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Executive Summary

e This report describes the results from the 2007/2008 Lakatéd#im moni-
toring program. The objectives of this program were to cargilong-term
baseline water quality monitoring in Lake Whatcom and dekkdributary
streams; monitor the effectiveness of storm water treatsygstems; con-
tinue collection of hydrologic data from Austin and Smithe€ks; and up-
date the hydrologic model for Lake Whatcom.

e Thisreportis part of an on-going series of annual reportisspecial project
reports that provide a complete documentation of the manggrogram
over time. A summary of the Lake Whatcom reports, includipgcsal
project reports, is included in Section 6.2, beginning ogepas.

e During the summer the lake stratified into a warm surfacerléye epil-
imnion) and a cool bottom layer (the hypolimnion). The sgriri 2008 was
colder than usual and the lake was only weakly stratified byfitist week
of May. Stable stratification was present at Sites 1-4 byyehrhe. Al-
though the onset of stratification was late, stratificatiersgsted until mid-
November at Sites 1-2. As a result, many of the indicatorewfdxygen
that are normally measured in October did not appear untteNtber.

e The levels of hypolimnetic oxygen have declined over tinteite 1, causing
the lake to be listed by the Department of Ecology on the 1988D3list
of impaired waterbodies in the State of Washington. The daly August
oxygen levels were not as low as usual in 2008, probably [secatithe
cold, cloudy spring and delayed stratification.

¢ Nitrate depletion was evident at all sites in the photosgtttzone during
the summer, but the depletion was not as pronounced as ifopseyears.
This was probably due to the cold, cloudy spring and delayredifscation.

¢ Anaerobic conditions in the hypolimnion at Sites 1 and 2 ltesin ele-
vated concentrations of ammonia, nitrate, and hydrogdidsuby the end
of the summer. Despite the cold spring and late stratifioatity Octo-
ber, the hypolimnetic ammonia concentrations were veri higSites 1-2.
Because the lake did not destratify until mid-November,ahmmonia con-
centration at the bottom of Site 2 was the highest value nmredsince 1988
(976 ug-N/L).
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e The summer near-surface total phosphorus and chloropbiytientrations
were about the same or slightly lower in 2008 compared to 200fe
cyanobacteria counts declined slightly in 2008 while thiysbphyte counts
increased.

e The concentrations of trihalomethanes in Bellingham'ated drinking wa-
ter were not as high in 2008 as in 2007, which was consistetft the
chlorophyll data from Site 2.

¢ All of the mid-basin fecal coliforms counts were less thancfi@100 mL.
The coliform counts at the Bloedel-Donovan recreationabgfcollected
offshore from the swimming area) were slightly higher thamd-masin
counts, but passed the freshwakettraordinary Primary Contact Recre-
ational bacteria standard for Washington State.

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

e Tributaries were sampled in February and July 2008 to cdfiaseline data
from locations that were sampled monthly in 2004—-2006. Mbshe trib-
utaries had relatively low concentrations of total and aligsd solids, low
alkalinities and conductivities, and low levels of nitrated ammonia. Res-
idential streams had higher concentrations of total andotired solids,
higher alkalinities and conductivities, higher coliforraunts, and higher
nutrient concentrations.

e A water balance was applied to Lake Whatcom to identify itgomeva-
ter inputs and outputs and to examine runoff and storage. nidger in-
puts into the lake during WY2008ncluded surface and subsurface runoff
(69.6%), direct precipitation (16.7%), and water divertesh the Middle
Fork of the Nooksack River (13.7%). Outputs included Whatd0reek
(76.1%), the City of Bellingham (11.4%), evaporation (8)3%e What-
com Falls Hatchery (2.7%), Puget Sound Energy Co-Generéfiad%f¥,
and the Lake Whatcom Water and Sewer District (0.7%).

Iwater Year 2008 covers the period from October 1, 2007 tHi@eptember 30, 2008
2This facility currently operates at the former Georgia Rasite.
SFormerly Water District #10
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e Four storm water treatment systems were monitored in 2008/2he Park
Place sand filtér the Alabama Hill underground storm water treatment
vault; the Brentwood wet ponds; and the South Campus storter iraat-
ment facility, which is outside the Lake Whatcom watershed,is used as
a reference site.

e Most of the storm water treatment systems removed suspesudield from
the runoff, with percent reductions ranging from 0—-80%.i@&ofeductions
were low when inlet concentrations were low; converselgltsuspended
solids reductions ranged from 42—-80% when the inlet comagoh was
>2.5 mg/L. The Park Place system was retrofitted in 2006, adaliseries
of sand filters. The site had moderate suspended solids edmificiencies
(10-57%) and excellent coliform removals (63—100%), butmarovement
in phosphorus removal.

e Phosphorus removal efficiencies were low or inconsistentiost sites in-
side the watershed (-365-58%). The South Campus systenmeedtto
provided consistent phosphorus reduction (27-65%). Trabdha Hill
vault provided 0—-25% phosphorus reduction, which was sintd the 8—
18% phosphorus reductions measured in 2007. The City hasglan
emphasis on maintenance and regular cleaning at this diiehwnay be
contributing to the modest, but consistent phosphorus vaimo

4Formerly the Park Place wet ponds

XXil



2007/2008 Lake Whatcom Final Report Pdge

1 Introduction

This report is part of an on-going series of annual reports special project
reports that document the Lake Whatcom monitoring prograer tme. Many
of the reports are available online at http://www.ac.wwlu/e-iws (follow links
under Lake Studies to Lake Whatcom); older reports are adailin the IWS
library and through the City of Bellingham Public Works Depaent. A summary
of the Lake Whatcom reports, including special project regpas included in
Section 6.2, beginning on page 78.

Lake Whatcom is the primary drinking water source for they @it Bellingham
and parts of Whatcom County, including Sudden Valley. LakleatWom also
serve as a water source for the Puget Sound Energy Co-Generéant, which
is located at the former Georgia-Pacific Corporation sitBelingham Bay The
lake and parts of the watershed provide recreational oppivies, as well as pro-
viding important habitats for fish and wildlife. The lake isadl as a storage reser-
voir to buffer peak storm water flows in Whatcom Creek. Muclthef watershed
is zoned for forestry and is managed by state or private tirnbmpanies. Be-
cause of its esthetic appeal, much of the watershed is higihlyed for residential
development.

The City of Bellingham and Western Washington Universityéheollaborated on
investigations of the water quality in Lake Whatcom sinaedhrly 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 fordoparameters such
as temperature, pH, dissolved oxygen, conductivity, tityinutrients (nitrogen
and phosphorus), and other representative water qualégunements. The major
goal of the long-term monitoring effort is to provide a retof Lake Whatcom'’s
water quality over time.

The major objectives of the 2007/2008 Lake Whatcom momitpprogram were
to continue long-term baseline water quality monitoring-ake Whatcom and
selected tributary streams; monitor the effectivenessoofrswater treatment sys-
tems; continue collection of hydrologic data from Austirdé®mith Creeks; and
update the hydrologic model for Lake Whatcom.

5The Georgia-Pacific Corporation closed its Bellingham paiiboperations in 2001, reducing
its water requirements from 30-35 MGD to 7-12 MGD. By 2007Atfager requirements had been
reduced to 0.6-3.88 MGD; the mill closed its operations icé&eber 2007.
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Detailed site descriptions can be found in Appendix A. Thstdric lake
data are plotted in Appendix B. The current quality contresults can be
found in Appendix C. The 2007/2008 monitoring data are awdd online at
http://www.ac.wwu.edutiws as described in Appendix D (page 309). Table 1
(page 15) lists abbreviations and units used to describerwatlity analyses in
this document.

2 Lake Whatcom Monitoring

2.1 Site Descriptions

Water quality samples were collected at five long-term nuwimy sites in Lake
Whatcom (Figure Al, page 85 in Appendix A.1). Sites 1-2 acated at the
deepest points in their respective basins. The Intakessiteated adjacent to the
underwater intake point where the City of Bellingham withas lake water from
basin 2. Site 3 is located at the deepest point in the northidorbasin of basin
3 (north of the Sunnyside sill), and Site 4 is located at thepdst point in the
southern sub-basin of basin 3 (south of the Sunnyside ¥i§ter samples were
also collected at the City of Bellingham Water TreatmentPgmtehouse, which
is located onshore and west of the intake site.

2.2 Field Sampling and Analytical Methods

The lake was sampled on October 3 & 4, November 7 & 8 and Decehk€ 0,
2007; and February 14 & 19, April 1 & 3, May 6 & 8, June 3 & 5, Jul%8.0,
August 5 & 7, and September 2 & 4, 2008. Each sampling eventnsilé-day
task; all samples were collected during daylight hoursicalty between 10:00
am and 3:00 pm.

A Surveyor IVa Hydrolab was used to measure temperaturedigdplved oxy-

gen, and conductivity. All water samples (including baictegical samples) col-
lected in the field were stored on ice and in the dark until tlieaghed the labora-
tory, and were analyzed as described in Table 1 (page 159l Matals analyses
(arsenic, cadmium, chromium, copper, iron, mercury, rlidead, and zinc) and
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total organic carbon analyses were done by Am¥e&tlankton samples were
placed in a cooler and returned to the laboratory unpredeiMee plankton sam-
ple volumes were measured in the laboratory and the samplespreserved with
Lugol’s solution. The bacteria samples were analyzed byiheof Bellingham
at their water treatment plant.

2.3 Results and Discussion

The lake monitoring data include monthly field measureméusductivity, dis-

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

Tables 2-6 (pages 16-20) summarize the current field measuats, ambi-
ent water quality, and coliform data. The raw data are abhElanline at
http://www.ac.wwu.edutiws as described in Appendix D (page 309). The
monthly Hydrolab profiles for temperature, dissolved oxygeonductivity, and
pH are plotted in Figures B1-B50 (pages 96-145).

The 2007/2008 lake data are plotted with historic lake datagures B51-B130
(pages 147-227). These figures are scaled to plot the figerahLake Whatcom
water quality data including minimum, maximum, and outlrelues, and do not
provide the best illustration of trends that occur in theelaeparate tables and
figures are provided to show trends and illustrate specitieps in the data.

2.3.1 Water temperature

The mid-winter Hydrolab profiles (e.g., Figures B16-B20ges111-115) and
the multi-year temperature profiles (Figures B51-B55, pdg&—151) show that
the water column mixes during the fall, winter, and earlyrsgpr 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.

8AmTest, 14603 N.E. 87th St., Redmond, WA, 98052.
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The summer Hydrolab profiles (e.g., Figures B46—-B50, padgds-145) illus-
trate how the lake stratifies into a warm surface layereghiémnion and a cool
bottom layer, thénypolimnion The transition zone between the epilimnion and
hypolimnion, themetalimnionis a region of rapidly changing water temperature.
When stratified, the Hydrolab profiles reveal distinct digigces between surface
and bottom temperatures.

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

In Lake Whatcom, all sites except the Intake are usuallytiBed by June. (The
Intake is too shallow to develop a stable stratificationfat8tcation may begin
as early as April, but is often not stable until May or Junee Bhtability of strati-

fication is determined in part by the temperature differennghe water column,
but also by water circulation and local weather patternscedhe water column
temperature differs by at least €, it is unlikely that the lake will destratify.

Destratification occurs abruptly in basins 1 and 2, and maaduglly in basin 3.
The lake cools as the weather becomes colder and days shoBasins 1 and 2
(Sites 1-2) usually destratify by the end of October; bas{Biges 3—4) is often
still stratified in November or early December. Completa@dsication probably
occurs in late December or early January in basin 3. By Feptha temperatures
are relatively uniform throughout the water column.

Although destratification is relatively abrupt, the mixipgocess is not instan-
taneous. When the lake first begins to mix, water column teatpees can be
uniform from the surface to the bottom, but the rate of waterutation may not

have been sufficient to replenish hypolimnetic oxygen cotreéions (see Novem-
ber 2006 Hydrolab profiles from Sites 1-2, Figures B6 and Bd{tMews, et al.,

2008).

Historic data reveal that water temperatures in basin 3@merglly cooler than in
basins 1 and 2, but the two shallow basins experience morenegttemperature
variations. The lowest and highest temperatures measurtbe ilake since 1988
were at Site 1 (42C on February 1, 1988 and February 26, 1989; 2&82n
August 13, 1997). The large water volume in basin 3 modetateperature fluc-
tuations, so water temperatures in basin 3 change slowesponse to weather
conditions compared to the shallow basins.
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The 2008 surface water temperatures were colder than uglak(7 and Figure
1, pages 21 and 28); May, June, and July 2008 were the colddgats water
temperatures measured since 1988. The lake was unstratifigatil, and only
weakly stratified by the first week in May\(T < 5° C; Figures B21-B30, pages
116-125). Stable stratification was present at Sites 1-4aldly dune (Figures
B31-B35, pages 126-130).

2.3.2 Dissolved oxygen

Low oxygen conditions are associated with a number of uralpewater qual-
ity problems in lakes, including loss of aquatic habitalpase of phosphorus
from the sediments; increased rates of algal productionatedease of phospho-
rus; unpleasant odors during lake destratification; fisks kparticularly during
lake destratification; release of metals and organics fresédiments; increased
mercury methylation; increased drinking water treatmerdts; increased taste
and odor problems in drinking water; and increased riskeaated with disin-
fection by-products created during the drinking waterttresnt process.

As in previous years, Sites 1 and 2 developed severe hypetiowxygen deficits
by mid-summer (Figures B41-B42 and B56-B57, pages 1361871 32—-153).
Hypolimnetic oxygen depletion only becomes apparent ati@tification, when
the lower waters of the basin are isolated from the lake’tasarand biological
respiration consumes the oxygen dissolved in the waterlo@ical respiration
usually increases when there is an abundant supply of ntgrien basin 3, which
has comparatively low concentrations of essential nusisach as phosphorus,
biological respiration has little influence on hypolimmetixygen concentrations
(e.q., Figures B50 and B60, pages 145 and 156). In contristl Shows rapid
depletion of the hypolimnetic oxygen concentrations fwlltg stratification (Fig-
ures B46 and B56, pages 141 and 152).

The levels of hypolimnetic oxygen have declined over time&ig 1, causing
the lake to be listed by the Department of Ecology as an “ingadiwaterbody
(Pelletier, 1998). The increasing rate of oxygen loss is most apparent during
July and August, after the lake develops a stable thermetifstation, but before
oxygen levels drops near zero.

“Information about Ecology’s list of impaired waterbodies \Vashington is available at
http://www.ecy.wa.gov/programs/wg/303d.
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To illustrate this trend we fitted the July and August datangsin exponential
function (see discussion by Matthews, et al., 2004). Ascaigid in Figures 2—
5 (pages 29-32), there were significant negative correlatoetween dissolved
oxygen and time for all samples collected from the hypolonrduring July and
August® The 2008 data are somewhat atypical, showing relativelly Bigdy and
August hypolimnetic oxygen levels. This was probably cdusgthe extremely
cold, cloudy spring, which delayed stratification until du®nce stratified, how-
ever, the hypolimnetic oxygen concentrations droppeddhapBYy the first week
in September the oxygen levels weré mg/L at all depths below 11 meters.

A region of supersaturated oxygen was evident in the metédimat Site 1 in

June and July (e.g., Figures B31 and B36, pages 126 and 1Bik)was caused
by the accumulation of phytoplankton along the density igraicbetween the epil-
imnion and hypolimnion where light and nutrients are sufitito support very
high levels of photosynthesis. Chlorophyll concentragiasthin the metalimnetic
oxygen peak may be 4-5 times higher than those measuredhaesuiface of the
lake (Matthews and DeLuna, 2008).

Site 3 developed an oxygen sag near the bottom during latensuiand fall (e.g.,
Figures B4 and B49, pages 99 and 144). Sites 3 and 4 develapstaxygen
sags near the thermocline (e.g., Figures B4 and B5, pagesd®®80®), which are
caused by respiration of heterotrophic bacteria that actate along the density
gradient between the epilimnion and hypolimnion (Matthewd DeLuna, 2008).

2.3.3 Conductivity and pH

The Hydrolab pH and conductivity data followed trends thatewypical for Lake
Whatcom, with only small differences between sites and lgeEigures B61—
B70, pages 157-166). Surface pH values increased duringutimener due to
photosynthetic activity. Hypolimnetic pH values decrehaad conductivity val-
ues increased due to decomposition and the release ofwlgsmmpounds from
the sediments. A significant long-term trend was apparehgiconductivity data.
This trend is the result of changing to increasingly sevsigiquipment during the

8Correlation analyses were used to examine the strengttatibreships between two variables.
Correlation test statistics range from —1 to +1; the closeit1, the stronger the correlation. The
significance is measured using the p-value; significanetations have p-values0.05. Mono-
tonic linear correlations were measured using Peargson®notonic nonlinear (e.g., exponential)
correlations were measured using Kendall's
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past two decades, resulting in lower values over time, ams dot indicate any
actual change in the conductivity in the lake (Matthews).e@04).

2.3.4 Alkalinity and turbidity

Because Lake Whatcom is a soft water lake, the alkalinityeslvere fairly low
at most sites and depths (Figures B71-B75, pages 168-1dahdthe summer
the alkalinity values at the bottom of Sites 1-2, and occeslyp Site 3, increased
due to decomposition and the release of dissolved compaonrtioks lower 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\B (Figures B76—
B80, pages 173-177). The high turbidity levels near theonotre an indication
of increasing turbulence in the lower hypolimnion as theslakgins to destratify.
The influence of surface runoff from storms can also ele\akte turbidity levels,

but the peaks are usually small compared to the summer Imypetic peaks. The
effects of storm runoff can be seen in December 1990 and Beb991, when

sediment entered the lake during several major storms arsgdaelevated turbid-
ity levels throughout the water column, especially in b&sifrigures B76—B80,
pages 173-177).

The late summer turbidity peaks at Site 1 were unusually lavind 2006 and
2007, but returned to typical levels in 2008 (Figure B76,€4@3). These tran-
sient peaks are associated with turbulence in the lowesbopaf the hypolimnion

as the lake begins to destratify. They do not persist longenatater column, and
are easily missed by sampling at the wrong time of year ordrigh the hy-

polimnion.

2.3.5 Nitrogen and phosphorus

Figures B81-B105 (pages 178-202) show the nitrogen andopbass data for
Lake Whatcom. Nitrogen and phosphorus are important misgrighat influence
the amount and type of microbiota (e.g., algae) that grovhalake. In Lake
Whatcom, most algae use inorganic nitrogen in the form ohtetfor growth.
Under some conditions, ammonia or dissolved nitrogen gadeaised.

%0Only Cyanobacteria and a few uncommon species of diatomasmnitrogen gas.
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Nitrate depletion was evident at all sites in the photosgtithzone during the
summer (Figures B86—-B90, pages 183-187), particularlytas 3—2, where the
epilimnetic nitrate concentrations often drop below 5@-18-N/L by the end of
the summer. Epilimnetic nitrogen depletion is an indireeasure of phytoplank-
ton productivity, and because algal densities have be@aasmg throughout the
lake, epilimnetic dissolved inorganic nitrogen concetitres (DIN)!? have been
declining over time (Figure 6, page 33). Sites 2—4 had highemmer near-surface
DIN concentrations in 2007 and 2008, and Site 1 had higharsweéace DIN in
2008. It is too early to tell whether this represents an impnoent in the lake’s
water quality, especially since 2007 and 2008 both had dolddy springs that
resulted in late stratification. The DIN trend is consisteith near-surface phos-
phorus and chlorophyll data (see discussion on pages 9 gntddever, so it is
possible that we are seeing stabilization of the lake’slggpulations.

Hypolimnetic nitrate concentrations dropped below26N/L at Sites 1 and 2. In
anaerobic environments, bacteria reduce nitrate;(N@ nitrite (NG, ) and nitro-
gen gas (N). The historic data indicate that nitrate reduction hashemmon
in the hypolimnion at Site 1, but was not common at Site 2 uh&lsummer of
1999. At Site 2 the hypolimnetic nitrate concentrationgoed below 2Q:g-N/L
from 1999-2006 and in 2008, but not in 2007. Matthews, et28l08) hypoth-
esized that the higher levels in 2007 were the result of latification, which
shortened the period of anoxia in the hypolimnion and lesatei reduction. The
onset of stratification was also late in 2008, but the lakérdged later in 2008
(mid-November) compared to 2007 (mid-October), so despmdar late stratifi-
cations, 2008 had a longer period of anoxia.

Ammonia, along with hydrogen sulfide, is often an indicatbthgpolimnetic

anoxia. Ammonia is produced during decomposition of orgamatter. Ammonia
is readily taken up by plants as a growth nutrient. In oxyges&nvironments,
ammoniais rarely present in high concentrations becaisesipidly converted to
nitrite and nitrate through biological and chemical pr@ess In low oxygen en-
vironments, ammonia accumulates until the lake destrsitifitgh ammonia and
hydrogen sulfide concentrations were measured just pridestratification in the
hypolimnion at Sites 1 and 2 (Table 8, page 22; Figures B81 &,pages 178 &
179). Elevated hypolimnetic ammonia concentrations haenltommon at both

10pjssolved inorganic nitrogen includes ammonium (ammaomidate, and nitrite. Under most
conditions, epilimnetic concentrations of ammonium artdteiare very low, so epilimnetic DIN
is nearly equivalent to nitrate.
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sites throughout the monitoring period, but beginning if9. ¢he concentrations
increased noticeably at Site 2 (Figure B82, page 179). Tdiesit ammonia con-
centration measured since 1988 was collected in Novem8 20Site 2 - 20
meters (976:9-N/L). The high ammonia concentration at Site 2 contridute
the unusually high total nitrogen peak (Figure B92, page.189

Sites 3 and 4 often have slightly elevated ammonia cond@msaat 20 m (metal-
imnion) or near the bottom at 80—90 m (Figures B84—-B85, pd§és182). This
is caused by bacterial decomposition of organic matter thieitconcentrations
never approach the levels found in the hypolimnion at Siteés 1

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

When hypolimnetic oxygen concentrations are low, sedirb@oind phosphorus
becomes soluble and leaches into the overlying water. Rridestratification,
hypolimnetic phosphorus may be taken up by microbiota infyy@olimnion or

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

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

Total phosphorus and soluble phosphate concentratioreswgeally low except in
the hypolimnion at Sites 1 and 2 just prior to destratificaijbigures B96—B100,
pages 193-197 and B101-B105, pages 198-202). There weemekt high
hypolimnetic phosphorus concentrations measured at $#2sn October and
November 2008 (Figures B96-B97 and B101-B102, pages 193ai8 198—
199), which was consistent with the pattern described fanama.
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Epilimnetic total phosphorus concentrations are usuallyelr than late-summer
hypolimnetic peaks, but the levels of epilimnetic total ppleorus have been in-
creasing throughout the lake (Figure 7, page 34). Prior @®@2the median epilim-
netic phosphorus concentrations were below analyticalotien level$! at Sites
3 and 4, and usually below detection at Site 2. Since 2000t afdke medians
have been above detection. There is some indication thatithener, near-surface
phosphorus concentrations have stabilized (Figure 7)simee 2007 and 2008
were relatively cool years, with late stratification, ita®tearly to tell whether the
pattern reflects improvement in the water quality.

Site 2 hypolimnetic ammonia, phosphorus, and hydrogen sutle: Since
1999, Site 2 has usually had higher concentrations of amaaotal phospho-
rus, and hydrogen sulfide than Site 1 (Table 8, page 22). Tdwepounds are all
by-products of anoxia. In 2007, the concentrations of tleesepounds dropped,
especially at Site 2, seemingly in response to the shorb@erilake stratification
(Matthews, et al., 2008). Hypolimnetic oxygen depletiorslmot occur as fast
at Site 2 as at Site 1, so late stratification should have a eftget on anoxia at
Site 2. In 2007 the lake stratified late and destratified eaklya result, the hy-
polimnion was anoxic for no more than 2 months, which may @eelbeen long
enough to develop high concentrations of hydrogen sulfidenania, or phos-
phorus, especially at Site 2. In 2008, stratification wasralzde, but the period
of stratification persisted until mid-November. There wagibstantial accumu-
lation of ammonia, phosphorus, and hydrogen sulfide at bitdls, swith Site 2
again having higher concentrations. The lake was stiltiftd in early Novem-
ber, and the ammonia concentration at Site 2 exceeded a&lbpsty measured
concentrations.

2.3.6 Chlorophyll, plankton, and Secchi depth

Site 1 continued to have the highest chlorophyll conceiomatof all the sites (Fig-
ures B106—-B110, pages 203-207). Peak chlorophyll coratéss were usually
collected at 0-15 m, while samples from 20 m had relativelydblorophyll con-
centrations. Twenty meters is near the lower limit of thetmhzone, so the light
levels are not optimal for algal growth at this depth.

Analytical detection limits vary slightly from year to yea#istorically, the detection limits
were about 5:g-P/L; currently, the total phosphorus detection level.fis;4g-P/L.
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The Lake Whatcom plankton counts were usually dominated liysophyta,

consisting primarily of diatomspinobryon and Mallomonas(Figures B121—
B130, pages 218-227). Substantial blooms of bluegreeeta¢Cyanobacteria)
and green algae (Chlorophyta) were also measured at alld&iteng summer and
late fall. Previous analyses of algal biomass in Lake Whatowicated that al-
though Chrysophyta dominate the numerical plankton co@wanobacteria and
Chlorophyta often dominate the plankton biomass, paditylin late summer
and early fall (Ashurst, 2003; Matthews, et al., 2002b).

Secchi depths (Figures B111-B115, pages 208-212) showetkaoseasonal
pattern because transparency in Lake Whatcom is affectqzhiiiculates from
storm events and the Nooksack River diversion as well as blgams

Indications of eutrophication: Eutrophication is the term used to describe
lake that is becoming more biologically productive. It cgplg to an unpro-

ductive lake that is becoming slightly more eutrophic, oradpictive lake that
is becoming extremely eutrophic (see Wetzel, 2001, for nads@ut eutrophica-
tion and Matthews, et al., 2005, for a description of the deahand biological

indicators of eutrophication in Lake Whatcom).

The 2008 median near-surface summer chlorophyll condetsawere slightly

lower at all sites (Figure 8, page 35), which was consistetit thie patterns de-
scribed for DIN and phosphorus. Most of the algal counts \atse lower in 2008,

with the notable exception of the Chrysophyta (Figures 9pafies 36—38). This
discrepancy between lower chlorophyll concentrations laigtier Chrysophyta
counts reflects the difference between algal biomass (@pihgil) and numerical

counts. Algae come in different sizes. Most of the Chrys¢playe counted as
individual cells, while many of the Cyanobacteria and Cbpdryta are counted
by colonies because the individual cells are very tiny. @Gas of Cyanobacteria
and Chlorophyta contain much more algal biomass than iddatliChrysophyta
cells, so increased numbers of Chrysophyta may not comelspeith an increase
in chlorophyll, especially if there are fewer Cyanobaceter Chlorophyta. Nu-

merical counts are best used to look for trends within theesigqme of algae (e.qg.,
are the numbers of Cyanobacteria increasing?) and algaldse is best used
to evaluate changing trophic status (e.g., is the lake bagpmore biologically

productive?).
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One of the eutrophication trends in Lake Whatcom has beeirlg &eady in-
crease in the numbers of Cyanobacteria at all sites (Figl®eand 11, pages
37 and 38). For the past 3—4 years, however, the numbers ofoBgateria has
stabilized or dropped slightly. This pattern is best viewsthg a log, plot of
the counts (Figure 11), which shows the counts increasiogp f£994 through
2004 or 2005, depending on site, then flattening or decrgdsim 2004/2005
through 2008. It is too early to tell whether this represamsmprovementin the
lake’s water quality, especially given the extremely highnaonia and phospho-
rus concentrations in the hypolimnion at Site 2. Still, wioembined with the
other indicators (less DIN depletion; lower summer, neafage phosphorus and
chlorophyll), the changes are encouraging.

Lake Whatcom algal taxonomy: Plankton counts are included as part of the
long-term lake monitoring project, but the counts are daiegibroad taxonomic
groups (e.g., Cyanobacteria, Chlorophyta, etc.). Althaihgre have been several
graduate and undergraduate projects that involved igemgiand quantifying al-
gae in Lake Whatcom, there has not yet been a systematicpttemescribe the
algal taxonomic diversity of the lake. Last year we sent ladganples collected
on April 3, 2007 to the Academy of Natural Sciences of Philjpkiia!? for taxo-
nomic identification. Because the 2007 samples were celligntearly spring, the
plankton were dominated by Chrysophyta (diatoms) and @Gployta; Cyanobac-
teria were poorly represented. We collected additionalptasnon October 14,
2008 and sent them to Aquatic AnalyStsvho were contracted in 2002 and 2003
by the Department of Ecology to count and identify Lake Whatghytoplank-
ton. The results from the April and October plankton samplessummarized in
Tables 9-11 (pages 23-25).

2.3.7 Coliform bacteria

The current surface water standards are based on “designa#d categories,
which for Lake Whatcom is “Extraordinary Primary ContactcReation.” The
standard for bacteria is described in Chapter 173-201A@ftashington Ad-
ministrative Code, Water Quality Standards for Surfaceérdavf the State of
Washington:

121900 Benjamin Franklin Parkway, Philadelphia, PA, 19103
13Jim Sweet, Aquatic Analysts, 22 Acme Rd., While Salmon, WA B3



2007/2008 Lake Whatcom Final Report Page

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

All of the mid-basin (Sites 1-4) and Intake values for feaaliforms were less
than 10 cfd*/100 mL (Figures B116-B120, pages 213-217) and passeckste fr
waterExtraordinary Primary Contact Recreatidracteria standard.

Coliform samples collected offshore from the Bloedel-Dearo swimming area
had slightly higher counts than at Site 1 (mid-basin). Noh¢he Bloedel-

Donovan counts exceeded 100 cfu/100 mL, and with a geomatan of 3.6,
the Bloedel-Donovan site passed both parts of the freshixteaordinary Pri-

mary Contact Recreatiobacteria standard.

2.3.8 Metals

The metals data for Lake Whatcom are included in Table 12€2%]3. This ta-
ble includes only the metals listed in our monitoring coat@rsenic, cadmium,
chromium, copper, iron, mercury, nickel, lead, and zinbg online electronic
data files contain concentrations for 24 additional metads are included as part
of the analytical procedure used by AmTest. In 1999, AmTeggraded their
equipment and analytical procedures for most metals. Asatrenany of the
analyses now have lower detection limits, resulting in fefixelow detection”
data (bdl). These detections probably do not represergased metals concen-
trations in the lake.

Most of the metals concentrations were within normal cotreg¢ion ranges for
the lake. Iron and zinc were often in the detectable range. highest iron con-
centrations were measured in September at the bottom «f Sitsd 2. These
elevated iron concentrations were the result of sedimeatid iron converting to
soluble forms under anaerobic conditions and leachingtimooverlying water.
Chromium and copper were detected in many of the samplestlbewels close
to detection limits and typical for Lake Whatcom.

Colony forming unit/100 mL; cfu/100 mL is sometimes labefedlonies/100 mL.”
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2.3.9 Total organic carbon and disinfection by-products

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

Most of the 2007/2008 total organic carbon concentratiotiseaintake were low
(<£2.5 mg/L; Table 13, page 27). Two high concentrations wepented in the

February samples: 16.0 mg/L at Site 3 (bottom) and 7.0 mg&itat4 (surface).
These values were confirmed in the AmTest data report, buétudts are atypical
and may represent sample contamination. The long-termsigggest that the
total organic carbon concentrations may be increasing twey, particularly at

the gatehouse (Figure 12, page 39).

As illustrated in Figure 13 (page 40), THMs have been inénggis Bellingham'’s
treated drinking water, particularly during the late sumffiad (third quarter =
September). The third quarter THMs were not as high in 2008 2807, match-
ing the Site 2 chlorophyll concentrations, which were nohigh in 2008 as in
2007.

Haloacetic acids (another important disinfection by-piciyl are not as closely
linked to algal concentrations and chlorine dose (Sund,,£2@00), and were not
significantly correlated with time.

15Gatehouse data were provided by the City of Bellingham RiWbrks Department.
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Historic 2007/2008 Sensitivity or
Abbrev.  Parameter Method DL MDL Confidence limit
Hydrolab field meter: Hydrolab (1997)
cond Conductivity - - + 2 uSlcm
do Dissolved oxygen - - + 0.1 mg/L
ph pH - - + 0.1 pH unit
temp Temperature - - +0.1°C
IWS field measurements:
disch Discharge Rantz et al. (1982); SOP-IWS-6 - - -
secchi Secchi depth Lind (1985) - - +0.1m
IWS laboratory analyses:
alk Alkalinity APHA (2005) #2320; SOP-IWS-15 - - + 0.6 mg/L
cond Conductivity APHA (2005) #2510; SOP-LW-19 - - + 0.8uS/cm
do Dissolved oxygen APHA (2005) #4500-0.C.; SOP-IWS-12 - - + 0.1 mg/L
ph pH-lab APHA (2005) #4500-H; SOP-IWS-8 - - =+ 0.03 pH unit
ts T. solids APHA (2005) #2540 B; SOP-IWS-22 2mg/L 15.2mg/L  +11.3 mg/L
tss T. suspended solids APHA (2005) #2540 D; SOP-IWS-22 2mg/ 4.3mg/lL +2.2mg/L
turb Turbidity APHA (2005) #2130; SOP-IWS-11 - - 4+ 0.2 NTUs
nh3 Ammonia (auto) APHA (2005) #4500-NHH; SOP-IWS-19  1Qug-N/L 7.2 u9-N/L + 5.5 ug-N/L
no3 Nitrite/nitrate (auto) APHA (2005) #4500-N®@; SOP-IWS-19 2Qug-N/L 9.0 ug-N/L + 4.0 ug-N/L
tn T. nitrogen (auto) APHA (2005) #4500-N C; SOP-IWS-19 1@AN/L 14.4u9-N/L + 18.1u9-N/L
srp Sol. phosphate (auto) ~ APHA (2005) #4500-P G; SOP-IWS-19 5 ug-P/L 1.1ug-P/IL + 1.9 ug-P/L
tp T. phosphorus (auto)  APHA (2005) #4500-P H; SOP-IWS-19  ug9/L 4.1ug-P/L + 4.8 ug-P/L
IWS plankton analyses:
chl Chlorophyll APHA (2005) #10200 H; SOP-IWS-16 - - + 0.1 mg/n?
chlo Chlorophyta Lind (1985), Schindler trap - - -
cyan Cyanophyta Lind (1985), Schindler trap - - -
chry Chrysophyta Lind (1985), Schindler trap - - -
pyrr Pyrrophyta Lind (1985), Schindler trap - - -

City coliform analyses:
fc Fecal coliform

AmTest analyses:

As T. arsenic

Cd T. cadmium

Cr T. chromium

Cu T. copper

Fe T.iron

Pb T. lead

Hg T. mercury

Ni T. nickel

Zn T. zinc

TOC T. organic carbon

APHA (2005) #9222 D

EPA (1994) 200.7 -
EPA (1994) 200.7 -
EPA (1994) 200.7 -
EPA (1994) 200.7 -
EPA (1994) 200.7 -
EPA (1979) 239.2 -
EPA (1994) 245.1 -
EPA (1994) 200.7 -
EPA (1994) 200.7 -
EPA (1979) 415.1 -

1cfu/a00 mL -

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

T Historic detection limits (DL) are usually higher than ant method detection limits (MDL).

Table 1. Summary of IWS, AmTest, and City of Bellingham atiaBl methods
and parameter abbreviations.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 17.3 197 20.2 27.2 1.8 50
Conductivity (:S/cmy 57.7 59.8 60.1 67.1 22 157
Dissolved oxygen (mg/L) 0.3 10.1 89 126 3.6 210
pH 6.5 7.5 7.5 9.1 0.6 21D
Temperature®( 44 10.2 10.7 21.0 4.1 210
Turbidity (NTU) 0.5 0.7 1.2 9.4 1.4 49
Nitrogen - ammoniumy(g-N/L) <10 131 340 3245 62.3 50
Nitrogen - nitrate/nitrite 4g-N/L) <20 205.0 199.6 339.3 112.7 50
Nitrogen - total {1g-N/L) 196.5 353.0 3514 499.4 88.8 30
Phosphorus - solublg:g-P/L) <5 <5 <5 9.9 1.5 50
Phosphorus - totajg-P/L) <5 8.9 10.6 73.8 114 50
Chlorophyll (mg/nd) 0.4 3.4 3.6 9.3 2.3 50
Secchi depth (m) 3.2 4.8 5.3 7.5 1.2 10
Coliforms - fecal (cfu100 mL) <1 1 2 9 NA 10

TUncensored arithmetic means except as noted; not adjusteelfeated measures.

*Conductivity data are incomplete from Oct-Dec 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 2: Summary of Site 1 ambient water quality data, Odd.720 Sept. 2008.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 17.7 18.8 189 20.0 0.6 29
Conductivity (:S/cmy 56.3 58.1 580 599 1.0 83
Dissolved oxygen (mg/L) 9.3 10.6 10.7 121 0.9 110
pH 7.2 7.8 7.9 85 04 110
Temperature®( 57 123 12.8 20.2 4.9 110
Turbidity (NTU) 0.4 0.6 0.6 21 0.3 30
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 206 4.6 30
Nitrogen - nitrate/nitrite 4g-N/L) 134.3 266.9 261.5 381.1 87.2 30
Nitrogen - total {1g-N/L) 243.7 371.0 378.6 4975 78.2 18
Phosphorus - solublg:g-P/L) <5 <5 <5 51 11 30
Phosphorus - totajg-P/L) <5 6.3 57 157 37 30
Chlorophyll (mg/nt) 1.5 3.0 3.0 5.1 9 30
Secchi depth (m) 4.4 5.6 6.0 93 1.6 9
Coliforms - fecal (cfu/100 mL) <1 1 1 2 NA 10

TUncensored arithmetic means except as noted; not adjusteelfeated measures.
*Conductivity data are incomplete from Oct-Dec 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 3: Summary of Intake ambient water quality data, C@d.72- Sept. 2008.



2007/2008 Lake Whatcom Final Report Page

Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 16.9 18.8 19.0 240 11 50
Conductivity (:S/cmy 56.4 57.6 580 66.2 1.6 157
Dissolved oxygen (mg/L) 0.3 103 98 121 26 210
pH 6.5 7.5 7.5 84 04 210
Temperature®( 5.6 10.8 114 203 4.3 210
Turbidity (NTU) 0.4 0.5 0.6 1.8 0.3 50
Nitrogen - ammoniumy(g-N/L) <10 <10 189 232.7 374 50
Nitrogen - nitrate/nitrite 4g-N/L) 40.4 303.6 272.8 380.2 93.0 50
Nitrogen - total {1g-N/L) 252.8 398.8 397.2 550.8 81.7 30
Phosphorus - solublg:g-P/L) <5 <5 <5 71 1.3 50
Phosphorus - totajg-P/L) <5 6.0 6.8 353 58 50
Chlorophyll (mg/nt) 0.8 3.1 3.0 4.7 9 50
Secchi depth (m) 4.4 6.4 6.4 98 1.6 10
Coliforms - fecal (cfu/100 mL) <1 1 1 6 NA 10

TUncensored arithmetic means except as noted; not adjusteelfeated measures.

*Conductivity data are incomplete from Oct-Dec 2007.

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

Table 4. Summary of Site 2 ambient water quality data, Odd.720 Sept. 2008.



2007/2008 Lake Whatcom Final Report Page
Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 17.7 18.3 185 19.7 0.5 68
Conductivity (:S/cmy 56.1 575 576 610 1.1 188
Dissolved oxygen (mg/L) 1.7 10.2 10.2 124 1.2 248
pH 6.7 7.5 7.6 86 05 248
Temperature®( 5.8 7.0 94 194 43 248
Turbidity (NTU) 0.1 0.4 0.4 19 0.3 62
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 b56.6 7.8 69
Nitrogen - nitrate/nitrite 4g-N/L) 167.8 372.9 344.0 453.8 80.6 69
Nitrogen - total {1g-N/L) 282.8 473.7 4440 562.8 72.8 41
Phosphorus - solublg:g-P/L) <5 <5 <5 6.2 1.2 69
Phosphorus - totajg-P/L) <5 5.8 6.2 133 29 69
Chlorophyll (mg/nt) 0.8 2.6 2.7 59 1.3 50
Secchi depth (m) 4.6 7.7 7.2 91 1.7 10
Coliforms - fecal (cfu/100 mL) <1 1 2 6 NA 10

TUncensored arithmetic means except as noted; not adjusteelfeated measures.
*Conductivity data are incomplete from Oct-Dec 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 5: Summary of Site 3 ambient water quality data, Odd.720 Sept. 2008.
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Variable Min. Med. Meah Max. SD N
Alkalinity (mg/L CaCQ) 17.8 182 184 193 04 80
Conductivity (:S/cmy 56.1 57.4 575 60.2 1.0 205
Dissolved oxygen (mg/L) 8.2 10.2 10.2 123 0.9 270
pH 6.4 7.4 7.4 85 04 270
Temperature®( 5.9 6.9 9.0 193 41 270
Turbidity (NTU) 0.2 0.4 0.4 1.7 0.2 72
Nitrogen - ammoniumy(g-N/L) <10 <10 <10 251 48 8Q
Nitrogen - nitrate/nitrite 4g-N/L) 195.6 397.0 361.7 457.2 76.1 78
Nitrogen - total {1g-N/L) 288.0 475.0 454.7 561.6 67.6 48
Phosphorus - solublg:g-P/L) <5 <5 <5 <5 1.0 78
Phosphorus - totajg-P/L) <5 6.0 6.7 198 34 80
Chlorophyll (mg/nt) 0.4 2.5 2.4 44 1.1 48
Secchi depth (m) 5.0 7.5 7.1 9.2 16 10
Coliforms - fecal (cfu/100 mL) <1 1 1 3 NA 9

TUncensored arithmetic means except as noted; not adjusteelfeated measures.
*Conductivity data are incomplete from Oct-Dec 2007.
$Geometric means; all censored values replaced with clogeger (i.e.<1 = 1).

Table 6: Summary of Site 4 ambient water quality data, Od1620Sept. 2007.
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Feb Apr May Jun Jul

Aug  Sep Oct Nov De

1988-2007min 45 79 11.7 144 17.3
2008 51 7.4 11.2% 140 20.0

1988-2007min 5.6 7.3 105 138 159
2008 5 7.1 10.06 13.6¢ 19.1

1988-2007 min 5.8 6.7 9.6 129 161
2008 58 69" 95 133 194

1988-2007min 5.7 6.8 9.5 122 159
2008 5 6.4 91 130 181

Sitel 1988-2007med 5.7 96 131 172 198 221 200 16.9

194 184 145
21.0 188 152 11.8

Site2 1988-2007med 6.6 88 119 166 19.0 213 19.7 17.1

188 184 154
203 185 158 126

Site3 1988-2007med 6.7 82 110 158 186 21.1 19.7 17.2

18.8 185 15.0
19.4 185 152 127

Site4 1988-2007med 6.6 81 11.0 152 183 203 194 17.2

185 183 1438
19.3 18.1f 148 124

1738
9.6
9.2

1B®
10.4
9.9

184
10.6
10.0

183
10.5

5.7

5.0

6.0

7.2

9.8

TColder than 1988-2007 median surface temperature.
fColdest surface temperature in 1988—2008 monitoring gerio

Table 7. Comparison between 2008 surface water tempesatmc median his-

toric (1988—-2007) surface water temperatures.
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Date HS (mg/L) NH; (zg-N/L)
October 1999 Site 1 (bottom) 0.03-0.04 268.3
Site 2 (bottom) 0.40 424.4
October 2000 Site 1 (bottom) 0.27 208.8
Site 2 (bottom) 0.53 339.5
October 2001 Site 1 (bottom) 0.42 168.7
Site 2 (bottom) 0.76 331.9
October 2002 Site 1 (bottom) 0.09 203.9
Site 2 (bottom) 0.32 383.8
October 2003 Site 1 (bottom) 0.05 333.8
Site 2 (bottom) 0.05 340.0
October 2004 Site 1 (bottom) 0.25 300.3
Site 2 (bottom) 0.25 378.3

October 2005 Site 1 (bottom) 0.13,0112  257.5
Site 2 (bottom) 0.25, 0.42 450.4

October 2006 Site 1 (bottom) 0.20 334.1
Site 2 (bottom) 0.42 354.1
October 2007  Site 1 (bottom) 0.40 324.5
Site 2 (bottom) 0.20 79.3
October 2008 Site 1 (bottom) 0.28 294.5
Site 2 (bottom) 0.38 404.9

TSamples analyzed by Edge Analytical.

Table 8: October hypolimnetic ammonia and hydrogen sulfateentrations at
Sites 1 and 2, 1999-2008. The$samples were analyzed in the field using a
HACH test kit until 2005, when duplicate samples were aradylzy Edge Ana-
lytical, Bellingham, WA. After 2005, samples were analybgdEdge Analytical.
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Sitel Site2 Intake Site3 Site}d

Chrysophyta - Diatoms
Achnanthes minutissima * * - - *
Achnanthidiunsp. - -
Actinocyclus normanii
Asterionella formosa o o
Aulacoseira ambigua
Cocconeisp. -
Cyclotella bodanica
Cyclotella comta
Cyclotella kutzingiana
Cyclotella meneghiniana
Cyclotella ocellata
Cyclotella stelligera
Cyclotellasp.
Cymbella affinis -
Cymbella naviculiformis -
Diploneissp.
Encyonemap.
Fragilaria capucina - )
Fragilaria construens venter - - *
Fragilaria crotonensis o o ° ° o
[¢]
*

(¢]
(0]

O % >* O * % O
O O % »* O % * O O O e O
O O % % O 1 % O O O O O O
e}

O O * * O > * O

1

(0]

o
1

Fragilaria sp. - -
Melosira ambigua - -
Nitzschia capitellata
Nitzschia sigmoidea - - o - -
Nitzschiasp.
Stephanodiscus hantzschii
Stephanodiscus minutulus
Stephanodiscus niagarae
Stephanodiscusp.
Synedra radians

Synedra rumpens - -
Synedrasp. o o
Thalassiosira pseudonana o o

>
]
]
]
1

X O O O > X

X O O O
> O O ©
> O O

(¢} ¢}

O O * % O O O

o o

Table 9: Diatoms in Lake Whatcom water samples collectedanil 8, 2007 and
October 14, 2008. Presence (ApriksOctober =«; both =e) or absence (-) is
indicated for each site. Taxonomic identifications werevjgted by the Academy
of Natural Sciences of Philadelphia (April) or Aquatic Aystis (October).
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Sitel Site2 Intake Site3 Site|d

Other Chrysophyta

Chromulinasp.

Dinobryon divergens o o
Dinobryon sertularia - -
Dinobryonsp. - -
Mallomonassp. ° o

O O »*» O »*
]
*

Cyanobacteria
Anabaena flos-aquae
Aphanocapsap.
Aphanothecasp.
Chroococcus minimus
Microcystis aeruginosa
Pseudanabaensp.

\ ]
O 1

]

® O X

* O O

O * >
1
1
1

- O - o

Table 10: Non-diatom chrysophytes and cyanobacteria ire Mfkatcom water
samples collected on April 3, 2007 and October 14, 2008. efes (April =

o; October =x; both =e) or absence (-) is indicated for each site. Taxonomic
identifications were provided by the Academy of Natural 8ces of Philadelphia
(April) or Agquatic Analysts (October).
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Sitel Site2 Intake Site3 Site}d

Chlorophyta
Ankistrodesmus falcatus - -
Ankistrodesmusp. - o o
Botryococcus braunii - - -
Chlamydomonasp. * * *
Cosmariunsp. - - -
Crucigenia quadrata o - o
Crucigenia tetrapedia ° o )
Desmidium - - *
*
o

*x O O *
1

1
O O > >

Dictyosphaerium ehrenbergianum - -
Elakatothrix gelatinosa - o
Eudorina elegans ) - - - -
Mougeotiasp. - - o - -
Oocystis lacustris - - - - *
Oocystis parva o - o o o
Oocystissp. - o - - o
Quadrigula lacustris - -
Quadrigulasp. o
Scenedesmus ecornis o

Scenedesmus quadricauda * *
Scenedesmusp. )

Sphaerocystis schroeteri *

Tetraedron caudatum - -
Tetraedron minimum o o

® O * O % O O O

Euglenophyta
Euglenasp. - - ) - -

Cryptophyta
Cryptomonas erosa
Cryptomonas ovata
Cryptomonasp.
Rhodomonas minuta

* O O *
O
o

* O O *

* O O >

Pyrrophyta

Ceratium hirudinella o - - - -
Glenodiniumsp. * - -

Peridinium willei o o o o o

Table 11: Non-chrysophyte algae in Lake Whatcom water sesngdllected on
April 3, 2007 and October 14, 2008. Presence (April ©ctober =x; both =e)
or absence (-) is indicated for each site. Taxonomic ideatibns were provided
by the Academy of Natural Sciences of Philadelphia (ApnilAquatic Analysts
(October).
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Depth T. As T.Cd T.Cr T.Cu T. Fe T.Hg T.Ni T.Pb T.Z
(m) Date (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L) (gL) (mg/L)

Site 1 0 Feb 19,2008 <0.01 <0.0005 <0.001 0.002 0.094 <0.0001 <0.005 <0.001 0.003
Site 1 20 Feb 19,2008 <0.01 <0.0005 0.003 0.002 0.025 <0.0001 <0.005 <0.001 <0.001
Intake 0 Feb 19,2008 <0.01 <0.0005 <0.001 <0.001 0.015 <0.0001 <0.005 <0.001 <0.001
Intake 10 Feb 19,2008 <0.01 <0.0005 0.002 <0.001 0.013 <0.0001 <0.005 <0.001 <0.001
Site 2 0 Feb 19,2008 <0.01 <0.0005 <0.001 <0.001 0.013 <0.0001 <0.005 <0.001 <0.001
Site 2 20 Feb 19,2008 <0.01 <0.0005 0.001 <0.001 0.013 <0.0001 <0.005 <0.001 <0.001
Site 3 0 Feb 14,2008 <0.01 <0.0005 0.001 <0.001 0.016 <0.0001 <0.005 <0.001 <0.001
Site 3 80 Feb 14,2008 <0.01 <0.0005 0.002 <0.001 0.016 <0.0001 <0.005 <0.001 <0.001
Site 4 0 Feb 14,2008 <0.01 <0.0005 <0.001 <0.001 0.026 <0.0001 <0.005 <0.001 <0.001
Site 4 90 Feb 14,2008 <0.01 <0.0005 0.002 <0.001 0.022 <0.0001 <0.005 <0.001 <0.001
Site 1 0 Aug 7,2008 <0.01 <0.0005 <0.001 <0.001 0.019 <0.0001 <0.005 <0.001 0.001
Site 1 20 Aug 7,2008 <0.01 <0.0005 <0.001 0.002 0.289 <0.0001 <0.005 <0.001 0.009
Intake 0 Aug 7,2008 <0.01 <0.0005 <0.001 <0.001 0.013 <0.0001 <0.005 <0.001 0.004
Intake 10 Aug 7,2008 <0.01 <0.0005 <0.001 <0.001 0.011 <0.0001 <0.005 <0.001 <0.001
Site 2 0 Aug 7,2008 <0.01 <0.0005 <0.001 <0.001 0.016 <0.0001 <0.005 <0.001 0.001
Site 2 20 Aug 7,2008 <0.01 <0.0005 <0.001 0.001 0.157 <0.0001 <0.005 <0.001 0.002
Site 3 0 Aug 5,2008 <0.01 <0.0005 <0.001 <0.001 0.013 <0.0001 <0.005 <0.001 0.003
Site 3 80 Aug 5,2008 <0.01 <0.0005 <0.001 <0.001 0.019 <0.0001 <0.005 <0.001 0.002
Site 4 0 Aug 5,2008 <0.01 <0.0005 <0.001 <0.001 0.008 <0.0001 <0.005 <0.001 0.003
Site 4 90 Aug 5,2008 <0.01 <«0.0005 <«0.001 <0.001 0.011 <0.0001 <«0.005 <«0.001 <«0.001

Table 12: Lake Whatcom 2007/2008 total metals data. Onlyrtétals specified
in the monitoring plan are included in this table; the resdtir 24 additional

metals are included in the online data files (http://wwwiaau.edu-iws).
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Page

TOC TOC
Site Date Depth (mg/L) Date Depth (mg/L)
Sitel Feb 19,2008 0 <1 Aug 7, 2008 0 1.6
Feb 19,2008 20 <1 Aug 7,2008 20 15
Intake Feb 19, 2008 0 2.4 Aug 7, 2008 0 1.2
Feb 19,2008 10 <1 Aug 7,2008 10 2.3
Site2 Feb 19, 2008 0 3.7 Aug 7, 2008 0 1.1
Feb 19,2008 20 <1 Aug 7,2008 15 1.9
Site3 Feb 14, 2008 0 <1 Aug 5, 2008 0 2.4
Feb 14,2008 80 1610 Aug 5,2008 80 2.3
Site4 Feb 14,2008 0 7.0 Aug 5, 2008 0 <1
Feb 14,2008 90 <1 Aug 5,2008 90 1.9

TAtypical results; data verified in AmTest reports (httpww.ac.wwu.edutiws).

Table 13: Lake Whatcom 2007/2008 total organic carbon data.
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Figure 1: Boxplots showing 1988-2007 surface water tentpess (depth<1
m, all sites and years) with monthly 2008 da#. (Boxplots show medians and
upper/lower quartiles; whiskers extend to maximum/mimmualues.
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Site 1 Dissolved Oxygen by Year at Depth 12

—o— July p-value = 0.0037
-4~ August p-value = 0.00048
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Figure 2: Nonlinear relationship between dissolved oxyged time at Site 1,
12 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 14

—o— July p-value = 0.001
-4~ August p-value = 0.0039
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Figure 3: Nonlinear relationship between dissolved oxyged time at Site 1,
14 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 16

—o— July p-value = 0.00064
-4~ August p-value = 0.0018
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Figure 4: Nonlinear relationship between dissolved oxyged time at Site 1,
16 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Site 1 Dissolved Oxygen by Year at Depth 18

—o— July p-value = 0.00032
-4~ August p-value = 0.0018
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Figure 5: Nonlinear relationship between dissolved oxyged time at Site 1,
18 m. Kendall'sr correlations were used because the data were not monotonic-
linear; all correlations were significant.
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Figure 6: Minimum summer, near-surface dissolved inomgartrogen concen-
trations (1994-2008, June-Oct, deptts m). Pearson’s correlations were used
because the data were approximately monotonic-linearelations were signifi-

cant at Sites 1-3.
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Figure 7: Median summer, near-surface total phosphoruserdrations (1994—
2008, June-Oct, depths5 m). Uncensored (raw) data were used to illustrate that
median values are increasingly above analytical detetitints (Table 1). Pear-
son’sr correlations were used because the data were approxinmatelgtonic-
linear; all correlations were significant.
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Figure 8: Median summer near-surface chlorophyll coneiotns (1994—2008,
June-October, depthsb m). Pearson’s correlations were used because the data
were approximately monotonic-linear; all correlationgeeignificant.
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Summer Algae Counts

Chrysophyta (tau = 0.52; p—value <0.01)
Cyanobacteria (tau = 0.70; p—value <0.001)
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Figure 9: Median summer, near-surface algae counts (1094%;2une-October,

all sites and depths). Kendalbscorrelations were used because the data were
not monotonic-linear; correlations for Chrysophyta and@ybacteria were sig-
nificant.
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Figure 10: Median summer, near-surface cyanobacterias¢i®94—-2008, June-
October, depths’5 m). Kendall'sr correlations were used because the data were
not monotonic-linear; all correlations were significant.
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Figure 11. Log, plots of median summer, near-surface cyanobacteria counts
(1994-2008, June-October, deptdS m). Kendall'st correlations were used
because the data were not monotonic-linear; all correlatieere significant. The
correlation results in this figure are identical to FigurebB@ause Kendall’s is
based on ranks.
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Figure 12: Total organic carbon concentrations at the m{@if-shore, surface
and bottom) and from the gatehouse. Gatehouse data wenelgadwy the City
of Bellingham Public Works Department. Pearsan&orrelations were used be-
cause the data were approximately monotonic-linear; drdygatehouse correla-
tion was significant.
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Figure 13: Total trihalomethanes (TTHMs) and haloacetidsa¢HAAS) con-
centrations in the Bellingham water distribution syste®92-2008. Data were
provided by the City of Bellingham Public Works Departmdpgarson’s: corre-
lations were used because the data were approximately oraodinear; corre-
lations for Jan-Dec THMs and Qtr 3 THMs were significant.
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3 Tributary Monitoring

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

3.1 Site Descriptions

Twelve sites were sampled twice during 2008 (February amdeB#er) to pro-
vide baseline tributary data in the Lake Whatcom waterskagli(e A2, page 86).
Samples were collected from Anderson, Austin, Blue CanBoannian, Carpen-
ter, Euclid, Mill Wheel, Olsen, Park Place, Silver Beach,ithmmand Whatcom
Creeks. The sampling locations for these sites are deslanb&ppendix A.2.

3.2 Field Sampling and Analytical Methods

The analytical procedures for sampling the tributariessaramarized in Table
1 (page 15). All water samples (including bacteriologicahgles) collected in
the field were stored on ice and in the dark until they reachedlaboratory.

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

Bellingham at their water treatment plant. All other anak/s/ere done by WWU
personnel.

3.3 Results and Discussion

The current data are listed in Tables 14-17 (pages 44—-47pkteed in Ap-
pendix B.4 (Figures B131-B172, pages 229-269). The plofspipendix B.4
also include the monthly data collected from October 208gt&mber 2006 data
to show the typical ranges for each site. These figures ieciudashed (blue)
horizontal line that shows the median value for Smith Creekasolid (red) hor-
izontal line that shows the median value for each creek. I5@rieek was chosen
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as a reference because it is a major tributary to the lake asid history of being
relatively unpolluted.

Water temperatures and dissolved oxygen concentratiditsvéd predictable
seasonal cycles at most sites (Figures B131-B136), wittecoémperatures and
higher oxygen during the winter and warmer temperaturedawer oxygen dur-
ing the summer. Whatcom Creek had higher temperatures amal txygen con-
centrations than the other sites, reflecting the influenteaké Whatcom (Figures
B131 and B134). The Park Place outlet and Silver Beach Cragklightly higher
median temperatures, and Euclid, Millwheel, Park PladegBBeach Creeks had
slightly lower median dissolved oxygen concentrationsisTéa typical pattern
for residential streams (Figures B133 and B136).

Most of the creeks in the Lake Whatcom watershed had relatioes concen-
trations of dissolved solids, indicated by pH levels ne&-8.5, conductivities
<150 1S, alkalinities<50 mg/L, total solids<100 mg/L, and total organic car-
bon concentrations:2 mg/L (Figures B137-B151 and Table 17). Sites that did
not match this description included the residential steéRark Place, Euclid,
Millwheel, and Silver Beach Creeks) and Blue Canyon Credkiclvdrains an
area rich in soluble minerals. Most sites also had low tatapended solids con-
centrations €15 mg/L) and low turbidities€10 NTU) except during periods of
high precipitation and runoff (Figures B146-B154).

Ammonia concentrations were elevated in several resialestteams (Park Place
and Millwheel; Figures B155-B157). Ammonia does not peénsisg in oxy-
genated surface waters. When present in streams, it usodibates a near-by
source such as an upstream wetland with anaerobic soilsahuipn source.

Most of the creeks had lower total nitrogen and nitratedtgticoncentrations than
Smith Creek (Figures B158—- B163). The relatively high nérand total nitro-
gen concentrations in Smith Creek may be due to the presémigagen-fixing
alders Alnus rubrg in the riparian zone upstream from the sampling site. High
nitrate and total nitrogen concentrations are not necigsar indication of wa-

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

Soluble inorganic phosphate is quickly removed from s@faater by biota, so
high concentrations of soluble phosphorus usually indieatear-by source such
as an anaerobic wetland or a pollution source. In the Laket¥dhatributaries,
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total phosphorus concentrations were usually much higitzer $oluble phosphate
concentrations (Figures B164-B169). Total phosphorussatuble phosphate
concentrations were usually highest in the residentiabstis.

High coliform counts are an indicator of residential patat (Figures B170—
B172), and many of the Lake Whatcom tributaries exceedethé 173—-201A
coliform surface water standards, based on the monthly adtected in 2004—
2006 (Matthews, et al., 2007). The current biannual momigpprogram does not
provide enough data to assess whether sites fail to meetAl@eMI3—201A stan-
dards; however, many sites had counts that exceeded 1QQ06funl at least once,
and three sites (Carpenter, Park Place, and Silver Beackedzd 100 cfu/100
mL in both samples (Table 15).

The metals concentrations were within expected rangesnastiwere near or be-
low detection levels (Table 16). Copper, iron, and zinc weten detectable, and
were usually higher in residential tributaries, but all eevithin normal ranges
for surface waters in the watershed.
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Alk Cond DO Temp Turb TS TSS
Site Date (mg/L) fSl/em) (mg/L) pH © (NTU) (mg/L) (mg/L)
Anderson Feb 7, 2008 13.2 52.0 NA 6.89 4.4 2.24 41.0 34
Jul 15, 2008 12.8 47.5 11.56 7.16 11.2 15.3 53.0 1412
Austin Feb 7, 2008 13.1 57.8 NA 7.12 5.0 7.05 58.3 1415
Jul 15, 2008 32.0 108.1 10.85 753 126 1.36 71.8 <2
Blue Canyon Feb 7, 2008 108.9 252.0 NA 8.14 5.9 8.24 163.9 13.8
Jul 15, 2008 133.6 283.0 11.56 8.14 11.7 3.34 167.2 415
Brannian Feb 7, 2008 5.9 40.4 NA 6.89 4.8 3.06 39.1 4.4
Jul 15, 2008 15.8 50.8 9.28 6.88 12.5 2.45 46.9 5.6
Carpenter Feb 7, 2008 15.5 59.5 NA 7.19 4.2 6.19 61.3 4|4
Jul 15, 2008 43.9 112.7 9.22 7.58 16.0 0.69 84.7 <2
Euclid Feb 7, 2008 18.2 75.4 NA 7.23 4.6 6.56 60.3 7.4
Jul 15, 2008 56.7 144.7 8.21 7.21 14.1 3.34 97.3 <2
Millwheel Feb 7, 2008 211 80.4 NA 7.17 5.2 16.20 76.0 10)7
Jul 15, 2008 83.5 178.9 0.9 7.24 22.0 5.60 131.1 57
Olsen Feb 7, 2008 18.8 74.5 NA 7.4 3.9 3.09 63.8 2.4
Jul 15, 2008 38.5 104.2 10.23 7.67 15.0 0.85 76.1 <2
Park Place Feb 7, 2008 78.2 207.0 NA 7.49 4.8 4.75 139.7 <2
Jul 15, 2008 125.2 282.0 7.58 7.79 18.2 2.06 173.8 <2
Silver Beach  Feb 7, 2008 48.3 135.0 NA 7.7 4.4 12.40 104.2 5(5
Jul 15, 2008 127.4 288.0 9.48 8.06 15.8 2.51 181.2 <2
Smith Feb 7, 2008 14.1 63.0 NA 7.27 4.2 2.80 54.7 3.1
Jul 15, 2008 27.8 79.5 10.49 7.59 14.4 0.42 579 <2
Whatcom Feb 7, 2008 19.7 62.9 NA 7.34 4.3 1.21 38.7 <2
Jul 15, 2008 20.7 61.8 9.02 7.46 21.6 1.14 42.9 2.p

Table 14: Lake Whatcom tributary data: alkalinity, condkity, dissolved oxy-
gen, temperature, turbidity, pH, total solids and totapsmsled solids.
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NH3 NO3 TN SRP TP FC
Site Date Lg-NL)  (ug-NIL)  (ug-N/L)  (ug-PIL)  (ug-P/L)  (cfu/100 mL)
Anderson Feb 7, 2008 14.8 830.7 1038.1 <5 11.6 26
Jul 15, 2008 14.8 67.1 NA <5 29.9 22
Austin Feb 7, 2008 <10 1018.9 1191.6 6.6 20.5 28
Jul 15, 2008 20.0 337.3 NA 12.5 18.2 62
Blue Canyon Feb 7, 2008 12.2 939.5 1197.7 7.9 20.1 1
Jul 15, 2008 12.4 136.6 NA 8.5 9.2 30
Brannian Feb 7, 2008 <10 1353.5 1519.3 <5 11.6 21
Jul 15, 2008 19.6 324.4 NA 5.6 12.2 63
Carpenter Feb 7,2008 <10 1001.2 1335.4 5.5 20.3 120
Jul 15, 2008 13.2 466.0 NA 20.6 20.5 300
Euclid Feb 7, 2008 20.2 911.4 1121.3 9.6 28.1 59
Jul 15, 2008 33.6 133.6 NA 12.3 28.1 1100
Millwheel Feb 7, 2008 <10 1379.9 1664.4 7.3 40.9 100
Jul 15, 2008 87.9 <20 NA 27.1 103.0 83
Olsen Feb 7, 2008 23.6 1825.9 2108.1 6.5 15.4 63
Jul 15, 2008 14.3 537.4 NA 19.8 17.3 100
Park Place Feb 7, 2008 11.0 1003.0 1274.0 14.6 315 100
Jul 15, 2008 142.7 498.4 NA 44.2 86.8 1100
Silver Beach  Feb 7,2008 <10 647.5 963.7 10.2 37.2 150
Jul 15, 2008 12.6 427.6 NA 28.2 42.7 3600
Smith Feb 7, 2008 15.3 20184 21915 6.4 12.5 15
Jul 15, 2008 <10 670.6 NA 12.8 15.2 19
Whatcom Feb 7, 2008 <10 325.0 470.4 <5 <5 10
Jul 15, 2008 18.3 147.2 NA <5 10.1 32

Table 15: Lake Whatcom tributary data: ammonia, nitratefej total nitrogen,
soluble phosphate, total phosphorus, and fecal coliforms.
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T. As T.Cd T.Cr T.Cu T.Fe T. Hg T.Ni T.Pb T.Z
Date (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mglL (mg/L)
Anderson Feb7,2008 <0.01 <0.0005 <0.001 <0.001 0.220 <0.0001 <0.005 <0.001 0.002
Austin (lower) Feb7,2008 <0.01 <0.0005 <0.001 <0.001 0.685 <0.0001 <0.005 <0.001 0.006
Blue Canyon Feb7,2008 <0.01 <0.0005 <0.001 <0.001 0.680 <0.0001 <0.005 0.002 <0.001
Brannian Feb 7,2008 <0.01 <0.0005 <0.001 <0.001 0.285 <0.0001 <0.005 0.002 <0.001
Carpenter Feb 7,2008 <0.01 <0.0005 <0.001 <0.001 0.456 <0.0001 <0.005 0.001 0.001
Euclid Feb 7,2008 <0.01 <0.0005 <0.001 <0.001 0.450 <0.0001 <0.005 0.001 <0.001
Millwheel Feb7,2008 <0.01 <0.0005 <0.001 0.004 0.984 <0.0001 <0.005 0.001 0.006
Olsen Feb7,2008 <0.01 <0.0005 <0.001 <0.001 0.195 <0.0001 <0.005 <0.001 <0.001
Park Place Feb 7,2008 <0.01 <0.0005 <0.001 0.002 0.426 <0.0001 <0.005 <0.001 0.004
Silver Beach Feb7,2008 <0.01 <0.0005 <0.001 <0.001 0.885 <0.0001 <0.005 <0.001 <0.001
Smith Feb7,2008 <0.01 <0.0005 <0.001 <0.001 0.175 <0.0001 <0.005 0.001 <0.001
Whatcom Feb 7,2008 <0.01 <0.0005 <0.001 <0.001 0.039 <0.0001 <0.005 0.001 <0.001
Anderson Jul 15, 2008 <0.01 <0.0005 0.002 0.003 0.719 <0.0001 <0.005 <0.001 0.002
Austin (lower)  Jul 15,2008 <0.01 <0.0005 <0.001 <0.001 0.362 <0.0001 <0.005 <0.001 0.002
Blue Canyon Jul 15,2008 <0.01 <0.0005 <0.001 <0.001 0.218 <0.0001 <0.005 <0.001 0.001
Brannian Jul 15,2008 <0.01 <0.0005 0.002 0.002 0.972 <0.0001 <0.005 <0.001 0.003
Carpenter Jul 15,2008 <0.01 <0.0005 <0.001 <0.001 0.108 <0.0001 <0.005 <0.001 <0.001
Euclid Jul 15,2008 <0.01 <0.0005 <0.001 0.004 0.968 <0.0001 <0.005 <0.001 0.004
Millwheel Jul 15,2008 <0.01 <0.0005 <0.001 0.003 2.200 <0.0001 <0.005 <0.001 0.003
Olsen Jul 15,2008 <0.01 <0.0005 <0.001 0.003 0.068 <0.0001 <0.005 <0.001 <0.001
Park Place Jul 15,2008 <0.01 <0.0005 <0.001 0.005 0.483 <0.0001 <0.005 <0.001 0.008
Silver Beach Jul 15, 2008 <0.01 <0.0005 0.002 0.003 0.272 <0.0001 <0.005 <0.001 0.001
Smith Jul15,2008 <0.01 <0.0005 <0.001 <0.001 0.045 <0.0001 <0.005 <0.001 0.002
Whatcom Jul 15,2008 <0.01 <0.0005 <0.001 <0.001 0.069 <0.0001 <0.005 <«0.001 0.001

Table 16: Lake Whatcom tributary data: total metals. Onéyrtietals specified in
the monitoring plan are included in this table; the reswdts24 additional metals
are included in in the online data files (http://www.ac.wedu/~iws).



2007/2008 Lake Whatcom Final Report

TOC TOC

Site Date (mg/L) Date (mg/L
Anderson Feb 7,2008 <1 Jul 15,2008 <1
Austin (lower) Feb7,2008 <1 Jul 15,2008 <1
Blue Canyon Feb7,2008 1.4 Jul 15, 2008 <1
Brannian Feb7,2008 <1 Jul 15,2008 <1
Carpenter Feb 7, 2008 1.1 Jul 15, 2008 <1
Euclid Feb 7, 2008 4.0 Jul 15, 2008 1.7
Millwheel Feb 7, 2008 2.8 Jul 15,2008 11.0
Olsen Feb 7, 2008 4.1 Jul 15, 2008 1.4
Park Place Feb 7, 2008 2.4 Jul 15,2008 13.0
Silver Beach Feb 7, 2008 1.5 Jul 15,2008 19,0
Smith Feb 7,2008 <1 Jul 15,2008 <1
Whatcom Feb 7, 2008 1.2 Jul 15, 2008 1.0

Table 17: Lake Whatcom tributary data: total organic carbon
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4 Lake Whatcom Hydrology

4.1 Hydrograph Data

Recording hydrographs are installed in Austin and Smitleksethe data are plot-
ted in Figures 14-15 (pages 54-55). The location of eachogydph is described
in Appendix A.2. All hydrograph data, including data fromepious years, are
online at http://www.ac.wwu.edtfws. Detailed field notes for each water year
are available from the Institute for Watershed Studies.rédults are reported as
Pacific Standard Time, without Daylight Saving Time adjustin

The historic hydrograph data were recorded at 30 minuteval® until summer

of 2003, when new recorders were installed at all sites. Téve recorders log
data at 15 minute intervals. The primary reason for chantfiedogging interval

was to conform with USGS hydrograph data that are beingadelteat additional

sites in the Lake Whatcom watershed. Figure 16 (page 56)stimvating curves
for each hydrograph. New rating curves need to be generdiedeaver the creek
channel is significantly altered due to storm runoff or cangton activities. Start-
ing dates for each rating curve are indicated in Figure 1@nBaurves for earlier
water years are available from the Institute for Watershedi8s.

4.2 Water Budget

A water balance was applied to Lake Whatcom to identify itpomaater inputs
and outputs and to examine runoff and storage. The traditimethod of esti-
mating a water balance was employed, where inputs - outptharge in storage
(Table 18, page 51). Inputs into the lake include direct ipretion, water di-
verted from the Middle Fork of the Nooksack River (divergiomnoff (surface
runoff + groundwater). Outputs include evaporation, WaatcCreek, the What-
com Falls Fish Hatchery, City of Bellingham, Puget Soundrgn€o-Generation
Plant (PSEY, and the Lake Whatcom Water and Sewer Disfricthe change in
storage is estimated from daily lake-level changes. Allh#fse are measured
guantities provided by the City of Bellingham except for pweation, diverted
water, and runoff.

18| ocated at the Georgia Pacific site
Y"Formerly Water District #10



2007/2008 Lake Whatcom Final Report Pdge

Daily direct-precipitation magnitudes on the lake surfa@re estimated using
the precipitation data recorded at the Bloedel Donovang@gegatehouse, Smith
Creek, and Brannian Creek gauges. A daily weighted averagecalculated us-
ing a 10 meter raster of the lake, the four point values, antganky, spatial inter-
polation technique in ArcGIS. The average direct-preatmhn depth (inches) for
a given day was converted to volume in millions of gallons (& a rating curve
generated from the lake level-area data (Ferrari and Nu2@©€d). The rating
curve accounts for changes in surface area of the lake dadedével changes.
The average annual direct rainfall to the lake for the waeary2007/2008 was
44.3 inches (6006 MG), the lowest rainfall in the last 5 years

Diversion volumes from the Middle Fork of the Nooksack Riwere estimated by
separating the modeled natural discharge in Anderson Greekthe discharge
recorded by the USGS at the mouth of Anderson Creek (USGBrstatimber

12201950). The Distributed Hydrology-Soils-Vegetatioondél (DHSVM) was

used to simulate the natural flow in Anderson Creek. The DHS¥ Bl spatially

distributed, physically based numerical model that wadiegppn earlier Lake

Whatcom watershed studies (Matthews et al., 2007; Kell@®£6). Outfall data
recorded by the City of Bellingham at the diversion dam onMliédle Fork were

used to validate the timing and magnitudes of the flow volugstsnated from
the hydrograph separation technique.

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

2007/2008 was 20.5 inches (2807 MG), most of which occurepaéen May and

September.

Daily change in storage was determined by subtracting eag’h ke level by the
subsequent day’s level. This resulted in negative valuesnwhe lake level was
decreasing and positive values when the lake level wasastrg. The change in
storage magnitudes are sensitive to the accuracy of thddakeEmeasurements;
small lake level changes correspond to large lake volumes.diily net change
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in lake level (inches) was converted to a volume (MG) via engaturve generated
from the lake level-capacity data developed by Ferrari andrés (2001). The
rating curve accounts for changes in volume of the lake diekilevel changes.
The median total lake volume in 2007/2008 was 253,003 MGureid.7 (page

57) shows daily lake-volume values for the past five yearshigh the rainfall

was the lowest during the past 5 years, the median lake voluasehe highest.

Surface runoff and groundwater were combined into a singteff component
that was determined by adding the outputs to the changeragg@nd subtracting
precipitation and diversion magnitudes.

The daily water balance quantities were summed into 7-d&jstowhich were
used to generate Figures 18-21 (pages 58-61). Figure 1&shoay summed
totals for inputs, outputs, and change in storage. All tipeiis except runoff are
shown in Figure 19; all outputs except Whatcom Creek are showrigure 20.

Due to their much higher magnitude, runoff and Whatcom Cdzgé are included
on Figure 21.

Yearly water balance totals are listed in Table 18 (page Bhgawith the yearly
total values for the four previous water years. The totalined of outputs cor-
respond to 13.4% of the median total volume of the lake. Utltelassumption
that the lake is completely mixed and flow is steady stateufsp outputs), this
would correspond to a 7.5 year residence time, with resigléntes for the past

5 years ranging from 6.1-7.5 yedfsTables 19 and 20 (pages 52-53) show the
2007/2008 total input and output volumes along with theesponding monthly
percentage of each total.

The DHSVM was also used to simulate surface-water runadfting lake (Figure
21). Negative values of runoff estimated from the water leadge likely due to
noise in the change in storage estimates or may represess afidake water to
deep aquifer systems.

BAlthough the lake is not completely mixed and the flow is neasly state, these assumptions
are commonly used to provide a simple estimate of residemeefor water in lakes.
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WY2008
(9/30/07—10/1/08)

WY2007
(9/30/06-10/1/07)

WY2006
(9/30/05-10/1/06)

WY2005
(9/30/04—10/1/05)

WY2004
(9/30/03—10/1/04)

Inputs (MG)

Direct Precipitation
Diversion

Runoff*

Total

Outputs (MG)
Whatcom Creek

6,006 (16.7)
4,902 (13.7)
24,989 (69.6)
35,896 (100)

25,793 (76.1)

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

30,359 (77.1)

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

28,290 (74.8)

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

30,899 (74.0)

7,612 (18.6)
5,095 (12.4)
28,288 (69.0)
40,995 (100)

26,948 (71.2)

Hatchery 931 (2.7) 1,002 (2.5) 1,253 (3.3) 1,288 (3.1) 1,278 (3.4)
Puget Sound Co-Gen (PSH 240 (0.7) 807 (2.0) 960 (2.5) 2,198 (5.3) 2,053 (5.4)
City of Bellingham 3,874 (11.4) 4,145 (10.5) 4,111 (10.9) 4,111 (9.8) 4,449 (11.8)
LW Water/Sewer Distr. 237 (0.7) 232 (0.6) 242 (0.6) 252 (0.6) 204 (0.5)
Evaporation 2,807 (8.3) 2,831 (7.2) 2,946 (7.8) 2,990 (7.2) 2,924 (7.7)
Total 33,883 (100) 39,376 (100) 37,802 (100) 41,738 (100) 37,855 (100)
Net change in storage 2,033 -520 15 -1,692 3,139
Median lake volume (MG) 253,003 252,759 252,287 252,856 252,970
Outflow percent of volume 13.4% 15.6% 15.0% 16.5% 15.0%
Residence time (years) 7.5 6.4 6.7 6.1 6.7

*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 18: Annual water balance quantities for the Lake Wiratevatershed,
WY2004-WY?2008.
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Input Percents
Month | Diver Precip Runoff*| Total
Oct | 10.99 12.08 403 6.33
Nov 6.10 8.51 484 5.63
Dec 1.49 16.35 16.58 14.48
Jan 2.44 10.26 16.24 13.36
Feb 0.08 7.80 15.08 11.81
Mar 249 1243 13.02 11.48
Apr 469 5.50 10.21 8.67
May | 22.12 5.62 8.74 10.05
Jun | 28.14 7.57 7.58 10.39
Jul | 14.55 1.89 0.48 2.64
Aug 6.91 11.03 2.24 4.35
Sep | 0.00 0.95 095 0.82
Input Volume (MG)
Total | 4,902 6,006 24,989 35,896
*Runoff = surface runoff + groundwater

Table 19: Monthly input water balance quantities for the ¢ &hatcom water-
shed, October 2007-September 2008.
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Output Percents
Month WC Hatch PSE COB WSD Evap Total
Oct 12.15 9.98 2082 790 8.60 5.3211.07
Nov 6.86 935 1472 7.27 8.20 2.52 6.68
Dec 13.97 10.00 29.90 7.13 840 1.6812.14
Jan 1890 10.57 1142 753 8.06 1.3415.78
Feb 1482 9.79 1580 6.90 7.37 3.0212.76
Mar 3.61 1042 473 743 7.77 6.17 4.48
Apr 256 562 019 730 7.37 9.27 3.76
May 10.10 270 0.09 7.85 7.85 11.71 9.69
Jun 1091 6.42 0.07 8.77 8.76 14.6610.76
Jul 239 382 112 12.65 10.43 21.64 5.24
Aug 1.86 1059 0.74 10.72 9.06 13.55 4.13
Sep 1.87 10.74 0.40 855 8.13 9.2 351

Output Volume (MG)
Total | 25,793 931 240 3,874 237 2,80B3,883

Table 20: Monthly output water balance quantities for thid_&hatcom water-
shed, October 2007-September 2008.
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Figure 14: Austin Creek hydrograph, October 1, 2007-Selpée®30, 2008. Data
were recorded at 15 minute intervals.
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Figure 15: Smith Creek hydrograph, October 1, 2007-Sepze3ly 2008. Data
were recorded at 15 minute intervals.
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Austin Creek (Beginning Jan 2005)
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Figure 16: Austin Creek and Smith Creek rating curves. Resjpas show the
relationship between gauge height (x) and square rootftraned discharge (y),
beginning from the date listed on each figure. For earliengaturves, contact
the Institute for Watershed Studies.
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Figure 17: Comparison of Lake Whatcom daily lake volumesZ003—-2008.
Horizontal line represents median lake volume for the pepiotted.
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Figure 18: Summary of 7-day inputs, outputs, and changesake Whatcom

storage, October 1, 2007-September 30, 2008.
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Figure 19: Lake Whatcom watershed direct hydrologic inpOtstober 1, 2007—
September 30, 2008. Runoff is included on Figure 21 as destion page 50.
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Figure 20: Lake Whatcom watershed hydrologic withdraw@istober 1, 2007—-
September 30, 2008. Whatcom Creek outputis included onr&Rflias described
on page 50.
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Figure 21: Summary of 7-day Whatcom Creek flows, water ba&annoff esti-
mates, and DHSVM runoff estimates, October 1, 2007-SepeB) 2008.
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5 Storm Water Treatment Monitoring

The objective of the storm water monitoring was to evaluiagestorm water treat-
ment efficiencies of representative treatment facilitrethe Lake Whatcom wa-
tershed. During the 2007/2008 monitoring period, samplesewollected from
the Park Place sand filt€r the Brentwood wet ponds, the Alabama Hill vault,
and the South Campus storm water treatment facfliffhe locations of the cur-
rent monitoring sites are described in Appendix A; photpggaof the sites are
included in Figures A5-A9 (pages 89-93).

5.1 Sampling Procedures

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

Alabama Oct 8, 2007: Wet conditions/moderate to heavy flow
Vault Dec 4-5, 2007: Wet conditions/moderate to heavy flow

Park Place  Oct 8, 2007: Wet conditions/low flow; heavy pretibhrs prior to sampling
Dec 3, 2007: Wet conditions/high flow; heavy precip. and spoar to sampling
Sept 29, 2008: Dry conditions/low flow; no precip. within 72 lof sampling
(construction related street washing on N. Shore Dr. mag fflawed into Park Place)

Brentwood Oct 8, 2007: Wet conditions/low flow; heavy pre@ip hrs prior to sampling
Sept 29, 2008: Dry conditions/low flow; no precip. within 72 lof sampling

S. Campus Oct 16, 2007: Wet conditions/low flow
Jan 8, 2008: Wet conditions/high flow
Jul 29, 2008: Dry conditions/low flow. Construction on carmpave have
introduced solids into treatment site

Where possible, composite samples were collected at inflmvoatflow points
using ISCO samplers provided by the City of Bellingham ttalect water sam-
ples at 90 minute intervals over a 48 hour period. The conpasimples were

%formerly the Park Place wet ponds

20The South Campus storm water treatment facility is a sthtbevart combination of grass
swales and rock/plant filters. Although outside the Lake W@ watershed, it is included to
provide information about the effectiveness of this typ&redtment system.
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analyzed for total solids, total suspended solids, heavglséarsenic, cadmium,
chromium, copper, iron, nickel, lead, and zinc), total migacarbon, total ni-

trogen, and total phosphorus. Multiple grab samples welleated during the

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

and temperature were measured using the Hydrolab field meter

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

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

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

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

results (see discussion by Matthews, et al., 2008).

5.2 Results and Discussion

The Park Place wet pond has been monitored since 1994 andlaveter quality
data are summarized by Matthews, et al. (2001). MonitortrigeaSouth Campus
facility began in 2001 and monitoring at the Alabama Hill kdhegan in 2004.
The Brentwood wet ponds were sampled from 1998-2004 andin-=2D08. Ad-
ditional storm water treatment sites that have been madtor the past include
the Parkstone swale/wet pond (2004) and the Silvern vad@i4p

Tables 21-26 (pages 66—71) show the raw data and perceyteareduction from
the storm water treatment systems that were sampled dumengurrent monitor-
ing period. Percent reduction was calculated as followsetan the approach
described by Winer (2000) fdtvent Mean Concentration Efficiency

. Tinlet — Loutlet
Reduction(%) = ——"27% %100
Linlet
where :
Tiet = inlet avg. conc.

Toutlet = outlet avg. conc.
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Two of the most important storm water measurements reltdileke eutrophica-
tion are total suspended solids and total phosphorus riedsctAs discussed on
page 9, phosphorus is likely to limit algal growth in Lake \WWdwam, and phospho-
rus often enters lakes physically or chemically bound tcstivéace of particles.

All sites with detectable levels of TSS provided at least saemoval of sus-
pended solids. Overall, the removal efficiencies rangingnf0—80% (Tables 21
and 23, pages 66 and 68), but when inlet concentrations w2ré mg/L, TSS
reductions were higher, ranging from 42-80%. The best T88ct@®ns were
measured at the South Campus rock/plant filter (51-80%).

Phosphorus removal was less consistent, ranging from {3@&sphorus export)
at Park Place to 65% reduction at the South Campus site @2land 23). As
with TSS, the South Campus site demonstrated consistesppbous removal
on all sampling dates (27-65%), which was similar to past datlected at this
site (Figure 23 and Table 27). The other sites had incomgi$t reductions, and
reduction efficiencies did not appear to be related to intetcentrations. The
Park Place sand filter had the worst performance, exportifagghorus on all
sampling dates. Brentwood was inconsistent, exportingphorus during the
October sampling event and removing a substantial amoystiagphorus (58%)
during the September sampling event.

Fecal coliforms are a common pollutant in storm water rutiwdt are not directly
linked to lake eutrophication, but are nevertheless ingmirds an indicator of po-
tential health threats. The Lake Whatcom TMDL will requidiform reduction
in addition to phosphorus reduction, and it is encouragingdte that the Park
Place sand/gravel filter provided excellent coliform regres on all sampling
dates (63—100%; Table 25, page 70).

Alabama Hill vault:  The Alabama Hill vault is an underground canister system
that can be filled with special materials designed to rem@ezific pollutants
from surface runoff (Figure A5, page 89). Due to flow and designstraints,
flow composite sampling is not feasible. Instead, we coltecttiple grab sam-
ples within 24—-48 hr storm events when flow in the system iScseiit to ensure
accurate sampling. Paired composite data and multiple dgédo collected dur-
ing the same storm event have produced very similar resMiggtifews, et al.,
2008), indicating that multiple grab sampling is a feasgalerogate for composite
sampling when composite sampling is not possible.
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In 2008 the Alabama Hill vault produced small, but consisteductions for to-
tal phosphorus (10-25%; Table 23), which is similar to th&84 TP removals
measured in 2007 (Matthews, et al., 2008). The City has glaceemphasis on

maintenance and regular cleaning at this site, which mayobé&ibuting to the
modest, but consistent phosphorus removals.

2linformation provided by the City of Bellingham Public WorRepartment.
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TSS TS TOC TN TP
Site Date (mg/L) (mg/L) (mg/L) (mg-N/L) (mg-P/L
Brentwood inlet Oct 8-10,2007 <2* 163.3 <1 1.09 0.024
Brentwood outlet ~ Oct 8-10, 2007 2.00 1189 <1 0.35 0.027
Percent reduction: 0 27 NA 68 -12
Brentwood inlet Sep 29-30,2008  8.47 194.0 14 1.22 0.086
Brentwood outlet  Sep 29-30, 2008 <2* 135.6 1.7 0.27 0.015
Percent reduction: 76 30 -21 78 58
Park Place inlet Oct 8-10, 2007 2.22 118.7 <1 0.72 0.060
Park Place outlet Oct 8-10, 2007 <2* 115.3 <1 0.63 0.082
Percent reduction : 10 3 NA 12 -37
Park Place inlet Dec 3-5, 2007 4.64 132.2 1.6 1.76 0.050
Park Place outlet Dec 3-5,2007 <2* 121.1 <1* 1.38 0.059
Percent reduction: 57 8 38 4 -18
Park Place inlet Sep 29-30,2008 2.33 154.2 <1 1.00 0.057
Park Place outlet Sep 29-30,2008 2.00 157.3 <1 0.72 0.265
Percent reduction: 14 4 NA 28 -365
S.Campus inlet Oct 16-18,2007 56.70 2774 <1 0.89 0.122
S. Campus outletE  Oct 16-18, 2007  6.98 1949 <1 0.31 0.043
S.Campus outletW  Oct 16-18,2007 15.60 1944 <1 0.31 0.042
Percent reduction: 80 30 NA 65 65
S.Campus inlet Jan 8-10, 2008 63.00 2243<1 0.78 0.083
S. Campus outletE  Jan 8-10, 2008 10.99 177.8<1 0.54 0.040
S.Campus outletw  Jan 8-10, 2008 21.88 184.4<1 0.63 0.046
Percent reduction: 74 19 NA 25 48
S.Campus inlet Jul 29-31, 2008 4.27 252.5 14.0 1.07 0.068
S. Campus outletE  Jul 29-31, 2008 2.17 287.3 5.6 0.45 0.072
S.Campus outletW  Jul 29-31, 2008 <2* 255.8 6.7 0.42 0.027
Percent reduction: 51 -8 56 59 27

*Value replaced with detection limit to calculate percesduction.

Table 21: Composite samples from the Brentwood, Park PéaxckSouth Campus
storm water treatment sites with average percent redigcti@tween inlet and
outlet for total suspended solids, total solids, total argaarbon, total nitrogen,
and total phosphorus. Negative values represent an ircreancentration at

the outlet.
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As Cd Cr Cu Fe Hg Ni Pb Zn
Site Date (mg/L) (mg/L) (mg/L) (mgl/L) (mg/L) (mg/L) (mg/L)  nfg/L) (mg/L)
Brentwood inlet Oct 8-10, 2007 <0.01 <0.0005 0.001 <0.001 0.568 <0.0001 0.007 <0.001* 0.022
Brentwood outlet Oct 8-10, 2007 <0.01 <0.0005 <«<0.001* <0.001 0.347 <0.0001 <0.005* 0.001 <0.001*
Percent reduction: NA NA 0 NA 39 NA 29 0 95
Brentwood inlet Sep 29-30, 2008 <0.01 <0.0005 <0.001* 0.002 0.163 <0.0001 <0.005 <0.001 0.006
Brentwood outlet Sep 29-30, 2008 <0.01  <0.0005 0.001 0.002 1.290 <0.0001 <0.005 <0.001 0.011
Percent reduction: NA NA 0 0 -691 NA NA NA -83
Park Place inlet Oct 8-10, 2007 <0.01 <0.0005 0.003 0.005 0.595 <0.0001 <0.005 <0.001* 0.014
Park Place outlet Oct 8-10,2007 <0.01 <0.0005 <0.001* <0.001* 0.675 <0.0001 <0.005 0.004 0.009
Percent reduction: NA NA 67 80 -13 NA NA -300 36
Park Place inlet Dec 3-5,2007 <0.01 <0.0005 <0.001 0.005 0.650 <0.0001 <0.005 <0.001 0.025
Park Place outlet Dec 3-5,2007 <0.01 <0.0005 <0.001 0.004 0.243 <0.0001 <0.005 <0.001* 0.003
Percent reduction: NA NA NA 20 63 NA NA NA 88
Park Place inlet Sep 29-30, 2008 <0.01 <0.0005 <0.001 0.005 1.230 <0.0001 <0.005 <0.001 0.014
Park Place outlet Sep 29-30, 2008<0.01  <0.0005 <0.001 0.002 2550 <0.0001 <0.005 <0.001 0.012
Percent reduction: NA NA NA 60 -107 NA NA NA 14
S.Campus inlet Oct 16-18, 2007 <0.01  <0.0005 0.001 0.004 3.710 <0.0001 <0.005 0.003 0.016
S. Campus outletE  Oct 16-18, 2007 <0.01 <0.0005 <0.001* 0.001 0.342 <0.0001  <0.005 0.001 0.002
S.Campus outletWW ~ Oct 16-18, 2007 <0.01  <0.0005 0.001 0.001 0.543 <0.0001* <0.005 0.001 0.002
Percent reduction: NA NA 0 75 88 NA NA 67 88
S.Campus inlet Jan 8-10, 2008 <0.01 <0.0005 0.005 0.008 3.480 <0.0001 <0.005 0.002 0.026
S. Campus outletE  Jan 8-10, 2008 <0.01 <0.0005 0.002 0.004 0.638 <0.0001  <0.005 <0.001 0.027
S.Campus outletWw ~ Jan 8-10, 2008 <0.01  <0.0005 0.002 0.006 1.020 <0.0001 <0.005 <0.001 0.036
Percent reduction: NA NA 60 38 76 NA NA NA -21
S.Campus inlet Jul 29-31, 2008 <0.01 <0.0005 <0.001 0.002 2.040 <0.0001 <0.005 <0.001 0.003
S. Campus outletE  Jul 29-31, 2008 <0.01 <0.0005 <0.001 <0.001 0.645 <0.0001 <0.005 <0.001 0.004
S.Campus outletW  Jul 29-31, 2008 <0.01 <0.0005 <0.001 <0.001 0.064 <0.0001 <0.005 <0.001 0.001
Percent reduction: NA NA NA NA 83 NA NA NA 17

*Value replaced with detection limit to calculate percesduction.

Table 22: Composite samples from the Brentwood, Park PéaxceSouth Campus
storm water treatment sites with average percent redigcti@tween inlet and
outlet for total metals. Negative values represent an asgen concentration at
the outlet.
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Temp DO Cond FC
Site Date (Time) {C) pH (mg/L) (@S/cm)  (cfu/100 mL)
Inlet Oct 29, 2007 (A) 10.1  7.30 10.7 76.1 NA
Outlet  Oct 29, 2007 (A) 10.0 7.20 9.8 78.6 NA
Percent reduction: 1 1 8 -3 NA
Inlet Dec 4, 2007 (A) 9.6 7.34 10.6 163.0 130
Inlet Dec 4, 2007 (B) 9.4 7.42 10.5 220.0 140
Inlet Dec 5, 2007 (C) 8.9 7.45 11.2 238.0 110
Outlet Dec 4, 2007 (A) 9.5 7.34 10.5 158.4 300
Outlet  Dec 4, 2007 (B) 9.9 7.36 9.8 217.0 50
Outlet Dec 5, 2007 (C) 8.8 7.40 10.3 236.0 44
Percent reduction: -1 0 5 2 -4
TSS TN TP
Site Date (mg/L) (mg/L) (mg-NI/L)
Inlet Oct 29, 2007 (A) 37.4 1.19 0.153
Outlet  Oct 29, 2007 (A) 18.7 1.07 0.114
Percent reduction: 50 10 25
Inlet Dec 4, 2007 (A) 47.8 2.56 0.215
Inlet Dec 4, 2007 (B) 6.1 3.22 0.144
Inlet Dec 5, 2007 (C) 4.7 2.77 0.098
Outlet  Dec 4, 2007 (A) 26.5 2.36 0.171
Outlet  Dec 4, 2007 (B) 4.1 3.27 0.141
Outlet Dec5, 2007 (C) 3.1 2.71 0.097
Percent reduction: 42 2 10

Page

Table 23: Alabama vault grab samples and average percanttieals between
inlet and outlet samples. Sample collection times wereeaipl, beginning with
A; up to five samples were collected within 48 hr if flow was suént to ensure

accurate sampling of inflow and outflow. Negative valuesdatéi an increase in
concentration at the outlet.
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Temp DO Cond FC
Site Date (Time) £ (®) pH (mg/L)  @S/cm)  (cfu/100 mL)
Inlet Oct 8, 2007 (A) 16.0 7.10 8.06 246.0 37
Inlet Oct 9, 2007 (B) 16.0 7.13 8.07 256.0 23
Inlet Oct 9, 2007 (C) 16.2 7.10 8.35 258.0 12
Inlet Oct 10, 2007 (D) 154 6.73 6.82 214.0 500
Outlet  Oct 8, 2007 (A) 10.5 7.25 6.81 187.9 22
Outlet  Oct 9, 2007 (B) 10.5 7.31 7.51 185.0 20
Outlet  Oct 9, 2007 (C) 11.3 7.32 7.80 184.9 5
Outlet  Oct 10, 2007 (D) 11.8 7.25 7.18 183.7 85
Percent reduction: 31 -4 6 24 77
Inlet Sep 29, 2008 (A) 17.2 7.23 7.78 286.0 1
Inlet Sep 29, 2008 (B) 17.7 7.22 7.68 288.0 <1*
Inlet Sep 30, 2008 (C) 171 7.30 7.74 293.0 3
Inlet Sep 30, 2008 (D) 17.8 7.28 7.79 291.0 4
Outlet  Sep 29, 2008 (A) 126 7.18 5.71 210.0 59
Outlet  Sep 29, 2008 (B) 141 7.19 5.84 213.0 35
Outlet  Sep 30, 2008 (C) 12.7 7.14 5.54 213.0 56
Outlet  Sep 30, 2008 (D) 138 7.20 5.91 213.0 34
Percent reduction: 24 1 26 27 -1944

*Value replaced with detection limit to calculate percesduction.

P&ge

Table 24: Brentwood wet pond grab samples and average peszkrctions be-
tween inlet and outlet samples. Sample collection timegwequential; negative
values indicate an increase in concentration at the outlet.
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Temp DO Cond FC
Site Date (Time) £ (®) pH (mg/L)  @S/cm)  (cfu/100 mL)
Inlet Oct 8, 2007 (A) 13.2 7.63 9.27 176.2 560
Inlet Oct 9, 2007 (B) 13.2 7.51 9.42 174.0 660
Inlet Oct 9, 2007 (C) 13.7 7.54 9.52 171.7 620
Inlet Oct 10, 2007 (D) 13.7 7.39 9.00 149.8 880
Outlet  Oct 8, 2007 (A) 12.8 6.96 4.76 164.2 8
Outlet  Oct 9, 2007 (B) 12.9 6.92 3.80 169.0 5
Outlet Oct 9, 2007 (C) 12.9 6.91 3.21 172.1 4
Outlet  Oct 10, 2007 (D) 13.0 6.83 2.72 178.6 4
Percent reduction: 4 8 61 -2 99
Inlet Dec 3, 2007 (A) 9.5 7.15 10.30 166.6 340
Inlet Dec 4, 2007 (B) 9.7 7.16 10.75 173.5 200
Inlet Dec 4, 2007 (C) 10.0 7.28 10.40 188.6 100
Inlet Dec 5, 2007 (D) 9.3 7.30 1158 199.2 70
Outlet  Dec 3, 2007 (A) 8.4 7.08 9.12 145.5 180
Outlet  Dec 4, 2007 (B) 9.5 7.05 8.37 163.4 46
Outlet  Dec 4, 2007 (C) 9.8 7.07 8.08 171.6 20
Outlet Dec 5, 2007 (D) 9.2 7.11 8.92 193.3 20
Percent reduction: 4 2 20 7 63
Inlet Sep 29,2008 (A) 156 7.51 8.03 232.0 5000
Inlet Sep 29, 2008 (B) 16.2 7.50 7.70 233.0 4400
Inlet Sep 30, 2008 (C) 157 743 7.65 239.0 16000
Inlet Sep 30, 2008 (D) 15.9 7.38 7.71 207.0 17000
Outlet  Sep 29, 2008 (A) 15.2 6.74 0.34 239.0 3
Outlet  Sep 29, 2008 (B) 153 6.78 0.27 240.0 13
Outlet  Sep 30, 2008 (C) 15.1 6.72 0.33 241.0 1
Outlet Sep 30,2008 (D) 15.2 6.73 0.24 240.0 1
Percent reduction: 4 10 96 -5 100
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Table 25: Park Place sand/gravel filter grab samples ané@egrercent reduc-
tions between inlet and outlet samples. Sample colleciioag were sequential;
negative values indicate an increase in concentratioreagukiet.
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Temp DO Cond FC

Site Date (Time) {C) pH (mg/L)  @S/em)  (cfu/100 mL)
Inlet Oct 16, 2007 (A) 13.7 7.34 8.42 230.0 710
Inlet Oct 16, 2007 (B) 139 7.37 7.53 336.0 160
Inlet Oct 17, 2007 (C) 132 741 7.67 373.0 70
Inlet Oct 17, 2007 (D) 13.8 7.46 7.25 409.0 300
Outlet-E Oct 16,2007 (A) 12.1  7.36 4.17 287.0 920
Outlet-E Oct 16, 2007 (B) 122 7.33 2.67 330.0 330
Outlet-E Oct 17, 2007 (C) 114 7.46 3.02 299.0 230
Outlet-E Oct 17,2007 (D) 11.7 7.42 1.90 313.0 100
Outlet-W  Oct 16, 2007 (A) 128 751 3.96 271.0 81
Outlet-W  Oct 16, 2007 (B) 12.8 7.44 1.32 300.0 6
Outlet-W  Oct 17, 2007 (C) 120 7.53 1.59 283.0 10
Outlet-W  Oct 17,2007 (D) 12.0 7.48 0.80 314.0 <2*

Percent reduction: 11 -1 69 11 32
Inlet Jan 8, 2008 (A) 9.3 7.23 10.40 262.0 NA
Inlet Jan 9, 2008 (B) 9.1 7.46 9.45 327.0 20
Inlet Jan 9, 2008 (C) 9.4 7.53 9.47 364.0 13
Inlet Jan 10, 2008 (D) 7.1 7.81 10.84 153.0 160
Outlet-E Jan 8, 2008 (A) 7.4 7.42 7.35 294.0 NA
Outlet-E Jan 9, 2008 (B) 7.1 7.50 6.21 301.0 40
Outlet-E Jan 9, 2008 (C) 7.3 7.52 5.48 317.0 5
Outlet-E Jan 10, 2008 (D) 6.8 7.66 9.14 193.0 240
Outlet-W  Jan 8, 2008 (A) 7.3 7.57 8.50 292.0 NA
Outlet-W  Jan 9, 2008 (B) 7.3 7.59 6.20 296.0 24
Outlet-W  Jan 9, 2008 (C) 7.4 7.67 5.76 326.0 4
Outlet-W  Jan 10, 2008 (D) 7.1 7.84 10.07 169.0 280

Percent reduction: 17 -1 27 1 -54
Inlet Jul 30, 2008 (A) 16.4 7.38 8.08 383.0 35
Inlet Jul 30, 2008 (B) 165 7.44 7.58 400.0 8
Inlet Jul 31, 2008 (C) 159 7.28 7.92 396.0 7
Inlet Jul 31, 2008 (D) 159 7.36 7.85 404.0 5
Outlet-E Jul 30, 2008 (A) 142 7.24 0.81 465.0 7
Outlet-E Jul 30, 2008 (B) 141 7.22 0.25 464.0 12
Outlet-E Jul 31, 2008 (C) 139 7.24 0.20 470.0 40
Outlet-E Jul 31, 2008 (D) 139 7.20 0.23 468.0 71
Outlet-W  Jul 30, 2008 (A) 149 7.33 2.59 414.0 69
Outlet-W  Jul 30, 2008 (B) 151  7.32 7.15 412.0 39
Outlet-W  Jul 31, 2008 (C) 147 731 1.95 416.0 61
Outlet-W  Jul 31, 2008 (D) 146 7.24 1.93 409.0 61

Percent reduction: 11 1 76 -11 -227

*Value replaced with detection limit to calculate percesduction.

Table 26: South Campus rock/plant filter grab samples ancgegercent reduc-
tions between inlet and outlet samples. Sample colleciioag were sequential;
negative values indicate an increase in concentratioreatukiet.
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Total Suspended Solids

Site Min. Max. Mean 95% ClI
Alabama (n=9) -1 69 35 18-52**
Brentwood (n=20) -174 77 -31 -66 — 5 (ns)
Park Place (n=37) -239 89 16 -3-36 (ns)
South Campus (n=21) O 94 70 60 — 80***

Total Phosphorus

Site Min. Max. Mean 95% ClI
Alabama (n=9) -46 27 -1 -15-17 (ns)
Brentwood (n=21) -400 56 -7 -51 -37 (ns)
Park Place (n=39) -350 70 -14 -36 — 7 (ns)
South Campus (n=21) 10 75 51 44 — 59***

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

Table 27: Overall TSS and TP reductions at Alabama (200482 ®rentwood
(1998-2008), Park Place (1994-2008), and South Campud{2008) storm
water treatment sites. Statistical significance was tastetd a one sample t-test
to determine whether the mean percent reduction was signifycdifferent from
zero.
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TSS Reduction
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Figure 22: Percent reduction of total suspended solidsesdrations at the Al-
abama, Brentwood, Park Place and South Campus storm wesdmgnt sites.
Negative values indicate higher concentrations at theebatdimpared to the inlet.
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Figure 23: Percent reduction of total phosphorus conceotimat the Alabama,
Brentwood, Park Place and South Campus storm water treasites. Negative
values indicate higher concentrations at the outlet coatptr the inlet.
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6.2 Related Reports

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

Figures A1-A4 (pages 85-88) show the locations of the ctmamitoring sites
and Table Al (page 84) lists the approximate GPS coordirfatethe lake and
creek sites. All site descriptions, including text desttoips and GPS coordinates,
are approximate because of variability in satellite coger&PS unit sensitivity,
boat movement, stream bank or channel alterations, streamrdites, weather
conditions, and other factors that affect sampling locatitext descriptions con-
tain references to local landmarks that may change over titoedetailed infor-
mation about exact sampling locations, contact IWS.

A.1 Lake Whatcom Monitoring Sites

Site lis located at 20 m in the north central portion of basin 1 al@sgaight 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 basirsRwest 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 justh of a line
between the old railroad bridge and Lakewood. The depthtatSshould be at
least 80 m.

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

A.2 Tributary Monitoring Sites

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

22This hydrograph is no longer maintained by IWS; contact thg & Bellingham for data.
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Anderson Creek, directly adjacent to the bridge over AmutetSreek (South Bay
Rd.), approximately 0.5 km from the mouth of the creek.

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

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

Brannian Creek samples are collected approximately 40 m downstream from
South Bay Rd. near the USGS hydrograph gauge. This site vaesiad October
2004 as part of the monthly 2004—-2006 creek monitoring ptoje

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

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

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

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

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

Olsen Creeksamples are collected just downstream from North Shore &t n
the USGS hydrograph gauge. This site was added in Octobdr&9part of the
monthly 2004—-2006 creek monitoring project.

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

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

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

Whatcom Creek samples are collected approximately 2 m downstream from the
foot bridge below the Lake Whatcom outlet spillway. Thisesitas added in
October 2004 as part of the monthly 2004—2006 creek mongagsroject.

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 Nd@tiore Dr. The vault
drains directly into Lake Whatcom.

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

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

ThePark Place sand filteris located on Park Place, south of North Shore Dr. and
east of the intersection with Britton Rd. The facility trea¢sidential runoff from
south of Barkley Blvd. and west of Britton Rd. Treated watexw® from the
facility flows directly into Lake Whatcom. This site was foenly the Park Place
wet pond, but was renamed following the 2006 retrofit.

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

Site 2 48.4436  122.2254
Site 3 48.4416  122.2009
Site 4 48.4141 122.1815
Creek Sites Latitude Longitude
Anderson 48.67335 122.267%1
Austin (lower) 48.71312 122.33076
Blue Canyon 48.68532 122.28295
Brannian 48.66910 122.27949
Carpenter 48.75432 122.35449
Euclid 48.74844 122.41006
Millwheel 48.75507 122.41635
Olsen 48.75129 122.35333
Park Place 48.76894 122.40915
Silver Beach 48.76859 122.40700
Smith 48.73191 122.30864
Whatcom 48.75715 122.42229
Storm Water Sites Latitude Longitude
Alabama Hill 48.76289 122.42060
Brentwood 48.76904 122.40945
Park Place 48.76904 122.40945

South Campus

48.72615 122.488

a7

Table Al: Approximate GPS coordinates for Lake Whatcom demggites.
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[
Site 3
(basin 3)

(]
Site 4
(basin’3)

Z

This figure was created using source files provided by Gerald Gabrisch
using data obtained from Western Washington University, Skagit County,
the Nooksack Tribe, and the City of Bellingham.

Figure Al: Lake Whatcom lake sampling sites.
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Silver Beach
Park Place

Whatgo

Euclid
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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 creek sampling sites.
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This figure was created using source files provided by Gerald Gabrisch

using data obtained from Western Washington University, Skagit County,

the Nooksack Tribe, and the City of Bellingham.

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

Alabama Hill vault.
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This figure was created using source files provided by Shawn BoeS&per j
from data obtained from Western Washington University

Figure A4: Location of the South Campus storm water treatrfzamility.
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Figure A5: Photograph of the Alabama Hill vault, May 2006.
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Figure A6: Photograph of the Brentwood wet pond, July 2004.
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Figure A7: Photograph of the original Park Place storm watatment system
prior to retrofit (March 2005).
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Figure A8: Photograph of the Park Place storm water treatisystem in May
2006, after an extensive retrofit where two of the sites wis eeere filled with
sand.
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Figure A9: Photograph of the South Campus storm water treatfacility, Jan-
uary 2005.
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B Long-Term Water Quality Figures

The current and historic Lake Whatcom water quality datgpéoted on the fol-
lowing pages. Detection limits and abbreviations for eaatameter are listed in
Table 1 (page 15).

The historic detection limits for each parameter were estidth based on recom-
mended lower detection ranges (APHA, 1998; Hydrolab, 1997, 1985), in-
strument limitations, and analyst judgment on the lowgstatable concentration
for each test. Over time, some analytical techniques hapeoved so that current
detection limits are lower than defined below (see curretgai®n limits in Table
1, page 15). Because the Lake Whatcom data set includeddéomgmonitoring
data that have been collected using a variety of analytezddrtiques, this report
sets conservative historic detection limits in order towltomparisons between
all years.

In the Lake Whatcom report, unless indicated, no data dulistis are used for
below detection values (“bdI” data). Instead, we identiiysnary 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 figuflestérends related
to improvements in analytical techniques over time, anbauction of increas-

ingly sensitive field equipment (see, for example, Figuré6-870, pages 162—
166, which show the effect of using increasingly sensitiwreductivity probes).

These changes generally result in a reduction in analyta@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



2007/2008 Lake Whatcom Final Report

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

—_ e O, ...............
: Q.
: 9
. o
: o
T T o. ...............
. O.
: O:
. O
: O:
_. ,,,,,, 0 ...............
. O.
: O:
. O
: _o:
_ ‘ .. O .. : ...............
o)
i)
-0
o)
s o ......................
T T T T
5 10 15 20
Temperature (C)
T T T T T
40 60 80 100 120
Conductivity (uS/cm)

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Page

_ e e o ................
el
- 0O
e}
el
0
e
e
e}
o]
e
- O
.0
_ e O .................
o
o
o
o
_ e O .................
I I I I I

S0
: 0
0
10
10
10
O -
10
0
10
o)

Dissolved Oxygen (mg/L)

Figure B1: Lake Whatcom Hydrolab profile for Site 1, Octobg?@07. Conduc-
tivity data are not available due to equipment malfunction.
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2007/2008 Lake Whatcom Final Report

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

N O I R R R T,
0
ke
‘0
0
N o ..............
0
‘0
o)
0
e .o ..............
T T T T
5 10 15 20
Temperature (C)
T T T T T
40 60 80 100 120
Conductivity (uS/cm)

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

P&ge

!
é.

0000000000

Dissolved Oxygen (mg/L)

Figure B3: Lake Whatcom Hydrolab profile for the Intake, &o3, 2007. Con-
ductivity data are not available due to equipment malfuncti
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Figure B7: Lake Whatcom Hydrolab profile for Site 2, Novem8gR007. Field
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Figure B8: Lake Whatcom Hydrolab profile for the Intake, NioNeer 8, 2007.
Field conductivity are not available due to equipment nradtion; laboratory con-
ductivity data were collected at the depths indicated.
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Figure B9: Lake Whatcom Hydrolab profile for Site 3, NovembgR007. Field
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Figure B10: Lake Whatcom Hydrolab profile for Site 4, Novembe2007. Field
conductivity are not available due to equipment malfuntgtiaboratory conduc-
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Figure B11: Lake Whatcom Hydrolab profile for Site 1, Decenthe2007. Field
conductivity are not available due to equipment malfuntgtiaboratory conduc-
tivity data were collected at the depths indicated.
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Figure B12: Lake Whatcom Hydrolab profile for Site 2, Decenthe2007. Field
conductivity are not available due to equipment malfuntgtiaboratory conduc-
tivity data were collected at the depths indicated.
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Figure B13: Lake Whatcom Hydrolab profile for the Intake, Braber 6, 2007.
Field conductivity are not available due to equipment nradtion; laboratory con-
ductivity data were collected at the depths indicated.
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Figure B14: Lake Whatcom Hydrolab profile for Site 3, Decenitiy 2007. Field
conductivity are not available due to equipment malfuntgtiaboratory conduc-
tivity data were collected at the depths indicated.
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Figure B15: Lake Whatcom Hydrolab profile for Site 4, Decenitdy 2007. Field
conductivity are not available due to equipment malfuntgtiaboratory conduc-
tivity data were collected at the depths indicated.
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Figure B16: Lake Whatcom Hydrolab profile for Site 1, Febyul®, 2008.
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Figure B17: Lake Whatcom Hydrolab profile for Site 2, Febyul®, 2008.
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Figure B18: Lake Whatcom Hydrolab profile for the Intake, oy 19, 2008.
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Figure B20: Lake Whatcom Hydrolab profile for Site 4, Febyuk4, 2008.
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Figure B21: Lake Whatcom Hydrolab profile for Site 1, AprilZ008.



2007/2008 Lake Whatcom Final Report

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Temperature (C)

4444444444 o..,

o: :

O: :

o X

o: :
4444444444 o.....

o :

O: :

O- .

o: :
4444444444 o,»

[o} .

o: :

O. .

o: :
4444444444 o:..

O .

0: :

O: :

0. X
P I o ....... ...............
I I I I I
40 60 80 100 120

Conductivity (uS/cm)

Depth (m)

Depth (m)

-20 -15 -10

-25

-20 -15 -10

-25

Page

] O e
)
e
. 0
]
.0
. O
- O
. O
. o
: [e]
. o
: o
— e O ...........
. o
: (@]
. o
: o
_ o ............
I I I I I

pH

e O ......

o)

9

I}

0

18)

Q

e}

0
T o ......

e}

Q

0

o
—_ e e r e o ......

o

o

o

O.
—_ e e o .....

Dissolved Oxygen (mg/L)

Figure B22: Lake Whatcom Hydrolab profile for Site 2, AprilZ008.
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Figure B24: Lake Whatcom Hydrolab profile for Site 3, April2008.
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Figure B25: Lake Whatcom Hydrolab profile for Site 4, April2008. The cause
of the near-surface pH drift is unknown, but the values wengied.
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Figure B26: Lake Whatcom Hydrolab profile for Site 1, May 8080
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Figure B27: Lake Whatcom Hydrolab profile for Site 2, May 8080
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Figure B28: Lake Whatcom Hydrolab profile for the Intake, Mgay2008.
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Figure B29: Lake Whatcom Hydrolab profile for Site 3, May 6080
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Figure B30: Lake Whatcom Hydrolab profile for Site 4, May 6080



2007/2008 Lake Whatcom Final Report Pagée

Depth (m)

Depth (m)

o I o( ............... o S S j.o ......
. O . . . ye)
: [° : : - 0
: S: : : 9
LP . 44444 O ............... LP _ o
. O . . o]
o’O oo
o e —~ O : .07
T' _ e 8 ...................... é T' _ oo.
3 s z 9
w | Qo ® @ |l S il
| 0. (S : e}
g z 3
o O o . 0
Qll [ O 44444444444444444444444 Qll _ 4444444444444444 O 44444444444444444
N T T A T T T N _ .................................
: T T T T Lo T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH
o - - [ R IS P O el N o R
(e} . . 0
[ : : 10
S : 08
LU PR Ot W Sl
o : 0
g : SRR
o Q. — o . . 0o
T' _ e co) ....................... é T' _ . . .............. oo ,,,,,,,,,,
g < z £
o | S il ® w9 |Gl oLl
I S o : o
Q . 0
0o : O
o [e) o . D0
(?I e O 4444444444444444444444 (?I . O 444444444444444
Al N e I e IO IT IR SIS
: T T T T T L B B B N B
40 60 80 100 120 0 2 4 6 8 10 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B31: Lake Whatcom Hydrolab profile for Site 1, June@&
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Figure B36: Lake Whatcom Hydrolab profile for Site 1, July 2008.
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Figure B37: Lake Whatcom Hydrolab profile for Site 2, July 2008.
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Figure B39: Lake Whatcom Hydrolab profile for Site 3, July 808.



2007/2008 Lake Whatcom Final Report Page

Depth (m)

Depth (m)

O i ,‘ , ....... O e ......... %
: : e : ®
o | i o : o - o7
N _— e e e O .......................... N — O.
I T o I P
: O © 0
o : O —~ O e
ql- _.o ............................. E ?‘ — O
: O ~ - O
.0 = : 0
o 1 0 T o : 0
© Qe a © IR0 RIS NN
I ‘o I "o
. O e}
o 0 o 10
[e] _o ................ w N R BT ST O ..............
I P I P
el el
o . o .
© i © i
- - .
! T T T T ! T T T T T
5 10 15 20 5 6 7 8 9
Temperature (C) pH

o - § ....................... o - %
o o o o
N J o ......................... N — O
| o : | : 0o :
o: : S -
o O: : —~ O : O
QI- P 8,» ................. E QI- _ e e e 8 ..........
o: : = o
o O: : % o o
Qlo [ I 8: ....... ................. D (‘I) N I g ..........
o: : o
o O: : o (o]
w _— e et o ....... ............... w L S T T T UL S O ......
' o: : ! 0
o: : o
o . . o .
S i R O e
— - -
I I I I I I I I I I I I I I I
40 60 80 100 120 0 2 4 6 8 10 14
Conductivity (uS/cm) Dissolved Oxygen (mg/L)

Figure B40: Lake Whatcom Hydrolab profile for Site 4, July 808.
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Figure B41: Lake Whatcom Hydrolab profile for Site 1, Augus2@08.
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Figure B42: Lake Whatcom Hydrolab profile for Site 2, Augus2@08.
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Figure B43: Lake Whatcom Hydrolab profile for the Intake, Asg7, 2008.
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Figure B44: Lake Whatcom Hydrolab profile for Site 3, Augus2608.
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Figure B45: Lake Whatcom Hydrolab profile for Site 4, Augus2608.
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Figure B46: Lake Whatcom Hydrolab profile for Site 1, Septemt 2008.
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Figure B47: Lake Whatcom Hydrolab profile for Site 2, Septenmt 2008.
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Figure B48: Lake Whatcom Hydrolab profile for the Intake, t8efber 4, 2008.
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Figure B49: Lake Whatcom Hydrolab profile for Site 3, Septent 2008.
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Figure B50: Lake Whatcom Hydrolab profile for Site 4, Septent 2008.
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Lake Whatcom temperature data for Site 1, February 1988 through December 2008.
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Figure B51: Lake Whatcom historic temperature data for Bite
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Figure B52: Lake Whatcom historic temperature data for &ite
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Lake Whatcom temperature data for Site 3, February 1988 through December 2008
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Figure B54: Lake Whatcom historic temperature data for Site
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Figure B55: Lake Whatcom historic temperature data for &ite
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Lake Whatcom dissolved oxygen data for Intake, February 1988 through December 2008.
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Figure B59: Lake Whatcom historic dissolved oxygen dateSite 3.
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Lake Whatcom dissolved oxygen data for Site 4, February 1988 through December 2008.
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Figure B60: Lake Whatcom historic dissolved oxygen dateSite 4.
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ugh December 2008.

Lake Whatcom pH data for Site 1, February 1988 thro

Figure B61: Lake Whatcom historic pH data for Site 1.
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Lake Whatcom pH data for Site 2, February 1988 through December 2008.
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Figure B62: Lake Whatcom historic pH data for Site 2.
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Figure B63: Lake Whatcom historic pH data for the Intake.
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Lake Whatcom pH data for Site 3, February 1988 through December 2008.
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Figure B64: Lake Whatcom historic pH data for Site 3.
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Lake Whatcom pH data for Site 4, February 1988 through December 2008.
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Figure B65: Lake Whatcom historic pH data for Site 4.
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Figure B66: Lake Whatcom historic conductivity data foreSit The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.
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Lake Whatcom conductivity data for Site 2, February 1988 through December 2008.
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Figure B67: Lake Whatcom historic conductivity data foreStt The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.
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Figure B68: Lake Whatcom historic conductivity data for thiake. The decreas-
ing conductivity trend is the result of changing to incregsy sensitive equipment
during the past two decades.
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Lake Whatcom conductivity data for Site 3, February 1988 through December 2008.
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Figure B69: Lake Whatcom historic conductivity data foreS3t The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.
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Figure B70: Lake Whatcom historic conductivity data foreSit The decreasing
conductivity trend is the result of changing to increagmsgnsitive equipment
during the past two decades.



2007/2008 Lake Whatcom Final Report

B.3 Long-term Water Quality Data (1988-present)

Paga



Lake Whatcom alkalinity data for Site 1, February 1988 through December 2008.
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Lake Whatcom alkalinity data for Site 2, February 1988 through December 2008.
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Lake Whatcom alkalinity data for Site 3, February 1988 through December 2008.
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Lake Whatcom alkalinity data for Site 4, February 1988 through December 2008.
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Lake Whatcom turbidity data for Site 1, February 1988 through December 2008.
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Lake Whatcom turbidity data for Site 2, February 1988 through December 2008.
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Lake Whatcom turbidity data for Intake, February 1988 through December 2008.
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Lake Whatcom turbidity data for Site 3, February 1988 through December 2008.
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Lake Whatcom turbidity data for Site 4, February 1988 through December 2008.
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Lake Whatcom ammonia data for Site 1, February 1988 through December 2008.
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Figure B82: Lake Whatcom ammonia data for Site 2.
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Lake Whatcom ammonia data for Site 3, February 1988 through December 2008.
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Lake Whatcom nitrate/nitrite data for Site 1, February 1988 through December 2008.
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Figure B86: Lake Whatcom nitrate/nitrite data for Site 1.
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Figure B87: Lake Whatcom nitrate/nitrite data for Site 2.
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Figure B88: Lake Whatcom nitrate/nitrite data for the Ieakte.
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Figure B89: Lake Whatcom nitrate/nitrite data for Site 3.
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Lake Whatcom nitrate/nitrite data for Site 4, February 1988 through December 2008.
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Figure B92: Lake Whatcom total nitrogen data for Site 2.
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Figure B93: Lake Whatcom total nitrogen data for the Intake s
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Lake Whatcom total nitrogen data for Site 3, February 1988 through December 2008.
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Lake Whatcom soluble reactive phosphate data for Site 1, February 1988 through December 2008.
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Lake Whatcom soluble reactive phosphate data for Site 2, February 1988 through December 2008.
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Lake Whatcom soluble reactive phosphate data for Intake, February 1988 through December 2008.
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Lake Whatcom soluble reactive phosphate data for Site 3, February 1988 through December 2008.

Depth O

Depth 5

Depth 10
- Depth 20
Depth 40
Depth 60
Depth 80

>4

X+ b

Féod

11/91 05/97 11/02 05/08

uoday [eui4 woareym axe1 8002/.002

o6ed



"t 91IS 10} erep areydsoyd a|gnjos woareypA axe :00Tg 2inbi4

Soluble Reactive Phosphate (ug/L)

50

40

30

20

10

Lake Whatcom soluble reactive phosphate data for Site 4, February 1988 through December 2008.
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Lake Whatcom total phosphorus data for Site 1, February 1988 through December 2008.
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Lake Whatcom total phosphorus data for Intake, February 1988 through December 2008.
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Lake Whatcom total phosphorus data for Site 3, February 1988 through December 2008.
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Figure B106: Lake Whatcom chlorophyll data for Site 1.

05/08

11/02

05/97

11/91

Pags



2007/2008 Lake Whatcom Final Report

owo :
owaHN :
L ccccoc N
SES5S :
00000 .
QDO DD :
[aYaYaYaYa) :
L :
+A_+vw+ :
| . :
o :
o .
o :
« :
— :
& :
Q
1] :
o) :
3] :
o :
&)
<
(@)] .
=) :
o :
2 :
=
=
© :
@ :
o
— :
> .
c :
© :
S :
2 :
5
() :
LL :
o :
Q :
=
0 :
s :
(@] .
2
© :
L :
a .
°
© :
>
=
S :
o :
2 :
o
=
3] :
IS
0 .
3] :
8
© :
M
) :
2
© :
- :
£
|
c
il
k3l
2
]
ja]
T T T T T
(014 ST (013 S 0

(ew/Buw) e 1Aydoiolyd

Figure B107: Lake Whatcom chlorophyll data for Site 2.
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Figure B109: Lake Whatcom chlorophyll data for Site 3.
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Lake Whatcom chlorophyll a data for Site 4, February 1988 through December 2008.
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Lake Whatcom Secchi data for Site 1, February 1988 through December 2008.
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Lake Whatcom Secchi depths for Site 1.
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Lake Whatcom Secchi data for Site 2, February 1988 through December 2008.
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Lake Whatcom Secchi data for Intake, February 1988 through December 2008.
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Figure B113: Lake Whatcom Secchi depths for the Intake site.



2007/2008 Lake Whatcom Final Report

Lake Whatcom Secchi data for Site 3, February 1988 through December 2008.
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Figure B114: Lake Whatcom Secchi depths for Site 3.
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Lake Whatcom Secchi data for Site 4, February 1988 through December 2008.
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Figure B115: Lake Whatcom Secchi depths for Site 4.
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Lake Whatcom fecal coliform data for Site 1, February 1988 through December 2008.
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Lake Whatcom fecal coliform data for Site 2, February 1988 through December 2008.
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Lake Whatcom fecal coliform data for Intake, February 1988 through December 2008.

Fecal Coliforms (cfu/100 mL)
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Lake Whatcom fecal coliform data for Site 3, February 1988 through December 2008.

15 20 25 30

Fecal Coliforms (cfu/100 mL)

10

[e]
[e]

o o

/\ O o o
\
Qoo O O OOGCDJD o O O o0 ooo O /\O /O o
.

\ " ARANALD 7\ I\ \

moomooooa)amoo GO GOoeD  @OMNaN3D  AG10GNAID OOCDAID O O ANGIO O O @GN0 OOG3NMO GO [eer i)

"€ 9IS 10} Blep WI0yI|0d [ed3} WOod)eYA 9. :6TTg 24nbiq

08/94 05/97 02/00 11/02 08/05 05/08

uoday [eui4 woareym axe1 8002/.002

gted



"7 9)IS 10} BYep WI0yI|0D [e23} WOodJeYA aeT 02T 24nbiq

Fecal Coliforms (cfu/100 mL)

30

25

20

15

10

Lake Whatcom fecal coliform data for Site 4, February 1988 through December 2008.
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Figure B121: Lake Whatcom plankton data for Site 1.
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Figure B123: Lake Whatcom plankton data for the Intake Site.
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Figure B124: Lake Whatcom plankton data for Site 3.
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Figure B125: Lake Whatcom plankton data for Site 4.
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Figure B126: Lake Whatcom plankton data for Site 1, with Gbophyta omitted
to show remaining plankton groups.
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Figure B127: Lake Whatcom plankton data for Site 2, with Gbophyta omitted
to show remaining plankton groups.
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Figure B128: Lake Whatcom plankton data for the Intake Siith Chrysophyta
omitted to show remaining plankton groups.
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Figure B129: Lake Whatcom plankton data for Site 3, with Gbophyta omitted
to show remaining plankton groups.
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Figure B130: Lake Whatcom plankton data for Site 4, with Gbophyta omitted
to show remaining plankton groups.
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B.4 Lake Whatcom Tributary Data (2004-present)

The figures in this appendix include the monthly baseline datlected from
October 2004 through September 2006 and the biannual dééted during
the current monitoring period. Each figure includes a dagb&g) horizontal
line that shows the median value for Smith Creek and a sodid) (horizontal
line that shows the median value for each creek. Smith Creekalosen as a
reference because it is a major tributary to the lake and Hastary of being
relatively unpolluted. Extreme outliers from 2004—-200&éd&een omitted to
provide more informative plotting scales; all original @aincluding outliers, are
available online at http://www.ac.wwu.eduivs.
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Figure B131. Temperature data for Anderson, Austin, Srmtig Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.



2007/2008 Lake Whatcom Final Report P2&©

w _| w ]
N Blue Canyon Creek N Brannian Creek
& & 1
g n g n
% " o.. 0. ° % - .. Cd ° °
o} ° o © had ° @ e ° °
E oL % e g g0 _ e % _e _ _______
e ’. o0 ® e °o o
o ° ° ° o ©° ° °
w - ®e ° w — ° LY °
° °
o — o -
T I I T I I
08/05 12/06 05/08 08/05 12/06 05/08
& Carpenter Creek & Olsen Creek
& &
~ ° ~
2 . ° g °, o°
SIS R . I L R
g Fe===g ==========< g . .
% .’ ° ° °° °
w - e R ° ° o . @ 0o o
°
© - ° o — o
T I I T I I
08/05 12/06 05/08 08/05 12/06 05/08

Figure B132: Temperature data for Blue Canyon, Branniamp&der, and Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B133: Temperature data for Euclid, Millwheel, Patlade, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006
results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B134: Dissolved oxygen data for Anderson, AustinjtBnand Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B135: Dissolved oxygen data for Blue Canyon, Bramnizarpenter, and
Olsen Creeks. Current bi-annual data are plotted with thethiyp 2004—2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B136: Dissolved oxygen data for Euclid, MillwheedylPPlace, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B137: Tributary pH data for Anderson, Austin, Smidmd Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B138: Tributary pH data for Blue Canyon, Brannianig@ater, and Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B139: Tributary pH data for Euclid, Millwheel, ParkaPe, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006
results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B140: Conductivity data for Anderson, Austin, Smi#nd Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B141: Conductivity data for Blue Canyon, Branniaargenter, and Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B142: Conductivity data for Euclid, Millwheel, Paiace, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B143: Alkalinity data for Anderson, Austin, SmitmdaWhatcom Creeks.
Current bi-annual data are plotted with the monthly 2009&2@sults. Dashed
(blue) horizontal reference line shows the median valueSioith Creek; solid
(red) horizontal reference line shows the median valuedohe&reek.
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Figure B144: Alkalinity data for Blue Canyon, Brannian, @anter, and Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B145: Alkalinity data for Euclid, Millwheel, Park &te, and Silver Beach
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;

solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B146: Total suspended solids data for Anderson,iAuSimith, and What-
com Creeks. Current bi-annual data are plotted with the hip2004—2006 re-
sults. Dashed (blue) horizontal reference line shows théianevalue for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B147: Total suspended solids data for Blue Canyoanidan, Carpenter,
and Olsen Creeks. Current bi-annual data are plotted wathitnthly 2004—-2006
results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B148: Total suspended solids data for Euclid, Mikeh Park Place, and
Silver Beach Creeks. Current bi-annual data are plotted thg# monthly 2004—
2006 results. Dashed (blue) horizontal reference line stitber median value for
Smith Creek; solid (red) horizontal reference line shovesttedian value for each
creek.
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Figure B149: Total solids data for Anderson, Austin, Smidmd Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B150: Total solids data for Blue Canyon, Branniarrp€ater, and Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B151: Total solids data for Euclid, Millwheel, Palla&e, and Silver Beach
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;

solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B152: Turbidity data for Anderson, Austin, SmithdaWhatcom Creeks.
Current bi-annual data are plotted with the monthly 2009&2@sults. Dashed
(blue) horizontal reference line shows the median valueSioith Creek; solid
(red) horizontal reference line shows the median valuedohe&reek.
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Figure B153: Turbidity data for Blue Canyon, Brannian, Ganier, and Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B154: Turbidity data for Euclid, Millwheel, Park et and Silver Beach
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B155: Ammonia data for Anderson, Austin, Smith, andaf¢om Creeks.
Current bi-annual data are plotted with the monthly 2009&2@sults. Dashed
(blue) horizontal reference line shows the median valueSioith Creek; solid
(red) horizontal reference line shows the median valuedohe&reek.
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Figure B156: Ammonia data for Blue Canyon, Brannian, Cagrerand Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B157: Ammonia data for Euclid, Millwheel, Park Plaaad Silver Beach
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B158: Nitrate/nitrite data for Anderson, Austin, i8Bmand Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B159: Nitrate/nitrite data for Blue Canyon, Branimi@arpenter, and Olsen
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B160: Nitrate/nitrite data for Euclid, Millwheelak Place, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B161: Total nitrogen data for Anderson, Austin, 3mand Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B162: Total nitrogen data for Blue Canyon, Branni@aypenter, and
Olsen Creeks. Current bi-annual data are plotted with thethiyp 2004—2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B163: Total nitrogen data for Euclid, Millwheel, R&lace, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B164: Soluble phosphate data for Anderson, Austm{l§ and Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B165: Soluble phosphate data for Blue Canyon, BeamrCarpenter, and
Olsen Creeks. Current bi-annual data are plotted with thethiyp 2004—2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B166: Soluble phosphate data for Euclid, Millwh&ealk Place, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B167: Total phosphorus data for Anderson, Austinitisrand Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B168: Total phosphorus data for Blue Canyon, Brann@arpenter, and
Olsen Creeks. Current bi-annual data are plotted with thethiyp 2004—2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B169: Total phosphorus data for Euclid, MillwheedrPPlace, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B170: Fecal coliform data for Anderson, Austin, $mind Whatcom
Creeks. Current bi-annual data are plotted with the mor2l§4—2006 results.
Dashed (blue) horizontal reference line shows the mediarevar Smith Creek;
solid (red) horizontal reference line shows the medianesédu each creek.
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Figure B171: Fecal coliform data for Blue Canyon, Branni@arpenter, and
Olsen Creeks. Current bi-annual data are plotted with thethiyp 2004—2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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Figure B172: Fecal coliform data for Euclid, Millwheel, RdPlace, and Silver
Beach Creeks. Current bi-annual data are plotted with thetinhno 2004—-2006

results. Dashed (blue) horizontal reference line showsi@ian value for Smith
Creek; solid (red) horizontal reference line shows the aredalue for each creek.
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C Quality Control

C.1 Performance Evaluation Reports

In order to maintain a high degree of accuracy and confidendeiwater quality
data all personnel associated with this project were tchaseording to standard
operating procedures for the methods listed in Table 1 (d&ge Single-blind
quality control tests were conducted as part of the IWS latooy certification
process (Tables C1-C2). All results from the single-bliests were within ac-
ceptance limits except pH (WP-130) and turbidity (WP-18®th analyses were
repeated and the results were within acceptance limits.
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Reported True  Acceptance Test

Valueg'  Value¢' Limits Result
Specific conductivity £S/cm at 25C) 349 355 317-394 accept
Total alkalinity (mg/L as CaCg) 103 105 93.3-116 accept
Ammonia nitrogen, manual (mg-N/L) 18.8 18.7 14.0-23.1 ptce
Ammonia nitrogen, autoanalysis (mg-N/L) 20.0 18.7 14.0423 accept
Nitrate nitrogen, autoanalysis (mg-N/L) 21.9 22.2 18.1825 accept
Nitrite nitrogen, autoanalysis (mg-N/L) 2.29 2.30 1.9466. accept
Orthophosphate, manual (mg-P/L) 5.28 5.28 4.37-6.23  &gcep
Orthophosphate, autoanalysis (mg-P/L) 5.14 5.28 4.3B-6.2accept
Total phosphorus, manual (mg-P/L) 7.82 7.92 6.54-9.36 gce
Total phosphorus, autoanalysis (mg-P/L) 8.60 7.92 6.586-9. accept
pH 8.23 8.60 8.40-8.80  repeat
(WP-133, pH only) 9.93 9.90 9.70-10.1  accept
Solids, non-filterable (mg/L) 39.8 39.9 29.9-46.5 accept
Solids, total (mg/L) 301 275 236-311 accept
Turbidity (NTU) 7.14 6.72 5.61-7.71  accept

Table C1: Single-blind quality control results, WP-130/16{2007).
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Reported True  Acceptance Test

Valueg'  Value¢' Limits Result
Specific conductivity £S/cm at 25C) 412 411 368-455 accept
Total alkalinity (mg/L as CaCg) 79.4 80.2 70.7-88.6  accept
Ammonia nitrogen, manual (mg-N/L) 1.09 1.06 0.659-1.59 eptc
Ammonia nitrogen, autoanalysis (mg-N/L) 1.31 1.06 0.65991 accept
Nitrate nitrogen, autoanalysis (mg-N/L) 2.25 2.21 1.7892. accept
Nitrite nitrogen, autoanalysis (mg-N/L) 2.34 2.39 2.0/&. accept
Orthophosphate, manual (mg-P/L) 3.68 3.71 3.05-4.40  &ccep
Orthophosphate, autoanalysis (mg-P/L) 3.65 3.71 3.09-4.4accept
Total phosphorus, manual (mg-P/L) 2.25 2.42 1.95-2.94 mace
Total phosphorus, autoanalysis (mg-P/L) 2.22 2.42 1.95-2. accept
pH 6.90 6.90 6.70-7.10  repeat
Solids, non-filterable (mg/L) 51.8 56.2 44.2-63.8  acgept
Solids, total (mg/L) 320 312 271-349 accept
Turbidity (NTU) 15.9 140 11.9-15.7 repegat
(WP-138, turbidity only) 11.9 12.0 10.2-13.5  accept

Table C2: Single-blind quality control results, WP-136L&2008).
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C.2 Laboratory Duplicates, Spikes, and Check Standards

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

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

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

The quality control results for laboratory duplicates, mxaspikes, and check
standards are plotted in control charge. Upper and lowezmance limits £
2 std. dev. from mean pair difference) and upper and lowenivgrlimits (-
3 std. dev. from mean pair difference) were developed usatg ftom Septem-
ber 2005 through September 2007 (upper examples in Figute€Z3, pages
275-297), and used to evaluate data from October 2007 thi®agtember 2008
(lower examples in Figures C1-C23).

23external check standards are not available for all analytes
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Figure C1: Alkalinity laboratory duplicates for the Lake Atbom monitoring

program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C2: Alkalinity check standards for the Lake Whatcomnitoring pro-
gram. Upper/lower acceptance limitéZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldza.
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Figure C3: Chlorophyll laboratory duplicates for the Lakdé&ttom monitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C4: Conductivity laboratory duplicates for the Lakbatcom monitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C5: Dissolved oxygen laboratory duplicates for th&d \WWhatcom moni-

toring program. Upper/lower acceptance limit2(std. dev. from mean pair dif-

ference) and upper/lower warning limits§ std. dev. from mean pair difference)
were calculated based on the preceeding two years of lalcdtgtata.
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Figure C6: Ammonia laboratory duplicates for the Lake Whatamonitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C7: Ammonia matrix spikes for the Lake Whatcom mainiigp program.
Upper/lower acceptance limits-@ std. dev. from mean pair difference) and up-
per/lower warning limits£3 std. dev. from mean pair difference) were calculated
based on the preceeding two years of lab duplicate dataoédtinthe training
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Ammonia Check Standards, Test Data

Figure C8: Ammonia check standards for the Lake Whatcom toong pro-
gram. Upper/lower acceptance limitéZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldza.
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Figure C9: Nitrate/nitrite laboratory duplicates for thalke Whatcom monitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C10: Nitrate/nitrite matrix spikes for the Lake W@ monitoring pro-
gram. Upper/lower acceptance limitéZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldza.
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Figure C11: Nitrate/nitrite check standards for the Lakeaf¢bm monitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C12: Total nitrogen laboratory duplicates for thé&é &/hatcom monitor-
ing program. Upper/lower acceptance limits2(std. dev. from mean pair dif-
ference) and upper/lower warning limits§ std. dev. from mean pair difference)
were calculated based on the preceeding two years of lalcdtgtata.
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Figure C13: Total nitrogen matrix spikes for the Lake Whataoonitoring pro-
gram. Upper/lower acceptance limitéZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldza.
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Figure C14: Total nitrogen check standards for the Lake \ddratmonitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C15: Laboratory pH duplicates for the Lake Whatcommmaoing pro-
gram. Upper/lower acceptance limitéZ std. dev. from mean pair difference)
and upper/lower warning limits{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldza.
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Figure C16: Soluble reactive phosphate laboratory duiggcéor the Lake What-
com monitoring program. Upper/lower acceptance limi8 §td. dev. from mean
pair difference) and upper/lower warning limits{ std. dev. from mean pair dif-
ference) were calculated based on the preceeding two yElats duplicate data.
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Figure C17: Soluble reactive phosphate matrix spikes ®tt#ke Whatcom mon-

itoring program. Upper/lower acceptance limis2(std. dev. from mean pair dif-

ference) and upper/lower warning limits§ std. dev. from mean pair difference)
were calculated based on the preceeding two years of lalcdtgtata.
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Figure C18: Soluble reactive phosphate check standardbddrake 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 dlifdicate data.
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Figure C19: Total phosphorus laboratory duplicates folL e Whatcom moni-
toring program. Upper/lower acceptance limit2(std. dev. from mean pair dif-
ference) and upper/lower warning limits§ std. dev. from mean pair difference)
were calculated based on the preceeding two years of lalcdtgtata.
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Figure C20: Total phosphorus matrix spikes for the Lake \&nat monitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C21: Total phosphorus check standards for the Lakat®dm monitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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Figure C22: Total suspended solids laboratory duplicaieshie 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 dlifdicate data.
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Figure C23: Turbidity laboratory duplicates for the Lake &ftom monitoring
program. Upper/lower acceptance limits) std. dev. from mean pair difference)
and upper/lower warning limits#{3 std. dev. from mean pair difference) were
calculated based on the preceeding two years of lab dupldzt.
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C.3 Field Duplicate Results

Separate field duplicates were collected and analyzed fanemum of 10% of
all of the water quality parameters except the Hydrolab ¢Rigures C24—-C33,
pages 299-308). To check the Hydrolab measurements, dtgpBamples were
analyzed for at least 10% of the Hydrolab measurements wsatgr samples
collected from the same depth as the Hydrolab measurembatalisolute mean
differencé was calculated using the following equation:

>~ |Original Sample — Duplicate Sample|

*Absolute mean difference =
n
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Figure C24: Alkalinity field duplicates for the 2007/2008KeaWhatcom Moni-
toring Project. Diagonal reference line shows a 1:1 retestndp.
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Figure C25: Chlorophyll field duplicates for the 2007/20G&e Whatcom Mon-
itoring Project. Diagonal reference line shows a 1:1 reteghip.
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Figure C26: Conductivity field duplicates for the 2007/20@8e Whatcom Mon-
itoring Project. Diagonal reference line shows a 1:1 reteghip.
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Figure C27: Dissolved oxygen field duplicates for the 20008Lake Whatcom
Monitoring Project. Diagonal reference line shows a 1:atrehship. Most out-
liers were collected just prior to destratification at depivere extreme oxygen
gradients were present. These differences illustrate @n@tion between sam-
ples collected at true depth (Hydrolab) and depth measwsid) @ marked line
(Winkler), which is slightly shallower than true depth.
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Figure C28: Ammonia field duplicates for the 2007/2008 Lakieat¢om Moni-
toring Project. Diagonal reference line shows a 1:1 retestap; horizontal refer-
ence line shows the current detection limits. The high degfescatter is due to
the low concentrations of the samples.
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Figure C29: Nitrate/nitrite field duplicates for the 200008 Lake Whatcom
Monitoring Project. Diagonal reference line shows a 1:atiehship; horizon-
tal reference line shows the current detection limits.
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Figure C30: Total nitrogen field duplicates for the 2007R2Q&ke Whatcom
Monitoring Project. Diagonal reference line shows a 1:atrehship. All total
nitrogen samples were above the detection limit.
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Figure C31: Field duplicates for pH from the 2007/2008 Lakkaf¢om Moni-
toring Project. Diagonal reference line shows a 1:1 retetindp. The results show
a slight systematic bias due to changes in dissolved &1d associated inorganic
carbon ions between field and laboratory samples. One puidis collected dur-
ing late summer when extreme pH gradients were presentetitand outlier was
collected at the surface in April and represents samplira.er
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Figure C32: Total phosphorus field duplicates for the 2000&Lake Whatcom
Monitoring Project. Diagonal reference line shows a 1:atrehship; horizontal

reference line shows the current detection limits. The digdiree of scatter is due

to the low concentrations of the samples.
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D Lake Whatcom Online Data

The following readme file describes the electronic data posted at the IWS web
site. Please contact the Director of the Institute for W&ted Studies if you have
guestions or trouble accessing the online data.

kkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkhhkhhkkhkkkkhkkkhkkkkkkhkkx Kkkkkkkkkkk

* README FILE - LAKE WHATCOM ONLINE DATA
* THIS FILE WAS UPDATED MARCH 19, 2009

kkkkhkkhhkkhhhkhhhkkkkkkkhkkkhkhkhkhhhhhhhrrkrkkkhkhhhhhrix *kkkkhkkkkk

The historic Lake Whatcom data are available in electronic
format at the IWS website (http://www.ac.wwu.edu/"iws),
with the exception of the coliform data, which are available
from the City of Bellingham Public Works Department.

The historic and current detection limits and abbreviation s for
each parameter are listed in the annual reports. The histori c
detection limits for each parameter were estimated based on

recommended lower detection ranges, instrument limitatio ns, and
analyst judgment on the lowest repeatable concentration fo r each
test. Over time, some analytical techniques have improved s 0
that current detection limits are usually lower than histor ic
detection limits. Because the Lake Whatcom data set include S
long-term monitoring data, which have been collected using a
variety of analytical techniques, this report sets conserv ative
historic detection limits to allow comparisons between yea rs.

All files are comma-separated ascii data files. The code "NA "
has been entered into all empty cells in the ascii data files t o]
fill in unsampled dates and depths, missing data, etc. Quest ions
about missing data should be directed to the IWS Director.

Unless otherwise indicated, the electronic data files have NOT
been censored to flag or otherwise identify below detection and
above detection values. As a result, the ascii files may cont ain
negative values due to linear extrapolation of the standard S
regression curve for below detection data. It is essential t hat
any statistical or analytical results that are generated us ing

these data be reviewed by someone familiar with statistical
uncertainty associated with uncensored data.
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* LAKE DATA FILES:

Hydrolab data Water quality Plankton

1988 _hl.csv 1988_wq.csv plankton.csv

1989 hl.csv 1989 wq.csv

1990 hl.csv 1990 wq.csv

1991 hl.csv 1991 wq.csv Metals/TOC

1992 hl.csv 1992 wq.csv lakemetalstoc.csv

1993 _hl.csv 1993_wq.csv

1994 hl.csv 1994 wq.csv

1995 hl.csv 1995 wq.csv

1996 hl.csv 1996 wq.csv

1997 hl.csv 1997 wq.csv

1998 _hl.csv 1998_wq.csv

1999 hl.csv 1999 wq.csv

2000_hl.csv 2000_waq.csv

2001_hl.csv 2001_waq.csv

2002_hl.csv 2002_wq.csv

2003_hl.csv 2003_waq.csv

2004 _hl.csv 2004_wq.csv

2005_hl.csv 2005_waq.csv

2006_hl.csv 2006_wq.csv

2007_hl.csv 2007_waq.csv

2008 hl.csv 2008_wq.csv

The hydrolab data files contain the following variables:

site, depth (sample collection depth, m), month, day,

year, temp (water temperature, C), pH, cond (specific

conductivity, uS/cm), do (dissolved oxygen, mg/L), lcond

(lab conductivity quality control data, uS/cm), secchi

(secchi depth, m).

The water quality data files contain the following variable S:
site, depth (sample collection depth, m), month, day, year, alk
(alkalinity, mg/L as CaCO3), turb (turbidity. NTU), nh3 (am monium,
ug-N/L), tn (total persulfate nitrogen, ug-N/L), nos (nitr ate/
nitrite, ug-N/L), srp (soluble reactive phosphate, ug-P/L ), tp
(total persulfate phosphorus, ug-P/L), chl (chlorophyll, mg/m3).
The plankton data file contains the following variables: si te,
depth (sample collection depth, m), month, day, year, zoop

(zooplankton, #/L), chry (chrysophyta, #/L), cyan (cyanob acteria,

#/L), chlo (chlorophyta, #/L), pyrr (pyrrophyta, #/L).
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The lake metals and toc data file contains the following vari ables:
site, depth (sample collection depth, m), month, day, year, TOC
(total organic carbon, mg/L), Al (aluminum, mg/L), Sb (anti mony,
mg/L), As (arsenic, mg/L), B (boron, mg/L), Ba (barium, mg/L ), Be
(beryllium, mg/L), Ca (calcium, mg/L), Cd (cadmium, mg/L), Co
(cobalt, mg/L), Cr (chromium, mg/L), Cu (copper, mg/L), Fe ( iron,
mg/L), Hg (mercury, mg/L), K (potassium, mg/L), Li (lithium , mg/L),
Mg (magnesium, mg/L), Mn (manganese, mg/L), Mo (molybdenum , mg/L),
Na (sodium, mg/L), Ni (nickel, mg/L), P (phosphorus, mg/L), Pb
(lead, mg/L), S (sulfur, mg/L), Se (selenium, mg/L), Si (sil icon,
mg/L), Ag (silver, mg/L), Sn (tin, mg/L), Sr (strontium, mg/ L),

Ti (titanium, mg/L), TI (thallium, mg/L), V (vanadium, mg/L ), Y
(yttrium, mg/L), Zn (zinc, mg/L)

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhhhhhhkhkkkkkhhhhhhhirx *kkkkkkkkk

* HYDROGRAPH DATA FILES:

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhhhhhhkhkkkkkrhhhhhhix *kkkkkkkkk
WY1998.csv

WY1999.csv

WY2000.csv

WY2001.csv

WY2002.csv

WY?2003.csv

WY2004 rev.csv (revised Anderson Creek data)

WY2005.csv

WY2006.csv

WY2007.csv

WY?2008.csv

The WY1998-WY2001 hydrograph data files contain the follow ing
variables: month, day, year, hour, min, sec, ander.g (ander son
gage height, ft), ander.cfs (anderson discharge, cfs), aus tin.g
(austin gage height, ft), austin.cfs (austin discharge, cf s),
smith.g (smith gage height, ft), smith.cfs (smith discharg e, cfs)
Beginning with WY2002, the variable "time" replaced "hour, min,

sec,” with time reported daily on a 24-hr basis.

All data are reported in as Pacific Standard Time without
Daylight Saving Time adjustment.
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kkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkhkkhhkkhkkkkhkkkhkkkkkkkkx

* STORM WATER DATA FILES:
*kkkkkkkkkhkkkkkhkkhkkhkkkkhhkhkhkhhkkhhkhkhhhhhhhhkkhhkhhhhiix
comps.csv

grab.csv

Most of the variables in comps.csv and grab.csv are measured
infrequently, resulting in many NA entries in the data. Prin
versions of the raw data that are included in the annual
reports are edited to remove variables that were not

measured during that sampling period. The electronic files
retain all variable columns.

Many of the values are below detection. Data obtained from
AmTest has been censored and include "<" to indicate values
below the detection limit.

The storm water treatment composite data file (comps.csv) i
a comma-separated file and contains the following variable
site, source (inlet/outlet or sample collection descripti
startmonth, endmonth, startday, endday, year, TSS, (total
suspended solids, mg/L), TS (total solids, mg/L), TOC (tota
organic carbon, mg-C/L), TN (total nitrogen, mg-N/L), TP (t
phosphorus, mg-P/L), Al (aluminum, mg/L), Sb (antimony, mg
As (arsenic, mg/L), B (boron, mg/L), Ba (barium, mg/L), Be
(beryllium, mg/L), Ca (calcium, mg/L), Cd (cadmium, mg/L),
(cobalt, mg/L), Cr (chromium, mg/L), Cu (copper, mg/L), Fe (
mg/L), Hg (mercury, mg/L), K (potassium, mg/L), Li (lithium
Mg (magnesium, mg/L), Mn (manganese, mg/L), Mo (molybdenum
Na (sodium, mg/L), Ni (nickel, mg/L), P (phosphorus, mg/L),
(lead, mg/L), S (sulfur, mg/L), Se (selenium, mg/L), Si (sil
mg/L), Ag (silver, mg/L), Sn (tin, mg/L), Sr (strontium, mg/
Ti (titanium, mg/L), Tl (thallium, mg/L), V (vanadium, mg/L
(yttrium, mg/L), Zn (zinc, mg/L)

The storm water treatment grab data file (grab.csv) is a comm
separated file and contains the following variables: site,
(inlet/outlet or sample collection description), sample (

order of collection), month, day, year, time (24-hr basis),
(relative time: am or pm), temp (water temperature, C), pH, d
(dissolved oxygen, mg/L), cond (specific conductivity, uS

(total coliforms, cfu/100 mL), fc (fecal coliforms, cfu/10
(enterococcus, cfu/100 mL), ecoli( E.coli, cfu/200 mL), TS
suspended solids, mg/L), TS (total solids, mg/L), TOC (tota
carbon, mg-C/L), TN (total nitrogen, mg-N/L), TP (total pho
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mg-P/L), NO3 (nitrite+nitrate, mg-N/L), SRP (soluble reac
phosphate, mg-P/L), NH3 (ammonium, mg-N/L), Al (aluminum,
(antimony, mg/L), As (arsenic, mg/L), B (boron, mg/L), Ba (b
mg/L), Be (beryllium, mg/L), Ca (calcium, mg/L), Cd (cadmiu
Co (cobalt, mg/L), Cr (chromium, mg/L), Cu (copper, mg/L), F
mg/L), Hg (mercury, mg/L), K (potassium, mg/L), Li (lithium

Mg (magnesium, mg/L), Mn (manganese, mg/L), Mo (molybdenum

Na (sodium, mg/L), Ni (nickel, mg/L), P (phosphorus, mg/L),
mg/L), S (sulfur, mg/L), Se (selenium, mg/L), Si (silicon, m
Ag (silver, mg/L), Sn (tin, mg/L), Sr (strontium, mg/L), Ti (
mg/L), Tl (thallium, mg/L), V (vanadium, mg/L), Y (yttrium,

Zn (zinc, mg/L), gasoline (mg/L), diesel (mg/L), and oil (mg

kkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkhkkkkhkkhkhkhkhkkkhkkkkkkhkk

* TRIBUTARY DATA FILES:
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhhhhhhkhkkkkkhhhhhhhix
creeks.csv (2004-2008)

creekwalk.csv (Nov 20, 2004)

48h.csv (2004-2006)

nonstd_discharge.csv (2004-2007)

The monthly tributary data file (creeks.csv) is a comma-sep
file and contains the following variables: code (IWS site co
site (descriptive site name), month, day, year, time (24-hr
temp (water temperature, C), ph, do (dissolved oxygen, mg/L
(specific conductivity, uS/cm), turb (turbidity, NTU), al
(alkalinity, mg/L as CaCO3), tp (total phosphorus, ug-P/L)
(total nitrogen, ug-N/L), nos (nitrite+nitrate, ug-N/L),

reactive phosphate, ug-P/L), nh3 (ammonium, ug-N/L), tss (
suspended solids, mg/L), ts (total solids, mg/L), ecoli (E.
cfu/100 mL), fc (fecal coliforms, cfu/100 mL)

The Austin Creek and Beaver Creek intensive sampling data fi
(creekwalk.csv) is a comma-separated file and contains the
variables: creek (Austin or Beaver), site, ID (field code - s
report discussion), instream (y=instream sample from Aust
Beaver Creeks), month, day, year, time, (original time in hr
time2 (corrected time interval in hr+[min/60]), temp (wate
C), adj.temp (adjusted temperature - see report discussion
(YSI dissolved oxygen, mg/L), do.win (Winkler dissolved ox
turb (turbidity, NTU), fc (fecal coliforms, cfu/100 mL), ec
(E.coli, cfu/100 mL), tss (total suspended solids, mg/L), t
nitrogen, ug-N/L), tp (total phosphorus, ug-P/L).
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The 48-hr creek data file (48f.csv) is a comma-separated fil e and
contains the following variables: code (IWS site code), dat e
(month/day/year), time (24-hr basis), temp (water tempera ture, C),
pH, do (dissolved oxygen, mg/L), cond (specific conductivi ty, uS/cm),
turb (turbidity, NTU), alk (alkalinity, mg/L as CaCO3), tp ( total
phosphorus, ug-P/L), tn (total nitrogen, ug-N/L), nos (nit rate+nitrite,
ug-N/L), srp (soluble reactive phosphate, ug-{/L), nh3 (am monium,
ug-N/L), tss (total suspended solids, mg/L), ts (total soli ds, mg/L),
fc (fecal coliforms, cfu/100 mL). => THIS FILE WAS UPDATED IN THE
2005/2006 REPORT TO CORRECT A DATA ENTRY ERROR IN THE 2004080 REPORT.
The ungauged discharge data file (nonstd_discharge.csv) i s comma-
separated and contains the following variables: code (IWS s ite code),
site (descriptive site name), month, day, year, time (24-hr basis),
discharge (cfs). Beginning in 2007, ungauged discharge is o nly

measured at Blue Canyon.

kkkkkhkkkhkhhkhkhhhkkkkkkkkkkkhkhkhhhhhhrrrkkhkkhkhkhhhhrix *kkkkhkkkkk

* SITE CODES (ALL DATA FILES - INCLUDES DISCONTINUED SITES)

kkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkhkkkhkkhkkkhkkkhkkkkkkhkk Kkkkkkkkkkk

The site codes in the data are as follows:

11 = Lake Whatcom Site 1

21 = Lake Whatcom Intake site

22 = Lake Whatcom Site 2

31 = Lake Whatcom Site 3

32 = Lake Whatcom Site 4

33 = Strawberry Sill site S1

34 = Strawberry Sill site S2

35 = Strawberry Sill site S3

AlabamaVault inlet = Alabama canister vault inlet
AlabamaVault outlet = Alabama canister vault outlet

Brentwood inlet
Brentwood outlet
ParkPlace celll
ParkPlace cell2
ParkPlace cell3

Brentwood wet pond inlet
Brentwood wet pond outlet
Park Place wet pond cell 1
Park Place wet pond cell 2
Park Place wet pond cell 3
ParkPlace inlet Park Place wet pond inlet
ParkPlace outlet Park Place wet pond outlet
Parkstone_swale inlet = Parkstone grass swale inlet
Parkstone_swale outlet = Parkstone grass swale outlet
Parkstone_pond inlet Parkstone wet pond inlet
Parkstone_pond outlet = Parkstone wet pond outlet
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SouthCampus inlet = South Campus storm water facility inlet
SouthCampus outletE = South Campus storm water facility eas
SouthCampus outletW = South Campus storm water facility wes

Sylvan inlet
Sylvan outlet
Wetland outlet

Sylvan storm drain inlet
Sylvan storm drain outlet
Grace Lane wetland

CW1 = Smith Creek (see alternate code below)

CW2 = Silver Beach Creek (see alternate code below)
CW3 = Park Place drain (see alternate code below)
CW4 = Blue Canyon Creek (see alternate code below)
CW5 = Anderson Creek (see alternate code below)
CW6 = Wildwood Creek (discontinued in 2004)

CW7 = Austin Creek (see alternate code below)

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

AND Anderson Creek (same location as CW5 above)
BEA1l = Austin.Beaver.confluence

AUS = Austin.lower (same location as CW7 above)
BEA2 = Austin.upper

BEA3 = Beaver.upper

BLU = BlueCanyon (same location as CW4 above)
BRA = Brannian

CAR = Carpenter

EUC = Euclid

MIL = Millwheel

OLS = Olsen

PAR = ParkPlace (same location as CW3 above)

SIL = SilverBeach (same location as CW2 above)
= Smith (same location as CW1 above)
WHA = Whatcom

Kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkhkkkkkkkkkkk K*kkkkkkkkk
* VERIFICATION PROCESS FOR THE LAKE WHATCOM DATA FILES
kkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkhkkkhkkkhkhkhkkkhkkkkkkkk Kkkkkkkkkhkk

During the summer of 1998 the Institute for Watershed Studie
began creating an electronic data file that would contain lo
term data records for Lake Whatcom. These data were to be
included with annual Lake Whatcom monitoring reports. This
the first attempt to make a long-term Lake Whatcom data recor
available to the public. Because these data had been generat
using different quality control plans over the years, a
comprehensive re-verification process was done.
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The re-verification started with printing a copy of the enti
data file and checking 5% of all entries against historic
laboratory bench sheets and field notebooks. If an error was
the entire set of values for that analysis were reviewed for t
sampling period containing the error. Corrections were not
the printed copy and entered into the electronic file; all en
were dated and initialed in the archive copy.

Next, all data were plotted and descriptive statistics (e.g
minimum, maximum) were computed to identify outliers and un
results. All outliers and unusual data were verified agains
original bench sheets. A summary of decisions pertaining to
data is presented below. All verification actions were ente
into the printed copy, dated, and initialed by the IWS direct

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

Specific Deletions: 1) Rows containing only missing values
deleted. 2) All lab conductivity for February 1993 were dele
for cause: meter inadequate for low conductivity readings (
Huxley’s student meter). 3) All Hydrolab conductivity from
December 1993 were deleted for cause: Hydrolab probe slowly
sensitivity. Probe was replaced and Hydrolab was reconditi

to the February 1994 sampling. 4) All 1993 Hydrolab dissolve

data less than or equal to 2.6 mg/L were deleted for cause: Hyd

probe lost sensitivity at low oxygen concentrations. Probe
replaced and Hydrolab was reconditioned prior to February 1
5) All srp and tp data were deleted (entered as "missing” in 19

from the July 10, 1989 wq data due to sample contamination in a
three samples. 6) December 2, 1991, Site 3, 0 m conductivity p

deleted due to inconsistency with adjacent points. 7) Decem
1993, Site 4, 80 m lab conductivity point deleted because mat
field conductivity data are absent and point is inconsisten

other lab conductivity points. 8) November 4, 1991, Site 2, 1
conductivity points deleted due to evidence of equipment pr
related to depth. 9) February 2, 1990, Site 1, 20 m, soluble re
phosphate and total phosphorus points deleted due to eviden
sample contamination. 10) August 6, 1990, Site 1, 0 m, solubl
phosphate and total phosphorus points deleted due to eviden
contamination. 11) October 5, 1992, Site 3, 80 m, all data del
due to evidence of sample contamination in turbidity, ammon
total phosphorus results. 12) August 31, 1992, Site 3, 5 m, so
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reactive phosphate and total phosphorus data deleted due to probable
coding error. 13) All total Kjeldahl nitrogen data were remo ved from
the historic record. This was not due to errors with the data b ut
rather on-going confusion over which records contained tot al persulfate
nitrogen and which contained total Kjeldahl nitrogen. The c¢ urrent
historic record contains only total persulfate nitrogen. T otal
Kjeldahl nitrogen data were retained in the IWS data base, bu t not in

the long-term Lake Whatcom data files.

kkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkhkkkkhkkhkkkhkkkhkkkkkkkk Kkkkkkkkkkk

* ROUTINE DATA VERIFICATION PROCESS

kkkkkkkkhhkkkhkhhhkkkkkkkkkkhhkhkhhhhhhrrrkkkkhkhhhhhhix *kkkkhkkkkk

1994-present: The Lake Whatcom data are verified using a fou r
step method: 1) The results are reviewed as they are generate d.
Outliers are checked for possible analytical or computatio nal
errors. This step is completed by the Laboratory Analyst and

IWS Laboratory Supervisor. 2) The results are reviewed mont hly

and sent to the City. Unusual results are identified. This

step is completed by the IWS Director. 3) The results are

reviewed on an annual basis and discussed in the Lake Whatcom
Monitoring Program Final Report. Unusual results are ident ified,
and explained, if possible. This step is completed by the IWS

Director, IWS Laboratory Supervisor, and Laboratory Analy st. 4)
Single-blind quality control samples, laboratory duplica tes,
and field duplicates are analyzed as specified in the Lake

Whatcom Monitoring Program contract and in the IWS Laborato ry
Certification requirements. Unusual results that suggest

instrumentation or analytical problems are reported to the

IWS Director and City. The results from these analyses are

summarized in the annual report.

1987-1993: The lake data were reviewed as above except that t he
IWS Director's responsibilities were delegated to the Prin ciple
Investigator in charge of the lake monitoring contract

(Dr. Robin Matthews).

Prior to 1987: Data were informally reviewed by the Laborato ry
Analyst and IWS Director. Laboratory and field duplicates w ere
commonly included as part of the analysis process, but no for mal
(i.e., written) quality control program was in place. Labor atory
logs were maintained for most analyses, so it is possible to

verify data against original analytical results. It is also possible

to review laboratory quality control results for some analy ses.
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