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EXECUTIVE SUMMARY

This 2010 report is the latest in a continuingesedf reports summarizing results of the annua lak
monitoring program of the Metropolitan Council (MEYin the Twin Cities seven-county metropolitan
area (TCMA). The METC has collected water qualiyadon area lakes since 1980. This report contains
data from a total of 202 lake sites on 185 lakesitoced in 2010. This year's monitoring program
included 5 lakes never before monitored by the €ibun

To date, the METC’s lake monitoring program (inéhgimonitoring by METC staff and volunteers) has
provided an important tool for making informed lakanagement decisions. Data from our regional lake
monitoring program are frequently used to determpiogsible trends in lake water quality, estimate
expected ranges in water quality of unmonitore@salexamine intra-and inter-regional differences,
determine potential water quality impairments, anebstigate the relationships between land use and
water quality.

The objectives of this program are:
1. Provide lake water quality data to lake, watersiued water resource managers.
2. Advise managers of known or suspected threatkeovater quality.
3. Continue to compile a water quality database orfitleearea lakes that support a trout fishery.

The year 2010 marked the eighteenth year that itire@-Assisted Monitoring Program (CAMP) was
used to increase our knowledge of the water quafifCMA lakes. CAMP volunteers visited their
assigned lake on a biweekly basis from mid Apriiol October. The volunteers measured surface water
temperature and water transparency, documentedtake&eather conditions, and collected surfacerwate
samples. The samples were analyzed for total pleosphtotal Kjeldahl nitrogen, and chlorophyll-a by

the METC'’s analytical laboratory located at the Mpblitan Wastewater Treatment Plant in St. Paul,
MN. CAMP volunteers are sponsored by a local partine2010, there were 28 sponsors who consisted
of a mix of municipalities, watershed managemegaoizations (WMOs), watershed districts (WDs),
counties, and a basin water resources planning. team

Each lake was given a lake grade which was cakdilan the basis of three parameters: total phosphor
chlorophyll-a, and Secchi depth (water clarity) tldth lake sites received a lake grade becausa of a
insufficient quantity of data during the summerdiperiod of May through September. The distribution
of lake grades for all the lake sites monitore@@10 is shown in the following figure.

The greatest percentage of the lake sites (35%)vext a lake grade of C. The water quality of theisas
is considered average as compared to other lad®igithe TCMA. More lake sites were above average
(33% A and B lakes) than below average (32% D atakés).



Lake Grades for the 2010 Monitoring Season

Since 1980, 363 TCMA lakes have been monitoredufinahe METC'’s lake monitoring program. Since
some of these lakes have multiple monitoring saestal of 400 lake sites have been monitored. The
data from the METC's lake monitoring program arenpenently stored in the U.S. EPA’s national water
quality data repository, called STORET (STOrage REdrieval) and the Minnesota Pollution Control
Agencies EQuIS environmental database. Data fOMBITC lake monitoring sites can also be
conveniently obtained via the METC’s web-based Emuinental Information Management System
(EIMS), at:http://es.metc.state.mn.us/eim@/hile the METC has done its best to enhance apdrel the
region’s lake water quality database, it is appittest one of the most economical and efficienthods

to expand knowledge of our lakes has been witlaisestance of volunteers and the cooperation and
financial support of local partners via the CAMP.

The METC'’s lake monitoring program, especially tise of volunteer monitors through CAMP, has
played a key role in the METC's recent efforts e satellite imagery to assess annual lake watgtycl

for the entire region. The monitoring program pd®as direct field measurements that are used to
calibrate mathematical models, which in turn ardu® interpret the satellite images. The use w@flga
technology provides a cost-effective way to extdredanalysis of the region’s lake water quality drey
just the lakes involved in the METC monitoring prag. The satellite—based information can be used to
detect how lake water clarity conditions have cleahgver time and space in relation to changesid-la
use and land-cover conditions.

If you have questions pertaining to the lake datdescriptions contained in this report, inquirkd®ut
CAMP, or suggestions of lakes the METC should atersimonitoring in the future, please contact Brian
Johnson of the Metropolitan Council at (651) 60238drbrian.johnson@metc.state.mn.us




ACKNOWLEDGMENTS

This report represents the coordinated efforts afiyrindividuals. The author would like to acknowged
the following people for their technical and sugjyar contributions to the preparation of this repor

CAMP Volunteers and Local Partners

The enthusiastic participation of local sponsors asiunteers help make the CAMP successful. Aolist
sponsors and volunteers is shown in Appendix C.folhewing volunteers are given added appreciation

for their multiple years of service:

18 years of service
Diane and Bob Coderre — Sunset Lake

17 years of service
Washington CD — multiple lakes

16 years of service
Bill Aamodt — Wilmes Lake

Carver Co. Env. Services — multiple lakes

15 years of service
City of Circle Pines — Golden Lake

John Ritter — Lake Alimagnet
Wargo Nature Center — George Watch

14 years of service
Anoka Co. Parks — multiple lakes

13 years of service
Glen Gramse — Keller Lake

Wally Shaver — Lac Lavon Lake

12 years of service
Lakeville — Valley and Lee lakes

John Ryski — Bavaria Lake
Westwood Nature Center — Westwood Lake

11 years of service
Dave Hanson — Sweeney Lake

10 years of service
Arnett Family — Crystal Lake

Gene Berwald — Pine Tree Lake

Kevin Bjork — Cloverdale Lake
Tom/Dorothy Goodwin — Orchard Lake
Wally Potter — Marion Lake

Terry Riley — Markgrafs Lake

Sly Family — Downs Lake

9 years of service
Bonnie Juran — Klawitter Lake

Al Kettlekamp — Long Lake
Tom Sletta — Cates Lake

8 years of service
Walt Burris — Lower Prior Lake

Kellogg Family — Cobblecrest Lake
Kitty Francy-Payton — Long Lake
Kris Mann — Twin Lake, upper

7 years service
David Florenzano — Riley Lake

Wayne Hubin — Swede Lake

Sue Morgan & Linda Scott — St. Joe Lake
Shelly Strohmaier — Lotus Lake

Chuck Taylor — Jane Lake

Gordan & Fran Warner — Mitchell Lake

6 years service
Carpenter Nature Center — St. Croix Lake (site 7)

Roberta & Jim Harper — St. Croix Lake (sites 1&21)
Arnie Johnson — Sunnybrook Lake

Jeff Keene — O’Connor Lake

Sheryl & Rich Lindholm — St. Croix Lake (site 5)
Cecilia & Harry Martin — St. Croix Lake (site 3)
Rick Meierotto — St. Croix Lake (site 6)

Steve Pierson — Fish Lake

5 years service
David Bluhm — White Rock Lake

Terry Bouthilet — Lake Elmo

Robert Bruce Cornwall — Twin Lake
Dave Johnson — Hornbean Lake
Scott Knudson — Lake EImo
Minnesota DOT — Rest Area Pond
Gregg Thompson — Bush Lake

Dan Wallace — Sunset Pond

Joe Williamson — McMahon Lake

4 years service
Sandy & Mike Boyce — Lake O’'Dowd

John Burton — Wing Lake

George & Pam Christ — Henry Lake
Dan Freeman — Twin Lake south
Gary Gerding — Karth Lake

Jon and Teresa Hafner — Bone Lake
Jim & Tricia Hafner — Loch Ness
Doug Hennes — Rogers Lake

Don Jack — Bone Lake

Tam & Dick McGehee — Langton Lake
Lynne McMullen — Reitz Lake

Jim Nayes — Horseshoe Lake
George Schneider — Rice Lake

Curt Sparks — Sylvan Lake

Voit Family — Dean Lake

Marty Ziermann — Rutz Lake



3 years service
Andrew Carlson — Clear, Mays, Terrapin Lakes

Dan Carlson — Clear, Mays, Terrapin Lakes
David Dixen — Priebe Lake

Greg Durand — Ardmore Lake

Lori Ende — Cowley Lake

Frank Fourre — Upper Prior Lake

Fred Fox — Little Johanna Lake

Lori Fredlund — Reshanau Lake

Annie Gustafson — Colby Lake

Todd Heruth — Armstrong Lake

Steve Iverson — DeMontreville Lake

Metropolitan Council Staff

3 years service (continued)

Christy McGlocklin — Long Lake

Dawn McKinnon — Priebe Lake

Sicora Family — Crystal Lake

Don Smith — Benton Lake

Jeff Sluiter — Cobblestone Lake

John & Maressia Twele — Minnetoga Lake

Jim VanSomeren — Haften Lake

Warner Nature Center — Clear, Mays, Terrapin Lakes

The MCES Laboratory Services Section, for labosagoralysis of the lake samples.
Craig Skone for support with data presentationfandeveloping all the graphics for this report.
Jerry Saatzer for his assistance with preparatioheoCAMP monitoring equipment.



CONTENTS

EXECULIVE SUMMIAIY ...ttt ettt e e e e e oo e oo e oottt bbb bttt e ettt e e e e e e ae a2 s s ana s bt bbb b e s be e e e e e et e e e aaaaeaeeeessaannbenbennneees i
ACKNOWIEAGMENTS ...ttt ettt ettt e et e e e e e e e ea e e st bbb bbb bt e b ettt e e eeaeaeaaaaeaaeeesassaaannnnnnneeeaens iii
a1 geTo [0Tex i o] o I P U TP TP PRSPPI 1
V1 = OSSP \Y (o a1 (0 1 To TN od (o T |- Lo 3
1= 1 T Yo LTI 3
RESUIES ..o et e ettt e e e ettt e e e et e e e e e e b e e e e e e e R bt e e e e e e b b e e e e e e e nbbe e e e e nrrees 7
Citizen-Assisted Monitoring Program (CAMP) ...ccceeieiiieeeee ettt e et eaae e e e e e e s e e s e s s snenannenneenes 12
CAMP  OVEIVIBW ...ttt ettt ettt e e e e s ekttt e e e 4 s ettt e e e e a s bt et e e e aab b b e e e e e e annbbbe e e e e s annbbeeeeeeeannbrees 12
ot LoV (=T o [ T (SRR 12
(07 1Y/ | V11 g To o KT P UTT PP P TP PR 13.
RECIUILING VOIUNTEEIS ....eeiieiiiiiiiiiii ettt e e e e e e et e e e e e s e e e et e e e e e e e e e e e e e e e s aesaaannnnnnes 13
TraINING VOIUNTEEIS ...ttt ettt e e e ettt e e e e e e e e e e e s e s s nnanbbbbbesneeeeeees 13
MONITOFING MELNOMS ...ttt e e e e e e e e e e e e e eeeeas 13
Laboratory Analytical MethodsS .........ooo it 16
Data MANAGEIMENT ......ueiii et eemmmmm oo oottt e e e e e e e e et e et tsenanasbe e e e e e aaeeeeeeennnnnnanns 16
QUAIILY ASSUIBINCE .....uvvetiiiiieeieeie e e e e e eeeee ettt et e et e eeeee e e e e e s e s s as s s s sn et et aareeeeeeeeaeesaesanaannssnnsnnnnennnees 16
[ 1R @ U 1V =T o Lo o = 1 o 19
2010 LAKE GraAUES ....eeeeiieiiitiiiiie e it ceemaim sttt e e s sttt e e s s s b be e e e e s s saaeeee s s an s bt e ee e e e e s e bb et e e e s aannbbeeeeeeennneneessennbeeas 20
2010 Monitoring Results for Individual CAMP LAKES.......uuuuuiiiiiiiiieeiieeeeee et e s ss s ee e e aeaaeaae e e e s e e s aessnnnnnnnns 23

Lake reports are placed in alphabetical order kg lI|ame.
Refer to Appendix A for a listing of lakes monitdrim 2010 and previous years.

R YC] (=TT o[t PP PPPTRPR 419
Tables
1. Summary of Analytical MEthOAS. .......... ettt 7
2. Select Field and Analytical Data for METC Stisfbnitored Lakes — 2010...........ccc.vvvvveieeeeeeeeenenn. 8-11
I I | I T To [TV @] - 19.
Figures
1. Location Map of Monitored Lakes — 2010 .......uuuuiuiiiiiieiieiieeeeeeeeeeese s ssssssseeeneree e e s e e eaeaeeeeessesannnnnnnnns 4
2. METC Staff Monitored Lakes (Big Maring, ChUb)...........covviiiiieeiiiii e 5
3. METC Staff Monitored Lakes (East Twin, Pickeleasant, Thole) .........ccccccvviiiiiiiriccveereeeeeeeeeeeee 6
4. CAMP Field DAt SNEEL ......eueeiiiiiiiii ettt ettt et e et e e e e e e e e e e e e e e s e e s s naaebeabeees 15
5. Total Phosphorus Quality Control Data 2010.....c...ciiiiiiiieiaiiaiiaie ettt e ieeieeees 17
6. Chlorophyll-a Quality Control Data 2010 ...cccaceeiiiiiiiaeeeeaeee et e e e e e eeee e 18
7. Secchi Depth Quality CONtrol DAta 2010 .. e eeeeeeeaeeeeaee ettt e e e e e e e e e e beeeeeeeees 18
8. Distribution 0f 2010 LAKE GFradesS .......ccoeiiiiiiiii ittt e e et e et e e e e e aaaaaaaaaaaaeas 20
Appendices

A. Lakes Sampled by Metropolitan Council Staff dnd CAMP, 1980 - 2010
B. Lake Characteristics

C. 2010 CAMP Volunteers and Sponsors

D. 2010 CAMP Quality Control Data



\Y



INTRODUCTION

This 2010 report continues a series of annual lagerts from 1980 to present. Since 1980, 363 Twin
Cities Metropolitan Area (TCMA) lakes have been itaned through the Metropolitan Council’s
(METC) lake monitoring program. Since some of thakes have multiple monitoring sites, a total of
400 lake sites have been monitored. This reportagas data from 202 lake sites on 185 lakes tha¢ we
monitored in 2010, including 5 lakes and 8 lakessthat have not been previously monitored by the
METC lake monitoring program. The list of lakeglie METC’s monitoring database is shown in
Appendix A. Refer to Appendix B for morphometry asttier lake characteristic data.

METC lake monitoring data are available via:
- the METC’s Environmental Information Managementt8ys(EIMS), at
http://es.metc.state.mn.us/eims/
the Minnesota Pollution Control Agency’s (MPCA) Eranmental Data Access (EDA) system,
at http://www.pca.state.mn.us/index.php/water/wateanadtm|
the STORET Data Warehouse, which is the U.S. ERAt®nal water quality data repository, at
http://www.epa.gov/storet/dbtop.html

The objectives of the METC lake monitoring prograre:

1. Provide lake water quality data to lake, watersined water resource managers.
2. Advise managers of known or suspected threatkeouater quality.
3. Continue to compile a water quality database orfitleearea lakes that support a trout fishery.

The long-term goal of the METC lake monitoring prarg is to provide a comprehensive database to
enable cities, counties, watershed managementiaegems (WMOSs), and watershed districts (WDs) to
better manage TCMA lakes. The Council believesithtitout such comprehensive lake data, the
foundation of lake and watershed management ptaweakened. While the METC has provided a
commendable lake monitoring program, monitoringpther organizations is also encouraged (Osgood
1989a).

To date, the METC lake monitoring program has tseimportant tool for making informed lake
management decisions. The majority of the lakeg lhaen visited on a rotating schedule over the3tast
years, so as to develop an historical databaselpddke and watershed managers in decision making.
Data from the METC lake monitoring program are €rexatly used to determine possible trends in lake
water quality, estimate expected ranges in watalitguof unmonitored lakes, examine intra-and inter
regional differences, and investigate the relatiggsbetween land use and water quality. A
comprehensive regional lake monitoring program heuasure adequate spatial and temporal
representation of water quality. However, due tst @md logistical problems, ground-based monitoring
programs usually sacrifice spatial coverage (fdadegs) in favor of more frequent sampling.

As is the case throughout the United States, therityaof lakes in the TCMA suffer from this lack o
water quality data. Area lakes and watershed masaged a broad, comprehensive water quality
database for regulatory and decision-making puipddecause of the lack of public funding and tighhi
ratio of area lakes to monitoring staff, very éttlata exist for the majority of TCMA lakes, anddb
decision-makers are forced to make managementioiesigcking adequate information.

The METC addressed this lack of adequate lake vgaiglity data by initiating a citizen-assisted
monitoring program (CAMP) in 1993. The purposetef CAMP is to provide a more complete and
improved water quality database for TCMA lakes.sldetabase gives local decision makers a bettar ide



of the water quality of their lakes, thereby a@sgsthem in decision making on water quality issudse
METC’s goal for the CAMP is to provide a means &hgr as much information on TCMA lakes as is
economically possible.

The METC lake monitoring program, especially the aévolunteer monitors through the CAMP, has
played a key role in the METC's recent efforts $e& satellite images to assess annual lake watéycla
for the entire TCMA. The monitoring program providiae “ground-based” measurements used to
calibrate mathematical models, which in turn aredus interpret the satellite images. The usatdilite
technology provides a cost-effective way to extdredanalysis of the TCMA's lake water quality from
just the lakes involved in our ground-based progréorall the lakes in the region. Over time, the
satellite—based information can be used to detmstlake trophic conditions (especially water clgrit
have changed over time and space in relation toggsin land-use and land-cover conditions.

The METC lake monitoring program began a volunteerual ice-monitoring program in the winter of
2009 -2010. The purpose of this program is to noorite duration of ice cover on the TCMA lakes over
a long time period.



METC STAFF MONITORING PROGRAM

METHODS

Metropolitan Council staff monitored 7 lake sites®TCMA lakes during 2010 (Figure 1). The lake
sites generally were located over the deepestdadfibe lake basin or sub-basin (Figures 2 and 3). A
hand-held Global Positioning System (GPS) receias used to determine the coordinates of a lake sit
and to aid in relocating lake sites during subsegjo®nitoring events. Time, water surface and warath
conditions, water depth, and water transparency wezorded on a field data sheet. Water transparenc
was measured using a 20 cm black-and-white Sedgihi demperature, dissolved oxygen (DO), pH,
specific conductivity, turbidity, and oxidation ngction potential (Redox) were measured at one-meter
intervals throughout the water column. These patarsevere measured using a YSI 6920 multi-
parameter sonde that was connected to a YSI 650 atzder.

The sonde probes for DO and pH were calibratedreefach field trip. These probes were also caklorat
again the same day after returning from the fildtheck for calibration drift. The conductivitygie

was calibrated on a weekly schedule. The turbilitg Redox probes were calibrated on a monthly
schedule.

Water was collected from the lake surface (0-2 smagia two-meter PVC pipe with a two-liter capacity
Two such samples were mixed in a 4-liter plastge foubsurface samples were collected using ar2-lite
Van Dorn sampler. All water samples were transjgoote ice in a dark cooler and processed and
preserved within 12 hours of collection.

The surface and subsurface samples were analye#iefetandard parameters as shown in Table 1.
Chlorophyll was not analyzed in the subsurface sesnamples that were analyzed for total dissolved
phosphorus (TDP) were filtered through a Ot membrane filter and then analyzed for TP. All
chemical analyses were performed at the Metropo@auncil Environmental Services - Environmental
Quality Assurance Department (MCES-EQA) laboratory.

The chlorophyll analysis results are reported feyléiboratory according to two different equatidhs:
trichromatic equation and the monochromatic equnafithe trichromatic equation gives the following
chlorophyll parameters:

chlorophyll-a (CLA),

chlorophyll-b,

chlorophyll-c.
The monochromatic equation gives the following paeters:

chlorophyll-a corrected for pheophytin,

pheophytin-a.
The chlorophyll data in this annual report are reggbas trichromatic CLA. However all the analytica
results from the trichromatic and monochromaticagiquns can be accessed via the monitoring data

databases as provided in the Introduction section.
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Figure 2. METC Staff Monitored Lakes




Figure 3. METC Staff Monitored Lakes




Table 1
Summary of Analytical Methods

Standard Parameters Analytical Method

Total Phosphorus (TP) U.S. EPA Method 365.4

Total Kjeldahl Nitrogen (TKN) U.S. EPA Method 351.2, Rev. 2.0
Chlorophyli ASTMMethod D3731-87
Chloride Method 4500-Cl- E , (APHA 1998)

Standard Methods for the Examination of Water and
Wastewater, Method 2340 C, Online Edition

Sulfate U.S. EPA Method 300.0

Hardness

Optional Parameters
Ortho-phosphate 4500-P E Ascorbic Acid Method, (APHA 1998)
Calcium, Iron, Magnesium; total | U.S. EPA, Method 200.8, Revision 5.4, 1994 as niedlif

RESULTS

Table 2 shows monitoring data for the METC stafiitared lakes. All of the monitoring data are
available via the METC’s Environmental Informatibtfanagement System (EIMS) at
http://es.metc.state.mn.us/eimBhe monitoring data was also sent to the MPCATrfolusion in their
Environmental Data Access system.

Any questions about the 2010 METC lake monitoriagadshould be directed to Brian Johnson at
(651) 602-8743 obrian.johnson@metc.state.mn.us
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CITIZEN-ASSISTED MONITORING PROGRAM (CAMP)

CAMP OVERVIEW

The year 2010 marked the eighteenth year of the EAMce the program began in 1993. The CAMP
monitored 196 lake-sites on 180 lakes in 2010uithiclg 5 lakes and 8 lake-sites that have not been
previously monitored by the METC (Figure 1). Thel@R is jointly funded by the METC and local
sponsors such as WDs, WMOs, counties, and cities.

The main purpose of the CAMP is to provide lake watershed managers with water quality data that
will not only support them in properly managing eftesources, but also provide much needed hiatoric
data to help document water quality changes amdi$tePrevious volunteer monitoring programs
conducted throughout the United States have shbatmwith proper equipment and instructions,
volunteers can be trained to produce credible waiality data. Because most of the volunteersizar
the lakes they are monitoring, they are very irgiee in determining any trends and/or changescial lo
water quality (Nichols 1992). An additional benefithe monitoring program is the volunteer’s
increased awareness of the lake’s condition anéiimgs throughout the summer, which may foster
grass-roots initiatives to protect lakes and pransnipport for lake management.

Prior to the inception of the CAMP in 1993, The METonducted a pilot study in 1991 to assure that th
data collection methods used by citizen voluntaarsld be credible. Results of the pilot study shdwe
that the volunteer monitoring methods, as usetlem@AMP, yielded results comparable to monitoring
methods used by METC staff (Hartsoe and Osgood)1991

CAMP volunteers collect surface water samplesahatanalyzed for total phosphorus (TP), total

Kjeldahl nitrogen (TKN), and chlorophyll-a (CLA) laddition, they measure surface water temperature
and water transparency, and record user percepamse lakes are monitored for dissolved oxygen.
Most lakes are visited biweekly from April throu@ittober (fourteen sampling dates) and are sampled a
the lake’s deepest open-water location. In 2010@equfew of the lakes were not monitored on edch o
the desired 14 sampling weeks. The reasons fanissed sampling dates varied. However, the majority
of the lakes, even with the missed sampling datese sampled adequately and often enough to provide
an annual overview of the water quality of eaclelaiater samples were submitted to METC staff and
then analyzed at the MCES-EQA laboratory in St RdN.

ACKNOWLEDGMENTS

The successful performance of the 2010 CAMP wouldhave been possible without the greatly
appreciated work performed by volunteer monitonsl the support of the organizations that enrolled
lakes in the program. The enrolling organizatiansich included 13 cities, 10 watershed management
organizations and watershed districts, 3 countiegnservation district, and 1 basin planning teaere
involved in volunteer recruitment, training, anctasional follow up on the progress of their volente
lake monitors. Without this help, the program wontd have been as successful.

Those deserving the greatest appreciation aredlvateers themselves. Their efforts have made this

program successful. A list of the 2010 CAMP volengeis shown in Appendix C. The METC and the
local sponsors thank them for their sustained &ffancluding their quality work.
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CAMP METHODS
Recruiting Volunteers

Active recruitment of lakes and interested volurdder the CAMP began in the winter months prior to
the monitoring season. Potential sponsors wereitadifor their list of lakes that they wished to@l in

the CAMP. The sponsors were encouraged to reanlinteers for each lake they enrolled in the
program. If there were problems finding willing uateers, the METC assisted with the search; however
the belief was that the supervising organizatiomlddenefit in the long run by having direct contac

with the volunteers it recruited. This contact wbhbpefully open a two-way communication line
between concerned citizens and the local partners.

Training Volunteers

Volunteer training was conducted by METC staff atious locations throughout the TCMA. Volunteer
training was scheduled between early March ang @gtil. At each training session, volunteers were
given a handbook describing the program, outlitiagics in the biology and ecology of lake systems,
and containing detailed written instructions fog thke monitoring and data form completion procedur
(Anhorn 2003a).

At each training session, volunteers received dwessary equipment for lake monitoring. This
equipment was purchased by the sponsor throughB¥C, and then loaned to the volunteers. At the
end of the monitoring season, equipment was retuitméhe sponsor for use in future years. Eachidake
volunteer received:

Chlorophyll hand pump, flask, and filters
Digital thermometer

Map of lake with sampling site(s)

Field data sheets

Sample jug

Sample vials, Petri dishes, and labels
Secchi disk

Aluminum foil

Tweezers (forceps)

During the training session, volunteers were giadmief description of limnology and lake ecology a
described in their handbook, instructed on progke Imonitoring procedures, and shown how each piece
of sampling equipment works. After this discussithe, volunteers received a package containing the
equipment, and the proper use of each piece opewprit was again described and practiced. Finéléy, t
volunteers were asked to sign a waiver of liabsitgting that they were not an employee of either t
METC or the local partner enrolling the lake in firegram.

Monitoring Methods

Volunteers were instructed to monitor their desigddake site(s) on a biweekly basis from mid-Agwil
mid-October, including 14 possible sampling periddse monitoring methods are detailed in the
following paragraphs.

First, during pre-arranged sampling weeks, volusteeated and anchored their boat at pre-detednine
monitoring locations (typically the deep open-watera of the lake). Once at the monitoring location
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lake and meteorological conditions were recorded 6ald data sheet (Figure 4). The form also piesi
space to record natural and cultural observatidnsiwmay have influenced what was happening in the
lake (e.g. heavy rains prior to monitoring, apgiima of herbicide), and includes an area to documen
general perceptions of the lake’s physical conditad suitability for recreation.

Next, the volunteers took a water transparencyingdaly lowering a Secchi disk on the shaded side of
the boat to the point at which it disappeared. ptiat where the disk reappears is the Secchi
transparency depth that was recorded on the oligarfarm.

The next lake monitoring step involved the collectof the surface water sample. A surface water
sample was collected in a clean one-gallon plasticTo begin, the volunteer pre-rinsed the jugé¢hr
times with lake water. After rinsing, the jug waketl by submerging it upside down to forearm depth
and turning it upright while still submerged. Immegdly after filling the sample jug, the volunteer
obtained the water temperature and poured-off atgyjfor analytical analysis. The collection methtmts
each parameter are given as follows:

Temperature. Surface water temperature was measured in thmtedr's sampling jug using a
digital thermometer that is readable to°@1The temperature was measured immediately
following sample collection. Special care was tatekeep the sample out of direct sunlight in
order to minimize temperature change.

Total Phosphorus (TP) and Total Kjeldahl Nitrogen TKN) . Duplicate samples were decanted
from the volunteer’s jug in the field into theirspective triple pre-rinsed, pre-labeled 50 mi#itit
(ml) vials. These samples were then placed in tladec, taken home, and stored in the freezer
until they were picked up and delivered to the tabary for analysis.

Chlorophyll . Chlorophyll samples from the volunteer’s jug wéltered in the field(out of direct
sunlight)using a field filtration apparatus (called a filteolder) and a hand pump. Water from the
sampling jug was measured using a graduated cyliadd then poured into the reservoir of the
filter holder. The reservoir holds approximately028l. By squeezing the handle of the pump, the
sample water was forced through a 1 micrometer (glags-fiber filter, and the suspended
planktonic algae were trapped on the filter. Titeried water was then returned to the lake. If
possible, this process was repeated until a tothjo®0 ml of sample water was allowed to pass
through the filter. However, if the water sampl@toned much suspended material, and the filter
became clogged without allowing more water to plassugh, the amount of water that did pass
through the filter was recorded on the field ddtees and sample label. The filter was then
removed from the filter holder with a tweezers, pfated in a Petri dish. The Petri dish was then
labeled, wrapped in aluminum foil to keep the samplthe dark, and frozen until pick-up and
delivery to the laboratory for analysis.

The frozen samples were picked up within approxatye?0-90 days by METC staff and delivered to the
MCES laboratory for analysis. For some CAMP lalse-surface samples were also collected for
analysis of TP, TKN, chloride, orthophosphate, antiital iron. These sub-surface samples were lysual
collected near the bottom of the lake using a VamBampler. Vertical profiles of dissolved oxygerd
temperature measurements were also obtained onlakese
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CITIZEN-ASSISTED MONITORING PROGRAM

Lake Name: Site #:
DNR ID#:
Sampling Date: Time: (military time)

(Use this same time on the sarigtiels.)
Name(s) of Volunteer(s):

Quantity of utriént: I
samples collected: CLA:
SECCHI DISK DEPTH: _ meters
SURFACE TEMPERATURE: __ °C
VOLUME OF FILTERED LAKE WATER (CLA): ml

GENERAL OBSERVATIONS
(Circle the one best choice)

* Water Color * Odor of Water * Wind Conditions
Clear Yellow None Rotten Egg-like CalmBreezy Strong
Green  Gray Fishy Septic-like
Brown Blue-Green Musty  Other: intVvis coming from the:
Comment: Comment:
North South East West

* Water Surface * Cloud Cover * Lake Level
Calm Moderate Waves 0% 75% Abblormal
Ripple Whitecaps 25% 100% Normal
Small Waves 50% Below Normal
Comment: Staff Gage Reading |
* Amount of Aquatic Plants * Air Temperature ( °F) *Unusual Conditions

in the past week:
None Moderate <40 81-90 (stormightwinds,
Minimal Substantial 41-60 >90 ferextremes):
Slight 61-80
* Physical Condition * Suitability for Recreation
Crystal Clear (1) Beautiful (1)
Some Algae Present (2) Minor Aesthetic Prob{gm
Definite Algae Present (3) Swimming Slightlypaired (3)
High Algal Color (4) No Swimming / Boating OK)
Seveae Bloom (Odor, Scun (5) No Aesthetics Possik (5)

Figure 4. CAMP Field Data Sheet
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Laboratory Analytical Methods

The chemical analyses of CAMP water samples wetfenpeed at the MCES-EQA laboratory, according
to the methods shown in Table 1. Chlorophyll sasplalected by the CAMP volunteers were not
preserved with magnesium carbonate (MgC@hich is a change in the method provided in &dbl
Samples that were analyzed for TDP were filteredugh a 0.4%m membrane filter and then analyzed
for TP.

Data Management

The field data from the volunteers’ sampling foramgl the analytical results from the MCES laboratory
were entered into the Council’s Environmental Infation Management System (EIMS). EIMS is a
system for providing timely and reliable informatifor environmental planning and decision-making.
The Council's EIMS can be accessed via the inteattgtp://es.metc.state.mn.us/eimdhis data
handling system served three purposes:

1. Check-in of forms and tracking of volunteer papation.

2. Entry of nutrient, Secchi, and user perception ddtaa database for statistical, graphical, and
tabular outputs.

3. Storage of the CAMP data in the Metropolitan Colm&IMS.

If there were questions concerning the data anel ddservations, METC staff contacted the volunteer.
The METC maintained contact with most volunteersulghout the season by telephone, in person during
sample pick-up, or through their sponsor’'s CAMPrdamator.

Quality Assurance

CAMP employs a quality assurance (QA) program wimdhudes quality control (QC) activities. The
purpose of the QA program is to assure that CAM#elpces and reports scientifically credible water
guality data. The MCES laboratory follows its owaternal QA program, which employs an extensive
internal and external check and balance systemdore credible data. Documentation of their QA
program and QC procedures can be obtained frorabiveatory.

The CAMP QA program has several components. Oneritapt component is training, which ensures
that the volunteers are familiar with the CAMP ntoring methods prior to their first monitoring seas
The training also ensures that the same moniteorietpods are used by all the volunteers. Another
component is that the volunteers’ samples are &tebly METC staff prior to submitting the samples to
the MCES laboratory. The samples are checked fableeand correct labeling and sample integritg.(e.
cracked vials, missing caps, torn filters, etcdmples with poor integrity are discarded to avoid
producing potentially erroneous data.

QC monitoring is another important component of@eMP QA program. The purposes of QC
monitoring are:

To verify that the monitoring methods are produdiagroducible data.

To verify the monitoring performance of the volusgwith respect to professional staff.

A METC staff member performs QC monitoring throughtihe monitoring season by visiting a
volunteer’s lake site during a scheduled monitoxirgk, but not necessarily on the same day as the
volunteer’s visit. The METC staff member monitdne fake site using the same methods and identical
type of equipment as the volunteer. After the Q@as are collected, they are handled, stored, and
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submitted to the laboratory in the same manneh@sdlunteers’ samples. Occasionally, an METC staff
member accompanies a volunteer in the field dutiegnonitoring season as a check on their mongorin
methods. This latter method is used less commaaly the former method. Accompanying a volunteer in
the field is usually prompted by noting potentiedlglems during the sample checking process, teif t
volunteer expresses that they need further assstanexplanation.

If a problem is discovered during the course ofghmple checking or QC monitoring processes, the
volunteer is contacted to discuss the cause gfrthiem. If needed, a METC staff member visits with
the volunteer to observe his/her monitoring adesitin an effort to help identify the cause of the
problem. Once the cause is identified, the volunitegiven instructions on how to correct the ditua If
the problem resulted in erroneous data, then tteeata censored and excluded from the database.

The CAMP sample data are reviewed after receipn fittee MCES laboratory. The data are reviewed for
outliers and other inconsistencies. Data that aterthined to be suspect are flagged as such in the
database. Data determined to be erroneous areredresad excluded from the database.

The 2010 CAMP QC data are provided in Appendix Be Tesults of the 2010 QC monitoring indicate
good agreement between data from samples and reeasuts collected by METC staff versus those
collected by the volunteer. Figures 5, 6, and st QC data for TP, CLA, and Secchi depth. The
linear regression for TP shows close agreementlt@ alope between data collected by METC staff
versus data collected by the volunteers. ThedRie for TP is 0.94, which indicates that mosthef
variability between the volunteer- and METC staffllected data can be explained by a linear
relationship. The linear regression line for CLAstam R of 0.80 and indicates a deviation from a 1:1
slope. However, one point is causing the skewinthefslope of the trend line from 1:1. This point
consists of the highest CLA concentrations (110@éthdg/l from Cedar Lake). If this point is removed
from the trend analysis, the Ralue increases to 0.93 and the slope approaczesinl. The 0.87R
value for the Secchi depth QC data indicates tiatihear relationship is robust. Considering M&TC
staff typically collect QC samples on a differeaydind time than the volunteer (although during the
same week), it should be expected that there willdriation between the METC staff- and volunteer-
collected data.

"3 N& "

S8 ("

Figure 5. Total Phosphorus Quality Control Data 200
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Figure 6. Chlorophyll-a Quality Control Data 2010
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Figure 7. Secchi Depth Quality Control Data 2010
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LAKE QUALITY REPORT CARD

The Metropolitan Council, following its 1989 lakersey (Osgood 1989b), developed the lake quality
report card. The idea is simply that lake waterigueharacteristics can be ranked by comparing
measured values to those of other Metro Area ldkesbis way, technical information, which in thagb
had required professional analysis, can more ebsilysed by a less technical audience to visutlee
water quality of their lake relative to other TCMkes. The lake grading curve (Table 3) represents
percentile ranges for three water quality indicsittine summertime (May - September) average values
for total phosphorus, chlorophyll-a, and Secchitdephese percentiles use ranked data from 12@ lake
that were monitored from 1980 — 1988:

Table 3. Lake Grading Curve

GRADE PERCENTILE TP (ug/l CLA (ua/l) Secchi (m)
A <10 <23 <10 >3.0

B 10-30 23-32 10-20 2.2-3.0
C 30-70 32-68 20-48 1.2-2.2
D 70-90 68-152 48-77 0.7-1.2
F > 90 > 152 >77 <0.7

The three variables used in the grading system CLIRA, Secchi depth) give an indication of the trimph
status of the lake (Carlson 1977, Osgood 1982) tiipdic status is the condition of the biological
productivity of the lake ecosystem. The trophidusas strongly related to open-water nuisancespe
of a lake (e.g. algal blooms, excess vegetatiowtr,gooor water clarity), which can indicate accaied
aging (cultural eutrophication). For example, lgk@sphorus concentration has been related to setea
algal abundance, increased frequency of algal bdpamd to the increased abundance of blue-greas alg
(Osgood 1988). Chlorophyll-a, which is a pigmenplants (including algae) essential in the
photosynthesis process, is used to estimate théatgndance of a lake. Secchi depth relates to the
appearance of a lake (generally the fewer algaehditer the transparency of a lake). TKN concéotra
was not included in the grading process because lal@snuisances in the area are related to the
phosphorus concentration of the lake (Osgood 1988).

These water quality grades, however, only charizetéhe open-water quality of lakes. Other nuisance
such as the abundance of aquatic macrophytespanedicated in these grades.

The percentile curve can be used to assign indivigades for TP, CLA and Secchi depth to the
monitored lakes. For example, a lake having a nseammertime Secchi depth of 1.7 m would receive a
“C” grade for Secchi depth. A grade of C is consideaverage for TCMA lakes. Lakes were also
assigned a single, overall grade, called a lakdegrizake grades were determined by averaging the
individual parameter grades. A lake grade generaiyesponds to descriptive rankings and recrealtion
use conditions of the lake. Lakes receiving an ¢pdde (upper 10 percentile) can be deemed as having
full recreational use capability. A lake receiviad® lake grade is considered to have very goodrwate
guality and some recreational use impairment. La&esiving a “C” lake grade are considered to have
average water quality but are recreationally imgzhiA “D” grade lake translates to a very poor ragk
with severely impaired recreational use. Lakesivaug an F lake grade have extremely poor water
guality with little to no possible recreational use

In 2000, the percentiles determined from the 19888lwater quality database of 120 lakes were
compared to calculated percentiles from a moresotiaind expanded 1980-1999 water quality database
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of 230 lakes. It was found that the percentilemftbe expanded database were very similar to those
determined from the 1980-1988 database. For thsore and in an attempt to maintain consisteney, th
original 1980-1988 percentiles continued to be dsethke quality grading purposes (Anhorn 2003b).

2010 LAKE GRADES

Each lake monitoring site was given a lake gradiedfe were sufficient data to calculate the gréde.
least 5 monitoring events are required to calciddtke grade, and these 5 events must occur dilming
May-September (summer) period. Some lakes werepattored sufficiently, so they did not receive a
lake grade. The distribution of lake grades foelakes monitored in 2010 is shown in Figure 8.

Figure 8. Distribution of 2010 Lake Grades

The greatest percentage of the lake sites (35%)vext a lake grade of C. The water quality of thetes
is considered average as compared to other lad®igithe TCMA. More lake sites were above average
(33% A and B lakes) than below average (32% D alakés).

Similar to past years, there is no distinct patsio where lakes with specific water quality were
located. The lakes with below average lake graD&sgnd F's) were not area specific. They were
located in six of the seven TCMA counties. Commiomilarities between the majority of lakes with D
and F grades are their size and mean depth. Talesg &re generally shallow with small surface areas
Shallow lakes typically do not stratify during themmer months, allowing the potential release of
phosphorus from sediments to mix through the watkrmn and become available for plant growth
during the summer season. Also, smaller lakes gépédrave higher watershed-to-lake ratios. Smaller
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lakes with high watershed-to-lake ratios have aendiifficult time handling larger pollutant loadsath
larger lakes in watersheds of similar size and-asel

Similarly, the lake sites with above-average grg@és and B’s) were not area specific. They were
located in six of the seven TCMA counties. Commbaracteristics of the above-average lakes were
deeper maximum and mean depths, development efadcline, and small contributing watersheds
relative to the lake’s surface area.

The MPCA has released its draft 2010 Minnesota iragaVaters Inventory. The draft 2010 inventory
indicates that 77 of the 185 lakes monitored in(2y the METC are listed as impaired. Sixty nirelR
are listed as impaired for not meeting recreatiosal, and 11 lakes are listed as impaired for reattimg
aquatic consumption use. Some lakes have multigpairments. The impairments for aquatic
recreational use were caused by excess phosphutienhanced eutrophication, as measured by the
presence of too much algae (chlorophyll-a) andeedwvater clarity (Secchi depth). The aquatic
consumption impairments were driven by contaminanfish tissue, such as mercury, polychlorinated
biphenyls (PCB), and/or perfluorooctane sulfon&€@S). To learn more about the impaired lakes
listings and potential next steps, refer to MPQA&&bpage:
http://www.pca.state.mn.us/water/tmdl/index.html

If there are questions pertaining to the lake dat@escriptions contained in this report, inquigdeut
CAMP, or suggestions of lakes that the METC shawoldsider monitoring in the future, please contact
Brian Johnson of the Metropolitan Council at (66Q2-8743 obrian.johnson@metc.state.mn.us

21



22



MONITORING RESULTS FOR CAMP LAKES 2010

The water quality of each CAMP lake is discussetthinfollowing section. Each lake report includes a
written section describing the lake’s water quatioyndition and a lake information sheet. Each
information sheet includes 2010 water quality dskewn in tables and figures, and the water quality
grades from 1980 through 2010.

If you notice any errors in the lake’s data or pbgkinformation, or are aware of any additional or
missing information, please contact Brian Johndahe Metropolitan Council at (651) 602-8743 or
brian.johnson@metc.state.mn.us
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