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EXECUTIVE SUMMARY

The objectives of Ecology’s lake water quality assessment program are to identify lakes that
are exhibiting water quality problems, to assess significant publicly-owned lakes by

- estimating the trophic status of monitored lakes, and to promote public awareness of lake
ecology and protection. In 1991 and 1992, Ecology’s lake water quality assessment program
consisted of a statewide volunteer lake monitoring program, supplemented with data collected
by Ecology staff. This report presents lake monitoring results and discusses informal case-
studies on the effectiveness of three citizen-initiated lake protection efforts. Also included in
this report are 46 individual lake assessments, which were written for volunteers who
participated in the program. In 1992, the lake water quality assessment program also
included sampling sediment from ten lakes for potentially toxic compounds. Results of this
sediment monitoring component of the project is reported in Survey of Chemical
Contaminants in Ten Washington Lakes (Serdar er al., in prep).

In 1991 and 1992, volunteers participating in Washington’s Citizen Lake Monitoring Project
measured Secchi disk transparency and surface water temperature bimonthly for six months
(May through October). To supplement volunteer-collected data, Ecology staff met onsite
with each of the volunteers to collect water samples and profile data. In 1991, onsite visits
were made during May and early June, and water samples were composited from the
epilimnion of each lake. In 1992, the scope of the onsite visits was expanded to include two
visits (May and August), and composite samples were collected from both the epilimnion and
hypolimnion of stratified lakes. Water samples were analyzed for total phosphorus (TP),
total nitrogen (TN), and chlorophyll @ during both years. Twenty-three of the lakes
monitored in 1992 were also sampled for total suspended solids, total nonvolatile suspended
solids, and. fecal coliform bacteria.

Carlson’s Trophic State Index (1977) was used to evaluate volunteer-collected Secchi depth
data and Ecology-collected phosphorus and chlorophyll @ data. Trophic state estimates were
assigned to a total of 50 lakes; 46 of these lakes were monitored by volunteers during one or
both years, and the remaining four lakes were sampled by Ecology staff only. Of the 42
lakes assessed from 1991 data, 19 were characterized as oligotrophic or oligo-mesotrophic,
13 were characterized as mesotrophic or meso-eutrophic, and 10 lakes were characterized as
eutrophic. Of the 45 lakes assessed from 1992 data, 21 were characterized as oligotrophic or
oligo-mesotrophic, 17 were characterized as mesotrophic or meso-eutrophic, and seven were
characterized as eutrophic. One lake, Lake Kahlotus, dried up in 1992 and could not be

assessed. There were not enough data available to assess water quality trends in individual
lakes.

The majority of lakes were assigned the same trophic state for both 1992 and 1991. The
availability of additional TP and chlorophyll @ data in 1992 improved the assessments in
1992, Six lakes were assigned improved (less eutrophic) trophic states in 1992 than in 1991,
primarily because of these additional data.
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Citizen-initiated lake protection efforts from three lakes (Lake Martha, Snohomish County;
Phillips Lake, Mason County; and Lake Roesiger, Snohomish County) are described here as
case studies of the effectiveness of citizen-initiated lake protection efforts. The major
conclusion from these case studies is that for citizen-initiated efforts to be successful, citizen
groups need individuals who are highly motivated, well organized, and resourceful in getting
the help they need to accomplish their goals.

Additional Federal Clean Water Act grant reporting requirements will be addressed in a
separate publication, or in the state’s 305(b) report.
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INTRODUCTION

The purpose of this report is to describe Ecology’s 1991-1992 lake water quality assessment
program, and to present data and individual lake assessments from the 46 lakes which were
monitored by volunteers in 1991 and 1992. Also included are the results from three case
studies to determine the success or failure of citizen-initiated lake protection measures.

Background

Ecology’s lake water quality assessment program was established in 1989 to gather general
water quality information from "“significant, publicly-owned lakes." Significant, publicly-
owned lakes are defined as:

"those lakes, including impoundments which meet the definition of Lake Class in the
state Water Quality Standards (a mean detention time of greater than 15 days), which
have an area of 20 acres or greater within the bounds of their ordinary high water
mark, support or have the potential to support the fishable-swimmable goals of the
Clean Water Act, and are publicly owned or have a public access point; in addition
to any other lakes specifically identified as significant by the Department of Ecology"
(Ecology, 1992).

Data collected from the program are used primarily to assess each monitored lake for the
state’s biennial Water Quality Assessment (305 (b)) Report. Lake water quality assessments
are required under Section 314 (a)(2) of the Clean Water Act, as amended by the Water
Quality Act of 1987. Although a schedule for assessing significant publicly-owned lakes is
required, it is very difficult to develop an assessment schedule because of the large number
of lakes in Washington and our reliance on volunteers to collect data. As a result, no formal
schedule has been developed for Ecology’s lake water quality assessment program. Instead,
Ecology intends to assess as many of Washington’s significant, publicly-owned lakes as funds
and the availability of volunteers allow. '

The 1989 lake water quality assessment program was funded from a Federal 314 Water
Quality Assessment grant. The project consisted of volunteer monitoring on 48 lakes, a
supplemental water quality survey conducted by Ecology staff on 25 lakes (Brower and
Kendra, 1990), and a toxics survey conducted by Ecology staff on fish tissues and sediments
from 10 lakes (Johnson and Norton, 1990). Results from the 1989 program are discussed in
Lake Water Quality Assessment Project, 1989 (Rector and Hallock, 1991).

In 1990, a Water Quality Management and Planning (205 (j)) grant funded the majority of
the program. The volunteer monitoring program was expanded to include additional lakes
(for a total of 73 lakes), and Ecology staff met with each of the volunteers during May and
August to collect water samples and vertical profile data. There was no toxics component in
the 1990 program, and the water quality survey was conducted on only 15 lakes. Results of



this survey are reported in Coots (1991). Results of all data collected from 1990 are
discussed in Lake Water Quality Assessment Project, 1990 (Rector and Hallock, 1993).

The 1991-1992 program is described below.
Program Objectives

The goal of the lake water quality assessment program was to assess the current water quality
of significant publicly-owned lakes in Washington, and to build a relationship with volunteers
to foster data exchange, education, and technical assistance. Specific objectives were as
follows:

1) Determine the trophic status of monitored lakes.

2)  Assess water quality in lakes not evaluated in the last five years and determine
the degree to which beneficial uses are supported.

3) Promote public awareness of lake processes and lake protection measures and

- foster a conservation ethic.

4)  Separate monitored lakes by ecoregion (Omernik and Gallant, 1986) and identify
anomalies within these regions for further investigation.

5) Determine trends once a sufficiently long period of record is established.

6) Establish a data set for analysis and dissemination.

METHODS
Volunteer Recruitment/Lake Selection

All Washington lakes that cover at least 20 acres and have a public access were eligible for
inclusion in the volunteer monitoring program. The main factor for selecting lakes was
whether someone volunteered to monitor a lake for the program. Volunteers were recruited
through press releases, or were referred to the program from Ecology or county offices, or
from other volunteers. Potential volunteers were accepted into the program if they indicated
that 1) they wanted to monitor an eligible lake, 2) they were willing and able to collect
monitoring data for the six month monitoring period, and 3) they had access to a boat to use
while collecting data.

The number of lakes included in the volunteer monitoring program was affected by the level
of funding each year. Because of reduced funding in 1991 (in comparison with 1990),
volunteers were not actively recruited and the number of volunteers was reduced through
attrition. A few lakes were added only as a result of the prospective volunteer’s prior
knowledge of the program. In 1992, more funding was available and an attempt was made
to focus recruitment specifically within the central area of the state (Douglas, Grant, Chelan,
and Okanogan Counties) in order to improve the geographical distribution of monitored
lakes. A press release about the program was printed in local papers in these areas in



March 1992. Unfortunately, despite a desire to recruit volunteers for about 15 lakes from
these counties, the press release resulted in adding only one new volunteer to the program.

Lakes monitored for the Municipality of Metropolitan Seattle’s (METRO) Small Lakes
Program were generally excluded from the State’s monitoring program, in order to avoid
duplication of effort, although some exceptions have been made (Lake Killarney and Lake
Sawyer were monitored by both METRO and Ecology programs in 1992).

Each new volunteer was trained at his’her monitoring site during the May onsite visits (see
discussion of onsite visits, below). New volunteers were provided with a one-page summary
of monitoring instructions, a monitoring manual for reference, monitoring equipment (Secchi
disk and thermometer), and business-reply data cards for mailing in data (Figure 1). Each
volunteer was also provided with a vial containing a small amount of Lugol’s solution, to be
used for collecting an algae sample. Collecting algae samples was optional, but having the
vial readily available made it easier for volunteers to collect and preserve a sample for later
identification. Algae identification was provided as a service to the volunteers.

Field Methods

There were three separate field data collection efforts for the program: 1) Secchi depth data
collected by the volunteers, 2) water samples and profiles collected by Ecology staff during
"onsite visits” with the volunteers, and 3) sediment samples collected from five lakes to be
analyzed for pesticides, and from five lakes to determine levels of copper accumulated in
lake sediments that may have resulted from long-term use of copper sulfate as an algicide.
Methods for the first two data collection efforts are discussed separately below. Methods
and results for the toxics survey are discussed in Survey of Chemical Contaminants in Ten
Washington Takes (Serdar et al., in prep).

Yolunteer-Collected Data

Volunteers measured Secchi disk transparency and surface water temperature from one lake
station (the deepest site). Data were collected approximately every two weeks from mid-May
through mid-October. For consistency of methods and to maximize available sunlight for the
Secchi depth readings, the volunteers were instructed to collect data between 10 a.m. and

2 p.m. After anchoring at their sampling site, each volunteer measured water clarity by
leaning over the shady side of their boat, lowering a 20 cm diameter limnological style
Secchi disk until it was no longer visible, and then slowly raising the disk until it was just
barely visible. This depth was then read from the line attached to the Secchi disk (which is
marked at one-foot intervals) and recorded to the nearest 1/4 foot. The procedure was
performed twice during each sampling trip so that consistency between readings could be
evaluated by Ecology staff (see the quality assurance evaluation in the Results Section). If
the Secchi disk hit the lake bottom and was still visible, or was obscured by macrophyte
growth, this was indicated on the data reporting card (Figure 1).



Figure 1. Business-reply postcard used by volunteers to report data to Ecology.

WASHINGTON'S CITIZEN LAKE MONITORING PROJECT

Your Name Sample Date
Lake/County Sample Time
1st Secchi Reading feet 2nd Secchi Reading feet
Did the Secchi disk: (3 hit bottom (O enter weeds ] N/A
Surface Water Temperature ' degrees
Percent Cloud Cover: 0% 10% 25% 50% 75% 90% 100%
Rain Within Last 2 Days:  None Trace Light Moderate Heavy
Wind: Calm Light Breezy Strong Gusty Lake Height ft/fin
Water Color: :
Light Green Moderately Green Pea-Soup Green Other:
Light Brown  Dark Brown Greenish-Brown
Black Milky Green Clear
Field Observations/Questions/Comments
4
' NO POSTAGE
IF MAILED
IN THE
UNITED STATES
]
BUSINESS REPLY MAIL ——
]
FIRST CLASS MAIL PERMIT NO. 433, OLYMPIA, WA T
]
POSTAGE WILL BE PAID BY ADDRESSEE R
ATT: JULIE RECTOR IR ——
]
DEPARTMENT OF ECOLOGY
PO BOX 47600

OLYMPIA WA 98599-7600

lll'll'l!'llll'l'lllIlllll'lllllI'll'lllll'lllllllll




Surface water temperature was measured using red alcohol pocket thermometers. Two styles
of pocket thermometers were used: a BCR model (range -40 to 50°C) and a model from
Bacharach Instrument Company (range -35 to 120°F). Surface temperature was measured by
holding the thermometer six to eight inches below the water surface until temperature
equilibrated. The temperature was then quickly read and recorded on the data card to the
nearest 0.5 degree. Subjective assessments of weather conditions and water color were also
reported on the data cards.

All volunteers were mailed a questionnaire on lake and watershed uses near the end of each
monitoring season (Appendix A). The purpose of these questionnaires was to gather
additional information from the monitored lakes that may be used when assessing the lakes.
Several questions required the volunteers to make additional observations around their lakes
(e.g., counting the number of nearshore homes). Questionnaire results for each lake are
presented with the individual lake assessments at the end of this report.

Data Collected During Onsite Visits with the Volunteers

Ecology staff visited most of the volunteers during 1991 and 1992. In 1991, volunteers were
visited once, during late May or early June. In 1992, the volunteers were visited twice; the
first visit occurred during late May or early June, and the second occurred during late
August or early September. The purpose of these "onsite visits" was to 1) observe the
volunteer’s Secchi disk reading technique, and compare the Ecology staff reading to the
volunteer’s reading to determine whether the volunteer needed suggestions for improving his
or her technique; 2) collect profile data and water samples from the volunteers’ sampling
sites; 3) collect macrophyte and/or algae samples for identification; and 4) answer questions
or discuss lake issues with each of the volunteers.

During an onsite visit, each volunteer took staff from Ecology to their monitoring site, and
anchored if possible. The volunteers and Ecology staff each measured Secchi depth.
Temperature, pH, dissolved oxygen, and conductivity were profiled using a Hydrolab®
Surveyor II. Temperature profile data were used to determine whether the lakes were
stratified, and if they were, to determine depths within the epilimnion and hypolimnion for
collecting water samples. Weather conditions, water color, and general observations about
the lake were recorded. If an obvious algal bloom was occurring at the surface or at depth
(indicated by a large increase in dissolved oxygen with no concurrent decrease in
temperature), a sample was collected for later identification. Plant samples were either
identified onsite, or collected for later identification. Algae and macrophyte samples were
collected for qualitative purposes only, and results are not inclusive of all species present.

During each onsite visit, water samples for total phosphorus (TP), total nitrogen (TN), and
chlorophyll a were collected using a Kemmerer or Van Dorn style water sampler, and were
composited from two to three equidistant depths within the strata (epilimnion or hypolimnion)
sampled (Table 1). Composite aliquots were approximately equal volumes for each depth
sampled. Sample bottles for TP and TN contained concentrated sulfuric acid as a sample
preservative, to lower the pH of the sample below 2 pH units.



Table 1.

Methods used for samples collected during onsite visits, 1991 and 1992.

_ Method

Parameter Strata Sample Analytical Detection Holding Analytical

Sampled® Preservation’ Method Limit Time Lab*
1991
Total epilimnion H,SO, EPA 365.14 10 pg/L 28 days MEL
Phosphorus to pH<2
Total epilimnion H,SO, EPA 353.2 0.010 mg/L. 28 days MEL
Nitrogen to pH<2
Chloro- epilimnion CaCoO,° SM 10200H@3) 0.05 pg/L 28 days MEL
phyll &°
1992
Total epilimnion, H,SO, SM 4500-PD 3 pug/L 28 days EWU
Phosphorus hypolimnion to pH<2
Total epilimnion, H,SO, EPA 353.2 0.010 mg/L 28 days 'MEL
Nitrogen hypolimnion to pH<2
Chloro- epilimnion CaCO,* SM 10200H 0.05 pg/L 28 days EWU
phyll & 2,B)
Solids epilimnion SM 2540D,E 1 mg/L 7 days MEL
Color epilimnion SM 2120B 5 Pt-Co units 48h MEL
Fecal nearshore grab SM 9222D 1 colony/ 30h MEL
Coliform samples (2 sites) 100 mL
Bacteria

1
2

All samples except fecal coliform bacteria were composited.
All samples kept on ice or stored at 4°C until delivery to the lab, or until filtered.

Manchester Environmental Laboratory (MEL), or the Limnological Lab at Eastern Washington
University (EWU).

persulfate/sodium hydroxide/boric acid.

Corrected for pheophytin.
Approximately 2 mL saturated CaCO; added with last of filtrate onto filter. Filters were iced or
frozen until delivered to lab.

Modified by digesting samples using the Valderrama method, which uses potassium



In 1992, samples for total suspended solids (TSS), total nonvolatile suspended solids
(TNVSS), and color were collected from the epilimnion of 23 lakes, at the same sites and
sample depths as the nutrient samples. Lakes to be sampled for TSS, TNVSS, and color
were selected, in part, by the likelihood of the lake not fitting the expected relationship
between Secchi, TP, and chlorophyll a.

Two fecal coliform bacteria samples were collected from 20 lakes during May 1992, and
~from 23 lakes during August 1992. Samples were collected approximately 20-35 feet from
shore in areas which appeared (to the sampling staff) of having some potential source of
bacteria. Fecal coliform bacteria sample bottles were filled by "scooping" water from about
eight inches below the water surface to avoid surface films.

All samples, except those for chlorophyll @, were transported on ice to the lab and stored at
4°C. Chlorophyll a samples were filtered through Whatman 4.7 cm GF/C filters as soon as
possible after collection. For most samples, 500 mL aliquots were filtered. About 2 mL of
saturated CaCOs3 was added to the last of the filtrate to preserve the sample on the filter.
Filters were placed into small plastic petri dishes, then wrapped in foil, and the lab number
and volume of sample filtered was written on the foil. Packaged filters were bagged and
stored in ice while in the field, and kept in a freezer until transported to the lab for analysis.

Sample Analysis Methods

Methods used for sample analyses are listed in Table 1. Sample preservation and analytical
methods used by Manchester Environmental Laboratory (MEL) are from Huntamer and Hyre
(1991).

Keys used for algal identifications were Smith (1950), Edmondson (1959), Prescott (1962;
1978), and VanLandingham (1982). Keys used for macrophyte identifications were
Hitchcock and Cronquist (1973), Tarver et al. (1978), and Prescott (1980).

Quality Assurance/Quality Control Methods

The following summarize methods used to evaluate the quality of Secchi depth data collected
by the volunteers, profile data measured by Ecology staff with the profiling instrument, and
water samples analyzed by the laboratories. A more detailed discussion of quality
assurance/quality control (QA/QC) methods used for this program is in Lake Water Quality
Assessment Program Quality Assurance Program Plan (QAPP) (Hallock, in prep).

Volunteer-Collected Secchi Data

On each sampling date, volunteers measured the Secchi depth two times. Each set of
duplicate Secchi depth readings was evaluated using the coefficient of variation (CV). The
CV is the standard deviation of two Secchi depth values divided by their mean, multiplied by



100. Acceptable values of CV for three ranges of Secchi depths were used to determine
whether replication was acceptable. Three ranges of Secchi depths were chosen because
duplicate readings of shallow Secchi depths need to be almost identical to have a low CV,
whereas when Secchi depths are greater than 20 feet, duplicate readings can differ by more
than two feet and still have a small CV. To emphasize our preference for good replication
even for Secchi depths greater than 20 feet, acceptable ranges of CV were identified for
Secchi depths between 0-10 feet, 10-20 feet, and greater than 20 feet. Acceptable CV values
for each of these ranges are listed in Table 2.

Table 2. Acceptable CV for duplicate Secchi
readings collected by volunteers.

Secchi depth Acceptable CV
(ft) (%)
0-10 <38
10 - 20 <6

20 + <4

Because the duplicate readings were not collected independently of each other, the estimation
of precision may be biased. The ranges of CVs were chosen to be conservative.

Although many volunteers collected at least one set of duplicate readings that had poor
replication as indicated by the CV, the overall replication for all readings for each lake was
evaluated using the root mean square (RMS), which pools the CVs for each lake. The RMS
is calculated as follows:

\] CVE+CVZ+CVE. .. CV}
n

where n is the number of pairs.
Profile Data from Onsite Visits

The Hydrolabs were pre- and postcalibrated daily for pH and dissolved oxygen. The
manufacturer’s instructions were followed for pH calibration using pH 7 and pH 10 standard
buffer solutions. Postcalibration readings <0.2 pH unit of the standard buffer values were
considered acceptable. Dissolved oxygen was checked against azide-modified Winkler
titrations, rather than the theoretical water-saturated air method. At least two samples were
collected and titrated, and the mean value used for comparison with the profiler.
Postcalibration results <0.3 mg/L of the mean of the Winkler titration values were
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considered acceptable. Conductivity, a more stable parameter on the Hydrolab, was checked
periodically using the manufacturer’s instructions. Potassium chloride standards used for
conductivity calibration ranged from 101 to 147 umhos/cm at 25°C (the molarity varied
between individual solutions used). Postcalibration values <5 pmhos/cm of the standard
value were considered acceptable. Temperature was also checked periodically against a
National Bureau of Standards (NBS) thermometer.

Water Chemistry Data from Onsite Visits

Total precision of chlorophyll @ and fecal coliform bacteria was reported as the RMS of field
duplicates. Because variability of both parameters is generally rather high, no precision
limits were placed on these parameters. Precision limits for TSS, TNVSS, and color were
not based on the RMS of field duplicates, mainly because results were mostly near the
detection limit of 1 mg/L for TSS and TNVSS, and 5 Pt-Co units for color. Therefore,
results within 1 mg/L for both field duplicates and lab duplicates were considered acceptable
for solids. Color results were considered acceptable if results for duplicates (both field and
lab duplicates) were within 5 Pt-CO units.

Laboratory quality control for TP and TN consisted of analyzing lab duplicates, lab check
standards, matrix spikes, and lab blanks. Analytical precision for TP and TN was
determined by calculating the RMS from lab duplicates. Analytical precision <7.5% was
considered acceptable for TP, and <5% was acceptable for TN. Bias due to calibration
error was estimated as the difference between the results for lab check standards and the true
concentration, divided by the true concentration. Bias <6.5% from the lab check standards
was considered acceptable for both parameters. Bias due to the sample matrix was calculated
as the percent recovery for matrix spikes. Mean recoveries within 80-120% were considered
acceptable. '

An additional check on laboratory quality control was to submit diluted standard reference
materials for TP and TN as "blind” samples. Results from these samples were compared
against the 95% confidence intervals provided in the literature with the samples. However,
because the standard reference materials were diluted considerably to be in the expected
range of lake samples, the ranges of the extrapolated confidence intervals (calculated from
equations provided with the reference materials) were extremely wide (€.g., 47 ug/L -

111 ug/L for a known TP concentration of 75 ug/L).

Total precision of TP, TN, and chlorophyll a was calculated as the RMS of all field
duplicates. In 1991, five lakes (11% of those sampled) were sampled in duplicate at the
same site for TP, TN, and chlorophyll a.” Methods for collecting quality assurance data were
changed in 1992, in part to evaluate whether epilimnetic data collected from a single lake
station was representative of an entire lake. In August 1992, duplicate samples were
collected from the epilimnion at a second site at 13 lakes (28% of those sampled). Results of
these duplicate samples are discussed in the QA Results Section of this report.



Graphing Methods
Secchi depth graphs were created from Lotus spreadsheets, and enhanced using Freelance
Plus version 3.0. Profile data were graphed using SYSTAT version 5.0. These graphs are
presented in the individual lake assessments.
Methods Used for Estimating Trophic States

- Carlson’s (1977) trophic state indices (TSI) for Secchi depth (TSIgp), total phosphorus

(TSIp), and chlorophyll a (TSI ), tempered with some professional judgment, were used to
estimate the trophic status of the monitored lakes.

Equations for calculating TSIy, TSI, and TSIy from Carlson (1977) are as follows:

_ _ 1nSD
TSIgp=10[6-="]
ln—éi
=1 -
TSI ,=10[6 Tho ]

2.04-0 .681nCHL]

TSI =10 [6- o

Where:

SD = Secchi (meters)

TP = epilimnetic total phosphorus (ug/L)
CHL = epilimnetic chlorophyll a (ug/L)

A minimum of three Secchi depth readings were used to calculate the TSI, for each lake,
and data invalidated from the QA evaluation were excluded from the TSI, calculations. The
TSI, values reported for 1991 data were calculated as the mean TSI for data collected from
June through September 1991. TSI, values from 1992 data were calculated from a time-
weighted mean Secchi depth calculated from all Secchi data collected between May and
October 1992.

The decision to calculate a time-weighted TSI, was based on concern that not all volunteers
measured Secchi depth regularly, and the number of Secchi depths collected varied between
volunteers. For example, some volunteers collected three to four Secchi readings in a two-
month period, while measuring Secchi depth maybe one to two times during the other four
months of the monitoring season. So that the two months with regular data would not be
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overrepresented when calculating TSI, the other one to two readings would be given
greater weight. Another difference in calculating TSI, in 1992 is that all data collected
from May through October 1992 (except for data invalidated through the QA evaluation)
were used to calculate the TSI, This is in contrast to the method used from 1989-1991,
which used only data collected from June through September. One of the main reasons for
excluding May and October data was that few volunteers actually collected data during these
months, making it difficult to compare TSI, data between lakes. Time-weighting the Secchi
depths to calculate the TSI, as well as using the first onsite visit in May as a means of
encouraging the volunteers to begin collecting data, minimizes this concern. To evaluate the
differences between various methods used to calculate TSIg, for this program, TSIy, was
calculated three ways using data collected in 1992: the mean of TSI values of data collected
from June-September, the mean of TSI values from data collected from May-October, and
TSI calculated from a time-weighted mean of Secchi depths collected from May-October.

In general, TSIs of 40 or less indicate oligotrophy, TSIs greater than 40 indicate mesotrophy,
and TSIs greater than 50 indicate eutrophy (Carlson, 1979). However, several lakes
exhibited characteristics of more than one trophic state (e.g., mean summer Secchi depth in
the upper region of the oligotrophic range, but hypolimnetic anoxia was measured during an
onsite visit). To describe lakes which appeared to be between trophic states, the terms
"oligo-mesotrophic” and "meso-eutrophic" were used.

Not all of the trophic state estimations were based on TSI alone. For some lakes, one or
more anomalous conditions may have affected the trophic state index calculated from Secchi
depth data. For example, some lakes were chemically treated to kill algae and improve
water clarity. As a result, water clarity measurements will indicate a less eutrophic condition
than other water quality data may indicate. In lakes where Secchi depth was occasionally
deeper than the depth of the lake (indicated when the volunteer reported the "Secchi hit
bottom"), only readings collected when the Secchi disk did not reach the bottom were used to
calculate the TSIg,. As a result, the average Secchi depth will be biased low, and the
average trophic state reported will be more eutrophic than it should be. Also, some lakes
had extensive macrophyte growth or localized algae growth, yet high open-water clarity.

The productivity of these lakes would be underestimated by Secchi depth data.

When there were discrepancies between TSI, TSIyp, and/or TSIy, or when any of the
anomalous conditions mentioned above occurred, the trophic state estimation was tempered
using other available information. For example, dissolved oxygen profile data may indicate
hypolimnetic hypoxia; algae and macrophyte species and/or coverage may indicate increased
productivity; and the presence of hydrogen sulfide in the hypolimnion may indicate reducing
conditions that would affect internal phosphorus loading. Sources of other available
information included the water quality surveys from 1989 and 1990 (Brower and Kendra,
1990; Coots, 1991), consultants’ reports from Ecology-funded lake restoration activities, and
lake surveys conducted by universities. When no other data were available, the TSI, usually
took precedence over the TSIy, because TP is generally affected by fewer factors than
Secchi depth. According to Carlson (1977), "the best indicator of trophic status may vary
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from lake to lake and also seasonally, so the best index to use should be chosen on pragmatic
grounds." Carlson (1977) also stated that only one number should be generated for
classifying lakes, and it is not legitimate to average TSI values when they do not agree.
Therefore, we used a subjective assessment of available data to determine which index to use
for assigning trophic states. The basis for each trophic state assessment is discussed in the
Comments section of the Individual Lakes Assessments at the end of this report.

RESULTS AND DISCUSSION

During the 1991 and 1992 monitoring seasons, 63 volunteers made 786 monitoring trips on
46 lakes. Four additional lakes without volunteers were sampled by Ecology staff during
1992, so a total of 50 lakes are assigned trophic states in this report. Thirty-five of these
lakes were monitored by volunteers during both 1991 and 1992. In 1991, 41 lakes were
monitored by volunteers and 38 of these lakes were sampled by Ecology staff during the
single onsite visit. In 1992, all 39 lakes monitored by volunteers were sampled during one
or both of the onsite visits. Locations of the 46 volunteer-monitored lakes are shown in
Figure 2. Water quality data from additional lakes sampled by Ecology staff in 1991 could
not be used for lake assessment because TP and chlorophyll a data did not pass the quality
assurance evaluation (see Results of QA/QC Evaluation of Water Chemistry Data, below).

Monitoring results and trophic state estimates are presented after the discussion of quality
assurance and quality control of the data.

Results of QA Evaluation of Volunteer-Collected Secchi Depths

Secchi data collected by both volunteers and Ecology staff during the onsite visits were not
included in the QA evaluation. However, a paired t-test used to analyze the variability in the
difference between 53 data pairs collected in 1992 indicated that there was a significant
difference (P < 0.05) between volunteer-collected Secchi depths and Ecology-collected
Secchi depths. Although transforming the Secchi depths to TSIs did not improve the
relationship between the two data sets, the difference in TSIs for most lakes was one to three
units. These small differences in TSI values would not affect the trophic state estimates for
most-lakes; therefore, rather than using Ecology staff as standards against which to compare
volunteer-collected Secchi depths (especially considering that one of the "standards" is far-
sighted), more importance has been placed on standardizing monitoring procedures, training
the volunteers, and evaluating whether the volunteers can replicate their readings.

Poor replication of Secchi depth measurements, determined by CV values which exceeded
the limits listed in Table 2, was indicated by 19 data pairs (5.6%) from the 1991 dataset, and
by 21 pairs (4.7%) from the 1992 dataset. These data were excluded from TSI calculations,
and from comparisons with other data. Because several of the poor data pairs were collected
outside of the recommended time range or under less than ideal weather conditions, this
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method appears to be very effective for identifying data that should not be compared with
other data collected for the program. Overall replication, evaluated using the RMS for all
data collected by a volunteer, was poor for Lake Bosworth in 1991, and for Mission Lake in
1992. Although these data will be used in part for assessing these lakes, Secchi data for
these lakes and years will not be used for comparisons with other data collected for the
program.

Results of QA Evaluation of Profile Data

Hydrolab postcalibration data from the onsite visits indicated that dissolved oxygen data were
unacceptable for Big Meadow Lake and Mill Lake in 1991, for Black, Thomas, and Leo
Lakes in May 1992, and Mission Lake in August 1992. These data are not reported here.

All pH and conductivity data from the 1991-1992 onsite visits were within acceptable limits..
Hydrolab postcalibration data for both years are compiled in Appendix C.

Results of QA/QC Evaluation of Water Chemistry Data

All QA/QC data are compiled in Appendix D, and results of the QA/QC evaluation are
summarized in Tables 3 and 4. Total nitrogen data from 1991 were acceptable, although the
result from the 0.050 mg/L standard reference material was rather high. It is likely that the
high result was from a dilution error. Results from all parameters analyzed in 1992 were
acceptable. Some individual samples, though, were qualified by the lab(s) due to holding
time exceedences or other problems; results and qualifications from these samples are
indicated in the individual lake summaries. All TP and chlorophyll a data from 1991 were
rejected based on method problems and on quality control results which did not meet QA/QC
requirements for this program. These problems are discussed below.

Rejection of 1991 TP Data

Initial review of TP data indicated that 36% of the results were below the criterion of
detection (5 pg/L). Internal QC standards by MEL were considered to be met, and though
mean recoveries of the matrix spikes were low, they were within MEL’s accepted limits

(D. Thomson, Ecology MEL, pers. comm). Results from the lab check standards were very
good (Table 3), albeit the concentrations of the standards were considerably higher than the
majority of the lake samples.

The 1991 TP data were initially rejected based on the results from the three standard
reference materials which were submitted as "blind" samples. Results were roughly 30%
lower than the known concentrations, and the result for the 150 ug/L standard was outside
the 95% confidence intervals (Table 4). Although dilution of the standard reference
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Table 3. QA/QC results for total phosphorus, total nitrogen, chlorophyll a, and fecal
. coliform bacteria data.

Mean Bias
Survey of lab Analytical  Total low high mean

blanks Precision Precision standard  standard recovery
May 91 TP 2.1 ug/L 40% 38% -1.3%! 1.9%* = 85%
May ’92 TP 0 6% 28% 0%’ 1.2 %> 102%
Aug 92 TP 0 A 15% 0% 0%2 95%
May 91 TN -- - 2% - -- --
May ’92 TN 0.005 2.6% 13% -5.8% 0.2% 105%
Aug 92 TN -0.007 4.0% 10% 4.8% 4.9% 97%
May 91 Chl 0 -- 31% - -- --
May ’92 Chl 0 - 31% -- - -
Aug ’92 Chl 0 -~ 25% -- -- -
May ’92 FC -- -~ 8% -- -- --
Aug ’92 FC -- -~ 30% -- -- --

! low standard for *91 (MEL) was 75 pg/L; low standard for °92 (EWU) was 3 ug/L.
2 high standard for 91 (MEL) was 500 ug/L; high standard for ’92 (EWU) was 24.5 ug/L.
3 not enough pairs to calculate (1992 DQOs specify 10 pairs)

Table 4. Lab results from standard reference materials.

Standard

Reference

Value 95% CI May 91 May 92 Aug 92
g/l pg/L ng/L png/L pg/L
TP 150 113 -197 108 -- -
TP 75 47 -111 48 - -
TP 15 5-42 10 13 18
TP 7.5 -12- 34 - 6 8
mg/L mg/L mg/L mg/L mg/L
TN 0.500 0.175 -0.907 0.500 - --
TN 0.250 -0.031 -0.623 0.270 - --
TN 0.050 -0.196 -0.396 0.090 0.048 0.041
TN 0.025 -0.216 -0.367 - 0.021 0.026
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materials could introduce error, the same diluted samples were also analyzed for TN (the
standard reference material contained both TP and TN). Results from the TN reference
materials were at or higher than the expected value, suggesting that the dilutions were not
weak.

Discussion with staff at MEL revealed that a new method for digesting and analyzing TP
samples had been adopted prior to analyzing the lake samples. This method (referred to as
the "TPN" or Valderrama method) allows for the simultaneous determination of TP and TN
with an auto analyzer, and uses potassium persulfate/sodium hydroxide/boric acid to digest
the samples. Although the method was tested at MEL using river samples, the digestion and
detection methods were not checked using samples known to contain low TP concentrations
(i.e., <10 pg/L; Lombard, 1992). To determine whether analysis of TP from lake samples
using the TPN method yielded different results than the method previously used (EPA
method 365.1, with samples digested using ammonium persulfate/sulfuric acid), a method
comparison study was conducted in February 1992. Conclusions from the study were that
results from the two methods were significantly different (P <0.01), and that results from the
TPN method were biased low compared to the other method (Lombard, 1992). These
conclusions confirmed that the 1991 TP results should not be used.

To minimize further quality control problems, data quality objectives (DQOs) for TP were
prepared in 1992 (Appendix B). These DQOs address concerns for detecting bias in the
method, and for achieving low detection limits. This is accomplished by specifying
laboratory QC required for the program, such as concentrations of calibration standards, lab
check standards, and matrix spikes, as well as the number of method blanks required for
calculating the method detection limit. These data quality objectives were used to evaluate

the performance of four labs prior to selecting a lab to analyze lake samples for the 1992
program.

Rejection of 1991 Chlorophyll g Data

The decision to discard the chlorophyll a data from 1991 was more difficult because there is
no chlorophyll standard that can be filtered and submitted to the laboratory as a blind
standard. The only checks for fluorometric analysis of chlorophyll g are calibration, lab
duplicates, and field duplicates. Calibration of the instrument is not done with each run (the
fluorometer at MEL is checked yearly), and both analytical and field variability of
chlorophyll is generally high, making it difficult to determine acceptable precision limits.

- The first indicator of a problem with the 1991 data was the unexpectedly low data results.
Based on program results from 1990, several lakes sampled in 1991 were expected to yield
chlorophyll @ concentrations greater than 2.6 pg/L, which would indicate mesotrophy or
eutrophy. However, results from 38 of 41 lakes were less than 2.6 ug/L, which would
indicate oligotrophy (see discussion on determining trophic states in the next section). There
were also problems with the method: ’
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1) A high sensitivity door was used on the fluorometer, so all the lake samples
were diluted, some up to 1:423, before analysis. The high sensitivity door is
recommended for analyzing low levels of chlorophyll in marine samples.

2) APHA et al. (1992) states that the fluorometric method for determining
chlorophyll in the presence of pheophytin a is not applicable to freshwater
samples, because the measurement of pheophytin a is unreliable. Instead,
spectrophotometry is recommended for analysis of freshwater samples.

3) Sonication was used to extract the pigments. APHA et al. (1992) recommends
using a tissue grinder to mechanically disrupt the cells, because extraction will
be affected by the species of algae present in the samples. Weber et al. (1986)
also note that sonication was ineffective for disrupting cells of "coccoid green
algae and other extraction-resistant forms."

Because of these concerns about methods used, and the unexpectedly low results for almost
all of the 1991 samples, 1991 chlorophyll a data were rejected.

Trophic State Assessments

Trophic states were assigned to 50 lakes (Table 5). The basis for the trophic state
assignments for the 46 volunteer-monitored lakes are explained in the Comments section for
each lake’s individual lake assessment. Individual lake assessments were written only for
lakes which were monitored by volunteers, so there are no individual lake assessments for
American, Deep, Kahlotus, or Leech Lakes. These lakes were not monitored by volunteers
during either year.

Comparisons of Trophic States Assigned in 1992 and 1991

Most monitored lakes were oligotrophic or mesotrbphic. The number of lakes falling into
each trophic state were as follows:

Oligotrophic Oligo- Mesotrophic Meso- Eutrophic
mesotrophic eutrophic
1991 13 6 13 0 10
1992 12 9 15 2 7

Thirty-seven lakes were assigned trophic states in both 1991 and 1992. Of these, 30 lakes
(81%) were assessed the same trophic status during both years. Six lakes (16%) were
assessed to be less eutrophic in 1992 than in 1991, and one lake (3%) was assessed to be
more eutrophic in 1992 than in 1991 (Table 5); these seven lakes had one or both
assessments based primarily on data other than Secchi data. As a result, the "change" in
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Table 5. Trophic state indices and trophic states for lakes monitored in 1991 and 1992.

Lake 1991 Trophic 1992 1992 TSI 1992 TSIy Trophic

TSIgp Status, 1991 TSIgp May Aug May Aug Status, 1992
Alice 43 Mesotrophic 44 40 42 35 24 Oligo-mesotrophic*
American - - -- 39 -- 33 - Mesotrophic*
Big Meadow 44 Mesotrophic 42 49 49 35 42 Mesotrophic
Black 39 Mesotrophic 37 49 38 21 31 Oligo-mesotrophic*
Bosworth - Oligotrophic* 41 37 37 35 38 Oligotrophic
Conconully - - 36 54 50 28 47 Mesotrophic
Cranberry 47 Eutrophic - - - - - -
Crawfish 33 Oligo-Mesotrophic - 49 43 33 25 Oligo-mesotrophic*
Curlew 36 Mesotrophic* 33 57 41 21 31 Mesotrophic*
Deep - - - 42 42 29 34 Oligo-mesotrophic*
Deer 34 Oligo-mesotrophic* 32 32 34 22 33 ‘Oligotrophic
Eloika 50 Eutrophic* 46 51 53 38 47 Meso-eutrophic*
Flowing 43 Mesotrophic - - - -
Horseshoe 58 Eutrophic -- 59 - 61 - Eutrophic*
Jumpoff Joe - - 46 37 47 28 47 Mesotrophic
Kahlotus - Eutrophic* - 109 *k - ke *k
Ketchum - - 54 96 92 52 56 Eutrophic
S. Killarney 47 Eutrophic* 49 57 57 46 40 Eutrophic*
Kitsap - - 42 46 47 33 39 Mesotrophic
Lacamas 50 Eutrophic* 54 49 57 43 55 Eutrophic*
Leech - -- - 40 40 -- 29 -Mesotrophic*
Leo 38 Oligo-mesotrophic* 35 39 41 28 41 Oligo-mesotrophic
Limerick 42 Mesotrophic 43 40 40 32 24 Mesotrophic*
Long (Kitsap) 55 Eutrophic - - 49 - - Eutrophic*
Long (Thurston) 44 Mesotrophic 47 54 56 42 49 Mesotrophic
L. Martha 39 Oligotrophic 36 40 40 37 25 Oligotrophic
Martha L. 38 ‘Oligo-mesotrophic* 37 44 39 22 32 Oligo-mesotrophic*
Mason 32 Oligotrophic 33 27 24 32 31 Oligotrophic
Mill 38 Oligotrophic - - - - - -
Mission - Mesotrophic* - 36 41 32 32 Mesotrophic*
Nahwatzel 36 Oligotrophic 38 36 34 32 17 Oligotrophic
Osoyoos 46 Mesotrophic 44 40 40 29 33 Mesotrophic*
N. Pattison 43 Mesotrophic 41 -- 49 -- 44 Mesotrophic
Phillips 43 Mesotrophic 42 34 39 29 32 Oligo-mesotrophic*
N. Roesiger 36 Oligotrophic 36 27 30 23 - Oligotrophic
E. Samish 39 Oligo-mesotrophic 41 24 37 32 33 Oligo-mesotrophic*
W. Samish 37 Oligo-mesotrophic 40 - -- - - Oligo-mesotrophic*
Sawyer - -- 39 47 42 42 34 Mesotrophic
Spanaway 46 Mesotrophic 42 34 45 32 42 Mesotrophic
Spencer 37 Oligotrophic 40 37 32 33 31 Oligotrophic
St. Clair 48 Eutrophic* 47 51 54 31 48 Eutrophic
Stevens 34 Oligotrophic 36 - 40 - 38 Oligotrophic
Sunday 51 Eutrophic 48 62 58 51 45 Eutrophic
Tanwax 48 Eutrophic* 48 53 51 35 49 Meso-eutrophic
Thomas 38 Oligotrophic 37 41 27 42 32 Oligo-mesotrophic*
Waitts 38 Oligo-mesotrophic 35 44 37 28 38 Oligo-mesotrophic
Ward 28 Oligotrophic 35 40 34 bdl 25 . Oligotrophic
Wenatchee 36 Oligotrophic 33 20 20 15 33 Oligotrophic
S. Whatcom 35 Oligotrophic -- - -- - - -
Williams 40 Mesotrophic* 45 46 43 37 38 Mesotrophic
Wooten 32 Oligotrophic 35 30 34 32 36 Oligotrophic

* Trophic status based primarily on data other than TSIy,
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trophic status does not necessarily indicate a change in water quality in a lake, but may have
resulted from having additional data available when assigning the trophic state (TP and
chlorophyll data for 1991 were not available for assessing lakes). When other data were
available which did not agree with a trophic state based entirely on Secchi depth, the trophic
state assignment was likely to be tempered.

Of the 37 lakes monitored during both 1992 and 1991, TSI, values were generally within
three index units of each other (except for Ward Lake and Williams Lake), despite the
different methods used to calculate TSIy, each year. When 1992 Secchi data were used to
calculate TSI, using the three different methods that have been used for the program, TSI,
values from all three methods were very similar, usually within one unit and not varying
more than three units for each lake. The different methods used to calculate TSI, in 1991
and 1992, then, were not likely to affect the trophic states assigned to each lake.

Until sufficient data are available for determining trends, slight changes in these trophic state
assessments from year to year could be considered as subjective trends, although statistical
trends will be determined in the future for lakes which have at least five consecutive years of
data.. Trend analysis of Secchi depth data will begin at the end of the 1993 monitoring
season, which will mark the end of the fifth year of this lake water quality assessment
program.

Climatic Variations

Yearly climatic variations should be considered when evaluating trophic states between years.
For example, incident sunlight and ambient air temperature will affect algal photosynthesis,
and precipitation will affect the availability of nutrients for algal uptake by affecting runoff
and the lake’s flushing rate. In addition, concern about low rainfall in Washington in the last
few years, and the observation that 11 of the 12 lakes with higher TSk, in 1992 than in 1991
were located in Western Washington, prompt at least a cursory evaluation of available
climatic data.

Climatic data from Seattle and Spokane for 1989-1992 are listed in Table 6. Also listed are
the average values over the entire period of record available for both stations. The mean
maximum temperatures in both 1991 and 1992 for the Seattle station were higher than the
mean maximum temperature from the period of record (Table 6). In addition, for the period
of record, the highest daily average for both the minimum and maximum temperatures
occurred in 1992 (EarthInfo, 1993). Data from the Spokane station also indicated that the
mean maximum temperature was higher in 1992 than the mean maximum temperature from
the period of record.

Although warmer air temperatures would suggest warmer water temperatures in the
monitored lakes, comparisons of the mean surface water temperatures (from volunteer-
collected data) indicated that only 14 lakes had a higher mean surface water temperature in
1992 than in 1991. A paired t-test of mean surface water temperatures for the 34 lakes
monitored during both years indicated that there was no significant difference (P <0.01).
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Table 6.  Daily average temperatures and annual snowfall and precipitation for Seattle and
Spokane.

Period
Parameter of Record* 1989 1990 1991 1992

Station: SEATTLE TACOMA AIRPORT

Temp., Min (°F) 44 .45 45 45 46
Temp., Max (°F) 59 60 60 61 63
Snow (in.) 12.25 14.2 13.6 2.9 6.7 .
Precip. (in.) 38.01 34.69 44.75 35.42 32.78

Station: SPOKANE AIRPORT

Temp., Min (°F) 38 37 38 37 39

Temp., Max (°F) 58 57 58 58 60
Snow (in.) 42.05 45.2 49.9 34.8 61.7
Precip. (in.) 16.01 14.71. 19.61 14.45 14.52

Source of Data: EarthInfo (1993)
*Period of record for Seattle station: 1931-1992

Period of record for Spokane station: 1889-1992 (temperature and precipitation)
1892-1992 (snowfall)
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Precipitation at the Seattle station for 1991 and 1992 was lower than the annual average for
the period of record (Table 6). Snowfall at the Seattle station was very low in 1991 and
1992, in comparison to average annual snowfall reported for the 61 year period of record.

At the Spokane station, precipitation for both 1991 and 1992 was also lower than the average
value for the period of record. Although snowfall in 1991 was lower than the average
annual snowfall for the period of record in Spokane, snowfall in 1992 was high.

Evaluating the possible effects on lakes from low precipitation and snowfall is difficult, not
only because of the varying hydrogeologies of the monitored lakes and their watersheds, but
because lake level at many of the monitored lakes is affected by control weirs, beaver dams,
or blocked outlet tributaries. Another problem in evaluating lake level is that not all
volunteers measured lake level each year (or if they did, not all measured lake level on a
regular basis, or consistently used the same marker to measure level). Despite these,
volunteer comments and recorded lake levels did suggest that, in general, lake levels were
low in 1992. Of particular note is Lake Kahlotus (Franklin County), which dried up between
May and August 1992. Lake Kahlotus is fed primarily by irrigation return and runoff, and
was reported to have also dried up in the 1970s (A. Moore, Ecology, pers. comm.).

Another noteworthy lake is Williams Lake (Spokane County), which dropped 24 inches from
May through October 1992, and the volunteer noted that the level was the "lowest [the] lake
has been in 90 years." (Unfortunately, the volunteer did not measure lake level in 1991.)
Other lakes which decreased in level from May through October 1992 included Waitts Lake
(-12 inches), Lake Leo (-13 inches), Lake Alice (-16 inches), Phillips Lake (-19 inches),
Lake Killarney (-20 inches), Lake Wooten (-21 inches), Spencer Lake (-24 inches), Lake St.
Clair (-24.5 inches), Ward Lake (-26 inches), and Lake Sawyer (-29 inches). Volunteers
from Waitts Lake, Lake St. Clair, Sunday Lake, and Lake Stevens noted that lake level was
unusually low in 1992,

Of these lakes, TSI, was higher in 1992 (than in 1991) for Williams Lake, Ward Lake,
Lake Killarney, Spencer Lake, Lake Stevens, and Lake Wooten. The greatest TSI,
increases occurred at Williams Lake and Ward Lake; TSI, in Williams Lake increased from
40 in 1991 to 45 in 1992, and TSI, in Ward Lake increased from 28 in 1991 to 35 in 1992
(Table 5). Although these increases in TSI, did not affect the trophic state estimates for
either lake, and while there are not enough data available to attribute these TSI, changes to
decreased water level, further study on either lake should include the relationship between
the water budget and water quality.
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CASE STUDIES ON THE EFFECTIVENESS OF CITIZEN-INITIATED LAKE
PROTECTION EFFORTS

Because objectives of this program include promoting public awareness of lake processes and
lake protection measures, and to foster a conservation ethic, I wanted to evaluate the success
and failure of citizen-initiated lake restoration or protection activities at a few of the
volunteer-monitored lakes. Results of these case studies are intended to provide insight to
other volunteers who may initiate their own lake restoration or protection activities.

The case studies were intended to target lakes identified as having threatened or poor water
quality and a potential for protection or restoration. As part of the case studies, I wanted to
work with the volunteers for these lakes and assist them through processes needed for
restoration or protection of the lakes. These processes may include application for
Centennial Clean Water Funds, identification of the specific water quality problem or
potential problem sources, or strategies for creating lake associations and lake management
districts.

Although several volunteers in the program were active in lake protection efforts in 1991-
1992, activities from three lakes stood out in particular, and are discussed here. Residents at
Lake Martha (Snohomish County) organized a lake association which is still active.

Residents at Phillips Lake (Mason County) petitioned county staff to submit a proposal for a
Centennial Clean Water Fund grant in order to address water quality problems in the lake.
Lake association members at Lake Roesiger (Snohomish County) designed and implemented
a water quality monitoring program for the lake.

The Formation of a Lake Association, "Lake Martha Residents"

The process started around spring-summer 1992, when a few lakeshore residents began
talking about the possibility of forming a lake association. The interest in forming an
association was primarily for education and information sharing, as well as meeting other
lakeshore residents. A few of these residents took the initiative to bring a small core of
interested people together at a meeting to discuss forming an association. I was asked to
attend one of these early steering committee meetings to talk about lake associations, why
they are set up, and the benefits of having one. I also talked about rules for reaching
consensus at the meetings, and offered suggestions for running the meetings. The steering
committee met a few times before a full association meeting was held in September 1992.
Duties for advertising the meeting (including distributing flyers), and making arrangements
for the meeting (inviting speakers, reserving a meeting area, providing refreshments) were
split up primarily among three people among the steering committee. Each association
meeting has a subject which features a guest speaker; at their second meeting which focused
on water quality, I was asked to speak about data collected for my program and to discuss
the results. At this meeting, attendees followed up on unfinished business from the previous -
meeting, decided on a name for the group (Lake Martha Residents), discussed boating issues
on the lake, and solicited ideas of topics and speakers to be h1gh11ghted at future meetings.
The meeting was run very well, and was well organized.
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The association has since had several meetings (they meet quarterly), and appear to be
accomplishing their goal of meeting each other and learning more about the lake together.
Their summer meeting was a group picnic, held at one of the association member’s yard.
This idea of a picnic was popular with the steering committee in the early planning stages of
the association.

Lessons

Many lake residents have a difficult time forming an association. Often, the difficulty stems
from residents who are unclear on, or cannot agree on, the purpose that the group will serve
and what the group hopes to accomplish. Members of Lake Martha Residents had clear
objectives, and are very resourceful people as they accomplish their objectives. There are
some other lessons that can be learned from this group.

1) They asked for information and help on what an association is, what is involved in
forming one, and what the benefits are, BEFORE holding a large meeting of all
lakeshore residents. Once a small group of people is convinced that an association is
possible and beneficial, it is easier for them to also convince a large group of people.

2) They formed a steering committee so that the first meeting could be well-planned and
organized. Steering committees are important for delegating the large responsibility of
setting up association meetings, as well as researching meeting topics and finding
speakers.

3) They did not try to tackle too much during their association meetings. Effective
meetings accomplish 1-3 modest goals; if too many issues are confronted at once, or if
meetings get lost in endless discussions, it is difficult to get people to continue attending
the meetings.

The Phillips Lake CCWF Grant Proposal

For several years, lakeshore residents at Phillips Lake have been very concerned about
severe algal blooms and declining water quality. Partly because of these concerns, a resident
volunteered to participate in Washington’s Citizen Lake Monitoring Project during the 1989
monitoring season. From 1989-1991, several water quality complaints from residents,

mainly regarding algae, were received by Ecology’s regional office and by the Environmental
Investigations and Laboratory Services Program, as well as by the Mason County Office of
Water Quality.

In 1991, a lakeshore resident submitted a Centennial Clean Water Fund (CCWF) grant
application to get assistance with the problems in Phillips Lake. However, because these
grants may only be awarded to public agencies, the application was disqualified and no funds
were awarded. In November 1991, Phillips Lake residents circulated a petition, asking the
Mason County Commissioners to apply for a CCWF grant on their behalf. The petition
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requested that the grant be used "to help us determine the reason for the deteriorating
condition of Phillips Lake and stop it. We would like Phillips Lake to remain as clear and
clean as it was in 1970". The petition was signed by 133 lakeshore residents. The
petitioners collected information and historical data (some of it was provided by this
program) to include in the proposal, and county staff were to write and submit the grant.
Because of this initiative by lakeshore residents to do something about nuisance algal blooms,
I was interested in Phillips Lake getting a CCWF grant for a Phase I Diagnostic/Feasibility
Study. A Phase I Diagnostic/Feasibility monitoring study funded through CCWF would
identify the extent and sources of the nutrients which fertilize algal blooms, and would result
in recommendations for actions that may improve water quality of the lake.

Wayne Clifford of the Mason County Office of Water Quality contacted me because he
wanted information and assistance preparing the grant proposal. The objectives of the grant
were to monitor the lake to identify the extent and sources of nutrient loading to the lake,
and to develop an education program for lakeshore residents that would include a volunteer
monitoring component and assisting the residents to form an organization for the lake.

Despite the intent of the county to prepare a grant application for Phillips Lake, which
proposed to devote staff time to the project as well as funds, there appeared to be an
adversarial relationship between county staff and some lakeshore residents. One lakeshore
resident in particular was not satisfied with the level of effort expended by the county in
preparing the proposal, and felt there was a lack of interest on the part of the county in
preparing a successful grant proposal for Phillips Lake. Although this resident had gathered
some information for inclusion in the proposal (including aerial photos showing the extent of
algae blooms in 1991), county staff chose not to include this information.

Unfortunately, the grant proposal was not funded. The county’s Office of Water Quality did
not do any followup with Phillips Lake, primarily because of time and resource restrictions
(D. Shaw, Office of Water Quality, pers. comm.). County staff were surprised that there
was no public outcry after the grant application was denied. Mason County did not submit a
grant application for Phillips Lake in 1993.

Lessons

Successful lake protection and restoration requires good organization, effective
communication, and innovation. Unfortunately, all three were lacking in the Phillips Lake
experience. Problems with the approach taken at Phillips Lake included the following:

1) Members of the Phillips Lake Association needed to organize themselves and their
activities more effectively. For example, the volunteer monitoring program conducted
by two lake residents, and paid for by the association, was a very good idea for
educating members of the association. However, the grant proposal submitted by the
county included provisions for helping the residents form a lake organization and to
develop a volunteer monitoring program, without acknowledging either existing
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2)

3)

4)

program. When I asked county staff about this, I was told that the association was too
loose to be effective, and the monitoring program generated nutrient data from Hach
kits, and therefore the data could not be used for drawing conclusions about the lake, or
in the grant application.

Communication between Phillips Lake residents and staff at the Office of Water Quality
needed improvement. This was indicated by the adversarial relationship between some
residents and county staff, and by the fact that the grant proposal did not acknowledge
the lake association or the volunteer monitoring program. Although partial blame lies
with both parties, it may only take one dedicated individual with good communication
skills (from either group) to establish a good working relationship.

Ideally, the association would keep county agencies informed about their activities and
water quality concerns by sending county agencies copies of newsletters or other
pertinent materials prepared by the association, and by inviting county staff to attend or
speak at association meetings. This way, agency staff can also be invited to give their
input on association activities (such as monitoring), so that association efforts can be
more effective. Also, local agencies are more likely to give attention to water quality
concerns and public education needs when they are presented by a cohesive, organized
group than from a loose group of individuals.

Problems at Phillips Lake needed to be approached using a bit more innovation. For
example, there was much more energy placed on getting a CCWF grant to investigate
the lake’s problems, and little energy expended on what to do for the lake if the grant
application was not funded. Lake management is a long-term commitment; although a
grant can pay for investigating sources of problems and implementing the more
expensive restoration measures, grants do not (and should not be expected to) pay for
everything that can be done to protect a lake. A well organized strategy would not rely
exclusively on grants to fund solutions to a lake problem, and would have an action
plan for interim measures that can be taken if it takes several tries to secure a grant.
Public education, information gathering and sharing, and involvement with local
government can be done by lake association members, even without a CCWF grant.

Finally, a grant application requires dedication and perseverance by the lake residents
and the sponsoring public agency. It is not unusual for proposals to require several
attempts to be successful, because the level of competition with other proposals, and
available funding, can vary between years. As a result, determined groups may submit
proposals every year, may submit proposals under more than one funding category, or
may find other potential sources of funding education or monitoring activities.
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Overall, members of the Phillips Lake Association needed to be active, or even take the
lead role, in approaching management of the lake. For an association to become active
in lake management issues, it is important for some members of the association to
research and learn about the various management options available for their lake.
Although it may seem overwhelming to delve into lake management and lake protection
issues, it is the lake residents and lake users who will be affected by any management
decision. As a result, it is important that these residents and users become informed
and active participants in the process.

Designing and Implementing a Monitoring Program for Lake Roesiger

Members of the Lake Roesiger Property Owners have been very active the past few years.
In addition to educating and encouraging lakeshore residents to use non-phosphorus
detergents, to conserve water, and to install low-flow toilet fixtures, they have been very
active regarding the lake restoration strategy that was recommended for their lake, An
interesting twist, though, is that the residents are fighting against the implementation of the
lake restoration strategy. Because this lake restoration issue is still unresolved and -
controversial, it won’t be discussed here, However, one reason for the controversy was that
residents felt that the restoration recommendations were based on data collected during a year
of atypical conditions. The association decided to collect their own data for several years to
demonstrate typical conditions, and to use their data to characterize the trophic status of the
lake’s two basins.

Two members of the association of Lake Roesiger Property Owners were particularly active
in requesting information on lake monitoring and lake monitoring equipment. Information on
Secchi disk theory and various types of monitoring equipment, and a list of accredited
laboratories, were sent to them. The association purchased equipment for their program (a
YSI temperature/dissolved oxygen meter and a water sampler), and they sent me a copy of
their monitoring plan to review. I met with the group in February 1992 to discuss their
monitoring plan, and to demonstrate equipment. I suggested several changes to their plan,
particularly with regard to QA/QC elements (which included discussion of criteria to look for
when selecting a lab).

Association members began collecting monthly Secchi data, water samples, and profile data
(dissolved oxygen and temperature) in February 1992. Water samples were analyzed for TP
and chlorophyll a. Because of their concern about data quality, association members
collected profile data and water samples during my onsite visits with the volunteers in May
and August 1992.

In December 1992, I met twice with an association member to talk about public education
materials and about methods for calculating the precision and accuracy of the data. By
learning and using more QA/QC procedures, association members hope to increase the
credibility of their data.
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Association members also interpreted and summarized data collected for the program, and
presented the results to other association members. Their results and conclusions, which
were based on data collected throughout the year, confirmed the trophic state estimation
determined from Ecology’s lake water quality assessment program. They continued their
monitoring program in 1993,

Lessons

Designing and implementing a monitoring program can be very difficult, because the study
must be planned to satisfy monitoring objectives. Members of the Association of Lake
Roesiger Property Owners had clear monitoring objectives, and were very conscientious in
designing their study to fit their needs and to be able to compare their data with data
collected by others. They researched many different monitoring schemes, designed a study
that fit their needs and their budget, and had several people experienced in monitoring and
monitoring design review their study plan. They took the time to learn about, develop, and
implement quality control procedures. Overall, their data should be of good quality.

Conclusions from the Case Studies

Both the Lake Martha and the Lake Roesiger groups had at least two people who were
willing to spend time researching information, and to talk to others involved in various
capacities of lake monitoring and protection. On the other hand, the Phillips Lake group had
some people who were very interested in improving the water quality of the lake, but were
set on using a CCWF grant to accomplish their goals. As a result, they relied on local
agency personnel to obtain the grant on their behalf. The county’s Office of Water Quality,
though sympathetic to the concerns of the homeowners, was already overextended with other
commitments, resulting in no followup action on the lake after the grant application was
denied. :

For citizen-initiated efforts to work effectively, it is necessary to have motivated individuals
who can search out others who have had similar problems, and experts and agency personnel
who can provide them with information that may make their task possible, and are willing to
try innovative solutions. In all cases, patience and perseverance is required.
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INDIVIDUAL LAKE ASSESSMENTS

The 46 individual lake summaries presented here were written primarily for the volunteers
who participated in Washington’s Citizen Lake Monitoring Project. As a result, layperson’s
terms are used, and many basic limnological concepts are discussed or described. The
original 1991 data summaries were mailed to the volunteers in June 1992, and the 1992 data
summaries were mailed to the volunteers in June 1993. Accompanying each individual
report were materials that explain the sources of the data, the methods used for interpreting

the data, and a glossary of terms. An example of materials accompanying the 1992 reports
is in Appendix E.
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Lake Alice -- King County

Lake Alice is located 2.5 miles south of Fall City. It has no surface inlets or outlets, and seeps
to the Raging River.

Size (acres) ' 32
Maximum Depth (feet) 30
Mean Depth (feet) 8
Lake Volume (acre-feet) 260
Drainage Area (miles?) 0.2
Altitude (feet) 875
Shoreline Length (miles) - 1.3

Data from Bortleson et al. (1976)

B Volunteer monitoring site
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@ © Fecal colform site. May (sites 1 and 2}
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0 500 1000 FEET
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Line of equal
water depth
Interval 5 feet

Alice Lake, Xing County. From Washington
Department of Game, June 3, 1946,
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Lake Alice -- King County

1992 Trophic Status’

Estimated Trophic State:

Oligo-mesotrophic

Mean Trophic State Index (Secchi): 44
Mean Trophic State Index (Total Phosphorus): 41
Mean Trophic State Index (Chlorophyll a): 31
Volunteer-Collected Data

Date  Time Temperature Secchi Lake Water %Cloud Recent  Wind Abbreviated Comments
1992 °C) (°F) ®) Ht (in) Color Cover Rain

12-May 1028 13.3 56.0 12.0 36.25 Lt-Green 50 Light Light
25-May 1350 16.7 62.0 12.0 34.00 Lt-Green 10 None Light
09-Jun 1305 20.0 68.0 11.0 31.00 Lt-Green 50 Trace Breezy
25-Jun 1235 25.0 770 8.0 29.00 Lt-Green 10 None Light
11-Jul 1030 18.9 66.0 10.0 29.00 Lt-Green 25 Trace Light
26-Jul 1130 20.0 68.0 8.0 26.50 Lt-Green 0 None Light
09-Aug 1030 18.3 65.0 11.2 2420 Lt-Green 10 Trace Light
23-Aug 1015 20.0 68.0 133 21.00 Lt-Green 25 None Light
07-Sep 1005 17.8 640 103  19.50 75  None  Light
21-Sep 1200 16.1 61.0 8.0 17.50 Lt-Green 75 Trace Light
06-Oct 1315 144 580 8.0 19.50 Lt-Green 0 None Light
22-0ct 1025 112 52.0 6.5 19.75 Pea-Green 90 Heavy  Light

! Trophic State Indices calculated from Carlson (1977)
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Lake Alice -- King County

1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) °C) (mg/L) (pmhos/cm)
05/12 0.0 15.0 7.0 9.6 13
1.0 14.9 6.5 9.2 13
2.0 14.3 6.4 9.1 13
3.0 14.4 6.3 9.0 13
4.0 12.6 6.1 6.6 14
5.0 10.3 57 1.4 15
6.0 9.0 5.5 0.6 15
7.0 8.5 5.5 0.1 15
8.0 83 5.5 0.1 16
08/24 0.0 22.6 8.1 8.6 22
1.0 22.3 8.1 8.3 22
2.0 21.7 8.0 8.3 22
3.0 20.9 8.0 8.1 22
4.0 19.1 7.9 4.4 23
5.0 154 77 1.9 23
6.0 12.5 7.5 0.2 25
7.0 10.4 73 0.1 28
3.0 9.7 7.0 0.1 44
1992 Onsite Visit Data - Water Chemistry
Date 05/12/92 08/24/92
Epilimnion Hypolimnion Epilimnion Hypolimnion
Composite Depths (meters) 1,2 6,7, 8 1,2 7,8
Total Phosphorus (ug/L) 12 30 14 8
Total Nitrogen (mng/L) 0.31 0.38 0.38 0.64
Chlorophyll a {(ug/L) 1.6 - 0.5 -
Fecal Coliform Bacteria 2 - 2 -
Site 1 (colonies/100 mL)
Fecal Coliform Bacteria 2 - <1 -
Site 2 {colonies/100 mL)
Total Suspended Solids (mg/L) 1 - 2 -
Total Nonvolatile Suspended <1 - 1 -
Solids (mg/L)
Color (Pt-Co units) 25 - 20 -
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Lake Alice -- King County

Historical Data From Ecology

Date 6/25/73 5/24/91°

Secchi (feet) 14 12

Total Phosphorus, 11 -
epilimnion (ug/L)

Total Nitrogen, - : 0.23
epilimnion (mg/L)

Chlorophyll a (ug/L) 0.8 -

Dissolved Oxygen,. 8.6 9.7

surface (mg/L)

Dissolved Oxygen, : 1.0 0.2
bottom (mg/L)

a. Bortleson et al. (1976)
b. Rector (1992)
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Lake Alice -- King County

Monitoring Results/Summary of Other Available Information

Secchi Depths -
Secchi depths in 1992 were moderately deep, ranging from 6.5 to 13.3 feet. Shallowest Secchi

depths were measured during July and October.

Total Phosphorus

Total phosphorus in the epilimnion (upper layer of water) wwas 12 ug/L in May, and 14 ug/L
in August. These concentrations were moderately high, and fall within the low end of the
mesotrophic range. These concentrations were not much higher than the concentration of 11
pg/L which was measured in June 1973 (Bortleson ez al., 1976).

Total Nitrogen

Total nitrogen in the epilimnion was 0.31 mg? in May, and 0.38 mg/L in August. These
concentrations were higher than the concentration of 0.23 mg/L measured in 1991 (Rector,
1992), and 0.17 mg/L measured in 1973 (Bortleson et al., 1976).

Fecal Coliform Bacteria
Sampling sites for fecal coliform bacteria samples are indicated on the map. All sample results
were low, and within acceptable state standards. -

Solids and Color

Total suspended solids, total nonvolatile suspended solids, and color data were all low. These
indicate that Secchi depths were most likely related to algal growth at the time of sampling,
rather than by suspended sediments or water color.

Profile Data

On both sampling dates, the lake was stratified and there was very little dissolved oxygen below
the thermocline. Low dissolved oxygen can result from springs which enter the lake, because
springwater is low in oxygen. Dissolved oxygen can also be consumed during bacterial
decomposition adn respiration in the water and sediments. The low oxygen will affect fish
distribution in the lake. Trout probably migrate between the metalimnion of the lake, where
dissolved oxygen is higher, to the hypolimnion of the lake, where temperatures are lower. The
1992 profile data were very similar to profile data collected in 1991 (Rector, 1992).

Plants

On both sampling dates, chlorophyll a was low, indicating that there was little algal growth in
the lake at the time of sampling. A sample of algae collected during the August 1992 onsite
visit was the filamentous blue-green alga Mougeotia. This alga was isolated in nearshore areas.

Aquatic plants collected from Lake Alice during the May 1992 onsite visit were identified as
quillwort (Isoetes spp.), water star-wort (Callitriche spp.), and water-moss (Fontinalis). Plants
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Lake Alice -- King County

collected during the August 1992 onsite visit were identified as iris (Iris pseudacorus), yellow-
flowering lily (Nuphar), watershield (Brasenia schreberi), cattails (Typha spp.), bulrush
(Scirpus), mint (Labiatae), and ribbonleaf pondweed (Potamogeton epihydrus). The volunteer
noted that the iris was particularly prolific this year,

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1991 to 1992.

Lake Alice is used for fishing, swimming, and non-motorized boating. There is
one public boat ramp on the lakeshore, making about 1 percent of the shoreline
publicly-owned. No motor boats are allowed on the lake. Trout were stocked in
the lake. Currently, the watershed is used only for lakeshore development for
residences. In the past, the watershed was used for logging, and the lake was
dredged.

None of the houses on lakeshore are connected to a sewer. There are no culverts

which drain into the lake. There is no lake association or community association

for the lake. Currently, the minimum setback for lakeshore development is 50 feet

for residences and 20 feet for agriculture. The minimum lot length for residential

development is 50 feet, and residential density is restricted to 2 houses per acre.
~ Lake water is withdrawn for drinking and other domestic uses.

Overall, the volunteer finds that Lake Alice had good water quality. Problems in
the lake in 1992 were ranked as 1) high water level, 2) algae, and 3) excessive
aquatic plant growth. Possible sources of problems are Canada geese and
fertilizer runoff. In comparison to 1991, the lake level in 1992 was about 7
inches higher, despite low rainfall. Beavers were a severe nuisance last winter
and spring, because they damaged many valuable trees. Canada geese were also
a nuisance.

In 1991, lily growth was dense at the west end of the lake, and algae grew in
shallow areas.

Comments

Although Secchi depths were clearly in the mesotrophic range, both total phosphorus and
chlorophyll a were in the oligotrophic range. Other mesotrophic characteristics of the lake
include the low dissolved oxygen in the hypolimnion, and the moderate amount of plant growth
along some shoreline areas. Because the lake exhibits both oligotrophic and mesotrophic
characteristics, the lake was estimated as oligo-mesotrophic. In 1991, there was no phosphorus
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Lake Alice -- King County

or chlorophyll data available, and Secchi and profile data indicated that the lake was
mesotrophic. It appears that in addition to Secchi depth data, phosphorus and chlorophyll data
are needed to assess Lake Alice. '

In comparison to other lakes monitored for the program in 1992, Lake Alice had very low algal
growth (as indicated by chlorophyll a concentrations).

Acknowledgement

I thank Antony Johnson for volunteering his time to monitor Lake Alice during 1991-1992.
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Big Meadow Lake -- Pend Oreille County

Big Meadow Lake lies in a peat area about 20 miles northeast of Colville at the head of Meadow
Creek. It drains westerly to the south fork of Deep Creek and ultimately to the Columbia River.
Big Meadow Creck was dammed in the mid-seventies, which enlarged the lake from its original
size of about 4 acres to its present size of about 72 acres.

Size (acres) 72

Maximum Depth (feet) 23
Mean Depth (feet) 7.2
Lake Volume (acre-feet) 512
Drainage Area (miles?) 2.59
Altitude (feet) 3450
Shoreline length (miles) , 3.81

MEADOW LAKE

Pond Orete County

M Volunteer monitoring site

Contour intervols in feet.
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Big Meadow Lake -- Pend Oreille County

1992 Trophic Status’

Estimated Trophic State:

Mean Trophic State Index (Secchi):
Mean Trophic State Index (Total Phosphorus): 49

Mesotrophic

42

Mean Trophic State Index (Chlorophyll g): 39

Volunteer-Collected Data

Date Time  Temp Secchi Take Water  %Cloud Recent Wiad Abbreviated Comments

1992 (°C} (°F) 3] Ht (in) Color Cover Rain

06-May 1145 185 65.3 133 0.00 Dark-Gr Watet color datk green.

22-May 1340 170 62.6 12.0 0.00 Dark-Gr 90 Water color dark green,

03-Jun 1255 200 68.0 10.3 -2.00 Gr-Brown 25 None Light Algae bloom light green
filamentous structure along
north and southwest part of

‘ the lake.
17-Jun 1305 18.5 653 8.0 0.00 Gr-Brown 90 Moderate  Breezy A litle of last report’s
' algae bloom left. Had

ebout 3" rain since last
Friday.

01-Jul 1242 20.7 69.3 7.4 -2.00 Gr-Brown 90 Moderate Breezy One small island has
floated up from the bottom.

15-Jul 1235 20.1 68.2 9.3 -2.00 Gr-Brown 10 None Strong :

29-Jul 1135 220 71.6 10.0 -4.00 Gr-Brown 10 Trace Breezy Another "island"  has
appeared, this one covered
with grass.

12-Aug 1145 230 73.4 10.9 -6.00 Gr-Brown 75 None Light The first “island" has
disappeared.

26-Aug 1310 18.1 64.6 2.1 -8.00 Gr-Brown 50 Light Calm

01-Sep 13.5 Onsite visit.

09-Sep 1310 155 599 14.0 -8.00 Gr-Brown 0 Moderate  Light Got familiar with DO kit -
5.7 mg/L about 3 fi off the
bottom.

23-Sep 1000 142 57.6 14.7 -6.00 Gr-Brown 25 Trace Strong

20-Oct 1257 7.0 44.6 12.7 -8.00 Gr-Brown 50 Trace Breezy The two '"islands" have

sunk. Surface DO was 9.6
mg/L.

! Trophic State Indices calculated from Carlson (1977
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Big Meadow Lake -- Pend Oreille County

1992 Onsite Visit Data - Profile Data

Dissolved

Date Depth Temp pH Oxygen Conductivity
1992 (meters) (&) (mg/L) (prnhos/cm)

05/19 0.0 17.3 8.0 9.6 49

1.0 16.5 7.9 9.5 49

2.0 16.3 7.9 9.5 .49

3.0 15.5 7.8 9.4 49

4.0 12.7 7.6 7.8 49

.50 11.4 7.4 7.1 50

09/01 0.0 17.8 7.8 8.5 50

1.0 17.4 7.7 8.6 50

2.0 17.3 7.6 8.6 50

3.0 16.5 7.5 7.4 50

4.0 15.8 7.4 56 50

50 15.5 7.3 25 52

1992 Onsite Visit Data - Water Chemistry

Date 05/19/92 09/01/92

Epilimnion Hypolimnion Epilimnion Hypolimnion
Composite Depths (m) 1,2,3 - 1,3,4 -
Total Phosphorus (ug/L) 23 - 22 -
Total Nitrogen (mg/L) 0.60 - 0.71 -
Chlorophyll a (ug/L) 1.60 - 3.10 -
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Big Meadow Lake -- Pend Oreille County

Historical Data From Ecology

Date . 05/29/90 09/12/90* 06/12/91°

Secchi (feet) -- 8.4 11.0

Total Phosphorus, 31 30 -
epilimnion (ug/L)

Total Nitrogen, 0.70 0.91 0.34
epilimnion (mg/L)

Chlorophyll a (ug/L) - : - -

Dissolved Oxygen, 10.7 - ‘ 9.3
surface (mg/L)

Dissolved Oxygen, 1.6 - 1.0
bottom (mg/L)

a. Rector (1991)
b. Rector (1992)
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Big Meadow Lake -- Pend Oreille County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was good to fair during 1992, with Secchi depths ranging from 7.4 to 14.7 feet.

During June and July, lower Secchi depths resulted from an algal bloom (see comments with
Volunteer-Collected Data). Except during those months, most Secchi depths were in the
mesotrophic range.

Total Phosphorus v

Total phosphorus was moderately high, and in the mesotrophic range, on both sampling dates.
Concentrations measured in May and September 1992 (23 and 22 ug/L, respectively) were lower
than concentrations measured in 1990 (31 and 30 ug/L; Rector, 1991).

Total Nitrogen

Total nitrogen was high relative to the concentrations of total phosphorus, indicating that algal
growth in Big Meadow Lake was limited by the amount of phosphorus in the water.
Concentrations measured in 1992 (0.60 and 0.91 mg/L) were more similar to those measured
in 1990 (0.70 and 0.91 mg/L; Rector, 1991) than in 1991 (0.34 mg/L; Rector, 1992).

Profile Data

During May, the lake was stratified with respect to temperature, and both pH and dissolved
oxygen decreased from surface to bottom. During September, stratification was weak (there was
less than 3 degrees difference from surface to bottom), and pH was similar to the values
measured in May. Dissolved oxygen, though, decreased to only 2.5 mg/L at the lake bottom.

Plants

Chlorophyll a was low (1.6 pg/L) during May, indicating that there was little algae growth in
the lake at the time of sampling. During September, the higher value (3.10 ug/L) was in the
mesotrophic range and indicated that there was a moderate amount of algae growing. Most of
the eastern Washington lakes sampled for the program had low chlorophyll during May and
June, probably due to low water temperatures at the higher elevations.

Plants identified during the 1992 onsite visits were flatleaf pondweed (Potamogeton robbinsii),
largeleaf pondweed (Potamogeton amplifolius), floatingleaf pondweed (Potamogeton natans),
yellow-flowering lily (Nuphar polysepalum), waterweed (Elodea canadensis), two other
unidentified pondweeds, and muskgrass (Chara). During the June 12, 1991 onsite visit with the
volunteer, Chara (an alga), pondweed, and sedge (Carex sp.) were observed growing in the lake
and along the shore. Two other plants, a pondweed and bur-reed (Sparganiaceae family) were
also noted. Decomposing blue-green algae were found along the shoreline.
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Big Meadow Lake -- Pend Oreille County

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1989 to 1992.

Big Meadow Lake is used for fishing, picnicking, camping and waterfow] habitat.
There is one public boat ramp, and there are no restrictions for motorboat use on
the lake. There are no nearshore houses, although there is a Forest Service
campground on the lakeshore; 100% of the shoreline is publicly-owned. Eastern
brook trout were stocked in the lake.

Areas flooded when the lake was enlarged were covered with submerged weeds,
but the original lake area was not covered with plant growth. Open areas about
seven feet deep had floating-leaved type weeds. "Floating islands" (parts of the
lake bottom which rise to the water surface and float) were common in the lake.
These islands occur when gases produced during decomposition loosen sediments
they are trapped in, and eventually make a portion of the sediments buoyant.

In January and February 1989 there was a winterkill of fish. The Department of
Wildlife installed an aeration system on August 25, 1989 to prevent the fish kills.

No fish kills have been reported since the aerator was installed.

Overall, the volunteer found that Big Meadow Lake had good water quality. The worst
problem in the lake in 1992 was excessive aquatic plant growth. There was more aquatic
plant growth in 1992 than in 1991.

Comments

All three trophic state parameters (Secchi depth, total phosphorus, and late summer chlorophyll
a) indicate that the lake was mesotrophic.

Lake Leo was the only other Pend Oreille County lake monitored for the program in 1992.
Compared to Lake Leo, Big Meadow Lake had lower water clarity, and higher phosphorus and
chlorophyll a. Lake Leo was characterized as oligotrophic in 1992.

The floating chunks of lake bottom (referred to as "floating islands" in the volunteer’s field
comments) have been reported by the volunteer since 1989.

Acknowledgement

I thank Terry Williams for volunteering his time to monitor Big Meadow Lake during 1989-
1992.

41



BIG MEADOW LAKE (PEND OREILLE COUNTY)
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Black Lake - Stevens County

Black Lake is located about 12.5 miles east of Colville. It is 4,800 feet long. The main inflow
is intermittent into the north end of the lake, and there is a smaller inlet on the east side of the
lake. Black Lake drains southeast via Gap Creek to the Little Pend Oreille River.

Size (acres) 70
Maximum Depth (feet) 45
Mean Depth (feet) 27
Lake Volume (acre-feet) 1,863
Drainage Area (miles?) 0.9
Altitude (feet) 3,701
Shoreline Length (miles) 2.0

Data From Dioa et al. (1976)

W Volunteer monitoring site

A Pk boet access
[ & Fecel colllorm shes 1 and 2

0 1000 2000 PEET
—1 1 1 J

Line of equal
water depth
Interval 10 feet -

Black lake, Stevens County, From Washington
Department of Game, March 31, 1949.
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Black Lake -- Stevens County

1992 Trophic Status'

Estimated Trophic State:

Mean Trophic State Index (Secchi):
Mean Trophic State Index (Total Phosphorus):
Mean Trophic State Index (Chlorophyll a):

36
45
27

Oligo-mesotrophic

Volunteer-Collected Data

Date Time Temperature Secchi pH  Lake Water  %Cloud .Recent Wind _ Abbreviated Comments
1992 °C) °F) 1t Ht (in) Color Cover  Rain
11-May 16.0 Onsite visit.
02-Jun 1400 19.4 67.0 16.0 79 16.00 Cl-Brown 50 None Light  Water color clear-brownish. pH with
colorpHast strip: 6.5. Cole-Parmer
) method very time consuming.
19-Jun 1030 20.0 68.0 13.5 7.6 22.00 Cl-Brown 0 None Light  Heavy rain 3 days ago - raised lake
i level 3". pH on colorpHast strip
6.3.
15-Jul 1315 18.9 66.0 16.0 7.5 21.00 Cl-Brown 0 None Light  pH with colorpHast strips 6.0
19-Aug 1430 22.8 73.0 22.0 7.7 Brown 10 None Light  Water color brownish. pH on
colorpHast strips 6.5.
24-Aug 24.0 Onsite visit.
21-Sep 1200 144 580  20.0 7.9 13.00 Cl-Brown 10 Trace  Light
15-Oct 1300 10.0 50.0 14.0 12.00 Cl-Brown 50 Moderate Light  Snowed in Jast 2 days. Lake turned

over recently - hence decrease in
Secchi reading.

! Trophic State Indices calculated from Carlson (1977)
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Black Lake -- Stevens County

1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) °C) (mg/L) (umhos/cm)
05/11 0.0 12.7 6.5 8.9 36
1.0 12.7 6.5 8.8 36
2.0 12.6 6.6 8.8 36
3.0 12.5 6.6 8.7 35
4.0 11.0 6.6 8.5 34
5.0 8.7 6.6 7.3 35
6.0 7.8 6.5 6.4 35
8.0 7.3 6.5 5.6 35
10.0 72 6.5 55 35
12.0 7.2 6.5 54 35
08/24 0.0 17.5 7.6 8.4 32
1.0 17.6 75 82 32
2.0 17.6 7.5 82 32
3.0 17.6 74 8.1 32
4.0 17.6 7.4 8.1 32
5.0 172 7.4 9.1 32
6.0 12.7 7.1 4.0 33
7.0 10.4 6.9 0.2 34
8.0 9.0 6.7 0.1 37
9.0 8.5 6.6 0.1 43
10.0 8.3 6.6 0.1 45
12.0 8.2 6.5 0.1 46

1992 Onsite Visit Data - Water Chemistry

Date 05/11/92 08/24/92
Epilimnion Hypolimnion Epilimnion Hypolimnion

Composite Depths (m) 1,2,3 5,8,10 1,3,5 7, 8, 10
Total Phosphorus (ug/L) 23 13 10 23
Total Nitrogen (mg/L) 0.30 0.33 ) 0.30 0.28
Chlorophyll @ (ug/L) 037 1.07
Fecal Coliform Bacteria <1 <1

Site 1 (organisms/100 mL)
Fecal Coliform Bacteria <1 1

Site 2 (organisms/100 mL)
Total Suspended Solids (mg/L) 1 2
Total Nonvolatile Suspended <1 1

Solids (mg/L)
Calor (Pt-Co units) 25 20
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Black Lake -- Stevens County

Historical Data From Ecology

Date 07/08/74* 06/20/89° 09/05/89° 05/29/90° 09/11/90° 06/13/91¢

Secchi (feet) 12 11.5 16.7 - 15.6 -

Total Phosphorus, 9 11 4 19 12 -
epilimnion (ug/L)

Total Nitrogen, -- 0.28 0.31 0.35 0.30 0.25
epilimnion (mg/L)

Chlorophyll a (ug/L) - 1.6 1.2 - - -

Dissolved Oxygen, 82 9.4 8.6 10.6 8.4 8.9
surface (mg/L)

Dissolved Oxygen, 0.4 0.3 0.1 2.5 0.0 22
bottom (mg/L)

a. Dion et al. (1976)

b. Brower and Kendra (1990)

¢. Rector (1991)

d. Rector (1992)
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Black Lake -- Stevens County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was very good, as indicated by all Secchi depths which ranged from 14.0 to 22.0 feet.

Shallower Secchi readings in mid-June and mid-October followed periods of rain or snow, and were
not likely the result of increased algal growth.

Total Phosphorus

Total phosphorus was high during May 1992 (23 ug/L), but was low during August (10 pg/L).
In 1990, phosphorus was also higher during May compared to the late summer concentration.
Recent lake thaw and subsequent lake turnover could cause higher total phosphorus concentrations
during spring than in late summer.

Total Nitrogen

Total nitrogen was the same (0.30 mg/1.) on both sampling dates, and was similar to concentrations
measured during 1989, 1990, and 1991.

Fecal Coliform Bacteria
All results for fecal coliforms were very low, and were within acceptable state standards.

Solids and Color

Samples for total suspended solids and total nonvolatile suspended solids were low. There was
some color in the lake, but color values were also low. Because of the name of the lake, and
because the volunteer consistently reported the water color as clear-brown, it was suspected that
natural color in the lake would be higher. In 1974, color was only 10 platinum-cobalt units (Dion
et al., 1976).

Profile Data

On both sampling dates the lake was stratified with respect to temperature, and dissolved oxygen
decreased from surface to bottom. During the August onsite visit, dissolved oxygen was very low
(0.1 - 0.2 mg/L) throughout the hypolimnion. Low dissolved oxygen in the hypolimnion was also
recorded during September 1990 (0.0 mg/L at 11 meters; Rector, 1991) and in 1974 (0.4 mg/L at
30 feet; Dion er al., 1976). It is likely that low dissolved oxygen near the lake bottom has been
occurring for many years. Low dissolved oxygen concentrations result from the bacterial
decomposition of organic material (such as vegetation and woody debris) in the water and
sediments.

Plants

Despite the high phosphorus concentration during May, chlorophyll a during May was very low
and indicated that there was very little algal growth at the time of sampling. It is possible that the
phosphorus was not in a form that is available for uptake by algae (that is, adsorbed onto suspended
sediments), which would explain the low algal productivity. It is also possible that low water

46



Black Lake -- Stevens County

temperature during May inhibited algal growth. The chlorophyll a value during August was also
low. Most eastern Washington lakes sampled for the program had much lower algal growth (as
indicated by chlorophyll @) during May than in August. If algae were observed during May, they
were usually isolated in nearshore areas rather than growing throughout the lakes.

On the day of the May onsite visit with the volunteer, plants identified by Ecology staff near the
public access were largeleaf pondweed (Potamogeton amplifolius), waterweed (Elodea candensis),
and muskgrass (Chara).

During the September 1990 onsite visit with the volunteer, aquatic plants covered 90 - 95% of the
shoreline, with scattered patches offshore. There was not a lot of aquatic plant growth near the
sampling area, except in small coves. Yellow-flowering lily (Nuphar sp.), pondweeds
(Potamogeton amplifolius, P. berchtoldii, and P. epihydrus) and waterweed (Elodea sp.) were
identified during the visit. Aquatic plants were not surveyed during the 1991 sampling.

In 1989, Most of the shoreline was ringed with reeds and grasses, and scattered aquatic plants
reached the surface up to 20 - 40 feet offshore. Photos and aquatic weed descriptions were sent
in by the volunteer in 1989, showing submerged species of aquatic plants (Elodea), pondweeds
(Poramogeton spp.), yellow-flowering pond lily (Nuphar), and emergent species of cattail, reeds,
and grasses.

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires completed
from 1989 to 1992.

Black Lake is used for fishing, swimming, rowing, camping, and during the winter,
skating and skiing. Recreational facilities on the lakeshore include a picnic area, a
camping area, a beach, one resort. There is one public boat ramp. About 4 percent
of the shoreline is publicly-owned. Rainbow and eastern brook trout are stocked in
the lake. Currently, the lakeshore is being developed further for residences. In the
past, the watershed was used for logging and crop agriculture.

There are 28 houses on the lakeshore, and none of the houses are connected to a
sewer. There are no culverts which drain to the lake. There is no lake association
for the lake. Lake water is withdrawn for drinking and other domestic uses.

Overall, the volunteer finds that Black Lake had excellent water quality. There were
no water quality problems in the lake in 1992, (In 1991, the volunteer cited fish
species and aquatic plants as the worst problems in the lake. In 1990, the increasing
amount of aquatic plant growth during summer was the worst problem in the lake.)
There were no changes in the lake since the 1991 monitoring season. Sewage,
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Black Lake -- Stevens County

garbage, and large boats are the only potential sources of pollutants to the lake now.
The volunteer is concerned about drinking water quality.

The volunteer also noted that the thermocline dropped from about 25 feet in
September, until the lake turned over in early October. Trout in the lake were
holding above the thermocline. 1992 was a record year for rainbow trout--up to 5.5
pounds, due to shiners.

The lake has been chemically treated in the past to control undesirable fish species.
Aquatic plants grow in 6-10 feet of water, with some reaching to the surface. There
are wetlands areas near both inlets. In 1989, there was a beaver dam and a wetland
area at the north end of the lake at the main inlet.

Comments

Black Lake exhibited both oligotrophic and mesotrophic characteristics. Oligotrophic characteristics
include the low concentrations of chlorophyll a, and good water clarity. Mesotrophic
characteristics of the lake include very low hypolimnetic dissolved oxygen during August, prolific
plant growth which is particularly noticeable near the public boat launch, and high total phosphorus
during May. Most of these characteristics were also noted in 1991. Because the Secchi depths
were deeper in 1992 than in 1991, though, the lake was estimated as oligo-mesotrophic in 1992.

Four other Stevens County lakes (Deer, Jumpoff Joe, Thomas, and Waitts) were monitored for the
program during 1992. In comparison to these lakes, only Jumpoff Joe Lake had higher total
phosphorus and shallower Secchi depths than Black Lake.

Acknowledgement

I thank Norman S. LaVigne for volunteering his time to monitor Black Lake during 1989-1992.
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Lake Bosworth -- Snohomish County

Lake Bosworth is located 2.3 miles south of Granite Falls. It is fed by two unnamed inlets, and
drains northeast to the Pilchuk River.

Size (acres) 105
Maximum Depth (feet) 79
Mean Depth (feet) 35
Lake Volume (acre-feet) 3,671
Drainage Area (miles®) 1.4
Altitude (feet) 563
Shoreline length (miles) 2.0

Data From Bortleson e al. (1976)

M Volunteer monitoring site

A Pubic bost accees

0 1000 2000 FEET
I 1 i 1 J
EXPLANATION

— 20

Line of equal
water depth
IntervallQ feet

Bosworth Lake, Snohomish County. From Washingtoa
Department of Game, January 25, 1949.
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Lake Bosworth -- Snohomish County

1992 Trophic Status’

Estimated Trophic State: Oligotrophic

Mean Trophic State Index (Secchi): 41

Mean Trophic State Index (Total Phosphorus): 37

Mean Trophic State Index (Chlorophyll a): 37
Volunteer-Collected Data

Date Time Temperature Secchi Lake Water %Cloud Recent Wind Abbreviated Comments
1992 °C) °H ) Ht (in) Color Cover Rain

15-May 12.0 Onsite visit.

01-Jun 1215 17.8 64.0 12.0 1500 PeaGreen 100 None Light

15-Jun 1045 17.8 64.0 11.5 14.00  Pea Green 75 Heavy

02-Jul 0915 20.6 69.0 13.0 15.00 Pea Green 10 Trace Calm

15-Jul 1100 20.6 69.0 12.0 14.00 Pea Green 0 Trace Light

04-Aug 1115 222 72.0 11.0 Pea Green 100 Trace Light Lake height reported as 16°6"
16-Aug 1030 23.3 74.0 12.5 17.5  Pea Green 0 ° None Light

21-Aug 10.0 Onsite visit.

01-Sep 70.0 10.0 Pea Green 50 None Light

15-Sep 0945 16.7 62.0 14.0 21.00 - Pea Green . 25 Calm

02-Oct 1500 16.7 62.0 17.0 Lt-Green 100 Trace Calm

15-Oct 1545 133 56.0 14.0 19.00  Pea green 10 Light Breezy

! Trophic State Indices calculated from Carlson (1977)
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Lake Bosworth -- Snohomish County

1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) °C (mg/L) (pmhos/cm)
05/15 0.0 16.6 7.8 i1.3 29
1.0 16.7 7.6 10.9 29
20 15.8 7.7 11.3 29
3.0 15.0 7.8 11.5 29
4.0 13.5 7.6 11.8 29
5.0 9.9 73 10.1 29
6.0 9.0 72 9.5 29
7.0 8.0 7.1 8.9 29
8.0 7.0 6.9 8.0 29
10.0 6.5 6.9 7.3 29
12.0 6.3 6.8 6.5 29
15.0 59 . 6.6 4.3 29
20.0 5.8 6.5 22 30
22.0 5.8 6.5 0.9 31
08/21 0.0 23.1 8.0 10.8 41
1.0 23.3 8.3 10.5 41
2.0 23.3 8.5 10.3 41
3.0 23.1 8.6 113 42
4.0 21.3 9.0 11.7 43
5.0 17.3. 9.0 13.9 41
6.0 14.7 8.9 13.1 40
7.0 11.8 8.7 N | 40
8.0 9.2 8.5 58 - 40
9.0 8.0 8.4 4.1 40
10.0 7.3 83 3.7 40
12.0 6.7 82 1.4 40
14.0 6.4 8.1 04 41
16.0 6.1 7.9 0.1 48
18.0 6.1 7.5 0.1 58
19.0 6.1 7.3 0.1 61

1992 Onsite Visit Data - Water Chemistry

Date 05/15/92 08/21/92

Epilimnion Hypolimnion Epilimnion Hypolimnion
Composite Depths (m) 1,2,3 10, 12, 15 1,2,3 14, 16, 18
Total Phosphorus (ug/L) 10 9 10 17
Total Nitrogen (mg/L) 0.67 0.84 0.32 0.65
Chlorophyll a (ug/L) 1.54 221
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Lake Bosworth -- Snohomish County

Historical Data From Ecology

Date 08/02/73* 06/06/90° 05/29/91°

Secchi (feet) 13 - -

Total Phosphorus, 4 7 -
epilimnion (ug/L)

Total Nitrogen, - - 0.72
epilimnion (mg/L)

Chlorophyll a (ug/L) - - -

Dissolved Oxygen, 8.6 11.3 10.2
surface (mg/L)

Dissolved Oxygen, 1.0 4.6 2.9
bottom (mg/L)

a. Bortleson ez al. (1976)
b. Rector (1991)
c. Rector (1992)
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Lake Bosworth -- Snohomish County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Most Secchi depths in Lake Bosworth were moderately deep and in the mesotrophic range,

although Secchi depths improved in mid-September and October to values in the oligotrophic
range. The mean Secchi depth for data collected from May through Ocotber (12.4 feet)
indicated good to fair water clarity.

Total Phosphorus

Total phosphorus was low (10 ug/L) and in the oligotrophic range on both sampling dates.
These concentrations were slightly higher than those measured in 1973 (4 ug/L; Bortleson ez al.,
1976) and 1990 (7 ug/L; Rector, 1991).

Total Nitrogen
Total nitrogen on both dates was moderately high, and during May (0.67 mg/L) it was very
similar to the concentration measured during May 1991 (0.72 mg/L; Rector, 1992).

Profile Data

On both sampling dates, the lake was stratified with respect to temperature. Both pH and
dissolved oxygen increased in the metalimnion, most likely from the decreased water
temperatures at these depths. In the hypolimnion, both pH and dissolved oxygen decreased with
depth. Some decrease in dissolved oxygen near the lake bottom is normal for most lakes, and
results from bacteria using oxygen when they decompose organic material in the water and
sediments. During the August onsite visit with the volunteer, though, dissolved oxygen was
very low (0.1 - 0.4 mg/L) in the bottom 7 meters of the lake. Although very low dissolved
oxygen in the hypolimnion can affect fish habitat, the metalimnion had higher dissolved oxygen
yet low water temperature, which is preferred by game fish such as salmonids.

Low dissoved oxygen near the lake bottom has probably been occurring for many years; in
August 1973, dissolved oxygen near the bottom of the lake was 1.0 mg/L (Bortleson et al.,
1976). Dissolved oxygen can be high in the epilimnion and low in the hypolimnion during
stratification, because during stratification these layers do not mix.

Plants
Algal growth in the lake, as indicated by concentrations of chorophyll a, was low on both
sampling dates.

Aquatic plants were not prevalent in the lake, although iris (Iris pseudacorus) grew along parts
of the shoreline.
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Lake Bosworth -- Snohomish County

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1990 to 1992.

Lake Bosworth is used for fishing, swimming, and non-motorized boating. There
is one public boat ramp, making about 1 percent of the shoreline publicly-owned.
Only electric motors are allowed on the lake. Rainbow and cutthroat trout were
stocked in the lake. Currently, the only activity in the watershed is lakeshore
development for residences. In the past, the watershed was also used for logging.

There are 111 houses on the lakeshore, and none of the houses are connected to
a sewer. About 6 culverts/stormdrains drain into the lake. There is no lake
association for the lake. Lake water is withdrawn for drinking and other
domestic uses.

Overall, the volunteer finds that Lake Bosworth had good water quality. The
only problem noted in the lake in 1992 was that not enough fish were stocked.
There were no changes in the lake since the 1991 monitoring season.

The lake was chemically treated in the past to control undesirable fish species.
Lily pads grow in cove areas, and aquatic plants grow at the south end of the
lake.

Comments

Lake Bosworth was characterized as oligotrophic based on the good water clarity, and low total
phosphorus and chlorophyll a. '

Other Snohomish County lakes monitored for the program in 1992 are Ketchum, Lake Martha,
Martha Lake, Roesiger, Stevens, and Sunday. In comparison to these lakes, Secchi depths in
Lake Bosworth were not as deep as those from Martha Lake, Lake Martha, Lake Roesiger, and
Lake Stevens. Only Lake Roesiger had lower total phosphorus than Lake Bosworth.
Acknowledgement

I thank Dick McFadden for volunteering his time to monitor Lake Bosworth during 1992 and
part of 1991, and Robert and Delores Maxwell for monitoring the lake during 1990-1991.
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Conconully Lake - Okanogan County

The south end of Conconully Lake is located at Conconully. It is an artificial reservoir created
in 1919-1921 by damming Salmon Creek. It is fed by the North Fork of Salmon Creek, which
divides to enter Conconully Lake just above the dam. The lake drains south via Salmon Creek
to Conconully Reservoir. Before enlargening, the lake was known as Salmon Lake.

Size (acres) : 270
Maximum Depth (feet) 110
Mean Depth (feet) 47
Lake Volume (acre-feet) 13,000
Drainage Area (miles?) 50
Altitude (feet) 2319

- Shoreline Length (miles) 6.8

Data From Dion et al. (1976)

N
M Volunteer monitoring site
A  Public boat acoses ‘
0 2000 4000 PEET
1 1 ! L -
EXPLANATION
— 30—

Line of equal
" water depth
Interval 20feet

Conconully (Salmon) Lake, Okanogan County.
Prom Washington Department of Game, Januvary 1950.
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Conconully Lake -- Okanogan County

1992 Trophic Status!

Estimated Trophic State:

Mean Trophic State Index (Secchi):

Mean Trophic State Index (Total Phosphorus):
Mean Trophic State Index (Chlorophyll a):

Meso-eutrophic

36
52
41

Volunteer-Collected Data

Abbreviated Comments

Date Time Temperature Secchi Lake Water %Cloud Recent Wind

1992 °C) °FH ) Ht (in) Color Cover Rain

18-May 1300 15.0 59.0 18.0 Lt-Olive 50 Trace Breezy Onsite Visit. Second Secchi reading 22’
with view tube.

0l-Jun 1330 183 650 255 Gr-Brown 25 None Light need new color chart.

17-Jun 1230 20.0 680 170 Dark-Gr 10 Trace Light DO 8.5, pH 8.5 (source of data not
mentioned).

14-Aug 1200 244 760 15.0 Mint 10 Light

25-Aug 1130 167 62.0 14.0 Mint 10 Light

31-Aug 1130 18.3 65.0 14.0 Mint 10 None Light

! Trophic State Indices calculated from Carlson (1977)
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Conconully Lake -- Okanogan County

1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) °C) (mg/L) (umhos/cm)
05/18 0.0 152 83 10.3 179
1.0 14.8 8.4 10.3 179
2.0 14.6 8.4 10.2 179
3.0 14.3 8.4 10.0 177
4.0 13.7 8.3 10.0 178
5.0 13.1 83 9.8 178
6.0 12.7 8.3 9.6 179
7.0 11.8 8.2 9.4 180
8.0 10.5 8.0 8.4 181
9.0 9.5 7.8 7.5 183
100 - 8.4 7.7 6.2 184
12.0 7.4 7.6 5.4 184
14.0 6.9 7.5 4.9 184
16.0 6.3 7.4 35 185
18.0 5.9 7.4 2.0 186
20.0 5.7 73 1.6 186
08/31 0.0 194 8.9 9.9 167
1.0 19.3 8.9 10.0 168
2.0 19.0 9.0 10.0 168
3.0 19.0 9.0 9.9 168
4.0 18.8 9.0 9.5 168
5.0 18.8 9.0 9.5 168
6.0 18.6 9.0 9.1 169
7.0 18.6 9.0 9.1 170
8.0 17.7 8.6 52 © 180
9.0 14.2 7.9 1.5 195
10.0 11.5 7.8 03 194
12.0 9.4 78 0.2 192
14.0 8.4 7.8 0.1 191
16.0 7.1 7.8 0.0 194
18.0 6.7 7.8 0.0 197
20.0 6.5 7.8 0.0 197

1992 Onsite Visit Data - Water Chemistry

Date 05/18/92 08/31/92

Epilimnion Hypolimnion " Epilimnion Hypolimnion
Composite Depths (m) 1,3,5 9,612,15 2,4,6 12, 14, 18
Total Phosphorus (ug/L) ‘ 32 48 24 146
Total Nitrogen (mg/L) 0.31 0.27 0.33 0.39
Chlorophyll a (ug/L) 0.77 ) 5.27
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Conconully Lake -- Okanogan County

Historical Data From Ecology

Date
Secchi (ft)

Total Phosphorus,
epilimnion (ug/L)

Total Nitrogen,
epilimnion (mg/L)

Chlorophyll a (ug/L)

Dissolved Oxygen,
surface (mg/L)

Dissolved Oxygen,
bottom (mg/L)

07/16/74

11

19

94

0.6

a. Dion ez al. (1976)
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Conconully Lake -- Okanogan County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was very good, as indicated by deep Secchi depths which ranged from 14.0 to 25.5
feet.

Total Phosphorus

Total phosphorus was high on both sampling dates (32 ug/L on May 18, and 24 ug/L. on August
31). During the August sampling date, there was a very high concentration of total phosphorus
in the hypolimnion sample which suggests that phosphorus was released from the sediments into
the water column (see Profile Data, below). The total phosphorus concentration reported from
1974 (19 pg/L; Dion et al., 1976) was moderately high.

Total Nitrogen
Total nitrogen was low on both sampling dates.

Profile Data

On both sampling dates, the lake was stratified with respect to temperature. Dissolved oxygen
decreased from surface to bottom, but during August there was less than 0.5 mg/L dissolved
oxygen from 10 to 20 meters. This is very low, and probably restricts fish within the
metalimnion of the lake, where temperatures and dissolved oxygen levels are more favorable.
Low oxygen usually results when bacteria use oxygen to decompose organic material (such as
algae and aquatic plants) in lake water and sediments. Very low oxygen concentrations are often
associated with other reactions, such as phosphorus being released from sediments into the water
column (known as internal loading) and the formation of hydrogen sulfide. Both of these
occurred during August; the hypolimnion sample for total phosphorus was very high (146 ug/L),
and the 18 meter sample from the hypolimnion smelled strongly of hydrogen sulfide ("rotten-
egg" smell). These reactions are typical of eutrophic lakes.

Plants

Chlorophyll a was very low during May, yet was very high during August. During the May
onsite visit, Ecology staff noted clumps.of algae in the water at the south end of the lake. Algae
in a sample of the clumps were identified as Anabaena, a blue-green alga, and Asterionella, a
diatom. The low chlorophyll result for May suggests that the algae bloom was localized, and
not spread throughout the lake. An algae sample collected during the August onsite visit
consisted mostly of Anabaena circinalis, although A. spiroides may also have been sparsely
present.

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to the 1992 questionnaire.
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Conconﬁlly Lake -- Okanogan County

Conconully Lake is used for fishing, swimming, motor boating, non-motorized
boating, jet skiing, and lakeshore camping. There is one resort on the lakeshore,
and one public boat ramp. Trout were stocked in the lake. Currently, the
watershed is used for logging, crop agriculture, and animal grazing/feeding. The
lakeshore is also being developed further for residences. In the past, the
watershed was used for logging, animal grazing/feeding, and mining.

There are 55 houses on the lakeshore, and all the houses are connected to a
sewer. About 4 culverts/stormdrains drain into the lake. There is no lake
association for the lake,

Overall, the volunteer finds that Conconully Lake had fair water quality.
Problems in the lake in 1992 were ranked as 1) excessive aquatic plant growth,
2) gradually degrading water quality over the years, 3) recently degraded water
quality, 4) low water level, 5) impaired fisheries, and 6) degraded aesthetics.

Comments

Conconully Lake was new to the lake monitoring program in 1992. The lake exhibited
characteristics of all three trophic states; Secchi depths were in the oligotrophic range, mean
chlorophyll g was in the mesotrophic range (although the August value was definitely high and
indicated eutrophy), and total phosphorus on both sampling dates was in the eutrophic range.
Based on the total phosphorus concentrations, the August concentration of chlorophyll a, the
moderate amount of aquatic plants, and the very low dissolved oxygen in the hypolimnion, the
lake was characterized as meso-eutrophic. Although Secchi depth is not a good indicator of the
trophic status of Conconcully Lake (more than four readings may be needed for Secchi depth
to be a good indicator), it is encouraging that clarity in the open-water area of the lake was
good, despite the high concentration of total phosphorus.

Acknowledgement

I thank Lee Moore for volunteering his time to monitor Conconully Lake during 1992.
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CONCONULLY LAKE (OKANOGAN COUNTY)
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Cranberry Lake -- Island County

Cranberry Lake lies in Deception Pass State Park, at the north end of Whidbey Island. The
inflow is intermittent and the lake drains to Rosario Strait. The lake level is stabilized by a
dam. No motor boats are allowed on the lake.

Size (acres) 125

Maximum Depth (feet) 25

Mean Depth (feet) 13

Lake Volume (acre-feet) 1,576

Drainage Area (miles?) 0.6

Altitude (feet) 20

Shoreline Length (miles) 2.8

Estimated Trophic State: Eutrophic
Mean Trophic State Index* (Secchi): 47
Trophic State Index* (Chlorophyll a): 52

* From Carlson (1977)

Summary of Questionnaire Results and Information From the Volunteer

The 1991 questionnaire on lake and watershed uses was not returned by the volunteer. The
following are from the volunteer’s remarks and to the 1990 questionnaire. Cranberry Lake is
used for fishing, swimming, rowing, and camping. Recreational facilities on the lakeshore
include a state park (which includes a picnic area, a camping area, a beach, and one boat ramp).
The watershed is used for animal grazing and crop agriculture, both currently and in the past.
There are no houses on the lakeshore, and there is one storm drain that emptics into the lake.
Fish were not reported as being stocked in the lake. Presently there is no citizen’s organization
for the lake. The worst problems in the lake, in the opinion of the volunteer, are ranked as:
1) aquatic plants, and 2) algac. In 1989, the volunteer noted that the worst water quality
problems in the lake were suspended sediments and algal blooms. Overall, in 1990 the volunteer
found that Cranberry Lake had good recreational water quality. There is a culvert at the south
end of the lake that is dammed by beavers. The volunteer reports that Park rangers are
concerned because this has raised the lake level over the last few years. -

During the May 1991 onsite visit, the volunteer noted that the lake level rose considerably after
the previous November’s floods, so that the area surrounding the lake was flooded. According
to the volunteer, the Army Corps of Engineers drained the lake to lower the level about six feet
(presumably, through the outlet). About three feet of bleached rock and vegetation were
exposed during the onsite visit, showing the lingering effects from the flooding. The volunteer
noted that the lake level during the onsite visit was approximately the level at the end of last
summer’s monitoring season.
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Cranberry Lake -- Island County

The volunteer noted that the fishing was good during 1991.

There are about 50 houses uphill from the lake, behind a 100 foot buffer of trees. Lily pads
grow along most of the southern shore, and are especially thick near both southern coves of the
lake. Submerged aquatic plants also grow at both coves at the south end of the lake, and grow
thickly up to 200 feet out from the shore. The lake is very "scummy" near the fishing pier on
the east side.

The volunteer sent in a newspaper article from the Whidbey News-Times dated August 1, 1990.
The article reported that during the previous week a small fish kill that lasted about three days
occurred in Cranberry Lake. The Island County Health Department and the assistant ranger at
Deception Pass State Park attributed the kill to a dying algae bloom which consumed dissolved
oxygen in the water. :

Monitoring Results/Summary of Other Available Information

The volunteer has monitored Lake Curlew for the program since 1989. Data from 1989 are
reported in Rector (1990) and data from 1990 are reported in Rector (1991).

Volunteer-collected Secchi data from 1991 show that water clarity ranged from 3.9 to 9.5 feet,
and was lowest during May. Of the three years that Cranberry Lake has been monitored for the
program, mean water clarity was poorest during 1989 and best during 1990. Varying weather
most likely affects the varying water clarity between years.

Ecology staff collected profile data and water samples during the May 1991 onsite visit with the
volunteer. The profile data show that the lake was beginning to stratify, and dissolved oxygen
and pH decreased from surface to bottom. Conductivity changed little throughout the water
column. Profile data from May 1991 and August 1990 illustrate nicely the differences between
pre-stratification and late stratification profiles in an eutrophic lake. The surface-to-bottom
differences for each parameter are much more marked during late summer than during early
stratification. The decreased dissolved oxygen and pH, and increased conductivity, with depth
are most likely related to decomposition occurring in the water and sediments. Although the
conductivity was lower in 1991 than in 1990 (213 gmhos/cm and 280 gmhos/cm at the surface,
respectively), these differences may not be significant and may be related to dilution by
precipitation. Surface conductivity was 280 umhos/cm in 1989 (Brower and Kendra, 1990) and
220 pmhos/cm in 1981 (Sumioka and Dion, 1985).

Total nitrogen in 1991 (0.79 mg/L) was moderate to high compared to other sampled lakes and
was very similar to 1990 total nitrogen in Cranberry Lake (0.71 mg/L). In 1989, however, total
nitrogen was much higher, at 1.15 mg/L in June and 1.16 mg/L in September (Brower and
Kendra, 1990). Total nitrogen was even higher in July 1981 at 1.4 mg/L (Sumioka and Dion,
1985).
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Cranberry Lake -- Island County

Chlorophyll @ in 1989 was 30.0 pg/L in June and 16.8 ug/L in September (Brower and Kendra,
1990). In July 1981, chlorophyll ¢ was 8.16 ug/L (Sumioka and Dion, 1985). All these
concentrations are in the eutrophic range.

Samples for total phosphorus and chlorophyll a were collected in 1991, but the data could not
be used due to analytical problems. In August 1990, total phosphorus was 0.029 mg/L. In
1989, total phosphorus was very high, at 0.059 mg/L in June and 0.107 mg/L in September
(Brower and Kendra, 1990). In July 1981, total phosphorus was 0.03 mg/L (Sumioka and Dion,
1985), and was similar to the concentration found in August 1974 (0.035 mg/L; Bortleson ez al.,
1976). All these values are high, and are in the eutrophic range.

The "grass clipping” algae noted by the volunteer on June 23 and September 8 was probably
Aphanizomenon, a blue-green algae that was also reported in the lake in 1989 by Brower and
Kendra (1990). The plant sample collected from the public access during the August 1990 onsite
visit with the volunteer was identified as a milfoil species (Myriophyllum), but was not thought
to be the aggressive Eurasian milfoil variety.

Comments

Cranberry Lake is a shallow, coastal lake with high nutrient concentrations. Although the lake
is eutrophic and experiences a moderately high amount of blue-green algal growth, the lake
supports recreational activities and wetland vegetation. Comparisons of data from 1989 - 1991
with data. from 1981 and 1974 suggest that 1989 was a particularly poor year for the lake in
- terms of excessive algal growth and low concentrations of dissolved oxygen.

Since 1989, Secchi disk data were in the mesotrophic range and were somewhat better than
would be expected given the eutrophic characteristics of the lake. In 1990, the lake had high
nutrient concentrations and very low dissolved oxygen below the thermocline. High nutrient
concentrations and low dissolved oxygen were not measured in 1991, most likely because the
lake was not fully stratified when it was sampled. Prolific aquatic plant and algal growth are
also eutrophic characteristics of the lake.

Acknowledgement

I thank Terri Thomas for volunteering her time to monitor Cranberry Lake during 1989-1991.
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Cranberry Lake -- Island County

Volunteer-Collected Data

Date Temperature pH  Water %Cloud Recent  Wind Secchi Lake Abbreviated Comments

1991 (°C) (°F) Color Cover Rain () Ht(in)

27-May 17.5 63.5 Lt-Brown 90 Trace Light 3.9% -11.3

28-May 5.5% Omnsite visit

23-Jun 7.0 Lt-Brown 75  Trace Calm 83 -12.6 Lake much clearer. "Grass clipping" algae not as
apparent. Small pellet-like green algae in some
places around edge, floats about 1" below surface.

20-Jul 6.5 Lt-Brown 100 None Light 7.5 -16.0 Water color still relatively clear. Small "peflet”
algae gone.

11-Avg 195 67.1 6.5 Lt-Brown 10 Moderate Calm 9.5 -17.7

08-Sep 185 653 6.0 Lt-Brown 100 Calm 70 -193 "Grass clipping” algae prevalent. Surface covered

with oil-slick-like green algae (looks like powder)
to 100" from shore. In parts of lake, algae is so
thick it looks like spilled paint.

* Secchi data corrected tor rope shrinkage for this date only; rope replaced after May 28 onsite visit.

Onsite Visit Data

Dissolved Composite  Total Total

Date Depth Temp pH Oxygen Conductivity Sample Nitrogen  Chlorophylle  Phosphorus
1991 (meters) °Cy (mg/L)  (umhos/cm) Depths (m)  (mg/L) (ug/L) (mg/L)
05/28 0.0 18.5 7.4 9.9 213 1.0 0.79 9.3 ND

1.0 17.6 7.3 9.3 214

2.0 16.7 73 8.5 214

3.0 15.5 7.1 6.9 214

4.0 15.4 7.0 6.5 213

5.0 152 6.9 6.1 214

55 15.1 6.8 5.7 214

ND No data; data lost due to analytical error

Data From Bortleson et al. (1976) and Sumioka and Dion (1985)

Date
Secchi (feet)

Total Phosphorus (mg/L)
Remarks THE LAKE IS IN DECEPTION PASS STATE PARK. THE LITTORAL BOTTOM IS MOSTLY MUCK.

Date
Secchi (feet)

Total Phosphorus (mg/L)

Chlorophyll a (ug/L)

08/09/74

7

0.035

07/09/81

9

0.03
8.16
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Crawfish Lake -- Okanogan County

Crawfish Lake is located 15 miles northeast of Omak, and 8.5 miles north of Disautel. It drains
intermittently to the east to Lost Creek and the West Fork of the Sanpoil River. The north half
of the lake is on USES land, and the south half is on the Colville Indian Reservation.

Size (acres) 80
Maximum Depth (feet) 36
Mean Depth (feet) *
Lake Volume (acre-feet) *
Drainage Area (miles?) *
Altitude (feet) 4475
Shoreline Length (miles) *

*information not available

Estimated Trophic State: Oligo-mesotrophic
Mean Trophic State Index* (Secchi): 33
Trophic State Index* (Chlorophyll a): 22

* From Carlson (1977)

Summary of Questionnaire Results and Information From the Volunteer

The 1991 questionnaire on lake and watershed uses was not returned by the volunteer. The
following are the volunteer’s remarks and responses to the 1990 questionnaire. Crawfish Lake
is used for fishing, swimming, camping, canoeing, and rowing. Recreational facilities on the
lakeshore include a picnic area, a state park, a camping area, and two boat ramps. There are
no restrictions for motorboat use on the lake. There is ice on the lake from October through
April. The primary watershed use is logging. There are 41 houses on the lakeshore although
none of these are occupied year-round. The lakeshore is not sewered. Rainbow and eastern
brook trout are stocked in the lake. A lake association was formed in 1990. The lake has been
chemically treated in the past to control undesirable fish species. Presently the lake does not-
have any water quality problems and the volunteer finds that the lake has excellent water quality.
In 1989, though, the volunteer noted that dead fish were apparent during April and May and that
the crawfish population decreased in recent years.

There is a three acre wetland area at the north end of the lake, and a one-acre wetland at the
southeast end.
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Crawfish Lake -- Okanogan County

Monitoring Results/Summary of Other Available Information

The volunteer has monitored Crawfish Lake for the program since 1989. Data from 1989 are
reported in Rector (1990) and data from 1990 are reported in Rector (1991).

Volunteer-collected Secchi data show that in 1991 water clarity ranged from 11.0 to 19.3 feet,
and was lowest during May. Because the lake usually thaws in April, suspended sediments from
spring turnover probably affects the water clarity. Secchi data collected in 1989, 1990 and 1991
show that mean water clarity improved each year.

Ecology staff collected profile data and water samples from the lake on June 27, 1991. Profile
data show that the lake was stratified and dissolved oxygen decreased considerably below the
thermocline. The decrease in pH and increase in conductivity from surface to bottom are most
likely related to the decomposition of organic material (such as algae, aquatic plants and woody
debris) in the lower water and sediments. Dissolved oxygen can be high in the epilimnion
(upper layer of water) and low in the hypolimnion (lower layer of water), because these layers
do not mix during stratification.

Total nitrogen in 1991 (0.24 mg/L) was lower than in 1990 (which averaged 0.38 mg/L).
Samples for total phosphorus and chlorophyll a were collected in 1991, but the data could not
be used due to analytical problems. In 1990, total phosphorus was 0.011 mg/L in June and
0.012 mg/L in August. Although the August concentration was in the mesotrophic range, the
mean of both samples (which were used to calculate the total phosphorus trophic state index in
1990) indicated oligotrophy.

Comments

Water clarity was very good and in the oligotrophic range from 1989 to 1991. However, in
1991 Crawfish Lake had low dissolved oxygen in the hypolimnion (0.3 mg/L at 8 meters),
which is more characteristic of mesotrophic lakes than of oligotrophic lakes. Also, in 1990 total
phosphorus in the lake (0.011 mg/L) was almost borderline between oligotrophy and
mesotrophy. Because the lake exhibits both oligotrophic and mesotrophic characteristics, the
lake was estimated as oligo-mesotrophic.

Compared with other lakes monitored for the program in 1991, Crawfish Lake had very good
water clarity and total nitrogen.

Acknowledgement

I thank Barry Nelson for volunteering his time to monitor Crawfish Lake during 1989-1991.
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Crawfish Lake -- Okanogan County

Volunteer-Collected Data

Date Temperature pH Water  %Cloud Recent Wind Secchi Lake  Abbreviated Comments
1991 °O (°FH Color Cover  Rain () * Hit(in)

27-May 120 536 55 Gr-Brown 75 Trace Light 11.0

30-Jun 16.0 60.8 Gr-Brown 25 Heavy  Light 19.3
24-Jul 240 752 55 GrBrown 90  Moderate Light 18.3
31-Aug 185 653 - 5.5 Gr-Brown 0 Light 19.3

06-Oct 14.0 572 5.5 Gr-Brown 0  None Breezy 14.7
* Secchi data corrected for rope shrinkage

Onsite Visit Data

Dissolved Composite Total Total

Date Depth Temp pH Oxygen Conductivity Sample Nitrogen  Chlorophylla Phosphorus
1991 (meters) (o) (mg/L)  (umhos/cm) Depths (m)  (mg/L) (ug/L) (mg/L)
06/27 0.0 14.9 7.7 8.7 39 15,3 0.27 ND ND

1.0 14.7 7.7 8.7 40

2.0 14.6 7.6 8.7 40

30 14.6 7.6 8.6 39

4.0 14.1 7.6 8.8 39

5.0 13.1 7.4 6.3 41

6.0 11.3 72 2.5 43

7.0 10.3 6.9 0.8 44

8.0 10.1 6.8 0.3 44

85 9.6 6.6 0.3 48

ND No data; data lost due to analytical problems
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Curlew Lake — Ferry County

Curlew Lake is located 4.8 miles northeast of Republic. It is a natural lake, and water level
fluctuations are stabilized by a three foot dam built in 1926. The lake extends northerly 4.8
miles. to the outlet. There are four islands, totaling 20 acres, that are not included in the

reported acreage. Inlets include Herron, Mires, Barrett, and Trout Creeks, and the Sanpoil
River. Data From Dion er al. (1976)

Size (acres) 921
Maximum Depth (feet) 130
Mean Depth (feet) 43
Lake Volume (acre-feet) 39,519
Drainage Area (miles?) 64.5
Altitude (feet) 2,333
Shoreline Length (miles) 15.8
M Volunteer monitoring site A Pusiobost aees

© © Focal coliorm she, May (see 1 andf 3
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Curlew Lake -- Ferry County

1992 Trophic Status'

Estimated Trophic State: . Mesotrophic?
Mean Trophic State Index (Secchi): 34
Mean Trophic State Index (Total Phosphorus): 51
Mean Trophic State Index (Chlorophyll a): 27 .

Volunteer-Collected Data

Date Time Temp Secchi Lake Water %Cloud Recent Wind Abbreviated Comments

1992 °C) °H) (43} Ht (in) Color Cover Rain

20-May 0915 15.6 60.0 14.0 24.00 Green 90 Moderate Gusty Floating clumps of Chara.

20-Jun 0730 21.1 70.0 19.0 Dk-Brown 25 None Calm Heavy Chara growth
surfacing. Much floating
algae. "Rotten-egg” smell.

20-Jul 0730 23.3 74.0 20.5 1.50 Dk-Green 75 Moderate Calm

19-Aug 0800 233 740 22,0 Dk-Green None Calm Clear of particulates. Lake
height 12°88".

02-Sep 21.0 Onsite visit.

21-Sep 0730 14.4 58.0 20.0 Dk-Green 90 None Calm Yellow particles in waves
throughout the lake - heavy
on shore.

13-Oct 1000 14.4 58.0 22.5 2.83 Dk-Green 0 Trace Calm

! Trophic State Indices calculated from Carlson (1977)

2 See Comments section
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Curlew Lake -- Ferry County

1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) O (mg/L) (umhos/cm)
05/20 0.0 15.6 8.5 10.8 218
1.0 15.7 8.6 10.7 219
2.0 15.7 8.7 11.0 219
3.0 15.6 8.7 10.7 222
4.0 15.6 8.7 10.6 220
5.0 12.5 8.4 9.5 225
6.0 10.8 8.1 8.3 228
7.0 8.7 7.9 5.8 228
8.0 17 7.8 4.7 228
9.0 73 7.8 3.9 228
10.0 7.1 1.7 3.6 228
12.0 6.8 1.7 32 228
14.0 6.5 7.6 29 228
16.0 6.4 7.6 2.7 228
18.0 6.3 7.5 2.6 228
20.0 6.2 7.5 2.3 228
25.0 5.9 7.5 1.6 230
30.0 5.7 7.4 0.7 230
09/09 0.0 18.5 8.6 9.8 216
1.0 18.6 8.6 9.6 216
2.0 18.7 8.6 9.5 216
3.0 18.7 8.6 9.5 215
4.0 18.7 8.7 9.5 216
5.0 18.7 8.7 9.5 215
6.0 18.7 8.7 9.5 215
7.0 16.7 8.5 9.1 233
8.0 11.5 2.1 3.9 243
9.0 9.9 8.0 1.9 240
10.0 8.5 79 02 240
12.0 1.6 19 0.1 239
14.0 73 79 0.1 239
16.0 71 7.9 0.1 239
18.0 7.0 7.9 0.1 240
- 20,0 6.8 8.0 0.0 239
25.0 6.3 8.1 0.0 241
30.0 5.9 8.1 0.1 247
34.9 59 8.1 © 0.1 249
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1992 Onsite Visit Data - Water Chemistry

Date

Epilimnion

05/20/92

Hypolimnion

09/09/92

Epilimnion Hypolimnion

Composite Depths (m)
Total Phosphorus (ug/L)
Total Nitrogen (mg/L)
Chlorophyll a (ug/L)

Fecal Coliform Bacteria
Site 1 (organisms/100 mL)

Fecal Coliform Bacteria
Site 2 (organisms/100 mL)

Total Suspended Solids (mg/L)

Total Nonvolatile Suspended
Solids (mg/L)

Color (Pt-Co units)

1,2, 4

39

0.47

0.38

<1

<1

15

6,12,18
72

0.50

2, 4,6 12, 18, 24
13 122
0.44 0.51

1.06

Historical Data From Ecology

Date
Secchi (feet)

Total Phosphorus,
epilimnion (ug/L)

Total Nitrogen,
epilimnion (mg/L)

Chlorophyll a (ug/L)

Dissolved Oxygen,
surface (mg/L)

Dissolved Oxygen,
bottom (mg/L)

07/13/74*

11.5

22

8.8

0.0

07/15/81° 09/13/90°
9 14.7

20 15

-- 0.60

2.42 -

9.4 9.7

06/26/91¢

0.40

10.9

0.3

Dion et al. (1976)

. Sumioka and Dion (1985)
Rector (1991)

. Rector (1992)

ao o
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Curlew Lake -- Ferry County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity at the deep site was very good, as indicated by the deep Secchi depths. Lower

water clarity during May may be due to gusty winds at the time of sampling, as well as debris
(see Solids and Color section, below) and some plant growth following lake thaw.

Total Phosphorus
Total phosphorus in the epilimnion was high during May (39 ug/L), and the much lower

concentration during September (13 ug/L) was still high enough to be able to cause some algae
growth. The high value from May may have been the result of sediments in the water, since
phosphorus can be attached to sediment particles, but the phosphorus would not have been
available for algae to use (see Solids and Color section below). There were high concentrations
of phosphorus in the hypolimnion on both sampling dates; internal loading probably contributed
to the very high concentration (122 ug/L) during September.

Total Nitrogen
Total nitrogen concentrations were not high on either sampling date, and were similar to
concentrations measured in 1991 (0.40 mg/L; Rector, 1992).

Fecal Coliform Bacteria
Fecal coliforms were sampled at two sites May. None were detected and were within state
standards.

Solids and Color

Solids were not high, but the total suspended solids sample was one of the hlgher results of all
the lakes sampled for solids. The result for total nonvolatile suspended solids (which gives an
indication of suspended material that is organic in nature, such as algae), when compared to the
results of the total suspended solids, suggests that there were some nonorganic sediments in the
water during May. This may explain why the May phosphorus sample was higher, and both
chlorophyll @ and Secchi were much lower, than during the September sampling.

Profile Data

Profile data show that the lake was stratified on both sampling dates, and that both dissolved
oxygen and pH decreased with depth below the thermocline. During September, dissolved
oxygen was very low (less than 0.5 mg/L) from 10 meters to the bottom. Because of low
oxygen concentrations, fish are probably restricted to the metalimnion, where oxygen levels are
higher and water temperatures were not too warm.

During the September onsite visit, the water sample collected from 24 meters smelled slightly

of hydrogen sulfide ("rotten-egg" smell). Hydrogen sulfide was probably produced as a result
of the very low concentrations of oxygen in the hypolimnion.
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In July 1974, dissolved oxygen was 0.0 mg/L at 115 feet (Dion et al., 1976), so it is likely that
low dissolved oyxgen in the hypolimnion has been occurring for many years.

Plants

Despite the high total phosphorus concentration during May, chlorophyll a on both sampling
dates was low and indicated that there was very little algal growth at the time of sampling.
During the May onsite visit with the volunteer, muskgrass (Chara) was abundant. Many other
eastern Washington lakes sampled during May also had lower algal growth (as indicated by
chlorophyll a concentrations) than in August. This may have been due to lower water
temperatures during May.

Heavy algal growth in Curlew Lake was reported for the first time in 1968 (Lee, 1969). The
Washington Water Research Center (WWRC) reported in 1988 that floating mats of algae have
grown in the lake, and that faulty septic systems and grazing livestock are likely sources of
nutrient loading to Curlew Lake (WWRC, 1988). A news article from the Republic News-Miner
(October 5, 1989) written by the Curlew Lake Association stated that the algac bloom at Curlew
Lake was unusually heavy in 1989, and that there was a bloom of the blue-green alga Anabaena,
floating mats of algae, a heavy scum, and a strong smell of rotten plants.

Aquatic plants identified in the lake in 1990 included Chara (according to the volunteer, this
plant creates the biggest problem in the lake), milfoil (Myriophyllum species; this was not the
aggressive Burasian species), and pondweeds (Potamogeton pectinatus and P. richardsonii). The
blue-green alga Gloeotrichia was also present. This algae appears as tiny green fuzzy balls
floating in the water.

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1989 to 1992.

Curlew Lake is used for fishing, boating, swimming, rowing, camping, waterfowl
hunting, and bird watching. Recreational facilities on the lakeshore include a
picnic area, a state park, a camping area, a beach, and four resorts. There are
five public boat ramps, and there are no restrictions for motorboat use on the
lake. Rainbow trout were stocked in the lake. Lake water is withdrawn for
irrigation. Currently the watershed is used for logging, animal grazing, and the
lakeshore is being developed further for residences. In the past the lake was

- dredged and the shoreline was altered, and the watershed was used for logging,
animal grazing, crop agriculture, and mining.

There are 220 residences, and about 65 rental units, on the lakeshore. None of
the residences are connected to a sewer. About 6 culverts/ stormdrains drain into
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the lake. There is a lake association and a sewer district for the lake. Currently,
the minimum setback for lakeshore development is 50 feet, minimum lot lengths
are 100 feet, and residential density is restricted to 2.5 houses per acre.

Overall, the volunteer finds that Curlew Lake had fair water quality. Problems
in the lake in 1992 were ranked as 1) algae, 2) excessive aquatic plant growth, 3)
decaying plants, 4) swimmer’s itch, 5) degraded aesthetics, 6) odor from decaying
algae, 7) fluctuating water level, 8) suspended sediments, 9) gradually degrading
water quality over the years, and 10) low water level. (In 1991, the three worst
problems were 1) aquatic plants, 2) algae, and 3) undesirable fish species.)
Possible sources of problems are yard fertilizing, logging, and an increasing
number of fulltime residents with pets. There used to be a lumber mill at the
north end of the lake, and the lake was once used as a holding pond for logs. As
a result, there are many old sunken logs in the lake. The lake was dredged at the
site of the old sawmill. Changes in the lake since last year’s monitoring was an
increase in building with removal of lakeshore vegetation and wetlands. Also, a
gold mine is being developed in the eastside watershed, less than one mile from
the lake.

Cinquefoil (Potentilla palustris; identified by the County) is in one bay of the lake
and appears to be replacing cattails. The lake was chemically treated in the past
to control weeds and algae. The Washington State University Cooperative
Extension Service and the Ferry County Conservation District studied the west
watershed in 1990, and a grant from Ecology was allocated for a study of the east
watershed beginning in 1991.

There are several wetland areas along the lakeshore, especially along the south
end. Submerged plants grow along most of the shoreline and are particularly
dense in cove areas, around the islands, and in the northernmost and southernmost
basins. Surface plants and algae growth are localized in several areas. There are
fish pens on the west side of the lake which are used as squawfish traps. There
are springs in the north end of the lake.

Comments

Curlew Lake data summaries from 1989-1991 recommended that trophic state estimations for
the lake be based on chemical, as well as physical, data. Although mean Secchi depth and
chlorophyll a were in the oligotrophic range, Curlew Lake exhibited several characteristics that
are more mesotrophic than oligotrophic. Mesotrophic characteristics of the lake are the
moderate to high concentrations of total phosphorus, very low dissolved oxygen in the
hypolimnion, and heavy plant growth in areas of the lake. Based on these, the lake was
characterized as mesotrophic. :
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In comparison to other lakes monitored for the program in 1992, Curlew Lake had high
phosphorus concentrations, but very good water clarity in open water (problems were localized
nearshore). Based on water clarity data collected in 1990 which also indicated good water
clarity in open water, we recommended Curlew Lake as a good candidate for restoration
management (Rector and Hallock, 1993).

In 1991, the Washington Water Research Center (WWRC) reported that based on results from

studies of Trout Creek and Barrett Creek (which drain into Curlew Lake), best management
practices for controlling the effects from grazing cattle on these streams have been implemented

(WWRC, 1991).
Acknowledgement

I thank-Marion Dammann for volunteering her time to monitor Curlew Lake during 1989-1992.
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Deer Lake -- Stevens County

Deer Lake is located about 32 miles north of Spokane and 3.5 miles northeast of the town of
Loon Lake. It is a natural lake in the Colville River watershed. Deer Lake drains southwest,
intermittently, via a ditch. There is a large bog area (about 100 acres) at the northeast end of
the lake. '

Size (acres) 1,110
Maximum Depth (feet) 75
Mean Depth (feet) : 52
Lake Volume (acre-feet) 57,000
Drainage Area (miles®) 18
Altitude (feet) 2,474
Shoreline Length (miles) 8.6

Data from Dion er al. (1976)

M Volunteer monitoring site
A Putiic bost aoees

[T (2] Focal coltom sie, August (skes § and 2)

Line of equal
wter depth
Intervallo feet

Deer lake, Stevens Coumty, PFrom
Departsant of Came, February 22, 1933,
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Deer Lake -- Stevens County

1992 Trophic Status’

Estimated Trophic State: Oligotrophic

Mean Trophic State Index (Secchi): 32
Mean Trophic State Index (Total Phosphorus): 33
Mean Trophic State Index (Chlorophyll a): 29

Volunteer-Collected Data

Date  Time Temperature Secchi Lake  Water % Cloud Recent Wind Abbreviated Comments

1992 COCH @B® Ht (in) Color Cover Rain

12-May 1445 14.4 58.0 19.6 Green 25 Calm Percent clouds noted as 0%, 25%, and 50%.

01-Jun 1330 18.9 66.0 27.0 Green 10 None Light

18-Jun 1515 21.1 70.0 19.0 Green 10 Moderate

03-Jul 1630 222 72.0 20.0 Green 25 Heavy Light

17-Jul 1530 222 72.0 21.0 Green 10 None Breezy

05-Aug 1405 24.0 Green 0 Light Some algae.

25-Aug 1455 20.0 68.0 26.0 Green 0 Light Some algae.

09-Sep 1515 18.9 66.0 24.0 Green 10 Light Light Some algae in big part of lake. Lots along
the shore.

29-Sep 1530 15.6 60.0 23.0 Green 0 None Calm Lake just turned.

23-Oct 1415 11.1 52.0 21.0 Green io Light Calm Too much wind to take mid-month sample.

! Trophic State Indices calculated from Carlson (1977)
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1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) ()] (mg/L) (umhos/cm)
05/12 0.0 143 7.6 9.8 81
1.0 13.0 7.6 10.0 82
2.0 12.9 7.6 10.0 82
3.0 12.8 7.7 10.0 81
4.0 12.7 7.1 10.0 81
5.0 12.7 7.7 10.0 82
6.0 12.7 7.8 10.0 81
7.0 12.2 7.8 10.2 80
8.0 11.7 7.8 10.5 82
9.0 10.0 7.8 10.9 81
10.0 9.2 7.8 11.0 81
12.0 7.8 7.1 10.7 81
14.0 72 7.7 10.6 80
16.0 6.7 7.7 10.0 80
18.0 6.4 7.6 9.5 80
20.0 6.1 7.5 9.0 79
08/25 0.0 20.1 8.0 8.6 84
1.0 20.0 8.0 8.5 84
2.0 19.7 8.0 8.5 84
3.0 19.6 8.0 8.5 84
4.0 19.5 8.0 8.5 84
5.0 19.5 8.0 8.5 84
6.0 19.5 8.1 8.6 84
7.0 15.4 8.1 85 . 84
8.0 18.5 8.1 9.5 83
9.0 15.7 8.3 11.8 81
10.0 14.1 8.3 11.7 81
i2.0 15.5 8.1 9.8 80
14.0 8.7 7.9 7.6 80
16.0 8.0 7.9 1.5 79
18.0 7.3 7.9 5.5 79
20.0 6.7 7.8 2.6 80
220 6.2 7.1 0.0 105
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1992 Onsite Visit Data - Water Chemistry

Date 05/12/92 08/25/92
Epilimnion Hypolimnion Epilimnion Hypolimnion
Composite Depths (m) 2,4,6 10, 12, 14 2,4,6 10, 14, 18
Total Phosphorus (ug/L) 7 10 8 15
Total Nitrogen (mg/L) 0.29 0.30 0.33 0.33
Chlorophyll @ (ug/L) 0.40 1.25
Fecal Coliform Bacteria <1
Site 1 (colonies/100 mL)
Fecal Coliform Bacteria 1
Site 2 (colonies/100 mL)
Historical Data From Ecology
Date 08/15/72* 07/14/81° 05/25/90° 08/09/90°
Secchi (ft) 22 27 - 183
Total Phosphorus, 10 10 14 17
epilimnion (ug/L)
Total Nitrogen, - 0.75 - 0.34
epilimnion (mg/L)
Chlorophyll a (ug/L) 1.7 0.99 - -
Dissolved Oxygen, 8.4 9.1 10.7 82
surface (mg/L)
Dissolved Oxygen, 1.5 2.5 7.1 0.5

bottom (mg/L)

a. Dion et al. (1976), Bortleson et al. (1976)
b. Sumioka and Dion (1985)
c. Rector (1991)
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Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was very good, as indicated by the deep Secchi depths which ranged from 19.6

to 26.0 feet. Secchi depths varied throughout the monitoring season, with no obvious pattern
in water clarity.

Total Phosphorus

Total phosphorus in the epilimnion was very low on both sampling dates (7 ug/L in May, and
8 ug/L in August). These concentrations were lower than those reported in 1972, 1981, and
1990. In 1972 and 1981, total phosphorus was 10 ug/L (Dion e al, 1976; Sumoika and Dion,
1985). In 1990, total phosphorus was 14 ug/L in May and 17 ug/L in August (Rector, 1991).

Total Nitrogen
" Total nitrogen concentrations were low on both sampling dates (0.29 and 0.33 mg/L), and were
similar to the concentration measured in 1990 (0.34 mg/L; Rector, 1991).

Fecal Coliform Bacteria
Fecal coliforms sampled during August were very low and within state standards.

Profile Data

The lake was stratified with respect to temperature on both sampling dates. During August, the
extreme change in temperature in the metalimnion, and possibly some increased algal growth
at these depths, may have contributed to the increase in dissolved oxygen and pH at 9 and 10
meters. Below the metalimnion, dissolved oxygen and pH decreased with depth. Decreases of
oxygen and pH in the hypolimnion are usually related to the bacterial decomposition of aquatic
plants and algae in the water and sediments.

Profile data collected for the program in August 1990 also showed an increase in dissolved
oxygen and pH in the metalimnion, and virtually depleted dissolved oxygen near the lake
bottom.

Plants

Chlorophyll a was low and in the oligotrophic range on both sampling dates, indicating that
there was very little algal growth at the time of sampling. Chlorophyll was higher during
August (1.25 pg/L) than during May (0.40 pg/L). During August, the higher value was
probably from a blue-green alga, possibly Gloeotrichia, which was noted by Ecology staff. This
alga has less effect on Secchi depths because the colonies are usually large, and do not affect
water clarity as much as other algae species. Many of the eastern Washington lakes sampled
for the program had very little algal growth during May, which was probably due to lower water
temperatures at the higher elevations.

80



Deer Lake -- Stevens County

Plants identified by Ecology staff during the August 1992 onsite visit with the volunteer included
watershield (Brasenia schreberi) in the vicinity of the public boat access. Just past the boat
launch channel, largeleaf pondweed (Potamogeton amplifolius) was abundant. Near the inlet,
largeleaf pondweed, water celery (Vallisneria americana) and milfoil (Myriophyllum spp., but
not the aggressive Eurasian variety) were identified.

During the May 1990 onsite visit with the volunteer, algae were present in the water, although
not in bloom proportions. During the August 1990 onsite visit, aquatic plants identified in the
lake included watershield, milfoil, large-leaved pondweed, water buttercup (Ranunculus species),
and coontail (Ceratophyllum demersum). The water color was dark green during the August
onsite visit.

Other Available Information

Deer Lake was surveyed by Ecology in 1978. The mean value for Secchi disk transparency was
7.3 meters, and the mean value for chlorophyll a was 1.31 ug/L (Singleton ez al., 1980). These
values indicate that in 1978 the lake was oligotrophic, according to the trophic state index
(Carlson, 1977) used to evaluate data for the current lake program.

The following is a summary of a presentation given by John Buchanan, Associate Professor at
Eastern Washington University, on September 28, 1991 at the Washington Lake Protection
Association (WALPA) conference in Everett. The Stevens County PUD initiated a study
because the public perceived there was a decrease in the lake’s water quality. The work was
completed by Eastern Washington University from November 1989 - October 1990. This survey
found that there were 542 nearshore residences on Deer Lake, about 60 of these were occupied
year-round, and 40% of these residences have cesspools, outhouses, or holding tanks. An in-
lake leachate sweep indicated no failures of wastewater disposal systems. The outflow was
intermittent, so most water loss from the lake is from evaporation and groundwater outflow.
In the watershed near the inlet, there was a large population of grazing cattle. Seventy-two
percent of the total phosphorus loading was coming from streamflow, and 21 % from atmospheric
deposition. About 5% of the loading was internal (from lake sediments). Overall, the tributary
with grazing cattle contributed most of the total phosphorus loading to the lake.

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1989 to 1992.

Deer Lake was used for fishing, swimming, boating, jet skiing, picnicking,
camping, hiking, and waterfowl hunting. There are two resorts and three boat
ramps on the lakeshore. About 10% of the lakeshore is publicly-owned. There
is a speed limit for motor boats. Rainbow trout were stocked in the lake.
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Currently the watershed is used for logging and animal grazing, and the lakeshore
is being developed further for residences.

There are about 700-800 houses on the lakeshore. In 1992, the lakeshore was
sewered and a water system was installed. Prior to 1992, none of the homes were
connected to a sewer and lake water was withdrawn for drinking and other
domestic uses. There is a lake association for the lake.

Overall, the volunteer finds that Deer Lake had good water quality. Problems in
the lake in 1992 were ranked as 1) algae, and 2) swimmer’s itch. Possible
sources of problems are cattle at the head of the lake. No plant or algae
management occurred in the lake in 1992,

During the August 1992 onsite visit with the volunteer, the volunteer noted that
water quality in Deer Lake was the best it’s been in three years, and that the
sewer was completed this summer. He also noted that swimmers itch occurred
for the first time. ‘

There is a wetland on the north part of the lake. In 1989, the volunteer noted that
ten years ago one could see the bottom of the lake (40 - 50 feet down) and now
this is not possible because of algae blooms.

Comments

Both mean Secchi depth and mean total phosphorus data collected for the program have
improved since 1990. Since all three trophic state parameters (Secchi depth, total phosphorus,
and chlorophyll a) were in the oligotrophic range, Deer Lake was characterized as oligotrophic
in 1992. In 1991, the lake was characterized as oligo-mesotrophic, based largely on moderately
high concentrations of total phosphorus which were seen in 1990. Because total phosphorus
concentrations were lower in 1992, the trophic state was upgraded.

Acknowledgement

I thank Wesley Wagoner for volunteering his time to monitor Deer Lake during 1989-1992.
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Lake Eloika -- Spokane County

Lake Eloika is located four miles west of Elk. It is three miles long and lies in a
northeast/southwest direction. It is a natural lake, and is an enlargement of the west branch of
the Little Spokane River. Lake Eloika extends north about 1000 feet into Pend Oreille County
at high water periods.

Size (acres) 662
Maximum Depth (feet) 15
Mean Depth (feet) 9

- Lake Volume (acre-feet) 6,018
Drainage Area (miles?) 111
Altitude (feet) 1,905
Shoreline Length (miles) 5.9

Data From Dion ez al. (1976)

M Volunteer monitoring site " A\ Pubiic bost access
0] Fecal colliorm shes 1 and 2

Line of equal
water depth
Interval 3 feet

Eloika Lake, Spokane County. From Washingtom
Department of Game, January 29, 1958,
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Eloika Lake -- Spokane County

1992 Trophic Status!

Estimated Trophic State: Meso-eutrophic
Mean Trophic State Index (Secchi): 46
Mean Trophic State Index (Total Phosphorus): 52
Mean Trophic State Index (Chlorophyll a): 44
Volunteer-Collected Data
Date Time Temp Secchi Lake Water %Cloud Recent Wind Abbreviated Comments
1992 {°O) °B ) Ht (ft) Color Cover Rain
13-May 0905 8.9 Green 0 Calm
15-Jun 1030 189 66.0 7.5 1905.2 Gr-Brown 25 Moderate Clouds around, sunshine
here.
03-Jul 1140 228 730 7.2 1905.0 Gr-Brown 10 Moderate Breezy Water level was lower (or
seemed to be) earlier this
. ' year.
15-Jul 1255 233 740 7.0 1904.9 Gr-Brown 50 Light Light Bottom weeds seem much
thicker this year.
03-Aug 1235 272 81.0 12.1 1905.1 Green 0 None Calm Last week mostly 90
degrees with no rain. Lake
depth 13.2 feet at site.
18-Aug 1500 250 770 2.1 1905.4 Green 25 None Light Some water ski activity —
may have affected sample.
26-Aug 0847 17.2 63.0 8.0 1905.5 Gr-Brown 10 Light Light Second Secchi using view
: tube.
17-Sep 1330 15.0 59.0 70 1905.7 Gr-Brown 10 Calm Light odor from lake.
05-Oct 1315 144 58.0 9.9 1905.8 Gr-Brown 25 Trace Light Strong show of fall colors
around shoreline.
18-Oct 1250 10.0 50.0 10.9 1906.0 Gr-Brown 100 Calm Anchor brought up some
elodea.

! Trophic State Indices calculated from Carlson (1977)
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1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) °C) (mg/L) (umhos/cm)
05/13 0.0 15.8 8.5 10.0 88
‘ 1.0 159 8.5 9.9 89
2.0 15.8 8.6 9.8 89
3.0 15.8 8.7 9.8 88
08/26 0.0 18.2 8.1 8.1 97
1.0 18.3 8.1 8.0 97
2.0 18.3 8.1 8.0 97
3.0 18.3 8.1 8.0 97

1992 Onsite Visit Data - Water Chemistry

Date 05/13/92 08/26/92
Epilimnion Hypolimnion Epilimnion Hypolimnion

Composite Depths (m) 1,2,3 - 1,2,3 -
Total Phosphorus (ug/L) 25 - 29 -
Total Nitrogen (mg/L) 0.40 - 0.57 -
Chlorophyll a (ug/L) 2.23 - 5.45 -
Fecal Coliform Bacteria <1 1

Site 1 (colonies/100 mL)
Fecal Coliform Bacteria 1 1

Site 2 (colonies/100 mL)
Total Suspended Solids (mg/L) 2 "5
Total Nonvolatile Suspended 1 1

Solids (mg/L)
Color (Pt-Co units) 25 -
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Historical Data From Ecology

Date
Secchi (ft)

Total Phosphorus,
epilimnion (ug/L)

Total Nitrogen,
epilimnion (mg/L)

Chlorophyll a (ug/L)

Dissolved Oxygen,
surface (mg/L)

Dissolved Oxygen,
bottom (mg/L)

7/01/74*

9

28

10.7

17.2

07/13/81®

13

20

0.98

3.7

9.8

3.1

08/21/90°

4.7

55

0.68

8.8

73

06/10/91¢

8.7

0.29

9.9

8.2

a. Dion et al. (1976)

b. Sumioka and Dion (1985)

¢. Rector (1991)
d. Rector (1992)

86



Eloika Lake -- Spokane County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was fair to good, as indicated by Secchi depths which ranged from 7.0 to 12.1

feet. Mean Secchi depth for 1992 (8.8 feet) was fair, but was better than mean Secchi depths
from 1989-1991.

Total Phosphorus

Total phosphorus was high on both sampling dates (25 ug/L in May, and 29 pg/L in August).
Concentrations were lower than the concentration measured in 1990 (55 ug/L; Rector, 1991),
but were similar to a concentration measured in 1974 (28 ug/L; Dion et al., 1976).

Total Nitrogen

Total nitrogen was moderately high (0.40 mg/L and 0.57 mg/L) on both sampling dates.
Historical Data From Ecology listed on page 4 indicate total nitrogen has varied widely from
0.29 mg/L to 0.98 mg/L.

Fecal Coliform Bacteria :
All samples for fecal coliforms were very low, and were within state standards.

Solids and Color

Suspended solids were low in May. During the August onsite visit, suspended solids were high,
and total nonvolatile suspended solids were low. The low total nonvolatile suspended solids
during August indicate that the high total suspended solids most likely resulted from the blue-
algae bloom that was observed at the time of sampling. Solids results indicate that Secchi depths
were most likely affected more by algal growth than by suspended sediments. Color results
indicate that the lake was somewhat colored, which may affect Secchi depths.

Profile Data
The lake was not stratified during either sampling date, so only one set of water samples were
collected for each onsite visit. There was very little difference from surface to bottom for all

of the profile parameters. Profile data were very similar to those measured for the program in
1990 and 1991.

Plants ‘

Chlorophyll @ was low to moderate during May, indicating that there was a low to moderate
amount of algae growth at the time of sampling. During August, algal growth (as indicated by
the chlorophyll a concentration) was higher. On both sampling dates, particularly in May,
chlorophyll @ was lower than expected given the high phosphorus concentrations. The reason
for this is unknown, but it is likely that lower water temperatures during May contributed to the
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lower algal productivity. In August, algal growth may have been low due to shading from plants
or water color, or conversely, algal growth rates may have been high, but algae were eaten by
zooplankton or fish.

Plants identified by Ecology staff during the May 13, 1992 onsite visit with the volunteer include
waterweed (Elodea spp.), flatleaf pondweed (Potamogeton robbinsii), coontail (Ceratophyllum
demersum), and watershield (Brasenia schreberi).

During the August 1990 onsite visit with the volunteer, blue-green clumps about 2 - 6 inches in
diameter were floating along the shore. The clumps consisted primarily of filaments of the blue-
green alga Oscillatoria. Plants identified during the onsite visit included fairly extensive patches
of watershield, coontail, bladderwort (Utricularia vulgaris), two pondweeds (including flatleaf
pondweed), duckweed (Lemna spp.), and waterweed (Elodea spp.). Waterweed and watershield
were also observed during the June 1991 onsite visit.

In 1974, the entire shoreline was covered with aquatic plants (sedge, cattail, and watershield),
and 11 - 25% of the lake surface was covered by emersed plants (Dion et al., 1976). This
description of the shoreline is similar to the volunteer’s descriptions of the lake in 1989 and
1990.

Other Available Information :

A water quality assessment and restoration feasibility study conducted by Eastern Washington
University (EWU) concluded there was a large amount of sediment in Eloika Lake from natural
erosion. The thick sediment and the shallow water depth are optimal for macrophyte rooting
and growth. Control of the macrophyte communities was recommended for reducing internal
phosphorus recycling in the lake (Soltero et al., no date).

In 1990, Centennial Clean Water Funds were awarded for EWU to study the nutrient loading
from the watershed, and to investigate designs for a water level control structure at the lake
outlet (Soules, 1989). Initially it was proposed to install a dam at the lake outlet to maintain the
water level at the natural spring high level throughout most of the year. However, design and
construction of the dam is currently on hold until the lake level to be established is adjudicated
(Soules, 1992). Water level drawdown during the winter was also proposed in order to freeze
some of the aquatic plant roots. The proposed actions are intended to thin, but not eliminate,
aquatic plants in the lake.

Summary of QueStionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1989 to 1992.
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Eloika Lake is used for fishing, rowing, camping, and waterfow] hunting. There
are two resorts on the lakeshore. There is one public boat ramp, and there are
no restrictions for motorboat use on the lake. About 2% of the lakeshore is
publicly-owned. Currently the watershed is used for logging and animal grazing,
and the lakeshore is being developed further for residences. In the past, the
watershed was used for logging and crop agriculture, the lake was dredged, and
the shoreline was altered.

There are about 50 houses on the lakeshore, and none of thesc houses are
connected to a sewer. There are six stormdrains which drain into the lake. There
is a community association for the lake. Currently, the minimum setback for
lakeshore development is 100 feet. Lake water is withdrawn for irrigation.

Overall, the volunteer finds that Eloika Lake had fair water quality. Problems in
the lake in 1992 were ranked as 1) excessive aquatic plant growth, 2) suspended
sediments, and 3) gradually degrading water quality over the years. Possible
sources of problems are excessive silt (both natural and from logging); nutrient
loading from other lakes in the chain of lakes; and internal loading of nutrients
from dying aquatic plant growth. No plant or algac management occurred in
1992, although chemicals have been used in the past to control weeds. In
comparison to the 1991 monitoring season, in 1992 there were large areas where
there were fewer "dollar pads" (presumably watershield, Brasenia spp.), but in
other areas there were lily pads where previously there were none. The volunteer
is concerned that the entire lake could be covered with lily pads. The water
quality was better overall in' 1992 than in past four years, possibly from the
Diamond Lake sewer and nonpoint source controls by the Pend Oreille
Conservation District.

Much of the shoreline is wetlands, especially at the north and south ends of the
lake. Except for the two resort arcas and a few private beaches, the lake is
ringed with a combination of reeds, cattails, and grasses. Purple Loosestrife was
identified in a wetland area and it has since been sprayed and removed. Patches
of large-leafed plants grow in the water and protrude above the surface.

Comments

From 1989 - 1991, Secchi depth and total phosphorus data collected for the program indicated
that Eloika Lake was eutrophic. In 1992, though, Secchi depth and mean chlorophyll a data
were in the mesotrophic range, while total phosphorus remained in the eutrophic range. Because
the lake exhibited both mesotrophic and eutrophic characteristics in 1992, the lake was given a
meso-eutrophic trophic state estimation. This estimation is also consistent with the high amount
of plant growth in the lake, and the periodic algal blooms.
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Williams Lake was the only other Spokane County lake monitored for the program in 1992.
Williams Lake was characterized as mesotrophic. Deer Lake is in Stevens County, but is closer
to Eloika Lake; Deer Lake was characterized as oligotrophic.

Acknowledgement

I thank Victor H. Soules for volunteering his time to monitor Eloika Lake during 1989-1992.
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Flowing Lake -- Snohomish County

Flowing Lake is located six miles north of Monroe, and 800 feet west of Storm Lake. It is fed
by Storm Lake and drains to Panther Lake and ultimately to the Pilchuk River. It was called
Rowing Lake on historical maps. The inflow is intermittent.

Size (acres) 134

Maximum Depth (feet) 69

Mean Depth (feet) 28

Lake Volume (acre-feet) 3,790

Drainage Area (miles?) 0.8

Altitude (feet) 526

Shoreline Length (miles) 2.2

Estimated Trophic State: Mesotrophic
Mean Trophic State Index* (Secchi): 43

* From Carlson (1977)

Summary of Questionnaire Results and Information From the Volunteer

The following are from the volunteer’s remarks and responses to the 1991 questionnaire. There
are 95 houses on the lakeshore (the volunteer reported 94 nearshore homes in 1990 and 92
homes in 1989); of these, 61 are occupied year-round. Rainbow trout are stocked in the lake.
After parking was restricted at Flowing Lake County Park in 1991, far less motorboat activity
was observed on the lake. Overall, the volunteer finds that Flowing Lake has excellent water
quality. The volunteer did not observe any changes in the lake since the 1990 monitoring
season.

The following are the volunteer’s remarks and responses to the 1990 questionnaire. Flowing
Lake is used for fishing, boating, swimming, rowing, jet skiing and camping. Recreational
facilities on the lakeshore include a county park, a state park, a camping area, a beach, and one
boat ramp. There is a speed restiction of 8 mph for motorboats that does not apply to water
skiing (most likely, the restriction is for near shore). Lake water is withdrawn for drinking and
irrigation. Currently the watershed is used for crop agriculture, and the lakeshore is being
developed further for residences. In the past the watershed was used for logging and animal
grazing. The lakeshore is not sewered, and there are 15 storm drains that empty into the lake.
Presently there is a ski association and a water association (serves three lakes) for the lake. The
lake has been chemically treated in the past to control undesirable fish species.

In 1989, the volunteer reported that flocks of cormorants used the lake. They roost on the ski

floats and eat fish when the lake is stocked in the spring, and leave in April after the fishing
season opens.
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According to the volunteer, there are two manmade "lagoons" (presumably, dredged
embayments that extend shoreline) on the lake. Lilies, iris and cattails grow in areas. Wetland
plants and algae grow at the inlet (near the public access area) and areas not developed for
residences.

Monitoring Results/Summary of Other Available Information

The volunteer has monitored Flowing Lake for the program since 1989. Data from 1989 are
reported in Rector (1990) and data from 1990 are reported in Rector (1991).

Volunteer-collected Secchi data from 1991 show that water clarity ranged from 8.9 to 12.4 feet.
Patterns in algal growth were similar in 1991 and 1990 (Secchi depths were lowest during
August and highest during May), although mean Secchi depth was more similar between the
1989 and 1991 data sets. In 1990, overall mean water clarity was somewhat worse, and
seasonal changes in Secchi depth were more erratic, than in 1991 and 1989. During all three
years, Secchi data indicated the lake was mesotrophic.

Ecology staff collected water samples and profile data from Flowing Lake on May 29, 1991.
The profile data show that the lake was stratified, and both pH and dissolved oxygen decreased
somewhat below the thermocline. Dissolved oxygen was 5.9 mg/L at the lake bottom. In 1990,
dissolved oxygen was 1.8 mg/L at 17 meters on June 6 and 0.3 mg/L at 15 meters on
August 30. By September 17, 1990, dissolved oxygen was extremely low throughout the
hypolimnion; just below the themocline at 5.0 meters, dissolved oxygen was 0.6 mg/L (Coots,
1991). In 1973, published data also show that low dissolved oxygen (1.0 mg/L at 56 feet)
occurred in the lower layer of Flowing Lake (Bortleson et al., 1976), so it is likely that low
dissolved oxygen has been occurring near the lake bottom for many years.

The lower dissolved oxygen in the lake’s lower layer most likely resulted from the bacterial
decomposition of organic material (such as algae, aquatic plants and woody debris) in the water
and sediments. Dissolved oxygen can be depleted from the lower layer of the lake (the
hypolimnion) yet remain high in the upper layer (the epilimnion) because the lower layer of
water does not mix with the upper layer during thermal stratification. This was especially
apparent in the 1990 profiles from the 1990 data summary.

Total nitrogen in 1991 (0.56 mg/L) was moderate compared to other monitored lakes and was
very similar to the June 6, 1990, concentration (0.54 mg/L). Chlorophyll a was very low and
in the oligotrophic range (1.3 pug/L) on June 18, 1990 (Coots, 1991).

Samples for total phosphorus and chlorophyll @ were collected in 1991, but the data could not

be used due to analytical problems. In 1990, four water samples were analyzed for total
phosphorus for Ecology (two for the citizen lake monitoring program and two for a lake survey
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designed to supplement volunteer-collected data). Total phosphorus was 0.015 mg/L on June 6,
0.004 mg/L on June 18, 0.012 mg/L on August 30 and 0.009 mg/L on September 15 (June 18
and September 15 data from Coots, 1991). Because it rained heavily on June 6, increased runoff
may have increased the total phosphorus concentrations in the lake on this date. Total
phosphorus in published data from 1974 (0.007 mg/L; Bortleson ef al., 1976) was in the range
of concentrations found in 1990.

On April 20, 1989, about 10 - 15 gallons of diesel oil were washed into the lake and required
cleanup (R. Newman, Ecology Northwest Regional Office, personal communication).

- The lake was dredged at the northeast corner (Bortleson et al., 1976). Residential development
of the lakeshore has increased since 1973, when there were 61 nearshore homes
(Bortleson er al., 1976).

Comments

Since 1989, volunteer-collected Secchi data indicated that Flowing Lake was mesotrophic. Other
mesotrophic characteristics of the lake include very low hypolimnetic dissolved oxygen which
was documented in 1990, and presence of a blue-green algae species (Gloeotrichia) noted during
- the 1990 Ecology survey.

Flowing Lake was one of six Snohomish County lakes monitored for the program in 1991, and
was the only one of these lakes that was mesotrophic. Lake Stevens, Martha Lake (near
Alderwood Manor), Lake Martha (near Warm Beach) and Lake Bosworth all had better mean
Secchi depth than Flowing Lake, and were characterized as oligotrophic. However, mean Secchi
depth at Sunday Lake was very low (6.8 feet) and the lake was considered eutrophic.

Acknowledgement

I thank Betty Williams for volunteering her time to monitor Flowing Lake during 1989-1991.
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Volunteer-Collected Data

Date Temperature Water %Cloud Recent Wind Secchi  Lake Abbreviated Comments
1991 (°C) °B) Color Cover Rain (ft) * Ht(in)
15-May 15.0 59.0 Lt-Brown O Trace  Breezy 124 14.7 Lake height taken from baseline at dock.
29-May 15.0 59.0 Lt-Brown 100 None Calm 11.5 13.0
13-Jun  17.0 62.6 Lt-Brown 50 Moderate Breezy 12.5 13.5 Very little lake activity due to inclement weather.
27-Jun 210 69.8 Lt-Brown O None Calm 10.5 .
11-Jul 240 75.2 Lt-Brown O None Light 9.6 18.0 Moderate lake activity - boaters, swimmers, ski boats.
25-Jul  28.0 82.4  Lt-Brown 100 None 9.2 19.0 Moderate activity increased due to hot weather and
boaters, swimmers and ski boats.
08-Aug 25.0 77.0 Lt-Brown 10 None Light 8.9 19.0
22-Aug 25.0 77.0 Lt-Brown O None Light 9.6 22.0 Noticeably less activity on lake due to parking restrictions
at the Flowing Lake County Park. When the parking lots
are full, park is closed to further occupancy.
05-Sep 220 71.6 Lt-Brown 0 None Light 11.0 22.5 Lake height previous reading should have read 22". 1991
Season County Park restricted capacity. A noticeable
difference in readings since park restrictions.
20-Sep 200 68.0 Lt-Brown 10 None Breezy 11.9 23.0
03-Oct 18.0 64.4 Lt-Brown 0 None Light- 11.9 24.5
17-Oct  16.0 60.8  Lt-Brown 10 HHeavy Light 11.0 26.0
* Secchi data corrected for rope shrinkage.
Onsite Visit Data
Dissolved Composite Total Total
Date Depth Temp pH Oxygen Conductivity Sample Nitrogen  Chlorophylla  Phosphorus
1991 (meters) ()] (mg/L)  (umhos/cm) Depths (m)  (mg/L) (ug/L) (mg/L)
05/29 0.0 15.9 6.8 10.3 39 05,1,2 0.56 ND ND
1.0 15.1 6.8 10.0 39
2.0 14.8 6.8 9.9 39
3.0 14.4 6.8 9.7 39
4.0 12.5 6.6 9.0 40
5.0 9.9 6.3 72 40
6.0 9.1 62 6.8 39
8.0 8.3 6.1 6.3 40
10.0 7.5 59 6.1 39
12.0 72 5.9 6.1 39
12.5 72 5.7 5.9 39

ND No data; data lost due to analytical problems

Data From Bortleson ez al. (1976)

Date 07/23/73
Secchi (feet) 9
Total Phosphorus (mg/L) 0.007

Remarks THE LAKE IS FED BY STORM LAKE. A PARK AND SWIMMING BEACH ARE LOCATED ON THE LAKE. DURING THE
SUMMER RECREATIONAL USE IS HEAVY. THE LAKE HAS BEEN DREDGED ON THE NORTHEAST CORNER.
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Horseshoe Lake -- Cowlitz County

Horseshoe Lake is located on the Cowlitz-Clark County line adjacent to the town of Woodland.
It was formed when US 99 (now I-5) was built in 1940, isolating a bend in the Lewis River.
The acreage of the lake varies during flood seasons. Horseshoe Lake drains to the north fork
of the Lewis River.

Size (acres) 85

Maximum Depth (feet) : 16

Mean Depth (fect) 6

Lake Volume (acre-feet) 473

Drainage Area (miles?) 0.4

Altitude (feet) 20

Shoreline Length (miles) 3.0
Estimated Trophic State: Eutrophic
Mean Trophic State Index* (Secchi): 58

* From Carlson (1977)

Summary of Questionnaire Results and Information From the Volunteer

The following are from the volunteer’s remarks and responses to the 1991 questionnaire. Algae
growth first appears at the south end of the lake in 7 - 10 feet of water during the first week in
August. Rainbow trout are stocked in the lake. The worst problems in the lake, in the opinion
of the volunteer, are ranked as: 1) suspended sediments, 2) algae, 3) undesirable fish species,
and 4) garbage and debris. In contrast, in 1990 the volunteer found that water odor was the
worst problem in the lake. Overall, the volunteer finds that Horseshoe Lake has fair water
quality, and is concerned about water quality effects from ducks, large carp, and people dumping
grass clippings on the bank. The volunteer was also concerned about impending development
of the lakeshore lots. The lake level was kept up thoughout the year, which was a change since
the 1990 monitoring season. The University of Washington is conducting a one-year Phase I
study of the lake and watershed.

In the 1990 questionnaire, the volunteer responded that Horseshoe Lake is used for fishing,
boating, swimming, and rowing. Recreational facilities on the lakeshore include a park, a picnic
area, a beach, and one boat ramp. Water skiing is restricted to specific times, and no jet skis
are allowed on the lake. Lake water is withdrawn for irrigation. Currently the watershed is
used for animal grazing and crop agriculture. In the past the watershed was used for animal
grazing and crop agriculture, the lake was dredged and the shoreline was altered. There are 19
houses on the lakeshore, and all are occupied year-round. The lakeshore is 50% sewered, and
~ there are five storm drains that empty into the lake. There is a community association for the
lake. There is a slaughterhouse, a trucking company and a welding shop on the lakeshore.
There were no submerged weeds or lily pads growing in the lake. Algae blooms were not
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localized in any area. The lake depths on the 1947 Department of Game map are not accurate.
A water quality study was conducted in 1988-89 by the Cowlitz County Conservation District.

Monitoring Results/Summary of Other Available Information

The volunteer has monitored Horseshoe Lake for the program since 1990. Data from 1990 are
reported in Rector (1991).

Volunteer-collected data show that in 1991 Secchi depth ranged from 2.0 to 11.5 feet. Secchi
depth was lowest on July 1 and highest on May 16. Except for the one relatively deep Secchi
reading in 1991, the pattern in water clarity was very similar in 1991 and 1990.

Ecology staff collected water samples and profile data from Horseshoe Lake on June 21, 1991.
The profile data show that the lake was not stratified, and both pH and dissolved oxygen
decreased from surface to bottom. Temperature, dissolved oxygen and conductivity profiles
were very similar in June 1991 and May 1990. Although late summer profile data were not
collected in 1991, the August 1990 profiles showed that pH and dissolved oxygen both increased
at 1-2 meters, and then decreased considerably. The lower pH and dissolved oxyen near the
lake bottom was most likely related to decomposition of organic material (such as algae, aquatic
plants and woody debris) in the water and sediments.

Total nitrogen in 1991 (0.30 mg/L) was similar to the May 1990 concentration (0.32 mg/L;
0.49 mg/L was measured in August). Samples were collected in 1991 for total phosphorus and
chlorophyll a, but the data could not be used due to analytical problems. In 1990, total
phosphorus was high (0.038 mg/L in May and 0.035 mg/L in August). Published data from
1973 showed much higher concentrations of total phosphorus (0.073 mg/L; Bortleson et al.,
1976) than in 1990.

During the August 1990 onsite visit with the volunteer, large particles and clumps of algae were
observed in the water. An algal sample sent in by the volunteer (date unknown) was badly
decomposed, but may have been Aphanocapsa, a genus of blue-green algae.

From Canning et al. (1975): The lake has a history of lake management concerns. When the
lake was connected to the Lewis River with culverts, it was thought that this would be enough
to prevent stagnation of the lake. However, the lake still stagnated. In 1957 a pumping system
was installed by the State Department of Highways to feed Lewis River water into the lake. In
1961, the Department of Highways dredged the lake at the north end and installed a new system
to actively pump water into the lake. In 1964 the Lewis River flooded and deposited about
50,000 cubic meters of silt and debris (backwashed from the local dump) into the south part of
the lake. Because of public health concerns, Horseshoe Lake was studied during 1974-1975 to
investigate the distribution, relative abundance and potential sources of bacteria in the lake. The
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study concluded that the lake was not "polluted" and that there were no significant sources
(including the Lewis River) of nutrients or bacteria to the lake; the quality of Lewis River water
was suspected to be better in some respects than the lake water. Researchers suspected that the
upgraded sewage treatment plant for the city of Woodland reduced nutrient and bacteria loading
into the lake from wastewater, and sediments were cited as the primary source of nutrients to
the lake. Ducks and geese were cited as the main sources of fecal coliform bacteria in the lake,
although fecal coliform bacteria counts did not exceed state standards at any point during the
study period. The study recommended pumping river water into the lake to maintain a constant
lake level.

From Somers (1989): In 1981, the pump was replaced with one that had a greater capacity.
The pump was running during 1988-1989 when the Cowlitz County Conservation District studied
the lake. During the study period, none of the Lewis River stations exceeded state Class A
standards, although two stations near Horseshoe State Park, a stormwater station (during rain
events), a station near the cattle lot, and other south end lake stations had high fecal coliform
bacteria counts that exceeded state standards. Secchi depth measured from the North Arm of
the lake ranged from 2.25 - 4.5 feet, indicating that the lake was eutrophic. The lowest readings
were in September 1988 and April 1989, and highest readings were in August 1988 and
February 1989.

A Centennial Clean Water Fund grant was awarded for the University of Washington to study
Horseshoe Lake. The following is from Whiley (1991): Lewis River water is now pumped
continuously into the lake at the rate of about 4000 gallons per minute. Four lake stations, six
stormwater stations and twenty wells (located near the lake) are monitored for the study. Lake
station data collected from April through August 1991 show that Secchi depths were lowest
during June and July, and highest during May. Secchi depths for all lake stations ranged from
0.6 meters on July 5, to 2.9 meters on May 24. Total phosphorus at the surface was in the
eutrophic range for all lake stations (concentrations ranged from 12.5 to 36.1 ug/L from April
through July). In general, total phosphorus concentrations were highest at station 3, which is
located at the south end of the lake, about 250 - 300 meters from the outlet. Chlorophyll a
concentrations at the lake surface ranged from 0.0 to 80.2 ug/L. Highest concentrations
occurred during June and July, when there was a blue-green algal bloom. Other parameters
measured in the lake include nitrate, ammonia, alkalinity, temperature, dissolved oxygen,
conductivity, pH, turbidity and seston. Ground water elevation is measured using the wells.
Stormwater sampling results were not presented.

Comments
Because the trophic state index (TSI) for Secchi data was calculated using data only from June -

September 1991, the one high reading in May 1991 did not affect the TSI. As a result,
TSI(Secchi) values for 1991 and 1990 (58 and 57, respectively) were very close.
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The following is from the 1990 data summary. Compared to other lakes monitored for the
program, Horseshoe Lake was very unusual in its physical shape and dependence on pumped
river water for maintaining its lake level. Because the lake receives unfiltered Lewis River
water, some suspended solids from the river will settle in the lake. In this respect, the lake
serves as a settling pond for solids from the Lewis River. Concerns among the local users of
the lake include past reports of high fecal coliform levels in the lake, bad odors that occur
during certain times of the year, maintaining the lake level, improving the quality of the Lewis
River water that is pumped into the lake, and keeping the lake at a quality that can be used for
contact recreation. Presently, the Horseshoe Lake Management Committee is working towards
reducing loading from stormwater, educating the public about reducing nonpoint source pollution
within the lake’s watershed, improving the shoreline near the cattle lot, and ensuring that
discharges and runoff into the lake are done properly, legally and with a minimum of impact to
lake quality. '

Acknowledgement

I thank Timothy Chase for volunteering his time to monitor Horseshoe Lake during 1990 - 1991.
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Volunteer-Collected Data

Date Temperature pH  Water  %Cloud Recent Wind Secchi Lake  Abbreviated Comments
1991 ¢C) (°F) Color Cover Rain (ft) Ht(ft)
16-May 16.7 62.0 Green 0 None Light 11.5 11.10 Cottonwood just beginning to bloom. Water flowing
over overflow.
17-Jun  16.1 61.0 6.5 Pea-Green 90 Light Calm 4.0 0.00
01-Jul 200 680 8.5 Pea-Green 0 None Light 20 7.20
19-Jjul 200 68,0 7.0 Milky-Gr 100 None Light 3.0 820 Blue-green algae bloom now over with.
0l-Aug 222 720 6.5 Pea-Green 50 Light Light 6.0 8.20
13-Aug 21.1 700 7.0 Gr-Brown 25 None  Breezy 42 7.80 Another bloom has occurred. A developer has
removed all vegetation from about 400° of bank -
violation of shorelines?
30-Aug 200 68.0 Gr-Brown 75 Light Breezy 4.5 820
14-Sep 172 63.0 6.0 Green 0 Trace Calm 3.5 8.40
Onsite Visit Data
Dissolved Composite Total Total
Date Depth Temp pH Oxygen Conductivity Sample Nitrogen  Chlorophylla  Phosphorus
1991 (meters) O (mg/L)  (pmhos/cm) Depths (m)  (mg/L) (ug/L) (mg/L)
06/21 0.0 18.5 8.7 11.9 40 1,3, 4 0.30 ND ND
1.5 17.5 8.9 12.2 41
1.0 17.0 8.9 12.2 41
1.5 16.9 8.9 11.8 40
2.0 16.7 8.6 10.8 40
2.5 16.5 8.3 10.5 40
3.0 16.5 8.3 10.5 39
3.5 16.4 8.4 10.7 39
4.0 16.4 8.4 10.8 39
4.5 16.4 8.5 10.8 39
5.0 16.3 8.5 10.8 39
5.5 16.3 8.4 10.6 39

ND No data; data lost due to analytical problems

Data From Bortleson et al. (1976)

Date
Secchi (feet)
Total Phosphorus (mg/L)

09/12/74

2
0.073

Remarks AN OXBOW LAKE (OLD RIVER CHANNEL OF LEWIS RIVER) DIKED BY A HIGHWAY FILL. THE LAKE IS ON THE
SOUTH SIDE OF THE TOWN OF WOODLAND AND LIES IN BOTH CLARK AND COWLITZ COUNTIES. A CITY PARK AND SWIM
AREA ARE LOCATED ON THE NORTH SIDE OF THE LAKE.
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B Volunteer monitoring site

WATER D‘E.F’TH MAP
HORSESHOE LAKE
COWLITZ COUNTY
TSN - R1E — SEC 18 (At N.E. End)
AVERAGE SUMMER CONDITIONS

PUMP TURNED ON

WATER SURFACE «evc-o 12.3 FT. ABOVE MSY

SURFACE AREA........ B4 ACRES
VOLUME. . :evvcacecsss 869 ACRE FEET

SCALE 1 INCH = 400 FEET
CONTOUR INTERVAL = S FEET

f
N
|

Map reproduced from Horseshoe Lake Water Quality
Study 1988 - 1989 (Somers, 1583).




Jumpoff Joe Lake — Stevens County

Jumpoff Joe Lake is located 10 miles south from Chewelah and six miles northeast from
Springdale. It is fed by an unnamed inlet, and drains via Jumpoff Creek to the Colville River.

Size (acres) 110
Maximum Depth (feet) 25
Mean Depth (feet) 13
Lake Volume (acre-feet) 1400
Drainage Area (miles?) 15.3
Altitude (feet) 2031

Shoreline Length (miles) 1.9

Data From Dion et al. (1976)

M Volunteer monitoring site A Publicboat socees
3 E] Fecal colform skes 1 and 2

ro

1000 2000 PEET
| 1 . |

L

EXPLANATION
Line of equal

water depth
Interval 5§ feet

Jumpoff Joe Lake, Stevens County. From
Washington Department of Game, date unknown.
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Jumpoff Joe Lake -- Stevens County

1992 Trophic Status'

Estimated Trophic State: ~ Mesotrophic

Mean Trophic State Index (Secchi): 46

Mean Trophic State Index (Total Phosphorus): 43

Mean Trophic State Index (Chlorophyll a): 42

Volunteer-Collected Data

Date Time Temp Secchi Lake ‘Water % Cloud Recent Wind Abbreviated Comments

1992 °C) CCH " Ht (in) Color Cover Rain

12-May 135 Onsite visit.

31-May 1330 222 720 9.5 Mint 10 None Calm Water color "mint".

21-Jun 1600 244 759 10.0 Mint 0 None Light Water color "mint".

30-Jul 1400 256 78.1 6.0 Apple-Green 0 None Calm Lots of yellow pollen on
’ ’ the surface (collecting near

docks).
25-Aug 1400 7.7 Onsite visit.
04-Oct 1500 16.1 61.0 6.4 Mint 40 Moderate Light Water color gray-green.

1 Trophic State Indices calculated from Carlson (1977)
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Jumpoff Joe Lake -- Stevens County

1992 Onsite Visit Data - Profile Data

Dissolved

Date Depth Temp pH Oxygen Conductivity
1992 (meters) 0 (mg/L) (umhos/cm)

05/12 0.0 16.5 8.8 12.7 201

1.0 16.3 9.0 12.8 202

2.0 16.1 9.1 12.9 202

3.0 15.9 9.1 13.4 201

4.0 15.8 9.2 13.6 201

4.5 15.8 9.2 13.8 200

08/25 0.0 19.9 8.9 9.8 204

1.0 19.5 9.0 9.5 203

'2.0 19.4 9.0 9.6 203

3.0 19.2 9.0 9.7 204

4.0 19.1 9.0 9.7 204

5.0 19.1 9.1 10.1 203

1992 Onsite Visit Data - Water Chemistry

Date

08/25/92

Hypolimnion

Composite Depths (m)

Total Phosphorus (ug/L)

Total Nitrogen (mg/L)
Chlorophyll a (ug/L)

Fecal Coliform Bacteria

Site 1 (colonies/100 mL)

Fecal Coliform Bacteria

Site 2 (colonies/100 mL)

Total Suspended Solids (mg/L)

Total Nonvolatile Suspended

Solids (mg/L)

Color (Pt-Co units)

05/12/92
Epilimnion Hypolimnion Epilimnion
1,25, 4 1,2.5,4
10 19
0.25 0.55
0.80 5.57
<1 <1
<1 <1
2 5
1 2
20 -
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Jumpoff Joe Lake -- Stevens County

Historical Data From Ecology

Date 07/08/74* 06/20/89* 09/19/89°

Secchi (ft) 12 8.5 72

Total Phosphorus, _ 14 13 17
epilimnion (ug/L)

Total Nitrogen, - 0.29 0.44

epilimnion (mg/L)

Chlorophyll a {(ug/L) - 2.6 4.6

Dissolved Oxygen, 11.6 12.3 11.7
surface (mg/L)

Dissolved Oxygen, 12.6 13.9 12.7

bottom (mg/L)

a. Dion et al. (1976)
b. Brower and Kendra (1990)
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Jumpoff Joe Lake -- Stevens County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was fair to good, as indicated by Secchi depths which ranged from 6 feet to 13.5
feet. Most Secchi depths were in the mesotrophic range.

Total Phosphorus

Phosphorus was low during May (10 pg/L), and moderately high during August (19 ug/L).
Values were similar to those measured in 1989 (14 pg/L in June, and 17 ug/L in September;
Brower and Kendra, 1990).

Total Nitrogen
Total nitrogen was not high, although the August value (0.55 mg/L) was considerably higher

than the May value (0.25 mg/L). In 1989, values were also lower during spring than during late
summer.

Fecal Coliform Bacteria
No fecal coliforms were detected in any of the fecal coliform bacteria samples taken.

Solids and Color

Solids samples indicate that there were more particles in the water during August than during
May, and that the majority of the particles were organic (such as algae), as opposed to
nonorganic (such as suspended sediments). This indicates that Secchi depths were more likely
affected by algal growth at the time of sampling, rather than by suspended sediments. The lake
water was somewhat colored.

Profile Data

The lake was not stratified on either sampling date, so there was little change in profile
parameters from surface to bottom. The increase in dissolved oxygen with depth was probably
from the prolific growth of submerged aquatic plants in the lake; like terrestrial plants, actively
photosynthesizing aquatic plants will use carbon dioxide, and release oxygen. Similar profile
data, including the increase in dissolved oxygen with depth, was also reported in 1989 (Brower
and Kendra, 1990).

Plants

Chlorophyll @ was low during May, indicating that there was little algal growth at the time of
sampling. During August, though, there was much more algal growth (as indicated by higher
chlorophyll g). Results from Secchi data and the solids samples also suggest that there was more
algal growth during August than during May.

Aquatic plants identified by Ecology staff during the May 12, 1992 onsite visit with the
volunteer include coontail (Ceratophyllum demersum), waterweed (Elodea canadensis), and
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Jumpoft Joe Lake -- Stevens County

milfoil (Myriophyllum spp., but not the aggressive Eurasian variety). During the August 25,
1992 onsite visit, the lake water color was bright green, and a soft brown highly organic muck
came up with the anchor.

Summary of Questionnaire Results and Information From the Volunteer
The following is a summary of the volunteer’s remarks and responses to the 1992 questionnaire.

Jumpoff Joe Lake is used for fishing, swimming, motor boating, lakeshore
camping, and waterfow] hunting. There is one resort on the lakeshore. There is
one public boat ramp, and there are no restrictions for motorboating on the lake.
About 10 percent of the shoreline is publicly-owned. Eastern brook, brown, and
Kootenai trout were stocked in the lake. Currently, the watershed is used for
logging, crop agriculture, and animal grazing/feeding. The lakeshore is also
being developed further for residences. In the past, the watershed was used for
logging, crop agriculture, and animal grazing/feeding, and the shoreline was
altered.

There are about 19 houses on the lakeshore, and none of the houses are connected
to a sewer. There is no lake association for the lake. Lake water is withdrawn
for irrigation.

Overall, the volunteer finds that Jumpoff Joe Lake had good water quality.
Problems in the lake in 1992 were ranked as 1) impaired fisheries, 2) excessive
aquatic plant growth, 3) degraded aesthetics, and 4) low water level. Possible
sources of problems are the type and quantity of fish stocked in the lake, aquatic
plant growth, and the small lake size warrants a boat speed restriction.

Comments

Jumpoff Joe Lake was estimated as mesotrophic based on the moderate values for mean Secchi
depth, total phosphorus, and chlorophyll a, as well as the prolific plant growth.

Other Stevens County lakes monitored for the program in 1992 are Black, Deer, Thomas, and
Waitts. In comparison with these lakes, only Deer Lake had lower total phosphorus
concentrations, but Jumpoff Joe Lake had the lowest mean summer water clarity.

Acknowledgement

I thank Lu Caudill for volunteering her time to monitor Jumpoff Joe Lake during 1992.
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Lake Ketchum -- Snohomish County

Lake Ketchum is located three miles north from Stanwood. It is fed by two unnamed
intermittent inlets, and drains via an unnamed intermittent outlet to Skagit Bay.

Size (acres) 24
Maximum Depth (feet) ' 21
Mean Depth (feet) 12
Lake Volume (acre-feet) 296
Drainage Area (miles?) 0.5
Altitude (feet) 190
Shoreline Length (miles) 1.3

Data From Sumioka and Dion (1985)

M Volunteer monitoring site . ‘ A Puoiicboat

(3 [E] Focal coktorm site, August (sites 1 and 2)

¢ ) 100 1% KRS
EXPLANATION
—_—
Line of equal
wAter depth .

Interval 1 and 5 feet

Ketchum Lake, Snohomish County. Photo taken July 9, 1981, view southwesterly.
Bathymetric map from U.S. Geological Survey, June 1S5, 1981.
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Lake Ketchum -- Snohomish County

1992 Trophic Status’

Estimated Trophic State:

Mean Trophic State Index (Secchi):
Mean Trophic State Index (Total Phosphorus):
Mean Trophic State Index (Chlorophyll a):

Eutrophic

54
95
54

Volunteer-Collected Data

Date Time Temperature Secchi Lake Water  %Cloud Recent Wind Abbreviated Comments

1992 (°O °F ) Ht (in) Color Cover Rain

18-May 35 Onsite visit.

03-Jun 1900 23.3 73.9 6.0 1400 Lt-Brown O None Calm Lake treated with copper sulfate on 5/30/92.
Surface growth seems to be sinking.

18-Jun 1700 23.3 73.9 55 13.00 Lt-Brown O None Breezy Lake treated with Endothall 6/17/92.

28-Jun 0830 23.9 75.0 6.5 14.50  Lt-Brown 10 None Light

18-Jul 1800 25.6 78.0 6.0 12.00  Lt-Brown 25 None Breezy

02-Aug 1800 23.3 74.0 4.5 14.00 Lt-Brown O None Breezy Heavy vegetation bloom occurred earlier this
week, now floating.

20-Aug 1700 24.4 76.0 6.5 17.00 Lt-Brown O None Breezy Large scale duck weed bloom in progress.

27-Sep 1600 16.7 62.0 4.5 2200 Lt-Brown O Moderate Breezy The duckweed bloom has died and sank.
Minimal new growth of duckweed.

25-Oct 1000 133 56.0 400 24.00 Lt-Brown 50 Light Breezy Lake level very low. Old duckweed pushed to

shore by wind, taking root on beach. Minimal
new duckweed bloom.

! Trophic State Indices calculated from Carlson (1977)
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Lake Ketchum -- Snohomish County

1992 Onsite Visit Data - Profile Data

Dissolved

Date Depth Temp pH Oxygen Conductivity
1992 (meters)  (°C) (mg/L) (zmhos/cm)
05/18 0.0 21.0 102 16.1 154

1.0 20.2 10.2 16.6 153

2.0 16.2 9.3 10.9 137

2.5 155 8.5 9.4 137

3.0 14.1 7.4 0.6 146

4.0 12.3 7.4 02 155

5.0 9.6 7.2 0.1 170

6.0 8.8 6.9 0.1 182
08/31 0.0 21.5 7.8 9.1 153

1.0 21.3 7.8 8.9 152

2.0 20.3 1.7 4.9 153

3.0 17.2 7.4 0.2 179

4.0 13.0 7.1 02 220

5.0 10.7 6.6 0.1 263

1992 Onsite Visit Data - Water Chemistry

Date 05/18/92 08/31/92

Epilimnion Hypolimnion Epilimnion Hypolimnion
Composite Depths (m) 05,1 5,6 1,2 4,45
Total Phosphorus (ug/L) . 592 2342 . 460 3095
Total Nitrogen (mg/L) _ 1.12 2.44 1.11 3.43
Chlorophyll a (ug/L) 9.16 13.35 -
Fecal Coliform Bacteria - - 2 -

Site 1 (colonies/100 mL)

Fecal Coliform Bacteria - - 1 -
Site 2 (colonies/100 mL)

Total Suspended Solids (mg/L) - - 4 -

Total Nonvolatile Suspended - - <1 -
Solids (mg/L)

Color (Pt-Co units) - - 60 -
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Lake Ketchum -- Snohomish County

Historical Data From Ecology

Date 07/09/81*

Secchi (f;t) 10

Total Phosphorus, 190
epilimnion (ug/L)

Total Nitrogen, 1.6

epilimnion (mg/L)

Chlorophyll a (ug/L) 1.98

Dissolved Oxygen, 7.2
surface (mg/L)

Dissolved Oxygen, 0.0
bottom (mg/L)

a. Sumioka and Dion (1985)
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Lake Ketchum -- Snohomish County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was poor, as indicated by shallow Secchi depths which ranged from 3.5 to 6.0

feet. None of the Secchi depths were as deep as the only other available reading from an earlier
study (10 feet; Sumioka and Dion, 1985).

Total Phosphorus

Total phosphorus was very high and in the hyper-eutrophic range on both sampling dates (592
pg/L in May, and 460 pg/L in August). No other lake sampled since the program began in
1989 had phosphorus concentrations this high. Plant and algae problems are inevitable because -
of the high phosphorus content of the lake. The phosphorus concentration from 1981 was also
high and in the hyper-eutrophic range (190 ug/L; Sumioka and Dion, 1985).

Internal loading of phosphorus from the sediments is probably a very large source of phosphorus
to the water column. Internal loading may result in extremely high phosphorus concentrations
near the lake bottom, particularly during late summer, and is often suspected when dissolved
oxygen concentrations are completely depleted in the hypolimnion (bottom layer of water).
Oxygen depletion in the hypolimnion was measured during both onsite visits with the volunteer.
Also, the oxidation-reduction potential (redox) was measured while profile data were collected,
although these data are not reported in the profile data table. Redox values decreased by 200
volts from surface to bottom on both sampling dates, with the bottom of the lake having redox
values from -140 to -181 volts. Reduction, the chemical process that results in phosphorus being
released from the sediments, occurs when redox values are less than O volts. Since measuring
redox with a probe is not always reliable, only values less than -50 were assumed to indicate
reducing conditions. . ‘

Total Nitrogen

Total nitrogen concentrations were also very high (1.1 mg/L on both sampling dates), but were
somewhat lower than the value reported in 1981 (1.6 mg/L; Sumioka and Dion, 1985). Relative
to the concentrations of total phosphorus, though, the proportion of total nitrogen was very low.
Algal growth in Lake Ketchum is most likely limited by the amount of nitrogen in the water;
if nitrogen concentrations increase, algal growth will increase also.

- Fecal Coliform Bacteria

Fecal coliform bacteria samples were collected from two sites during August. Results were very
low, and were within state standards. Samples were collected from near the inlet and near the
public boat access.

Solids and Color
Lake Ketchum had a relatively high amount of suspended solids during August, in comparison
with other lakes monitored for the program, which was probably due to algae and duckweed in
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Lake Ketchum -- Snohomish County

the water. A color sample collected during August indicates that the lake is colored, although
whether the source of the color is from algae, as opposed to the watershed geology, cannot be
determined.

Profile Data

Although temperature decreased considerably from surface to bottom on both sampling dates,
there is no clear distinction between the epilimnion and hypolimnion. Dissolved oxygen, pH,
and conductivity data, though, did indicate that the lake was stratified. The very low dissolved
oxygen below 3 meters probably resulted from bacterial decomposition of organic material (such
as aquatic plants and algae) in the water and sediments. This same process may result in the
decrease in pH, and increase in conductivity, which were also seen in the lake.

During the May 1992 onsite visit, the hypolimnion samples (collected from 5m and 6m depths)
were yellowish and smelled of hydrogen sulfide. Hydrogen sulfide is produced by bacteria in
the absence of oxygen.

Plants
Chlorophyll @ was very high on both sampling dates, showing that there was a lot of algal
growth at the time of sampling.

During May, a filamentous algae was prolific in the lake; a sample was identified as water net
(Hydrodictyon spp.). This alga reproduces very rapidly. Other aquatic plants identified during
the May visit were duckweed (Lemna spp.), which was growing with the filamentous algae along
the shore, cattails (Typha spp.), and yellow-flowering lily (Nuphar polysepalum). During
August, duckweed was the predominant plant in the lake; it covered the lake’s surface in places,
and was extremely thick (about 1 inch) nearshore.

The chlorophyll a sample from July 1981, 1.98 ug/L (Sumioka and Dion, 1985), was low and
in the oligotrophic range.

Summary of Questionnaire Results and Information From the Volunteer

The questionnaire on lake and watershed uses was not returned.

Comments

Lake Ketchum is eutrophic and needs to have the sources of phosphorus and nitrogen into the
lake investigated and identified, so that those sources can be controlled. It is very important,

though, that the present state of nitrogen limitation be considered when the nutrient sources are
controlled; if phosphorus concentrations decrease while nitrogen remains the same, algal growth
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Lake Ketchum -- Snohomish County

in the lake could remain unchanged. For effective control of algae in the lake, control of both
nitrogen and phosphorus should be addressed in any lake management strategy for the lake.

When the lake was sampled during May, a large bloom of water net was occurring. To control
plants and algae, the lake was treated with copper sulfate at the end of May, and with endothall
during June. By August, the duckweed bloom began and completely covered the lake.

During the August onsite visit, the volunteer mentioned that earlier in the month some residents
briefly opened the control weir, in order to flush some of the duckweed downstream (note that
in the volunteer-collected data, the lake level decreased 5 inches from August 20 to
September 27).

~ Acknowledgement

I thank Anton Ehinger for volunteering his time to monitor Lake Ketchum during 1992.
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Lake Killarney -- King County

Lake Killarney is located 3.5 miles southwest of Aubumn.

It drains via Hylebos Creek to

Commencement Bay. The volunteer monitored the south arm of the lake; the size of the south

arm is 24 acres.

Size (acres) 46
Maximum Depth (feet) 15
Mean Depth (feet) 9
Lake Volume (acre-feet) 230
Drainage Area (miles®) 0.2
Altitude (feet) 385
Shoreline Length (miles) 1.3

Data From Bortleson et al. (1976)

M Volunteer monitoring site

[J [ Fwcsl cofform site, August (sites 1 end 2) ~ o

Line of equal
water depth .
Interval 5 feet

¥illarney (South Arm) lake, King County.
From Washington Department of Game, February 1, 1949.

/ |
0
2] °
0 1000 2000 FEET
[ 1 1 1 1 J
EXPLANATION
— 10
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Lake Killarney -- King County

1992 Trophic Status!

Estimated Trophic State: Eutrophic?

Mean Trophic State Index (Secchi): 49

Mean Trophic State Index (Total Phosphorus): 57

Mean Trophic State Index (Chlorophyll a): 43

Volunteer-Collected Data

Date Time Temperature Secchi Lake Water %Cloud Recent  Wind Abbreviated Comments

1992 (°C) (°F (i3] Ht (in) Color Cover Rain

11-May 6.0 Onsite visit.

01-Jun 1130 228 73.0 7.7 -550 Gr-Brown 100 None Light No lake treatment as yet. Green algae is growing
good. Pondweed is spreading. Lake height dropped
5.5".

16-Jun 1315 194 67.0 6.7 -850 Gr-Brown 100  Trace Calm Several days of rain last week. Cooler temps.

01-Jul 1300 244 760 57 -11.00 Gr-Brown 50 Moderate Light Been hot and dry until Sunday 28th. Rained Sun

. night and Monday, overcast last two days.

16-Jul 1330 244 760 6.5 -13.00 Gr-Brown 0 None Light Rain during the first two weeks of July has kept lake
level up.

31-Jul 1100 25.0 77.0 7.7 -16.50 Gr-Brown 0 None Calm Algae growth has increased. Hope to treat today.

18-Aug 1345 26.0 78.8 8.0 -19.50 0 None Light

01-Sep 1415 235 743 6.7 -22.75 Gr-Brown 0 None Light

14-Sep 1200 17.5 635 8.0 -2500 Gr-Brown 90 None Light

02-Oct 1245 17.0 62.6 83 -26.00 Lt-Green 100 None Calm

14-Oct 1500 16.0 60.8 8.0 -27.00 Gr-Brown 10 Trace Calm

! Trophic State Indices calculated from Carlson (1977)

2 see Comments section
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Lake Killarney -- King County

1992 Onsite Visit Data - Profile Data

Dissolved

Date Depth Temp pH Oxygen Conductivity
1992 (meters) (°C) (mg/L) (umhos/cm)
05/11 0.0 17.0 6.9 8.9 43

0.5 17.0 6.8 89 43

1.0 16.4 6.8 8.8 43

1.5 16.1 6.8 8.8 43

2.0 16.0 6.8 8.8 43

2.5 15.9 6.8 8.4 43

3.0 15.6 6.7 7.6 43

3.5 14.7 6.4 1.2 49
08/19 0.0 25.0 1.5 8.4 57

0.5 24.7 7.4 8.3 » 58

1.0 24.1 7.5 8.3 58

2.0 22.7 1.5 5.8 58

2.5 21.6 7.3 1.4 60

3.0 21.0 7.4 0.6 61

1992 Onmsite Visit Data - Water Chemistry

Date 05/11/92 08/18/92

Epilimnion Hypolimnion ~ Epilimnion Hypolimnion
Composite Depths (m) 1,2,2.5 - 0.5,1 2.5,3
Total Phosphorus (ug/L) 38 - 39 50
Total Nitrogen (mg/L) 0.72 - 0.52 0.56
Chlorophyll a (ug/L) 4.86 2.50 -
Fecal Coliform Bacteria - - 8 -

Site 1 (colonies/100 mL)

Fecal Coliform Bacteria - - 6 -
Site 2 (colonies/100 mL)

Total Suspended Solids (mg/L) -- - 4 —

Total Nonvolatile Suspended - - 2 -
Solids (mg/L)

Color (Pt-Co units) - - 35 -
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Lake Killarney -- King County

Historical Data From Ecology

Date 07/05/73*

Secchi (ft) 9

Total Phosphorus, 22
epilimnion (ug/L)

Total Nitrogen, -
epilimnion (mg/L)

Chlorophyll a (ug/L) 1.4

Dissolved Oxygen, 8.1
surface (mg/L)

Dissolved Oxygen, 7.6
bottom (mg/L)

06/14/90°

73

43

0.45

9.4

4.6

05/22/91¢

7.8

0.43

7.9

0.2

a. Bortleson et al. (1976)
b. Rector (1991)
c. Rector (1992)
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Lake Killamney -- King County
Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was fair, as indicated by Secchi depths which ranged from 5.75 to 8.0 feet. No

pattern in Secchi depths was apparent during 1992, although mean Secchi depth was somewhat
lower in 1992 than in 1991.

Total Phosphorus
Total phosphorus was high and in the eutrophic range on both sampling dates (38 and 39 ug/L).
Both concentrations were very similar to the one measured in 1990 (43 ug/L; Rector, 1991).

Total Nitrogen :
Total nitrogen was low to moderate (0.72 mg/L in May, and 0.53 mg/L in August), but was

higher than concentrations measured in 1991 and 1990 (0.43 and 0.45 mg/L, respectively;
Rector, 1992; Rector, 1991). The concentration relative to total phosphorus was not very high,
and as in 1990, raises the question of whether algal growth was limited by phosphorus or by
nitrogen.

Fecal Coliform Bacteria :
Samples for fecal coliform bacteria were collected from two sites during August. Results were
low (8 and 6 colonies/100 mL), and were within state standards.

Solids and Color

Both total suspended solids and nonvolatile suspended solids were present in the sample collected
during August. This suggests that solids in the water consisted of suspended sediments as well
as algae. The lake was also somewhat colored. Suspended sediments and water color may
reduce water clarity (and hence, Secchi depths) to some extent.

Profile Data

The lake was not stratified with respect to temperature on either sampling date, and normally
one would expect no change in profile parameters from surface to bottom. During August,
though, dissolved oxygen decreased considerably with depth. This decrease probably resulted
from bacteria decomposing algae and aquatic plants in the water and sediments. Because
bacterial decomposition can affect phosphorus release from sediments, a water sample was
composited from the lake bottom. Profile data were similar to those collected in 1990 and 1991.

Plants
Algal growth (as indicated by concentrations of chlorophyll a) was moderately high on both
sampling dates.

Aquatic plants collected from the public boat access area during the May 1992 onsite visit were
identified as water star-wort (Callitriche spp.), bladderwort (Utricularia vulgaris), and
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Lake Killarney -- King County

watershield (Brasenia schreberi). Plants collected during the August onsite visit included a hair-
like plant which was not identified, and Nitella, a large plant-like alga.

An algae sample collected by the volunteer on May 27, 1992 contained primarily the filamentous
green alga Spirogyra, and there was a considerable amount of the green alga Mougeotia present
also. The volunteer noted that the "algae showed up last year and has got a good start this year.
Most if it floats below the surface (but) in heavy concentrations it collects at the surface."

Other Available Information :

Herbicide treatment in Lake Killarney requires a permit from King County in addition to the
short-term water quality variance permit required by Ecology. Ecology will also require
sediment samples to be collected and analyzed for copper before treatment with copper sulfate.
Before the county considers granting its permit, a treatment plan must be submitted to the county
(C. Maynard, Dept. of Ecology, pers. comm.).

Eurasian watermilfoil (Myriophyllum spicatum) was successfully eradicated from Lake Killarney
with Sonar®, an aquatic herbicide (K. Hamel, Department of Ecology, pers. comm.).

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1989 to 1992.

Lake Killarney is used for fishing, swimming and rowing. There is one boat ramp
on the lakeshore, and combustion engines were banned from the lake during spring
1992. The lakeshore is being developed further for residences. In the past, the
watershed was logged and the shoreline was altered.

There are 63 houses on the lakeshore, and about 30% of the houses are connected
to a sewer. There are storm drains on both the north and south ends of the lake.
There is a lake improvement group, and most residents voluntarily pay $100 per
year for chemical control of plants and algae in the lake. Currently, the minimum
setback for lakeshore development is 20 feet, minimum lot size is 15,000 square
feet, and there is no restriction on residential density.

Overall, the volunteer finds that Lake Killarney had good water quality. Problems
in the lake in 1992 were ranked as 1) algae, 2) suspended sediments, 3) aquatic
plants, 4) water level, and 5) degraded aesthetics. Possible sources of problems
are runoff from streets and drainage ditches. In 1992, the lake was treated with
chemicals to control plants and algae. The volunteer noted that algae was
persistent in 1992, so that the lake was treated three times with algicides. There
were changes in the lake since last year’s monitoring season: no "islands"” popped
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up from the lake bottom, and combustion engines were banned in the lake during
spring 1992.

In 1991, bladderwort was growing heaviest in the north end of the lake, and was
spreading south. Most pondweed grew in the north and center areas of the lake.
Algae grew throughout the lake. The amount of submerged weed and pond lily
growth was increasing over the years. Most of the aquatic plants grow in 0-10
feet of water; lily pads were localized in cove areas. Emergent plants grew in the
north basin only, on the north side.

During the May 22, 1991 onsite visit with the volunteer, the volunteer noted that
chunks of lake bottom ("islands") rise to the surface and float. He used an oar to
knock the gas out and sink them again. No "islands" popped up from the lake
bottom in 1992.

Comments

Although mean Secchi depth and chlorophyll a were in the mesotrophic range, the trophic state
estimation was based mainly on the high phosphorus concentrations in the lake and the
moderately high amount of aquatic plant growth.

It is difficult to assess what is affecting algal growth and water clarity in the lake. On the one
hand, suspended sediments may affect the water clarity by shading the water, reducing sunlight
penetration through the water, and therefore limiting photosynthesis of algae. On the other
hand, the lake has a history of being treated with algicides to control algae growth. As a result,
the presence of suspended sediments will decrease water clarity, whereas an algicide treatment
will increase water clarity. Without knowing when each occurs, phosphorus is probably the best
indicator of trophic status for Lake Killarney.

In comparison to other lakes monitored for the program in 1992, only four lakes had higher total
phosphorus than Lake Killarney. Lake Alice and Lake Sawyer were the only other King County
lakes monitored for the program. Lake Killarney had higher total phosphorus and chlorophyll,
and lower Secchi depths, than these lakes.

Acknowledgement

I thank Paul DesJardin for volunteering his time to monitor Lake Killarney during 1989-1992.
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Kitsap Lake -- Kitsap County

Kitsap Lake is located in an urban area, three miles west from Bremerton. It is fed by an
intermittent unnamed tributary, and drains via Kitsap Creek to Dyes Inlet. The lake level is
stabilized by a dam.

Size (acres) 250
Maximum Depth (feet) 29
Mean Depth (feet) 18
Lake Volume (acre-feet) 4,500
Drainage Area (miles?) 2.7
Altitude (feet) 156
Shoreline Length (miles) 2.7

Data From Bortleson et al. (1976)

M Volunteer monitoring site A Puticbost sccees
' [0 1) Facal cofform site, May (sites 1 and 2}
[ B Focal coliorm stte. August (shes 1 and 2)
Kitsop
Craer

Storm-droia
ewtfolnr

tridutory

»
* . Unnomad

° 2000 FECT
[ E— 1 J

EXPLANATION
10 —

Line of equal
water depth
Interval 5 feet

Kitsap lLake, Kitsap County. From Washington
Department of Cane, Juna 7, 19%50.
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Kitsap Lake -- Kitsap County

1992 Trophic Status'

Estimated Trophic State:

Mean Trophic State Index (Secchi):
Mean Trophic State Index (Total Phosphorus):

Mean Trophic State Index (Chlorophyll a):

Mesotrophic

42
46
37

Volunteer-CoHected Data

Temperature Secchi

Date Time Lake Water %Cloud Recent Wind Abbreviated Comments

1992 (°C) (°F [¢0)] Ht (in) Color Cover Rain

16-Jun 1030 17.563.5 12.5 25.00 Yellow-Gr 100 None Light Water color yellow-green. Using a different point
from which to measure lake height than used in
1990.

02-Jul 1200 22.8 73.0 10.0 25.50 PeaGreen 50 Trace Light

15-Jul 1230 21.7 71.1 9.0 25.50 PeaGreen 10 None Light Algae bloom noted during last two weeks.

31-Jul 1400 23.9 75.0 9.3 26.75 PeaGreen 0 None Strong  Continued algae bloom - sent sample in last week.

: Purple loosestrife noted last week also.

14-Aug 1015 244 76.0 153 27.75 Pea Green 10  Trace Calm

19-Aug 14.0 Onsite visit

27-Aug 1130 22.8 73.0 125 30.00 Pea Green 100 None Light

09-Sep 1300 20.0 68.0 10.0 31.25 0  Trace Light Water color pea green/green-brown. Rainfall 0.1"
last 2 days.

25-Sep 1025 17.8 64.0 170 30.50 Pea Green 75 Moderate Calm

08-Oct 1020 16.1 61.0 8.7 30.25 PeaGreen 90 Light Light Blue-green algae bloom occurred - last week.
Identified by Kitsap Co. Health Dept. as

: Anabaena.
23-Oct 1100 14.4 58.0 15.0 29.00 Pea Green 25 Moderate Breezy

1 Trophic State Indices calculated from Carlson (1977)
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Kitsap Lake -- Kitsap County

1992 Onsite Visit Data - Profile Data

Dissolved

Date Depth Temp pH Oxygen Conductivity
1992 (meters) °C) (mg/L) (umhos/cm)
05/27 0.0 19.5 7.6 10.2 85

1.0 19.5 7.6 9.9 85

2.0 19.4 7.6 9.9 85

3.0 19.4 7.6 9.8 85

4.0 19.3 7.6 9.8 85

5.0 17.5 73 6.2 88

6.0 16.6 72 35 89

7.0 16.1 7.1 1.5 92
08/19 0.0 24.0 7.8 9.7 98

1.0 23.9 7.9 9.5 98

2.0 238 8.0 9.5 98

3.0 237 8.1 9.4 98

4.0 22.4 8.0 8.3 99

5.0 21.5 7.8 6.5 98

6.0 209 7.7 0.7 101

6.5 203 15 0.1 112

1992 Onsite Visit Data - Water Chemistry

Date 05/27/92 08/19/92
Epilimnion Hypolimnion Epilimnion Hypolimnion

Composite Depths (m) 1,2,3 6,7 '1,2,3 6

Total Phosphorus (ug/L) 18 15 19 67

Total Nitrogen (mg/L) 0.23 0.23 ] - 0.28

Chlorophyll a (ug/L) 1.23 - 2.46 -

Fecal Coliform Bacteria <1 - <1 -
Site 1 (colonies/100 mL)

Fecal Coliform Bacteria <1 - 4 -
Site 2 (colonies/100 mL)

Total Suspended Solids (mg/L) 2 - 1 -

Total Nonvolatile Suspended <1 - <1 -
Solids (mg/L)

Color (Pt-Co units) 20 - 10 -
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Kitsap Lake -- Kitsap County

Historical Data From Ecology

Date
‘Secchi (ff)

Total Phosphorus,
epilimnion (ug/L)

Total Nitrogen,
epilimnion (mg/L)

Chlorophyll a (ug/L)

Dissolved Oxygen,
surface (mg/L)

Dissolved Oxygen,
bottom (mg/L)

06/30/71*

7

20

10.5

8.9

07/21/81°

15

30

0.68

2.50

8.5

3.6

05/23/90°

18

0.23

8.7

72

06/13/90¢

16.4

0.19

3.5

9.7

8.1

09/04/90°

9.3

35

0.44

9.4

45

09/12/90%

6.2

32

0.35

7.9

8.5

8.3

a. Bortleson et al. (1976)

b. Sumioka and Dion (1985)

¢. Rector (1991)
d. Coots (1991)
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Kitsap Lake -- Kitsap County

Monitoring ‘Results/ Summary of Other Available Information

Secchi Depths
Water clarity was fairly good, as indicated by Secchi depths which ranged from 8.8 to 17.0 feet.

The mean Secchi depth was 12.1 feet. SGCChl depths were much more variable in 1992 than in
1989.

Total Phosphorus

Total phosphorus in the epilimnion was moderately high (18 and 19 ug/L) , and indicated that
the lake was mesotrophic. The concentrations measured were similar to those measured in June
1971 (20 pg/L; Bortleson et al., 1976) and May 1990 (15 ug/L; Rector, 1991). During August,
the high total phosphorus concentration from the hypolimnion suggests that internal loading from
the sediments may have occurred. '

Total Nitrogen
Total nitrogen in the epilimnion was low during May (0.23 mg/L). There was some analytical

problem with the epilimnion sample from August, so the result is not reported here.

Fecal Coliform Bacteria _

Fecal coliforms were detected in only one of four samples. The result from this one sample,
which was collected near the wetland at the south end of the lake, was very low and and was
within state standards.

Solids and Color

Results for both solids and color were low, indicating that the lake did not have much suspended
material in the water at the time of sampling, and that there did not appear to be much natural
color in the lake. These results indicate that Secchi depth was most likely affected by algal
growth, as opposed to suspended sediments or natural color, at the time of sampling.

Profile Data

In comparison to most other lakes sampled for the program, Kitsap Lake had high surface and
bottom water temperatures. There was less than four degrees difference between the surface and
bottom temperatures on both sampling dates. The warm water temperatures, particularly during
August, are stressful to salmonids, if they are present in the lake.

Plants

Despite moderately high total phosphorus concentrations, algal growth (as indicated by
concentrations of chlorophyll @) was not very high on either sampling date. Because algal
blooms (as indicated by Secchi depth) occurred before and after the lake was sampled for
chlorophyll, it appears that phosphorus and Secchi depth may be better indicators of trophic
status than chlorophyll a. An algae sample collected by the volunteer on July 28, 1992 consisted
primarily of clumped coils of Anabaena, possibly A. circinalis. Detritus (possibly insect
exoskeletons) were also present in the sample. In October, the volunteer collected an algae
bloom sample and sent it to the Kitsap County Health Department for identification. The sample
also consisted of Anabaena spp. '
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Kitsap Lake -- Kitsap County

During the May 27, 1992 onsite visit with the volunteer, largeleaf pondweed (Potamogeton
amplifolius) was the dominant plant along some nearshore areas of the south end of the lake.
Other plants observed included coontail (Ceratophyllum demersum), waterweed (Elodea spp.),
another pondweed (possibly Potamogeton pectinatus), yellow-flowering lily (Nuphar), and iris
(Iris pseudacorus). Plants collected during the August 1992 onsite visit were waterweed (Elodea
canadensis), and several pondweeds, including leafy pondweed (Potamogeton foliosus; but it was
heavily encrusted with epiphytic algae), largeleaf pondweed, flatstem pondweed (P.
zosteriformis), and one unidentified pondweed.

Summary of Questionnaire Results and Information From the Volunteer

The 1992 questionnaire on lake and watershed uses was not returned. The following is a
summary of the volunteers’ responses and remarks to the 1989-1990 questionnaires.

Kitsap Lake is used for fishing, boating, swimming, rowing, jet skiing, and
seaplanes. There is a county park and picnic area on the lakeshore, and two
public boat ramps. There is a speed restriction of 45 mph for motorboats, and a
no wake zone within 200 feet of shore. Rainbow trout were stocked in the lake.
Currently, the watershed is used for industry, and animal feeding/grazing, and the
lakeshore is being developed further for residences. In the past, the watershed
was used for logging, crop agriculture, and mining, and the shoreline was altered.

There are about 109 houses on the lakeshore, and about 50% of the lakeshore is
sewered. There are 15 stormdrains which drain into the lake. There is a
neighborhood association and an environmental association for the lake.

The worst problems in the lake in 1990 were ranked as 1) occasional high fecal
coliform bacteria counts, 2) aquatic plants, 3) sediment, 4) algae, and 5) floating
debris. Overall, the volunteer found the Kitsap Lake had good recreational water
quality. Possible sources of problems may be failing septic systems and heavy
boat traffic.

Comments

The mesotrophic trophic status was based on the moderate mean Secchi depth, the moderately
high concentrations of total phosphorus, the prolific submerged aquatic plant growth in areas of
the lake, and the two blooms of blue-green algae that occurred during the monitoring season.

Acknowledgement

I thank Randena Schaap for volunteering her time to monitor Kitsap Lake in 1992 and 1990.
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Lacamas Lake -- Clark County

Lacamas Lake is located one mile north of Camas, and is connected to Round Lake. It is
formed by two dams in Lacamas Creek. Lacamas Lake is fed by Lacamas Creek, and drains
via Round Lake to Lacamas Creek and the Washougal River.

Size (acres) 315
Maximum Depth (feet) 65
Mean Depth (feet) 24
Lake Volume (acre-feet) . 7,489
Drainage Area (miles?) 64.3
Altitude (feet) 179
Shoreline Length (miles) 53

Data From Bortleson er al. (1976)

MW Volunteer monitoring site A Putic bow sccess
o © Focal collorm site, June {siws § and 2)

L1 B Focal collom site. September (sites 1 and 2)

2000 4000 FEET

1 i 1 _J
EXPLANATION

20

Line of equal
water depth

Interval g feet

Lackamas Lake, Clark County. Prom Washington
Department of Came, November 18, 1947.

126



Lacamas Lake -- Clark County

1992 Trophic Status'

Estimated Trophic State:

Mean Trophic State Index (Secchi):
Mean Trophic State Index (Total Phosphorus):
Mean Trophic State Index (Chlorophyll a):

Eutrophic
54
54
51

VYolunteer-Collected Data

Date Time Temperature Secchi Lake Water %Cloud Recent Wind Abbreviated Comments -

1992 (°C) (°F) @ " Ht (in) Color Cover Rain

30-May 1400 222 720 7.0 Gr-Brown 0 None Strong Weed and algae growing well. Lake starting to

’ smeli.

08-Jun 8.0 Onsite visit.

28-Jun 1230 244 760 6.5 Gr-Brown 50 None Calm :

15-Jul 1330 244 760 4.2 Pea Green 0 None Breezy  Smells wonderful.

26-Jul 1500 27.8 82.0 3.5 18.00 Pea Green 0 None Breezy  Getting greener.

12-Aug 1205 25.6 780 4.0 12.00 Pea Green 10 None Calm Green scum floating on surface -- algae seem to be
forming small globs about the size of a match
head.

27-Aug 1230 244 76.0 4.5 Pea Green 0 None Light Blue-green balls floating in water - about 1/8 -
1/4" in diameter.

15-Sep 1230 233 740 5.0 Pea Green 0 None Breezy  Blue-green balls, some mats floating out in water.

27-Sep 1300 17.8 640 35 Green 0 Moderate Breezy ~ No blue-green balls. Mats are not visible in open
water. Notice considerable amount of new weed
growth.

11-Oct 1430 16.7 62.0 4.5 Pea Green 0 None Light Green scum on top — smelly. Lots of algae.

! Trophic State Indices calculated from Carlson (1977)
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Lacamas Lake -- Clark County

1992 Onsite Visit Data - Profile Data

] Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) (693} (mg/L) (umhos/cm)
06/08 0.0 220 8.5 10.3 76
1.0 220 8.5 10.3 76
2.0 21.5 8.5 10.4 77
3.0 20.5 8.5 10.5 77
4.0 18.7 7.9 10.0 82
50 - 16.0 7.6 5.8 76
6.0 14.6 7.1 33 68
7.0 13.3 1.0 2.4 65
8.0 12.9 6.9 2.1 65
9.0 12.7 6.9 3.1 65
10.0 12.4 6.8 2.5 65
12.0 12.1 6.7 1.5 66
14.0 11.8 6.7 0.8 66
16.0 11.6 6.6 0.2 69
18.0 11.5 6.6 0.1 71
09/09 0.0 19.2 72 7.4 97
1.0 19.0 73 15 97
2.0 18.9 7.4 7.6 97
3.0 18.9 7.4 75 97
4.0 18.9 7.4 7.4 97
5.0 18.9 1.5 72 97
6.0 18.0 7.4 2.5 101
7.0 16.6 7.3 0.2 105
8.0 14.4 7.2 0.1 98
9.0 133 6.9 0.1 89
10.0 12.9 6.9 0.1 85
11.0 12.3 6.9 0.1 86
12.0 11.9 6.8 0.1 90
13.0 11.7 6.7 0.1 96
14.0 11.5 6.7 0.1 103
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Lacamas Lake -- Clark County

1992 Omsite Visit Data - Water Chemistry

Date 06/08/92 09/09/92
Epilimnion Hypolimnion Epilimnion Hypolimnion
Composite Depths (m) 1,2,3 8, 12, 16 1,2,4 11,12, 13
Total Phosphorus (ug/L) 22 62 39 132
Total Nitrogen (mg/L) 0.85 0.99 0.73 0.75
Chlorophyll @ (ug/L) 3.53 - 12.14 -
Fecal Coliform Bacteria 32 - <1 -
Site 1 (colonies/100 mL)
Fecal Coliform Bacteria 4 - <1 .
Site 2 (colonies/100 mL)
Total Suspended Solids (mg/L) 2 - 4 -
Total Nonvolatile Suspended <1 - 1 —
Solids (mg/L)
Color (Pt-Co units) 20 - 20 -
Historical Data From Ecology
Date 06/26/74* 06/16/81° 05/26/90° 08/20/90° 06/21/91¢
Secchi (ft) 8 4 3.0 4.6 13
Total Phosphorus, 47 100 37 32 . -
epilimnion (ug/L)
Total Nitrogen, - 1.2 3.29 0.78 0.64
epilimnion (mg/L)
Chlorophyll @ (ug/L) - ' 4.98 - - -
Dissolved Oxygen, 8.9 9.1 133 9.7 103
surface (mg/L)
Dissolved Oxygen, 02 0.2 0.2 0.0 0.2
bottom (mg/L)

a. Bortleson et al. (1976)

b. Sumioka and Dion (1985)
c. Rector (1991)

d. Rector (1992)
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Lacamas Lake -- Clark County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was poor, as indicated by Secchi depths which ranged from only 3.5 to 8.0 feet,

with shallowest depths measured during July and October. Deepest Secchi depths were
measured during May and June, before the volunteer started reporting problems with algal
blooms. Mean Secchi depth in 1992 (5.1 feet) was similar to that from 1990.

Total Phosphorus
Total phosphorus in the epilimnion was moderately high during June (22 ug/L), and high during

September (39 ug/L). Historical data listed on page 4 show that the lake has had high
concentrations of total phosphorus since at least 1974.

Total Nitrogen .
Total nitrogen was high on both sampling dates (0.85 mg/L in June, and 0.73 mg/L in
September), but higher concentrations were measured in May 1990 (3.29 mg/L; Rector, 1991)
and June 1981 (1.2 mg/L; Sumioka and Dion, 1985).

Fecal Coliform Bacteria .
Results for all fecal coliform samples were below water quality standards (the standard is a
geometric mean of 50 colonies/100 mL). The higher result for sample #1 collected during June-
(32 colonies/100 mL) was collected near the inlet of the lake. This area of the lake was shallow
and had prolific growth of lily pads, submerged aquatic plants, and mats of algae.

Solids and Color

Results from solids samples indicate that water clarity (and hence, Secchi depths) was most
likely affected by algal growth, as opposed to suspended sediments or natural color, at the time
of sampling. The higher solids value during September probably resulted from the high amount
of algal growth.

Profile Data

The lake was stratified with respect to temperature on both sampling dates. However, it appears
that in September the lake was starting to destratify; epilimnion temperatures were lower, and
there was a smaller difference between surface and bottom temperatures. This was a bit unusual

because most other lakes sampled for the program were considerably warmer during the late
summer sampling.

The dissolved oxygen profiles were similar to those from 1990 and 1991. Very low, or
depleted, oxygen in the hypolimnion occurred on both sampling dates. During the September
sampling, hydrogen sulfide ("rotten-egg" smell) was noticed in all three water samples from the
hypolimnion; hydrogen sulfide is present only in the absence of oxygen; its presence confirms
that oxygen was depleted in the hypolimnion. The depletion of dissolved oxygen usually occurs
from the bacterial decomposition of algae and aquatic plants in the bottom water and sediments.
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Lacamas Lake -- Clark County

The conductivity profiles were a bit unusual because of the slight increase in conductivity at the
metalimnion; although the cause of these increases is not clear, the increases also occurred when
the lake was sampled for the program in May 1990 and August 1991.

Plants

Algae growth, as indicated by concentrations of chlorophyll @, was moderately high during June.
An algae sample collected during the June onsite visit consisted of numerous diatoms (primarily
Synedra and Asterionella), and some filaments, possibly Oscillatoria, were also present in the
sample. An algae attached to the waterweed sample was Spirogyra. During Scptember,
chlorophyll was very high, indicating eutrophic conditions.

Plants identified by Ecology staff during the June 8, 1992 onsite visit included waterweed
(Elodea canadensis), largeleaf pondweed (Potamogeton amplifolius), and yellow-flowering lily
(Nuphar polysepalum). During the September onsite visit, pieces of Brazilian elodea (Egeria
densa) were observed floating near the public boat access. Ecology’s Water Quality Financial
Assistance Program was notified that this non-native, aggressive species was observed in the
lake.

During the June 21, 1991 onsite visit with the volunteer, large beds of largeleaf pondweed
covered with periphyton grew along areas of the west shore, extending out 200 - 300 feet.

Other Available Information

From Intergovernmental Resource Center (1988): Data from a Phase I study of Lacamas Lake,
Round Lake, and the surrounding watershed indicated that both lakes were eutrophic. The lakes
were mainly affected by phosphorus loading from failing septic systems and agricultural
operations within the watershed. A Phase ITa drainage basin inventory showed that
approximately 94 % of the phosphorus entering Lacamas Lake came from animal wastes, and less
than 2.5% was from septic systems. Three locations within the watershed had concentrated
areas with failing or dysfunctional septic systems; these areas were recommended by the
Southwest Washington Health District for sewering. Following an agricultural site survey within
the watershed, 42 Best Management Practices (BMPs) for 437 sites were recommended for
implementation. Goals of lake restoration are to reduce total phosphorus loading to the lakes
by 84%, improve the water quality, enhance recreation, and encourage public interest and
involvement in the restoration of the lakes.

From Beak Consultants Incorporated and Scientific Resources Incorporated (1985): Lacamas
Lake, Round Lake, and their watersheds and tributaries were monitored from 1983 to 1984.
Macrophytes identified in Lacamas Lake during 1983-1984 were Ceratophyllum demersum,
Chara, Elodea canadensis, Elodea densa (also called Egeria densa), Nuphar polysepalum,
Poramogeton amplifolius, and P. robbinsii. Secchi depths ranged from 0.6 to 2.0 meters, and
the mean value was 1.3 meters. Lower Secchi depths were found during April, early June and
early July.
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Lacamas Lake -- Clark County

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1989 to 1992.

Lacamas Lake is used for fishing, boating, swimming, rowing, jet skiing,
waterfowl hunting, sailing, and occasional sea plane use. Recreational facilities
on the lakeshore include a picnic area and four boat ramps. There are no
restrictions for motorboat use on the lake. About 40 percent of the shoreline is
publicly-owned. Brown trout were stocked in the lake. Currently the watershed
is used for logging, animal grazing and crop agriculture, and the lakeshore is
being developed further for residences. In the past the watershed was used for
logging, animal grazing and crop agriculture, and the shoreline was altered.

There are 43 houses on the lakeshore, and about 90% of the lakeshore is sewered.
There are storm drains that empty into the lake. There is a lake association for
the lake. Currently, the minimum setback for lakeshore development is 100 feet.
Lake water is withdrawn for industrial use.

Overall, the volunteer finds that Lacamas Lake had poor water quality. Problems
in the lake in 1992 were ranked as 1) algae, 2) odor from decaying algae, 3)
bacteria, 4) excessive aquatic plant growth, 5) degraded aesthetics, 6) decaying
plants, and 7) shoreline erosion. Possible sources of problems are animal wastes
entering the lake from its inlets. Algae growth and smell from rotting algae was
worse in 1992 than in previous years. Aquatic plants, algae, and odor have been
among the worst problems listed in the questionnaires every year since 1989.

The volunteer also noted that a 400-4000 head dairy with 1-acre liquid manure
holding pond may be constructed in a flood plain on Lacamas Creek, about 1 mile
from the lake.

Plant growth in the lake was heavy in all shallow water, especially at the inlet.
In 1990, the shoreline was completely covered with submerged plants to a water
depth of ten feet. There are wetland areas on each end of the lake; lily pads cover
much of the area near the southern wetland.

Comments
Lacamas Lake was estimated as eutrophic based on shallow Secchi depths, high total phosphorus

and chlorophyll a, and reports of algal blooms and mats. Mean Secchi and total phosphorus
were very similar in 1992 and 1990.
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Lacamas Lake -- Clark County

Lacamas Lake water quality was poor. The historical enrichment from watershed runoff
containing animal wastes has resulted in large growths of plants and algae. Continued lake

monitoring will show how the lake responds to implementation of the Best Management
Practices.

Lacamas Lake was the only Clark County lake monitored for the program in 1992. In
comparison to other lakes monitored for the program, 12 lakes had higher total phosphorus, but
Lacamas Lake had very poor water clarity.

Acknowledgements

I thank Judy and Jan Baldwin for volunteering their time to monitor Lacamas Lake during 1989-
1992.
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Lake Leo -- Pend Oreille County

Lake Leo is located about seven miles southwest of Ione and 0.8 miles northeast of Heritage
L:}ke. It has an intermittent inflow, and drains via a 2.5 acre pond to Heritage Lake and the
Little Pend Oreille River.

Size (acre) ‘ 43
Maximum Depth (feet) 37
Mean Depth (feet) 17
Lake Volume (acre-feet) 740
Drainage Area (miles?) 2.9
Altitude (feet) 3,290
Shoreline Length (miles) 1.3

Data From Dion e al. (1976)

M Volunteer monitoring site

A  Public boat acoess
3 B} Fecal colilorm sites 1 and 2

N
0 500 1000 FEET
(| 1 i )
EXPLANATION
—15
Line of equal
water depth

‘Intervall0 feet

Leo lake, Stevens County. From Washington
Department of Game, March 14, 1950.
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Lake Leo -- Pend Oreille County

1992 Trophic Status'

Estimated Trophic State:

Mean Trophic State Index (Secchi):

Mean Trophic State Index (Total Phosphorus):
Mean Trophic State Index (Chlorophyll a):

2

Oligo-mesotrophic
35
40
36

Yolunteer-Collected Data

Date Time Temperature Secchi pH Lake  Water

%Cloud Recent Wind

Abbreviated Comments

1992 °C) °F) ) Ht (in) Color Cover Rain

11-May 1415  13.3 56.0 16.5 72 0.00 90 None Breezy Water color light greenish
brown. pH 7.2.

28-May 1315 17.8 64.0 17.3 7.4 0.00 75 Trace Breezy Water color light greenish
brown. Ambient temp 61
degrees. Lake height
unchanged.

10-Jun 1314  20.0 68.0 21.5 7.4 -4.00 Lt-Green 10 None Light pH also 7.4 using phenol red
test.

22-Jun 1300 22.8 73.0 235 7.6 -6.00 Lt-Green O None Light

06-Jul 1200  20.0 68.0 16.3 715 -6.00 Lt-Green 100 Moderate Breezy Took several Secchi readings
because change was over 6’
from June 22.

20-Jul 1230 222 72.0 17.0 82 -5.00 Lt-Green 10 None Light Highest pH reading in 2.5
years. Double-checked with
instrument and phenol red
test.

04-Aug 1300 23.3 740 19.5 32 -10.00 Lt-Green 10 None Breezy

17-Aug 1206  22.8 73.0 16.5 82 Lt-Green 50 None Light

31-Aug 1245 18.3 65.0 19.5 7.6 -12.00 Lt-Green 25 None Calm Water color very light
green.

15-Sep 1250 139 57.0 20.5 72 -13.00 Lt-Green 90 Trace Light Water color light, light
green.

29-Sep 1315 12.8 55.0 21.3 72 -13.00 Lt-Green O None Breezy

13-Oct 1345 11.1 52.0 17.0 7.0 -13.00 Lt-Green O Light Light

1 Trophic State Indices calculated from Carlson (1977)
%2 see Comments section
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Lake Leo -- Pend Oreille County

1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
71992 (meters) (°C) (mg/L) (umhos/cm)

05/11 0.0 13.7 7.1 9.5 61
1.0 13.7 7.1 9.4 60
2.0 13.7 7.1 9.3 60
3.0 13.7 72 9.3 61
4.0 122 72 9.0 61
5.0 9.5 7.0 6.4 66
6.0 8.3 6.9 1.1 73
7.0 73 6.8 0.2 77
8.0 70 . 6.8 0.1 79

08727 0.0 18.2 7.8 8.0 63
1.0 18.2 7.7 80 63
2.0 18.2 7.6 7.9 63
3.0 18.2 7.6 7.9 63
4.0 17.9 7.5 7.0 63
50 17.3 72 32 68
6.0 14.3 6.9 0.1 80
7.0 11.6 6.8 0.1 90
8.0 102 6.7 0.0 125

1992 Onsite Visit Data - Water Chemistry

05/11/92 08/27/92

Date

Epilimnion Hypolimnion Epilimnion Hypolimnion
Composite Depths (m) 1,2,3 6,7,8 1,2.5,4 6,7,7.5
Total Phosphorus (ug/L) 11 36 13 82
Total Nitrogen (mg/L) 0.30 0.43 0.26 0.64
Chlorophyll a (ug/L) 0.79 - 2.83 -

Fecal Coliform Bacteria
Site 1 (colonies/100 mL)

Fecal Coliform Bacteria
Site 2 (colonies/100 mL)
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Lake Leo -- Pend Oreille County

Historical Data From Ecology

Date 08/16/72*

Secchi (ft) 11

Total Phosphorus, 25
epilimnion (ug/L)

Total Nitrogen, -
epilimnion (mg/L)

Chlorophyll a (ug/L) 2.6

Dissolved Oxygen, 8.5
surface (mg/L)

Dissolved Oxygen, 0.2
bottom (mg/L)

05/25/90°

10.5

12

0.27

10.5

0.2

09/11/90°

17.8

13

0.29

83

1.1

06/13/91°

15

0.21

8.7

0.2

a. Bortleson et al. (1976), Dion et al. (1976)
b. Rector (1991) :
c. Rector (1992)
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Lake Leo -- Pend Oreille County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was very good, as indicated by deep Secchi readings which ranged from 16.3 to
23.5 feet. There was no pattern in Secchi depths in 1992, like there was in 1989.

Total Phosphorus

Total phosphorus in the epilimnion was low to moderate (11 pg/L in May, and 13 ug/L in
August). Concentrations measured in 1992 were very similar to those measured in 1990 (12 and -
13 pg/L; Rector, 1991), but were lower than in 1972 (25 ug/L; Dion er al., 1976). Higher
concentrations of total phosphorus in the hypolimnion on both sampling dates suggests that
phosphorus may be coming from internal loading from the sediments. Internal loading may
- occur when dissolved oxygen is depleted near the lake bottom, creating an environment that
favors releasing phosphorus and other elements from sediments into the water column.

Total Nitrogen

Total nitrogen was low on both sampling dates (0.30 mg/L in May, and 0.26 mg/L in August).
These concentrations were similar to those measured in 1991 (0.21 mg/L; Rector, 1992) and
1990 (0.27 and 0.29 mg/L; Rector, 1991).

Fecal Coliform Bacteria
Fecal coliform bacteria samples were collected during August only, and results for both samples
were very low and within state standards.

Profile Data

The lake was stratified on both sampling dates, and with the exception of the conductivity data,
were very similar to profile data collected in 1990 and 1991. The decrease in dissolved oxygen
with depth most likely resulted from the bacterial decomposition of algae and aquatic plants in
the bottom water and sediments. Some other chemical or biological process may be occurring
in the water, though, because during the August 27, 1992 onsite visit, water samples from the
hypolimnion (at depths of 6, 7, and 7.5 meters) appeared greenish., The increase in conductivity
near the lake bottom probably resulted from the release of elements from the sediments in the
absence of oxygen (see Total Phosphorus, above). Conductivity also increased from surface to
bottom during the 1990 and 1991 onsite visits.

Plants

Algal growth, as indicated by concentrations of chlorophyll a, was low during May, but was
moderately high during August. The May value for chlorophyll a was lower than would be
expected, given the concentration of total phosphorus. Most other eastern Washington lakes
monitored for the program had low algal growth in May; algal growth may have been inhibited
during May by cool water temperatures found at the higher elevation eastern Washington lakes.
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Lake Leo -- Pend Oreille County

During the September 1990 onsite visit with the volunteer, plant growth in the lake was
dominated by the pondweed Potamogeton robbinsii. Other plants present were waterweed
(Elodea canadensis), yellow-flowering lily (Nuphar polysepalum), and water buttercup

(Ranunculus spp).

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to quest1onna1res

completed from 1990 to 1992.

Lake Leo is used for fishing, swimming, motor boating, and lakeshore camping.
Public recreational facilities on the lakeshore include 8 campsites. 100 percent of
the shoreline is publicly-owned National Forest. There are no houses on the
lakeshore, and there is no lake association for the lake. There is one public boat
ramp, and there are no restrictions for motorboating. Cutthroat trout were stocked
in the lake. Currently, the watershed is used for logging and animal
grazing/feeding. No plant or algae management occurred in 1992, although the
volunteer reported that the lake has been chemically treated in the past to control
undesirable fish species. '

Overall, the volunteer finds that Lake Leo had excellent water quality. No water
quality problems were reported in 1992, and there were no changes in the lake
since the 1991 monitoring season.

The lake was not used as much in 1992. Also, fish were stocked late, and fish
were fingerlings (instead of catachables) so fishing was not as good as in previous
years.

There are wetland areas near the public access, along the east shore of the lake,
and near the island. Yellow-flowering lilypads (Nuphar) grow all along the
wetland areas. So far, no algae blooms have been observed. Although small
amounts of submerged weeds grow along the entire shoreline, the growth is
sparse. The volunteer noted that the lake depth appears to have decreased over
time; the 1950 Department of Game map shows the lake is 35-37 feet deep,
whereas now the lake is about 30-32 feet deep.

Comments

In 1991 and 1990, Lake Leo was characterized as oligo-mesotrophic because of Secchi depths

or total phosphorus that were borderline between oligotrophy and mesotrophy.

During both

years, low dissolved oxygen in the hypolimnion was cited as another mesotrophic characteristic

of the lake.
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Lake Leo -- Pend Oreille County

In 1992, both Secchi depth, and chlorophyll a indicated that the lake was oligotrophic, whereas
total phosphorus was borderline between oligotrophy and mesotrophy. Dissolved oxygen was
still Jow in the hypolimnion, and it is possible that internal loading of phosphorus from the
sediments was occurring. Based on the borderline concentration of phosphorus and the low
hypolimnetic dissolved oxygen, the lake was again characterized as oligo-mesotrophic.

Lake Leo and Lake Thomas are both in the Little Pend Oreille chain of lakes, and both have
been monitored for the program since 1990 (Lake Thomas has been monitored for the program
since 1989). As in 1990, in 1992 both lakes had similar profile data although total phosphorus
was higher in Lake Leo. Eurasian watermilfoil was discovered in Lake Thomas in 1990, but
it has not yet been reported in Lake Leo.

Acknowledgement

I thank Earl W. Robinson for volunteering his time to monitor Lake Leo during 1990 - 1992.
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Lake Limerick -~ Mason County

Lake Limerick is located about 5 miles northeast of Shelton. It was formed in 1966 by
impoundment of Cranberry Creek, which is the main inlet to the lake. There are three other
minor inlets to the lake. :

Size (acre) 129

Maximum Depth (feet) . 24
Mean Depth (feet) 9
Lake Volume (acre-feet) - 1,210
Drainage Area (miles?) 13
Altitude (feet) 220
Shoreline Length (miles) 4.4

Data From Bortleson er al. (1976)

W Volunteer monitoring site

A Pubiic boat acoees

° 1000 2000 FEET
N N N 1 -
EXPLAMATION

-—10
Line of equal

water depth
Interval 5 feet

Limerick Lakas, Mason County. From
U.S. Geological Survey, December 4, 1973,
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Lake Limerick - Mason County

1992 Trophic Status'

Estimated Trophic State:

Mean Trophic State Index (Secchi):
Mean Trophic State Index (Total Phosphorus):
Mean Trophic State Index (Chlorophyll a):

Mesotrophic?

43
40
29

Volunteer-Collected Data

Date Time Temperature Secchi Lake Water %Cloud Recent  Wind Abbreviated Comments
1992 COCH @) Ht (in) Color  Cover Rain

11-Jun 1100 20.0 68.0 10.0 Yellow - 75 Moderate Light

25-Jun 1110 233 740 102 5.75 Yellow 0 None Breezy

09-Jul 1010 21.1 70.0 10.0 6.25 Yellow 90 Moderate Calm

23-Jul 1015 20.8 69.5 9.5 0.00 Yellow 100 Trace Breezy Lake height 5 feet 1/2".
08-Aug 0915 20.6 65.0 9.0 575 Yellow 10 Trace Calm

20-Aug 1015 222 72.0 102 475 Yellow 0 None Breezy

03-Sep 0925 20.0 68.0 102 425 Yellow 100 None Calm

17-Sep 1000 172 630 135 0.75 Lt-Yellow O None Calm Water color light yellow.
01-Oct 0945 17.8 640 103 525 Lt-Yelow O None Breezy

15-Oct 0945 14.4 58.0 11.5 -2.00 Lt-Yellow O None Calm Lake level fluctuations were to help road crew and

new bridge.

! Trophic State Indices calculated from Carlson (1977)

2 see Comments section
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. Lake Limerick -- Mason County

1992 Onsite Visit Data - Profile Data

Dissolved

Date Depth Temp Oxygen Conductivity
1992  (meters) ()] pH (mg/L) (umhos/cm)
05/29 0.0 19.9 7.7 92 45

1.0 19.7 7.5 92 44

20 196 7.5 9.1 45

3.0 19.4 7.4 8.8 45

4.0 17.4 7.0 34 47

5.0 14.8 6.5 0.1 .57
08/26 0.0 22.1 7.5 8.7 58

1.0 21.6 7.5 8.6 58

2.0 21.3 7.6 8.5 58

3.0 20.9 7.5 6.7 58

4.0 20.6 7.5 43 59

5.0 19.1 7.4 0.2 65

1992 Onsite Visit Data - Water Chemistry

Date 05/29/92 08/26/92
Epilimnion Hypolimnion Epilimnion Hypolimnion

Composite Depths (m) 1,2,3 4,5 1,2 5

Total Phosphorus (ug/L) 12 37 12 36

Total Nitrogen (mg/L) ' 027 0.33 0.29 0.54

Chlorophyll a (ug/L) 1.19 - 0.51 -
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Lake Limerick -- Mason County

Historical Data From Ecology

Date 08/16/74

Secchi (ft) 11

Total Phosphorus, 8
epilimnion (ug/L)

Total Nitrogen, -
epilimnion (mg/L) :

Chlorophyll @ (ug/L) -

Dissolved Oxygen, 82
surface (mg/L)

Dissolved Oxygen, 7.3
bottom (mg/L)

05/24/90°

17

0.24

10.1

0.3

08/15/90°

15

0.49

8.7

0.1

05/15/91°

13.5

0.15

10.1

33

a. Bortleson et al. (1976)
b. Rector (1991)
¢. Rector (1992)
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Lake Limerick -- Mason County

Monitoring Results/Summary of Other Available Information

Secchi Depths :

Water clarity was good, as indicated by Secchi depths which ranged from 9.0 feet to 13.5 feet.
All Secchi depths were in the mesotrophic range. There was very little variation in Secchi
depths in 1992, compared to data collected in 1991 and 1990.

Total Phosphorus

Total phosphorus in the epilimnion was 12 ug/L on both sampling dates. This concentration is
borderline between low and moderate, which is borderline between oligotrophy and mesotrophy.
Values from 1992 were somewhat lower than values measured in 1990. Those 1990 values (17
pg/L in May, 15 ug/L in August; Rector, 1991) were also moderately high, but were clearly
in the mesotrophic range.

Total Nitrogen
Total nitrogen concentrations were low on both sampling dates (0.27 and 0.29 mg/L).

Profile Data
Although the lake was not clearly stratified on either sampling date, temperature, dissolved
oxygen, and pH decreased with depth. Similar profile data were collected in 1990 and 1991.

Plants

Chlorophyll @ was low and in the oligotrophic range on both sampling dates, indicating that
there was little algae at the time of sampling. Algae appear to be more in localized areas of the
lake (and often attached to aquatic plants in the lake), and not near the deep site where samples
were collected. As a result, chlorophyll collected at the deep site is not a good indicator of
trophic status.

Aquatic plants identified by Ecology staff during the May 29, 1992 onsite visit included largeleaf
pondweed (Potamogeton amplifolius), Brazilian elodea (Egeria densa), and waterweed (Elodea
candensis). The volunteer noted that the largeleaf pondweed was the main nuisance species in
the lake, since the Brazilian elodea was chemically treated in 1991. The volunteer also noted
that the lake has watershield, duckweed, and tapegrass.

During the May 15, 1991 onsite visit with the volunteer, not much shoreline vegetation was
observed; about 75% of the shoreline was cleared for beaches and filled with sand or gravel.
At the time of sampling, a harvester was cutting plants in the lake. Near the Lake Limerick
clubhouse, there were large beds of largeleaf pondweed, and clumps of the filamentous green
alga Mougeotia were suspended in the water and/or floating on the surface. Several other
aquatic plants including waterweed and pondweed were growing in the cove near the volunteer’s
home. Aquatic plant growth in the lake during 1974 was described as occurring "in both thinly
scattered and dense patches” (Bortleson er al., 1976).
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Lake Limerick -- Mason County

Other Available Information

WATER Environmental Sciences conducted a survey of Lake Limerick during 1991 and will
propose an aquatic plant management plan for the lake. During the study, Brazilian elodea
growth was noted to be especially thick during February 1991 (M. Gibbons, WATER, pers.
comim.).

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1990 to 1992.

Lake Limerick is used for fishing, swimming, and motor boating. There are four
boat ramps on the lakeshore, although only one is for public access. There are
motorboating speed limits of 3, 8, and 30 mph. None of the lakeshore is publicly-
owned, except for the public boat access. Rainbow and coho trout were stocked
in the lake. Currently, the watershed is used for crop agriculture, and the
lakeshore is being developed further for residences. In the past, the watershed
was used for logging.

There are about 180 houses on the lakeshore, and none of the houses are
connected to a sewer. There are culverts that drain into the lake. Lake water is
withdrawn for irrigation and for firefighting. There is a community association
for the lake. Currently, the minimum setback for lakeshore development is 50
feet, minimum lot lengths are 200 feet, and residential density is restricted to 1
house per lot.

Overall, the volunteer finds that Lake Limerick had good water quality. Problems
in the lake in 1992 were ranked as 1) aquatic plants, 2) algae, 3) odor from
decaying algae, and 4) swimmer’s itch. In comparison to the 1991 monitoring
season, watershield showed up and spread rapidly, whereas other weeds have
receded below the water surface. The lake was treated with chemicals in 1992 to
control both weeds and algae.

In 1991, there were more aquatic plants visible on the lake surface compared with
the 1990 monitoring season. In 1990, management activities on the lake included
mechanical aquatic plant removal, dredging and lake level drawdown. Weed
growth was heavy in about 90% of the lake, and a weed harvester was used on the
entire lake. Lilies grew in the lake, mostly near the island.
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Lake Limerick -- Mason County

Comments

Lake Limerick has been monitored for the program since 1990. Although mean Secchi depths
have remained similar, total phosphorus was lower in 1992 than in 1990. The 1992 trophic state
estimation was based primarily on Secchi depths and very prolific plant growth which both
indicated that the lake was mesotrophic. As noted above, algae appeared to be localized in the
lake, so chlorophyll was not a good indicator of trophic status. This may be because of the
location of the monitoring site.

Acknowledgement

I thank David Best, Bob King and Bill Weston for volunteering their time to monitor Lake
Limerick during 1992, and David Best and Bob King for monitoring the lake during 1990-1991.
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Long Lake -- Kitsap County

Long Lake is located 3.5 miles southeast of Port Orchard. It is two miles long. It is fed
principally by Salmonberry Creek, and drains via Curley Creek to Yukon Harbor.

Size (acres) ' 339
Maximum Depth (feet) 12
- Mean Depth (feet) 6
Lake Volume (acre-feet) 2,180
Drainage Area (miles?) 9.4
Altitude (feet) 118
Shoreline Length (miles) 5.1
Estimated Trophic State: Eutrophic
Mean Trophic State Index* (Secchi): 55

* From Carlson (977

Summary of Questionnaire Results and Information From the Volunteer

The following are from the volunteer’s remarks and responses to the 1991 questionnaire.
Submerged plants grow in the south end of the lake in about 6 feet of water. According to the
volunteer, the lake was treated in 1991 to control algae and aquatic plants. No mechanical weed
harvesting occurred in 1991. Fish were not reported as being stocked in the lake. The worst
problems in the lake, in the opinion of the volunteer, are aquatic plants, algae, lake level, and
suspended sediments. Owverall, the volunteer finds that Long Lake has fair water quality, and
the volunteer is concerned about water quality effects from housing development in the
watershed. The volunteer observed that in some areas there was more plant growth around
docks than in past years, and that the water quality of the lake appeared better than in 1990.
During the 1991 onsite visit, the volunteer noted that in 1991 the University of Washington will
harvest Brazilian elodea (Egeria densa) and place it in pens in order to study "fermentation"
(presumably, decomposition and nutrient release) in the lake. An alum treatment was scheduled
for September, with harvesting occurring from June through August. Dr. Eugene Welch from
the Univeristy of Washington told the homeowners that Brazilian elodea was probably introduced
into the lake from a fish bowl.

The following are from the volunteer’s responses to the 1990 questionnaire. Long Lake is used
for fishing, boating, swimming, rowing, jet skiing, and camping. Recreational facilities on the
lakeshore include a park, a picnic area, a camping area, a beach and one boat ramp. There is
a speed restriction of 8 mph for motorboats within 300 feet of the shore, docks, and the
swimming area. Currently the watershed is used for logging and animal grazing, and the
lakeshore is being developed further for residences. Lake water is withdrawn for drinking and
other domestic uses. Grazing animals have direct access to the lakeshore or inlet tributaries.

148



Long Lake -- Kitsap County

In the past, the watershed was used for logging and crop agriculture. There are 300 houses on
the lakeshore; all are occupied year-round, and the lakeshore is not sewered. There is a
community association for the lake. Kitsap County and the University of Washington have also
been active in Long Lake issues. The lake was chemically treated in the past to control weeds
and algae. Management activities on the lake in 1990 included mechanical aquatic plant
removal.

The volunteer noted that The Bremerton Sun reported swimmer’s itch in 1990; however,
according to the volunteer, the lake has always had swimmers itch but that it was possibly worse
that year. There is residential development along approximately 95 % of the lakeshore; the south
quarter of the lake (at the south inlet) is especially thick with submerged weeds, lilies, and algae.
Algae and submerged macrophytes are also thick in the cove near the west inlet. There is a
small wetland at the north end near the outlet. The volunteer mentioned that the lake has seven
inlets (although some are very small), and the lake is also spring-fed. Salmonberry Creek is the
main inlet and has a large drainage area. Olalla Creek (at the south end of the lake) is another
main creek. '

In the 1989 questionnaire, the volunteer responded that alum was applied to the lake in 1975,
1976 and 1980. The volunteer was concerned that the lake does not flush completely, and that
the County does not have very strict controls on either storm or surface runoff, or development.

Monitoring Results/Summary of Other Available Information

The volunteer has monitored Long Lake for the program since 1989. Data from 1989 are
reported in Rector (1990) and data from 1990 are reported in Rector (1991).

Volunteer-collected data show that in 1991 Secchi depth ranged from 3.7 to 11.3 feet. Secchi
depth was lowest on July 30 and highest on October 10. The deep Secchi depth on October 10,
1991 was much deeper than any of the readings collected from May 1989 through October 1991.
Although mean summer water clarity was better in 1991 than in 1990 and 1989, fewer Secchi
readings were collected in 1991. Also, algae was heaviest during June and September in 1990
and 1989; this period was not monitored in 1991.

Ecology staff collected water samples and profile data during the May 31 onsite visit with the
volunteer. The profile data show that the lake was not thermally stratified, and dissolved oxygen
was fairly constant from surface to bottom (8.6 to 8.3 mg/L). These profile data were very
similar to data collected during May 1990. Although data from August 1990 show that there
was low dissolved oxygen, lower pH, and higher conductivity in the bottom meter of the lake,
this was attributed to the probe entering the sediment/water interface.

Total nitrogen in 1991 (0.36 mg/L) was much lower than concentrations measured in 1990
(0.63 mg/L in May and 0.94 mg/L in August).
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Samples for total phosphorus and chlorophyll a were collected in 1991, but the data could not
be used due to analytical problems. The 1990 concentrations of total phosphorus were very high
(0.057 mg/L in May and 0.070 mg/L in August) and in the eutrophic range. In 1973, total
phosphorus was lower (0.041 mg/L) but also in the eutrophic range.

From Welch ez al. (1988): The lake was drawn down 2 meters during the summer of 1979 to
reduce aquatic plant populations, and was treated with alum in 1980 to inactivate phosphorus in
the sediments. The effectiveness of the alum, resulting in a 50% reduction in mean
chlorophyll a and total phosphorus, and a 50% increase in transparency, lasted four years. In
1985, the lake returned to pre-treatment Secchi disk transparency and chlorophyll a
concentrations, and by 1988 it was concluded that "alum is no longer controlling internal
phosphorus loading and lake trophic status in Long Lake."

From Welch and Kelly (1990): In 1990, researchers at the University of Washington proposed
that the dense cover of plants (primarily Elodea densa) in Long Lake decreases the release of
phosphorus from lake sediments by protecting sediments from wind mixing. Rooted aquatic
plants can be an important source of internal phosphorus loading because plant roots can retrieve
phosphorus from lake sediments, and this phosphorus is released into the water column when
the plants die and decay. However, by shielding the bottom layers of water from mixing with
upper layers of water, the plant beds may trap phosphorus in bottom waters and may have
prolonged the effectiveness of previous alum treatments.

Comments

Long Lake was characterized as eutrophic based on low Secchi depths measured since 1989, and
high total phosphorus measured in 1990. Of the 41 lakes monitored by volunteers in 1991, only
two lakes (Long Lake in Thurston County, and Horseshoe Lake in Cowlitz County) had lower
mean summer Secchi depths than Long Lake. '
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Volunteer-Collected Data

Date Temperature pH Water %Cloud Recent Wind  Secchi Lake  Abbreviated Comments
1991 °C) (°F) Color Cover Rain (613 Ht(in)
31-May 55 Onsite visit.
12-3ul 222 720 7.5 Gr-Brown 0 None Calm 4.1 12.5 A very light sediment floating. No weed cutting
) this summer. No algae bloom yet.
30-Jul 233 740 6.5 Gr-Brown 0 None Calm 3.7 52.0 Weeds at my dock starting to bloom. Very light
sediment. UW put weeds in pens to decay, will do
alum treatment in Sept.
14-Aug 233 740 7.0 Gr-Brown 0 None Calm 4.0 Sediment size is smaller and very light this year,
I think due to no weed harvesting! No algae
bloom that I know of. Lake depth 12°7".
03-Sep 189 66.0 7.0 Gr-Brown 0 None Light 5.6 Very light particles floating in water 1-2 feet
deep. I feel the lake has been better this year due
to no weed harvesting. County put ski line buoys
on lake 2 weeks ago. Lake depth 13°.
10-Oct  16.7 620 6.5 Lt Gr-Blue 0 None Calm 113 Lake depth 12’7". Last week UW treated lake
with alum - really cleared up the water!
Onsite Visit Data
Dissolved Composite Total Total
Date Depth Temp pH Oxygen Conductivity Sample Nitrogen  Chlorophylla  Phosphorus
1991 {meters) () (mg/L)  (umhos/cm) Depths (m)  (mg/L) (ug/L) (mg/L) "
05/31 0.0 15.0 73 8.6 72 05,1525 036 ND ND
0.5 15.0 72 8.6 72
1.0 15.0 7.2 8.6 72
1.5 15.0 7.1 8.5 72
2.0 15.0 7.1 8.5 72
2.5 15.0 7.1 8.5 72
3.0 15.0 71 8.3 72

ND No data; data lost due to analytical problems

Data From Bortleson et al. (1976)

Date 06/22/73
Secchi (meters) 5
Total Phosphorus (mg/L) 0.041

Remarks A NARROW LAKE THAT STRETCHES TWO MILES IN LENGTH. MOST OF THE EMERSED AND SUBMERSED PLANTS
WERE ON THE NORTH AND SOUTH ENDS OF THE LAKE. AN ALGAL BLOOM WAS OBSERVED. IN 1973 THE U.S. GEOLOGICAL
SURVEY SAMPLED THE LAKE FOUR TIMES. THE PLANT SURVEY WAS MADE ON AUGUST 14, 1973.
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1500 3000 FEET
L I 1 1 i 1 J
EXPLANAT ION
—10~—
Line of equal
water depth
Interval 5 feet

Long Lake, Kitsap County, From U.8. Geological
Survey, September 13, 1973,




Long Lake -- Thurston County

Long Lake is located 5.5 miles east of Olympia. It consists of two basins, which are connected
by a narrow neck. It is two miles long and has two islands, Holmes Island (13 acres) and Kirby
Island (2.4 acres). Long Lake is fed by Pattison Lake and drains via Himes/Woodland Creek
and Lois Lake to Henderson Inlet. ,

Size (acres) 330
Maximum Depth (feet) 21
Mean Depth (feet) 12
Lake Volume (acre-feet) 3,900
Drainage Area (miles?) 8.3
Altitude (feet) 153
Shoreline Length (miles) 7.1

Data From Bortleson er al. (1976)

W Volunteer monitoring site

A Public boat access

°
EXPLANATION
—_20—
Line of equal

water depth
Interval § feet

Loog Laks, Thorstos County, from $oil
Consarvation fervice, Septesbar 20, 1971.
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Long Lake -- Thurston County

1992 Trophic Status!

Estimated Trophic State:
Mean Trophic State Index (Secchi):
Mean Trophic State Index (Total Phosphorus):

Mean Trophic State Index (Chlorophyll a):

Mesotrophic
47
55
46

Volunteer-Collected Data

Date Time = Temperature Secchi Lake Water % Cloud Recent Wind  Abbreviated Comments

1992 °C) °H ) Ht(in) Color Cover Rain

11-May 1100 15.6 60.0 6.0 1475 Gr-Brown 40 Light Breezy Onsite visit. Filamentous algae surfacing in areas
where breeze pushes mats to confined areas.

22-May 1530 169 62.5 7.5 16.50 Gr-Brown 40 None Breezy Nitella and filamentous algae.

14-Jun 1730 189 66.0 8.0 Gr-Brown 75 Trace Breezy

12-Jul 1715 222 72.0 10.0 20.00 Gr-Brown None

26-Jul 1845 8.0 21.50 Gr-Brown 0 None  Breezy

15-Aug 1715 233 740 70 23.00 Gr-Brown 50 None Breezy

30-Aug 1130 200 68.0 6.0 2450 GrBrown 75 None  Breezy

02-Sep 7.5 Onsite visit.

18-Sep 1245 18.3 65.0 5.0 26.00 PeaGreen 100 Light Strong

04-Oct 1415 17.8 64.0 5.5 27.00 Pea Green 100 Light Breezy

! Trophic State Indices calculated from Carlson (1977)
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Long Lake -- Thurston County

1992 Onsite Visit Data - Profile Data

Dissolved

Date Depth Temp pH Oxygen Conductivity
1992 (meters)  (°C) (mg/L) (umhos/cm)
05/11 0.0 16.8 8.4 10.5 102

1.0 16.6 85 103 102

2.0 16.5 8.4 10.3 102

3.0 16.4 8.3 10.1 102

3.5 14.5 7.4 73 104

4.0 13.9 7.5 1.1 107

5.0 12.1 7.1 0.1 123
09/02 0.0 222 7.9 9.1 130

1.0 222 7.9 9.1 130

2.0 22.1 7.9 9.1 131

3.0 22.1 7.9 8.9 130

4.0 21.9 7.8 4.5 131

4.5 21.8 7.7 38 131

1992 Onsite Visit Data - Water Chemistry

Date 05/11/92 09/02/92
Epilimnion Hypolimnion Epilimnion Hypolimnion

Composite Depths (m) 0.51,2 35,4,45 1,2, 4 -

Total Phosphorus (ug/L) 31 54 36 -

Total Nitrogen (mg/L) 0.44 0.45 0.43 -

Chlorophyll a (ug/L) 3.23 - 6.25 -
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Long Lake -- Thurston County

Historical Data From Ecology

Date 08/20/74*

Secchi (ft) 10

Total Phosphorus, 10
epilimnion (ug/L)

Total Nitrogen, -
epilimnion (mg/L)

Chlorophyll a (ug/L) -

Dissolved Oxygen, 9.9
surface (mg/L)

Dissolved Oxygen, 0.4
bottom (mg/L)

05/29/90°

7.6

20

0.41

10.9

6.3

08/21/90°
6.4

28

0.54

10.1

0.1

06/04/91°

7

0.40

0.2

a. Bortleson et al. (1976)
b. Rector (1991)
¢. Rector (1992)
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Long Lake -- Thurston County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was fair, indicated by Secchi depths which ranged from 5.0 to 10.0 feet. All

Secchi depths were in the mesotrophic range. Although the pattern of Secchi depths was similar
to the pattern seen in 1991 (with the shallowest Secchi depths occurring at the beginning and the
end of the monitoring season), Secchi depths were not as deep in 1992.

Total Phosphorus

Total phosphorus in the epilimnion was high and in the eutrophic range on both sampling dates
(31 pg/L in May and 36 ug/L in September). The concentrations were higher than those
measured for the program in 1990 (28 and 20 pg/L; Rector, 1991).

Total phosphorus concentrations vary considerably between surveys conducted on Long Lake.
In July 1971 total phosphorus was low (10 ug/L; Bortleson et al., 1976), in 1973 total
phosphorus was high (ranging from 27 ug/L to 41 ug/L; McConnell et al., 1976). From 1976-
1977 total phosphorus was much higher, and exceeded 80 ug/L during October and November
(Entranco Engineers, 1987). Following alum treatment in 1983, total phosphorus was still high,
although it did not exceed 50 pg/L in the north basin (Entranco Engineers, 1987).

Total Nitrogen

Total nitrogen was moderately high, but was similar to concentrations measured for the program
in 1991 and 1990.

Profile Data

The lake was barely stratified during May, and was unstratified during September. Despite the
lack of stratification, dissolved oxygen decreased with depth on both sampling dates, and
probably resulted from bacterial decomposition of aquatic plants and algae in the water and
sediments. The profile data were very similar to data collected for the program in 1991 and
1990.

Plants

Chlorophyll @ was moderately high on both sampling dates, indicating that there was a moderate
amount of algal growth at the time of sampling. Given the high concentrations of total
phosphorus in the water, algal growth (as indicated by chlorophyll concentrations) was not as
high as would be expected.

The lake was treated with Sonar® (fluridone) during summer 1991 to control Eurasian
watermilfoil (Myriophyllum spicatum; see Summary of Questionnaire Results, below). As a
result, aquatic plant growth in the lake was reduced, and even emergent plants (such as cattails)
and floating-leaved plants (such as lily pads) were brownish.
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Aquatic plants observed by Ecology staff during the May 11, 1992 onsite visit were sago
pondweed (Potamogeton pectinatus) and an alga (possibly Nitella). Iris and cattails along the
shore (Iris pseudacorus and Typha spp.) were brownish to brown near the water surface,
indicating that the plants were probably taking up fluridone from the sediments.

During the June 4, 1991 onsite visit with the volunteer, curly-leaf pondweed (Potarmogeton
crispus) and large-leaved pondweed (Potamogeton amplifolius) were present near the volunteer’s
dock. The large-leaf pondweed was in bloom at the time of sampling. In 1990, the volunteer
sent an algae sample which was identified as Oscillatoria, a filamentous blue-green alga. The
volunteer noted that this alga was most prevalent during June and July.

Other Available Information
Long Lake has a history of heavy algal growth, even before Eurasian watermilfoil was
introduced into the lake. In 1968, algal blooms and Secchi disk transparency of only four feet
were reported by Lee (1969).

From Entranco Engineers (1987): Restoration activities were initiated to address blue-green
algal blooms and prolific aquatic plant growth in Long Lake and Pattison Lake. In 1976-1977,
Phase I Diagnostic/Feasibility monitoring indicated that total phosphorus concentrations were
very high, and exceeded 80 ug/L during October and November. Conclusions and
recommendations from the study included whole-lake alum treatments to precipitate phosphorus
from the water column, and mechanical harvesting of plants. In 1983, both Long and Pattison
Lakes were treated with alum. In Long Lake, mechanical harvesting of plants began in 1983.

From Welch et al. (1988): Alum was added to Long Lake in fall, 1983 to inactivate phosphorus
in the sediments. This treatment achieved a 55% reduction in water column phosphorus, and
an increase of 1.7 meters in Secchi disk transparency. Internal phosphorus loading from
macrophytes was addressed by mechanical harvesting. The effectiveness of the treatment lasted
about two years.

Summary of Questionnaire Results and Information From the Volunteer

The following is a summary of the volunteer’s remarks and responses to questionnaires
completed from 1989 to 1992. :

Long Lake is used for fishing, boating, swimming, rowing, jet skiing and
camping. Recreational facilities on the lakeshore include a park, a picnic area, a
camping area, a beach, a resort and eight boat ramps. There is a speed restriction
of 45 mph for motorboats. Less than 1 percent of the shoreline is publicly-owned.
Brown trout were stocked in the lake. Currently the watershed is used for light
industry, animal grazing and crop agriculture, and the lakeshore is being
developed further for residences. In the past, the watershed was used for logging
and animal grazing, the lake was dredged, and the shoreline was altered.
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There are about 300 houses on the lakeshore, and none of the houses are
connected to a sewer. There is a lake association, lake management district, and
a community association for the lake. Currently, the minimum setback for
residential development is 50 feet. Lake water is withdrawn for irrigation.

Overall, the volunteer finds that Long Lake had good water quality. Problems in the lake
in 1992 were ranked as 1) algae, 2) low water level, 3) degraded aesthetics, and 4)
swimmer’s itch. Changes in the lake since 1991 included significantly reduced milfoil
growth (resulting in improved recreational use of the lake), reduced density of other
aquatic vegetation, and reduced water clarity. Possible sources of problems are nutrients
from Pattison Lake, stormwater, and septic systems, the shallow lake bed, and decreasing
riparian buffer. No plant or algae control occurred in 1992, but plant surveys were
conducted as part of the milfoil control program. The milfoil management strategy for
next year will not be established by the lake management district until the extent of
milfoil eradication is determined.

In 1990, Eurasian watermilfoil grew along most of the shoreline, in water less than 10
feet deep, and covered about 167 acres. Emergent vegetation included both white and
yellow-flowering waterlily, cattails, reed canary grass, bulrush, and water iris.
- Submerged vegetation included (in order of abundance) Eurasian watermilfoil, pondweed
(three varieties), waterweed, northern watermilfoil, bladderwort, wild celery (also known
as tapegrass), and water silk (an alga). Chara (an alga) and bryozoans (invertebrates)
were also found.

Long Lake was treated with fluridone on July 2 and August 17, 1991 with the intent of
eradicating Eurasian watermilfoil growth in the lake. Although algal growth following
the fluridone treatments was not at nuisance levels, it was greater in late summer and fall
than in recent years. Because of the fluridone application, the Thurston County Board
of Health closed the lake to contact recreation from July 2 through August 24, 1991.
A survey conducted in October 1991 found that about 90% of the Eurasian watermilfoil
was Kkilled by the fluridone applications. Milfoil was still growing in the inlet channel
and a few scattered areas around the lake.

Comments

The mesotrophic estimation of Long Lake was based on the moderate Secchi depths, chlorophyll
a, and aquatic plant growth, and the high concentrations of total phosphorus.
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Acknowledgement

I thank Sue Mauermann for volunteering her time to be the primary monitor at Long Lake
during 1992, and Kathey Adams for monitoring the lake during 1989-1992.

Other Thurston County lakes monitored for the program in 1992 are North Pattison, War, and
St,. Clair. Mean summer Secchi depth and total phosphorus was very similar in Long Lake and
Lake St. Clair. North Pattison had lower total phosphorus (23 ug/L in August) and deeper
Secchi depths (ranging from 5.3 to 17.5 feet) than Long Lake.
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Lake Martha (near Warm Beach) - Snohomish County

Lake Martha is located 10.5 miles northwest of Marysville, and one mile east of Warm Beach.
It is fed by Howard Lake and drains to Port Susan, Lake Martha is different from Martha Lake,
which is located near Alderwood Marior.

Size (acres) 62
Maximum Depth (feet) 70
Mean Depth (feet) 33
Lake Volume (acre-feet) 2,034
Drainage Area (miles?) 1.6
Altitude (feet) 186
Shoreline Length (miles) 1.8

Data From Bortleson et al. (1976)

W Volunteer monitoring site
Fecal Collorm (s 1)

A Pubic tost accees

0 500 1000 FEET
L1 | 1 [}

EXPLANATION
—= 20
Line of equal

water depth
Interval}lg feet

Martha (31N-42-18) Laxe, Snohomish County. June 2, 1970,
. Approx, scale 1112,000.
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'Lake Martha (near Warm Beach) -- Snohomish County

1992 Trophic Status'

Estimated Trophic State:

Mean Trophic State Index (Secchi):

Mean Trophic State Index (Total Phosphorus):
Mean Trophic State Index (Chlorophyll a):

Oligotrophic

36
40
33

Volunteer-Collected Data

Date Time  Temp Secchi Lake Water % Cloud Recent Wind Abbreviated Comments

1992 © (°O) °B) (i3] Ht (in) Color Cover Rain

01-Jun 1050 20.6 69.0 11.9 -15.00  Yellow 100 None Breezy

18-Jun 1205 20.6 69.0 143 -20.25  Yellow 90 Trace Light Lots of greenish-yellow specs in water but
white of Secchi disk appeared yellow at 7.5
feet.

07-Jul 1045 20.0 68.0 13.6 -17.25  Yeliow 100 Heavy Calm Yellow-green specs cloud the water - sent in

) a sample.

28-Jul 1115 233 740 172 -17.00  Yellow 10 Trace Light Weeds not nearly as abundant near dock as
before. Thick specs in water - pollen?

15-Aug 1145 233 740 18.7 -20.50  Yellow 10 None Breezy =~ Unusual sighting: green-backed herons
feeding and resting on our dock and lawn!

) Weeds seem much less.

25-Aug 1345 222 72.0 195 21.75  Yellow 10 None Light Weeds shorter, sparser.

12-Sep 1315 189 66.0 199 24.50  Yellow 75 Moderate Breezy  Nothing to report - things look normal.

21-Sep 1340 17.8 64.0 19.7 25.00  Yellow 10 Heavy Light Weeds less abundant. Hooded mergansers
catching crawfish among weeds!

07-Oct 1145 150 590 19.1 -26.50  Yellow 100 None Weeds at east end and inlet seem thicker

again but not tall enough to reach water
surface. Need more feeding ducks?

! Trophic State Indices calculated from Carlson (1977)
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Lake Martha (near Warm Beach) -- Snohomish County

1992 Onsite Visit Data - Profile Data

Dissolved
Date Depth Temp pH Oxygen Conductivity
1992 (meters) (&®)] (mg/L) (pmhos/cm)
06/01 0.0 20.9 8.1 10.1 87
1.0 21.0 8.0 9.9 88
2.0 20.9 8.0 9.9 88
3.0 19.3 7.9 9.7 88
4.0 15.6 1.7 9.6 87
5.0 12.2 7.4 6.9 88
6.0 10.1 7.3 6.7 87
7.0 8.9 72 6.8 85
8.0 8.1 72 6.8 85
10.0 7.3 7.1 6.5 86
12.0 7.1 7.0 5.8 85
14.0 7.0 7.0 5.4 85
16.0 6.9 6.9 4.6 86
18.0 6.8 6.8 1.6 87
20.0 6.7 6.7 0.2 99
08/25 0.0 22.6 8.0 9.0 94
1.0 21.9 8.0 8.9 94
20 21.7 8.0 - 8.9 93
3.0 21.7 8.0 8.8 93
4.0 21.0 8.0 8.4 92
5.0 17.1 8.0 10.6 92
6.0 13.7 8.0 6.1 93
7.0 10.5 7.8 2.5 92
8.0 8.8 7.4 2.5 90
9.0 8.0 7.4 2.6 91
10.0 7.7 7.4 2.9 90
120 7.1 73 2.6 90
14.0 7.1 7.3 23 90
16.0 7.0 7.3 1.2 90
18.0 6.8 72 0.3 96
18.5 6.7 6.9 0.1 103
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Lake Martha (near Warm Beach) -- Snohomish County

1992 Onsite Visit Data - Water Chemistry

Date

Epilimnion

06/01/92
Hypolimnion

08/25/92
Hypolimnion

Epilimnion

Composite Depths (m)
Total Phosphorus (ug/L)
Total Nitrogen (mg/L)
Chlorophyll a (ug/L)

Fecal Coliform Bacteria
Site 1 (colonies/100 mL)

Fecal Coliform Bacteria
Site 2 (colonies/100 mL)

Total Suspended Solids (mg/L)

Total Nonvolatile Suspended
Solids (mg/L)

Color (Pt-Co units)

1,2
12
0.46

1.90

<1

30

12, 14, 16
12

0.66

1,2,3

12

0.38

0.59

<1

<1

20

12, 14, 16

17

0.63

HiStorical Data

Date
Secchi (ft)

Total Phosphorus,
epilimnion (ug/L)

Total Nitrogen,
epilimnion (mg/L)

Chlorophyll a (ug/L)

Dissolved Oxygen,
surface (mg/L)

Dissolved Oxygen,
bottom (mg/L)

06/20/74*

9

17

3.5

9.2

0.4

06/30/81°
10

10

6.02

10.5

0.3

06/05/90°

10.5

8

0.62

10.1

2.0

08/28/90°
14.5

12

0.46

9.0

0.8

06/18/91¢

11.7

0.61

10.3

4.1

a. Bortleson et al. (1976); Dion et al. (1976)

b. Sumioka and Dion (1985)
¢. Rector (1991)
d. Rector (1992)
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Lake Martha (near Warm Beach) -- Snohomish County

Monitoring Results/Summary of Other Available Information

Secchi Depths
Water clarity was good, as indicated by Secchi depths which ranged from 11.9 to 19.9 feet and

tended to increase throughout the monitoring season. This same pattern was also evident in
1991 and 1990. Tree pollen in the water may have affected Secchi depths during May and June,
1992. '

Total Phosphorus

On both sampling dates, total phosphorus in the epilimnion was 12 ug/L. This concentration
is considered low to moderate, and borderline between oligotrophy and mesotrophy. With the
exception of the phosphorus concentration measured in 1974, phosphorus concentrations
measured in Lake Martha have not been high.

Total Nitrogen v
Nitrogen concentrations in the epilimnion were moderate (0.46 mg/L in June, and 0.38 mg/L

in August), but in comparison to earlier data collected from the lake, were among the lowest
measured. '

Fecal Coliform Bacteria
Results from fecal coliform samples were all low, and were within state standards. Sampling
sites are indicated on the map.

Solids and Color

Results for both total suspended solids and total nonvolatile suspended solids were low. Results
from the color tests, though, indicate that the lake is slightly colored. Natural color can occur
from organic-rich soils in the lake bottom and/or the watershed. This may explain the
volunteer’s observations of a yellow color in the water throughout the monitoring season. While
natural color is not a problem in lakes (in fact, color can at times inhibit algal growth by shading
algae), color may affect Secchi depths. Because data from this year suggest that mean Secchi
depth and total phosphorus indicate similar trophic state, the color in Lake Martha does not seem
to greatly affect the use of Secchi depth to estimate trophic status.

Profile Data

On both sampling dates, the lake was stratified with respect to temperature, and dissolved
oxygen decreased from surface to bottom. During August, dissolved oxygen was very low in
the hypolimnion, but metalimnetic waters appeared to have high enough oxygen and low enough
temperatures to support fish. During onsite visits in 1990 and 1991, dissolved oxygen was low
at the top of the metalimnion, increased through the metalimnion, and then decreased with depth
below the hypolimnion. This pattern was not evident in 1992, and suggests that algal
productivity may have been lower in 1992 than in 1990 or 1991. Secchi depths were deeper in
1992, suggesting there was less algal growth.
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Plants
Chlorophyll was low and in the oligotrophic range on both sampling dates, indicating that algal
density was low at the time of sampling.

Aquatic plants identified by Ecology staff during the June 1, 1992 onsite visit were waterweed
(Elodea canadensis), muskgrass (Chara), iris (Iris pseudacorus), and yellow-flowering lily
(Nuphar spp.). In August 1992, waterweed, (both Elodea canadensis and Elodea nutalli),
largeleaf pondweed (Potamogeton amplifolius), muskgrass, flatleaf pondweed (Potamogeton
robbinsii), lilies, iris, and coontail were observed. Largeleaf pondweed was the dominant plant
in deeper water, whereas waterweed was the