestap; horizontal refer-
ence line shows the current detection limits.
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Figure C27: Nitrate/nitrite field duplicates for the 200802 Lake Whatcom
Monitoring Project. Diagonal reference line shows a 1:atiehship; horizon-
tal reference line shows the current detection limits.
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Figure C28: Total nitrogen field duplicates for the 2006/2Q@&ke Whatcom
Monitoring Project. Diagonal reference line shows a 1:atrehship. All total
nitrogen samples were above the detection limit.
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Figure C29: Field duplicates for pH from the 2006/2007 Lakkaf¢om Moni-
toring Project. Diagonal reference line shows a 1:1 retestidp. The results show
a slight systematic bias due to changes in dissolveg &1 associated inorganic
carbon ions between field and laboratory samples. The muthere collected
during late summer when extreme pH gradients were present.
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Figure C30: Total phosphorus field duplicates for the 200872Lake Whatcom
Monitoring Project. Diagonal reference line shows a 1:atrehship; horizontal
reference line shows the current detection limits. The digdree of scatter is due
to the low concentrations of the samples.
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Figure C31: Turbidity field duplicates for the 2006/2007 eak’hatcom Moni-
toring Project. Diagonal reference line shows a 1:1 retestidp. The outlier was
collected close to lake destratification, which causesatian in water column
turbidity levels.
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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) AmTest 2006/2007
Abbrev.  Analysis or Sensitivity=) Abbrev.  Analysis Det. Limits (dl)
alk Alkalinity + 0.5mg/L As arsenic, total dl=0.01
ecolit Bacteria,E. coli dl = 2 cfu/100 mL Cd cadmium, total dl = 0.0005
enty Bacteria,Enterococcus dl = 2 cfu/100 mL Cr chromium, total  dl =0.001
fct Bacteria, fecal coliforms dl = 2 cfu/100 mL Cu copper, total dl=0.001
tet Bacteria, total coliforms dl =2 cfu/100 mL Fe iron, total dl =0.005
toc Carbon, total organic dl=1.0 mg/L Pb lead, total dl=0.001
chl Chlorophylla + 0.1 mg/n¥ Hg mercury, total dl =0.0001
cond Conductivity, Hydrolab + 2 uSlcm Ni nickel, total dl =0.005
cond Conductivity, lab + 2 uSlcm Zn zinc, total dl =0.001
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 4+ 0.1 mg/L
do Oxygen, Winkler + 0.1 mg/L
pH pH, Hydrolab 4 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=2mg/L
ts Total solids dl=2mg/L
turb Turbidity + 0.2NTU

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

Table D1: Summary of analyses in the Lake Whatcom monitgorogect. The
historic detection limits listed in this table are conséaestimates designed to
permit comparisons with historic data. Table 1 on page 186 tiee current IWS
detection limits for selected analyses and Appendix D15 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 online at http://www.acweglu~iws or may
be obtained by contacting the Institute for Watershed #g8jdivestern Washing-
ton 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 for-
mat in the printed version of this report. Bacteria data hasebeen included in
this appendix, but are available from the City of Bellingh&ublic Works De-
partment. Electronic copies of the historic Lake Whatcontewguality data are
available online at http://www.ac.wwu.eduivs or may be obtained by contact-
ing the Institute for Watershed Studies, Western Washmghoiversity, Belling-
ham, WA, 98225.
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D.3 Lake Whatcom Plankton Data

Lake Whatcom plankton data from the current sampling peravd in-
cluded in hardcopy format in the printed version of this mepoElectronic
copies of the historic Lake Whatcom plankton data are aviglanline at
http://www.ac.wwu.edutiws or may be obtained by contacting the Institute for
Watershed Studies, Western Washington University, Bghiam, WA, 98225.
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D.4 Storm Water Treatment Monitoring Data

The storm water treatment data from the current samplingpgeare included
in hardcopy format in the printed version of this report. ®&si@ data have not
been included in this appendix, but are available from thg Gi Bellingham
Public Works Department. Electronic copies of the histetarm water treatment
data are available online at http://www.ac.wwu.edws or may be obtained by
contacting the Institute for Watershed Studies, Westershidgton University,
Bellingham, WA, 98225.
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D.5 AmTest Metals and TOC

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 14, 2007 medbddd drganic carbor
September 14, 2007 metals, total organic carbon

Lake Whatcom tributaries February 15, 2007 metals, totgduoic carbon
July 19, 2007 metals, total organic carbpn

Brentwood wet ponds March 13, 2007 metals,total organisarar
June 21, 2007 metals,total organic carbpn

Park Place sand filter November 21,2006 metals, total ocgambon
March 13, 2007 metals, total organic carbpn
June 18, 2007 metals, total organic caron

South Campus storm drain April 19, 2007 metals, total orgaarbon
May 17, 2007 metals, total organic carbpn

Sites codes for the AmTest reports are as follows:

Lake Sites Storm Water Sites Tributaries

110 Site 1, surface (0.3 m) BW IN Brentwood inlet AND  Anderson
11B Site 1, bottom (20 m) | BW OUT  Brentwood outlet AUS L. Austin
210 Intake, surface (0.3 m) PP IN Park Place inlet BLU  Blue Canyon
21 B Intake, bottom (10 m)| PP OUT Park Place outlet BRA  Brannian
220 Site 2, surface (0.3 m) SCIN S. Campus inlet CAR  Carpenter

22B Site 2, bottom (20 m) | SCOUTE  S. Campus east outletEUC  Euclid
310 Site 3, surface (0.3 m) SCOUTW S. Campus west outletMIL ~ Millwheel

31B Site 3, bottom (80 m) OLS Olsen

320 Site 4, surface (0.3 m PAR  Park Place

32B Site 4, bottom (90 m) SIL Silver Beach
SMI  Smith

WHA Whatcom
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