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Executive Summary

e This report describes the results from the 2004/2005 Lakatéém mon-
itoring program. The objectives of this program were to gurg long-
term baseline water quality monitoring in Lake Whatcom aglécted trib-
utary streams; monitor the effectiveness of storm wateatitnent systems;
continue collection of hydrologic data from Anderson, Aasand Smith
Creeks; and update the hydrologic model for Lake Whatcom.

e Thisreportis part of an on-going series of annual reportisspecial project
reports that provide a complete documentation of the manggorogram
over time. A summary of the Lake Whatcom reports, includipgcsal
project reports, is included in Section 6.1, beginning ogepd24.

e During the summer the lake stratified into a warm surfacerléye epil-
imnion) and a cool bottom layer (the hypolimnion). The lakaswvarmer
during February and May, but close to historic median tecpees during
most other months. The lake was stratified by the first weekag.M

e The levels of hypolimnetic oxygen have declined over tingitd 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. At Site 1 the epilimnetic nitrate concentragitadl below 20
1g-N/L, creating an environment favorable for cyanobaeterHypolim-
netic nitrate concentrations dropped below;&3N/L at both Sites 1 and
2, indicating prolonged anaerobic conditions. High hypwoletic concen-
trations of ammonia and phosphorus were present at Sited 2,avhich is
also consistent with anaerobic conditions.

e Chlorophyll concentrations have increased significamitgaghout the lake
since 1994. Cell counts for all four of the major algal typ&ryso-
phyta (diatoms), Chlorophyta (green algae), Cyanophytan@bacteria),
and Pyrrhophyta (dinoflagellates), have also increasemligfinout the the
lake. Cyanophyta counts have increased to where they areahtavels
similar to the Chrysophyta and Chlorophyta.
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¢ Although the 2004/2005 total organic carbon concentrativere below de-
tection at most sites, the long-term data suggest that theecrations may
actually be increasing all sites except Site 1. Concurygetiiere has been
a significant increase in the concentrations of trihalorme#ts in Belling-
ham'’s treated water.

e Most of the mid-basin fecal coliforms aril coli counts were less than 10
cfu/100 mL. The coliform counts at the Bloedel-Donovan eational area
(collected near the dock offshore from the swimming areajevatightly
higher than mid-basin counts, but passed the freshvizxteaordinary Pri-
mary Contact Recreational bacteria standard for Washington State.

e Zinc and iron were detected at most sites, but were withimabiranges
for the lake. Chromium, copper, and nickel were detected amyrof the
samples, but the concentrations were near the limit of tetecso it is
not clear whether this represents an actual increase irlswetacentrations
in the lake or just variation in low level analytical anaky/siMercury and
lead were detected in a few samples, but because the coati@mérwere
at or near detection levels, it is unlikely that these déestrepresent an
increase in metals concentrations in the lake.

e The creeks were monitored more intensively in 2004/2005awige base-
line data for most of the tributaries that flow into Lake Wiwatc Most of
the creeks in the Lake Whatcom watershed had relatively lomcentra-
tions of total and dissolved solids, low alkalinities anchdoctivities, low
levels of nitrate and ammonia, and relatively low coliforouats. Residen-
tial streams had higher concentrations of total and digsbéolids, higher
alkalinities and conductivities, higher nutrient conecations, and much
higher coliform counts. Blue Canyon Creek, which drains aaral-rich
portion of the watershed, had unusually high concentratmindissolved
solids, higher alkalinities, and much higher conductastibut low nutrient
and coliform levels.

e Most of the creeks failed to meet Part B of the surface waterdzrds for
coliforms (WAC 173-201A); Carpenter, Euclid, MillwheekiR Place, and
Silver Beach Creeks failed both parts of the surface wagardstrds. Only
upper Beaver Creek, Blue Canyon Creek, and Whatcom Creskgasth
parts of the standard.
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e Water quality in Austin Creek, Beaver Creek, and Olsen Creak similar
to Smith Creek, which was selected as a reference site.r&kach Creek
and the Park Place wet pond outlet had the worst water quaitypared
to Smith Creek, with significantly higher concentrations feany of the
water quality parameters. Carpenter Creek, Euclid Creed,Millwheel
Creek had high concentrations of total solids and total phorus, but were
otherwise similar to Smith Creek.

e A water balance was applied to Lake Whatcom to identify itjomaater
inputs and outputs and to examine runoff and storage. Thernmguts into
the lake during WY2005included surface and subsurface runoff (74.1%),
direct precipitation (16.2%), and water diverted from theltle Fork of
the Nooksack River (9.6%). Outputs included Whatcom Cr&dl00%6), the
City of Bellingham (9.8%), Georgia Pacific (5.3%), evapma(7.2%), the
Whatcom Falls Hatchery (3.1%), and the Lake Whatcom WaterSawer
District (0.6%)?

e The Distributed Hydrology-Soils-Vegetation Model (DHSYMas applied
to the Anderson, Austin, and Smith Creek basins in the Lakatédm wa-
tershed to predict surface-water runoff into the lake. Tiheukated stream
flow results are displayed with the recorded data for each dRalibra-
tion refinement will continue as more stream flow and weath&a decome
available.

e Three storm water treatment systems were monitored in 2008/ the
Park Place wet pond; the Alabama Hill underground storm miegatment
vault; and the South Campus storm water treatment facilitych is outside
the Lake Whatcom watershed, but is used as a reference séadeeit often
provides better pollutant removal than systems inside ttershed.

e Of the three storm water treatment systems that were mexitan
2004/2005, only the South Campus system provided consigtespho-
rus and sediment removal. The Park Place wet pond and Alabidhvault
provided virtually no phosphorus removal and minimal orminsistent re-
moval of solids. The City is currently redesigning the PaldcE treatment
system, which should improve pollutant removal in the fatur

IWwater Year 2005 covers the period from October 1, 2004 tHi@eptember 30, 2005
2Formerly Water District #10
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e Over the past 10 years, IWS has monitored the performancegeo§form
water treatment systems inside the Lake Whatcom watershiatbgma
vault, Brentwood wet pond, Park Place wet pond, Parkstoraegmond,
and Sylvan vault). The data suggest that although most dfttiren water
treatment systems provided some degree of sediment reymavaed have
provided significant or consistent reductions in phospsioru
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1 Introduction

This report is part of an on-going series of annual reports special project
reports that provide a complete documentation of the manggprogram over
time. Many of the reports are available online at http://waswwwu.edutiws
(follow links to the Lake Whatcom Watershed Project — onlieports); older
reports are available in the IWS library and through the Gitgellingham Public
Works Department. A summary of the Lake Whatcom reportduding special
project reports, is included in Section 6.1, beginning ogepd24.

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

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

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

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. In addition, since the City and WW&yiew the scope
of work for the monitoring program each year, short-termawguality questions
can be addressed as needed.

3The Georgia-Pacific Corporation closed its pulp mill opierat in 2001, reducing its water
requirements from 30—-35 MGD to 7-12 MGD. The water requingimevere further reduced in
2003 to 5-9 MGD when Georgia-Pacific closed all but its tigsteeluction facility. In 2005, the
water requirements were even lower, ranging from 3.5-8.\W@&ith an average of 5 MGD for
the year (City of Bellingham Public Works Dept.).
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The major objectives of the 2004/2005 Lake Whatcom momitpprogram were

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

Creeks; and update the hydrologic model for Lake Whatcom.

Detailed site descriptions can be found in Appendix A. Th&tdric lake data
are plotted in Appendix B. The current quality control résuwdan be found in
Appendix C. The 2004/2005 monitoring data are printed idbapy version of
this report in Appendix D and included in electronic formathe online version
of this report. Table D1 on page 302 (at the beginning of ApipeD) lists all

abbreviations and units used to describe water qualityyagaalin this document.

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 132, in Appendix A.1). Sites 1-2lacated at the
deepest points in their respective basins. The Intakessiteated adjacent to the
underwater intake point where the City of Bellingham withas lake water from
basin 2. Site 3 is located at the deepest point in the northidorbasin of basin
3 (north of the Sunnyside sill), and Site 4 is located at thepédst point in the
southern sub-basin of basin 3 (south of the Sunnyside ¥il§ter samples were
also collected at the City of Bellingham Water TreatmenhPgmtehouse, which
is located onshore and west of the intake site.

2.2 Field Sampling and Analytical Methods

The lake was sampled ten times during the 2004/2005 momgigsgrogram to
measure the parameters listed in Table 1. Each sampling evenmulti-day
task; all samples are collected during daylight hours,dsihy between 10:00 am
and 3:00 pm. The sampling dates were: October 5 & 7, Novemig&d3and
December 7 & 9, 2004; and February 1 & 3, April 11 & 13, May 4 & 6né 1 &
2,July5 &7, August 2 & 4, and September 6 & 8, 2005.
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A Surveyor IVa Hydrolab was used to measure temperaturedigdolved oxy-
gen, and conductivity. All water samples (including baiciegical samples) col-
lected in the field were stored on ice and in the dark until tleached the labo-
ratory, and were analyzed as described in Table 2 on page RIdAA1998; Hy-
drolab, 1997; Lind, 1985). Total metals analyses (arsex@dmium, chromium,
copper, iron, mercury, nickel, lead, and zinc) and totabarg carbon analyses
were done by AmTestPlankton samples were placed in a cooler and returned to
the laboratory unpreserved. The plankton sample volumes measured in the
laboratory and the samples were preserved with Lugol'stiesiu The bacteria
samples were analyzed by the City of Bellingham at their magatment plant.
Unless otherwise noted, all other analyses were done by W&/tbpnel.

2.3 Results and Discussion

The lake monitoring data include field measurements (candiy; dissolved
oxygen, pH, Secchi depth, and water temperature); monthlyimonthly lab-
oratory analyses for ambient water quality parameters (anfen nitrate+nitrite,
total nitrogen, soluble phosphate, total phosphorus lialkg turbidity, chloro-
phyll); monthly or bimonthly plankton and bacteria; andrinaal metals and total
organic carbon measurements.

Tables 3—7 (pages 17-21) summarize the 2004/2005 field megasots, ambient
water quality, and coliform data. The raw data are inclugdedppendix D, be-

ginning on page 301, and in electronic format on the CD thabmpanies this
report. The monthly 2004/2005 Hydrolab profiles for tempane dissolved oxy-
gen, conductivity, and pH are plotted in Figures B1-B50 §sab45—-194).

The historic lake data are also plotted in Figures B51-B&Qyés 196—-215) and
Figures B71-B135 (pages 217-284). These figures are soghéat the full range
of Lake Whatcom water quality data including minimum, maxim and outlier
values. As a result, they usually do not provide the besttiliion of trends that
occur in the lake. Separate tables and figures are providécefal discussions.

4AmTest, 14603 N.E. 87th St., Redmond, WA, 98052.
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2.3.1 Water temperature

The mid-winter Hydrolab profiles (e.g., Figures B16—B20g¢= 160-164) and
the multi-year temperature profiles (Figures B51-B55, pd@6—200) show that
the water column mixes during the fall, winter, and earlyirggpr During this time,
water temperatures, dissolved oxygen concentrationsepéld, and conductivi-
ties are fairly uniform from the surface to the bottom of thkd, even at Site 4,
which is over 300 ft (100 m) deep.

The summer Hydrolab profiles (e.g., Figures B46—B50, pag§6s194) illustrate
how the lake stratifies into a warm surface layer @hiimnion) and a cool bot-
tom layer (thehypolimnion). The transition zone between the epilimnion and
hypolimnion, themetalimnion, is a region of rapidly changing water temperature.
When stratified, the Hydrolab profiles show distinct diffezes between surface
and bottom temperatures. Climatic differences alter timénty of lake stratifica-
tion; if the spring is cool, cloudy, and windy, the lake wiliatify later than when

it has been hot and sunny.

Stratification develops gradually, and once stable, psraitil fall or winter, de-
pending on location in the lake. In Lake Whatcom, all sitesegt the Intake,
which is too shallow to develop a stable stratification, asaally stratified by
June. Stratification may begin as early as April, but is oftethstable until May
or early June. The actual stability of stratification is deti@ed in part by the tem-
perature differences in the water column, but also by wateulkation and local
weather patterns. However, once the water column temperdiffiers by at least
5° C, it is unlikely that the lake will destratify. TypicallyJlahree basins reach a
5° C difference by early June (see summary of monthly watemooltemperature
differences in Matthews, et al., 2005).

Destratification occurs abruptly in basins 1 and 2, and maoaduglly in basin 3.
The lake cools as the weather becomes colder and day lengitess. Basins
1 and 2 (Sites 1-2) destratify by the end of October, whilérb@qSites 3—4)
is often still stratified in November or early December. Céetgpdestratification
probably occurs in late December or early January in basio 8)at by February,
the temperatures are relatively uniform throughout theewadlumn.
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The historic water temperature data indicate that the dnmedian temperatures
in basin 3 are cooler than basins 1 and 2, and the two shallsimdaxperience
more extreme temperature variations. The lowest and higéegperatures mea-
sured in the lake since 1988 were at Site 1 (4C2on February 1, 1988; 23°C
on August 5, 1998). The large water volume in basin 3 moder&@perature
fluctuations, so it will be less susceptible than the shalbasins to temperature
changes in response to weather conditions.

The 2005 surface water temperatures were warmer than ustiagd-ebruary
and May (Figure 1, page 25), but most other months were atolsistoric median
temperatures. The lake was stratified by the first week in Nrayufes B26—B30,
pages 170-174).

2.3.2 Dissolved oxygen

As in previous years, Sites 1 and 2 developed severe hypetiowxygen deficits
by mid-summer (Figures B41-B42 and B56-B57, pages 185-1@@@1—-202).
Hypolimnetic oxygen depletion only becomes apparent ateatification, at
which time the lower waters of the basin are isolated fromlake’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 influendaypolimnetic oxygen
concentrations (e.g., Figures B50 and B60, pages 194 ar)d [2Gpntrast, Site 1
shows rapid depletion of the hypolimnetic oxygen conceiatng following strat-
ification (Figures B46 and B56, pages 190 and 201).

During October 2004, the oxygen concentrations at Site fd from 9.5 mg/L
at the surface to 2.9 mg/L at 80 m (Figure B4, page 148). THerdifice be-
tween surface and bottom oxygen concentrations was sniraldovember (9.3
mg/L at the surface vs. 6.4 mg/L at 79 m), and by Decembernlk&sias be-
ginning to destratify. Site 4 had a very small oxygen sag'(~1.5 mg/L) near
the bottom during October and November. Both sites also tredl ®xygen sags
near the thermocline. This was probably caused by respirati heterotrophic
bacteria that accumulate along the density gradient betree epilimnion and
hypolimnion (DeLuna, 2004).
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Low oxygen conditions are associated with a number of urelppewater quality
problems in lakes, including loss of aquatic habitat; redeaf nutrients (phospho-
rus and nitrogen) from the sediments; increased rates af pfgduction due to
release of nutrients; unpleasant odors during lake overtish kills, particularly
during lake overturn; release of metals and organics fransédiments; increased
mercury methylation; increased drinking water treatmeydts; increased taste
and odor problems in drinking water; and increased riskecaated with disin-
fection by-products created during the drinking waterttreant process.

Site 1 oxygen trends: The levels of hypolimnetic oxygen have declined over
time at Site 1, causing the lake to be listed by the Departroélicology on
the 1998 303D list of impaired waterbodies in the State of Wagon (Pelletier,
1998)° The increasing rate of oxygen loss is most apparent durilygaha Au-
gust, after the lake develops a stable thermal stratificatiot before oxygen lev-
els drops near zero.

To illustrate this trend we fitted the July and August datagisin exponential
function (see discussion by Matthews, et al., 2004). Ascagid in Figures 4—
7 (pages 28-31), there were significant negative correlgticetween dissolved
oxygen and time for all samples collected from the hypolonmiluring July and
August (see footnote on page 11 for a description of coioglanalysis).

A region of supersaturated oxygen was evident in the metatimat Site 1 in
May, June, and August (Figures B26, B31, and B41, pages T/A),ahd 185¥.
DelLuna (2004) described this phenomenon, which is causatépccumula-
tion of phytoplankton along the density gradient betweenepilimnion and hy-
polimnion in basin 1, where light and nutrients are suffitiersupport very high
levels of photosynthesis. Chlorophyll concentrationgiumithe metalimnetic oxy-
gen peak may be 4-5 times higher than those measured nearfhessof the lake
(DeLuna, 2004).

SInformation about the 303(d) list is available at http:/Mnecy.wa.gov/programs/wg/303d.
6Although supersaturation can occur in other portions ofake, particularly the epilimnion,
supersaturation in the metalimnion is much more persistesit time, and changes the classifica-
tion of the lake’s oxygen profile from “heterograde” to “cotfrade.” Refer to Wetzel (1986) and

DelLuna (2004) for a more complete discussion.
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2.3.3 Conductivity and pH

The Hydrolab pH and conductivity data followed trends tharevtypical for

Lake Whatcom, with only small differences between sites depiths (Figures
B61-B70, pages 206—215). Surface pH increased during thensu due to pho-
tosynthetic activity. Hypolimnetic pH values decreased aanductivity values
increased due to decomposition and the release of dissobredounds from the
sediments. A significant long-term trend was apparent incthreductivity data
(Matthews, et al., 2004). This trend is the result of chagdgmincreasingly sen-
sitive equipment during the past two decades, resultingviret values over time,
and does not indicate any change in the actual conductivitye lake.

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 217-22iindthe 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 excepinduate summer in

samples from the lower depths at Sites 1-2, and occasidbigdi\d (Figures B76—
B80, pages 222-226). The high turbidity levels near theonotre an indication

of increasing turbulence in the lower hypolimnion as thelakars turnover. The
influence of winter storms on turbidity can be seen in the dasfpom December
1996. At that time, the water column was thoroughly mixeditdsS1 and 2, so

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

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

2.3.5 Nitrogen and phosphorus

Figures B81-B105 (pages 228-252) show the nitrogen andopbass data for
Lake Whatcom. Nitrogen and phosphorus are important migrithat influence
the amount and type of microbiota (e.g., algae) that growthenlake. In Lake
Whatcom, most algae use inorganic nitrogen in the form ahtdtfor growth.
Under some conditions, ammonia or dissolved nitrogen gadeaised.

"Only cyanobacteria and a few uncommon species of diatomss®nitrogen gas.
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Nitrate depletion was evident at all sites in the photosgtithzone during the
summer (Figures B86—B90, pages 233-237), particularlj@atlSwhere the epil-
imnetic nitrate concentrations fell below 2@-N/L. Epilimnetic nitrogen deple-
tion is an indirect measure of phytoplankton productivi§oincident with low
nitrate concentrations, late summer is when we usually fiechighest densities
of nitrogen-fixing Cyanophyta (bluegreen bacteria or cyeuteria) in the plank-
ton samples. Epilimnetic nitrate concentrations decreas&ites 3—4, but rarely
fall below 150..9-N/L, making nitrogen co-limitation unlikely.

The hypolimnetic nitrate concentrations dropped belowdN/L at both Sites 1
and 2. In anaerobic environments, bacteria reduce nitiddg J to nitrite (NG,)
and nitrogen gas (N. The historic data indicate that nitrate reduction hasbee
common at Site 1, but was not common at Site 2 until the sumiE9%P.

High ammonia concentrations were measured just prior totawein the hy-
polimnion at Sites 1 and 2 (Figures B81 & B82, pages 228 & 2lpvated
hypolimnetic ammonia concentrations have been commontatdies through-
out the monitoring period, but beginning in 1999 the coneidns increased
noticeably at Site 2.

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 s rarely present in high concentrations becatiseaipidly converted to
nitrite and nitrate through biological and chemical preess In low oxygen en-
vironments, such as the hypolimnion at Sites 1 and 2, amnamaiamulates until
the lake destratifies. Currently, the ammonia and hydrog#itle concentrations
are higher at Site 2 than at Site 1 (Table 10, page 24).

Sites 3 and 4 often have slightly elevated ammonia condéntgaat 20 m (Fig-

ures B84—-B85, pages 231-232). This is due to bacterial deasition of organic
matter in the metalimnion (DeLuna, 2004), but the the cotreéions never ap-
proach the levels found in the hypolimnion at Sites 1-2. Ailsimmetalimnetic

accumulation of ammonia was observed by McNair (1995) ireLa&mish. Sites
3 and 4 occasionally have slightly elevated ammonia conagomns at 80-90 m
during late summer, which is probably also caused by decsitipo of organic

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

Soluble phosphate concentrations were usually ledQ ng-P/L) at all sites and
depths except in the hypolimnion at Sites 1 and 2 just prioowerturn (Fig-
ures B96-B100, pages 243-247). Elevated total phosphevalslwere present
in the hypolimnion at Sites 1 and 2 during stratification (Fe&s B101-B105,
pages 248-252). When hypolimnetic oxygen concentratiom$osv, sediment-
bound phosphorus becomes soluble and leaches into thgiogeniater. Prior to
turnover, hypolimnetic phosphorus may be taken up by miotakin the meta-
limnion (see Section 2.3.2 and DelLuna, 2004). When the lakesmn the fall,
the hypolimnetic phosphorus will be mixed throughout théawaolumn. As oxy-
gen concentrations increase during mixing, any solublesphorus that has not
been taken up by biota will convert into insoluble forms.

2.3.6 Chlorophyll, plankton, and Secchi depth

Site 1 continued to have the highest chlorophyll conceioimatof all the sites
(Figures B106—-B110, pages 254—258). Samples from 20 mest Sdnd 2 usually
had lower chlorophyll concentrations than samples neteistirface. Twenty
meters is near the lower limit of the photic zone, so the lghtlintensity is not
optimal for algal growth. Also, most algae are aerobic orgfas, so the low
oxygen conditions in the late summer hypolimnion would netféavorable for
growth® Peak chlorophyll concentrations were usually at 0-15 m.

8Many cyanobacteria can photosynthesize under aerobicaarahic conditions (Lee, 1989).
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The Lake Whatcom plankton counts were usually dominated tysophytd
(Figures B111-B120, pages 259-268), consisting primafilgiatoms,Dino-
bryon, andMallomonas. Substantial blooms of cyanobacteria (Cyanophyta) and
green algae (Chlorophyta) were also measured at all sitgsgdsummer and late
fall. Previous analyses of algal biovolume in Lake Whatcowlidated that al-
though Chrysophyta dominate the numerical plankton cou@ysnophyta and
Chlorophyta often dominate the plankton biovolume, pafédy in late summer
and early fall (Ashurst, 2003; Matthews, et al., 2002b).

Secchi depths (Figures B121-B125, pages 269-273) showetbaoseasonal
pattern because transparency in Lake Whatcom is affectquhtiiculates from
storm events and the diversion as well as algal blooms

Indications of eutrophication: Matthews, et al. (2005) describe trends in
chemical and biological indicators of eutrophication agp&in the historic wa-
ter quality data from Lake Whatcom. Eutrophication is thenteised to describe
a lake that is becoming more biologically productive. It @gply to an unpro-
ductive lake that is becoming slightly more eutrophic, or@doictive lake that is
becoming extremely eutrophic. Most of Lake Whatcom is neddy unproduc-
tive, which makes it particularly vulnerable to eutrophica from phosphorus
loading. See Wetzel (1983) for a discussion of the effectsubfophication on
lakes.

One of the most important indicators of eutrophication iké8Vhatcom is the in-
creasing algal densities that are apparent at all sitegilakie (Figure 8, page 32).
Cell counts for all four of the major algal types, Chrysoghgdiatoms), Chloro-
phyta (green algae), Cyanophyta (cyanobacteria), anch@yyta (dinoflagel-
lates), are increasing significantly in the lake. The Cyduytg increase is dis-
turbing because cyanobacteria are often indicators ofrveatality deterioration
(Wetzel, 1983). Cyanophyta usually reach peak densitieénsummer or early
fall, just prior to turnover. In Lake Whatcom, the summdtyanophyta counts
have increased significantly at all sites (Figures 9—10ep&3—34), and are now
at levels similar to the Chrysophyta and Chlorophyta.

9The Chrysophyta phylum name has been changed to Hetergitgrtéoin many taxonomies.
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Concurrent with the increase in algal densities, there le@s [a significant in-
crease in chlorophyll concentrations at all sites since4l(®@gure 11, page 35).
Prior to 1994, chlorophyll was sampled using a slightly lassurate method, re-
sulting in more within-sample variation. If these earliextal are included, the
correlations are not significant because the pattern is etdsk sample variance.

2.3.7 Coliform bacteria

Beginning in October 2002, the coliform monitoring was afpaah to includeEs-
cherichia coli (E. coli), along with fecal coliform counts. This change was made
to reflect potential revisions in the Washington State Dipant of Ecology’s ap-
proach to defining bacterial pollution in surface water.arebliforms andente-
rococcus counts were discontinued. For information about histartaltcoliform
andEnterococcus levels in Lake Whatcom, refer to previous annual reports (e.
Matthews, et al., 2005).

The current surface water standards are based on “designete’ cate-
gories, which for Lake Whatcom is likely to be “ExtraordigaPrimary
Contact Recreation.” The standard for bacteria is desgrilbe Chapter
173-201A of the Washington Administrative Code, Water Quéabtandards
for Surface Waters of the State of Washington (online versawailable at
http://www.ecy.wa.gov/biblio/wac173201a.html):

Fecal coliform organisms levels must not exceed a geometric mean
value of 50 colonies/100 mL, with not more than 10 percent of all
samples (or any single sample when less than ten sample points ex-
ist) obtained for calculating the geometric mean value exceeding 100
colonies/100 mL.

The standard is based on fecal coliform counts, but allowsue of alternate
methods (e.g.E. coli counts) when there is evidence that most of the coliform
contamination is not from warm-blooded animals. In surfaeéer samples from
the Lake Whatcom watershed, there is a very close corralagbwveen fecal co-
liform counts andE. coli counts (Figure 2, page 26), so fecal coliform counts
appear to be a reliable tool for determining compliatfce.

OCorrelation analyses were used to examine the strengthlaiforeships between two vari-
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All but one of the mid-basin (Sites 1-4) and Intake valuesfémal coliforms
andE. coli counts were less than 10 é#100 mL (Figures B126-B135, pages
275-284) and passed the freshwdigtraordinary Primary Contact Recreation
bacteria standard. The single outlier occurred at Site 1 @relber 3, when the
fecal coliform count was 12 cfu/100 mL (tHe coli count was 7 cfu/100 mL).

The Bloedel-Donovan counts, which were collected near tuk dffshore from
the swimming area, were higher than Site 1 (mid-basin) umit the geometric
means of 6 and 5 cfu/100 mL for fecal coliforms dgaccoli, respectively, passed
both parts of the freshwaté&ixtraordinary Primary Contact Recreation bacteria
standard.

2.3.8 Metals

The metals data for Lake Whatcom are included in Table 8 (22)e This ta-
ble includes only the regularly contracted metals (arsesadmium, chromium,
copper, iron, mercury, nickel, lead, and zinc); Appendi8 [beginning on page
358) lists concentrations for an additional 24 metals thatiacluded as part of
the analytical procedure used by AmTest. In 1999, AmTestagey their equip-
ment and analytical procedures for most metals. As a rasalty of the analyses
now have lower detection limits, resulting in fewer “beloetection” data (bdl).
These newly detectable metals probably do not represergases in the metals
concentrations in the lake.

Most of the metals concentrations were near or below deteditnits, or were
within normal concentration ranges for the lake. Zinc wateded at all sites
during February, but was below detection during Septenibamn. was detectable
at most sites and depths in February and September. Theshigh®e concentra-
tions, 0.860 mg/L and 1.300 mg/L, were measured in Septeatlibe bottom of
Sites 1 and 2, respectively. The elevated iron concentrat Sites 1 and 2 were
the result of sediment-bound iron converting to solublenf®runder anaerobic
conditions and leaching into the overlying water. Chromjiawpper, and nickel
were detected in many of the samples, which is unusual. Masieodetections

ables (e.g., fecal coliforms arifl coli). Correlation test statistics range from —1 to +1; the alose
to £1, the stronger the correlation. The significance is medsusing the p-value; significant
correlations have p-values0.05. Monotonic linear correlations were measured usirggsoa’s
r; nonlinear (e.g., exponential) correlations were meabusing Kendall’sr.

Colony forming unit/100 mL; cfu/100 mL is sometimes labeledlonies/100 mL.”
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were near the limit of detection, so it is not clear whethés tBpresents an actual
increase in metals concentrations in the lake or just varan low level analyt-
ical analysis. Mercury and lead were detected in a few sanpl# because the
concentrations were at or near detection levels, it is ehlikhat these detections
represent an increase in metals concentrations in the lake.

Elevated concentrations of iron have been detected in raernaathe Lake What-
com gatehouséduring late summer and fall (Figure 3, page 27), particulduir-
ing the first few weeks after the lake destratifies (see Figu@ctober—November
peaks). The March 3, 2001 sample may have been contamin@tedaen from
renovations occurring inside the gatehouse during that (Figure 3). Following
lake turnover, most soluble iron is converted to insolul@, which slowly set-
tles to the bottom. As a result, gatehouse iron concentraiicere usually<0.05
mg/L during the rest of the year.

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

Although the 2004/2005 total organic carbon concentratiwere below detection
at most sites (Table 9, page 23), the long-term data sudgstie concentrations
may actually be increasing over time (Figure 12, page 36)ta[paovided by
the City of Bellingham Public Works Department suggest thattotal organic
carbon concentrations may also be increasing at the raw \atehouse. The
total organic carbon concentrations at the gatehouselygakiwithin the same
concentration ranges measured at Site 2 and the Intakey €@, page 37).

12The gatehouse is the structure that connects the intakekie\Mnatcom with an underground
pipe that transports the water to the City’s water treatrpéarit.
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As illustrated in Figure 14 (page 38), THMs are increasingetlingham’s treated
drinking water, particularly during the fall (third quar}e Haloacetic acids (an-
other important disinfection by-product) do not appeardaricreasing with time
(Figure 14) and do not have a statistically significant regjen with time. Un-

like THMs, which are predictable based on algal concemtnadind chlorine dose,
the formation of HAAs is not well correlated with algal cont&tion or chlorine

dose (Sung, et al., 2000).



2004/2005 Lake Whatcom Final Report

Page

2004 2005
Parameter Oct Nov Dec Jan Apr May Jun Jul Aug Sep |larati
DO - Hydrolab ° ° ° ° ° ° ° ° ° ° Sites 1, 2, Intake - every 1 m;
pH - Hydrolab ° ° ° ° ° ° ° ° ° ° Sites 3,4-every I1mto 10 m
Temp - Hydrolab e ° ° ° ° ° ° ° ° ° then every 5 m;
Cond - Hydrolab e ° ° ° ° ° ° ° ° ° Gatehouse
Secchi depth ° . ° ° . . ° ° ° ° Sites 1, 2, 3, 4, Intake
Alkalinity ° . ° ° . . ° ° ° ° Sites 1,2-0.3, 5, 10, 15, 20 nf;
Ammonia ° ° ° ° ° ° ° ° ° ° Intake - 0.3, 5, 10 m;
Nitrate/nitrite ° . ° ° . . ° ° ° ° Site 3-0.3, 5, 10, 20, 40, 60,
T. nitrogen ° ° ° ° ° ° ° ° ° ° 80 m;
Sol. phosphate ° . ° ° . . ° ° ° ° Site 4 - 0.3, 5, 10, 20, 40, 60,
T. phosphorus ° ° ° ° ° ° ° ° ° ° 80, 90 m;
Turbidity ° ° ° ° ° ° ° ° ° ° Gatehouse

T. metals (As, Cd, Cr, Cu, Fe, Pb, Hg, Ni, Zn)
T. organic carbon

Sites 1, 2, 3, 4, Intake -
0.3 m and bottom only

Chlorophyll ° . ° ° . . ° ° ° ° Sites 1, 2,3,4-0.3,5, 10,
15, 20 m; Intake - 0.3, 5,10 m

Plankton ° . ° ° . . ° ° ° ° Sites 1, 2, 3, 4, Intake;
5m

Bacteria ° . ° ° . . ° ° ° ° Sites 1, 2, 3, 4, Intake,
Bloedel-Donovan; 0.3 m

H2S - opt ° ° ° ° Sites 1,2-10,15,20 m

Table 1: Lake Whatcom 2004/2005 lake monitoring schedule.
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Historic 2004/2005 Sensitivity or
Parameter Method DLT MDL Confidence limit
Conductivity-field Hydrolab (1997), field meter - - + 2 uSlem
Conductivity-lab APHA (1998) #2510, low-level, SOP-LW-9 - - + 1.9uS/em
Dissolved oxygen-field  Hydrolab (1997), field meter - - + 0.1 mg/L
Dissolved oxygen-lab APHA (1998) #4500-0.C., Winkler, SOR-12 - - + 0.1 mg/L
pH-field Hydrolab (1997), field meter - - + 0.1 pH unit
pH-lab APHA (1998) #4500-F, low-ionic, SOP-LW-8 - - =+ 0.04 pH unit
Temperature Hydrolab (1997), field meter - - +0.1°C
Alkalinity APHA (1998) #2320, low level, SOP-IWS-15 - - + 0.5 mg/L
Discharge Rantz et al. (1982), rating curve, SOP-IWS-6 - - -
Secchi disk Lind (1985) - - +0.1m
T. solids APHA (1998) #2540 B, gravimetric, SOP-LW-22 2mg/L 6.2 mg/L + 2.0 mg/L
T. suspended solids APHA (1998) #2540 D, gravimetric, SOWRA2 2mg/L 1.8 mg/L + 2.0 mg/L
Turbidity APHA (1998) #2130, nephelometric, SOP-LW-11 - - + 0.2NTUs
Ammonia (bench) APHA (1998) #4500-NH-., phenate, SOP-LW-21 Jg-N/L 2.0ug-N/L £ 3.2ug9-N/L
Ammonia (auto) APHA (1998) #4500-NfH., phenate, SOP-LW-19 10g-N/L 3.8ug-N/L £+ 6.7ug-N/L
Nitrite/nitrate (auto) APHA (1998) #4500-Nf., Cd reduction, SOP-IWS-19 20g-N/L 2.8ug-N/L £ 5.6 ug-N/L
T. nitrogen (auto) APHA (1998) #4500-N C., persulfate diges SOP-IWS-19  10@.g-N/L 7.6ug-N/L £9.2u09-N/L
Sol. phosphate (auto) APHA (1998) #4500-P G., ascorbic &P-IWS-19 5ug-P/L 1.3pug-PIL + 2.7 ug-P/IL
T. phosphorus (auto) APHA (1998) #4500-P H., persulfatestign, SOP-IWS-19  hg-P/L 3.0ug-PIL £3.5u0-PIL
Chlorophyll APHA (1998) #10200 H, acetone, SOP-IWS-16 - - + 0.1 mg/n¥
Plankton Lind (1985), Schindler trap - - -
E. coli (City) EPA (2005) 1603, mod. m-Tec membrane filtratio 2cfu/100 mL - -
Fecal coliform (City) APHA (1998) #9222 D, membrane filter fa/c00 mL - -

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

Table 2: 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 19.6 204 27.8 2.0 50
Conductivity («S/cm) 549 57.6 58.8 74.4 4.2 210
Dissolved oxygen (mg/L) 0.3 9.5 8.0 115 3.6 210
pH 6.2 7.3 7.3 9.0 0.7 21D
Temperature°C) 7.3 10.9 12.1 228 40 210
Turbidity (NTU) 0.5 0.9 1.1 5.4 0.9 50
Nitrogen - ammoniay(g-N/L) <10 10.6 35.1 328.6 65.9 50
Nitrogen - nitrate/nitrite 4g-N/L) <20 238.7 195.7 340.0 122.3 350
Nitrogen - total {1g-N/L) 224.6 4146 387.8 516.6 80.4 50
Phosphorus - soluble:g-P/L) <5 <5 <5 9.4 1.9 50
Phosphorus - totaj{g-P/L) <5 119 136 70.7 111 50
Chlorophyll (mg/nd) 0.2 3.1 3.0 7.8 15 50
Secchi depth (m) 3.1 4.3 4.3 5.4 0.8 10
Coliforms - fecal (cfu/100 mL) <1 1 3 12 na 1Q
Coliforms - E. coli (cfu/100 mL) <1 1 2 7 na 10

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

Table 3: Summary of Site 1 ambient water quality data, Od2420Sept. 2005.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 17.8 187 188 20.0 0.6 30
Conductivity («S/cm) 53.0 55.6 55,8 60.0 1.9 110
Dissolved oxygen (mg/L) 8.8 9.9 10.0 11.7 0.8 10
pH 7.1 7.9 7.8 86 05 110
Temperature°C) 7.3 15.2 141 222 47 110
Turbidity (NTU) 0.4 0.6 0.6 11 0.2 30
Nitrogen - ammoniay(g-N/L) <10 <10 <10 175 4.8 30
Nitrogen - nitrate/nitrite 4g-N/L) 101.0 243.2 237.6 383.9 96.6 30
Nitrogen - total {1g-N/L) 272.7 4121 3875 484.6 72.7 30
Phosphorus - soluble:g-P/L) <5 <5 <5 99 22 30
Phosphorus - totaj{g-P/L) <5 7.6 76 177 3.8 30
Chlorophyll (mg/nd) 1.0 2.9 3.0 54 1.1 30
Secchi depth (m) 3.5 5.7 5.6 72 11 10
Coliforms - fecal (cfu/100 mL) <1 1 1 2 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 1 na 10

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

Table 4: Summary of Intake ambient water quality data, Cad42— Sept. 2005.



2004/2005 Lake Whatcom Final Report Page

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 17.8 18.8 19.0 25.9 14 50
Conductivity («S/cm) 529 554 56.3 725 3.4 210
Dissolved oxygen (mg/L) 0.3 9.7 91 117 26 210
pH 6.3 7.3 7.4 8.5 0.6 21D
Temperature°C) 7.3 121 126 21.3 4.2 210
Turbidity (NTU) 0.4 0.6 0.7 3.4 0.4 50
Nitrogen - ammoniay(g-N/L) <10 <10 25.8 378.3 69.0 50
Nitrogen - nitrate/nitrite 4g-N/L) <20 283.9 251.7 379.5 104.6 350
Nitrogen - total {1g-N/L) 291.1 441.0 421.0 5853 80.5 50
Phosphorus - soluble:g-P/L) <5 <5 <5 121 2.5 50
Phosphorus - totaj{g-P/L) <5 8.8 8.7 29.7 55 49
Chlorophyll (mg/nd) 0.5 2.5 2.7 5.4 1.1 50
Secchi depth (m) 3.6 5.9 5.7 6.7 1.0 10
Coliforms - fecal (cfu/100 mL) <1 1 1 2 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 2 na 10

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

Table 5: Summary of Site 2 ambient water quality data, Od2420Sept. 2005.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 17.7 18.0 183 194 05 63
Conductivity («S/cm) 494 535 53.8 67.0 24 221
Dissolved oxygen (mg/L) 2.9 9.3 94 10.8 1.0 22
pH 6.6 7.3 7.5 88 0.6 221
Temperature°C) 7.0 7.9 109 214 47 222
Turbidity (NTU) 0.2 0.6 0.6 32 04 63
Nitrogen - ammoniay(g-N/L) <10 <10 <10 18.7 3.7 63
Nitrogen - nitrate/nitrite 4g-N/L) 131.2 380.2 327.2 437.0 96.0 62
Nitrogen - total {1g-N/L) 298.2 474.1 448.0 5404 67.8 62
Phosphorus - soluble:g-P/L) <5 5.7 5.1 98 24 62
Phosphorus - totaj{g-P/L) <5 6.5 6.5 176 3.1 62
Chlorophyll (mg/nd) 0.5 2.6 2.5 6.1 1.2 4%
Secchi depth (m) 4.5 6.0 6.3 80 1.2 9
Coliforms - fecal (cfu/100 mL) <1 1 1 3 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 2 4 na 10

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

Table 6: Summary of Site 3 ambient water quality data, Od1420Sept. 2005.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ;) 16.3 17.9 181 194 05 80
Conductivity («S/cm) 49.0 53.8 53.7 581 21 270
Dissolved oxygen (mg/L) 7.8 9.5 96 114 0.8 2[70
pH 6.6 7.0 7.3 85 05 270
Temperature°C) 7.0 7.7 103 211 43 270
Turbidity (NTU) 0.3 0.5 0.6 1.3 0.2 80
Nitrogen - ammoniay(g-N/L) <10 <10 <10 105 26 80
Nitrogen - nitrate/nitrite 4g-N/L) 138.0 383.8 343.2 440.0 86.4 79
Nitrogen - total {1g-N/L) 296.4 476.8 456.5 523.6 61.0 80
Phosphorus - soluble:g-P/L) <5 <5 <5 123 3.0 79
Phosphorus - totaj{g-P/L) <5 5.9 6.0 244 37 80
Chlorophyll (mg/nd) 0.8 2.2 2.2 56 1.1 50
Secchi depth (m) 3.5 6.1 6.1 80 14 10
Coliforms - fecal (cfu/100 mL) <1 1 1 2 na 10
Coliforms - E. coli (cfu/100 mL) <1 1 1 3 na 10

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

Table 7: Summary of Site 4 ambient water quality data, Od2420Sept. 2005.
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Depth T. As T.Cd T.Cr T.Cu T. Fe T. Hg T. Ni T.Pb T.Z
Site (m) Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mbj) (mg/L) (mg/L)
Site 1 0 Feb 3,2005 <0.01 <0.0005 0.016 0.017 0.048 <0.0002 0.015 <0.001 0.020
Site 1 20 Feb 3,2005 <0.01 <0.0005 <0.001 0.004 0.010 <0.0002 <0.005 <0.001 0.009
Intake 0 Feb 3,2005 <0.01 <0.0005 <0.001 0.004 <0.005 <0.0002 <0.005 <0.001 0.008
Intake 10 Feb 3,2005 <0.01 <0.0005 <0.001 0.004 0.010 <0.0002 <0.005 <0.001 0.010
Site 2 0 Feb 3,2005 <0.01 <0.0005 0.002 0.003 <0.005 <0.0002 <0.005 <0.001 0.007
Site 2 20 Feb 3,2005 <0.01 <0.0005 <0.001 0.004 <0.005 <0.0002 <0.005 <0.001 0.009
Site 3 0 Feb 1,2005 <0.01 <0.0005 0.002 0.004 0.015 <0.0002 <0.005 <0.001 0.046
Site 3 80 Feb 1,2005 <0.01 <0.0005 <0.001 0.005 0.300 <0.0002 <0.005 0.002 0.012
Site 4 0 Feb 11,2005 <0.01 <0.0005 <0.001 0.004 <0.005 <0.0002 <0.005 <0.001 0.007
Site 4 90 Feb 1,2005 <0.01 <0.0005 <0.001 0.007 <0.005 <0.0002 <0.005 <0.001 0.011
Site 1 0 Sept 8, 2005 <0.01 <0.0005 0.005 <«0.001 0.044 <0.0002 0.020 <0.001 <0.001
Site 1 20 Sept 8, 2005 <0.01 <0.0005 0.006 <0.001 0.860 <0.0002 0.018 <0.001 <0.001
Intake 0 Sept 8,2005 <0.01 <0.0005 0.011 <O0.001 0.019 <0.0002 0.020 <0.001 <0.001
Intake 10 Sept 8, 2005 <0.01 <0.0005 0.008 <0.001 0.019 0.0004 0.200 <0.001 <0.001
Site 2 0 Sept 8,2005 <0.01 <0.0005 0.008 <0.001 0.031 <0.0002 0.020 <0.001 <0.001
Site 2 20 Sept 8, 2005 <0.01 <0.0005 0.004 <0.001 1.300 <0.0002 0.018 <0.001 <0.001
Site 3 0 Sept 6, 2005 <0.01 <0.0005 0.006 <0.001 0.150 <0.0002 0.020 <0.001 <0.001
Site 3 80 Sept 6, 2005 <0.01 <0.0005 0.008 <0.001 0.110 <0.0002 0.018 <0.001 <0.001
Site 4 0 Sept 6, 2005 <0.01 <0.0005 0.008 <0.001 0.017 <0.0002 0.020 <0.001 <0.001
Site 4 90 Sept 6, 2005 <0.01 <0.0005 0.010 <0.001 0.130 <0.0002 0.018 <0.001 <0.001

Table 8: Lake Whatcom 2004/2005 total metals data. Only thtalm specified
in the 2004/2005 monitoring plan are included in this talthes results for 24
additional metals are included in Appendix D.8.
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TOC TOC
Site Date Depth (mg/L) Date Depth  (mg/I
Site1 Feb 3, 2005 0 <1 Sept 8, 2005 0 2.2
Feb 3,2005 20 <1 Sept 8,2005 20 2.0
Intake Feb 3, 2005 0 <1 Sept 8, 2005 0 <1
Feb 3,2005 10 <1 Sept8,2005 10 <1
Site2 Feb 3, 2005 0 <1 Sept 8, 2005 0 <1
Feb 3,2005 20 <1 Sept8,2005 15 <1
Site 3 Feb 1, 2005 0 <1 Sept 6, 2005 0 9.2
Feb 1,2005 80 <1 Sept6,2005 80 <1
Site4 Feb 1, 2005 0 <1 Sept 6, 2005 0 <1
Feb 1,2005 90 <1 Sept6,2005 90 <1

Table 9: Lake Whatcom 2004/2005 total organic carbon data.
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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) 0.12 257.5
Site 2 (bottom) 0.42 450.4

Table 10: October hypolimnetic ammonia and hydrogen sutfteentrations at
Sites 1 and 2 (1999-2005).
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Figure 1: Comparison of 2005 surface water temperatwds poxplots showing
1988-2004 surface temperature medians and ranges (dépthfor all sites and
years). Boxplots show medians and upper/lower quartilésskers extend 1.5
x interquartile range or to maximum/minimum values; ouslige outside 1.5«

IQR.
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Fecal coliforms as predictor of E. coli — all data
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Figure 2: Correlation between fecal coliforms aadcoli counts in surface wa-
ter samples (lake, stream, storm water treatment facilitghe Lake Whatcom
watershed, October 2004 — September 2005. Pearsartsrelation was used
because the log-transformed data were nearly monotameedliand the residu-
als were homogeneous. The diagonal line was added for nefette show a 1:1

relationship.
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Figure 3: Iron concentration in untreated drinking wateraswred at the Lake
Whatcom gatehouse, 1998—-2005. Data were provided by theoCBellingham
Public Works Department.
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Site 11 Dissolved Oxygen by Year at Depth 12

—e— July p=0.011
—A—  August p=0.0025
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Figure 4: Nonlinear regression model showing relationdiefween dissolved
oxygen and time at Site 1, 12 m. Kendalfsorrelations were used because the
data were not monotonic-linear; all correlations were iiggmt atp < 0.05.
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Site 11 Dissolved Oxygen by Year at Depth 14

—e— July p = 0.0085
—A— August p=0.029
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Figure 5: Nonlinear regression model showing relationdiefween dissolved
oxygen and time at Site 1, 14 m. KendalFsorrelations were used because the
data were not monotonic-linear; all correlations werestiaally significant.
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Site 11 Dissolved Oxygen by Year at Depth 16

—e— July p = 0.0063
—A—  August p =0.006
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Figure 6: Nonlinear regression model showing relationdiefween dissolved
oxygen and time at Site 1, 16 m. Kendalfsorrelations were used because the
data were not monotonic-linear; all correlations were iiggmt atp < 0.05.
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Site 11 Dissolved Oxygen by Year at Depth 18

—e— July p = 0.0024
—A—  August p =0.006
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Figure 7: Nonlinear regression model showing relationsiefween dissolved
oxygen and time at Site 1, 18 m. Kendalf'sorrelations were used because the
data were not monotonic-linear; all correlations were iiggmt atp < 0.05.
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Figure 8: Distribution of summer (May—Sept) algal countsyear (Sites 1-4
combined). Boxplots show median and upper/lower quartibsskers extend 1.5
X interquartile range or to maximum/minimum values; outlierere not plotted,
but were included in the correlation analysis (see text fecuksion). Kendall's
7 correlations were used because the data were not mondtioeés; all correla-
tions were statistically significant.
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Figure 9: Distribution of summer (May—Sept) Cyanophytardsiat Sites 1-4 by
year. Boxplots show median and upper/lower quartiles; ke extend 1.5<
interquartile range or to maximum/minimum values; ousliere not plotted, but
were included in the correlation analysis (see text forusmn). Kendall's- cor-
relations were used because the data were not monotoe#r]iall correlations
were statistically significant.
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Figure 11: Lake Whatcom annual chlorophyll densities, 12904. A different
plotting scale is used for Sites 1 and 2 because of the higih@mphyll concentra-
tion at this site. Boxplots show median and upper/lower tijear whiskers extend
1.5 x interquartile range or to maximum/minimum values; extreyagiers were
not plotted, but were included in the correlation analysese(text for discussion).
Kendall's 7 correlations were used because the data were not mondioeac;
all correlations were statistically significant.
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Figure 12: Lake Whatcom total organic carbon concentratfoom surface and
bottom samples at Sites 1-4 and the Intake. Note that malplottted points at
the detection limit (red dotted line) may not be visible.
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Figure 13: Lake Whatcom total organic carbon concentrat@nSite 2 (mid-

basin, surface/bottom), the Intake (off-shore, surfamttdion), and the raw water
gatehouse (data provided by the City of Bellingham Publich&/department).

Note that multiple plotted points at the detection limitdr@otted line) may not
be visible.
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Figure 14: Total trihalomethanes (TTHMs) and haloacetidsa(HAAS) concen-
trations in the Bellingham water distribution system, 1:98@05. Regressions for
Jan-Dec and Qtr 3 THMs vs. time were significant. Data wereigeal by the
City of Bellingham Public Works Department.
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3 Creek Monitoring

3.1 Site Descriptions

Fifteen sites were sampled monthly during 2004/2005 (leigh?, page 133),
which represents a substantial increase in the level oftedfcected toward col-
lecting tributary data in the Lake Whatcom watershed. Minsamples were
collected from Anderson, Austin, Beaver, Blue Canyon, Bran, Carpenter, Eu-
clid, Mill Wheel, Olsen, Park Place, Silver Beach, Smithd &#hatcom Creeks to
measure the parameters listed in Table 11. The samplingdosdor these sites
are described in Appendix A.2 (beginning on page 127).

In addition to monthly monitoring, Anderson, Austin, and iBnmCreeks were
sampled twice to collect 48-hr composite samples usingnaatic samplers pro-
vided by the City, and the Austin Creek and Beaver Creek whegts were sam-
pled intensively during a 1-day “creek walk.” The findingerfr the creek walk
are summarized briefly in this report, and the full data resoavailable online at
http://www.ac.wwu.edu/ iws.

3.2 Field Sampling and Analytical Methods

The creeks were sampled on October 13, November 10, Deceim@én4, and
January 11, February 8, March 1, April 12, May 10, June 8, ddlyAugust 9,
and September 13, 2005. The water quality measurementararaarized in Ta-
ble 11 (page 44). The analytical procedures are summariz&ahle 2 (page 16).
All water samples (including bacteriological samples)eaxikd in the field were
stored on ice and in the dark until they reached the laboratnce in the labo-
ratory the handling procedures that were relevant for eaalysis were followed
(see Table 2). The total metals analyses (arsenic, cadnuliramium, copper,
iron, mercury, nickel, lead, and zinc) and total organidboaranalyses were done
by AmTest. The bacteria samples were analyzed by the Citgtiigham at their
water treatment plant. All other analyses were done by WWidgeel. Creek
discharge measurements were collected during the mondinfypkng period at
Blue Canyon Creek using the transect procedure describédS@®S (Rantz, et
al., 1982). All other sites have USGS or IWS gauges that geodischarge data
to the City.
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3.3 Results and Discussion
3.3.1 Monthly creek monitoring

The major objective for the 2004/2005 creek monitoring veagrovide baseline
data for most of the tributaries that flow into Lake Whatcomhat¢om Creek was
also sampled to provide baseline data for the lake’s oufleé monthly data are
summarized in Tables 12—-26 (pages 45-59) and on boxpldtstiosv medians
and data ranges for each creek (Figures 15-29, pages 64-+h&figures include
horizontal reference lines that show the median value foittS@reek. Smith

Creek was chosen as a reference because it is a major tyiboitéwe lake and has
a history of being relatively unpolluted. The figures alsowhvhich creeks had
significantly higher or lower concentrations relative toiBnCreek!?

Temperature and dissolved oxygen concentrations wer&siatall sites (Figures
17 and 19). The Park Place wet pond outlet, Silver Beach Ceeek Whatcom
Creek had slightly lower median dissolved oxygen concéotra and slightly
higher median temperatures, which is typical for residémstireams and streams
that are formed by lake outlets.

Most of the creeks in the Lake Whatcom watershed had relgtives concen-
trations of dissolved solids, indicated by low concentnasi for alkalinity &£50
mg/L), conductivity €100 1S), and total solids<100 mg/L), with pH levels
only slightly above neutral (Figures 15-16, 18, and 20)esSihat did not match
this description included the residential streams (elg,Rark Place outlet and
Silver Beach Creek) and Blue Canyon Creek, which drains @a ach in solu-
ble minerals. Most sites also had low total suspended sotidsentrations<{10
mg/L) and low turbidities €5 NTU) except for outliers that were probably related
to precipitation events (Figures 21-22)

Total nitrogen includes both inorganic nitrogen (ammomigdiite, and nitrate)
and organic nitrogen. In the Lake Whatcom tributaries,|toimogen and ni-
trate/nitrite concentrations were nearly identical, aading that very little organic
nitrogen was present in the streams (Figures 23 and 24).fittzgen and nitrate
concentrations were low in Anderson, Blue Canyon, and WimatCreeks. The
low levels in Whatcom Creek, and possible Anderson Credleatealgal uptake

13sjgnificance was determined at p-vaki®.050 using the pairwise Wilcoxon rank sum test,
corrected for repeated measured (Hollander & Wolfe, 1999).
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of nitrogen in upstream lakes. The low level in Blue CanyorédBris probably
due to the unusual soils in its watershed. Ammonia conceoriawere elevated
in residential streams (e.g., the Park Place outlet), akagein Anderson and
Whatcom Creeks (Figure 25). Ammonia does not persist lormxygenated sur-
face waters. When present in streams, it usually indicatesaa-by source such
as an upstream wetland with anaerobic soils or a pollutiomcgo The elevated
ammonia at Park Place probably reflects residential polutin Whatcom Creek,
it may be coming from basin 1. The ammonia source in AnderseelCis un-
known; there is a wetland, a small lake, and hobby farms éatapstream from
our sampling site.

Total phosphorus, like total nitrogen, includes inorgaam organic forms of
phosphorus. Soluble inorganic phosphate, is quickly resddrom surface water
by biota, so high concentrations of soluble phosphorusllysnaicate a near-by
source such as an anaerobic wetland or a pollution sourcéhelhake What-

com tributaries, total phosphorus concentrations werallysmuch higher than
soluble phosphate concentrations (Figures 26 and 27). bidhe creeks had sig-
nificantly higher soluble phosphate concentrations coetptry Smith Creek, but
Whatcom Creek had significantly lower concentrations. Tnsbably reflects

algal uptake in basin 1. Carpenter, Euclid, Millwheel, PRtkce, and Silver
Beach Creeks had significantly higher total phosphoruseranations compared
to Smith Creek.

High coliform counts are a good indicator of residentiallpbn. Only Silver
Beach Creek had significantly higher coliform counts re&atio Smith Creek.
However, most of the sites, including Smith Creek, failedrteet the coliform
surface water standards set by WAC 173—-201A (Table 27, p@geaviost of the
sites failed Part B, which states that no more than 10% ofdhegoes may exceed
100 cfu/100 mL, but passed Part A, which requires a geonratan count of less
than 50 cfu/100 mL. Notably, the same creeks that had elevatal phosphorus
levels (Carpenter, Euclid, Millwheel, Park Place, and &ilBeach Creeks) failed
both parts of the surface water standards for coliformsy@pper Beaver Creek,
Blue Canyon Creek, and Whatcom Creek passed both parts stethéard.
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3.3.2 Comparison to Smith Creek

In general, the water quality in Austin Creek, Beaver Creekl Olsen Creek was
similar to Smith Creek (Table 28, page 61). Silver Beach Kieed the worst
water quality, with significantly higher values for alkatiyy conductivity, pH, tur-
bidity, total solids, total phosphorus and coliforms comggto Smith Creek. The
Park Place wet pond outlet also had poor water quality, widimér values for
alkalinity, conductivity, total solids, ammonia, and tigpdosphorus. Carpenter
Creek, Euclid Creek, and Millwheel Creek had high conceiatna of total solids
and total phosphorus. The water quality in Whatcom Cree&ctsftl the effects of
Lake Whatcom by having significantly lower levels for totalids (sediments set-
tle in lakes) and nutrients. Nitrate, total nitrogen (whislpredominantly nitrate),
and soluble phosphate concentrations were significantlgidue to algal uptake
in basin 1. Ammonia was higher, probably from the accumaitetif ammonia in
anaerobic portions of the lake. The other two sites that gdfcantly higher
ammonia concentrations were Anderson Creek and the Par& Wit pond outlet,
both of which have standing water upstream from the samgiliteg. Millwheel
Creek has a pond upstream from the sampling location thaictgtwaterfowl,
which may contribute to the higher levels of turbidity, ictalids, and total phos-
phorus in the creek.

3.3.3 48-hr sampling

Because streams are constantly moving, water samplesteallzom stream only
capture a brief snapshot of the water quality changes tpatdlly occur on a daily
basis. The objective of the 48-hr sampling was to providerimfation about vari-
ability in stream water quality. Composite samples werdected at 90 minute
intervals for 48 hours from Anderson, Lower Austin, and $n@reeks in Jan-
uary and March, 2005. During the composite sampling pedodtab samples
were collected from Lower Austin and Smith Creeks. The cositpcand grab
samples were analyzed for the parameters listed in Tablpade(44).

The stream flows were considerably higher in January (segoBet) than in
March. The January 18—-20 sampling period was preceeded dig adey period,
with snow falling on January 11; during sampling there waavigeprecipitation
(2 in. at the Bellingham airport). The March 9-11 samplingqubwas relatively
dry (0.1 in.), but stream discharge was relatively high (aedison base flow).
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The grab samples reveal some of the variation that can ocatraams during 48
hours (Figures 30—34 (pages 79-83). Grab sample data watedhlong with
monthly data from the same site. Although some parameters veasonably
stable during 48 hours (e.g., conductivity; Figure 31), reb®wed considerable
variation. In some cases, there was at least as much variatibin 48 hours as
during the entire 12 month sampling period (e.qg., turbidtigure 32).

The composite samples represent “average” concentratidhs the 48-hr pe-
riod and were quite similar to the monthly data (Figures ¥5+f#ges 84-84).
This suggests that the monthly monitoring results are goditators of average
water quality conditions, but may not characterize the fatige of water qual-
ity conditions, and in particular, may underestimate theimum and maximum
values that can occur in the stream.

Total metals and total organic carbon concentrations wezasored in the com-
posite samples (Table 29, page 62). Total organic carborecrations were very
low or below detection. Most metals concentrations were aebelow detection.

Low levels of copper were present in samples from AndersanSanith Creeks;

low levels of zinc were present at all sites. Iron was preseall samples, but the
levels were within typical ranges for the Lake Whatcom w&tied.

3.3.4 Austin Creek and Beaver Creek intensive sampling

Beaver Creek and Austin Creek were sampled intensively areidber 20, 2004
to measure temperature, dissolved oxygen, turbidity] toteogen, total phos-
phorus, total suspended solids, and fecal coliforms. Thectize was to assess
the amount of variability that can be expected for wateriggaieasurements col-
lected from these creeks at different times during the dayiradifferent locations
within the Austin Creek and Beaver Creek watersheds.

Water quality data were collected every 30 minutes at tht@@sary or “fixed”
sites in upper and lower Austin Creek and Beaver Creek, beginat 8:00 am
and ending at 16:00 (4 pm). During this same period, indi&iddamples were
collected at 24 additional “creek walk” sites within the AusCreek and Beaver
Creek watersheds (Figure A3, page 134). The creek walkisitksled 8 sites in
Austin Creek, 8 sites in Beaver Creek, 5 small tributarie&uetin Creek, and 3
small tributary to Beaver Creek. The full creek walk repsravailable online at
http://www.ac.wwu.edu/ iws.
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Pdde

2004

Parameter Oct Nov

Dec

2005
Jan

Feb Mar

Apr

May Jun

Jul

Aug

DO
pH
Temp
Cond

O O O O

O O O O

Alkalinity
Ammonia
Nitrite/nitrate
T. nitrogen
Sol. phosphate
T. phosphorus
T. solids

T. susp. solids
Turbidity

O % * % O % O O O

O % * % O * O O O

T. metals
(As, Cd, Cr, Cu, Fe, Pb, Hg,
T. organic carbon

Ni, Zn)

Discharge ° ° ° ° ° ° ° ° ° ° ° °
(Blue Canyon only)
Bacteria ° ° ° ° ° ° ° ° ° ° ° °

e = monthly grab
1 = 48-hr composite sample

Table 11: Lake Whatcom 2004/2005 creek monitoring schedule

o = monthly grab + & grab (during composite)
* = monthly grab + 4« grab + 48-hr composite



2004/2005 Lake Whatcom Final Report Pa&e

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 139 19.8 19.8 26.9 34 1p
Conductivity («S/cm) 525 62.8 63.6 73.4 6.2 12
Dissolved oxygen (mg/L) 9.1 10.2 10.6 14.8 1.6 (12
pH 6.9 7.1 7.1 7.6 0.2 12
Temperature®C 2.1 9.7 9.1 15.1 4.0 1P
Turbidity (NTU) 0.8 2.2 5.4 28.8 8.0 1P
Total solids (mg/L) 46.6 52.5 54.0 63.4 59 11
Total suspended solids (mg/L) <1.8 3.3 3.6 8.1 3.0 12
Nitrogen - ammoniay(g-N/L) 4.0 17.7 18.4 32.6 10.0 12
Nitrogen - nitrate/nitrite 4g-N/L) 58.8 406.4 382.4 665.4 1743 12
Nitrogen - total {tg-N/L) 120.2 580.0 508.9 837.1 220.0 12
Phosphorus - solublg:g-P/L) 6.7 10.1 10.5 14.6 23 12
Phosphorus - totaj{g-P/L) 15.0 20.2 26.3 61.8 145 12
Discharge (cfs) 1.30 6.14 14.81 109.71 31.63 |11
Coliforms - fecal (cfu/100 mL) 5 41 38 220 NA 12
Coliforms - E. coli (cfu/100 mLY) 4 29 32 180 NA 12

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

Table 12: Summary of Anderson Creek monthly water qualitad@ct. 2004 —
Sept. 2005.

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

Table 13: Summary of upper Austin Creek monthly water qualéta, Oct. 2004
— Sept. 2005.

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 9.6 139 16.5 34.2 7.2 1p
Conductivity («S/cm) 37.6 545 65.6 126.0 29.6 12
Dissolved oxygen (mg/L) 9.3 11.0 11.1  13.7 1.4 12
pH 7.1 7.4 7.4 7.6 0.2 12
Temperature®C 1.6 9.3 8.8 155 4.1 1p
Turbidity (NTU) 0.3 0.8 1.0 4.2 1.0 12
Total solids (mg/L) 36.3 435 496 773 144 11
Total suspended solids (mg/L) <1.8 <18 <1.8 6.9 2.2 12
Nitrogen - ammoniay(g-N/L) <2.0 5.2 57 161 5.0 12
Nitrogen - nitrate/nitrite 4g-N/L) 255.2 425.4 448.3 724.7 1414 12
Nitrogen - total {1g-N/L) 361.6 543.4 5344 7832 1223 12
Phosphorus - solublg:g-P/L) 52 113 121 216 5.0 12
Phosphorus - totaj{g-P/L) 121 184 229 743 16.6 12
Discharge (cfs) 0.16 4.04 6.46 32.43 8.65 12
Coliforms - fecal (cfu/100 mL) <1 3 5 240 NA 12
Coliforms - E. coli (cfu/100 mL) <1 3 4 200 NA 12

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

Table 14: Summary of upper Beaver Creek monthly water quddita, Oct. 2004
— Sept. 2005.

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 99 18.0 18.4 33.6 7.1 1P
Conductivity («S/cm) 455 60.8 70.3 1277 240 12
Dissolved oxygen (mg/L) 8.5 10.2 10.4 13.5 1.5 (12
pH 7.0 7.1 7.1 7.6 0.2 12
Temperature®C 1.3 9.7 8.9 14.5 39 1P
Turbidity (NTU) 0.3 1.7 2.2 9.6 24 12
Total solids (mg/L) 45.7 54.7 58.5 83.1 10.8 11
Total suspended solids (mg/L) <1.8 <1.8 2.6 18.0 50 12
Nitrogen - ammoniay(g-N/L) <2.0 9.6 175 108.1 291 12
Nitrogen - nitrate/nitrite 4g-N/L) 212.5 635.0 607.3 9415 250.2 12
Nitrogen - total {1g-N/L) 370.6 803.9 783.2 1082.6 263.6 12
Phosphorus - soluble:g-P/L) 7.0 129 13.8 22.4 43 12
Phosphorus - totaj{g-P/L) 141 27.3 30.4 66.8 13.6 12
Discharge (cfs) 0.04 3.06 6.95 40.39 11.14 |12
Coliforms - fecal (cfu/100 mL) 1 4 7 90 NA 1P
Coliforms - E. coli (cfu/100 mL) <1 6 5 81 NA 12

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 11.7 17.0 19.9 37.4 7.4 12
Conductivity («S/cm) 453 67.4 749 1406 275 12
Dissolved oxygen (mg/L) 8.4 10.7 10.8 13.7 1.4 12
pH 7.0 7.3 7.3 7.6 0.2 12
Temperature®C 0.9 9.8 9.1 15.0 40 1P
Turbidity (NTU) 0.4 1.7 3.2 17.6 47 1P
Total solids (mg/L) 36.0 593 62.2 85.2 146 11
Total suspended solids (mg/L) <1.8 <1.8 5.1 35.0 102 11
Nitrogen - ammoniay(g-N/L) 2.3 6.9 7.9 14.7 42 12
Nitrogen - nitrate/nitrite 4g-N/L) 227.9 596.2 554.2 892.7 234.7 12
Nitrogen - total {1g-N/L) 318.3 755.0 725.2 1073.1 260.2 12
Phosphorus - solublg:g-P/L) 93 122 12.9 18.1 3.0 12
Phosphorus - totaj{g-P/L) 186 26.2 27.5 44.0 8.7 12
Discharge (cfs) 0.20 10.04 17.12 92.83 25.20 |12
Coliforms - fecal (cfu/100 mL) 3 20 22 250 NA 12

Coliforms - E. coli (cfu/100 mL) <1 17 14 350 NA 12
TUncensored arithmetic means except as noted; not adjusteelfeated measure
‘Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 15: Summary of water quality data collected at the cenite of Austin
Creek and Beaver Creek, Oct. 2004 — Sept. 2005.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 46 179 19.8 36.5 8.9 1p
Conductivity («S/cm) 49.1 68.0 77.3 1375 26.8 12
Dissolved oxygen (mg/L) 8.8 10.7 109 13.9 1.6 12
pH 7.3 7.4 7.5 7.7 0.1 12
Temperature®C 0.8 10.8 9.1 153 4.3 1p
Turbidity (NTU) 0.5 14 24 11.0 2.9 1p
Total solids (mg/L) 445 57.0 60.0 84.7 129 11
Total suspended solids (mg/L) <1.8 <1.8 35 232 6.4 12
Nitrogen - ammoniay(g-N/L) <2.0 7.3 6.8 16.6 4.3 12
Nitrogen - nitrate/nitrite 4g-N/L) 202.6 554.7 525.1 818.3 2145 12
Nitrogen - total {1g-N/L) 305.6 690.5 666.9 9275 2224 12
Phosphorus - soluble:g-P/L) 98 126 142 226 4.0 12
Phosphorus - totajg-P/L) 16.6 23.1 23.8 32.6 6.0 12
Discharge (cfs) 0.25 4.18 1091 50.29 19.44 6
Coliforms - fecal (cfu/100 mL) 3 30 23 170 NA 12
Coliforms - E. coli (cfu/100 mL) 1 16 13 100 NA 1p

TUncensored arithmetic means except as noted; not adjusteelfeated measures.

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

Table 16: Summary of lower Austin Creek (downstream fromflo@mce with
Beaver Creek) monthly water quality data, Oct. 2004 — S€)fi52
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 71.8 128.8 124.8 1635 25.3 12
Conductivity (+S/cm) 212.0 270.5 2645 289.0 227 12
Dissolved oxygen (mg/L) 9.6 10.6 10.8 135 1.2 12
pH 8.1 8.3 8.3 8.4 0.1 12
Temperature®C 2.2 9.8 94 148 3.7 1P
Turbidity (NTU) 0.8 2.0 2.5 6.2 1.8 12
Total solids (mg/L) 142.6 162.1 160.7 173.3 9.4 11
Total suspended solids (mg/L) <1.8 3.2 44 126 3.9 12
Nitrogen - ammoniay(g-N/L) <2.0 8.0 7.2 112 3.4 12
Nitrogen - nitrate/nitrite 4g-N/L) 99.0 204.9 268.6 629.9 180.4 12
Nitrogen - total {1g-N/L) 157.4 289.0 389.8 710.3 215.2 12
Phosphorus - solublg:g-P/L) 6.3 9.1 105 17.2 3.4 1p
Phosphorus - totaj{g-P/L) 11.0 15.8 189 515 11.2 12
Discharge (cfs) 0.03 0.19 0.20 0.38 0.12 10
Coliforms - fecal (cfu/100 mL) <1 3 4 76 NA 12
Coliforms - E. coli (cfu/100 mL) <1 3 4 38 NA 12

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

Table 17: Summary of Blue Canyon Creek monthly water qudkta, Oct. 2004
— Sept. 2005.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 7.0 9.8 10.7 16.0 3.1 11
Conductivity («S/cm) 33.3 429 42.9 50.0 48 11
Dissolved oxygen (mg/L) 7.0 10.1 10.0 12.7 1.7 11
pH 6.7 6.9 6.9 7.1 01 11
Temperature®C 2.4 9.1 8.5 14.2 3.6 11
Turbidity (NTU) 0.3 0.8 1.0 2.6 0.7 11
Total solids (mg/L) 30.1 35.8 36.9 51.6 6.0 10
Total suspended solids (mg/L) <1.8 <1.8 2.3 15.5 46 11
Nitrogen - ammoniay(g-N/L) <2.0 5.6 4.8 8.8 33 11
Nitrogen - nitrate/nitrite 4g-N/L) 317.0 715.6 706.1 1230.4 300.7 11
Nitrogen - total {1g-N/L) 385.5 784.3 825.6 1405.2 3155 11
Phosphorus - solublg:g-P/L) 2.8 5.3 6.2 10.6 26 11
Phosphorus - totajg-P/L) 10.7 135 14.5 22.1 31 11
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 1 12 20 750 NA 11
Coliforms - E. coli (cfu/100 mL) 2 11 21 580 NA 11

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

Table 18: Summary of Brannian Creek monthly water qualittagd®ct. 2004 —
Sept. 2005.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 14.8 21.7 25.5 45.3 99 11
Conductivity («S/cm) 50.3 70.0 742 1130 178 11
Dissolved oxygen (mg/L) 59 105 10.5 14.6 23 11
pH 7.1 7.5 7.5 7.7 0.2 11
Temperature®C 0.0 9.0 8.6 16.2 48 11
Turbidity (NTU) 1.3 3.3 3.9 111 28 11
Total solids (mg/L) 526 67.3 71.6 1008 16.5 10
Total suspended solids (mg/L) <1.8 2.3 6.6 24.6 82 11
Nitrogen - ammoniay(g-N/L) <2.0 6.7 11.9 749 211 11
Nitrogen - nitrate/nitrite 4g-N/L) 292.3 574.8 5824 8525 199.6 11
Nitrogen - total {1g-N/L) 5479 864.0 839.7 1127.0 189.3 11
Phosphorus - solublg:g-P/L) 10.0 13.7 17.0 31.0 69 11
Phosphorus - totaj{g-P/L) 173 254 32.1 573 131 11
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 8 100 76 860 NA 11
Coliforms - E. coli (cfu/100 mL) 6 80 46 580 NA 11

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

Table 19: Summary of Carpenter Creek monthly water quabtg dOct. 2004 —
Sept. 2005.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 18.0 29.9 323 512 11.0 10
Conductivity («S/cm) 61.1 917 94.7 130.0 22.0 10
Dissolved oxygen (mg/L) 7.3 9.9 10.0 129 1.7 10
pH 7.1 7.3 7.3 7.4 0.1 10
Temperature®C 1.5 8.9 89 144 3.9 10
Turbidity (NTU) 1.3 2.2 2.7 7.5 1.8 10
Total solids (mg/L) 62.2 68.3 743 91.3 10.3 9
Total suspended solids (mg/L) <1.8 2.6 41 115 3.6 10
Nitrogen - ammoniay(g-N/L) <20 120 11.3 241 7.2 10
Nitrogen - nitrate/nitrite 4g-N/L) 158.3 505.4 452.7 657.0 185.5 10
Nitrogen - total {1g-N/L) 330.7 684.4 660.2 858.5 169.7 10
Phosphorus - solublg:g-P/L) 126 16.0 165 204 2.6 10
Phosphorus - totaj{g-P/L) 19.2 274 28.7 36.8 6.6 10
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 29 79 93 720 NA 10
Coliforms - E. coli (cfu/100 mL) 8 72 64 540 NA 10

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

Table 20: Summary of Euclid Creek monthly water quality da&@at. 2004 —
Sept. 2005.

S.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 215 355 40.9 675 16.1 10
Conductivity («S/cm) 615 99.2 104.1 1509 31.3 10
Dissolved oxygen (mg/L) 6.4 9.7 9.8 13.6 22 [0
pH 7.2 7.3 7.4 7.8 0.2 10
Temperature®C 1.0 8.9 10.6 20.1 6.2 10
Turbidity (NTU) 3.7 5.9 6.6 16.5 3.7 10
Total solids (mg/L) 71.6 8538 88.2 1128 14.7 9
Total suspended solids (mg/L) 2.0 55 6.0 16.2 41 |10
Nitrogen - ammoniay(g-N/L) 25 17.7 714 569.4 1753 10
Nitrogen - nitrate/nitrite 4g-N/L) 17.0 529.7 4229 826.0 298.6 10
Nitrogen - total {tg-N/L) 624.4 941.3 990.3 2188.6 460.9 10
Phosphorus - soluble:g-P/L) 87 151 247 1165 324 10
Phosphorus - totaj{g-P/L) 275 53.0 62.8 198.0 489 10
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 36 69 106 740 NA 10
Coliforms - E. coli (cfu/100 mL) 20 69 85 790 NA 10
TUncensored arithmetic means except as noted; not adjusteelfeated measures.

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

Table 21: Summary of Millwheel Creek monthly water qualigtal Oct. 2004 —
Sept. 2005.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 141 223 25.3 484 113 12
Conductivity («S/cm) 51.9 66.4 76.0 1286 249 12
Dissolved oxygen (mg/L) 94 10.8 11.1 14.8 1.7 12
pH 7.3 7.5 7.5 7.8 0.2 12
Temperature®C 0.0 9.3 8.3 15.3 46 1P
Turbidity (NTU) 0.3 15 2.0 6.1 19 12
Total solids (mg/L) 48.7 60.3 63.2 86.1 10.6 11
Total suspended solids (mg/L) <1.8 2.2 3.5 13.4 41 12
Nitrogen - ammoniay(g-N/L) <2.0 4.0 4.5 155 41 12
Nitrogen - nitrate/nitrite 4g-N/L) 271.6 794.0 737.4 1119.8 3246 12
Nitrogen - total {1g-N/L) 409.8 900.1 8924 1338.7 3329 12
Phosphorus - solublg:g-P/L) 95 147 18.9 46.9 105 12
Phosphorus - totaj{g-P/L) 16.9 23.7 24.0 40.8 6.5 12
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 1 28 17 270 NA 12
Coliforms - E. coli (cfu/100 mL) 1 9 11 260 NA 1P

TUncensored arithmetic means except as noted; not adjusteelfeated measures.

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

Table 22: Summary of Olsen Creek monthly water quality datet. 2004 —
Sept. 2005.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 56.5 95.5 93.2 1308 226 11
Conductivity (+S/cm) 9.0 2295 208.0 289.0 740 12
Dissolved oxygen (mg/L) 7.5 8.8 9.2 11.9 16 12
pH 7.4 7.7 7.7 8.1 0.2 12
Temperature®C 45 131 12.2 19.9 50 12
Turbidity (NTU) 1.4 4.4 5.1 135 36 1P
Total solids (mg/L) 112.7 1448 1425 1858 241 |11
Total suspended solids (mg/L) <1.8 2.8 4.1 15.8 45 12
Nitrogen - ammoniay(g-N/L) 23.3 28.6 36.8 822 19.0 12
Nitrogen - nitrate/nitrite 4g-N/L) 120.6 482.4 534.4 1141.6 3729 12
Nitrogen - total {1g-N/L) 446.5 934.7 9649 1555.7 343.1 12
Phosphorus - solublg:g-P/L) 139 231 22.6 34.2 6.5 12
Phosphorus - totaj{g-P/L) 344 478 54.1 98.7 19.0 12
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 28 115 119 1600 NA 12
Coliforms - E. coli (cfu/100 mL) 4 75 81 1300 NA 1P

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

Table 23: Summary of Park Place outlet monthly water qudktia, Oct. 2004 —
Sept. 2005.
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Coliforms - E. coli (cfu/100 mL) 20 480 305 1400 NA 12

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 39.0 77.8 80.5 1258 298 12
Conductivity (+S/cm) 106.4 187.0 192.7 276.0 56.7 [12
Dissolved oxygen (mg/L) 8.2 9.8 10.3 14.4 20 Q2
pH 7.6 7.9 7.9 8.0 0.1 12
Temperature®C 0.0 10.9 9.5 16.2 49 1p
Turbidity (NTU) 2.0 4.3 5.4 16.2 40 12
Total solids (mg/L) 99.7 1374 1328 1703 250 (11
Total suspended solids (mg/L) <1.8 3.2 4.2 15.2 39 12
Nitrogen - ammoniay(g-N/L) 2.7 9.2 10.2 18.8 52 1P
Nitrogen - nitrate/nitrite 4g-N/L) 149.0 527.0 515.9 980.2 260.5 12
Nitrogen - total {1g-N/L) 423.5 9055 8614 1388.1 3024 12
Phosphorus - solublg:g-P/L) 153 21.8 23.5 40.3 79 12
Phosphorus - totaj{g-P/L) 30.2 433 45.7 69.6 124 12
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 48 505 417 3000 NA 12

TUncensored arithmetic means except as noted; not adjusteelfeated measures.

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

Table 24: Summary of Silver Beach Creek monthly water qudkita, Oct. 2004
— Sept. 2005.
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Variable Min.  Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 13.3 16.6 19.5 34.7 6.9 12
Conductivity («S/cm) 48.5 57.8 63.0 942 141 12
Dissolved oxygen (mg/L) 9.8 11.1 11.4 15.1 1.7 (12
pH 7.3 7.5 7.5 7.7 0.1 1P
Temperature®C 0.5 9.3 8.3 14.8 4.3 1P
Turbidity (NTU) 0.2 0.8 1.2 2.9 1.1 1P
Total solids (mg/L) 43.3 51.7 51.0 60.4 52 11
Total suspended solids (mg/L) <1.8 <1.8 2.0 6.8 2.3 12
Nitrogen - ammoniay(g-N/L) <2.0 3.0 3.5 10.1 26 12
Nitrogen - nitrate/nitrite 4g-N/L) 427.0 951.5 870.2 1349.7 331.7 12
Nitrogen - total {1g-N/L) 519.6 1073.8 1013.1 1456.1 344.7 (12
Phosphorus - solublg:g-P/L) 6.2 11.9 13.7 24.8 58 12
Phosphorus - totaj{g-P/L) 10.7 18.3 17.4 22.0 4.1 12
Discharge (cfs) 0.41 755 10.17 34.28 9.87 |11
Coliforms - fecal (cfu/100 mL) 1 15 13 140 NA 12
Coliforms - E. coli (cfu/100 mL) 1 7 8 110 NA 12

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

Table 25: Summary of Smith Creek monthly water quality d&@at. 2004 —
Sept. 2005.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 19.0 21.0 209 23.0 1.3 1p
Conductivity («S/cm) 60.8 63.0 80.6 173.7 41.1 12
Dissolved oxygen (mg/L) 8.2 9.2 95 119 1.3 12
pH 7.4 7.6 7.6 8.2 0.2 12
Temperature®C 45 135 13.3 234 5.7 12
Turbidity (NTU) 0.7 1.0 1.0 14 0.2 12
Total solids (mg/L) 35.2 40.7 422 47.7 4.4 11
Total suspended solids (mg/L) <1.8 <18 <1.8 3.2 1.2 12
Nitrogen - ammoniay(g-N/L) 49 135 13.7 26.2 7.7 1p
Nitrogen - nitrate/nitrite 4g-N/L) 51 171.1 170.7 333.3 120.2 12
Nitrogen - total {1g-N/L) 239.6 3719 364.4 4623 875 12
Phosphorus - soluble:g-P/L) 1.6 4.1 4.3 6.2 1.3 1p
Phosphorus - totaj{g-P/L) 85 132 13.3 175 2.6 12
Discharge (cfs) Data from USGS gages available from City
Coliforms - fecal (cfu/100 mL) 2 9 11 74 NA 1P
Coliforms - E. coli (cfu/100 mL) 2 6 9 79 NA 12

TUncensored arithmetic means except as noted; not adjusteelfeated measures.

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

Table 26: Summary of Whatcom Creek monthly water qualityad@ict. 2004 —
Sept. 2005.
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Part A Part B
Geom.Mean (GM) Max 10%

<50 cfu/100 mL >100 cfu/100 mL
Anderson Creek GM =38 pass 42%>100 fail
Austin Creek, upper GM=5 pass 17%>100 fall
Beaver Creek, upper GM=7 pass 0% >100 pass
Austin/Beaver confluence GM = 22 pass 17%>100 fail
Austin Creek, lower GM =23 pass 17%>100 fail
Blue Canyon Creek GM =4 pass 0% >100 pass
Brannian Creek GM =20 pass 27%>100 fall
Carpenter Creek GM =76 fall 55%>100 fall
Euclid Creek GM =93 fail 20%>100 fail
Millwheel Creek GM =106 fail 40%>100 fail
Olsen Creek GM =17 pass 18%>100 fall
Park Place outlet GM =119 fall 50%>100 fail
Silver Beach Creek GM =417 fall 83%>100 fail
Smith Creek GM =13 pass 17%>100 fail
Whatcom Creek GM=11 pass 0% >100 pass

TAll censored values replaced with closest integer (kd. = 1).

Table 27: Comparison of fecal coliform data from Lake Whatdoibutaries to
WAC 173-201A surface water standards.
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Alkk Cond DO pH Temp Turb TS TS$

Anderson Creek ns ns ns L ns ns ns ns
Austin Creek, upper ns ns ns ns ns ns ns ns
Beaver Creek, upper ns ns ns L ns ns ns ns
Austin/Beaver confluence ns ns ns ns ns ns ns ns
Austin Creek, lower ns ns ns ns ns ns ns ns
Blue Canyon Creek H H ns H ns ns H ns
Brannian Creek L L ns L ns ns L ns
Carpenter Creek ns ns ns ns ns ns H ns
Euclid Creek ns ns ns ns ns ns H ns
Millwheel Creek H ns ns ns ns H H ns
Olsen Creek ns ns ns ns ns ns ns ns
Park Place outlet H H ns ns ns ns H ns
Silver Beach Creek H H ns H ns H H ns
Whatcom Creek ns ns ns ns ns ns L ns

NH3 NO3 TN SRP TP FC E.coli

Anderson Creek H L ns ns ns ns ns
Austin Creek, upper ns ns ns ns ns ns ns
Beaver Creek, upper ns ns ns ns ns ns ns
Austin/Beaver confluence ns ns ns ns ns ns ns
Austin Creek, lower ns ns ns ns ns ns ns
Blue Canyon Creek ns L L ns ns ns ns
Brannian Creek ns ns ns ns ns ns ns
Carpenter Creek ns ns ns ns H ns ns
Euclid Creek ns ns ns ns H ns ns
Millwheel Creek ns ns ns ns H ns ns
Olsen Creek ns ns ns ns ns ns ns
Park Place outlet H ns ns ns H ns ns
Silver Beach Creek ns ns ns ns H H H
Whatcom Creek H L L L ns ns ns

Table 28: Summary of creek water quality differences basesirailarity to Smith
Creek. Sites are identified as being not different (ns),iBegmtly higher @), or
significantly lower () than Smith Creek. Significance differences were deter-
mined at p-value<0.050 using the pairwise Wilcoxon rank sum test.
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TOC T. As T.Cd T.Cr T.Cu
Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Anderson Jan 20, 2005 1.8 <0.01 <0.0005 <0.001 0.010

Anderson Mar 11, 2005 <1 <0.01 <0.0005 <0.001 0.002
Austin, lower Mar 11,2005 <1 <0.01 <0.0005 <0.001 <0.001
Smith Mar 11,2005 <1 <0.01 <0.0005 <0.001 o0.001

T. Fe T. Hg T. Ni T. Pb T.Zn
Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Anderson Jan 20,2005 0.410<0.0002 <0.005 <0.001 0.011

Anderson Mar 11,2005 0.220 <0.0002 <0.005 <0.001 0.002
Austin, lower Mar 11,2005 0.130 <0.0002 <0.005 <0.001 0.003
Smith Mar 11, 2005 0.024 <0.0002 <0.005 <0.001 0.002

Table 29: Total metals and total organic carbon results 8shdcomposite sam-
ples collected in selected creeks in the Lake Whatcom waddrs
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Abbr. Site Abbr. Site

AND  Anderson Creek EUC Euclid Creek
AUS1 Austin Creek, upper MIL  Millwheel Creek
AUS2 Austin Creek/Beaver Creek OLS  Olsen Creek
AUS3 Austin Creek, lower PAR  Park Place Creel
BEA Beaver Creek, upper SIL Silver Beach Cre
BLU Blue Canyon Creek SMI  Smith Creek
BRA Brannian Creek WHA Whatcom Creek
CAR Carpenter Creek
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Table 30: Abbreviations for creek sampling sites in Figurgs- 29.
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Figure 15: Summary of the 2004/2005 alkalinity data for adleks. Boxplots
show median and upper/lower quartiles; whiskers extenck irierquartile range
or to maximum/minimum values. Horizontal reference linevs median value
for Smith Creek. Shaded boxes indicate creeks with sigmifibggher or lower
median values compared to Smith Creek. Refer to Table 30 ga & for sam-
pling site abbreviations.
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Figure 16: Summary of the 2004/2005 conductivity data focraeks. Boxplots
show median and upper/lower quartiles; whiskers extenck irierquartile range
or to maximum/minimum values. Horizontal reference linevs median value
for Smith Creek. Shaded boxes indicate creeks with sigmifibggher or lower
median values compared to Smith Creek. Refer to Table 30 ga & for sam-
pling site abbreviations.
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Figure 17: Summary of the 2004/2005 dissolved oxygen datalforeeks. Box-

plots show median and upper/lower quartiles; whiskersrekie5 x interquartile

range or to maximum/minimum values. Horizontal referemge $hows median
value for Smith Creek. None of the creeks were significanffei@nt than Smith
Creek. Refer to Table 30 on page 63 for sampling site ablirexngm
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Figure 18: Summary of the 2004/2005 pH data for all creeksxpBis show
median and upper/lower quartiles; whiskers extendx fterquartile range or
to maximum/minimum values. Horizontal reference line skomedian value for
Smith Creek. Shaded boxes indicate creeks with significigite or lower me-
dian values compared to Smith Creek. Refer to Table 30 on @ad¢er sampling

site abbreviations.
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Figure 19: Summary of the 2004/2005 temperature data faredlks. Boxplots
show median and upper/lower quartiles; whiskers extenck irierquartile range
or to maximum/minimum values. Horizontal reference linewss median value
for Smith Creek. None of the creeks were significantly défégrithan Smith Creek.
Refer to Table 30 on page 63 for sampling site abbreviations.
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Figure 20: Summary of the 2004/2005 total solids data focreks. Boxplots
show median and upper/lower quartiles; whiskers extenck irierquartile range
or to maximum/minimum values. Horizontal reference linevs median value
for Smith Creek. Shaded boxes indicate creeks with sigmifibggher or lower
median values compared to Smith Creek. Refer to Table 30 ga & for sam-

pling site abbreviations.
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Figure 21: Summary of the 2004/2005 total suspended soditisfdr all creeks.
Boxplots show median and upper/lower quartiles; whisketterel 1.5 x in-
terquartile range or to maximum/minimum values. Horizbmé&derence line
shows median value for Smith Creek. None of the creeks wgrefsiantly dif-
ferent than Smith Creek. Refer to Table 30 on page 63 for Sampite abbrevi-
ations.
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Figure 22: Summary of the 2004/2005 turbidity data for adleks. Boxplots show
median and upper/lower quartiles; whiskers extendxlibterquartile range or to
maximum/minimum values. Horizontal reference line showedian value for

Smith Creek. Shaded boxes indicate creeks with significigite or lower me-

dian values compared to Smith Creek. Refer to Table 30 on @ad¢er sampling

site abbreviations.
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Figure 23: Summary of the 2004/2005 total nitrogen data flocraeks. Box-

plots show median and upper/lower quartiles; whiskersrekie5 x interquartile

range or to maximum/minimum values. Horizontal referemee shows median
value for Smith Creek. Shaded boxes indicate creeks withifgignt higher or
lower median values compared to Smith Creek. Refer to TabenJage 63 for
sampling site abbreviations.
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Figure 24: Summary of the 2004/2005 nitrate/nitrite datadib creeks. Box-

plots show median and upper/lower quartiles; whiskersrekie5 x interquartile

range or to maximum/minimum values. Horizontal referemee shows median
value for Smith Creek. Shaded boxes indicate creeks withifgignt higher or
lower median values compared to Smith Creek. Refer to TabenJage 63 for
sampling site abbreviations.
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Figure 25: Summary of the 2004/2005 ammonia data for allksredoxplots
show median and upper/lower quartiles; whiskers extenck irierquartile range
or to maximum/minimum values. Horizontal reference linevs median value
for Smith Creek. Shaded boxes indicate creeks with sigmifibggher or lower
median values compared to Smith Creek. Refer to Table 30 ga & for sam-

pling site abbreviations.
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Figure 26: Summary of the 2004/2005 total phosphorus datallforeeks. Box-
plots show median and upper/lower quartiles; whiskersrekie5 x interquartile
range or to maximum/minimum values. Horizontal referemee shows median
value for Smith Creek. Shaded boxes indicate creeks withifgignt higher or
lower median values compared to Smith Creek. Refer to TabenJage 63 for

sampling site abbreviations.
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Figure 27: Summary of the 2004/2005 soluble reactive phatsptata for all
creeks. Boxplots show median and upper/lower quartilesskeins extend 1.5
x interquartile range or to maximum/minimum values. Hortzdmeference line
shows median value for Smith Creek. Shaded boxes indicagksmwith signifi-
cant higher or lower median values compared to Smith CreelerRo Table 30
on page 63 for sampling site abbreviations.
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Figure 28: Summary of the 2004/2005 fecal coliform data focreeks. Box-

plots show median and upper/lower quartiles; whiskersrekie5 x interquartile

range or to maximum/minimum values. Horizontal referemee shows median
value for Smith Creek. Shaded boxes indicate creeks withifgignt higher or
lower median values compared to Smith Creek. Refer to TabenJage 63 for
sampling site abbreviations.
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Figure 29: Summary of the 2004/2085coli data for all creeks. Boxplots show
median and upper/lower quartiles; whiskers extendx fterquartile range or
to maximum/minimum values. Horizontal reference line skomedian value for
Smith Creek. Shaded boxes indicate creeks with significigiei or lower me-
dian values compared to Smith Creek. Refer to Table 30 on @ad¢er sampling
site abbreviations.
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Figure 30: Monthly and 48-hr temperature and dissolved eryaata from Lower
Austin and Smith Creeks.
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Figure 31: Monthly and 48-hr conductivity and pH data fromnles Austin and

Smith Creeks.
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Figure 32: Monthly and 48-hr alkalinity and turbidity datarin Lower Austin
and Smith Creeks.
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Figure 33: Monthly and 48-hr ammonia and nitrate/nitrittadeom Lower Austin

and Smith Creeks.
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Figure 34: Monthly and 48-hr soluble phosphate and colifdata from Lower

Austin and Smith Creeks.
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Figure 36: Monthly and 48-hr total suspended solids and smtikds data from
Anderson, Lower Austin and Smith Creeks.
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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 37—-39 (pages 93F8B)location of each
hydrograph is described in Appendix A.2, beginning on pdgé All hydrograph
data, including data from previous years, are included e that accompanies
this report. Detailed field notes for each water year ardatva from the Institute
for Watershed Studies. All results are reported as Pacifindétrd Time, without
Daylight Saving Time adjustment.

The historic hydrograph data were recorded at 30 minuteval®until summer of
2003, when new recorders were installed at all sites. Thereewrders log data at
15 minute intervals. The primary reason for changing thgilog interval was to
conform with USGS hydrograph data that are being colledtetkadditional sites
in the Lake Whatcom watershed (Brannian, Carpenter, EUdiiiwWheel, Olsen,
and Silver Beach Creeks). Figure 40 (page 96) 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 40. Rating esifor earlier water
years are available from the Institute for Watershed Studie

4.2 Watershed Modeling

The Distributed Hydrology-Soils-Vegetation Model (DHSYMas applied to the
Anderson, Austin, and Smith Creek basins in the Lake Whata@tershed to
predict surface-water runoff into the lake. The DHSVM is gghbally based
numerical model developed at the University of WashingtahRacific Northwest
National Laboratory (Wigmosta et al., 1994). Its primanplgation has been
in mountainous watersheds in the Pacific Northwest (e.@rckstet al., 1998;
Bowling et al., 2000; VanSharr et al., 2002).

Watershed attributes in the DHSVM are defined by geograpticcmation sys-
tem (GIS) grids including a DEM, watershed boundary, sqktysoil thickness,
vegetation, and stream flow network. The input grids for thsits were devel-
oped in Arcinfo using a 30-meter grid spacing. The model $abeg a water and
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energy balance at the grid cell scale given input valuesifeemperature, humid-
ity, wind speed, incoming short wave radiation, incominggevave radiation, and
precipitation. The meteorological input data were codddrom the Smith Creek
weather station in the watershed or were estimated usirtigbree models (e.qg.,
longwave radiation). The data were formatted into one-hioue steps.

Calibration of the DHSVM to the basins requires the modifarabf the basin
attributes and meteorological data until the simulatedastr flow adequately
matches the actual recorded stream flow (within about 5%dlate, the DHSVM
has been sufficiently calibrated to the Austin and Smith Kiessins (by Katie
Kelleher a WWU geology graduate student) and the AnderseelCbasin (by
Robert Mitchell). Calibration refinement will continue a®ra stream flow and
weather data become available. The simulated stream floArfderson, Austin,
and Smith Creeks for the 2004/2005 water year are shown urésgl7—49 (pages
103-105). Note that the simulated stream flow for Anders@ekdoes not con-
tain diversion flow from the Middle Fork. The difference beem the recorded
and simulated stream flow in Austin Creek is likely due to exiia the new rat-
ing curve for Austin Creek which has not yet been developedigher flows.
The simulated stream flow in Austin Creek matches the recoveey well for
previous years using the old rating curve (2001 through 004

4.3 Water Budget

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

Daily direct-precipitation magnitudes were estimateshgshe precipitation data
recorded at the Geneva gatehouse, Smith Creek, and Bra@nésk gauges.
The Thiessen polygon method (Dingman, 1994) was used toa&sithe direct-

Y4Formerly Water District #10
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precipitation areal average over the lake by weighting tteipitation at each
gauge by a respective lake-area percentage. The weiglgas aere determined
by a Thiessen Polygon extension in ArcGIS (Figure 41, page Pie average
direct-precipitation depth (inches) for a given day wasveoted to a volume in
millions of gallons (MG) via a rating curve generated frora thke level-area data
developed by Ferrari and Nuanes (2001). The rating curveusts for changes
in surface area of the lake due to lake level changes. Theaadiract rainfall to
the lake for the water year 2004/2005 was 47.9 inches (6501 MG

Daily lake evaporation was estimated using a model baseldeoRenman method
(Dingman, 1994). The Penman method is theoretically bagetehthat estimates
free-water evaporation using both energy-balance and treassser 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

2004/2005 was 21.9 inches (2990 MG), most of which occunsédat June and
September.

Daily change in storage was determined by subtracting eagls thke level by
the subsequent day’s level. This resulted in negative gahleen the lake level
was decreasing and positive values when the lake level wasasing. The daily
net change in lake level (inches) was converted to a volum@)(Ma a rating
curve generated from the lake level-capacity data devedlbpé&errari and Nuanes
(2001). The rating curve accounts for changes in volume etdake due to lake
level changes. The median total lake volume in 2004/2005 2825970 MG.
Figure 46 (page 102) shows daily lake-volume values for et five years. The
dramatic changes throughout the course of a year are dueysirto rainfall-
runoff events and the Whatcom Creek discharges that areotiedtby the COB.

Surface runoff and groundwater were combined into a singt@ff component
that is determined by adding the outputs to the change iagtoand subtracting
the precipitation and diversion magnitudes. The runoffigalare rough estimates.

Yearly water balance totals are listed in Table 31 (page @®)gawith the yearly
total values for the four previous water years. The totalte@nd outputs were
estimated to be 40,026 MG and 41,738 MG, respectively. Tted Wolume of
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outputs correspond to 16.5% of the median total volume otake. Under the
assumption that the lake is completely mixed and flow is stestate (inputs =
outputs’}®, this would correspond to a 6.1 year residence time. Usiagetlas-
sumptions, the residence times for the past 5 years ranged3r1-10.7 years.
Tables 32 and 33 (pages 91-92) show the 2004/2005 total amglibutput vol-
umes along with the corresponding monthly percentage df &dal.

The daily water balance quantities were summed into 7-defstowhich were
used to generate plots of the input, output, change in stoeagl estimated runoff
volumes (Figures 42-45, pages 98-100). All the inputs, xte runoff, are
shown in Figure 42 and all the outputs, except for Whatconekirare shown in
Figure 43. The input, runoff, and output to Whatcom Creeksai@vn along with
the change in lake storage on Figure 44 because they havarsimagnitudes.
Figure 45 shows 7-day summed totals for inputs, outputschadge in storage.

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

2004-2005

2003-2004

2002-2003

2001-2002

2000-2001

Inputs (MG)

Direct Precipitation
Diversion

Runoff*

Total

Outputs (MG)
Whatcom Creek
Hatchery

Georgia Pacific
City of Bellingham

LW Water/Sewer Distr.

Evaporation

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

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

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

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

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

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

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

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

7,078 (14.5%)

4,693 (9.6%)
36,920(75.8%)
48,691(100%)

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

4,811 (19.3%)
1,783 (7.1%)
18,345 (73.6%)
24,938 (100%)

10,508 (44.5%)
1,074 (4.5%)
4,851 (20.5%)
4,076 (17.3%)
140 (0.6%)
2,971 (12.6%)
23,621 (100%)

Total 41,738 (100%)| 37,855 (100%)| 24,971 (100%)| 49,341 (100%)

Net change in storage -1,692 3,139 -81 -651 1,318
Median lake volume (MG) 252,856 252,970 252,075 252,368 251,978
Outflow percent of volume 16.5% 15.0% 9.9% 19.6% 9.4%
Residence time (years) 6.1 6.7 10.1 5.1 10.7

*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 31: Annual water balance quantities for the Lake Wiratevatershed,
WY2000-WY2005.
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Input Percents
Month | Diver Precip Runoff*| Total
Oct 2.09 9.44 556 5.84
Nov 0.00 19.65 22.73 20.04
Dec | 11.38 15.21 17.70 16.64
Jan | 18.29 10.94 17.25 16.25
Feb 7.18 4.23 6.93 6.48
Mar 9.49 10.03 6.55 7.36
Apr | 30.12 11.83 16.41 16.86
May 9.38 4.21 3.09 3.84
Jun 0.04 3.65 1.28 1.55
Jul 5.18 4.04 230 2.84
Aug 6.72 3.04 0.07 1.16
Sep 0.14 3.74 0.14 0.72

Input Volume (MG)
Total | 3,852 6,501 29,673 40,026
*Runoff = surface runoff + groundwater

Table 32: Monthly input water balance quantities for the ¢ &hatcom water-
shed, October 2004—-September 2005.



2004/2005 Lake Whatcom Final Report P&ge

Output Percents
Month WC Hatch GP COB WSD Evap Total
Oct 1483 822 999 783 772 3.84 12.85
Nov 1770 736 982 717 7.67 1.30 14.70
Dec 2476 799 1055 7.18 8.15 0.39 19.92
Jan 17.86 590 1146 761 855 158 14.92
Feb 728 889 1063 643 755 295 7.11
Mar 093 701 815 7.02 822 642 254
Apr 11.83 1195 746 7.18 8.06 12.0711.14
May 226 680 765 845 850 13.15 4.11
Jun 042 787 601 871 877 1325 2.73
Jul 086 9.70 6.27 11.47 9.83 18.39 3.77
Aug 0.67 843 579 1200 9.70 16.39 3.49
Sep 060 989 6.21 895 7.27 10.08 2.72

Output Volume (MG)
Total | 30,899 1,288 2,198 4,111 252 2,99011,738

Table 33: Monthly output water balance quantities for thied_#hatcom water-
shed, October 2004—-September 2005.
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Figure 37: Anderson Creek hydrograph, October 1, 2004-e8dpr 30, 2005.
Data were recorded at 15 minute intervals.
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Figure 38: Austin Creek hydrograph, October 1, 2004—-Selp¢er80, 2005. Data
were recorded at 15 minute intervals.
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Figure 39: Smith Creek hydrograph, October 1, 2004—Septe® 2005. Data
were recorded at 15 minute intervals.
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Figure 40: 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 42: Lake Whatcom watershed direct hydrologic inpOtstober 1, 2004—

September 30, 2005.
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Figure 43: Lake Whatcom watershed hydrologic withdraw@istober 1, 2004—
September 30, 2005.
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Figure 44: Summary of 7-day changes in Lake Whatcom storagégrshed
runoff, and Whatcom Creek flows, October 1, 2004—Septenhe2(®5.
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Figure 45: Summary of 7-day inputs, outputs, and changesake Whatcom
storage, October 1, 2004—-September 30, 2005.
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Figure 46: Comparison of Lake Whatcom daily lake volumesZ090-2005.
Horizontal line represents median lake volume for the pepiotted.
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Figure 47: Anderson Creek hydrograph showing recorded mmdlated values,
October 1, 2004—-September 30, 2005.
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Figure 48: Austin Creek hydrograph showing recorded andilsited values, Oc-
tober 1, 2004—-September 30, 2005.
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Figure 49: Smith Creek hydrograph showing recorded andlabedivalues, Oc-
tober 1, 2004—-September 30, 2005.
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5 Storm Water Treatment Monitoring

The objective of this portion of the lake monitoring projeeas to evaluate the
storm water treatment efficiencies of representative rireat facilities in the
vicinity of the Lake Whatcom watershed. During the 20042@tbnitoring pe-
riod, samples were collected from the Park Place wet pond,uerground
storm water vault (Alabama Hill vault), and the South Camgtosm water treat-
ment facility!® This report also includes a summary of the results colleoted
previous years from the Brentwood wet pond, the Silverntyanld the Parkstone
grass swale/wet pond. The locations of all current and ptsvmonitoring sites
are described in Appendix A, beginning on page 127, andtilitesd in Figures
A4 and A5 (pages 135 and 136). Photographs of the monitoitieg are included
in Figures A6—A11 (pages 137-142).

5.1 Sampling procedures

Due to construction activities, weather conditions, amdflows, none of the sites
could be sampled three times within the October 2004 — Sdye2005 moni-

toring period (Table 34 on page 112 shows the proposed nmrorgtschedule).

In order to include three collections from as many sites asipte, we extended
sampling into November 2005.

Park Place was sampled on March 21-23, 2005, but constnuatitivities pre-
vented sampling during the rest of the monitoring period.e Bouth Campus
storm water treatment facility, which was sampled on JanRa+26, May 2426,
and November 9-11, 2005. The Alabama Hill vault was samptedl@vember
1-2, 2004 and March 28—-29 and November 1-2, 2005.

Where possible, composite and grab samples were collettieflav and out-

flow points for each site. Automatic composite samplers QS¢pbe, supplied by
the City of Bellingham) were placed at the inlet and outled aomposite water
samples were collected at 90 minute intervals over a 48 heniwgh The compos-
ite samples were analyzed for total solids, total suspesdéds, heavy metals
(arsenic, cadmium, chromium, copper, iron, nickel, lead zinc), total organic

®The South Campus storm water treatment facility is a sththeart combination of grass
swales and rock/plant filters. Although outside the Lake Witva watershed, it is included in the
monitoring effort as an indicator of potential treatmerieefiveness.
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carbon, total nitrogen, and total phosphorus. Grab sanwes collected four
times during the 48 hour period at the inflow(s) and outflowspach site. The
Hydrolab Surveyor IV was used to measure pH, temperatusspblied oxygen,
and conductivity in the field. Bacteria samples (fecal ooliis ancE. coli) were

analyzed by the City of Bellingham. Due to flow constraintsnposite sampling
was not always possible in the Alabama Hill vault. When floneyavtoo low

for obtaining composites, grab samples were used to messtatesolids, total
suspended solids, total nitrogen, and total phosphorus.

5.2 Results and Discussion

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

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

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

Both the Brentwood and Park Place storm water treatmenriti@giconsist of a
series of wet ponds that develop extensive macrophyte growing the summer
(Figures A7 and A8, pages 138 and 139). The South Campus staten treat-
ment facility was constructed during the fall and winter 602. The rock/plant
filters were planted with cattailsypha latifolia), but only minimal growth had
occurred by the end of summer, 2001. Due to excessive setliosding from
campus construction activities during 2001-2002, theegjnaras replaced and the
vegetation was replanted in the fall of 2002. The facilitywnsupports a dense
growth of emergent macrophytes (Figure Al1l, page 142).

The Alabama Hill and Silvern vaults are underground cansststems that can be
filled with special materials designed to remove specifitdypahts from surface
runoff (Figures A6 and A10, pages 137 and 141). The Silveuitvavery small,
containing only 6 canisters. Sampling at that site was discoed after one year
because the vault was usually dry or contained standing Wadewas not repre-
sentative of storm runoff. The Alabama vault is considerddniger, consisting of
26 canisters, and while it is easier to sample than the Silvault, it is still dif-
ficult to collect composite samples. One set of compositgseswere collected
in the Alabama vault in 2004, but only grab samples were ctdtkin 2005.
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The Parkstone treatment system is a complex sequence sfgyages and small
wet ponds (Figure A9, page 140) with multiple inlets and etstl The upper
portion of the Parkstone system is a grass swale that receiater from a small
wetland (Parkstone swale inlet #1) and paved roadway (Rar&swale inlet #2).
Partially treated water from the swale outlet mixes withreated street runoff
to form the Parkstone pond inlet. The water is dischargenh ftioe Parkstone
pond outlet into Mill Wheel Creek, which flows into Lake Whate. Because
of the numerous source of runoff into this system, it was ois@ered to be a
good site to assess pollutant removal, and was not sampietydhe 2004/2005
monitoring period.

Tables 35—-38 (pages 113-116) show the raw data from the stater treatment
systems that were monitored in 2004/2005. The tables alsw $he percent
analyte reduction between the inflow and outflow, calculatetbllows:

. Tinlet — Loutlet
Average percent reduction = ———— "% x 100

Tinlet

For the 48-hr composite samples, the above equation predbe€’Event Mean
Concentration Efficiency Percent” (Winer, 2000) based andbmposited inlet
and outlet samples; for the grab samples; the above equatiatluces the EMC
efficiency percent from the average of the four inlet or diugkab samples.

Most of the sites had slight differences between inlet aritebualues for tem-
perature, pH, dissolved oxygen, and conductivity (Tab&s38, pages 114-116).
These differences were most likely the result of surfaceemanters a standing
water environment (e.g., vault, pond, or constructed wela

The Alabama Hill vault provided virtually no phosphorus @ral, ranging from
a maximum of 2.9—-3.3% reduction to arcrease of 38.4% during the November
2005 sampling period (Tables 35 and 36, pages 113 and 114ila8y, the
vault provided minimal and inconsistent removal of susgehsblids (8.1-32.8%
reduction, with anncrease of 6.7% in November 2004).

The structure of the Alabama Hill vault made it very diffictdtobtain composite
samples because the outlet flow was irregular, resultingnyisamples for some
of the composites. To avoid this problem, only grab sampler®wollected from
the vault in 2005. Both composite and grab samples wereatetlan November
2004, which allowed us to to compare the total nitrogen,| foit@sphorus, and
total suspended solids results for both types of samples. pEncent reductions
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were very similar for total phosphorus (grab = 2.9%, comjgosi3.3%), but less
similar for total nitrogen (grab = 18.9%, composite = 2.3%l #otal suspended
solids (grab = -6.7%, composite = 18.6%).

Due to construction activities, we were only able to samp&e Rark Place wet
pond once. As in previous years, the Park Place wet pondgedwirtually no
phosphorus removal (0.4%acrease in total phosphorus at the outlet), a minimal
reduction in total solids (9%), and a relatively small (3&%duction in total sus-
pended solids (Table 37, page 115). The City is currenthgsiphing the Park
Place treatment system, which should improve pollutanbrein

As in previous years, the South Campus system provided tsepb®sphorus
and sediment removal, with seasonal percent reduction&.6£82.1% for total

suspended solids and 12.6-61.5% for total phosphorusg Bihlpage 116). The
South Campus system also provided the best coliform remluctanging from

54.3-86.0% for fecal coliforms and 42.0-84.7% for E. coli.

Over the past 10 years, IWS has monitored the performanceeo$torm water
treatment systems inside the Lake Whatcom watershed (Aabault, Brent-
wood wet pond, Park Place wet pond, Parkstone swale/poxdSgivan vault).
During this time the data suggest that none of these tredtsystems have pro-
vided significant or consistent reductions in sediment asphorus in the runoff.
Figures 50 and 51 (pages 117 and 118) show the inlet (opendag)rdnd outlet
(shaded symbols) concentrations for total suspendedssahd total phospho-
rus for all of the sites inside the Lake Whatcom watershedizdatal reference
lines were added to show the 2004/2005 median total susdesutiels and total
phosphorus concentrations for Smith Creek (dashed lireesdaer Beach Creek
(dotted line). Smith Creek was chosen as a reference beddsaselatively un-
polluted. Silver Beach Creek was chosen because it is ongeahbst polluted
natural streams in the watershed.

Although most of the storm water treatment systems provétaae degree of sed-
iment removal, they rarely reduced sediment concentratiofevels approaching
Smith Creek, or even Silver Beach Creek (Figure 50). The tdgkhosphorus
removal is more important, particularly in light of the ieasing algal densities in
the lake. It is clear from Figure 50 that the phosphorus cotmagons at the out-
lets for all of the storm water treatment systems was highean tnedian value for
Smith Creek. The vaults performed particularly poorly,tnoely exceeding the
Silver Beach Creek median and maximum (Figure 52, (page. 13@ym water
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vaults are being installed throughout the watershed, vii¢hititention of reduc-
ing pollutant loading into the lake. The City is currentlgtiag canister media to
determine which is effective at removing pollutants, esgdgcphosphorus, from
runoff. It is clear from other studies of storm water treattngystems that main-
tenance and design choices play an important part in thete#aess of pollutant
removal (Debo and Reese, 2003; Winer, 2000). It will be assehat the perfor-
mance of storm water vaults be monitored to determine whetikition removal
is occurring, and under what conditions.

It should be noted that phosphorus reduction is a difficudbjgm and low re-
moval efficiencies are commonly reported for nearly all &/pé storm water
treatment systems, including wet ponds, grass swales,lgrdsfistems. A recent
study of the effectiveness of storm water treatment Bestdgament Practices
(BMPs) revealed that there were no significant differenee/ben mean influent
and effluent phosphorus concentrations for most BMP caiegancluding media
filters, retention ponds, and wetland basins (GeoSyntes@tants and Wright
Water Engineers, Inc., 2006).The authors reported similar statistical issues for
other pollutants:

“In many instances, no significant difference between imil@ad ef-
fluent medians was determined. Therefore, it is not postibdieter-
mine with any certainty whether the BMP had an effect or syntipht
the characteristics of the runoff treated (for example, influence
concentrations) govern the distribution of effluent valuéSeoSyn-
tec Consultants and Wright Water Engineers, Inc., 2006)

Although this should not be taken as a broad statement thahswater treat-
ment BMPsnever reduce pollutants in runoff, it does illustrate the diffigudf
both storm water treatment and performance assessmerite lrake Whatcom
watershed, storm water treatment is particularly diffidadtause the pollutant
concentrations usually fall below the “irreducible contcation” (Winer, 2000;
Schueler 1996) for total phosphorus150-200.g-P/L) and total suspended

"The GeoSyntec report analyzed BMP performance using twooappes: analysis of mean
effluent concentrations by BMP category (one value per BMBEhygtand analysis of each effluent
concentration by BMP category (all individual values ird#d in analysis). The first approach
(one value per BMP study) provides a better assessment sé-site BMP performance because
it weighs each BMP equally rather than giving greater wetghgtudies with a large number of
single-site results.
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solids (~20—40 mg/L). When pollutant concentrations fall below threducible
level, we may not be able to achieve significant pollutantaeshusing conven-
tional approaches, and may actually see increased coatiens in the effluent.
Unfortunately, the irreducible concentration for phospisas much higher than
background concentrations found in forested streams su8imath Creek, and is
not a realistic water quality goal for protecting the lakeneTfield of storm wa-
ter treatment is rapidly advancing and many new treatmehti@ogies and “low
impact development” approaches are being developed. As thew systems are
introduced, it remains critically important that the penfiance of the treatment
systems be monitored, despite the statistical and techmaldifficulties that this
represents.
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2004 2005 2005

Oct-Dec Jan-Apr Jul-Sept
Parameter wet, low flow wet, high flow dry, low flow Location
DO ° ° ° inflow, outflow;
pH . . . 4 grab samples in 48 hr,
Temp ° ° °
Cond ° ° °
Bacteria ° ° °
T. solids ° ° ° inflow, outflow;
T. susp. solids ° ° ° 48-hr composite sample
T. nitrogen ° ° °
T. phosphorus ° ° °
T. metals ° ° °
(As, Cd, Cr, Cu, Fe, Pb, Hg, Ni, Zn)
T. organic carbon ° ° °
Photos ° all sites
Nuisance checklist ° °

TTwenty-four additional metals are included as part of th@edard AmTest analytical procedure.

Table 34: Storm water treatment systems monitoring scleg@®04/2005).

(2]
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TSS TS TOC TN TP
Site Date (mg/L) (mglL) (mg/L)  (mg-N/L) (mg-P/L)
Alabama vault inlet Nov 1-2, 2004 13.97 126.50 9.4 2.92 0.21
Alabama vault outlet Nov 1-2, 2004 11.37 126.50 9.4 2.86 0.20
Percent reduction 18.6 0.0 0.0 2.3 3.3
Park Place inlet Mar 21-23, 2005 5.73 123.83 2.1 0.849 0.05
Park Place outlet Mar 21-23, 2005 3.55 112.75 6.0 0.841 0.05
Percent reduction 38.0 9.0 -185.7 0.9 -0.4
South Campus inlet Jan 24-26, 2005 4.08 252.08 <1 1.28 0.05
South Campus outletE Jan 24-26, 2005 <2* 241.33 <1 1.23 0.03
South Campus outletW  Jan 24-26, 2005 <2* 240.78 <1 1.3 0.04
Percent reduction 51.0 4.4 0.0 1.4 33.3
South Campus inlet May 24-26, 2005 <2 177.75 3.6 0.96 0.09
South Campus outletE May 24-26, 2005 <2 225.17 7.7 0.20 0.13
South Campus outletW  May 24-26, 2005 <2 218.50 4.4 0.23 0.02
Percent reduction NA -24.8 -68.1 77.6 12.6
South Campus inlet Nov 9-11 2005 32.67 236.11 8.3 1.25 0.08
South Campus outletE Nov 9-11, 2005 9.48 197.67 8.1 0.96 0.04
South Campus outletW ~ Nov 9-11, 2005 2.20 190.11 9.6 0.65 0.03
Percent reduction 82.1 17.9 -6.6 35.6 61.5
*Value replaced with detection limit to calculate percesduction.

As Cd Cr Cu Fe Hg Ni Pb Zn
Site Date (mg/L) (mglL) (mg/L) (mg/L) (mglL) (mg/L) (mg/L) nfg/L) (mg/L)
Alabama vault inlet Nov 1-2, 2004 <0.01 <0.0005 0.0010 0.016 0.380 <0.0002 <0.005 0.012 0.051
Alabama vault outlet Nov 1-2,2004 <0.01 <0.0005 <0.001 0.016 0.280 <0.0002 <0.005 0.009 0.050
Percent reduction NA NA NA 0.0 26.3 NA NA 25.0 2.0
Park Place inlet Mar 21-23, 2005 <0.01 <0.0005 <0.001 0.004 0.430 <0.0002 <0.005 <0.001 0.010
Park Place outlet Mar 21-23, 2005 <0.01 <0.0005 <0.001 0.006 0.390 0.0003 <0.005 0.003 0.009
Percent reduction NA NA NA -50.0 9.3 NA NA NA 10.0
South Campus inlet Jan 24-26, 2005 <0.01 <0.0005 <0.001 0.029 1.200 <0.0002 <0.005 0.003 0.053
South Campus outletE Jan 24-26, 2005 <0.01  <0.0005 0.001 0.030 0.098 <0.0002 <0.005 <0.001 0.049
South Campus outletW  Jan 24-26, 2005 <0.01 <0.0005 <0.001 0.028 0.230 <0.0002 <0.005 <0.001 0.160
Percent reduction NA NA NA 0.0 86.3 NA NA NA -97.2
South Campus inlet May 24-26, 2005 <0.01  <0.0005 <0.001 0.005 1.800 <0.0002 <0.005 0.007 0.021
South Campus outletE May 24-26, 2005<0.01  <0.0005 <0.001 0.004 <0.005* <0.0002 <0.005 0.002 0.012
South Campus outletW  May 24-26, 2005 <0.01  <0.0005 <0.001 0.004 <0.005* <0.0002 <0.005 0.001 0.010
Percent reduction NA NA NA 20.0 99.7 NA NA 78.6 47.9
South Campus inlet Nov 9-11, 2005 <0.01 <0.0005 0.001* 0.007 220 <0.0002 <0.005 <0.001 0.024
South Campus outletE Nov 9-11, 2005 <0.01  <0.0005 0.005 0.008 0.55 <0.0002 <0.005 <0.001 0.016
South Campus outletW ~ Nov 9-11, 2005 <0.01  <0.0005 0.004 0.007 0.14 <0.0002 <0.005 <0.001 0.012
Percent reduction NA NA -350.0 -7.1 84.3 NA NA NA 41.7

*Value replaced with detection limit to calculate percesduction.

Table 35: Park Place wet pond, South Campus rock/plant ftel Alabama Hill

vault composite samples and average percent reductionedeinlet and outlet

samples. Negative values represent an increase in coatientat the outlet.
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Temp DO Cond TSS TS NH3 NO3 TN SRP TP
Site Date (Time) {C) pH (mg/L) uS/cm) (mg/L) (mg/L) (mg/L) (mgl/L) (mg/L) (mg/L)  (mglL)
inlet Nov 1-2, 2004 (A) 9.0 7.62 10.29 97.9 10.43 NA NA NA 0.83 AN 0.13
inlet Nov 1-2, 2004 (B) 9.5 7.50 9.97 78.8 31.27 NA NA NA 0.88 NA 0.17
inlet Nov 1-2, 2004 (C) 11.2 7.48 10.15 252.0 6.35 NA NA NA 504 NA 0.20
inlet Nov 1-2, 2004 (D) 11.5 7.53 9.48 259.0 3.07 NA NA NA 4.55 AN 0.15
outlet Nov 1-2, 2004 (A) 9.0 7.54 10.03 98.5 21.97 NA NA NA 0.93 NA 0.15
outlet Nov 1-2, 2004 (B) 9.5 7.44 9.71 81.2 26.30 NA NA NA 0.81 AN 0.15
outlet Nov 1-2, 2004 (C) 11.2 7.44 10.08 251.0 4.00 NA NA NA 4.5 NA 0.18
outlet Nov 1-2, 2004 (D) 11.5 7.49 9.51 259.0 2.28 NA NA NA 2.92 NA 0.14
Seasonal % reduction 0.0 0.7 1.4 -0.3 -6.7 NA NA NA 18.9 NA 2.
inlet Mar 28-29, 2005 (A) 8.3 7.48 9.53 77.8 71.50 114.17 0.07 0.34 0.96 0.04 0.20
inlet Mar 28-29, 2005 (B) 9.3 7.74 10.19 181.0 21.13 137.75 090. 0.94 1.46 0.07 0.12
inlet Mar 28-29, 2005 (C) 8.2 7.74 10.06 214.0 9.50 146.67 30.0 1.02 1.44 0.08 0.12
outlet  Mar 28-29, 2005 (A) 8.2 7.52 10.10 85.4 83.47 128.83 080. 0.36 1.07 0.05 0.21
outlet  Mar 28-29, 2005 (B) 9.4 7.51 9.25 184.4 8.43 131.67 40.0 0.97 1.36 0.09 0.13
outlet  Mar 28-29, 2005 (C) 8.2 7.45 8.77 193.0 2.00* 128.33 010. 0.91 1.24 0.12 0.13
Seasonal % reduction 0.0 2.1 5.6 2.1 8.1 2.4 31.4 2.6 4.8 -38.2-5.2
inlet Nov 1-2, 2005 (A) 11.0 7.24 NA 134.0 10.23 101.75 NA NA 4. NA 0.15
inlet Nov 1-2, 2005 (B) 11.6 7.29 9.64 204.0 4.23 148.08 NA NA 504 NA 0.15
inlet Nov 1-2, 2005 (C) 115 7.49 9.28 254.0 2.63 175.58 NA NA 494 NA 0.11
outlet Nov 1-2, 2005 (A) 10.9 7.40 NA 135.0 6.42 100.42 NA NA 3. NA 0.18
outlet Nov 1-2, 2005 (B) 11.5 7.41 9.62 203.0 3.07 144.33 NA NA 4.38 NA 0.18
outlet Nov 1-2, 2005 (C) 11.5 7.51 8.53 261.0 2.00* 176.75 NA AN 4.38 NA 0.20
Seasonal % reduction 0.6 -1.4 4.1 -1.2 32.8 0.9 NA NA 25 NA .438
*Value replaced with detection limit to calculate percesduction.
TOC FC E. coli As Cd Cr Cu Fe Hg Ni Zn
Site Date (Time) (mg/L) (100mL) (100mL)  (mg/L) (mg/L) (mg/L (mg/L) (mglL) (mg/L) (mg/L)  (mgl/L)
inlet Nov 1-2, 2004 (A) NA 660 300 NA NA NA NA NA NA NA NA
inlet Nov 1-2, 2004 (B) NA 500 400 NA NA NA NA NA NA NA NA
inlet Nov 1-2, 2004 (C) NA 1300 1400 NA NA NA NA NA NA NA NA
inlet Nov 1-2, 2004 (D) NA 250 250 NA NA NA NA NA NA NA NA
outlet Nov 1-2, 2004 (A) NA 1200 1200 NA NA NA NA NA NA NA NA
outlet Nov 1-2, 2004 (B) NA 360 290 NA NA NA NA NA NA NA NA
outlet Nov 1-2, 2004 (C) NA 940 840 NA NA NA NA NA NA NA NA
outlet Nov 1-2, 2004 (D) NA 330 260 NA NA NA NA NA NA NA NA
Seasonal % reduction NA -4.4 -10.2 NA NA NA NA NA NA NA NA
inlet Mar 28-29, 2005 (A) 4.1 560 380 <0.01 <0.0005 <0.001 0.007 0.69 <0.0002 <0.005 0.036
inlet Mar 28-29, 2005 (B) NA 220 190 NA NA NA NA NA NA NA NA
inlet Mar 28-29, 2005 (C) <1* 140 100 <0.01 <0.0005 <0.001 0.004 0.22 <0.0002 <0.005 0.015
outlet  Mar 28-29, 2005 (A) 11 530 450 <0.01 0.0007 <0.001 0.010 0.88 <0.0002 <0.005 0.066
outlet  Mar 28-29, 2005 (B) NA 220 89 NA NA NA NA NA NA NA NA
outlet  Mar 28-29, 2005 (C) 55 20 23 <0.01 <0.0005 <0.001 0.003 0.08 <0.0002 <0.005 0.012
Seasonal % reduction -223.5 16.3 16.1 NA NA NA -18.2 -5.6 NA NA -52.9
inlet Nov 1-2, 2005 (A) NA 1200 720 NA NA NA NA NA NA NA NA
inlet Nov 1-2, 2005 (B) NA 1000 720 NA NA NA NA NA NA NA NA
inlet Nov 1-2, 2005 (C) NA 530 400 NA NA NA NA NA NA NA NA
outlet Nov 1-2, 2005 (A) NA 620 960 NA NA NA NA NA NA NA NA
outlet Nov 1-2, 2005 (B) NA 530 1000 NA NA NA NA NA NA NA NA
outlet Nov 1-2, 2005 (C) NA 110 210 NA NA NA NA NA NA NA NA
Seasonal % reduction NA 53.8 -17.9 NA NA NA NA NA NA NA NA

Table 36: Alabama vault grab samples and average percanmttieas between
inlet and outlet samples. Sample collection times were esatipl from A-D.
Negative values indicate an increase in concentratioreabiiet.
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Temp DO Cond FC E. coli
Site Date (Time) {C) pH (mg/L)  @S/cm)  (cfu/100 mL)  (cfu/100 mL)
inlet Mar 21-23, 2005 (A) 9.5 7.36 11.80 168.8 590 700
inlet Mar 21-23, 2005 (B) 8.0 7.49 11.39 177.7 500 260
inlet Mar 21-23, 2005 (C) 8.9 7.62 10.94 179.2 170 280
inlet Mar 21-23, 2005 (D) 7.5 7.58 10.51 175.8 63 100
outlet  Mar 21-23, 2005 (A) 8.4 741 1188 129.1 620 120
outlet  Mar 21-23, 2005 (B) 8.4 7.32 10.88 166.8 210 160
outlet  Mar 21-23, 2005 (C) 11.8 7.63 12.33 170.4 27 14
outlet  Mar 21-23, 2005 (D) 7.6 751 10.23 175.5 64 140
Seasonal % reduction -6.8 0.6 -1.5 8.5 30.4 67.6

Page

Table 37: Park Place wet pond grab samples and average pezdentions be-
tween inlet and outlet samples. Sample collection timesveequential from
A-D. Negative values indicate an increase in concentraidhe outlet.
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Temp DO Cond FC E. coli
Site Date (Time) 1{C) pH (mg/L)  @S/cm)  (cfu/100 mL)  (cfu/100 mL)
inlet Jan 24-26, 2005 (A) 109 7.47 10.47 373.0 33 23
inlet Jan 24-26, 2005 (B) 10.8 7.46 10.55 385.0 11 12
inlet Jan 24-26, 2005 (C) 109 743 9.48 392.0 8 9
inlet Jan 24-26, 2005 (D) 10.8  7.49 9.84 402.0 5 3
outletE Jan 24-26, 2005 (A) 10.7  7.42 7.88 369.0 5 8
outlete Jan 24-26, 2005 (B) 9.5 7.42 8.17 384.0 1 1
outletE Jan 24-26, 2005 (C) 10.1  7.39 7.00 390.0 1 1
outletE Jan 24-26, 2005 (D) 9.5 7.45 7.37 399.0 1 1
outletW  Jan 24-26, 2005 (A) 10.8 7.52 8.21 364.0 10 8
outletW  Jan 24-26, 2005 (B) 9.6 7.51 8.66 381.0 1 1
outletW  Jan 24-26, 2005 (C) 10.3  7.49 7.38 386.0 1 1
outletW  Jan 24-26, 2005 (D) 9.5 7.55 7.81 396.0 1 1
Seasonal % reduction 7.8 -0.1 22.6 1.1 81.6 76.6
inlet May 24-26, 2005 (A) 129 7.36 7.85 363.0 25 12
inlet May 24-26, 2005 (B) 13.0 7.26 8.63 368.0 24 16
inlet May 24-26, 2005 (C) 12.7 7.43 7.46 377.0 12 4
inlet May 24-26, 2005 (D) 13.0 7.32 7.70 380.0 14 4
outletE May 24-26, 2005 (A) 128 7.37 4.47 356.0 6 1
outlete May 24-26, 2005 (B) 12.7 7.35 5.03 360.0 4 1
outletE May 24-26, 2005 (C) 126 7.41 4.39 367.0 6 1
outlete May 24-26, 2005 (D) 12.6  7.40 4,71 370.0 1 4
outletW  May 24-26, 2005 (A) 129 7.28 3.68 351.0 1 1
outletW  May 24-26, 2005 (B) 128 7.29 4.08 353.0 1 1
outletW  May 24-26, 2005 (C) 12.7  7.39 3.59 361.0 1 1
outletW  May 24-26, 2005 (D) 127 7.34 3.78 363.0 1 1
Seasonal % reduction 1.4 -0.2 46.7 3.2 86.0 84.7
inlet Nov 9-11, 2005 (A) 129 7.48 8.97 391.0 10 7
inlet Nov 9-11, 2005 (B) 129 753 8.47 393.0 8 5
inlet Nov 9-11, 2005 (C) 13.0 7.46 8.42 411.0 NA 2
inlet Nov 9-11, 2005 (D) 11.8 7.62 9.81 195.0 580 490
outletE Nov 9-11, 2005 (A) 11.3 7.48 6.86 374.0 34 17
outlete Nov 9-11, 2005 (B) 11.7 7.49 6.41 385.0 27 35
outletE Nov 9-11, 2005 (C) 11.7  7.45 6.16 402.0 NA 15
outlete Nov 9-11, 2005 (D) 12.2 7.46 7.78 321.0 300 290
outletw Nov 9-11, 2005 (A) 10.0 7.44 5.02 335.0 3 3
outletw Nov 9-11, 2005 (B) 100 7.44 4.80 339.0 2 1
outletw Nov 9-11, 2005 (C) 10.1 7.40 4.92 402.0 NA 4
outletw Nov 9-11, 2005 (D) 10.3 751 7.06 366.0 180 220
Seasonal % reduction 13.7 0.8 31.3 -5.2 54.3 42.0

Table 38: South Campus rock/plant filter grab samples ancgegercent reduc-
tions between inlet and outlet samples. Sample collectinag were sequential
from A-D. Negative values indicate an increase in concéntrat the outlet.
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Figure 50: Comparison of inlet and outlet total suspenddéidsaoncentrations
relative to the median 2004/2005 concentration in SmitlreKfdashed reference
line) and Silver Beach Creek (dotted reference line). Openb®ls show inlet
concentrations and shaded symbols show outlet concamsatlfwo outlier points
from Parkstone inlet samples were omitted to facilitatetpig.
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Figure 51: Comparison of inlet and outlet total phosphomscentrations rel-
ative to the median 2004/2005 concentration in Smith Crelalst{ed reference
line) and Silver Beach Creek (dotted reference line). Openb®ls show inlet
concentrations and shaded symbols show outlet concemtsati
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Figure 52: Inlet and outlet total phosphorus concentratioompared to the
2004/2005 minimum/maximum total phosphorus concentnatia Silver Beach
Creek. Open symbols show inlet concentrations and shadedayg show outlet
concentrations.
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6.1 Lake Whatcom Reports
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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 Watershed Project — onliegorts); older re-
ports are available in the IWS library and through the cityBeflingham Public
Works Department. This list does not include research tepstudent projects,
or publications that were not prepared specifically for thiey Gf Bellingham.
Contact IWS for information about additional Lake Whatcouilications.
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ham, WA.

Matthews, R. A., M. Hilles and G. B. Matthews. Lake Whatcomr¥oring
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A Site Descriptions

Figures A1-A5 (pages 132-136) show the locations of theeatinrmonitoring

sites and Table Al (page 131) lists the approximate GPS owies for the lake
and creek sites. All site descriptions, including text diggions and GPS co-
ordinates, are approximate because of variability in beloverage, GPS unit
sensitivity, boat movement, stream bank or channel altersitstream flow rates,
weather conditions, and other factors that affect sampéingtion. Text descrip-
tions contain references to local landmarks that may changetime. For de-
tailed information about exact sampling locations, coriae IWS Director.

A.1 Lake Whatcom Monitoring Sites

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

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

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

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

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

A.2 Creek Monitoring Sites

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

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

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

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

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

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

its proximity to the old mill pond. This site was added in Gaz#o 2004 as part of
the monthly creek monitoring project.

Olsen Creeksamples are collected just downstream from North Shore &ar n
the USGS hydrograph gauge. This site was added in Octobdr&9part of the
monthly creek monitoring project.
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Park Place samples are collected from the outlet of the Park Place staatar
treatment system. Currently, samples are collected bysactea manhole located
approximately 7 m from Park Place Ln. Construction actgtin the vicinity of
the storm water treatment system can affect the samplirgfitt contact the
IWS Director for detailed information about the curreneddacation.

Silver Beach Creeksamples are collected approximately 15 m upstream from the
culvert under North Shore Rd.

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

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

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

A.3 Storm Water Monitoring Sites

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

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

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

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

TheParkstone storm water treatment facility is located on the northwest corner
of Parkstone Ln. and Lakeway Dr. The facility is a complextsys of grass
swales, natural wetlands, and constructed ponds, with rauaénlets and outlets.
The pond outlet flows into Millwheel Creek, a tributary to leeWhatcom.
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The South Campus storm water treatment facility is located south of the in-
tersection between Bill McDonald Pky. and South College Dre facility treats
runoff from the southern portion of Western Washington @nsity. The campus
runoff flows into a large underground concrete settling vimaated on the north-
west corner of the intersection, then flows into a series asgswales and gravel
beds planted with aquatic vegetation. This facility liesside the Lake Whatcom
watershed.

The Silvern storm water treatment vault is located at the bottom of the cul de
sac on the southwest side of Sylvern Ln., north of North Sisreand opposite
the Park Place wet pond. The vault drains into the storm veat@nector that ties
into the Park Place outlet.
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Paga

U

C

a)
-

Lake Sites Latitude  Longitudé
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 Longitud
Anderson 48.67335 122.2674

Austin (lower)

48.71312 122.3307

Austin/Beaver (confluence) 48.71163 122.34(

Austin (upper)

Beaver (upper) 48.72284 122.365
Blue Canyon 48.68532 122.282¢
Brannian 48.66910 122.2794
Carpenter 48.75432 122.3544
Euclid 48.74844 122.4100
Millwheel 48.75507 122.4163
Olsen 48.75129 122.35385
Park Place 48.76894 122.409
Silver Beach 48.76859 122.407(
Smith 48.73191 122.3086
Whatcom 48.75715 122.4222

48.70870 122.343]

b1
6
D35
L0
bl
)5
19
19
3}

D
3
15
DO
4
9

Storm Water Sites Latitude Longitude
Alabama Hill no GPS data available
Brentwood no GPS data available
Park Place 48.4608 122.2433

Parkstone 48.4450 122.2505

Silvern 48.4609 122.2434

South Campus

no GPS data availa

pDle

Table Al: Approximate GPS coordinates for the current Lakeatom Monitor-
ing Project sampling sites.
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Site 4
(basin’3)

=

—m— 1km

) 1 mi

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 2004/2005 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 2004/2005 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.
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Figure A3: Sampling sites in the Austin Creek and Beaver Kreatersheds,

November 20, 2004.
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This figure was created using source files provided by Gerald Gabrisch
using data obtained from Western Washington University, Skagit County,

the Nooksack Tribe, and the City of Bellingham.

Figure A4: Locations of the Park Place and Brentwood wet potite Parkstone
swale/pond, and the Alabama Hill and Silvern vaults.
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This figure was created using source files provided by Shawn Boesser J
using data obtained from Western Washington University.

Figure A5: Locations of the South Campus storm water treatriaeility.
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Figure A6: Photograph of the Alabama Hill vault, Novembe®20
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Figure A7: Photograph of the Brentwood wet pond, July 2004is Fite was not
sampled in 2005.
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Figure A8: Photograph of the Park Place wet pond, March 2005.
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Figure A9: Photograph of the Parkstone wet pond and swaleemiber 2003.
This site was not sampled in 2005.



2004/2005 Lake Whatcom Final Report Paga

Figure A10: Photograph of the Silvern storm water treatnvawit, May 2004.
This site was not sampled in 2005.
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Jan-

Figure A11: Photograph of the South Campus storm watemteaitfacility,

uary 2005
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B Lake Whatcom Historic Water Quality Figures

The current and historic Lake Whatcom water quality datgpéotted on the fol-
lowing pages. Detection limits and abbreviations for eaatameter are listed in
Table D1. Table D1 includes abbreviations and detectioitdifior all analytes
measured during the current year’s monitoring program,edkas any other anal-
yses included in the verified historic data set included @eGBb with this report.

The historic detection limits for each parameter were estith based on rec-
ommended lower detection ranges (APHA, 1998; Hydrolab,7199d, 1985)
instrument limitations, and analyst judgment on the lowepeatable concentra-
tion for each test. Over time, some analytical technique® laproved so that
current detection limits are lower than defined below (saegfample, current de-
tection limits in Table 2, page 16). Because the Lake Whatdata set includes
long-term monitoring data, which have been collected uaingriety of analytical
techniques, this report sets conservative historic detettnits in order to allow
comparisons between all years.

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

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

ingly sensitive field equipment (see, for example, Figuré6-8B70, pages 211
215, which show the effect of using increasingly sensitioeductivity probes).

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

times result in lower detection limits. Refer to Matthewsak (2005) for a dis-

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

Page
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Figure B1: Lake Whatcom Hydrolab profile for Site 1, Octobg2@04.
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Figure B2: Lake Whatcom Hydrolab profile for Site 2, Octobg2@04.
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Figure B3: Lake Whatcom Hydrolab profile for the Intake, eto7, 2004.
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Figure B4: Lake Whatcom Hydrolab profile for Site 3, Octobg204.
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Figure B5: Lake Whatcom Hydrolab profile for Site 4, Octobg204.
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Figure B6: Lake Whatcom Hydrolab profile for Site 1, Novemée2004.
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Figure B7: Lake Whatcom Hydrolab profile for Site 2, Novemée2004.
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Figure B8: Lake Whatcom Hydrolab profile for the Intake, NaNeer 4, 2004.
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Figure B9: Lake Whatcom Hydrolab profile for Site 3, Novem®g2004.
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Figure B10: Lake Whatcom Hydrolab profile for Site 4, NovemB®e2004.
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Figure B11: Lake Whatcom Hydrolab profile for Site 1, Decenthe2004.
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Figure B12: Lake Whatcom Hydrolab profile for Site 2, Decenthe2004.
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Figure B13: Lake Whatcom Hydrolab profile for the Intake, Breber 9, 2004.
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Figure B14: Lake Whatcom Hydrolab profile for Site 3, Decembe2004. All
data missing due to equipment malfunction.
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Figure B15: Lake Whatcom Hydrolab profile for Site 4, Decenihe2004.
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Figure B16: Lake Whatcom Hydrolab profile for Site 1, Febyu&r2005.
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Figure B17: Lake Whatcom Hydrolab profile for Site 2, Febyuzr2005.
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Figure B19: Lake Whatcom Hydrolab profile for Site 3, Febyuhr2005.
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Figure B20: Lake Whatcom Hydrolab profile for Site 4, Febyuhr2005.
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Figure B21: Lake Whatcom Hydrolab profile for Site 1, April, Z®05.
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Figure B22: Lake Whatcom Hydrolab profile for Site 2, April, Z®05.
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Figure B23: Lake Whatcom Hydrolab profile for the Intake, lp8, 2005.
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Figure B24: Lake Whatcom Hydrolab profile for Site 3, April, 2DO5.
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Figure B25: Lake Whatcom Hydrolab profile for Site 4, April, 2DO5.
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Figure B26: Lake Whatcom Hydrolab profile for Site 1, May 5020



2004/2005 Lake Whatcom Final Report Paga

o - i Oivrrreienn o Ol

: (o8 : : (o]

: O : : [9)

LP .. O ............... L? _ ................. ....... CIRRRRREE

0 : : 0

. O : : o
= 9 L = 9 .. S
é 1 fe) é | : 0
£ S: £ 5 S
o v | S o U
§ B8 8 7 S

O . . 0
o - . [¢]
o o o . O
(?I [ N O ....................... ('I\‘ _ ............... O ................
Lo Ln
Al - A
: T T T T b T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
o - - o ........................ o - D ':"O: ......

(o] : . 0!

[¢} : N

S : S

L? I o ........................ L? — o

o : C 0

o: : e}

0O . - O
= 9 ... S = 9 ... LS
é | o: é | : . O
< 81 < . Igi
o : o : © O
o W | T RN O W | R SR
AN 3 o : -t

O: . e

O: : O

o o: o : 0o
(I\| J I N O ...................... (I\| -_— e e ................. O .........
Lo Lo
Al - N e R e IR S
: T T T T T [ B B B R R R
40 60 80 100 120 0 2 4 6 8 10 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B27: Lake Whatcom Hydrolab profile for Site 2, May 5020
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Figure B28: Lake Whatcom Hydrolab profile for the Intake, May2005.
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Figure B29: Lake Whatcom Hydrolab profile for Site 3, May 4020
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Figure B30: Lake Whatcom Hydrolab profile for Site 4, May 4020
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Figure B31: Lake Whatcom Hydrolab profile for Site 1, June@)2
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Figure B32: Lake Whatcom Hydrolab profile for Site 2, June@2
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Figure B33: Lake Whatcom Hydrolab profile for the Intake,&@n2005.
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Figure B34: Lake Whatcom Hydrolab profile for Site 3, June@Q2
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Figure B37: Lake Whatcom Hydrolab profile for Site 2, July @G03.
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Figure B40: Lake Whatcom Hydrolab profile for Site 4, July 603.
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Figure B41: Lake Whatcom Hydrolab profile for Site 1, Augus2@O05.
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Figure B42: Lake Whatcom Hydrolab profile for Site 2, Augus2@O05.
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Figure B43: Lake Whatcom Hydrolab profile for the Intake, Asg4, 2005.
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Figure B44: Lake Whatcom Hydrolab profile for Site 3, Augus2@05.
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Figure B45: Lake Whatcom Hydrolab profile for Site 4, Augus2@05.
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Figure B46: Lake Whatcom Hydrolab profile for Site 1, Septent 2005.
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Figure B47: Lake Whatcom Hydrolab profile for Site 2, Septent 2005.
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Figure B48: Lake Whatcom Hydrolab profile for the Intake, t8ember 8, 2005.
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Figure B49: Lake Whatcom Hydrolab profile for Site 3, Septenth 2005.
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Figure B50: Lake Whatcom Hydrolab profile for Site 4, Septenth 2005.
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Figure B51: Lake Whatcom temperature data for Site 1 (19885
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Lake Whatcom temperature data for Site 3, February 1988 through December 2005.
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Figure B54: Lake Whatcom temperature data for Site 3 (198852
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Figure B55: Lake Whatcom temperature data for Site 4 (19885R
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Lake Whatcom dissolved oxygen data for Site 3, February 1988 through December 2005.
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Lake Whatcom dissolved oxygen data for Site 38+2005).



2004/2005 Lake Whatcom Final Report

Lake Whatcom dissolved oxygen data for Site 4, February 1988 through December 2005.
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Lake Whatcom dissolved oxygen data for Site 88+2005).
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ugh December 2005.

Lake Whatcom pH data for Site 1, February 1988 thro

Figure B61: Lake Whatcom pH data for Site 1 (1988—-2005).
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Lake Whatcom pH data for Site 2, February 1988 through December 2005.
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Figure B62: Lake Whatcom pH data for Site 2 (1988—-2005).

Page



2004/2005 Lake Whatcom Final Report Pa§8

T
1Jan2005

1Jan2000

Date

Lake Whatcom pH data for Intake, February 1988 through December 2005.
1Jan95

T
1Jan90

Figure B63: Lake Whatcom pH data for the Intake (1988—-2005).
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Lake Whatcom pH data for Site 3, February 1988 through December 2005.
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Figure B64: Lake Whatcom pH data for Site 3 (1988—-2005).
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Lake Whatcom pH data for Site 4, February 1988 through December 2005.
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Figure B66: Lake Whatcom conductivity data for Site 1 (198835). The de-
creasing conductivity trend is the result of changing tore@asingly sensitive
equipment during the past two decades.
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Figure B67: Lake Whatcom conductivity data for Site 2 (198835). The de-
creasing conductivity trend is the result of changing tore@asingly sensitive
equipment during the past two decades.
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Figure B68: Lake Whatcom conductivity data for the Intak888—2005). The
decreasing conductivity trend is the result of changingntweasingly sensitive
equipment during the past two decades.
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Figure B69: Lake Whatcom conductivity data for Site 3 (198835). The de-
creasing conductivity trend is the result of changing tore@asingly sensitive
equipment during the past two decades.
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Lake Whatcom conductivity data for Site 4, February 1988 through December 2005.
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Figure B70: Lake Whatcom conductivity data for Site 4 (198835). The de-
creasing conductivity trend is the result of changing tore@asingly sensitive
equipment during the past two decades.
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B.3 Alkalinity and Turbidity
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Lake Whatcom alkalinity data for Site 1, February 1988 through December 2005.
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Lake Whatcom alkalinity data for Site 2, February 1988 through December 2005.
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Lake Whatcom alkalinity data for Site 4, February 1988 through December 2005.
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Lake Whatcom turbidity data for Site 2, February 1988 through December 2005.
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Lake Whatcom turbidity data for Intake, February 1988 through December 2005.
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Lake Whatcom turbidity data for Site 3, February 1988 through December 2005.
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Figure B81: Lake Whatcom ammonia data for Site 1 (1988-2005)
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Figure B82: Lake Whatcom ammonia data for Site 2 (1988-2005)
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Lake Whatcom ammonia data for Site 3, February 1988 through December 2005.
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Figure B86: Lake Whatcom nitrate/nitrite data for Site 1§892005).
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Figure B87: Lake Whatcom nitrate/nitrite data for Site 2§892005).
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Lake Whatcom nitrate/nitrite data for Site 3, February 1988 through December 2005.
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Figure B89: Lake Whatcom nitrate/nitrite data for Site 3§892005).
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Figure B91: Lake Whatcom total nitrogen data for Site 1 (19BR5).
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Figure B93: Lake Whatcom total nitrogen data for the Intak@&B88—2005).
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Figure B94: Lake Whatcom total nitrogen data for Site 3 (19BR5).
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Lake Whatcom total nitrogen data for Site 4, February 1988 through December 2005.
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Figure B95: Lake Whatcom total nitrogen data for Site 4 (FFE®5).
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Figure B96: Lake Whatcom soluble phosphate data for Sit®©&832005).
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il

%

Sx -+

C==—0
P S VI N

)

==
. 2

Depth 0 I
Depth 5

Depth10 !

Depth 15 It
Depth 20 Il

T T T % —-—--—z—=——=—=

<

T T T
1Jan90 1Jan95 1Jan2000

Date

1Jan2005

uoday [eui woareym axe1 s002/£002

eped



"(S00z—886®)W@PY} 10} BlRp snioydsoyd [e10] Wodley axeT :e0Tg aInbi4

Total Phosphorus (ug/L)

100

80

60

40

20

Lake Whatcom total phosphorus data for Intake, February 1988 through December 2005.

—o6— Depth 0
-~ - Depth5
+ Depth 10

—----D

o

. ﬁ@&%ﬁﬁ%ﬁpﬁmﬁ s ot ouocabinass. ol MMM@&&Q&%&;%%% .

T T T T
1Jan90 1Jan95 1Jan2000 1Jan2005

Date

uoday [eui woareym axe1 s002/£002

@bed



2004/2005 Lake Whatcom Final Report Paga

[Te)
o
o
L N
[eleololole] c
OoONn—NIT O ©
SEcEsEs <
0000000
DOV LVLILO
[a]aYalaYalaYa)
3
= Co
N Ty
S ' |
] | [
Qo
IS
(]
(8]
5]
a}
ey
(o))
8 o
< ]
= - 8
3 ©
& 3
—
)
>
@
]
2
Qo
(5]
L
s @
2 g
(%))
o
o
S
8
@
2 2
[2]
5 -5
2 a
<
o
[%]
o
<
o
T
8
@]
e
IS
o
o
©
S
Q
X
@©
- o
[}
L <
©
g
|||||||||||||||||||||||||||||| S
T T T T T T
00t 08 09 ov 0z 0

(7/6n) snioydsoyd e1oL

Figure B104: Lake Whatcom total phosphorus data for Sité98§1+2005).



'(S00ZEREBUS 104 YR snioydsoyd [e101 wWodreyn 8xe :SoTg ainbi4

Total Phosphorus (ug/L)

100

80

60

40

20

Lake Whatcom total phosphorus data for Site 4, February 1988 through December 2005.

¢

fott

Depth 0

Depth 5

Depth 10
Depth 20
Depth 40
Depth 60
Depth 80
Depth 90

1Jan90

T
1Jan95

Date

1Jan2000

1Jan2005

uoday [eui woareym axe1 s002/£002

obed



2004/2005 Lake Whatcom Final Report
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Figure B106: Lake Whatcom chlorophyll data for Site 1 (198895).
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Figure B107: Lake Whatcom chlorophyll data for Site 2 (198835).
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Lake Whatcom Secchi data for Site 1, February 1988 through December 2005.
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Lake Whatcom Secchi data for Site 2, February 1988 through December 2005.
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Lake Whatcom Secchi data for Intake, February 1988 through December 2005.
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Lake Whatcom Secchi data for Site 3, February 1988 through December 2005.
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Figure B124: Lake Whatcom Secchi depths for Site 3.
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Lake Whatcom Secchi data for Site 4, February 1988 through December 2005.
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B.6 Coliform Bacteria
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C Quiality Control

In order to maintain a high degree of accuracy and confidenttesiwater quality
data all personnel associated with this project were tchageording to standard
operating procedures for the methods listed in Table 2 (d&je Single-blind
quality control tests were conducted as part of the IWS latooy certification
process. The 2004/2005 results are presented in Table GtesAllts from the
single-blind tests were within acceptance limits.

Reported True Acceptance
Valuef Valug'  Limits
Specific conductivity 4 S/cm at 25C) 884 844 775-914
570 569 528-611
Total alkalinity (mg/L as CaCg¢) 38.9 38.9 33.9-44.6
61.2 59.4 53.0-66.0
Ammonia nitrogen, autoanalysis (mg-N/L) 3.07 3.88 2.9594.
16.9 17.5 13.6-21.2
Ammonia nitrogen, manual (mg-N/L) 3.81 3.88 2.95-4.79
17.4 17.5 13.6-21.2
Nitrate nitrogen, autoanalysis (mg-N/L) 17.2 18.1 14.3521
21.1 21.3 16.9-25.3
Orthophosphate, autoanalysis (mg-P/L) 3.09 3.05 2.63-3.5
0.829 0.840 0.702-0.984
Orthophosphate, manual (mg-P/L) 3.23 3.05 2.60-3.53
0.879 0.840 0.702-0.984
Total phosphorus, autoanalysis (mg-P/L) 4.87 5.28 4.01.-6.
4.47 4.30 3.27-5.05
Total phosphorus, manual (mg-P/L) 5.08 5.28 4.01-6.19
4.42 4.30 3.27-5.05
pH 7.97 8.00 7.77-8.23
9.82 9.80 9.49-10.1
Non-filterable residue (mg/L) 62.4 64.8 49.6-69.8
82.0 88.1 68.4-95.2
Turbidity (NTU) 4.89 5.69 4.08-7.29
7.56 7.41 5.11-9.70

TPerformance Evaluation Reports WP-096 (10/15/2004) anel\WP(04/05/2005)
Table C1: Summary of 2004/2005 single-blind quality cohtesults.
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C.1 Laboratory Duplicates

Ten percent of all samples analyzed in the laboratory wepiichied to measure
analytical precision. Upper and lower acceptance limit2(std. dev. from mean
pair difference) and upper and lower warning limits § std. dev. from mean pair
difference) were developed using data from September 2008¢h September
2004 (upper examples in Figures C1-C8, pages 287-294), sedlta evaluate
laboratory duplicates from October 2004 through Septeribéb (lower exam-
ples in Figures C1-C8).
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Figure C1: Alkalinity laboratory duplicate control chadrfthe Lake Whatcom
monitoring program. Upper/lower acceptance limit2(std. dev. from mean pair
difference) and upper/lower warning limits-§ std. dev. from mean pair differ-
ence) were calculated based on the preceeding two years déifdicate data.
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Figure C2: Ammonia laboratory duplicate control chart foe Lake Whatcom
monitoring program. Upper/lower acceptance limit2(std. dev. from mean pair
difference) and upper/lower warning limits-§ std. dev. from mean pair differ-
ence) were calculated based on the preceeding two years déifdicate data.
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Figure C3: Chlorophyll laboratory duplicate control chiant the Lake Whatcom
monitoring program. Upper/lower acceptance limit2(std. dev. from mean pair
difference) and upper/lower warning limits-§ std. dev. from mean pair differ-
ence) were calculated based on the preceeding two years déifdicate data.
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Figure C4: Nitrate/nitrite laboratory duplicate contrbbet for the Lake Whatcom
monitoring program. Upper/lower acceptance limit2(std. dev. from mean pair
difference) and upper/lower warning limits-§ std. dev. from mean pair differ-
ence) were calculated based on the preceeding two years déifdicate data.
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Figure C5: Soluble reactive phosphate laboratory dum@icantrol chart for
the Lake Whatcom monitoring program. Upper/lower acceggalimits (2
std. dev. from mean pair difference) and upper/lower waynimits (+3
std. dev. from mean pair difference) were calculated basdti®preceeding two
years of lab duplicate data.
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Figure C6: Total nitrogen laboratory duplicate control itHar 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 yElats duplicate data.
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Figure C7: Total phosphorus laboratory duplicate contnaktfor 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 yElats duplicate data.
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Figure C8: Turbidity laboratory duplicate control chart tbhe Lake Whatcom
monitoring program. Upper/lower acceptance limit2(std. dev. from mean pair
difference) and upper/lower warning limits-§ std. dev. from mean pair differ-
ence) were calculated based on the preceeding two years déifdicate data.
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C.2 Field Duplicate Results

Separate field duplicates were collected and analyzed famiaymam of 10% of all
of the water quality parameters except the Hydrolab datah®&ek the Hydrolab
measurements, duplicate samples were analyzed for atl@¥#sof the Hydrolab
measurements using water samples collected from the sapiie @aethe Hydro-
lab measurement. The absolute mean differebegéween field duplicates results
indicated close agreement between duplicates, givenitbattime from different
water samples (Figures C9-C13, pages 296-300).

|Original Sample — Duplicate Sample|
2

*Absolute mean difference =

Although field duplicates are rarely as close as laboratoplidates, there was
good agreement between most of the field duplicate pairsn/Aseavious years,
a systematic bias was observed in the conductivity reseltadse the Hydrolab
field meter is much more sensitive than our laboratory métigruge C9). Simi-
larly, there was a small systematic bias in the pH data (Eigii0), with the Hy-
drolab results showing a more extreme range than the ladygnaH results. This
is most likely due to slight changes in the amount of dissbl®&, and associated
inorganic carbon ions (bicarbonate and carbonate) thairoet after the samples
were collected. This type of pH shift is common in low alké&lrwater samples.
As in previous years, the only extreme differences betwegirdlab and Winkler
dissolved oxygen samples occurred in late summer from heathermocline in
basins 1 or 2, where oxygen concentrations drop rapidly wmitheasing depth
(Figure C10). This difference is caused by measuring tryghdeith the Hy-
drolab and “shallow-biased” depth with the marked line usedollect Winkler
samples. Water currents and boat movement cause the markdd drift at an
angle from the boat, so the actual sampling depth is sligitaflower than what
is indicated on the line. In the epilimnion and lower hypation the depth differ-
ences have little effect on the field duplicate pairs bec#usealissolved oxygen
concentrations are uniformly high or low. When the field dcgge pairs are col-
lected along the abrupt oxygen gradient found in the thelimacthere can be a
substantial difference in the paired samples.
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Figure C9: Alkalinity and conductivity field duplicates fdre 2004/2005 Lake
Whatcom Monitoring Project. Diagonal reference line shewis1 relationship.
Conductivity results show a systematic bias due to greatesisvity of the Hy-
drolab field meter.
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Figure C10: Dissolved oxygen and pH field duplicates for t8422005 Lake
Whatcom Monitoring Project. Diagonal reference line shewis1 relationship.
The pH results show a slight systematic bias due to chang#ssolved CQ and

associated inorganic carbon ions between field and labgraséonples.
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D Lake Whatcom Data

The 2004/2005 Lake Whatcom water quality data are includethe following
pages in the hardcopy version of this report. The historieat®n limits and
abbreviations for each parameter are listed in Table D1leTal includes abbre-
viations and detection limits for all analytes measuredmduthe current year’s
monitoring program, as well as any other analyses includéud verified historic
data set included on the CD with this report.

The historic detection limits for each parameter were estith based on rec-
ommended lower detection ranges (APHA, 1998; Hydrolab,712$d, 1985)
instrument limitations, and analyst judgment on the lowepeatable concentra-
tion for each test. Over time, some analytical technique® laproved so that
current detection limits are lower than defined below (seegfample, current de-
tection limits in Table 2, page 16). Because the Lake Whatdata set includes
long-term monitoring data, which have been collected uaingriety of analytical
techniques, this report sets conservative historic detettnits in order to allow
comparisons between all years.

In the Lake Whatcom report, unless indicated, no data dulistis are used for
below detection values (“bdl” data). Instead, we identifiyrsnary statistics that
include bdl values, and, if appropriate, discuss the inapikims of including these
values in the analysis.
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Historic Det. Limits (dI) Historic Det. Limits (dl)
Abbrev.  Analysis or Sensitivity=) Abbrev.  Analysis or Sensitivity=)
alk Alkalinity + 0.5mg/L As arsenic, total dl =0.03/0.01/0.001 mg/L
ecoli BacteriaE. coli dl = 2 cfu/100 mL Cd cadmium, total dl = 0.002/0.0005 mg/L
ent BacteriaEnterococcus dl = 2 cfu/100 mL Cr chromium, total  dl = 0.006/0.001 mg/L
fc Bacteria, fecal coliforms dl = 2 cfu/100 mL Cu copper, total dl =0.002/0.001 mg/L
tc Bacteria, total coliforms dl =2 cfu/100 mL Fe iron, total dl =0.01/0.005 mg/L
toc Carbon, total organic dl=1.0 mg/L Pb lead, total dl=0.001 mg/L
chl Chlorophylla + 0.1 mg/n¥ Hg mercury, total dl=0.01 mg/L
cond Conductivity, Hydrolab + 2 uSlcm Ni nickel, total dl = 0.01/0.005 mg/L
cond Conductivity, lab + 2 uSlcm Zn zinc, total dl =0.002/0.001 mg/L
disch Discharge na
nh3 Nitrogen, ammonia dl = 10g-N/L
no3 Nitrogen, nitrate/nitrite dl =2pg-N/L
tn Nitrogen, total nitrogen dl = 100g-N/L
do Oxygen, Hydrolab + 0.1 mg/L
do Oxygen, Winkler + 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

Historic detection limits listed in this table are consémeaestimates designed to permit comparisons with histtata.

The AmTest detection limits for metals decreased in 19992892 (arsenic only); the older detection limits are listest in this table.
Table 2 lists the current IWS detection limits for selectedlgses; Appendix D.8 includes the the current AmTest itspaond detection limits.

Table D1: Summary of analyses in the Lake Whatcom monitgshogect.
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D.1 Lake Whatcom Hydrolab Data

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

Water quality data from the current sampling period areudet! in hardcopy for-
mat in the printed version of this report. Electronic coppéshe historic Lake
Whatcom water quality data are available on the CD that apemmes the printed
report or may be obtained by contacting the Institute foraféted Studies, West-
ern Washington University, Bellingham, WA, 98225.
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D.3 Lake Whatcom Tributary Data

Lake Whatcom monthly and 48-hr tributary data from the aursampling period
are included in hardcopy format in the printed version of teport. Hardcopies of
the Austin Creek and Beaver Creek intensive tributary nooimty were published
in an earlier report. Electronic copies of all verified tititmy data are available
on the CD that accompanies the printed report or may be autdig contacting
the Institute for Watershed Studies, Western Washingtamddsity, Bellingham,
WA, 98225.
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D.4 Lake Whatcom Plankton Data

Lake Whatcom plankton data from the current sampling peaiedincluded in
hardcopy format in the printed version of this report. Eilexic copies of the
historic Lake Whatcom plankton data are available on the & a&ccompanies
the printed report or may be obtained by contacting the tutstifor Watershed
Studies, Western Washington University, Bellingham, W8225.
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D.5 Storm Water Treatment Monitoring Data

Brentwood, Park Place, and South Campus storm water treaishaéa from the
current sampling period are included in hardcopy formathi printed version
of this report. Electronic copies of the historic storm wateatment data are
available on the CD that accompanies the printed report or lmeaobtained by
contacting the Institute for Watershed Studies, Westershidgton University,
Bellingham, WA, 98225.
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D.6 City of Bellingham Coliform Data

Historic Lake Whatcom and tributary streams coliform datiacluded in hard-
copy format in this report. Other coliform data from the emtrmonitoring pro-
gram (e.g., storm water treatment samples) were includtbies cited earlier in
this report. Electronic copies of all coliform data may béadfeed by contacting
the City of Bellingham Public Works Department, Bellingha™A, 98229.
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D.7 Lake Whatcom Electronic Data

The annual Lake Whatcom reports include a CD containinghesHydrolab and
water quality data; Austin Creek, Anderson Creek, and S@rdek hydrograph
data; tributary data,; plankton data; and storm waterrreat system monitoring
data. The files included on the CD are described in theddégme.txt included
on the CD.

The electronic data files haOT been censored to flag or otherwise identify
below detection and above detection values. Refer to Tabéesl D1 (pages 16
and 302) for applicable detection limits and abbreviatidhs essential that any
statistical or analytical results that are generated uiage data be reviewed by
someone familiar with statistical uncertainty associatétl uncensored data.
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D.8 AmTest Metals and TOC (Lake, Creeks, Storm Water)

Copies of the AmTest analytical reports for metals and totg&nic carbon anal-
yses are printed in the hardcopy version of this report (ldgcollection date).

Electronic copies of these data are not available.

Sample location Date

Analyses

Lake Whatcom, surface and bottom March 8, 2005
October 21, 2005

Alabama Hill vault

April 18, 2005
48-hr Creek composites March 5, 2005

April 12, 2005
Park Place wet ponds April 12, 2005

March 5, 2005
June 7, 2005

South Campus storm drain

metals, dogainic carbon
metals, total organic carbon

November 20, 2004 metals,total orgaihon, hydrocarbons

metals,total organic carbon, hydrocarbon

metals, total orgaarizan (Anderson only
metals, total organic carbon
metals, total organibaar

metals, total orgaamtmon
metals, total organic carbon

Sites Codes for the AmTest reports are as follows:

Lake Sites Creek Sites Storm Water Treatment Sites

110 Site 1, surface (0.3 m) AND Anderson Creek ALA IN Alabama inlet

11B Site 1, bottom (20 m) | AUS  Lower Austin Creekl ALA OUT Alabama outlet

210 Intake, surface (0.3 ) SM1  Smith Creek PP4 Park Place inlet

21 B Intake, bottom (10 m) PP5 Park Place outlet

220 Site 2, surface (0.3 m SCSDIN  South Campus inlet
22B Site 2, bottom (20 m) SCSD E South Campus east outl
310 Site 3, surface (0.3 m SCSDW South Campus west outl
31B Site 3, bottom (80 m)

320 Site 4, surface (0.3 m

32B Site 4, bottom (90 m)

et
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