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1.

BACKGROUND

1.1
Project Purpose
The purpose of this project is to develop a comprehensive plan for how monitoring will be conducted in
the Comfort Lake – Forest Lake Watershed District (CLFLWD or District). To date, various lakes and
stream segments have been monitored for a variety of parameters using different techniques (see Review
of Past Monitoring Efforts). While the monitoring program has produced a wealth of data that has been
used to inform the decision making of the District, it was felt that a more targeted, scientifically based
approach should be developed to guide the collection of data. Based on this premise, this Comprehensive
Monitoring Plan describes the recommended District monitoring activities for the upcoming ten year
period.
1.2
District Resources
The District is 49 square miles in size and is located in southwestern Chisago County and northwestern
Washington County, Minnesota. The District encompasses portions of: the City of Wyoming, the City of
Chisago, Chisago Lake Township, Franconia Township, the City of Forest Lake and the City of Scandia
and is located in the North Central Hardwood Forest ecoregion of eastern Minnesota.
Hydrologically, the land within the District drains via two primary watercourses; the Forest Lake Branch
of the Sunrise River and a tributary of the Sunrise River that is referred to as the Bone-Birch-SchoolLittle Comfort Tributary. Both watercourses eventually make their way into Comfort Lake. The District
also has landlocked areas. The entire area ultimately drains to the Sunrise River which flows
northeasterly through Chisago County and, ultimately, into the St. Croix River.
For the purpose of this Monitoring Plan, District hydrology is organized into seven distinct
subwatersheds: First & Second Lake, North Bone Lake, South Bone Lake, Little Comfort Lake, Sylvan
Lake, Forest Lake and Comfort Lake. The subwatersheds are depicted in Figure 1 on the following page.
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Figure 1. Monitoring Plan Subwatersheds
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1.3
Lakes
There are 21 lakes in the District that will be addressed by the monitoring plan. Traditionally, the District
has made a distinction between passive recreation and active recreation lakes; the latter of which consists
of Forest Lake, Comfort and Little Comfort Lakes, Bone Lake, Shields Lake, Sylvan Lake, and Moody
Lake. The remaining lakes of the District are categorized as passive recreation lakes. Refer to Figure 1
for the location of lakes and streams of the District.
The following brief description of the District Lakes is excerpted from the District’s 2012-2021
Watershed Management Plan, October 2011. The information is organized by subwatershed generally
upstream to downstream.
First & Second Lake Subwatershed
The First & Second Lake Subwatershed makes up the eastern edge of the Watershed District and includes
only the namesake lakes of First Lake and Second Lake. The subwatershed (including the outfall of
Second Lake) drains into First Lake which is landlocked.

Second Lake
Second Lake has only been monitored in recent years (2008-2009) and has little background study or
evaluation. The 86 acre lake shows eutrophic water quality with a total phosphorus mean of 66 g/l, a
chlorophyll-a mean concentration of 16.8 g/l and a secchi depth of 2.6 feet.
First Lake
Limited, if any, data has been previously collected on First Lake.
North Bone Lake Subwatershed
The North Bone Lake Subwatershed sits at the northeastern corner of the Watershed District. The
subwatershed contains Third Lake, Fourth Lake, Lendt Lake and Moody Lake. The outflow from Moody
Lake and Third Lake drain into Bone Lake.

Third Lake
Third Lake has not been analyzed in much detail at this point, but does have some water quality data that
has been collected in recent years (2008-2009). The 42 acre lake shows eutrophic water quality with a
total phosphorus mean of 36 µg/l, a chlorophyll-a mean concentration of 1.3 µ g/l and a secchi depth of
6.6 feet.
Fourth Lake
Limited, if any, data has been previously collected on Fourth Lake.
Lendt Lake
Limited, if any, data has been previously collected on Lendt Lake.
Moody Lake
Moody Lake is 34 acres in surface area, with a 2,315-acre watershed, a 68:1 ratio of watershed to lake
surface area. It is considered a deep lake, but it exhibits some shallow lake characteristics because 61% of
it consists of littoral area.
Moody Lake has about 12 parcels along its lakeshore and while it has no public boat access, there is walkin access to the lake. It is currently used for recreation. Moody Lake is on the Minnesota Statutes 303(d)
impaired waters list for impairments to aquatic recreation as a result of nutrient/eutrophication biological
indicators. Moody Lake is hypereutrophic, with relatively higher TP compared to chlorophyll
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concentrations and transparency. It was first listed in 2008. A Total Maximum Daily Load study to
address the impairment has been developed and approved by the EPA. Additional information pertaining
to this lake can be found in the Past District Studies section.
South Bone Lake Subwatershed
The South Bone Lake Subwatershed is the eastern portion of the Watershed District and includes Sea
Lake and Bone Lake. The North Bone Lake subwatershed drains into this subwatershed, specifically the
outflow from Moody Lake flows into Bone Lake.

Sea Lake
Limited, if any, data has been previously collected on Sea Lake.
Bone Lake
Bone Lake has a surface area of 204 acres, the third largest lake in the District, and a watershed area of
5,586 acres. The watershed to lake area ratio is fairly low at about 27:1. It is considered a deep lake, but it
exhibits some shallow lake characteristics because 58% of it consists of littoral area. The main tributaries
to Bone Lake are drainage from Moody Lake entering at the northwest side of Bone Lake, drainage from
Third Lake entering at the northeast side of Bone Lake, and drainage from the east and southeast portions
of the watershed entering Bone Lake at the southeast side. Drainage also enters at the southern end of the
lake.
Bone Lake has a public boat landing and is used recreationally for swimming, fishing, and motorized and
non-motorized boating. Bone Lake is on the 303(d) impaired waters list for impairments to aquatic
recreation as a result of nutrient/eutrophication biological indicators. Bone Lake is eutrophic. It was first
listed in 2004; a Total Maximum Daily Load study to address the impairment has been developed and
approved by the EPA. Additional information pertaining to this lake can be found in the Past District
Studies section.
Little Comfort Lake Subwatershed
The Little Comfort Lake subwatershed is one of the larger subwatersheds of the District running across its
northern end. It begins at the outfall from Bone Lake and flows westward to Little Comfort Lake through
what is referred to as the Bone-Birch-School-Little Comfort Tributary (named for the lakes through which
it flows). In addition to these lakes the subwatershed contains Nielson Lake.

Nielson Lake
Limited, if any, data has been previously collected on Nielson Lake.
Birch Lake
Birch Lake has a surface area of 32 acres and is two miles downstream of Bone Lake. Nielsen Lake’s
landlocked watershed discharges groundwater flow towards Birch Lake. Birch Lake is considered a
shallow lake with 100% littoral area; it shallow enough to support emergent and submerged root aquatic
plants.
School Lake
School Lake is a deep lake with a surface area of 49 acres and a total watershed area of 8,272 acres. It
has a ratio of watershed to lake area of about 169:1. The lake is 66% littoral. The main tributaries to
School Lake are drainage from Birch Lake and the local northern portion of the watershed entering at the
east side of School Lake.
School Lake has about 10 lakeshore owners and no public boat access. School Lake is on the 303(d)
impaired waters list for impairments to aquatic recreation as a result of nutrient/eutrophication biological
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indicators. School Lake is eutrophic with fairly consistent TP concentrations. It was first listed in 2008;
a Total Maximum Daily Load study to address the impairment has been developed and approved by the
EPA. Additional information pertaining to this lake can be found in the Past District Studies section.
Little Comfort Lake
Little Comfort Lake is a deep lake with a surface area of 35 acres and a total watershed area of
10,009 acres resulting in a high ratio of watershed to lake area of about 286:1. The lake is 66% littoral.
There is evidence that suggests Little Comfort Lake had previously been a part of Comfort Lake and was
separated as a result of road constuction. The only tributary to Little Comfort Lake is drainage from
School Lake entering at the east end of the lake.
Little Comfort Lake has about 22 lakeshore parcels and no public boat launch. It is used for fishing,
swimming, boating, and other recreational activities. Little Comfort Lake is not currently listed as
impaired, but recent water quality monitoring indicates that Little Comfort Lake may be listed as impaired
for nutrients in the future. While the lake exceeded impairment thresholds in some years, it lacked
sufficient data to be listed by the Minnesota Pollution Control Agency (MPCA) in 2008 and 2010.
However, the lake will continue to be monitored with anticipated listing in 2012. The lake is eutrophic
based on TP. A Total Maximum Daily Load study to address the impairment has been developed and
approved by the EPA. Additional information pertaining to this lake can be found in the Past District
Studies section.
Sylvan Lake Subwatershed
This subwatershed is located in the southern part of the District.
subwatershed and only contains Sylvan Lake.

It is a fairly small, landlocked

Sylvan Lake
Sylvan Lake (formerly called Halfbreed Lake) is a deep lake having some characteristics of a shallow
lake with 68% littoral area. It has a surface area of 84 acres and is landlocked for the back-to-back 100year, 24-hour event. There are rich fen floating mats south of the lake that have been identified for
preservation in past studies (CLFLWD, 2007). Sylvan Lake is known for its excellent water quality. In
2009, it was one of the top 10 of 192 lakes in the Twin Cities Metropolitan Area graded in the
Metropolitan Council's Citizen Assisted Lake Monitoring Program (CAMP) for water quality (CLFLWD,
2009). The lake likely maintains its high quality through relatively low volume and pollutant
concentrations from its drainage area and, possibly more importantly, a high rate of exchange with
groundwater. Additional information pertaining to this lake can be found in the Past District Studies
section.
Forest Lake Subwatershed
This is one of the larger subwatersheds within the District. It includes the three basins of Forest Lake as
well as Shields Lake, Clear Lake, Twin Lake, Elwell Lake and Cranberry Lake. The subwatershed drains
from the western bay of Forest Lake, flowing via the Sunrise River Forest Lake Branch to Comfort Lake.

Forest Lake
Forest Lake is a deep lake with a maximum depth of 37 feet and an 8,160 acre watershed. The drainage
area to Forest Lake encompasses 26% of the District. The surface area of Forest Lake is 2,220 acres
making it the largest lake in the District and the largest lake wholly within Washington County. Due to
its shape, Forest Lake can be identified as having three basins: west, center and east.
Forest Lake has three sites for public access, one of which is private, and high recreational use. Forest
Lake receives stormwater discharge through a large number of stormsewer outfalls along the lake
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perimeter. Forest Lake is on the 303(d) impaired waters list for impairments to consumption as a result of
mercury and PCBs in fish tissue. A statewide mercury TMDL was approved in 2007 with an
implementation plan completed in 2009. Additional information pertaining to this lake can be found in
the Past District Studies section.
Shields Lake
Shields Lake is a shallow lake because 87% of the lake surface area is littoral. The lake has a surface area
of 27 acres and a total watershed area of 538 acres, for a ratio of watershed to lake area of about 20:1. Its
maximum depth is approximately 27 feet. The main tributary to Shields Lake is drainage from the
southern portion of its watershed entering the lake at the south side. Shields Lake drains to Forest Lake.
Shields Lake has been the focus of a number of past lake improvement efforts including aeration, fish
stocking, fish barrier installation, chemical rehabilitation, and alum treatment. The lake’s current
management includes an aeration system and a fish barrier on the outflow stream to Forest Lake. In 2007,
trumpeter swans were noted to be nesting on the lake. Shields Lake has a fishing pier but no public boat
launch. It is used primarily for fishing. Shields Lake is on the 303(d) impaired waters list for impairments
to aquatic recreation as a result of nutrient/ eutrophication biological indicators. Shields Lake is a
hypereutrophic lake based on TP concentrations. It was first listed in 2006; a Total Maximum Daily Load
study to address the impairment has been developed and approved by the EPA. Additional information
pertaining to this lake can be found in the Past District Studies section.
Clear Lake
Limited, if any, data has been previously collected on Clear Lake.
Elwell Lake
Little data is available on the 16 acre Elwell Lake, however recent monitoring data indicate that the lake
is hypereutrophic with a total phosphorus mean of 147 µg/l, a chlorophyll-a mean concentration of 28
µg/l & a secchi depth of 3.3 feet.
Cranberry Lake
Limited, if any, data has been previously collected on Cranberry Lake.
Comfort Lake Subwatershed
The Comfort Lake Subwatershed consists of the area downstream of the Forest Lake outlet along the
western edge of the Watershed District. The subwatershed includes Heims Lake and is drained through a
network of drainage ditches and small creeks which eventually connect to the Forest Lake Branch of the
Sunrise River. Comfort Lake lies at the downstream end of the subwatershed. Its outflow is to the the
Sunrise River.

Comfort Lake
Comfort Lake has a surface area of 218 acres, making it the second largest lake in the District. The entire
non-landlocked area of the watershed drains through Comfort Lake for a total contributing watershed area
of 24,832 acres and a high ratio of watershed to lake area of about 111:1. It has 41% littoral area and is
considered a deep lake. The main tributaries to Comfort Lake are drainage from Little Comfort Lake
entering at the southeast end of the lake and drainage from the Sunrise River (discharging from Forest
Lake) entering at the west side of the lake through Shallow Pond, a large ditched wetland.
Comfort Lake has a public boat landing and is used recreationally for swimming, fishing, and motorized
and non-motorized boating. It is highly visible from State Highway 8. Comfort Lake is on the 303(d)
impaired waters list for impairments to aquatic recreation as a result of nutrient/eutrophication biological
indicators. The lake has total phosphorus (TP) concentrations that fluctuate around the 40 µg/l standard
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and transparencies that often do not meet the standard. It was first listed in 2002; a Total Maximum Daily
Load study to address the impairment has been developed and approved by the EPA. Additional
information pertaining to this lake can be found in the Past District Studies section.
Heims Lake
Limited, if any, data has been previously collected on Heims Lake.
Ashton Lake
Ashton Lake is located in the Northwest corner of the District in an area that is within the legal boundary
of the District yet is not hydrologically connected. The outlet from the lake is routed to the Sunrise River
downstream of the District (outside the legal boundary). Limited, if any, data has been previously
collected on Ashton Lake.
1.4
Streams
The two primary streams of the District are referred to as the Bone-Birch-School-Little Comfort Tributary
which generally drains the north and far eastern portions of the District and the Forest Lake Branch of the
Sunrise River which is begins as the outfall of Forest Lake and drains the western portion of the District
(see Figure 1).
Sunrise River Forest Lake Branch
This three and one half mile portion of the Sunrise River was formerly ditched and regulated as
Chisago/Washington Judicial Ditch 1, but the Judicial Ditch was officially abandoned in 1997. The
Forest Lake Branch of the Sunrise River is characterized by a flattened, lazy flow path as it traverses the
Anoka Sand Plain. In fact, much of the stream is now straightened. Portions of both watercourses are
designated as Public Waters of the State.
Bone, Birch, School, Little Comfort (BBSLC) Tributary
This stream connects Bone, Birch, School, and Little Comfort Lakes. The stream is about four and one
half miles long. This stream has not been studied in as much detail as the Sunrise River, but some study
has been completed.

The upstream reach from Bone Lake to Birch Lake is impaired for aquatic recreation due to Escherichia
coli (E. coli). The middle reach from Birch Lake to School Lake is listed for aquatic life due to low
dissolved oxygen levels. The downstream reach from School Lake to Little Comfort Lake is impaired for
both aquatic life and aquatic recreation due to Escherichia coli (E. coli).
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2.

REVIEW OF PAST MONITORING EFFORTS

As a starting point to develop a comprehensive monitoring plan for the District, it was necessary to
review all the past water quality monitoring data that has been collected on the District resources. The
Washington Conservation District and resident volunteers have been collecting data for many years. The
following summarizes the data that has been collected over the past ten years. Refer to Figure 2 for
locations of past monitoring stations.
Table 1Error! Reference source not found. is an inventory of the various studies that have been
conducted on the resources of the District since 2000. These reports have been reviewed in preparation of
this monitoring plan and any recommendations included in the reports have been addressed in the plan.
2.1
Past in-lake water quality monitoring
Monitoring of water resources within District has been conducted by various entities under a number of
programs. Monitoring entities include: District staff, consultants and residents, the Washington
Conservation District, Metropolitan Council, and the Chisago Soil and Water Conservation District.
The Washington Conservation District has been involved in monitoring many of the lakes through the
Metropolitan Council's Citizen Assisted Lake Monitoring Program (CAMP). CAMP program
participants monitor water clarity, dissolved oxygen, temperature, and nutrients on a monthly or bimonthly basis.
The Chisago Volunteer Lake Monitoring Program (VLMP) was an effort by Chisago County SWCD
funded by a Surface Water Assessment Grant (SWAG) through the Minnesota Pollution Control Agency
(MPCA). The program monitored Second and Third Lakes for two years (2008-2009).
In 2006, a comprehensive monitoring effort was undertaken on Moody, Bone, Birch, School, Little
Comfort, Sylvan, Shields, Forest and Comfort Lakes. This monitoring was conducted as part of the
project: Watershed and Lake Water Quality Modeling Investigation for the Development of a Watershed
Capital Improvement Plan (CLFLWD, 2007a).
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Table 1. Recent studies on District resources
Study Title

Researcher

Date
Completed

Resource Studied

1

CLFLWD Watershed Management Plan

CLFLWD

2001

Comfort Lake
(recreational)

2

Hydraulic Capacity and Model
Calibration Report

CLFLWD

2005

Watershed lakes &
Sunrise River
(subwatersheds
CL36/37/38)

3

Watershed and Lake Water Quality
Modeling Investigation for the
Development of a Watershed Capital
Improvement Plan

CLFLWD / Wenck
Associates, Inc

2007

Watershed

4

CLFLWD Watershed Management Plan
Revision

CLFLWD / Houston
Engineering

2008

Watershed

5

2009 Water Monitoring Report

Washington
Conservation District

2009

Watershed

6

Comfort Lake - Forest Lake Watershed
District Six Lakes Total Maximum Daily
Load Study

CLFLWD/EOR/PCA

2010

Moody, Bone, School,
Shields, Comfort, Little
Comfort Lakes

7

Comfort Lake - Forest Lake Watershed
District Six Lakes Total Maximum Daily
Load Study: Implementation Plan

CLFLWD

2010

Moody, Bone, School,
Shields, Comfort, Little
Comfort Lakes

8

Little Comfort Lake Watershed Load
Assessment Study

Wenck / CLFLWD

2010

Little Comfort Lake

9

FL44 Wetland Assessment and
Feasibility Study

Emmons & Olivier
Resources

2010

Forest Lake (phosphorus
load from FL44)

10

Moody Lake Internal Load Treatment
Options

Emmons & Olivier
Resources

2011

Moody Lake

11

Engineer's Report: Sunrise River Water
Quality & Flowage Report

Emmons & Olivier
Resources

2012

Sunrise River (Judicial
Ditch 1) (nutrients and
sediment loading into
Comfort Lake)

12

Clean Water Partnership study (Phase 1
Resource Investigation)

Blue Water Science et
al

2000-2002

Comfort Lake
(phosphorus load)

13

2012-2021 Watershed Management
Plan volume II

Emmons & Olivier
Resources

2011

Watershed

14

School Lake Aquatic Macrophyte Survey

2008

School Lake

15

Bone Lake Management Plan

North American
Wetland Engineering

2005

Bone Lake

16

Sunrise River Watershed Study

MPCA, USACE,
Chisago County

2011

Sunrise River (within
CLFLWD)

17

Clean Water Partnership Study (Phase 1
Resource Investigation)

Blue Water Science

2002

Comfort Lake, Little
Comfort Lake

18

Birch Lake Aquatic Macrophyte Survey

2008

Birch Lake
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Figure 2. Historic Stream/Flow Monitoring Stations
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Table 2 summarizes the lake monitoring that has been done in the District and provides details on the type
of monitoring that has been done.
Table 2. Past lake monitoring summary & 2006-2012 details
DNR ID

Years WQ
Monitored

2012

2011

2010

2009

13-0023

2005-2007
2009-2012

1,3

1,2

1

1,2

Bone

82-0054

1984,1989,
1993,1995,
1997-1999
2001-2012

1,3

1

1

1

Little Comfort

13-0054

2006-2012

1

1

1

Comfort

13-0053

1997,
2000-2012

1

1

1

82-0159

1980,1984,
1990,1993,
1996,2002,
2006
2011-2012

1

1

3

1,2,4

82-0159

1984,1990,
1993,1996,
2002, 2006
2011-2012

1

1

3

1,2,4

82-015901

1984,1990,
1993,
1996-2012

1

1

1

1

1

1

1,2,4

Sylvan

82-0080

1993,1996,
1998-2005,
2006-2012

1

1

1

1

1

1

1,2

Birch

13-0042

2005-2007

2

1

1

Heims

13-0056

2009

1

School

12-0057

2005-2007
2009

1

2

1

1

Sea

82-0053

2008-2009

1

1

Shields

82-0162

1993-2007
2012

1,3

1,2,4

Lake
Moody

Forest Lake
(East Basin)

Forest Lake
(Middle Basin)

Forest Lake
(West Basin)

2008

2007

2006

1

1,2

1

1

1,2,3,4

1

1

1

1,2

1

1

1

1,2

1

Second Lake

2008-2009

1

1

Third Lake

2008-2009

1

1

1 - Primary Data: surface TP, surface chlorophyll-a, Secchi transparency; Total Kjeldahl Nitrogen, temperature and
dissolved oxygen
2 - Macrophyte survey
3 - Fisheries survey
4 - Zooplankton survey
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2.2
Past stream monitoring
The Washington Conservation District began monitoring the District’s streams in 2003. Several stream
sites have been monitored over the years for a variety of reasons. Many of the stream sampling sites are
located at the outlet of one of the larger lakes within the District. Other stream sampling sites have been
chosen to get a better idea of the stream condition or watershed loading at a specific spot. Table 3 is a
detailed summary of the stream monitoring that has been done in the District since 2003. The site number
in the table can be cross referenced to the site location shown in Figure 2.
2.3
Past stream data QA/QC
Stream monitoring efforts began in 2003 (refer to Table 3 for data inventory). The purpose of this section
is to summarize the conditions and/or methods under which data have been collected (e.g. monitoring
configuration, physical disturbances) throughout the period of record of each site. Table 4 summarizes
the quality of the data from each site for ongoing use in stream studies. Ultimately, monitoring should not
continue where data quality is poor. Sites having poor data quality should first be evaluated by monitoring
staff to determine if data quality can be improved. If not, the possibility of monitoring at an alternate site
should be explored. Site specific discussions follow Table 4. In addition, a few general comments have
been prepared.
Continuous Discharge Monitoring
When continuous discharge is monitored, it is based on a level measurement and a stage storage
relationship that has been developed over several years of measurements. The stage storage relationship
is updated with new measurements monthly. While this is the primary method used to measure
discharge, the monitoring equipment does collect area and velocity measurements as well. The WCD
staff uses the area velocity measurements as a cross reference to the stage storage measurement. This
cross referencing allows the WCD staff to reduce the potential for error due to channel constrictions and
the variability of the channel.
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Table 3. Past stream monitoring: 2003-2012 summary
Site Description

2012

2011

2010

Bone Lake North Inlet

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

Forest Lake Outlet

2009

1, 7, 8

1, 7, 8

1, 7, 8

1, 7, 8

Bixby Park

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

County Line Ditch

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

Greenway Ave

1, 2, 7, 8

1, 2, 7, 8

Little Comfort Inlet

1, 2, 7, 8

1, 2, 7, 8

Comfort Lake Inlet

1, 2, 7, 8

Comfort Lake Outlet

1, 2, 7, 8

2008

2007

2005

1, 2, 7, 8

1, 2*, 7, 8

1, 2, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

2003
1, 2*, 7, 8

1, 7, 8

1, 2, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 7, 8

1, 2, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2*, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2, 7, 8

1, 2*, 7

1, 2, 7, 8

Bone Lake South Inlet
Shield Outlet/
Forest Inlet
FL44 Outlet

1, 2, 7

FL44 Inlet

4

2

FL47 Drainage

4

FL71 Drainage

4

Shields West Inlet

4

Bone East Inlet
Moody Lake Inlet

2004

1, 7, 8

Bone Lake Outlet
Heims Lake Outlet

2006

2, 4
1, 2, 7, 8

Moody Lake Outlet
July Ave

4

2, 4
2, 7
1, 2, 7, 8

1, 2, 7, 8

Manning Ave
1, 2, 7, 8
1, 2, 7, 8
1 - Continuous discharge;
2 - Total suspended solids, volatile suspended solids, Total Kjeldahl Nitrogen, total phosphorus, total dissolved phosphorus, nitrite, nitrate, ammonia, E. coli, total chlorides; 2*
- Composite sampling was conducted for all or a portion of the water quality sampling;
3 - Continuous temperature, dissolved oxygen, conductivity;
4 - Discrete flow measurements;
5 - Visual stream assessment; 6 - Benthic macroinvertebrates; 7 - Stage; 8 - Velocity;
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Water Quality Monitoring
Most of the monitoring sites used composite sampling during the earliest years of data collection (e.g.
around 2004 through 2006), but all are now fully converted to grab sampling exclusively. Grab sampling,
in this case, refers to a single-sample taken by an in-stream sampler (as opposed to a sample taken by
field personnel with a long-handled dipper). It is recommended that in-stream samplers take only
composite (not grab) samples for future stream and water quality studies. Composite samples have the
advantage of capturing water quality concentrations throughout the storm hydrograph on a volumeweighted basis. In this manner, the first flush, peak, and tail of the hydrograph are sampled individually
and composited for a more representative water quality characterization of the storm event.
Table 4. Quality of past stream monitoring data
Site ID

1

Site

Data Coverage

Quality of Data

1

Bone Lake North Inlet

Poor

Poor

2

Forest Lake Outlet

Good

Good

3

Bixby Park

Good

Good

4

County Line Ditch

Fair

Poor

5

Greenway Avenue

Fair

Good

6

Little Comfort Inlet

Good

Good

7

Comfort Lake Inlet

Good

Moderate

8

Comfort Lake Outlet

Good

Good

2

1

Data coverage refers to adequacy of the amount and type of data for long-term trend analysis and condition
evaluation per the recommendations of this plan. Refer to Stream monitoring recommendations section
2
Quality of data refers to the reliability of the site to collect good data based on the site set-up, conditions of the
stream, etc.

Bone Lake North Inlet
Composite sampling took place through 2005 and grab sampling was used afterwards. Very low water
levels characterize base flow conditions in Bone Lake North Inlet. Therefore, grab samples during base
flow typically contain bottom sediment stirred up during sampling. Storm event samples may or may not
contain bottom sediment. Bottom sediment in samples can result in uncharacteristically high water
chemistry results (e.g. phosphorus, TSS), which are not representative of the water column.
Measurements that use probes (e.g. dissolved oxygen) require a minimum depth of water for proper
measurement, which is not always achieved in Bone Lake North Inlet.
In 2010 there were periods of the monitoring season (1/1/10 to 4/5/10 and 11/1/10 to 1/1/11) where the
area/velocity sensor (probe) was out of the water precluding flow measurement.
Forest Lake Outlet
Composite sampling took place through 2005; grab sampling took place in 2005 and, exclusively, in
2006. Since 2006, water quality samples are not taken from the Forest Lake outlet. Instead, Forest Lake
(in-lake) water quality concentrations are used as a surrogate for water quality at the lake outlet (stream)
site. The latter procedure is preferred, as described in the recommendations section. The variation in
method makes past comparisons and trend analysis difficult at this site.
In 2009, there were periods of zero flow in May, June and July. In 2008, a power failure occurred from
6/22/2008 through 7/2/2008 and no flow data was recorded. An additional eight days of power failure
occurred in 2006. The Forest Lake Outlet Site includes drainage from downstream of Forest Lake, which
happens to have relatively poor water quality. WCD notes that in 2004 and 2005 some monitoring periods
EOR: water | ecology | community
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experience flow contributions only from runoff from Lake Boulevard, which drains into the stream via a
storm drain and does not include Forest Lake and its drainage area. Since the purpose of this station is to
quantify the volume and pollutant load from Forest Lake it makes sense to use the in-lake Forest Lake
water quality data as a surrogate for in-stream data. The disturbances that have occurred at this site
further reduce the quality of the data for trend analysis. A data reduction effort is needed to manipulate
the past data.
Bixby Park
The data collected at the Bixby Park site can be considered reliable since few disturbances were noted.
County Line Ditch
Composite sampling took place through 2006, else grab sampling has occurred. The variation in method
makes past comparisons and trend analysis difficult at this site.
In the past flow monitoring at this station has experienced uncontrollable variables. The area/velocity
sensor has been buried in sediment and/or the thalweg has moved away from the sensor location due to
in-channel sediment dynamics (inter- and intra-year). This has resulted in un-reliable data.
Greenway Avenue
Composite sampling took place through 2008, else grab sampling has occurred. The variation in method
makes past comparisons and trend analysis difficult at this site. The data collected at the Greenway site
can be considered reliable since few disturbances were noted.
Little Comfort Lake Inlet
Composite sampling took place through 2006, else grab sampling has occurred. The data collected at the
Little Comfort Lake inlet site can be considered reliable.
Comfort Lake Inlet
Composite sampling took place through 2006, else grab sampling has occurred. The variation in method
makes past comparisons and trend analysis difficult at this site.
The Comfort Lake inlet culvert was replaced in early spring of 2011. Previous to replacement, bypass
flow was evident around the old culvert and, therefore, the flow measurement was unreliable. The new
configuration has resulted in more reliable measurement.
Comfort Lake Outlet
Composite sampling took place through 2005, else grab sampling has occurred. Grab sampling in 2008
was conducted by the Army Corps of Engineers on a fixed schedule and not on a storm and base flow
targeted sampling regime.
2.4
Past precipitation monitoring
Precipitation monitoring is done in conjunction with the stream monitoring station. The WCD currently
uses 5 tipping bucket rain gages in the District. The gages are installed at monitoring sites and are run
from the monitoring equipment; they are not stand alone gages. The WCD uses the precipitation data to
cross reference the flow measurements that they take.
Table 5 summarizes the location of precipitation monitoring in the District.
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Table 5. Precipitation monitoring summary
Site ID

Site Description

Years Monitored

1

Bone Lake North inlet

2003, 2005-2006
2010-2012

4

County Line Ditch

2007-2012

6

Little Comfort Inlet

2004-2012

7

Comfort Lake Inlet

2004-2012

8

Comfort Lake Outlet

2003-2012

21

Bone Lake Outlet

2003-2006

23

Shields Outlet/Forest Inlet

2005-2006

32

July Ave

2008-2009
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3.

RECOMMENDED MONITORING PROGRAM

The various monitoring efforts recommended in this plan have been categorized as one of the following
types of monitoring; Legacy, Specific Investigation, Effectiveness and Special Study. The categorization
is based on the purpose or goal of the monitoring effort as described in the following sections.
3.1
Legacy sites
This type of monitoring is used to identify overall watershed health and trends by examining the
condition of individual water bodies. Condition monitoring includes chemical, physical, or biological
measures. The goal of condition monitoring is to understand the status of the resource, identify changes
over time, and identify and define problems at the watershed or subwatershed level.
The following sites are recommended as legacy sites after review of District goals for watershed
management. These sites were identified based on previous monitoring, ability to characterize major
watersheds of the District and the priorities of the District. The legacy sites as well as the other sites are
depicted in Figure 3.
Table 6. Legacy monitoring sites
Stream Monitoring

Lake Monitoring

Bone Lake Inlet

Moody Lake

Bone Lake Outlet

Bone Lake

Little Comfort Lake Inlet

Little Comfort Lake

Forest Lake Outlet

Comfort Lake

Comfort Lake Inlet

Forest Lake (all 3 basins)

Comfort Lake Outlet

Sylvan Lake
Shields Lake

Lake monitoring consists of the collection of primary data including surface TP, surface chlorophyll-a,
secchi transparency, temperature and DO profiles; hypolimnion TP; biological data including
macrophyte and fisheries surveys; and sediment sampling. Stream monitoring consists of the collection
of flow, TSS, VSS, TP, TKN, Nitrate and total ammonium. Refer to the Lake Monitoring and Stream
Monitoring Recommendations sections for the details on what specifically will be monitored at these
sites.
3.2
Specific investigations
This monitoring involves investigating specific problems or to allow for the development of a
management approach to protect or improve the resource. Investigation monitoring is used to determine
the specific causes of impairments to surface water and to quantify inputs/loads of contaminants to a
water body from various sources. It is also used to determine the actions needed to return a resource to a
condition that meets standards or goals. The findings from specific investigations can be used to
refine/improve water quality modeling tools. Generally the parameters to be monitored for specific
investigations are similar to that of the legacy sites although the timing of data collection may vary. Refer
to Table 9 for a description of how monitoring parameters vary from legacy sites to specific
investigations.
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Figure 3. Recommended Monitoring Station Locations
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Specific investigation sites have been identified through reviewing the past studies of the District,
including the Watershed Management Plan (WMP). Refer to Section 5 for a listing of past studies that
were reviewed in developing the specific investigation sites. The sites were prioritized through
discussions with the District staff and Managers. Table 7 summarizes the proposed specific investigation
monitoring sites by the initiative identified in the WMP. The code is a cross reference to the item number
in the WMP (as well as the implementation plan portion of this report).
Table 7. Specific investigation monitoring sites
WMP Initiative

Monitoring Location

5229H Clear Lake Water Quality Study

See Special Studies Monitoring:
Stream Health Monitoring
See Special Studies Monitoring:
Stream Health Monitoring
Heims Lake Ditch: Collect 2 more
years of data for a total of 3 years
Clear Lake

5229I Twin Lake Water Quality Study

Twin Lake

5229J Cranberry Lake Water Quality Study

Cranberry Lake

5229K Elwell Lake Water Quality Study

Elwell Lake

5229A Heims Lake Water Quality Study

Heims Lake

NA

Ashton Lake

NA

School Lake

NA

Birch Lake

5229G Nielson Lake Water Quality Study

Nielson Lake

5229F Sea Lake Water Quality Study

Sea Lake

5229D Third Lake Water Quality Study

Third Lake

5229E Fourth Lake Water Quality Study

Fourth Lake

5229L Lendt Lake Water Quality Study

Lendt Lake

5229B First Lake Water Quality Study

First Lake

5229C Second Lake Water Quality Study

Second Lake

3003D Birch Lake P Source Assessment
3003E Birch – School – Little Comfort Tributary Monitoring
5229 Sunrise River Water Quality & Flowage Report

Lake monitoring consists of the collection of primary data including surface TP, surface chlorophyll-a,
secchi transparency, temperature and DO profiles; hypolimnion TP; biological Data including
macrophyte and fisheries surveys; and sediment sampling. Refer to the Lake Monitoring section for the
details on what specifically will be monitored at these sites.

3.3
Effectiveness Monitoring
This type of monitoring is used to determine the effectiveness of a specific regulatory or management
action taken to improve water quality. Effectiveness monitoring allows for the evaluation and refinement
of a selected management or remedial action over time to ensure the approach is ultimately successful.
Examples of effectiveness monitoring are monitoring conducted following installation of a best
management practice (BMP) or site specific monitoring that is done to assess compliance with a permit or
rule. Effectiveness monitoring is primarily done at the management practice scale, to evaluate specific
management actions, but can also be done at larger scales in a less-refined way. That is, condition
monitoring can be applied as a tool to track effectiveness of subwatershed restoration and protection
efforts. Generally, the same parameters are monitored for effectiveness monitoring as are monitored for
legacy or specific investigations although in some cases fewer parameters maybe be needed.
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Two types of effectiveness monitoring are proposed in the plan. The first is used for major projects of the
District or projects that use an innovative, less tested approach. For these projects it is proposed to
monitor the site ahead of the project and then again afterwards for 3 years beginning one year after
construction of the project. The monitoring data will then show the change in condition as a result of the
project. The longer time period for this approach is needed to mitigate for annual variability. This is the
approach that is proposed for monitoring of the Sunrise River Regional water quality improvement
project. The second approach is to monitor the inlet and outlet of a project to determine the net effect of
the project. A shorter timeline is needed for this approach since the inlet and outlet conditions are
compared rather than the sum of all storm events. This is the approach recommended for most projects.
Effective monitoring sites were identified primarily through review of the WMP and the recent studies
and plans of the District. The sites were selected based on the projects that are currently under
consideration by the District for construction in the coming 10 years. Table 8 summarizes the proposed
effectiveness monitoring sites and gives some detail on the monitoring to be done.
Table 8. Effectiveness monitoring sites
WMP Project

Monitoring Details

5229 Sunrise Regional Stormwater Project
Bixby Park
Wyoming Wetland
Shallow Pond

1 more year at Greenway for 3 total years of data for
Source/sink evaluation & "Pre-project" conditions.
3 Years of monitoring after project at 2 of: Greenway,
County Line Ditch, Bixby Park (TBD)

5422 NBL17 Wetland Restoration

See Bone Lake - In-lake Monitoring

4741 Broadway Avenue Biofiltration Pond

Sediment Basin and Filtration Basin Inlets, Filtration Basin
Outlet

5221C Moody Lake In-lake Treatment

See Moody Lake - In-lake Monitoring

5222C Bone Lake SBL07 Infiltration Basin

1 season of inlet/outlet monitoring 2 years after project

3003J & 5422F Bone Lake - SBL38 Wetland
Restoration

1 season of inlet/outlet monitoring 2 years after project

5222G Bone Lake Alum Treatment

See Bone Lake - In-lake Monitoring

5225E Little Comfort Lake Alum Treatment

See Little Comfort Lake - In-lake Monitoring

5228LForest Lake In-lake Treatment

See Forest Lake - In-lake Monitoring

5228 FL44 Subwatershed Investigation

Re-monitor to validate past findings

5228 Hilo Iverson

1 season of inlet/outlet monitoring 2 years after projects

5228 Heath Ave Forest Hill CC

1 season of inlet/outlet monitoring 2 years after projects

5228I Imperial

1 season of inlet/outlet monitoring 2 years after projects

5228K North Shore Trail

1 season of inlet/outlet monitoring 2 years after projects

5341C School-Little Comfort Tributary Restoration
LCL04

See Special Studies Monitoring: Stream Health Monitoring

5423C Birch Lake LCL20 Wetland Restoration

See Special Studies Monitoring: Stream Health Monitoring
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The specific monitoring to be done at each of the effectiveness monitoring sites will be somewhat projectspecific but generally will consist of quantifying the volume and pollutant load either before and after a
project has been constructed or at the inlet and outlet of a practice (as a way to determine removal
occurring within the practice). Refer to the Stream Monitoring Recommendations for details on what this
monitoring would likely entail.
3.4
Special Studies Monitoring
Some monitoring activities do not neatly fit into the monitoring types discussed above. This category
includes a number of different lake, wetland and stream studies that are more research-focused.
Examples of special studies monitoring include monitoring related to emerging issues (CECs, bacteria);
monitoring related to critical toxic pollutants; monitoring focused on specific sites/areas; and monitoring
focused on a specific problem or to answer a specific question. This type of monitoring is generally
characterized by a very narrow focus and a study of relatively short duration. Also included in this
category are monitoring activities that have not yet been fully vetted by the District.
The special studies monitoring proposed at this time consist of Stream Health monitoring on the two
streams. See the Stream Monitoring Recommendations section for details on what this monitoring will
entail.
Considerations in Adding Special Studies
Additional special studies and monitoring will likely be needed over the course of this plan as new
specific issues and concerns arise. While monitoring is an extremely useful tool for making water
resource decisions there are other tools available that can be more cost effective and timely. There are
several factors that should be considered before deviating from the Monitoring Plan. A primary
consideration before starting a new special area monitoring effort should be whether or not actual
measured data is indeed needed. Monitoring can be fairly costly and it can take time to capture enough
data to be representative given the natural variability inherent in hydrologic systems.

In many cases, the observation that led to the interest in monitoring may in itself be sufficient basis for
other forms of assessment. For example, a simple reconnaissance of the drainage area may shed light on
the issue and point to a probable solution which provides quicker action with less need for the limited
monitoring resources. In some cases, the District’s existing water quality model is a more effective tool
to quantify areas of pollution. Background monitoring over the past several years has been able to
quantify pollutant loads from the District’s suite of land use settings. Often, assessing pollutant sources
can be done with background monitoring results as well as land cover/land use data and the water quality
model, rather than needing to monitor. If there are areas that are anomalies or unusual “hot spots”, then
amending the Comprehensive Monitoring Plan to focus on an area may be warranted if other simpler
methods are not sufficient.
The Comprehensive Monitoring Plan can and should be a flexible document that allows monitoring
resources to be adjusted and shifted based on new information or priorities, but should be done in a
deliberate and careful way since monitoring continuity is an issue when considering that enough data
must be collected accurately document a true trend. Some questions to ask before amending the
monitoring plan include:
1. Is the area of concern in a priority watershed within the District’s overall Plan?
2. Does past monitoring provide a baseline and reasonable estimate of loads expected from the
contributing land uses (predictive values are available)?
3. Are there other tools that can provide an answer with less time and resources, such as a water
quality model or site reconnaissance?
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4. Could site reconnaissance serve as a method to both identify the problem and guide
implementation to provide successful outcomes faster/easier?
5. What is the likely timescale of monitoring needed that accounts for natural variability?
6. Is the District willing to take some risk that short-term or spot sampling may not provide
conclusive results?
Considering these factors will hopefully lead to a deliberate and wise decision when changing the
monitoring plan.
3.5
Prioritization & Site Selection
Monitoring activities are prioritized in this plan based on data needs for consistent tracking of watershed
health, for assessing water quality and health of unstudied water bodies, and for conducting evaluations of
project effectiveness. Legacy sites have an ongoing base level of monitoring with additional detailed
monitoring conducted on a regular schedule. Specific investigation and effectiveness monitoring is
generally scheduled to correspond with the estimated dates of initiation of lake or stream studies and the
completion of projects as scheduled in the District’s Watershed Management Plan.
Specific investigations and special studies monitoring are scheduled as grouped by lake management area
and progressing through the District from the “top” of the watershed toward the outlet. A few
modifications to the Watershed Management Plan schedule are incorporated for the specific
investigations. Monitoring has been moved up for the smaller lakes draining to Moody Lake in order to
better support the District’s current focus in that watershed. Similarly, the landlocked lakes of Second
and First have been moved later in the schedule since they do not impact downstream lakes. The
schedule remains consistent with the District’s general strategy for project planning and implementation
of moving from upstream to downstream through the watershed in order to begin improvements in areas
that will have the most impact throughout the watershed.

Effectiveness monitoring is scheduled based on the estimated date of project completion as outlined in the
District’s Watershed Management Plan and as scheduled through subsequent District planning. The
scheduling of effectiveness monitoring should be revised as needed each year based on actual project
completion dates.
3.6
Lake Water Quality Monitoring Recommendations
There are two distinct types of monitoring that will be done on the District lakes depending on whether
the lake is a Legacy monitoring site or not. In the case of the lakes that are not Legacy sites, in most
cases, the District intends to conduct a water quality study for the lake. A significant component of that
study will be to perform specific investigation monitoring on the lake. Table 9 describes the monitoring
to be done on each lake in support of the water quality study as well as the recommended frequency at
which the lake should be re-monitored into the future.
The monitoring program to be conducted on Legacy lakes is also laid out in Table 9. Primary data will be
collected annually, lake bottom TP and biological data will be collected every 5 years, and lake sediment
sampling will be done for 2 years every 10 years.
The specific annual programing for lake monitoring can be found in Table 12.
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Table 9. Recommended lake monitoring parameters

Parameter

Legacy
Site
Frequency

Specific
Investigation
Frequency

Standard in-lake water quality parameter; the limiting
nutrient in aquatic systems
Mar/Apr – Oct/Nov 2x/month/year

Primary Data

Surface TP

Surface
chlorophyll-a

2 years
before plan
development
Yearly
2 consecutive
years every 5
years

Secchi
transparency

Biological Data (Qualitative)

Every 5
Years

Macrophyte
survey
Every 5
Years

1 year before
plan
development

1 year before
plan
development
Every 5 years

Standard in-lake water quality parameter; direct
measurement of clarity of the water
Mar/Apr – Oct/Nov 2x/month/year

Bottom TP provides input on internal loading from
sediments, including parameters for independent internal
loading estimates. Shallow lakes often intermittently
stratify and therefore the water column is well mixed, with
bottom TP concentrations at approximately the same
concentrations as surface TP.
Mar/Apr – Oct/Nov 2x/month/year
Aquatic macrophyte (plant) surveys provide information on
the health of a shallow lake. More important in shallow
lakes. One survey should be completed in June to
estimate the coverage of mid-summer senescing plants
such as curly-leaf pondweed, and another should be
completed in mid-summer. Mid-summer senescing aquatic
plants are factors contributing to internal loading.
2 surveys within one year May/Jun, Aug/Sep
Fisheries data provide information on the lake’s
biological community; fish can influence water quality
through what they eat and through their foraging habits.
Rough fish are factors contributing to internal loading.

Fisheries
survey

Sediment

Standard in-lake water quality parameter; a pigment found
in most plants and algae, which is used as an indicator of
biological activity, primarily algal growth, in lake water
Mar/Apr – Oct/Nov 2x/month/year

Depth profiles provide input on lake stratification and
internal loading potential. For strongly stratified lakes, data
define the geometry of the Hypolimnion, which is used for
independent estimates of internal phosphorus loading.
Mar/Apr – Oct/Nov 2x/month/year

Temperature
and DO
profiles

Hypolimnion
(lake bottom)
TP

Comments

2 years
Every 10
Years
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2 years
before plan
development
2 consecutive
years every
10 years

Analyze samples for percent organic matter, iron
adsorbed phosphorus (BD-P, or bicarbonate dithionite
extractable phosphorus), labile phosphorus, total
phosphorus, and percent solids. Sediment sampling
results are used to estimate internal load of phosphorus
to the lake. Composite of 3 samples taken on the same
day from the deepest spot in the lake (top 5 to 10 cm of
sediment)
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3.7
Lake Level Measurement
In addition to performing water quality monitoring, lake level measurements are specifically needed on
the following District Lakes:
 Third Lake
 Birch Lake
 School Lake
 Heims Lake
 Sylvan Lake
 Forest Lake (all 3 basins)
The cost to perform lake level measurements is nominal; it consists of the Washington Conservation Staff
installing (and surveying) a lake level gage at the beginning of the ice-off season, having a volunteer read
the gage throughout the season, and removal of the gage at the end of the season. In addition to the
priority lakes identified above, it is recommended that lake level information be collected on any lake
where a lake level volunteer is available so that data is collected for as many of the lakes in the District as
possible.
3.8
Stream Monitoring Recommendations
There are two types of stream monitoring that will be conducted in the District. The first includes the
Legacy site monitoring as well as effectiveness monitoring that will be done in conjunction with a District
project. For this monitoring (although a given project may dictate additional monitoring parameters) the
parameters to be collected are shown in Table 10. The monitoring will be done throughout the year
beginning early enough in the year to capture snowmelt and early spring storm events. The goal for the
monitoring program will be to gather enough data throughout the year, storm events and baseflow, to be
able to accurately characterize the annual volumes and pollutant loads.
Table 10. Standard stream monitoring parameters
Monitoring Data

Comments

Flow

Continuous (usually 15-min interval) flow data are needed to be able to evaluate the impact
of flow on water quality and to calculate pollutant loading to a water body. Since TMDLs are
based on pollutant loading, detailed flow data are needed.

TSS and VSS

TSS can impact fish and invertebrate habitat. VSS data provides information on what
proportion of TSS is inorganic material and what proportion is organic.

TP

TP can influence fish and invertebrates through impacting their food supply.

TKN, nitrate, total
ammonium

Nitrogen can also impact the food supply. Un-ionized ammonia can have a direct lethal
effect on fish.

The second type of stream monitoring is the assessment of stream health which are proposed for the
Forest Lake Branch of the Sunrise River and the Bone-Birch-School-Little Comfort Tributary. The
traditional water quality monitoring is proposed to be conducted for two consecutive years initially and
then again for one year every 5 years. The investigations for in-stream assessment and groundwater
interaction determination will be done for one year and then the in-stream assessment will be conducted
once every 5 years. It is recommended that two sites along the Forest Lake Branch of the Sunrise River
and three sites along the BBSLC Tributary be monitored.
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Table 11. Stream health monitoring parameters
Monitoring Data

Comments

Flow

Continuous (usually 15-min interval) flow data are needed to be able to evaluate the
impact of flow on water quality and to calculate pollutant loading to a water body.
Since TMDLs are based on pollutant loading, detailed flow data are needed.

TSS and VSS

TSS can impact fish and invertebrate habitat. VSS data provides information on
what proportion of TSS is inorganic material and what proportion is organic.

TP

TP can influence fish and invertebrates through impacting their food supply.

TKN, nitrate, total
ammonium

Nitrogen can also impact the food supply. Unionized ammonia can have a direct
lethal effect on fish.

Turbidity

Turbidity may differ from TSS in that dissolved substances can impact turbidity (TSS
does not include dissolved substances).

TKN, nitrate, total
ammonium

Nitrogen can also impact the food supply. Unionized ammonia can have a direct
lethal effect on fish.

BOD and COD

Chloride

DO

Temperature

BOD and COD are measures of the oxygen demand in the water. If dissolved
oxygen is low, BOD and COD can provide information regarding what materials are
lowering the oxygen.
Organisms may not be adapted to wide ranges of chloride concentrations. High
chloride concentrations (usually from road salt) can negatively impact these
biological communities.
Low dissolved oxygen can affect the survival and behavior of biological communities.
Continuous data are needed since DO can change throughout the day and the
continuous monitoring captures the extremes.
Temperature can affect the biological communities. Continuous data are needed
since temperature can change throughout the day and the continuous monitoring
captures the extremes.

Investigation

Comments

In-stream assessment

An instream habitat assessment provides information that the water quality sampling
does not provide, such as stream type, habitat quality (plant communities, canopy
cover, woody debris), streambank stability, and streambed composition.

Groundwater interaction

A stream with substantial groundwater input can have altered dissolved oxygen,
temperature, and pH (among other variables) that are naturally occurring.

Non-Traditional Constituents
The rationale for why we do not recommend long-term monitoring of non-traditional constituents in the
CLFLWD (bacteria, pollutants of emerging concern, pesticides, and trace metals) is described below.

Bacteria (E. coli)
Bacteria have been assessed in the CLFLWD and several impairments have been found. The major source
of bacteria to surface waters is fecal contamination. However, unless a new source of fecal contamination
is identified in the watershed, we recommend focusing District efforts on known E. coli impairments.
Moreover, since fecal contamination is both a source of bacteria and phosphorus, activities in the
watershed to reduce phosphorus loads would be expected to reduce E. coli loads as well.
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Pollutants of Emerging Concern
Pollutants of emerging concern in Minnesota include various pharmaceuticals, personal care products,
detergent degradate, and other organic chemicals. These pollutants are typically found in high
concentrations in water bodies receiving waste water. The United States Geological Survey, the
Minnesota Department of Health, the Minnesota Pollution Control Agency, and several universities are
currently collaborating on multiple projects to monitor for pollutants of emerging concern in the large
river basins throughout the state. Additionally, there are no large point discharges of waste water in the
CLFLWD. As a result, we do not recommend that the District monitor for these pollutants.
Pesticides
Pesticides are monitored and assessed by the Minnesota Department of Agriculture annually at sites
distributed through most of the agricultural areas of the state. NPDES permits are required for all
biological and chemical pesticide applications that leave a residue in water when such applications are
made in, over, or near waters of the U.S. As a result, we do not recommend that the District monitor for
pesticides.
Trace Metals
Trace metals with toxicity-based standards in Minnesota include cadmium, chromium, copper, lead,
nickel, selenium, and zinc. Major sources of trace metals to surface waters are fossil fuel burning, various
manufacturing plants, and waste incinerators. Since no large manufacturing plants or large urbanized
areas are located in the CLFLWD, we do not recommend that the District monitor for trace metals.
3.9
Stream Monitoring Site Configuration Recommendations
This section provides details on recommended monitoring configurations and an explanation of why sites
are recommended as legacy sites or for effectiveness or special monitoring.
Stream monitoring data is primarily used for determining long-term (multi-year) average pollutant
loading from watershed runoff. Pollutant load is based on flow (volume) and concentration. The extent of
monitoring of these two constituents must be determined strategically. Continuous monitoring of flow is
relatively well established and typically feasible. Continuous monitoring of pollutant concentration is not
typically feasible due to cost and equipment limitations. Since pollutant wash-off from the watershed is
driven by stormflows and since baseflow carries a different concentration of pollutants, water quality
sampling must be conducted during baseflow and stormflow conditions.
Modeling tools such as FLUX are capable of developing a relationship between flow and water quality
concentration based on continuous flow data and periodic stormflow and baseflow water quality samples.
FLUX, and other tools and techniques like it, are able to fill-in-the-blanks for the water quality
concentrations and determine annual pollutant loads. The results of such an interpolation have uncertainty
associated with them. Similarly, monitoring data has uncertainty based on variations and/or errors in field
set-up, sampling regime, and inter- and intra-annual variation. The latter element (inter- and intra-annual
variation) make it particularly unsuitable to monitor aggressively for only one year (or similar) and expect
to obtain results that can be extrapolated and/or comparable to other time periods or watershed loading
models.
The key to obtaining reliable long-term (multi-year) average pollutant loading estimates is ensuring that
the data collected is sound and is collected over a period of several years. Continuous flow data must
truly represent the flow seen in the stream (e.g. in the case of rating curves, flow upstream and
downstream of the stream gage must be free of blockage). This is perhaps the most critical, and typically
the most overlooked or unachieved, aspect of these data. Water quality samples must collect a cross-
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section of streamflows (e.g. baseflow conditions and storm flows). The intersection of these good
datasets provide reliable estimates for pollutant loading for the intended use of the data. Ultimately,
loading estimates are only as good as the data used to generate them and long-term datasets are the only
means of accounting for seasonal and annual variation in the data.
Monitoring data are also used for stream characterization. The flow regime of the stream and the pollutant
concentrations seen at various times of year and/or times of day serve as indicators of the quality of the
stream habitat and the conditions of the watershed.
Comfort Lake Outlet: Legacy Site
The Comfort Lake Outlet station should remain in its current location on the Sunrise River approximately
½ mile downstream of the lake and immediately upstream of the Wyoming Trail crossing. The purpose
for monitoring at this location is to characterize the water quality coming from all of the area of the
District. The station needs to be well downstream of the lake to avoid tail water issues (due to the flat
grade of the stream in this area there are times when it does not have positive flow away from the lake).
The culvert through Wyoming Trail was reviewed and was determined to be too deep and is susceptible
to siltation to be a viable monitoring equipment location.

An area-velocity meter with an automated sampler should be used at this station. Due to the specifics of
the stream at this site the meter has difficulties getting accurate velocity measurements. Because of this
limitation, the station should only use the measured level of the stream along with a rating curve to
determine the volume of flow. The sampler will then be triggered on a change in level within the stream
of 0.4 feet. Previously the sampler was programmed to take one sample after a pre-determined volume
has passed. This volume setting must be modified throughout the monitoring season as the flow in the
stream changes but the intent is to set the volume so that the sample is taken near the peak of the storm
rather than at the beginning. This past method for sampling is technically considered a grab sample
despite the fact that the automated sampler is taking the sample. It is recommended that multiple samples
be taken after the trigger in an attempt to characterize the quality of water across the entire hydrograph.
Velocity data should continue to be collected by the meter to corroborate the level data. The station is
equipped with a tipping bucket rain gage that is also used as a cross check against the flow data (i.e. to
make sure that a change in level at the station indeed corresponded to a rain event rather than some
downstream obstruction on the stream). This station is equipped with a solar panel power source that is
used to re-charge the marine battery which runs the equipment.
The rating curve that is used to convert level measurements within the stream (and at the other sites) to a
volume of flow is developed through a stage-storage relationship and the use of a hand held velocity
meter. The rating curve is built on data collected across the range of levels within the stream; very low,
base flows, all mid-range levels and flood stages. The cross sectional area of the stream is calculated by
taking level measurements at one foot intervals across the stream. A velocity measurement is then taken
at the midpoint of each interval at a depth that represents approximately 60% of the total depth. The
velocity and cross sectional area of the stream at each stage is then entered into the meter and a rating
curve is developed (it is not a linear relationship). The meter is then able to calculate the volume
associated with each level. Since the dimensions of the stream are constantly in flux, stage-storage
measurements are taken at a minimum of once per month and the rating curve is updated accordingly.
The recommended configuration described above will provide relatively reliable, useful data and is
recommended to be continued with attention paid to continually updating the rating curve.
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Forest Lake Outlet: Legacy Site
The Forest Lake Outlet station should remain located in the stream immediately downstream of North
Shore Trail. The purpose for monitoring at this location is to characterize the quantity and quality of
water coming out of Forest Lake. As with the Comfort Lake Outlet, the station historically has used level
measurements and a rating curve because the velocities readings of the sampling meter are not reliable.
Water quality samples should not be taken at the Forest Lake Outlet but the in-lake monitoring readings
for the western basin of Forest Lake should be used instead. The in-lake concentrations along with the
volumes calculated at the Forest Lake Outlet Station should be used to calculate pollutant loads and to
assess the quality of water coming out of Forest Lake which is the purpose of the station. The rationale
for using the in-lake concentration rather than taking samples in the stream is that there is local drainage
downstream of the lake that would be captured by the sampler when there was no actual lake outflow.
This, presumably, dirtier water would bias the sample which would skew the load calculation for the area.

The recommended configuration, including use of in-lake concentrations along with flow calculations
from the stream downstream of the lake will provide a reasonable characterization of the water coming
from Forest Lake.
Comfort Lake Inlet: Legacy Site
The Comfort Lake Inlet monitoring station should remain in its current location in the upstream end of the
culvert through West Comfort Drive. The purpose for monitoring at this location is to characterize the
quality of water coming in from the Comfort Lake subwatershed (which also includes the outflow from
Forest Lake). The two stations can be compared to calculate the loading attributed to just the Comfort
Lake subwatershed. The station should use an area-velocity and the dimensions of the culvert to measure
flow rates and volumes. The sampler at this location should be set to trigger at an increase in level of 0.5
feet. A sample should then be taken immediately after this rise in elevation (rather than after a delay). It
is recommended that multiple samples be taken after the trigger in an attempt to characterize the quality
of water across the entire hydrograph. This station is equipped with a tipping bucket rain gage that is
used to corroborate the level readings of the sampler meter.

The recommended configuration, with the modifications described above, will provide reliable data for
characterizing the flow and water quality reaching Comfort Lake through this main inlet.
Little Comfort Lake Inlet: Legacy Site
The Little Comfort Lake Inlet monitoring station is located in the upstream end of the culvert through
Itasca Avenue. The purpose of monitoring at this location is to characterize the quality of water coming
from the Little Comfort Lake subwatershed (which also includes the outflow from the South Bone Lake
subwatershed which, in turn, receives the outflow from the North Bone Lake subwatershed. As with the
Comfort Lake inlet site, this station does use the area-velocity meter along with the dimensions of the
culvert to calculate flow rates and volumes. The sampler at this location is set to trigger at an increase in
level of 0.3 feet. Again, one discreet sample is taken immediately after the increase in level. Beginning
in 2013, the WCD will take multiple samples after the trigger in an attempt to characterize the quality of
water across the entire hydrograph.

This station is equipped with a tipping bucket rain gage that is used to corroborate the level readings of
the sampler meter.
The recommended configuration described above will provide relatively reliable, useful data for
characterizing the flow and water quality coming in to Little Comfort Lake at this main inlet.
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Bone Lake Outlet: Legacy Site
The Bone Lake Outlet monitoring station should be sited in the channel downstream of Lofton Avenue at
a point at which water is evenly spread and positively flowing (limited tailwater). The stream in this area
does not have a portion which will provide a good site to monitor so the key will be to find the least
troublesome spot. The purpose of the station is to characterize the water coming out of Bone Lake. The
configuration of the monitoring station at the Bone Lake outlet will not need to be modified due to the
installation of the fish barrier at this location. An area velocity meter should be used at this site but, as
with other locations, the flow needs to be calculated using the level and rating curve method.
The
sampler at this location should be set to trigger at a rise in level of 0.4 feet and multiple samples should be
taken after the trigger in an attempt to characterize the quality of water across the entire hydrograph. A
tipping bucket rain gage is recommended at this location beginning in 2013.

Due to the significant tailwater issues at this location, the data provided will be of limited value. In any
given year the useful data would be limited to a handful of storm events and some baseflow periods rather
than the complete season of events. Significant data review and selection of appropriate events will be
needed for the data collected at this site.
Bone Lake Inlet: Legacy Site
The Bone Lake Inlet monitoring station should continue to be located in the upstream end of the culvert
through 238th Street. The purpose of the station is to characterize the water coming out of Moody Lake
and the wetland between Moody and Bone Lake. The configuration of the monitoring station at the Bone
Lake inlet will not need to be modified due to the installation of the fish barrier at this location. An area
velocity meter should be used at this site but, as with other locations, the flow needs to be calculated
using the level and rating curve method. The sampler at this location should be set to trigger at a rise in
level of 0.4 feet and multiple samples should be taken after the trigger in an attempt to characterize the
quality of water across the entire hydrograph.

Due to the significant, unavoidable tailwater issues at this location the data provided will be of limited
value. In any given year the useful data would be limited to a handful of storm events and some baseflow
periods rather than the complete season of events. Significant data review and selection of appropriate
events will be needed for the data collected at this site.
Heims Lake Outlet: Specific Investigation
The Heims Lake Outlet monitoring station, which began in 2012, should continue to be located within the
ditch that drains Heims Lake approximately one mile downstream of the lake and just upstream of the
bike path adjacent to Highway 61. The purpose for monitoring at this location is to characterize the
drainage from Heims Lake as well as the land that drains to the ditch downstream of the lake. The
monitoring station has an area velocity meter utilizing the level and rating curve method to determine
flow. The sampler should be set to trigger after a rise in stream level of 0.3-0.5 (depending on baseflow
conditions) and to take one discreet sample. It is recommended that monitoring at this site continue in
this fashion for the remainder of the sampling period (next two years).

The Heims Lake outlet site was reviewed for use as a legacy site but was not chosen primarily because
the limited watershed that drains to the site. The site captures a small area within the Comfort Lake
subwatershed. The inlet monitoring site at Comfort Lake is better suited for characterizing the quality of
water coming from the watershed. The monitoring that is currently in place will provide valuable
information for characterizing the quality of water coming from this drainage area and will allow for
refinement of the District’s water quality model and provide baseline data for future effectiveness
evaluation of projects along the Forest Lake Branch of the Sunrise River.
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Greenway Avenue: Effectiveness Monitoring
This monitoring station should continue in its current location on the Sunrise River Forest Lake Branch in
the downstream end of the culvert through Greenway Avenue. The purpose of monitoring at this location
is to characterize the quality of water within the stream downstream of the proposed Sunrise River Water
Quality Improvement Project. The monitoring station has an area velocity meter utilizing the level and
rating curve method to determine flow. The sampler should be set to trigger after a rise in stream level of
0.3-0.5 (depending on the baseflow conditions) and to take one discreet sample. It is recommended that
this site will be monitored for one more year at this time (2013) so that a total of 3 years of pre-project
data is collected. The site should be monitored again after construction of the Sunrise River Water
Quality Improvement Project for a period of 3 years to evaluate the effectiveness of the project.
County Line Ditch: Effectiveness Monitoring
This monitoring station is on the Sunrise River Forest Lake Branch just north of the county line. The
sampler location is immediately downstream of the Ducharme driveway. The site was monitored from
2007-2012 to characterize the runoff downstream of Forest Lake after the confluence of the ditch from
Bixby Park. This site may be used for effectiveness monitoring in the future for the Sunrise River Water
Quality Improvement Project depending upon the final configuration of the project.

The County Line Ditch site was reviewed for use as a legacy site but was not chosen primarily because
the limited watershed that drains to the site. The site captures a small area within the Comfort Lake
subwatershed. The inlet monitoring site at Comfort Lake is better suited for characterizing the quality of
water coming from the watershed. The monitoring that is currently in place will provide valuable
information for characterizing the quality of water coming from the areas above this site and will allow
for refinement of the District’s water quality model.
Bixby Park: Effectiveness Monitoring
This monitoring station is on a tributary to the Sunrise River Forest Lake Branch within Bixby Park. The
sampler is located upstream of the culvert within the driveway of the former compost site. The site was
monitored from 2009-2012 to characterize the runoff entering the drained wetland within Bixby Park.
This site may be used for effectiveness monitoring in the future for the Sunrise River Water Quality
Improvement Project depending upon the final configuration of the project.

3.10 Rain Gage Monitoring Recommendations
The District has historically collected rainfall data at various sites within the District associated with a
water quality monitoring station. See Table 5 for details on the past rainfall data collection. Rainfall
collection in the future is recommended at the following locations.
 Bone Lake Outlet
 Comfort Lake Outlet
 Forest Lake Outlet
 East side Forest Lake East
These locations will provide a better distribution of the rain gage network which will be of benefit when
looking at watershed modeling and runoff calculations.
3.11 Volunteer Monitoring Recommendations
In an effort to augment the monitoring program and as a means to engage residents of the Watershed
District, it is recommended that a simple volunteer monitoring program be established. The regular
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volunteer monitoring would be limited to taking secchi depth measurements in lakes and taking
transparency measurements in streams. The program would require soliciting of volunteers, annual
training on sampling methods and data recording, and coordination of volunteer efforts. The goal would
be to have volunteers collecting data on all of the District resources.
Theoretically, volunteer monitoring could also be leveraged to supplement specific investigation
monitoring. These volunteers would collect water quality samples and deliver those samples to a lab for
supplemental sampling on weekends and after hours. However, the use of volunteers will not be needed
if the recommendations of this plan are implemented because automated samplers will be used at each site
and supplemental grab samples taken by volunteers will not be needed.
3.12 Annual Reporting Recommendations
The following recommendations were developed through a review of the existing annual water quality
monitoring report.
Streams
Annual reporting should include an electronic database of data used in the report (current and historic).
Data should be prepared such that data of interest can be queried and retrieved efficiently for future
analyses. Data of any single type should be in a single database (e.g. lake water quality data in one
database, continuous flow data in a second). This database could preclude the need for tabular
presentation of raw data.

Reporting should include sampling methods in general as well as explicitly for each site. General methods
might include a definition of composite versus grab sampling or stage-discharge versus area-velocity
measurements. Details for each monitoring site should include equipment set-up and sampling technique
(e.g. including points used on the rating curve) and any and all discussion related to data quality (e.g.
beaver dam affecting a flow station that is measured based on a rating curve). Beyond these details,
discussion regarding the reporting year’s flow and concentration trends is not necessary.
In addition, tabular summaries of TSS and TP loading and water chemistry data are helpful for quick
reference (data of a similar type could be compiled across all sites if more efficient). The chart of
watershed summer average lake TP concentrations and loading summaries is very useful (Figure 19 in the
2011 report). The table of historical annual stream loading, discharge, and rainfall is also helpful for easy
reference (Table 25 in the 2011 report). However, annual discharge and total phosphorus load graphs and
flow and daily rainfall graphs are not needed.
Annual reporting should include an up-to-date 10-year inventory of all data collected (number of samples
analyzed for each constituent for each year, flow data collected).
Lakes
Lake water quality monitoring report summaries are very helpful and succinct. They are a great reference
tool. Tabular data in these summaries are not as helpful and could be eliminated. Again, an electronic
database of the data would fill the need for viewing and analyzing this raw data.

3.13 Periodic Data Analysis Recommendations
It is recommended that a comprehensive monitoring data analysis be conducted every three years. The
purpose of the analysis will be to perform a more detailed look at the water quality data. The data will be
synthesized such that spatial trends, temporal trends, and data availability are easily visualized and
succinctly summarized.
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Data inventory
First, a data inventory will be completed using the software program Statistica. The data inventory will be
used to identify data gaps for future sampling recommendations and to determine which datasets are
sufficiently robust for the proposed analyses.
Spatial and temporal trends
Spatial Trends
As water travels downstream it picks up pollutant loads from tributaries, point sources, stormwater
inflows, and direct watershed runoff. Trends in water quality concentrations from upstream to
downstream can elucidate hotspots for pollutant loads. Graphs can be used to show where pollutant levels
increase and can include data from streams and flow-through lakes.

Temporal Trends
Annual mean water quality concentrations (growing season or other applicable time periods will be
considered) will be graphed to visualize year-to-year variability and trends – year on the x-axis,
concentration on the y-axis, and the ecoregion standard for comparison purposes.
Loading analyses
Pollutant loads are calculated based on pollutant concentration and the corresponding flow in the stream.
Pollutant loads will be summarized in tabular form for each reach for which sufficient data are available.
Pollutant loads will be summarized as a long-term (10-year) annual average. It will be particularly
valuable to identify and compare the pollutant loads (and loading rates) from upstream and downstream
reaches throughout the District.
Tabular data summary
A summary of water quality data and related statistics will be provided by reach and lake. These data will
be prepared for easy reference - a stakeholder’s alternative from the electronic database. A map
corresponding to each monitoring location will be included.
Report
A concise technical report will be prepared that provides the maps, graphs, and tables generated through
the data analysis process to explain the current state and trends of the flow and water quality. The report
will entail brief discussions of methodology and conclusions.
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4.

IMPLEMENTATION PLAN

The recommendations for monitoring in the District over the next 10 years has been compiled and
programmed out across each of the years. Table 12 is a subset of the overall implementation plan that is
designed to illustrate the specific parameters to be monitored on each lake. Refer to Table 9 for the
details which feed into this table.
Table 13 is the detailed implementation plan for the District’s monitoring program. The formatting has
been adapted from the District’s Watershed Management Plan for ease of use. The implementation plan
includes each of the monitoring activities previously discussed, programs the monitoring into a given time
frame and provides an estimate of the cost to conduct the monitoring. Cost information was determined
in consultation with the Washington Conservation District.
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Table 12. Lake monitoring implementation program details

Specific Investigations

Legacy Sites

Monitoring
Type

Name

Lake No.

Shallow?

Proposed
Study Year

Proposed Data Collection
2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

Forest Lake West

1

1

1

1,4

1,4

1,2,3

1

1

1

1

1,2,3

1

Forest Lake Center

1

1

1

1,4

1,4

1,2,3

1

1

1

1

1,2,3

1

Forest Lake East

1

1

1

1,4

1,4

1,2,3

1

1

1

1

1,2,3

1

Shields

1

1

1,5

1,4

1,2,3,4

1

1

1

1

1,2,3

1

1

Big Comfort

1

1

1,2,3

1,4

1,4

1

1

1,2,3

1

1

1

1

Little Comfort

1

1

1,2,3

1,4

1,4

1

1

1,2,3

1

1

1

1

Bone

1

1

1

1

1,4

1,2,3,4

1

1

1

1

1,2,3

1

Moody

1

1

1

1,2,3,4

1,4

1

1

1

1,2,3

1

1

1

Sylvan/Half Breed

1

1

1

1,4

1,2,3,4

1

1

1

1

1,2,3

1

1

1,2,4

1,3,4

1

1,3

Clear

2019

Twin

2020

Cranberry

2021

1,2,4

1,3,4

1

Elwell

2021

1,2,4

1,3,4

1

Heims

2016

1

1,3

1,2,4

Ashton

2023

School

NA

1,2,4

1,3,4

1

1,3

Birch

NA

1,2,4

1,3,4

1

1,3

Nielson

2019

1,2,4

1,3,4

1

1,3

Sea

2018

Third

2016

1,2,4

1,3,4

1

1,3

1

Fourth

2016

1,2,4

1,3,4

1

1,3

1

Lendt

2016

1,2,4

1,3,4

1

1,3

1

First

2022

1,2,4

1,3,4

Second

2022

1,2,4

1,3,4

1,2,4

1,2,4

1,3,4

1,3,4

1

1,2,4

1,2,4

1,3,4

1

1,3

1,3,4

1,3

1 - Primary Data: Surface TP, ChlA, Secchi, Temperature & Dissolved Oxygen Profile (Legacy Lakes: yearly, SI Lakes: 2 years every 5 years)
2 - Hypolimnetic TP (deep only) (Legacy Lakes: Every 5 years, SI Lakes: Every 10 years)
3 - Biological Data: Macrophytes, Fisheries (All lakes: Every 5 years)
4 - Sediment Sampling: Percent organic matter, iron adsorbed P (BD-P, or bicarbonate dithionite extractable P) labile P total P and percent solids (All Lakes: 2 Years every 10 years)
5 - Winter Nitrate Sampling (Shields Lake Only)
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Table 13. Ten year monitoring implementation plan
Comprehensive Monitoring Plan Implementation Table

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

20132022
Total

2024

Legacy Sites
Streams

Inflation rate

1.00

1.03

1.06

1.09

1.13

1.16

1.19

1.23

1.27

1.27

1.31

1.34

Forest Lake Outlet1

$3,698

$3,809

$3,924

$4,042

$4,164

$4,286

$4,415

$4,549

$4,685

$4,685

$4,826

$4,966

$42,257

Comfort Lake Inlet

$6,466

$6,660

$6,860

$7,067

$7,281

$7,494

$7,720

$7,953

$8,192

$8,192

$8,438

$8,684

$73,887

Comfort Lake Outlet

$6,466

$6,660

$6,860

$7,067

$7,281

$7,494

$7,720

$7,953

$8,192

$8,192

$8,438

$8,684

$73,887

Little Comfort Lake Inlet

$6,466

$6,660

$6,860

$7,067

$7,281

$7,494

$7,720

$7,953

$8,192

$8,192

$8,438

$8,684

$73,887

Bone Lake Outlet1

$3,698

$3,809

$3,924

$4,042

$4,164

$4,286

$4,415

$4,549

$4,685

$4,685

$4,826

$4,966

$42,257

Bone Lake Inlet

$6,466

$6,660

$6,860

$7,067

$7,281

$7,494

$7,720

$7,953

$8,192

$8,192

$8,438

$8,684

2

Lakes

$73,887
Forest Lake West

$2,175

$2,240

$2,308

$2,596

$2,674

$7,302

$2,597

$2,675

$2,756

$2,756

$8,222

$2,921

$30,078

Forest Lake Center

$2,175

$2,240

$2,306

$2,589

$2,684

$7,308

$2,588

$2,675

$2,762

$2,762

$8,253

$2,915

$30,089

Forest Lake East

$2,175

$2,240

$2,306

$2,589

$2,684

$7,308

$2,588

$2,675

$2,762

$2,762

$8,253

$2,915

$30,089

Shields

$2,175

$2,240

$2,783

$2,589

$7,345

$2,523

$2,588

$2,675

$2,762

$8,001

$2,849

$2,915

$35,681

Big Comfort

$2,175

$2,240

$6,678

$2,589

$2,684

$2,523

$2,588

$7,749

$2,762

$2,762

$2,849

$2,915

$34,751

Little Comfort

$2,175

$2,240

$6,678

$2,589

$2,684

$2,523

$2,588

$7,749

$2,762

$2,762

$2,849

$2,915

$34,751

Bone

$2,175

$2,240

$2,306

$2,371

$2,684

$7,540

$2,588

$2,675

$2,762

$2,762

$8,253

$2,915

$30,103

Moody

$2,175

$2,240

$2,306

$7,085

$2,684

$2,523

$2,588

$2,675

$8,001

$2,762

$2,849

$2,915

$35,039

Sylvan/Halfbreed

$2,175

$2,240

$2,306

$2,589

$7,345

$2,523

$2,588

$2,675

$2,762

$8,001

$2,849

$2,915

$35,204

$52,835

$54,420

$65,263

$63,937

$70,918

$80,621

$63,015

$75,135

$72,233

$77,472

$90,631

$70,905

$675,848

$6,466

$6,466

Clear Lake

-

-

-

-

$2,712

$7,511

-

Twin Lake

-

-

-

-

-

$2,784

Cranberry Lake

-

-

-

-

-

-

Elwell Lake

-

-

-

-

-

Heims Lake

-

$2,472

$6,864

-

-

NA

Ashton Lake

-

-

-

-

NA

School Lake

-

-

-

-

Birch Lake

-

-

-

-

5229G Nielson Lake Water Quality Study

Nielson Lake

-

-

-

5229F Sea Lake Water Quality Study3

Sea Lake

-

-

-

Third Lake

-

$2,472

$6,864

Fourth Lake

-

$2,472

Lendt Lake

-

First Lake

-

Legacy Sites Annual Subtotals
Specific Investigations
WMP Project

Monitoring Location

5229 Sunrise River Water Quality & Flowage
Report

Heims Lake Ditch: Collect 2 more years of data for a total of 3
years

5229H Clear Lake Water Quality Study
5229I Twin Lake Water Quality Study

3

3

5229J Cranberry Lake Water Quality Study3
5229K Elwell Lake Water Quality Study

3

5229A Heims Lake Water Quality Study

3

NA
3

5229D Third Lake Water Quality Study

3

5229E Fourth Lake Water Quality Study
5229L Lendt Lake Water Quality Study

3

5229B First Lake Water Quality Study3

3

$12,932
-

-

$2,762

$8,220

-

$12,985

$7,705

-

-

-

$2,849

$8,409

$10,489

$2,856

$7,964

-

-

-

$2,915

$10,820

-

$2,856

$7,964

-

-

-

$2,915

$10,820

-

$2,588

$7,718

-

-

-

$3,216

$19,642

-

-

-

-

$3,048

$8,223

-

-

$2,712

$7,511

-

-

-

$2,762

$8,220

-

$12,985

$2,712

$7,511

-

-

-

$2,762

$8,220

-

$12,985

-

$2,712

$7,511

-

-

-

$2,762

$8,220

-

$12,985

$2,616

$7,317

-

-

-

$2,762

$7,969

-

-

$20,664

-

-

-

$2,588

$7,718

-

-

-

$2,915

$19,642

$6,864

-

-

-

$2,588

$7,718

-

-

-

$2,915

$19,642

$2,472

$6,864

-

-

-

$2,588

$7,718

-

-

-

$2,915

$19,642

-

-

-

-

-

-

$2,952

$8,223

-

-

-

$11,175

Assumed Project Completion Year
Flow Only, WQ from In-lake monitoring
2
Refer to Lake Monitoring Program for details
3
The monitoring costs shown are a component of the overall Lake Water Quality Study (part of $20K estimated project budget)
4
Preliminary Cost Estimate
1
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Comprehensive Monitoring Plan Implementation Table
5229C Second Lake Water Quality Study3
3003D Birch Lake P Source Assessment
3003E Birch – School – Little Comfort
Tributary Monitoring

Second Lake

2013

2014
-

2015
-

2016
-

2017
-

2018
-

2019
-

2020
-

2021

$2,952

2022

$8,223

2023
-

20132022
Total

2024
-

-

See Special Studies Monitoring - Stream Health Monitoring:
Bone-Birch-School Tributary
See Special Studies Monitoring - Stream Health Monitoring:
Bone-Birch-School Tributary
Specific Investigations Annual Subtotals

$11,175
-

$6,466

$16,354

$27,454

$2,616

$18,165

$32,828

$23,770

14,561.43

14,988.19

15,440.81

$52,706

$22,257

$27,242

$35,730

$26,197

$218,586

Effectiveness Monitoring
WMP Project

Monitoring Location

5229 Sunrise Regional Stormwater Project
Bixby Park
Wyoming Wetland
Shallow Pond

1 more year at Greenway for 3 total years of data for Source/sink
evaluation & "Pre" conditions. 3 Years of monitoring after project
at 2 of: Greenway, County Line Ditch, Bixby Park

5422 NBL17 Wetland Restoration

See Legacy Site Monitoring - Bone Lake

4741 Broadway Avenue Biofiltration Pond

Sediment Basin and Filtration Basin Inlets, Filtration Basin Outlet

5221C Moody Lake In-lake Treatment

See Legacy Site Monitoring - Moody Lake

5222C Bone Lake SBL07 Infiltration Basin

1 season of inlet/outlet monitoring 2 years after project

3003J & 5422F Bone Lake - SBL38 Wetland
Restoration

1 season of inlet/outlet monitoring 2 years after project

5222G Bone Lake Alum Treatment

See Legacy Site Monitoring - Bone Lake

-

5225E Little Comfort Lake Alum Treatment

See Legacy Site Monitoring: Little Comfort Lake

-

5228LForest Lake In-lake Treatment

See Legacy Site Monitoring: Forest Lake

-

5228 FL44 Subwatershed Investigation

Re-monitor to validate past findings

5228 Hilo Iverson

1 season of inlet/outlet monitoring 2 years after projects

5228 Heath Ave Forest Hill CC

1 season of inlet/outlet monitoring 2 years after projects

5228I Imperial

1 season of inlet/outlet monitoring 2 years after projects

5228K North Shore Trail

1 season of inlet/outlet monitoring 2 years after projects

5341C School-Little Comfort Tributary
Restoration LCL04

See Special Studies Monitoring - Stream Health Monitoring:
Bone-Birch-School Tributary
See Special Studies Monitoring: Stream Health Monitoring Sunrise River

5423C Birch Lake LCL20 Wetland Restoration

Effectiveness Monitoring Annual Subtotals

$6,466

$51,456
-

$14,250

$14,250

$14,250

$42,750
$16,395

$16,395
$16,890

$16,890

$7,500

$7,500
$16,395
$16,890
$18,450

$18,450

$17,385
$20,716

$14,250

$21,750

$15,000

$15,000

$32,790

$48,341

$32,373

$15,441

$18,450

-

-

-

-

$153,441

$15,000

$45,000

Special Studies Monitoring
Stream Health Monitoring: Bone-Birch-School
Tributary4
Stream Health Monitoring: Sunrise River4

Multiple Locations along tributary. Refer to stream monitoring
program for details
Multiple Locations along tributary. Refer to stream monitoring
program for details
Special Studies Monitoring Annual Subtotals

$15,000
$15,000

$15,000

$15,000

$45,000

$-

$15,000

$15,000

$-

$15,000

$15,000

$15,000

$-

$-

$15,000

$-

$15,000

$90,000

$7,540

$7,766

$8,000

$8,241

$8,490

$8,739

$9,003

$9,274

$9,553

$9,553

$9,840

$10,126

$86,160

Other Monitoring Expenses
Annual Water Monitoring Report
Comprehensive Data Analysis

$16,000
Other Monitoring Expenses Annual Subtotals
Comprehensive Monitoring Plan Annual Subtotals

$18,016

$19,680

$20,880

$53,696

$7,540

$23,766

$8,000

$8,241

$26,506

$8,739

$9,003

$28,954

$9,553

$9,553

$30,720

$10,126

$139,856

$87,557

$123,790

$137,466

$107,585

$178,930

$169,561

$126,229

$175,244

$104,043

$129,266

$157,081

$122,228

$1,277,730

Assumed Project Completion Year
Flow Only, WQ from In-lake monitoring
2
Refer to Lake Monitoring Program for details
3
The monitoring costs shown are a component of the overall Lake Water Quality Study (part of $20K estimated project budget)
4
Preliminary Cost Estimate
1
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Appendix: Quality Assurance
The main quality assurance documentation for water quality monitoring in the District can be found in the
following Standard Operating Procedures (SOPs) developed by the Washington Conservation District.
The SOPs were developed in 2007 and cover the following monitoring activities;

Lake Water Quality Monitoring

Flow Monitoring

Water Grab Sampling

Water Automated Sampling

Data Management
In addition to the SOPs the following quality assurance elements are recommended.

Quality Objectives and Criteria
Virtually all environmental data are only approximations of the true values of the parameters measured.
These estimates are affected by the variability of the medium being sampled and by random and
systematic errors introduced during the sampling and analytical procedures.
Data Quality Objectives (DQOs) are qualitative or quantitative statements of:

Precision (a measure of random error)

Bias (a measure of systematic error)

Accuracy

Representativeness

Completeness,

Comparability, and

Sensitivity
The DQOs must be defined in the context of project requirements and objectives not the test method
capabilities.
Precision – This quality element measures how much two or more data values are in agreement with each
other. Precision is discussed in the introductory chapter of Standard Methods for the Examination of
Water and Wastewater, 20th Edition, 1998. Field sampling precision is determined by using field
duplicate samples. Laboratory analytical precision is determined by comparing the results of split
samples, duplicate samples, and duplicate spike samples.
Sampling and/or analytical precision may be determined from split or duplicate samples by calculating
the Relative Percent Difference (RPD) as follows:
RPD = (A – B) ÷ ((A + B) / 2) x 100
where A is the larger of the two duplicate sample values and B is the smaller value.
Bias – This expresses the degree to which a measured value agrees with or differs from an accepted
reference (standard) value due to systematic errors. Field bias should be assessed by use of field blanks
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trip blanks. Adherence to proper sample handling, preservation, and holding time protocols as specified in
the SOPs will help minimize field bias.
Field bias will be determined through the use of field blanks as described in SOP. In addition, laboratory
bias will be determined as part of its internal quality control. Bias effects that fall outside the laboratory’s
acceptance limits will be flagged.
Accuracy – This expresses the degree to which an observed (measured) value agrees with an accepted
reference standard (certified sample value) or differs from it due to systematic errors.
Completeness – Expressed as the number of valid (usable) data points made to the total number of
measurements expected according to the original sampling plan. Percent completeness is determined
separately for each parameter and is calculated as follows:
% Completeness = (no. of usable data points ÷ no. of planned data points) x 100
High or low water levels may reduce the number of samples that can be taken. This may be compensated
for by scheduling additional sampling events or sampling as near to the original sampling site as possible.
Any such variances to the established sampling protocol will be thoroughly documented. Resulting data
will also be qualified to reflect this.
Representativeness – This expresses the degree to which data accurately and precisely represents
parameter variations at a sampling point, or of a process or environmental condition. Representativeness
of field data are dependent upon proper sampling program design and is maximized by following the
sampling plan, using proper sampling protocols, and observing sample holding times as specified in the
SOP.
Comparability – This represents the level of confidence with which the project data set can be compared
to other data. Comparability will be assured upon following the appropriate SOP which has been
constructed with similar QA objectives for the sets being compared and is achieved by using similar
sampling and analytical methods.
Sensitivity – For laboratory analyses this represents the lowest level of parameter that can be reliably
detected by the laboratory analytical method. In addition to method detection limits there are Reporting
Limits. These are more realistic than the method detection limits and are what will be reported on the
water quality laboratory reports.

Data Review, Verification, and Validation
All data should be reviewed for completeness and correctness. Raw data that is received in electronic
format will be screened using visual inspection of the data (scanning for values outside of the typical
ranges) and electronically (data statistics in Microsoft Excel® or Statistica by StatSoft®). Any data
received in hard copy will be assessed by comparing the original data to the entered electronic data.
Analytical results will be compared to the chain of custody documents to ensure that the data are
complete.

Verification and Validation Methods
The USEPA Guidance on Environmental Verification and Validation (USEPA QA/G-8) is recommended
whereby the data are reviewed and accepted.
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Reconciliation with User Requirements
Within 48 hours of receipt of results of each sampling event, calculations and determinations of precision,
completeness, and accuracy should be made and corrective action implemented, if needed. If data quality
does not meet project specifications, the deficient data are flagged or discarded and the cause of failure
evaluated. Any limitations on data use should be detailed in the project reports and other documentation.
For the data to be considered valid, data collection procedures, the handling of samples, and data analysis
must be monitored for compliance with all the requirements detailed in the appropriate SOP. Data are
flagged and qualified if there is evidence of habitual violations of the procedures described in the
appropriate SOP. Any limitations placed on the data are reported in the annual report.
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Scope and Applicability
1.0

Overview of Data Management Procedures

This S.O.P is designed to define the procedures that are performed in lake Multiple agencies
collect these types of data and have specific standard procedures for their specific data collection
needs. This S.O.P. specifically defines the methods used by the Washington Conservation
District (WCD) and does not reflect the exact procedures used by others. Although other agency
S.O.P.’s may look similar, careful investigation may reveal differences between procedures that
should be taken into account.
2.0

Scope of the S.O.P.

This SOP describes required procedures for data management required by flow monitoring
and/or other aspects of water resource data collection using data logging technology or water
sampling. This SOP describes:
CAMP Lake Monitoring Program
Zooplankton Monitoring
Aquatic Plant (Macrophyte) Surveys
3.0
.1

Equipment and Materials
The following equipment and materials will be required:
A Coast Guard-approved personal flotation device
A fire extinguisher (depending on length of boat)
A first-aid kit
Oars (in case of motor failure or no gas)
Boat anchor
Chlorophyll hand pump, flask, and filters
Clipboard and pencils
Cooler with ice packs (if you expect to stay out on the lake longer than a half-hour)
Depth finder (if possible or needed)
Thermometer/Dissolved Oxygen Meter
Map of lake with sampling site(s)
Sampling form or electronic sampling form
Sampling jug
Sampling handbook (to help remember procedures)
Labeled sample vials
Secchi disk

3

Aluminum foil
Tweezers (forceps)
Wisconsin 80 µm plankton net
70% ethanol solution
Metal tined rake
Grappling hook

4.0
.1

Procedures
Procedure for CAMP Lake Monitoring

4
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T

he mission of the Metropolitan Council is to improve regional competitiveness in the global
economy so that this is one of the best places to live, work, raise a family and grow a business.
The Metropolitan Council coordinates regional planning and guides development in the sevencounty area through joint action with the public and private sectors. The Council also operates
regional services, including wastewater collection and treatment, transit and the Metro HRA
an affordable-housing service that provides assistance to low-income families in the region.
Created by the legislature in 1967, the Council establishes policies for airports, regional parks,
highways and transit, sewers, air and water quality, land use and affordable housing, and
provides planning and technical assistance to communities in the Twin Cities region.
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FORWARD
This handbook has been prepared as a support manual for the volunteers involved in the Citizen-Assisted
Monitoring Program (CAMP).
The majority of lakes in the Twin Cities Metropolitan Area (TCMA) and other areas throughout the
United States suffer from a lack of data. Area lake and watershed managers need a broad comprehensive
water quality database for regulatory and decision making purposes. Because of the lack of public
funding and the large ratio of area lakes to monitoring staff, very little data exists for the majority of the
lakes in the area. Therefore, local decision-makers are forced to make management decisions without
possessing adequate information on which to base them.
In order to bridge the data gaps of area lakes and provide more complete databases to local decision
makers, the Metropolitan Council is sponsoring a volunteer monitoring program to gather as much
information on area lakes as is economically possible. Volunteer monitoring programs are being used in
many states for this reason.
Previously conducted volunteer programs have shown that with the proper equipment and instructions,
volunteers can be trained to produce credible water quality data. In fact, because most of the volunteers
actually live near the lakes they are monitoring, they are very interested in determining any trends and/or
changes in local water quality (Nichols, 1992).
Not only will volunteer involvement in the lake monitoring process substantially reduce the cost of
obtaining data, but it will also enhance the volunteers' understanding of how a lake works and how its
condition relates to its surrounding watershed. Additionally, through their participation and enhanced
knowledge, volunteers can become more involved in water quality issues.

ACKNOWLEDGEMENTS
Special thanks to the Minnesota Pollution Control Agency (MPCA) for their permission to excerpt and
adapt information and illustrations from its publication A Citizens' Guide to Lake Protection.
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PART I – CITIZEN-ASSISTED MONITORING PROGRAM
PURPOSE OF THIS MANUAL
This manual is designed to present the sampling methods to be used in the Citizen-Assisted Monitoring
Program (CAMP). It can then be used as a reference throughout the course of the monitoring period.
Additionally, the manual describes the goals of the volunteer monitoring program and briefly summarizes
the basic inner workings of a lake.

PURPOSE OF CITIZEN-ASSISTED MONITORING PROGRAM (CAMP)
A 1989 survey of watershed management organizations by the Metropolitan Council entitled "An
Evaluation of Lake and Stream Monitoring Programs in the Twin Cities Metropolitan Area," determined
that water quality monitoring in the majority of metro lakes is inadequate (Osgood, 1989a). The results
also suggest that one of the first steps in protecting and managing the quality of our lakes is the formation
of a reliable, comprehensive water quality database. Therefore, this suggests that lakes in the
Metropolitan Area (as well as the majority of lakes throughout the state) are being managed without the
proper support of a database which truly explains the workings of the lake and its watershed.
The main purpose of the Citizen-Assisted Monitoring Program is to provide lake and watershed managers
with water quality data that will support them in proper management of the resources. An additional
function of the monitoring program will be the volunteer's increased awareness of their lake's condition
and workings throughout the summer.

DESCRIPTION OF THE PROGRAM
The Citizen-Assisted Monitoring Program will involve the collection of in-lake samples by volunteers.
Monitoring procedures and sample handling methods were determined during a pilot study during the
summer of 1991. The pilot study was designed to evaluate the validity of data collected using several
possible citizen monitoring and sample handling methods by comparing them to routine methods (Hartsoe
and Osgood, 1991). A copy of the pilot study and results are presented in Appendix A.
Volunteers will collect surface water samples to be analyzed for total phosphorus (TP), total Kjeldahl
nitrogen (TKN), and chlorophyll-a (CLA). In addition, they will measure surface water temperature,
water transparency, and user perception. Lakes will be visited biweekly from April through October
(fourteen sampling dates), and be sampled at the lake's deepest open water location. After each
monitoring, samples that are collected will be submitted to the Metropolitan Council which will then
forward them to an analytical laboratory for chemical analysis.
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PROJECT ORGANIZATION AND RESPONSIBILITIES
Metropolitan Council
The Metropolitan Council will oversee the Citizen-Assisted Monitoring Program. The Council's main
responsibilities include:
➲
➲
➲
➲
➲
➲

Training volunteers in proper monitoring techniques.
Picking up and delivering samples to the laboratory for analysis.
Managing and analyzing data.
Monitoring quality assurance/quality control (QA/QC) of the volunteer's sampling.
procedures and resulting numbers.
Preparing and distributing an annual monitoring report.
Include data in the U.S. Environmental Protection Agency's STORET database.

Watershed Management Organization (WMO)/Watershed District (WD)/County/City
After determining which lakes they would like involved in the program, the sponsoring groups main
obligations consist of recruiting of volunteers to monitor their lakes and setting up times and locations for
training sessions. Whenever possible, the training sessions will be held at times and locations where
volunteer monitors from several lakes can be trained at once.
Volunteer Monitors
The volunteer monitors must have access to a boat. Their duties include collecting and labeling samples,
and filling out sampling forms. A Metropolitan Council representative will pick up the samples.
Analytical Laboratory
The analytical lab is responsible for the lake samples once they have been received from the Metropolitan
Council representative. The lab, which has its own QA/QC program, will conduct the specified analyses
(TP, TKN, and CLA) on the samples. Results from the analyses will then be sent to the Metropolitan
Council. A copy of the results can also be sent to the sponsoring group if requested.
A step by step schematic showing the organization of the program is shown in Figure 1.

HOW DATA WILL BE USED
Lake information collected by the volunteers will be managed and statistically analyzed by the
Metropolitan Council. The data will then be used in the preparation of a year end annual report which
will be sent to the participating volunteers and WMO/WDs. In addition, the data collected by the
volunteers will be included in the U.S. Environmental Protection Agency's STORET data bank. This will
result in the broadening of area lakes data bases available to local decision makers.
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Figure 1. CAMP Organizational Schematic
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VOLUNTEER MONITORING PROCEDURES
1.

Confirm sampling date and weather conditions
a.
b.

2.

Boating safety equipment checklist - Before leaving the shore, make sure that the boat contains
the proper safety equipment including:
➲
➲
➲
➲

3.

A Coast Guard-approved personal flotation device
A fire extinguisher (depending on length of boat)
A first-aid kit
Oars (in case of motor failure or no gas)

Sampling equipment checklist - Verify that all the required monitoring equipment is aboard the
boat. This list includes:
➲
➲
➲
➲
➲
➲
➲
➲
➲
➲
➲
➲
➲
➲

4.

Check the sampling date as shown on the sampling schedule.
Make sure that current and forecasted weather conditions allow for safe sampling.

Boat anchor
Chlorophyll hand pump, flask, and filters
Clipboard and pencils
Cooler with ice packs (if you expect to stay out on the lake longer than a half-hour)
Depth finder (if possible or needed)
Thermometer
Map of lake with sampling site(s)
Sampling form
Sampling jug
Sampling handbook (to help remember procedures)
Labeled sample vials
Secchi disk
Aluminum foil
Tweezers (forceps)

Label sample vials – During each monitoring event, three sample vials/containers will be kept.
Before samples are decanted or placed into their respective vial/container, the vials/containers
need to be labeled (this should be done onshore before or after the collection of the lake water) in
order to document:
a.
b.
c.

The lake where the sample was taken;
The date of sampling; and,
The parameter for which the sample will be tested (TP = total phosphorus, TKN = total
Kjeldahl nitrogen, CLA = chlorophyll - a [additionally, the volume of water filtered for
CLA analysis should also be included on the CLA label]).

4

Examples of the three labels needed for an individual monitoring event are shown in Figure 2. Preprinted
labels are provided for each lake. If the preprinted become lost, use the template below to create new
labels.
Figure 2. Templates for the three labels needed for each monitoring event.
Lake Name

Date

Lake Name

TP/TKN

Date

TP/TKN
Lake Name
CLA

Date
______ ml

5.

Locate lake sampling location and anchor boat - Use the lake map provided with the volunteer
materials and/or a depth finder to locate the sampling site. Anchor the boat. (If there is not a
depth finder available to locate the proper sampling location (deepest spot), the anchor rope can
be used to estimate the approximate depth.)

6.

Fill out the observation portion of the sampling form - Observe lake and meteorological
conditions and fill out form. An example of the sampling form is shown in Figure 3.

7.

Measure the Secchi transparency depth (see Figure 4)
a.
b.
c.
d.

8.

Make sure the disk is securely attached to the measured line.
Lower disk into the water on the shaded side of the boat.
Lower disk until it disappears, then lower a little further and slowly raise until the disk
just reappears. The point where it reappears is the Secchi transparency depth.
Determine and record the depth using the measured line attached to the disk.

Collecting a surface water sample (see Figure 5) – A surface water sample in collected in a
clean one-gallon plastic milk jug. (The methods outlined below were validated during a pilot
study in 1991 and the findings from the study are presented in Appendix A.)
a.
b.
c.
d.

Pre-rinse the jug three (3) times with lake water.
Fill by submersing it upside down to forearm depth.
Turn jug upright while still submersed.
After collecting the water sample, prepare and test for the following parameters:
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Figure 3. Example of Sampling Form
Site #:

Lake Name and ID #:

Time:

Sampling Date:
Name(s) of Volunteer(s):

Sample #s

_____________________________

TP/TKN:_______
TP/TKN:_______
CLA:_______

_____________________________
SECCHI DISK DEPTH:

meters

SURFACE TEMPERATURE:

°C
ml

VOLUME OF FILTERED LAKE WATER (CLA)
GENERAL OBSERVATIONS
(Circle)
* Water Color
Clear
Yellow
Green
Gray
Brown
Blue-Green
Comment:
* Water Surface
Calm
Moderate Waves
Ripple
Whitecaps
Small Waves
Comment:
* Amount of Aquatic Plants
None
Moderate
Minimal Substantial
Slight
* Physical Condition
Crystal Clear(1)
Some Algae Present(2)
Definite Algae Present(3)
High Algal Color(4)
Severe Bloom (Odor, Scum)(5)

* Odor of Water
None
Rotten Egg-like Calm
Fishy
Septic-like
Musty
Comment:

* Wind Conditions
Strong
Breezy
Direction:

* Cloud Cover

* Lake Level

0%
25%

Above Normal
Normal
Below Normal
Staff Gage Reading ______

75%
100%

* Air Temperature (F)
< 40
41-60
61-80

81-90
> 90

* Unusual Conditions in the
past week (storms, high
winds, temp. extremes):

* Suitability For Recreation
Beautiful(1)
Minor Aesthetic Problem(2)
Swimming..Slightly Impaired(3)
No Swim..Boating OK(4)
No Aesthetics Possible(5)

Figure 4. Reading a Secchi Disk

Raise disk slowly
until it reappears,
this is the Secchi
depth

Lower disk slowly
until it
disappears

➲ Temperature. Surface water temperature will be measured from the volunteer's
sampling jug using a dial or LCD thermometer. The temperature will be measured
immediately following collection of the sample. Special care should be taken to keep the
sample out of direct sunlight in order to minimize temperature change. Every so often it
may be necessary to check the accuracy of the thermometer. This can be done by
comparing the temperature of some water with a more accurate kitchen thermometer. If
a difference exists, the dial thermometer can be calibrated by loosening or tightening the
nut underneath the dial. The LCD thermometer can not be calibrated, but it will be
replaced if a discrepancy exists.
➲ Total Phosphorus (TP) and Total Kjeldahl Nitrogen (TKN). Two samples, one
each for TP and TKN, will be decanted from the volunteer's jug in the field into their
respective triple pre-rinsed, pre-labeled 50 milliliter (ml) vials. These samples can then
be placed in the cooler, and taken home to be frozen for pick-up and delivery to the lab
for analysis within 90 days of sample collection.
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➲ Chlorophyll-a (CLA). CLA samples from the volunteer's jug can either be filtered in the
field or once back on shore (out of direct sunlight) onto a 0.45 micrometer (µm) glass-fiber filter
using a field filtration apparatus and a hand pump (Figure 6). Sample water is measured with a
250 ml graduated cylinder and poured into the pump reservoir. By squeezing the handle of the
pump, a vacuum is created pulling the sample water through the filter leaving the associated
suspended planktonic algae attached to the filter. The filtered water can then be dumped back into
the lake.
Figure 5. Taking a Surface Sample

Jug
submersed
upside
down
to elbow's
length

Jug
turned
upright
and
filled

Figure 6. Chlorophyll Filtration Apparatus

Lake
Surface
Sample

Suction
Gauge

Glass
Fiber
Hand
Filter to pass
Pumpthis should be repeated until a total of 1000 ml of sample water being allowed
If possible
through the filter. However, if the water samAir
ple is too green and the filter becomes clogged
without allowing more water to pass through,
the amount of water that did pass through the filter
Flow
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Filtered
Water
(discard)

should be calculated. The amount of water eventually filtered will relate to the lake’s Secchi
Transparency. The worse the transparency, the less the volume of sample water that will be
If possible this should be repeated until a total of 1,000 ml of sample water being allowed to pass
through the filter. However, if the water sample is too green and the filter becomes clogged
without allowing more water to pass through, the amount of water that did pass through the filter
should be calculated. The amount of water eventually filtered will relate to the lake’s Secchi
transparency. The worse the transparency, the less the volume of sample water that will be
able to be pumped through the filter.
Figure 7 graphs the recommended filtration volumes against various Secchi transparencies. The
final quantity of sample water passing through the filter should be recorded on the label and the
sampling form. The filters are then to be taken off the filter holder with a pair of tweezers, put in
the sample container, and wrapped in aluminum foil. The sample container can then be marked
with the same code and number as on the TP and TN sample vials, and frozen until pick-up and
delivery to the lab (no more than 90 days after sample collection).

Recommended Filtration Volume (ml)

Figure 7. Suggested Filtration Volumes for Given Secchi Transparencies

1000

750

500

250

0

Less than 1.0

1.0 to 1.5

1.5 to 2.0

2.0 and more

Secchi Disk Transparency (m)
A schematic diagram of the distribution of sample water from the sampling jug is presented in
Figure 8.
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9.

Cleaning up and taking care of equipment - After all sampling procedures are completed, the
sampling equipment should be rinsed with tap water, air dried, and properly stored to protect
them until the next sampling date.
Figure 8. Sample Preparation

Take sample
temperature
out of sunlight

TP/
TKN TP/
TKN

50 ml
vials

1000 ml
Graduated
cylinder

1
Gal

Chlorophyll
filtration
out of
sunlight

Petri dish

Filter

Discard

Freezer
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Label and
wrap
with
tin foil

PART II – A PRIMER ON LAKES

HOW LAKES ARE FORMED
The surface of the Metropolitan Area as we know it today is the result of several glacial events that
occurred from two million to 10,000 years ago. Surface features were created by the movement of large
sheets of ice and by deposits of drift left behind as the glaciers retreated. Several predominant geological
features created by glaciation, along with the general surface left behind, dictate how water flows through
the region.
As glaciers stagnated and retreated, massive ice blocks were left behind. Most lake basins in the region
are the result of these blocks of remnant ice melting into depressions formed by the weight of the ice.
If Minnesota is known as "the land of 10,000 lakes," then the Metropolitan Area could easily be referred
to as "the region of 1,000 lakes." With 942 lakes larger than 10 acres in surface area located within the
region, lakes are obviously one of the greatest water resources in the region. These lakes cover
approximately 200 square miles, or 6.7 percent of the region.
Metro Area lakes range from 10 acres to 14,310 acres in surface area while their maximum depth range
from 5 to 137 feet. About 90 percent of the lakes are less than 200 acres in size, but together they make
up half of the total lake surface area. The largest lake in the region is Lake Minnetonka (14,310 acres)
and the deepest is Lake Elmo (137 feet).

PHYSICAL LOOK AT LAKES
In latitudes similar to those in Minnesota, lakes tend to become stratified into layers during summer
months. Under bright summer sunshine, surface waters warm and become lighter, or of lower density,
than the colder water below. The result is a stable layer of light, warm water overlying one of dense, cold
water, with little mixing occurring between the two.
The upper layer of a stratified lake is called the epilimnion, the lower layer the hypolimnion, and the
narrow transition zone between the two, which helps to prevent their mixing, is referred to as the
thermocline. The epilimnion is roughly equivalent to the zone of light penetration, where the bulk of
productivity, or growth (i.e. algal growth) occurs, while the hypolimnion is the zone of decomposition
where plant material either decays or sinks to the bottom and accumulates.
Lakes do not remain stratified permanently, however. In most area lakes, the surface and bottom waters
are recirculated twice a year. These periods of lake recirculation normally occur during the spring and
fall months. In autumn the surface water cools. Eventually the temperatures, and therefore the densities
of the two layers become equal. Assisted by the force of the wind upon the lake surface, water circulates,
mixing the lake creating a constant temperature throughout. This process is called fall turnover.
During the winter months when our lakes are covered with ice, water temperatures vary from 0° C (32° F)
just below the ice to 4° C (39° F) near the bottom. This is referred to as inverse stratification. Then
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with the arrival of spring, the ice melts and surface waters warm. Because water becomes more dense as
the lake's water temperature rises toward 4° C (39° F), the warmer but denser surface water sinks. Under
these conditions, the entire lake is mixed vertically, assisted by the wind. This mixing is called the spring
turnover.
The lake turnovers are essential to the replenishing of the dissolved oxygen supply of bottom waters.
Thus, turnovers help insure survival of fish that require cold water and high concentrations of dissolved
oxygen. Furthermore, re-circulation brings nutrients (primarily nitrogen and phosphorus) from the
bottom waters to the surface waters, thereby increasing algal productivity.

BIOLOGICAL LOOK AT LAKES
The majority of lakes can be divided into three zones or communities: the shoreline or littoral zone, the
open water or limnetic zone, and the deep-water or profundal zone (see Figure 9).
The littoral zone extends from the shoreline and includes the area of rooted and unrooted plants, or
aquatic macrophytes, such as water lilies, duckweed and other emergent and submergent vegetation.
This aquatic macrophyte community found in the lake's littoral zone serves an important role throughout
the overall aquatic community. These macropyhtes produce oxygen, and provide a diverse habitat for
many different animals including insects, fish, and crustaceans.
Figure 9. Lake Communities

Littoral Community
Aquatic plants dominant

Limnetic Community

Area of open water;
habitat of algae, zooplankton and fish

Profundal Community

of no
penetration;
The limnetic zone, or open-water zone,Area
is home
to light
fish and
free-floating plankton. The major components
domain of (microscopic
bacteria andanimals)
fungi and
of a lake's plankton community are zooplankton
phytoplankton (algae). The zooplankton include crustaceans and other microscopic animals
without backbones (invertebrates), which feed on phytoplankton. Crustaceans are the freshwater
relatives of shrimp and lobsters which, under the microscope, look quite similar to their larger marine
cousins (NYDEC, 1990).
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Phytoplankton, which make up the plant component of the plankton community, are very important to the
inner workings of a lake. Not only do they serve as the base of a lake's food chain, but they also convert
sunlight, water, and carbon dioxide into chemical energy in the form of simple sugars and oxygen. This
process is called photosynthesis and utilizes a pigment produced in plants (chlorophyll) to synthesize
simple sugars from sunlight with oxygen as a by-product. Therefore, oxygen production by way of
photosynthesis is limited to water depths penetrated by sunlight. This sunlight penetration depth can be
measured with the use of a Secchi disk (an all white, or white and black disk 20 cm in diameter). The
disk is lowered over the shaded side of the boat, and the depth at which the disk disappears from view is
called the Secchi transparency.
Beneath the limnetic zone is a darker profundal zone where respiration (oxygen consumption rather than
production), and decomposition (the breakdown of organic compounds such as dead plants and animals)
predominate. Ideally, a compensation depth marks the place between the limnetic and profundal zones
where photosynthetic processes are matched by respiratory events. In stratified lakes much of the
profundal zone lies within the hypolimnion, but the two are not necessarily synonymous.

CHEMICAL LOOK AT LAKES
The idea of lake quality is tied to a concept of aging (NALMS, 1989). The natural process of lake aging
is a progression from a young (oligotrophic) lake with few nutrients through a middle stage
(mesotrophic) to advanced age (eutrophic). As the basin fills with sediment, nutrient levels increase,
and aquatic vegetation (especially algae) become more abundant (Gersmehl, Drake, and Brown, 1986).
This is known as eutrophication, the process of nutrient enrichment whereby lakes become more
productive.
Naturally, this process may take thousands of years. However, human activities both within the lake and
in the area of land around the lake which contributes runoff to the lake (watershed) can greatly accelerate
this aging process (see Figure 10). This accelerated aging is termed cultural eutrophication. Human
activities, or cultural eutrophication that result in accelerated soil erosion and dumping of wastes rich in
plant nutrients including wastewater and stormwater discharges, and construction site and agricultural
runoff, speed up the filling-in process. These examples of pollution sources can be divided into two
categories, point sources and nonpoint sources.
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Point sources of pollution are
the easiest to identify because
they enter lakes through direct,
piped and channeled discharges.
Examples of point sources
include wastewater and
stormwater outlet discharges.
Not only are point sources of
pollution the easiest to identify,
but they are also the easiest to
control through treatment
projects, and have been the
focus of much of the water
pollution control work to date.

Figure 10. Lake Aging Process

Nonpoint sources of pollution,
on the other hand, are much
more difficult to distinguish.
Nonpoint sources are not
discharged from a direct pipe or
channel, rather they are washed
off the land. Examples of
nonpoint sources include
agricultural and construction site
runoff. The most typical way to
control nonpoint pollution
sources is through wise land use
practices.
Trophic conditions in lakes are
relative, not absolute. That is,
there is no definitive line
between oligotrophic and
mesotrophic, or between
mesotrophic and eutrophic.
However, each trophic state has
characteristic conditions.
Oligotrophic lakes have a low level of organic productivity, clear water and low nutrient levels. Deep
water and steep basin walls often characterize these lakes. Water in mesotrophic lakes contains a
moderate supply of nutrients and organic production. Eutrophic lakes are characterized by a very high
level of nutrients which causes a significant increase in the rate of plant growth. As a result, water clarity
is greatly reduced, and oxygen depletion is common during the summer months. Eutrophic lakes tend to
be shallow and, typically, have elevated water temperatures (NYDEC, 1990).
Identification of a lake's trophic status is a useful way to determine its general health, from one year to the
next, and to compare its trophic status with other lakes (NYDEC, 1990). While it is difficult to determine
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specific trophic classification boundaries, there are classification systems which attempt to designate a
lake's trophic status by various water quality parameter concentrations and readings. Table 1 expresses
traditional trophic classifications with relation to Secchi disk, total phosphorus (TP), and chloropyhll-a
(CLA) values.
Table 1
General Trophic Classification of Lakes
Parameter

Oligotrophic

Mesotrophic

Eutrophic

Total phosphorus (µg/l)

< 12

13 - 25

> 26

Chlorophyll-a (µg/l)

<3

3-7

>8

2-4

<2

Secchi transparency (m)

>4

(Modified from Wetzel, 1983 and Mahoney,1979)

Another method of determining and comparing the lake water quality of Metropolitan Area lakes is the
use of a letter grade system developed by the Metropolitan Council (Osgood, 1989b). The idea is simply
that lake water quality characteristics can be ranked by comparing measured values with other
Metropolitan Area lakes.
The grading curve represents percentile ranges for three water quality indicators, the summertime
averages values for TP, CLA, and Secchi disk. These percentiles use ranked data from 119 lakes
in the Metropolitan Area sampled from 1980-1988. Table 2 reveals the report card grading
system and corresponding parameter values.
Table 2
Lake Quality Report Card System
Grade

Percentile

TP
(µg/l)

CLA
(µg/l)

Secchi
Transparency(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

These water quality grades only characterize the open-water quality of lakes. Other nuisances, such as the
abundance of aquatic macrophytes, are not indicated with these grades.
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The grades also correspond to the recreational use-impairment of the lakes (Osgood, 1989c). A grade of
A would correspond to no impairment, B to some impairment, C is impaired, D is severely impaired, and
F indicates total impairment.
The lake quality grades are further validated when they are compared to the "inter-quartile" (25th to 75th
percentile) parameter value ranges determined for the aquatic ecoregions associated with lakes in the
Metropolitan Area.
The EPA mapped seven different aquatic ecoregions in Minnesota. These ecoregions represent areas with
similar contributing characteristics to lake water quality. Land use, soil type, land surface form, and
potential natural vegetation defined the seven ecoregions. Figure 11 shows the location of the different
ecoregions throughout the state.
Figure 11. Minnesota Ecoregions
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to illustrate representative lake quality for each ecoregion (Heiskary, 1991).
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Two of the ecoregions are located in parts of the Metropolitan Area. The majority of the Metropolitan
Area is within the North Central Hardwood Forest (NCHF) ecoregion, while small portions of the
southern Metro Area are either within, or possibly influenced by, the Western Corn Belt Plains (WCBP)
ecoregion. The inter-quartile range (25th to 75th percentile) values for TP, CLA, and Secchi transparency
of the representative lakes in both ecoregions are shown in Table 3.
Table 3
Summer Average Water Quality Values of Ecoregion Lakes
Ecoregion

Percentile

TP
(µg/l)

CLA
(µg/l)

Secchi
Transparency(m)

NCHF

25 - 75

23 - 50

5 - 22

1.5 - 3.2

WCBP

25 - 75

65 - 150

30 - 80

0.5 - 1.0

(Heiskary, 1991)

By comparing Table 2, the percentile and lake grading system determined from the monitoring of 119
Metropolitan Area lakes, and Table 3, the "inter-quartile" ranges of the two ecoregions located in the area,
it is apparent that both are supportive of one another. The NCHF ecoregion corresponds well with the top
50 percent (A - C grades) of the Metropolitan Area lakes, while the WCBP ecoregion corresponds with
the lower 50 percent (C(-) - F).
There are a couple of reasons for the contrast in lake water quality between the two previously mentioned
ecoregions. While the lakes in both ecoregions are generally shallow, the lakes in the WCBP ecoregion
are surrounded by a higher percentage of agricultural land use and naturally fertile soils. These factors
result in the majority of lakes in the WCBP ecoregion having poorer water quality (higher TP and CLA
values, and lower Secchi transparency) than the majority of lakes in the NCHF ecoregion. Along with
other human activities, they are primary influences causing the continual degradation in the majority of
lakes in all the aquatic ecoregions.
Eutrophication (the degradation of lake quality), however, should not be viewed as a completely
negative and irreversible process. Proper management of a lake and watershed has been demonstrated to
slow and even reverse cultural eutrophication (NYDEC, 1990).
The previously mentioned grading and classification systems could possibly be used in future
management processes to evaluate and make sound decisions on various management alternatives. For
example, future development of a lake's watershed would not be permitted to downgrade the lake a letter
grade. In other words, if a lake is currently graded B, the development of its watershed would not be
allowed to add to the lake's nutrient load at a degree that would downgrade the lake to a letter grade of C.

GLOSSARY
Aquatic Macrophyte - macroscopic (larger) forms of aquatic vegetation; encompasses macroalgae,
liverworts, mosses, horsetail and ferns, and flowering plants.
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Chlorophyll - the primary photosynthetic pigment in plant; a measure of the concentration of algae in
lakes.
Cultural Eutrophication - accelerated aging, or rate of eutrophication, of a lake as a result of human
activities.
Decomposition - the process in which organisms such as bacteria feed on the remains of plants and
animals.
Dissolved Oxygen - the oxygen dissolved in water which is then available for respiration.
Epilimnion - the warm, relatively less dense top layer of water in a stratified lake.
Eutrophication - a natural process of nutrient enrichment whereby lakes gradually become more
productive.
Eutrophic Lake - a lake with a high rate of nutrient cycling and thus a high level of biological
productivity.
Fall Turnover - a mixing process that occurs in autumn in a stratified lake whereby the surface water
layer mixes with the bottom water layer.
Food Chain - a sequence of organisms, such as green plants, herbivores, and carnivores, through which
energy and materials move within a ecosystem (lake).
Hypolimnion - the cold, relatively dense bottom layer of water in a stratified lake.
Inverse Stratification - condition where warm water lies beneath colder water in a vertical temperature
profile; winter stratification below ice cover.
Invertebrate - animals without backbones such as zooplankton.
Limnetic Zone - the area of open water in a lake where zooplankton and phytoplankton are found.
Littoral Zone - referring to the marginal region of a body of water; the shallow, near-shore region; often
defined by the band from zero depth to the outer edge of the rooted plants.
Mesotrophic Lake - a lake with a moderate rate of nutrient cycling and biological productivity; between
oligotrophic and eutrophic.
Nonpoint Source - pollution sources in the landscape that are not discharged from a single point, e.g.
agricultural runoff.
Oligotrophic Lake - a lake with a low rate of nutrient cycling and a low level of biological productivity.
Phosphorus - a primary nutrient that is usually the limiting factor for vegetative growth in natural waters.
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Photosynthesis - the process by which green plants transform light energy into food energy.
Phytoplankton - (algae) free-floating, mostly microscopic, aquatic vegetation; the base of the lakes food
chain.
Plankton - floating organisms whose movements are more or less dependent on currents; e.g.
phytoplankton and zooplankton.
Point Source - (pollution) specific sources of nutrient or polluted discharge to a lake or stream;
discharges from a single discernible outlet; e.g. stormwater outlet.
Pollution - a change in the concentration of a material or form of energy, or the introduction of a material
or a form of energy, that adversely affects the wellbeing of organisms.
Profundal Zone - the area in a lake below the limnetic zone where light does not penetrate; this area
roughly corresponds to the hypolimnion layer of water and is home to organisms that break down and
consume organic matter.
Respiration - the liberation of energy from food within an organism; using oxygen and releasing energy
for growth.
Secchi Disk - a device used to make visual estimates of the clarity of water and the depth of light
penetration in lakes.
Spring Turnover - a mixing process that occurs in the spring in a stratified lake whereby surface waters
mix with bottom waters.
Thermocline - a density gradient owed to changing temperatures; the thermocline is the imaginary plane
(below the epilimnion) at the depth where the rate of temperature change is the greatest in a vertical
profile; during the summer months.
Trophic Status - the level of growth or productivity of a lake as measured by phosphorus content, algae
abundance (chlorophyll content), and depth of light penetration.
Watershed - the geographical region that drains into a lake, river, or stream.
Zooplankton - weakly swimming, mostly microscopic aquatic animals found near the water surface.
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APPENDIX A
Methods for Pilot Study
A pilot study was designed to evaluate whether data collected using the pilot methods was comparable to
data collected using the routine methods. Temperature, Secchi disk transparency, TP, TKN and CLA
were evaluated in this study. Temperature and Secchi disk readings obtained by a limnologist and
citizens were compared at every lake and TP, TKN, and CLA were compared from six lakes (Elmo,
McCarrons, Hydes, Parley, Bryant and Riley) every fourth week for six sampling weeks. The
temperature and the chemical data were measured from a surface sample collected in a clean one-gallon
plastic milk jug. The jug was pre-rinsed with lake water, then filled by submersing it upside down to
forearm-depth, then turned upright and allowed to fill.
Secchi Disk
Several Secchi disk readings were recorded during each sampling visit. The routine measurement was
recorded using a black-and-white disk (see above) and reported in meters. The pilot disk, which was
obtained through the Minnesota Pollution Control Agency's Citizen Lake Monitoring Program (CLMP),
was all white and was metered in half-foot intervals. The second crew member made the pilot reading.
One evaluation compares the routine Secchi disk and the pilot Secchi disk measurements. Additional
evaluations include comparing the primary field persons readings with both disks and also comparing
three field persons readings using the pilot disk.
Temperature
Surface water temperature was measured from the citizens jug using a dial thermometer that was readable
to 0.5° C. The temperature was measured immediately following the collection of the sample. Care was
taken to keep the sample out of direct sunlight in order to minimize temperature change. This
temperature was compared to the 0-meter surface temperature from the routine sampling (see above).
Total Phosphorus and Total Kjeldahl Nitrogen
Four samples (two duplicate tests) for TP and TKN were decanted from the citizens jug in the field. The
first set of duplicates were submitted to the lab on the same day as the routine duplicate surface samples.
The second set of duplicate samples were frozen for about 60 days, then thawed overnight and submitted
to the lab. All TP/TKN (routine and pilot) samples were treated identically following submission to the
lab. The treatment regimes used for the comparisons in the pilot study are summarized as follows:
Treatment One:

Duplicate samples from the routine sampling;

Treatment Two:

Duplicate samples from the citizens jug; and

Treatment Three:

Duplicate samples from the citizens jug following 60 days frozen storage.

Chlorophyll a
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Nine CLA analyses, in addition to the routine analysis, were conducted for the pilot study. One analysis
was a duplicate of the routine analysis. Another set of duplicates was filtered from the routine surface
jug, but not treated with magnesium carbonate. These duplicates were submitted to the lab the same day.
The remaining CLA analyses were taken from the citizens jug.
All CLA samples from the citizens jug were filtered in the field onto a 0.45 µm glass-fiber-filter using a
field filtration apparatus and a hand pump. The filtered samples were put into sample containers and
treated as follows: one set of duplicates were submitted the same day, a second set of duplicates was
wrapped in aluminum foil and frozen for 30 days before submission, and the last set of duplicates was
wrapped in aluminum foil and frozen for 60 days before submission. None of the samples from the
citizens’ jug were treated with magnesium carbonate. The treatment regimes used for the comparisons in
the pilot study are summarized as follows:
Treatment One:

Duplicate samples from routine sampling;

Treatment Two:

Duplicate samples from routine sampling without magnesium carbonate added;

Treatment Three:

Duplicate samples from the citizens jug without magnesium carbonate added and
submitted the same day;

Treatment Four:

Duplicate samples from the citizens jug without magnesium carbonate added and
submitted following 30 days being kept frozen and dark; and

Treatment Five:

Duplicate samples from the citizens jug without magnesium carbonate added and
submitted following 60 days being kept frozen and dark.

Results of the Pilot Study
The pilot study was designed to evaluate the validity of data collected using the citizen methods
compared to data collected using the routine methods of water quality specialists. Temperature, Secchi
disk transparency, TP, TKN, and CLA were collected by the mock citizen sampling program. These
parameters are evaluated relative to their reliability in replicating the results from the routine sampling.
Other more detailed analyses are possible but are not included here.
Temperature
Surface temperatures were compared at every lake. The surface temperature from the field
oxygen/temperature meter was compared to the temperature readings from the milk jug with the dial
thermometer. The oxygen/temperature meter was readable to 0.1° C while the dial thermometer used by
the citizen program was readable to 0.5° C. Comparisons for 188 paired readings were evaluated. One
hundred seventy-eight of 188 (95%) were within 0.5° C. Because the dial thermometer was readable to
0.5° C, there is no measurable difference between the two methods.
Secchi Disk
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Secchi disk readings were compared at every lake. In all cases, lake sampling was completed by two
people. The routine Secchi disk was generally measured by the same person throughout the study while
the pilot Secchi measurement was assigned to the other crew member. Comparison of the routine Secchi
disk to the pilot Secchi disk measurement showed that 85% of the time the two measurements were within
± 0.2 meters; 99% of the measurements were within ± 0.5 meters. Ninety percent of the measurements
not within ± 0.2 feet, occurred in measurements that were greater than 4.5 meters deep.
Seasonal average Secchi disk transparencies for the six pilot lakes were not different. Comparisons of the
averages showed that these values did not differ by >0.1 meter, without rounding (Table A1).
Table A1

COMPARISON OF THE SEASONAL (MAY - SEPTEMBER)
AVERAGE SECCHI DISK FOR SIX PILOT STUDY LAKES
TREATMENT
Lake

N=

Secchi Disk - Routine (m)

Secchi Disk - Citizens (m)

Bryant

11

1.9

2.0

Elmo

11

4.1

4.1

Hydes

11

0.8

0.9

McCarrons

11

1.5

1.5

Parley

11

1.0

1.0

Riley

11

1.4

1.5

Total Phosphorus and Total Kjeldahl Nitrogen
The seasonal averages for the nutrient samples from the routine (Treatment One) versus the pilot
(Treatments Two and Three) were not different (Table A2). A comparison of the average TP and TKN
over similar intervals (n=6 for Treatment One versus Treatment Two; and n=5 for Treatment One versus
Treatment Three) indicates no systematic bias. TP appeared to diminish after being frozen for 30 days
(Treatment Two), but not after being frozen for 60 days (Treatment Three). Seasonal averages for TKN
did not vary over either interval.

Table A2

COMPARISON OF THE SEASONAL (MAY - SEPTEMBER)
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AVERAGE TOTAL PHOSPHORUS AND TOTAL KJELDAHL NITROGEN
FOR THE SIX PILOT STUDY LAKES
TREATMENT
Lake

Parameter

Bryant

TP
TKN

Elmo

TP
TKN

Hydes

TP
TKN

McCarrons

TP
TKN

Parley

TP
TKN

Riley

TP
TKN

N=

One

Two

Three

6
5
6
5

44
47
1.19
1.18

39
36
1.20
1.17

36
1.16

6
5
6
5

13
14
0.47
0.56

11
11
0.42
0.51

15
0.54

6
5
6
5

189
180
2.17
2.18

192
190
2.13
2.09

178
2.23

6
5
6
5

52
55
1.26
1.33

43
48
1.17
1.26

57
1.31

6
5
6
5

104
95
2.00
1.92

102
94
2.00
1.93

96
1.82

6
5
6
5

52
51
1.52
1.54

48
48
1.46
1.48

49
1.45

Chlorophyll-a
There appears to be a great deal of variability between the replicate CLA samples. However, when used
to compute summertime averages, these data are adequate. There is no systematic bias apparent in the
seasonal averages in any CLA treatments (Table A3).
Table A3

COMPARISON OF THE SEASONAL (MAY - SEPTEMBER)
AVERAGE CHLOROPHYLL-a
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FOR THE SIX PILOT STUDY LAKES
Treatment
Lake

N=

One

Two

Three

Four

Five

Bryant

6
4
2

20
16
19

20
14
17

18
14
16

13
17

18

Elmo

6
4
2

4.6
4.6
6.0

5.1
5.3
7.2

4.5
4.6
6.6

5.5
8.5

6.8

Hydes

6
4
2

74
72
30

72
67
25

78
80
24

74
28

28

McCarrons

6
4
2

31
36
39

32
37
38

30
34
36

34
44

40

Parley

6
4
2

67
65
15

64
58
15

64
63
13

53
16

17

Riley

6
4
2

24
24
24

22
20
16

22
22
20

19
20

24

Conclusions
The pilot program has demonstrated that citizen sampling yields results comparable to our routine field
methods. Due to analytical variability, we recommend that chemical samples be collected in duplicate
(TP, TKN, and CLA). Frozen chemical samples (TP, TKN, and CLA) should be submitted to the lab
within 30 days of sample collection, but no longer than 60 days following sample collection. We are
recommending the previously described methodologies as standards for citizen lake monitoring programs.
A one-day seminar will be needed to train participating citizens on proper sampling methodologies and
techniques for handling the samples. The seminar should also provide a hands-on, mock sampling
experience. Quality control methods and procedures should also be stressed to produce data that is
reliable and compatible to all sampling programs.

PILOT STUDY DATA
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Lake Identification Code

Lake Name

ABNW
BRYN
DEMT
EAGH
ELMO
GOLD
HYDE
JANE
MCCR
MEDC
OLSN
PARL
RETZ
RILE
TWNL
TWNM
TWNU

Auburn
Bryant
Demontreville
Eagle (Maple Grove)
Elmo
Golden
Hydes
Jane
McCarrons
Medicine
Olson
Parley
Reitz
Riley
Twin - Lower
Twin - Middle
Twin - Upper
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ROUTINE AND PILOT TEMPERATURE READINGS (° C), 1991
WEEK OF:
Lake
Name

4/15

4/29

5/13

5/27

6/10

6/24

7/08

7/22

8/05

8/19

9/02

9/16

ABNW

6.6
-

8.7
9.0

15.7
16.0

25.8
26.0

26.2
26.0

25.1
25.5

25.6
26.0

25.7
25.5

22.1
22.5

23.2
-

22.2
22.0

13.8
13.5

BRYN

7.3
-

10.4
11.0

21.0
21.0

22.5
22.0

24.8
25.0

25.1
25.5

25.6
25.5

26.2
26.0

21.7
21.5

22.5
22.5

22.6
22.5

15.8
16.0

DEMT

6.5
-

12.0
12.0

18.9
19.0

21.5
22.0

23.5
24.0

23.5
23.5

25.1
-

28.1
28.0

23.6
24.0

22.5
22.0

23.7
24.0

20.9
21.0

EAGH

6.3
-

10.9
11.0

20.8
21.0

21.9
-

23.5
23.0

23.1
-

24.5
24.5

26.2
26.0

22.2
22.0

21.4
21.0

22.6
22.5

-

ELMO

4.5
-

9.0
9.0

15.8
15.5

20.3
20.0

22.8
23.0

22.6
23.0

24.4
24.0

27.0
27.0

22.9
23.0

22.6
22.0

24.0
24.0

21.2
21.5

GOLD

6.2
-

10.4
11.0

22.6
22.5

22.5
22.5

24.7
24.5

23.1
23.0

24.1
25.0

25.8
25.5

21.6
21.5

22.0
22.0

22.2
22.0

14.6
14.5

HYDE

8.0
8.0

8.4
8.5

19.3
19.0

24.4
24.0

25.1
25.0

25.6
26.0

24.3
24.0

24.5
24.0

20.8
21.0

22.3
22.5

21.8
22.0

20.7
20.5

JANE

6.1
-

11.2
11.0

18.0
18.0

21.4
21.5

22.9
23.0

22.7
23.0

24.4
24.5

27.9
28.0

22.7
22.5

22.1
22.0

23.7
24.0

20.7
20.5

MCCR

5.4
-

10.7
11.0

20.1
20.0

22.3
22.5

23.7
24.0

23.5
23.5

25.0
25.5

28.4
28.0

23.7
24.0

22.9
22.5

23.9
24.0

20.7
20.5

MEDC

6.4
-

10.2
10.0

21.0
21.0

21.8
22.0

24.0
24.0

24.7
24.5

25.0
25.0

25.2
24.5

21.8
21.5

22.0
22.0

22.3
22.0

15.9
16.0

OLSN

6.4
-

12.2
12.0

19.0
19.0

21.8
22.0

23.1
24.0

23.6
24.0

24.9
25.0

28.1
28.0

23.5
23.5

22.8
22.5

24.1
24.0

20.9
21.0

PARL

8.6
9.0

8.5
9.0

15.7
15.5

24.8
24.5

25.7
26.0

26.2
27.0

24.7
24.5

25.2
25.0

21.6
22.0

22.6
22.5

22.3
22.0

13.4
13.5

RETZ

7.7
7.5

8.4
9.0

14.7
15.0

25.0
25.0

26.0
26.0

26.6
27.0

24.5
24.5

24.5
24.0

20.7
21.0

22.9
22.5

21.8
22.0

13.8
13.5

RILE

7.1
-

9.6
9.5

20.5
20.5

21.3
21.0

25.0
25.0

25.3
25.5

25.6
25.5

25.9
25.5

21.8
22.0

22.7
23.0

22.6
22.5

15.9
16.0

TWNL

6.0
-

10.8
11.0

21.4
21.5

22.6
23.0

24.1
24.0

23.4
23.5

24.6
24.5

26.5
26.0

21.9
22.0

22.1
21.5

22.5
22.5

16.0
16.0

TWNM

6.3
-

10.7
11.0

20.4
21.0

22.7
23.0

24.1
24.0

23.1
23.0

24.9
25.0

26.5
26.0

22.2
22.0

21.8
22.0

22.6
22.5

16.4
16.5

TWNU

6.1
-

9.9
10.0

21.9
22.0

22.5
22.0

24.3
24.5

23.2
23.0

24.6
25.0

26.3
26.0

21.7
21.5

21.6
21.5

22.1
22.0

13.6
13.0

*Routine readings are listed first, citizen readings are listed second.
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ROUTINE AND PILOT SECCHI DISK READINGS (m), 1991
WEEK OF:
Lake
Name

4/15

4/29

5/13

5/29

6/10

6/24

7/08

7/22

8/05

8/19

9/02

9/16

ABNW

2.20
7.25

2.40
7.50

1.60
5.25

1.70
6.00

1.50
5.00

1.00
3.50

0.70
2.25

0.70
2.75

1.10
3.00

1.30
4.25

1.45
4.75

2.10
6.00

BRYN

0.90
3.00

1.40
5.00

1.20
5.50

2.60
8.50

3.50
10.0

2.20
7.00

2.00
7.00

2.50
7.75

1.60
5.50

1.60
6.00

1.40
5.00

1.10
4.00

DEMT

3.60
13.5

2.70
10.0

3.90
14.0

4.60
14.5

4.00
13.0

1.55
6.00

1.55
5.75

1.30
5.00

1.40
5.25

1.40
4.25

1.10
3.50

1.10
4.00

EAGH

2.40
7.00

1.90
6.50

3.70
11.5

3.40
10.5

1.50
5.50

1.00
3.50

0.70
2.25

0.90
3.00

0.90
3.00

1.00
3.00

0.95
3.00

-

ELMO

3.40
-

2.60
10.0

4.80
13.5

3.90
13.0

4.10
13.0

4.20
12.5

3.90
13.5

3.90
13.5

5.25
16.0

4.60
16.0

4.00
15.0

4.00
12.0

GOLD

1.30
3.75

1.20
3.50

1.05
3.50

1.15
3.50

0.90
2.50

0.80
2.25

0.80
2.50

0.75
2.50

0.75
2.50

0.80
3.50

1.00
3.25

1.20
3.75

HYDE

1.20
4.00

1.10
3.25

1.00
3.75

1.00
3.50

1.90
7.50

0.65
2.00

0.60
2.00

0.50
1.75

0.50
1.50

0.60
2.25

0.55
1.75

0.45
1.50

JANE

2.70
10.5

3.20
-

4.50
13.0

4.70
16.0

4.90
18.0

2.05
8.00

1.40
4.50

1.30
5.00

1.30
4.50

1.00
4.00

1.00
4.00

1.25
4.50

MCCR

1.30
4.00

1.20
4.50

3.40
10.5

1.70
5.00

1.75
6.00

1.20
4.50

1.05
3.50

1.00
3.50

1.20
4.50

1.10
4.00

1.40
4.00

1.404.
50

MEDC

1.80
7.50

1.80
6.00

3.40
12.0

2.30
7.00

1.20
3.00

0.90
3.00

0.85
2.75

0.80
2.75

0.70
2.25

0.75
3.00

0.90
2.75

1.00
4.00

OLSN

4.10
14.0

2.90
10.5

3.60
12.5

3.45
11.5

3.60
13.0

2.60
9.50

2.00
7.25

2.20
7.50

1.90
6.50

1.70
6.00

1.20
4.50

1.25
4.00

PARL

1.20
3.75

1.50
5.00

1.55
5.50

3.00
9.00

0.75
2.00

0.85
3.50

0.70
2.10

0.50
1.50

0.50
1.75

0.60
2.00

0.50
1.50

0.65
2.00

RETZ

0.95
3.25

0.90
2.75

2.80
7.50

2.90
10.0

1.30
4.00

0.65
2.25

0.70
2.25

0.70
2.50

1.00
3.25

0.70
2.25

0.70
2.75

1.40
3.75

RILE

1.40
6.25

1.30
4.50

1.60
5.50

0.80
3.00

1.90
6.00

1.30
5.25

1.10
3.75

1.50
5.50

1.60
5.50

1.00
3.50

2.00
6.50

1.30
4.75

TWNL

0.80
2.50

0.90
2.75

1.10
4.00

1.00
3.25

0.60
2.00

0.50
2.00

0.70
2.25

0.60
2.00

0.60
2.25

0.75
2.75

0.70
2.50

0.80
2.50

TWNM

1.00
3.50

1.40
5.00

2.30
7.50

0.70
2.50

0.65
2.00

0.60
2.25

0.70
2.25

0.60
2.00

0.60
2.00

0.90
2.75

0.80
2.50

0.75
2.25

TWNU

0.80
2.50

0.70
2.50

1.00
3.25

0.65
2.00

0.50
1.70

0.40
1.25

0.45
1.75

0.40
1.00

0.55
2.00

0.60
2.00

0.40
1.25

0.55
1.75

*Routine readings (m) are listed first, citizen readings (ft) are listed second.
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TOTAL PHOSPHORUS REPLICATES (µg/l), 1991
Lake/Date

TREATMENT
*One:

**Two:

***Three:

BRYN

5/3

70/60

50/60

50/50

BRYN

5/31

40/50

40/40

30/30

BRYN

6/27

40/40

30/30

30/50

BRYN

7/24

30/30

30/40

30/30

BRYN

8/21

30/30

20/20

30/30

BRYN

9/20

60/50

60/50

--/--

ELMO

5/1

20/30

20/20

20/30

ELMO

5/29

20/10

10/10

10/10

ELMO

6/24

10/10

<10/10

10/20

ELMO

7/22

10/10

<10/<10

10/10

ELMO

8/19

10/10

10/10

20/10

ELMO

9/16

10/10

10/10

--/--

HYDE

5/7

100/100

110/110

130/110

HYDE

6/3

120/110

120/130

110/110

HYDE

6/28

300/290

310/350

250/250

HYDE

7/25

220/240

230/230

250/240

HYDE

8/22

160/160

150/160

160/170

HYDE

9/23

230/240

210/200

--/--

MCCR

5/1

80/80

70/80

90/90

MCCR

5/29

60/50

40/50

40/40

MCCR

6/24

50/60

50/50

60/60

MCCR

7/22

40/50

40/40

60/70

MCCR

8/19

40/40

30/30

30/30

MCCR

9/16

30/40

20/20

--/--

PARL

5/7

80/70

70/70

70/70
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Lake/Date

TREATMENT
*One:

PARL

6/3

PARL

**Two:

***Three:

50/70

50/60

50/50

6/28

130/110

130/130

120/140

PARL

7/25

120/140

130/140

140/150

PARL

8/22

90/90

80/80

80/90

PARL

9/23

150/150

140/150

--/--

RILE

5/3

70/80

60/70

70/80

RILE

5/31

80/60

80/70

60/60

RILE

6/27

40/80

40/40

40/50

RILE

7/24

30/40

30/30

40/30

RILE

8/21

30/40

30/30

30/30

RILE

9/20

50/60

50/50

--/--

*
**
***

Treatment One - duplicate samples from routine samples
Treatment Two - duplicate samples from milk jug.
Treatment Three - duplicate samples from milk jug, freeze, submit in 60 days.
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TOTAL KJELDAHL NITROGEN REPLICATES (mg/l), 1991
Lake/Date

TREATMENT
*One:

**Two:

***Three:

BRYN

5/3

1.15/1.39

1.30/1.30

1.25/1.20

BRYN

5/31

1.15/1.31

1.10/1.11

1.25/1.18

BRYN

6/27

1.14/1.07

1.15/1.24

1.15/1.12

BRYN

7/24

1.22/1.19

1.11/1.24

1.04/1.08

BRYN

8/21

1.10/1.10

1.08/1.06

1.18/1.19

BRYN

9/20

1.22/1.30

1.49/1.23

--/--

ELMO

5/1

0.65/0.72

0.60/0.52

0.47/0.66

ELMO

5/29

0.60/0.53

0.59/0.60

0.65/0.67

ELMO

6/24

0.62/0.56

0.54/0.55

0.55/0.48

ELMO

7/22

0.52/0.48

0.41/0.42

0.55/0.59

ELMO

8/19

0.61/0.33

0.30/0.54

0.90/0.96

ELMO

9/16

0.50/0.43

0.45/0.46

--/--

HYDE

5/7

2.08/2.08

2.00/2.10

2.12/1.99

HYDE

6/3

2.07/2.07

2.12/2.12

2.17/2.19

HYDE

6/28

2.69/5.75

2.13/2.85

3.01/2.66

HYDE

7/25

2.01/2.37

2.09/2.17

1.75/1.71

HYDE

8/22

1.81/1.91

1.64/1.63

2.26/2.43

HYDE

9/23

2.10/2.15

2.30/2.41

--/--

MCCR

5/1

1.62/1.62

1.30/1.40

1.43/1.40

MCCR

5/29

--/1.15

1.15/1.13

1.20/1.19

MCCR

6/24

1.17/1.28

1.22/1.25

1.21/1.12

MCCR

7/22

1.39/1.46

1.27/1.29

1.35/1.40

MCCR

8/19

1.14/1.31

1.28/1.26

1.34/1.41

MCCR

9/16

0.80/1.02

0.69/0.80

--/--

PARL

5/7

1.7/1.8

1.80/1.80

1.69/1.56

PARL

6/3

1.54/1.52

1.65/1.63

1.65/1.67
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Lake/Date

TREATMENT
*One:

**Two:

***Three:

PARL

6/28

2.57/2.51

2.47/2.57

1.97/2.31

PARL

7/25

1.97/2.37

2.18/2.38

2.54/1.70

PARL

8/22

1.64/1.53

1.45/1.36

2.22/1.88

PARL

9/23

2.36/2.46

2.21/2.49

--/--

RILE

5/3

2.19/2.24

2.00/2.00

1.87/1.91

RILE

5/31

1.54/1.39

1.40/1.60

1.40/1.40

RILE

6/27

1.03/1.63

1.32/1.48

1.26/1.33

RILE

7/24

1.36/1.22

1.26/1.07

1.19/1.25

RILE

8/21

1.31/1.54

1.33/1.34

1.49/1.44

RILE

9/20

1.37/1.46

1.33/1.38

--/--

*
**
***

Treatment One - duplicate samples from the routine samples.
Treatment Two - duplicate samples from milk jug.
Treatment Three - duplicate samples from milk jug, freeze, submit in 60 days.

31

CHLOROPHYLL REPLICATES (µg/l), 1991
TREATMENT
Lake/Date
*One:

**Two:

***Three:

****Four:

*****Five:

Bryn

5/3

28/17

19/19

22/15

19/22

25/23

Bryn

5/31

35/15

14/15

14/12

13/13

11/12

Bryn

6/27

13/13

13/12

13/12

11/11

--/--

Bryn

7/24

13/15

12/10

12/11

8.2/7.9

--/--

Bryn

8/21

16/15

17/18

13/15

--/--

--/--

Bryn

9/20

44/41

47/43

38/40

--/--

--/--

Elmo

5/1

8.6/7.6

9.6/8.8

9.6/6.3

11/11

8.4/9.3

Elmo

5/29

3.4/4.5

4.8/5.8

4.9/5.4

5.9/6

5.3/4.4

Elmo

6/24

3/3.6

2.8/3.6

3.1/2.8

3.2/1.7

--/--

Elmo

7/22

2.7/3.3

4.2/2.6

2.2/2.1

2.3/2

--/--

Elmo

8/19

2.8/3

3.2/3.1

2.4/3.1

--/--

--/--

Elmo

9/16

6.2/7

6.2/6.3

5.8/21

--/--

--/--

Hyde

5/7

43/36

30/32

--/28

28/30

31/32

Hyde

6/3

20/19

19/18

21/21

31/24

28/22

Hyde

6/28

146/134

139/139

192/180

228/134

--/--

Hyde

7/25

90/92

81/78

86/85

55/59

--/--

Hyde

8/22

39/43

43/44

48/42

--/--

--/--

Hyde

9/23

123/109

114/121

91/117

--/--

--/--

Mccr

5/1

66/40

54/49

52/40

64/64

59/58
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TREATMENT
Lake/Date
*One:

**Two:

***Three:

****Four:

*****Five:

Bryn

5/3

28/17

19/19

22/15

19/22

25/23

Mccr

5/29

26/24

25/25

25/25

25/24

22/20

Mccr

6/24

25/26

28/29

28/28

19/19

--/--

Mccr

7/22

39/38

41/43

38/37

32/29

--/--

Mccr

8/19

24/25

23/27

25/23

--/--

--/--

Mccr

9/16

22/21

23/23

19/5.2

--/--

--/--

Parl

5/7

13/7.9

8.7/8.7

7.5/7.6

7.2/7.2

7.1/8.3

Parl

6/3

20/21

19/22

19/19

25/24

22/30

Parl

6/28

146/76

94/86

112/115

108/87

--/--

Parl

7/25

114/120

109/117

116/108

85/80

--/--

Parl

8/22

49/55

56/48

55/56

--/--

--/--

Parl

9/23

88/98

98/100

81/77

--/--

--/--

Rile

5/3

53/38

19/40

38/35

34/39

47/42

Rile

5/31

33/3.3

3.5/2.7

3.2/3.3

3.8/3.1

2.5/2.5

Rile

6/27

24/26

23/23

24/24

27/24

--/--

Rile

7/24

21/21

26/22

25/21

12/12

--/--

Rile

8/21

23/27

31/24

26/26

--/--

--/--

Rile

9/20

26/26

24/25

22/21

--/--

--/--

*
***
*****

Treatment One - routine surface jug samples w/MGCO3. **
Treatment Three - duplicates from milk jug w/o MGCO3, submit same day.
Treatment Five - duplicates from milk jug w/o MGCO3, freeze and submit in 60 days.

Treatment Two - duplicates from surface jug w/o MGCO3.
**** Treatment Four - duplicates from milk jug w/o MGCO3, freeze and submit in 30 days.
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5.0
.1

Procedure for Zooplankton Monitoring
Sampling Site Selection
Sampling sites will be determined using bathymetric maps of each lake. The deepest point within the lake
will be selected as the sampling location. If more than one deep points exist, it may be necessary to
perform sampling at both deep locations.

.2

Sampling Equipment Preparation
Once you are at your selected sampling site, drop an anchor in order to keep yourself above the desired
location. Record the date, time, organization, personnel, size of zooplankton net mesh, weather, and any
other measurements deemed necessary. Take a measurement of depth using a depth finder or weighted
measuring line. Record the depth on your sampling form. Although it is not necessary, a water quality
sample and secchi transparency may be taken at the time of the zooplankton sample in order to correlate
water quality chemical and physical parameters to what zooplankton were observed. Use a zooplankton
net with a mesh size of 153 um and a ring size of 8 inches for sampling. Ensure that the clamp at the end of
the plankton net is closed. Prepare a zooplankton sample bottle. Usually a 150 ml or 200 ml bottle is ideal.
Label the bottle with the date, time, organization, and personnel.
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.3

Zooplankton Sampling
Begin by lowering the zooplankton net is such a fashion that no zooplankton are able to enter the net. The
best way to perform this task is to lower the net slowly to a point just above the bottom such that the
plankton entrance orifice is never advancing to the bottom previous to the exit orifice (See picture below).
Once the plankton net has been lowered to just above bottom, retrieve the zooplankton net by pulling it
vertically at a rate of 1 meter/second. Once retrieved, use a bottle with a spray nozzle on it to wash all
zooplankton collected to the bottom near the exit orifice. Take a sample bottle (150 or 200 ml bottle) and
place the exit orifice tube into the bottle. Open the clamp to allow the zooplankton to flush into the bottle.
Ensure that all zooplankton have been emptied into the bottle by using your wash bottle to spray more
water near the exit orifice and visually inspecting the net. Once all zooplankton have been collected, the
bottle may contain a bit of lake water. In order to remove this water and not remove any zooplankton,
press the zooplankton net against the bottle orifice and tip the bottle to allow the water to drain. Once the
bottle is empty, remove the net from the orifice, and fill the bottle with a 70% alcohol solution to preserve
the sample. Record the meters that the net was towed on the sample bottle. Keep the sample in a dark
location until the sample is analyzed.

.4

Zooplankton Sample Analysis Preparation and Shipping
In order to have the zooplankton further analyzed (size, species, etc.), the sample(s) must be properly
packed and a chain-of–custody must be established. First, ensure that all labels have the necessary
information recorded (date, time, organization, personnel, and depth the net was towed. Record this
information on a chain of custody form (see below) as well as any other pertinent information necessary to
completely fill out the form. One the chain of custody form has been completed; pack the samples in a
watertight container (usually a water-tight plastic bag inside a box will suffice) with proper packing
material and seal box with signed chain of custody form inside. Send the box via standard freight carrier
and await a copy of the chain of custody form from the contractor performing the analysis. Refer to WCD
S.O.P. Data Management for information on data management procedures related to data from outside
contractors.
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Example of Zooplankton Chain of Custody Form
Project# : 916-Washington Co. CD Zooplankton 06
Company:
Total # of Samples this project:
# of Samples Shipped this shipment:

#of Jars
example
2
ID

Preservative
Formaline

Stream
Burro Creek

Site #
36554

Rep
T2

Relinquished By/ Date:

Total
Volume
5L

Collection
Net
Date
Diameter
1.00m ²
4/26/2005

Condition:

Company:
Received By/ Date:
Company:

Condition:

Relinquished By/ Date:

Condition:

Company:
Received By/ Date:

Condition:

Company:
Feel free to customize anything on this spreadsheet to fit your needs. Please include a hard copy with shipment
as well as sending an e-mail version. Thank you!
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Tow
Length
4.35 m

Notes
Mesh=500 ų

6.0

Macrophyte Survey
Macrophyte surveys will be performed utilizing an existing S.O.P. that has well-established precedence. The
S.O.P. for Point Intercept Method for Aquatic Plant Management (Madsen, 1999) is a well-noted and highly
utilized method for macrophyte surveys in this region. The webpage containing this S.O.P can be found at
http://el.erdc.usace.army.mil/elpubs/pdf/apcmi-02.pdf. All data recording procedures are also found in the
S.O.P and refer to WCD S.O.P. Data Management for information on data management procedures related to
storage of this data.
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1.0 SCOPE AND APPLICABILITY

.1

Overview of Streamflow Gauging Requirements

An open-channel streamflow gauging station is established by developing a relationship between stage
(water level) and discharge at a selected watercourse cross section. The relationship is developed by
taking discharge measurements over the expected range of discharge and stage. Each discharge
measurement and corresponding water level is plotted and a smooth curve is drawn. The stage-discharge
curve is used with a continuous water level record to produce a time series of discharge for the period
during which water level has been recorded. Another option to gauge discharge is to use an area-velocity
meter. An area-velocity meter can be programmed to log discharge based on a channel of a particular
shape (i.e. round pipe, rectangular channel). Once the channel shape is programmed, the area-velocity
meter can determine the area of the channel filled by water using the level data. By multiplying the area
of water by the velocity, discharge can be calculated. Area-velocity gauging is desirable only in
particular scenarios where channels or conduits are a fixed shape or in scenarios where backwater is
present from downstream sources.
Summary of Procedure

The streamflow gauging procedure can be summarized as follows:
1.

Reconnaissance survey is conducted to gather information on the physical characteristics of
the locations where streamflow-gauging sections are to be established.

2.

Hydrologic and hydraulic calculations are carried out to estimate the expected range of
flow rates and flow depth variations at each gauging site.

3.

Continuous water level recorder, staff gauge, and if necessary, a velocity meter is installed
at each gauging site.

4.

During the course of the monitoring program, a series of stage-discharge measurements are
made at each gauging section. Discharge is measured by measuring flow depth and flow
velocity at selected points across the gauging cross section. This is done on a number of
occasions in order to obtain stage-discharge measurements over the range of flows of
interest.

5.

For each section a "rating curve" is then developed from the stage-discharge
measurements. The rating curve represents the relationship between water level (i.e.,
stage) at the gauging section and discharge at the section. The rating curve allows a time
series of discharge rates to be computed using the data acquired from the station's
continuous water-level recorder.
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.2

Scope of the S.O.P.

This SOP describes required procedures for establishing streamflow-gauging stations in Twin
Cities watersheds. This SOP describes:
•
•
•
•
•

Selection of gauging station location and cross-sections for discharge measurement.
Methods and procedures for discharge measurement using velocity and depth measurements.
Computation of discharge from velocity/depth data.
Installation and maintenance of continuous water level recorder.
Installation of staff gauge for on-going verification of water-level recorder operation and
accuracy.

2.0 DEFINITIONS
Streamflow, discharge or flowrate is the volume of water passing through a given cross section
of the watercourse during a specific period of time. Typical units are cubic feet per second (cfs).
A current meter is an instrument used to measure water velocity at a point. This procedure
recommends that vertical-axis bucket-wheel current meters be used; for example, the Price Type
AA current meter and the Pygmy type current meter. Another option is to use and
electromagnetic current meter such as a Marsh-McBirney current meter.
3.0 EQUIPMENT AND MATERIALS
The following equipment and materials will be required:
•
•
•
•
•
•
•
•
•

Field log book or electronic field log book
First-aid kit
Survey tape measure, survey level and survey rod
Current meter (i.e. Price Type AA, Pygmy vertical-axis, Marsh McBirney
electromagnetic) and associated instrument rod
Hip or chest waders for personnel wading into the watercourse
Staff gauge for installation at each gauging site (for visual monitoring of water level)
Water-level sensor (e.g., pressure-transducer sensor) for providing continuous
measurement of water level at each gauging site
Data logger compatible with velocity sensor
Data logger compatible with water-level sensor
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•
•

Laptop computer to allow for setup of and real-time interrogation of data logger and
water level sensor, and data retrieval from the data logger
Hardware, tools, and miscellaneous materials needed for installation of staff gauge and
water level sensor

Specific requirements for hardware and materials needed for staff gauge, water level and
velocity sensor/data logger installations will be determined during site reconnaissance survey.
4.0 PROCEDURES

.1

Procedure for Selecting Gauging Locations

The following procedures are to be applied to the process of selecting the specific locations (i.e.,
stream cross sections) where gauging will be carried out.
.1.1

Reconnaissance Survey

An initial reconnaissance survey will be carried out to establish suitable monitoring locations.
This will also provide information on local turbulence and other factors that may affect the flowgauging program and gauging site selection.
During the reconnaissance survey, proposed gauging site locations will be examined in detail to
select specific locations for cross sections at which stage-discharge measurements will be taken
and water level recorders and staff gauges installed.
.1.2

Criteria for Gauging Site Selection

The following criteria will be used to select gauging cross sections:
1.

The cross section is to be located where stream bed and banks are reasonably straight and
uniform for a distance of approximately five times the section's width upstream, and two
times the section's width downstream

2.

The streambed and banks appear to be stable and not subject to scour (e.g., bank erosion),
deposition (e.g., sand bar formation), or debris accumulation.

3.

The stream bed cross section is as uniform as possible and free from vegetation growth or
any large rocks or protruding obstructions
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4.

The cross section should be perpendicular to the general direction of flow and should not
be subject to highly turbulent conditions that would make point velocity measurements
difficult or inaccurate.

5.

The cross section should be located such that there is a "control" situated downstream of
the cross section that ensures a stable stage-discharge relationship at the cross section. The
control is a physical condition in the stream that controls or determines the discharge that
passes the cross section for a given upstream water level. It may be a natural phenomenon
such as a stretch of rapids, a weir or other artificial structure. In the absence of a prominent
feature, it may be a less obvious condition such as convergence of the channel or the
resistance to flow through a downstream reach. Care must be taken during selection of
properly controlled cross sections for stream gauging. In particular, consideration must be
given to the possibility of backwater effects during high-flow conditions that could result
from downstream flow restrictions (e.g., culverts or bridges) or incoming tributary flows.

6.

The gauging location should be situated where there is a suitable and convenient location
for secure installation of a continuous water-level recorder and electronic data logger. As
well, there should be a suitable location for installation of a staff gauge that will allow for
routine visual checks on water level.

7.

The gauging cross section should be located where there are suitable on-shore reference
points to assist with repeated measurement of flow velocities at locations across the cross
section. As well, on-shore reference points are needed to serve as elevation benchmarks.
These horizontal/vertical reference points should be well-defined immovable objects.

.2

Procedure for Stage-Discharge Measurements

Once gauging sites have been selected, discharge measurements will be carried out during the
course of the monitoring program, to establish the relationship between water level and
discharge at each of the gauging sites. The measurements must be done over a range of flows, so
that the rating curve will be valid over the full range of flows encountered during the monitoring
period.
.2.1

Required Number of Measurements at Each Gauging Station

The accuracy of the rating curve developed for each flow gauging station will depend in part on
the number of stage-discharge measurements made at each location, and the range of those
measurements. The minimum requirement is that ten stage-discharge measurements be made at
each location, consisting of:
• 3 measurements under relatively low flow conditions (e.g., dry weather)
• 4 measurements under moderate flow conditions (e.g., shortly after a runoff peak, during
hydrograph recession)
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•

3 measurements under high flow conditions (e.g., during the peak of a significant runoff
episode)

The rating curve for each station is developed by plotting the stage-discharge pairs on graph
paper or in an appropriate computer program, and then fitting a smooth curve over the range of
the data. Visual or mathematical curve fitting techniques can be used.
Once a good rating curve has been established for sites where monitoring is continued over
multiple years, gauging during subsequent years can be completed on an as needed basis. This
should include at least three new points per year distributed between low, medium and high
flows; and additional measurements targeting areas on the rating curve where the uncertainty and
variability are highest. However, whenever there is a change in channel cross section occurs
near the monitoring site (i.e., from construction, new bridge crossings, erosion, etc.) a
completely new rating curve needs to be developed.
.2.2

Discharge Measurement Procedure

The general approach will be to take point velocity readings at evenly spaced stations across the
cross section, and at the same time record the water depth at each station. Flow rate can then be
computed using the method described below. Paired water level/discharge values can then be
used to develop the station's rating curve.
The following procedures will be used to carry out stage-discharge measurements at selected
cross sections:
1.

The cross section is first divided into a number of vertical subsections or "panels" of equal
width. As a general rule, there should be at least 10 panels to properly account for velocity
variations across the cross section. Discretion may have to be used to estimate number of
panels needed for small channels See Figure SOP3-1.

2.

Using an on-shore reference object, the distance to the mid-point of each panel should be
measured using a surveyor's tape or other suitably accurate method. Distances should be
expressed as distance from the on-shore reference point.

3.

A tag line should then be strung across the cross section. The tag line will have markers
indicating the locations were depth and flow velocity are to be measured (i.e., the
midpoints of each of the panels).

4.

The tag line is used to determine where velocity and depth measurements are taken.

5.

On each occasion when stage-discharge measurement is made, first make notes on
conditions at the gauging site, including information on any scour, deposition, and aquatic
vegetation growth or debris accumulation. Make particular note of any apparent changes
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since the previous measurement visit. Take photos of the site and stream conditions if
necessary.
6.

Record the start time and current water level and begin the panel-by-panel depth and
velocity measurements.

7.

Flow depth at the midpoint of each panel is measured using a suitable rod or weighted
cable. The rod or weighted cable is lowered vertically into the water until it reaches the
bed or bottom of the creek. Take care that the rod is not pushed into the bed of the creek.

8.

Flow velocity is also measured at the midpoint of each panel. Velocity measurements will
be taken with a reliable and calibrated velocity probe.
•
•
•
•

If water depth is greater than 30 inches, measure velocity at 20% and 80% of water
depth. These measurements are to be made along a vertical line at the mid-point of the
panel.
If water depth is less than 30 inches, measure velocity at 60% of water depth.
When measuring velocity, hold the probe steady for at least 30 seconds to allow a
stable reading.
Ensure that all velocity readings are within the measurement range of the probe. If low
velocities (e.g., less than 0.1 fps) are being encountered, it may be necessary to use a
different probe (e.g., a Pygmy meter) to provide accurate velocity measurements.

1.

If wading across the section, use a suitable pole or rod to check streambed conditions.
Check for any scour holes, boulders, cobbles, or other conditions that could make for
unsafe footing.

2.

When taking velocity measurements, place the current meter in a position that least affects
the flow passing the current meter.

3.

Record water depth and velocity readings as they are taken. These can be relayed to onshore personnel for recording. Use Form SOP3-1 or equivalent.

4.

Once all readings have been taken, record the stop time and the water level. Then compute
the discharge using the method described below. If any of the individual depth or velocity
measurements or the computed discharge appears questionable, take additional readings to
confirm the results.

.2.3

Procedure for Computing Discharge from Depth-Velocity Data

The method used to compute discharge makes the following assumptions:
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•
•

The measured depth at the mid-point of each panel is considered to be the mean depth for the
panel
The mean velocity at an observation vertical is assumed to be the mean velocity for the
respective panel

For each panel, the discharge is the mean depth multiplied by the mean velocity. The panel
discharges are then summed to obtain the total discharge through the gauging cross section.
For panels where velocity was measured at 20% and 80% of depth, the mean velocity is
computed as the arithmetic average of the two readings: Vmean = (V0.2+V0.8) /2 . Where velocity
was measured at only 60% of depth, that velocity would be considered the mean velocity.
.3

Methods and Procedures for Continuous Water Level Monitoring

.3.1

Continuous Water-level Sensor and Data Recorder

At each gauging station, a water level sensor and data logger will be installed to provide
continuous electronic logging of water levels during the monitoring period.
1.

The water level probe will be an ultrasonic, pressure-transducer sensor or bubbler system,
capable of measuring water depth to within 2.0% precision. It will be capable of
measuring depth over the full range of expected depths. Hydraulic calculations should be
made to estimate the range of depths that might be encountered at the gauging site.

2.

The water level measurements will be recorded on an electronic data-logger. The datalogger will be of a type and design that allows real-time data access and/or graphical
review of stored data using a laptop computer.

3.

The water level sensor must be installed in a secure location that ensures that the sensor
will not be moved by the flow or any debris carried by the flow. Sensor and data logger
must be installed in a location that minimizes risk of vandalism and minimizes the
possibility of damage by debris carried by the flow.

4.

The water level sensor and data-logger system will be set up to provide water level
readings every 15 minutes. This setting can be adjusted if watershed response times and
hydrograph recession times prove to be shorter or longer than expected.

5.

Water level sensor operation and accuracy shall be verified at least once every seven to
fourteen calendar days. At each check, the water level sensor accuracy will be verified by
comparing the sensor reading with a water level measurement taken from the gauging site’s
staff gauge (see below) and/or other water level measurement reference point. The time
and results of each of these checks shall be recorded in the field logbook.
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6.

During each check, data-logger operation will also be verified. The stored data will be
accessed and reviewed to determine if there has been any drift or unexplained variation in
recorded water levels.

7.

If the check reveals that the water-level sensor is in error by more than 5% of water depth
at the sensor, then the sensor is to be removed and inspected. Time of sensor removal must
be recorded in the field logbook. If no reason for the error can be found, the sensor should
be immediately replaced by a calibrated sensor. Time of any such replacement must be
recorded in the log book.

.3.2

Staff Gauge and Vertical Reference Benchmark

To assist with routine checks on the accuracy and operation of the water level sensor and datalogger, a staff gauge and/or reference point will be installed at each gauging site. The staff
gauge will consist of a vertical weather-resistant staff marked at even depth increments that
allow visual measurement of water level within 0.01 feet. The staff gauge will be installed in a
secure location and in a manner that ensures that it will not be moved by the flow, debris carried
by the flow, wind or other forces that might be expected to act on the staff gauge.
At each gauging station, an on-shore vertical reference benchmark shall be established, and all
water levels shall be measured relative to this vertical benchmark. The on-shore benchmark
must be an immovable object that is expected to remain above the water level at all times. The
staff gauge should be designed and installed such that water levels read from the staff gauge can
be readily expressed as distance below the on-shore benchmark. The staff gauge must therefore
be installed using proper level surveying techniques.
.4

.4.1

Data Acquisition, Calculations, and Data Reduction

Field Log Book or Electronic Field Log Book

A field logbook or electronic field logbook will be maintained during the course of the
streamflow-gauging program. It will contain notes and observations on each visit to each
gauging station site. On each visit during which depth-discharge measurements are made, notes
will be made regarding
•
•
•
•
•

Flow conditions
Extent of floating debris carried by the flow
Streambank and streambed erosion, deposition or debris accumulation
Weather conditions
Upstream and downstream conditions
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•
•

Condition of staff gauge and water level sensor and datalogger
Any other pertinent information

Water levels (from staff gauge readings and the water level recorder) and clock times at the start
and end of the depth-velocity measurement period should be recorded in the field log book or
electronic field log book.
.4.2

Water Depth and Velocity Data for Rating Curve Development

As noted above, water depth and velocity data are to be recorded as they are gathered at
individual gauging stations. Form SOP3-1 or similar form(s) should be used to record the data
by on-shore personnel as values are measured by personnel wading across the gauging section.
Form SOP3-1 or similar form(s) should include columns for computation of discharge for each
vertical sub-section or panel of the gauging section, and for then computing total discharge at the
section. These computations and tabulations shall be made in the field immediately after
completing the depth and velocity measurements, to allow for immediate assessment of the
reasonableness of the results.
.4.3

Rating Curve Development

A rating curve is developed for each gauging station by plotting the stage-discharge
measurements on graph paper or in an appropriate computer program, and then fitting a smooth
curve to the data.
A variety of techniques can be used to fit a rating curve to observed stage-discharge data, or
alternatively, to develop a rating table (i.e., a table that describes the relationship between water
level and total discharge at the gauging station). Mathematical techniques or visual curve fitting
can be applied if an appropriate computer program is not capable of fitting the curve.
The methods and techniques presented the U.S. Geological Survey manual entitled, "Discharge
Ratings at Gauging Stations" (E.J. Kennedy, 1984), should be applied to this task with the
assistance of computer-based computations for curve fitting.
.4.4

Continuous Water Level Data

Continuous water level data will be retrieved from the datalogger once every seven to fourteen
calendar days, and in no case shall the interval between site visits exceed three weeks. The data
will be reviewed by field personnel for any apparent anomalies or water-level sensor
malfunctions. If problems are suspected, then the data will be immediately reviewed with the
QA personnel. Refer to QA/QC requirements below for more information on data review
requirements.
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5.0 HEALTH AND SAFETY
If flow velocity and depth measurements are taken by wading across the gauging section, the
following safety practices must be followed:
•

•

Stage-discharge measurements must be made by a team of at least two personnel except
during low flows when velocities are less than 2 fps and water depth is 1.5 feet or less.
During the measurement procedure, only one team member is in the water at any time, with
the other assisting by recording data and otherwise assisting and ensuring the safety of the
person wading in the stream.
If flow is high, make an estimate of maximum flow depth and flow velocity before wading
into the water. Floating debris can be used to estimate velocity. The staff gauge reading can
be used to determine depth. As a general rule, if the product of velocity (in feet per second)
and depth in feet is 7 or greater (for example, velocity of 3 fps and depth of 2.5 feet gives a
product of 7.5), then wading into the flow is not likely to be safe and should not be
attempted.

•

When wading across the section, use a rod to check the stream bed conditions when
advancing across the section. Check for scour holes, obstructions, or any other conditions
that could make for unsafe footing.

•

While personnel are wading in the watercourse, all team members should be attentive to flow
conditions. In particular, watch for floating debris or other hazards that could damage
equipment or cause problems for the in-water personnel.

If flow velocity and depth measurements are taken from a bridge crossing, the following safety
practices must be followed:
•

Stage-discharge measurements must be made by at least two personnel except where vehicle
traffic is low and there is a sidewalk or shoulder area providing a separation distance from
traffic.

•

Field personnel should use appropriate clothing, including orange reflective vests, while
engaged in velocity measurements from a bridge crossing.

•

If necessary, traffic cones should be placed curbside to warn approaching traffic.
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6.0 PERSONNEL
.1

Field Personnel for Stream Gauging

The team responsible for field activities related to stream gauging will consist of at least two
personnel, except during low flows when velocities are less than 2 fps and water depth is 1.5 feet
or less.
At least one member of the stream gauging team should be familiar with theory of open-channel
hydraulics and should have experience with open-channel flow measurement.
All team members should be physically fit and healthy at the time of stream flow measurement
and equipment installation.
.2

Quality Assurance and Approval

Quality assurance requirements (see below), including in-progress review of the stream gauging
activity, will be the responsibility of a qualified professional. The professional must have
expertise in hydrology, open-channel hydraulics, flow measurement techniques and procedures,
and data reduction techniques.
7.0 QUALITY ASSURANCE AND CONTROL (QA/QC)
.1

Data Management and Records Management

Maintenance of the field logbook or electronic field logbook will be the responsibility of the
stream gauging field team. The field logbook or electronic field logbook will be routinely
reviewed and audited as part of the QA/QC procedures (see below).
Continuous water-level data will be stored in computer data files. All raw data files extracted
from the field data logger will be stored in a central office location.
.2
•

Quality Control for Continuous Water-level Recorder
Water level sensor operation and accuracy shall be verified at least once every 7 to 14
calendar days. At each check, the water level sensor accuracy will be verified by comparing
the sensor reading with a water level measurement taken from the gauging site's staff gauge
or reference point. The time and results of each of these checks shall be recorded in the field
log book.
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•

During each check, data-logger operation will also be verified. The stored data will be
accessed and reviewed to determine if there has been any drift or unexplained variation in
recorded water levels.

•

If the check reveals that the water-level sensor is in error by more than 5% of water depth at
the sensor, then the sensor is to be removed and inspected. Time of sensor removal must be
recorded in the field log book. If no reason for the error can be found, the sensor should be
immediately replaced by a calibrated sensor. Time of any such replacement must be
recorded in the log book.

.3

Calibration of Current Meter (Water Velocity Meter)

Maintenance and calibration of the current meter will be done by reviewing the company’s
operations manual for proper calibration and maintenance procedures.
.4
.4.1

Validation of Rating Curve Data
Data Review, Audit and Approval

Immediately after completion of a stage-discharge measurement at a gauging station, results of
that measurement will be reviewed to determine the adequacy of each measurement for use in
developing the station’s rating curve. This will consist of review and audit of the field log book
or electronic field log book, data records and data reduction tabulations (i.e., tabulations on Form
SOP3-1 or similar form{s}), along with interview with the personnel that undertook the
measurement.
If results are judged acceptable, then the data acquisition/reduction form (Form SOP3-1 or
similar form{s}) will be approved.
If any deficiencies are found, then they will be reviewed in detail with the personnel that carried
out the measurements so that appropriate corrective action is taken to ensure that adequacy of
future measurements.
.4.2

Maintaining Approved Rating Curve Data

The project engineer will maintain a copy of all approved stage-discharge measurements for all
stations, and will be responsible for developing each station’s rating curve according to the
requirements of this S.O.P.
8.0 REFERENCES
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9.0 FORMS AND FIGURES
FIGURE SOP3-1:
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FORM SOP3-1
W ATERSHED MONITORING

FORM SOP3-1

STREAMFLOW GAUGING: STAGE-DISCHARGE MEASUREMENT DATA SHEET
Date of measurement
Crew members
Weather conditions
Stream observations/
flow conditions

DEPTH VELOCITY DATA
Start time

Distance from on-shore
reference point
feet

Water level at start time:
Level recorder
Staff gauge

Panel
number

Panel
width

Time
hh:mm

Water
depth
feet

Velocity readings
Mean
20% depth60% depth80% depth velocity
fps
fps
fps
fps

Panel
discharge
cfs

Notes

1
2
3
4
5
6
7
8
9
10

Total of panel discharges:
Stop time

Water level at stop time
Level recorder
Staff gauge

cfs
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1.0 SCOPE AND APPLICABILITY
.1

Overview of Water Grab Sampling Required

Water grab sampling refers to the collection of water samples from specific locations at specific
times, without the use of automated sampling equipment. Grab sampling is done manually by a
field crew. Samples are submitted to a laboratory for analysis for selected parameters.
For the Washington Conservation District (WCD), grab sampling is typically used for collecting
lake water samplings and stream samples. Grab samplings for stream flow is only employed for
base flow or storm flow stream conditions where flow or time weighted compositing are not
desired.
.2

Scope of the S.O.P.

This SOP describes procedures and requirements for collecting water grab samples, recording
the necessary field data, and transmitting the collected samples to laboratory facilities for
analysis. This includes requirements regarding sample handling and chain-of-custody records,
along with requirements for quality assurance and quality control (QA/QC).
2.0 DEFINITIONS
.1

Discrete Grab Sample

A "discrete" grab sample is one that is taken at a selected location, depth and time.
.2

Duplicate Samples

Duplicate samples are obtained by dividing one sample into two or more identical sub-samples.
This should be done periodically to obtain information on the magnitude of errors owing to
contamination, random and systematic errors, and any other variabilities that are introduced from
the time of sampling until samples arrive at the lab. The typical objective for watershed
sampling is to collect duplicate samples from 5% of all samples.
3.0 EQUIPMENT AND MATERIALS
Equipment and supplies that are needed for water grab sampling include:
•
•
•
•

Field log book
Hip or chest waders to allow sampling personnel to wade into the stream if necessary
First-aid kit
Sample bottles or containers
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•
•
•
•
•

Blank sample bottle labels (as provided by the laboratory to which samples will be
submitted)
Chain-of-custody and laboratory sample submission forms
Sampling pole or rod (if necessary) to which sample bottles can be easily and securely
attached
Intermediate sample container, if necessary
Decontamination water (deionized or distilled water) for intermediate sampler rinsing

4.0 PROCEDURES

.1

General Procedural Requirements

Only the recommended type of sample bottle for each parameter should be used. The parameters
analyzed for each monitoring program vary.
Refer to Table SOP1-1 for the general
requirements for the parameters analyzed for typical WCD programs.
Table SOP1-1
Recommended Sample Containers and Sample Preservation
Parameter
Total Suspended Solids
Carbonaceous Biochemical
Oxygen Demand
Fecal Coliform, E. coli
Ammonia
Chloride
Nitrate + Nitrite
Soluble Reactive
Phosphorus or OrthoPhosphours
Chemical Oxygen Demand
Phosphorus
Chlorophyll-a
Total Kjeldahl Nitrogen
Volatile Suspended Solids
Metals

Container

Preservation

Polyethylene or glass
Polyethylene or glass

Refrigerate to 4°C
Refrigerate to 4°C

Sterilized
polyethylene or glass,
plastic whirl-pak
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass

Refrigerate to 4°C;

Polyethylene or glass
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass

Refrigerate to 4°C
Refrigerate to 4°C
Refrigerate to 4°C
Filter upon arrival at
laboratory using 0.45
µm membrane filter
Refrigerate to 4°C
Refrigerate to 4°C
Keep in the dark,
Refrigerate to 4°C
Refrigerate to 4°C
Refrigerate to 4°C
Refrigerate to 4°C

Maximum
Storage/
Holding Time
7 days
24 hours or
8 days cold
4 hours
28 days
28 days
28 days
24 hours

28 days
28 days
8 hours
28 days
7 days
180 days
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Dissolved Phosphorus
Total Sulfate
Total Hardness
Total Alkalinity
Total Organic Carbon
Turbidity

Polyethylene or glass
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass
Polyethylene or glass

Refrigerate to 4°C
Refrigerate to 4°C
Refrigerate to 4°C
Refrigerate to 4°C
Refrigerate to 4°C
Refrigerate to 4°C

28 days
28 days
30 days
14 days
14 days
7 days

The inner portion of sample bottles and caps should not be touched with bare or gloved hands.
Sample bottles for fecal coliform must be pre-sterilized and sealed. Sample bottles must be kept
in a clean environment away from dust, dirt, fumes and grime. Vehicle cleanliness is important
to eliminating contamination problems.
Samples must be delivered to the laboratory as soon as possible and within the holding times
specified in Table SOP1-1. Fecal coliform or E. Coli samples, with a maximum holding time of
4 hours, are the most time-sensitive parameter for delivery to the laboratory. Samples must
never be allowed to stand in the sun. They should be stored in a cool place. Ice chests are
required for this purpose.
.2

Collecting Discrete Grab Samples

When collecting discrete grab samples:
•
•
•
•
•

•
•
.3

Do not include large non-homogeneous particles or detritus in the sample.
To collect the sample, clamp the bottle onto a properly designed sampling rod or pole (if
necessary). If samples can be gathered within arm’s reach, a pole need not be used.
To gather water samples from a creek or other watercourse, dip the sample bottle into the
flow being careful not to draw in bottom sediments or detritus.
Face the sampling bottle upstream to avoid contamination.
If an intermediate sample container is used for sample collection, a dedicated intermediate
container must be used for each sample site. The intermediate container must be rinsed
before and after use with laboratory supplied distilled/deionized water. Also, the
intermediate container must be rinsed at least three times with the stream, creek, or effluent
water being sampled before collection of the sample for analysis.
Be certain to completely fill bottles and leave as little headspace as possible
Once the sample bottle has been filled, quickly cap it and place it in a suitable storage
container (i.e., ice chest) for transportation to the laboratory facility.
Field Documentation

During each sampling run, field notes will be taken using either waterproof field notebooks with
pens containing waterproof ink (e.g., ballpoint pens) or with PDA’s (personal desktop assistants)
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with electronic field note recording capabilities. These notes will describe field conditions,
weather, procedures followed, any problems encountered, and any modifications to standard
procedures. The field notes will include:
•
•
•
•
•
•
•

Date and time of sample collection at sample sites visited, and sample ID numbers
Sampling team initials
Sampling team assignments (e.g., sample collector, forms completion, field notes)
Weather conditions (temperature, wind, cloud cover)
General observations regarding flow, water clarity, odors at sampling sites
Description of any problems that occur
Modifications to established procedures

Complete and accurate field logbook notes are an essential part of the QA/QC process (see
below). Proper attention must therefore be given to completing the field notes during the course
of each sampling trip.
.4

Sample Labeling and Identification

The labels must be legibly and completely filled out and placed firmly on the bottle when
samples are collected.
All samples will be assigned an 8-character project sample number, as shown below. The
sample number will be clearly written on the sample label. Information on river mile, type of
sample (grab or composite), start time and date of sampling period, and end time and date will
also be clearly indicated on the sample label in order to match information on lab submission
sheet.
Sample Labeling:
Site Name
Mile--XX
Project #: Enter unique 8 character # here
Composite/Grab
Start date: MM/DD/YYYY
End date: MM/DD/YYYY
Start time: HH:MM

End time: HH:MM
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.5

Sample Handling

When samples are collected, careful handling is required to minimize risk of contamination.
Samples should be handled as little as possible and by as few people as possible.
•
•
•
•
.6

Sample containers should remain sealed/capped until used
The inner portion of sample bottles and caps should not be touched with bare or gloved
hands
Sample bottles must be kept in a clean environment away from dust, dirt, fumes and grime.
Vehicle cleanliness is important to eliminating contamination problems.
Samples must never be allowed to stand in the sun. They should be stored in a cool place.
Ice chests are recommended.
Sample Transport and Chain of Custody

The field sampling crew will initiate a chain-of-custody form for all samples. An example of a
chain-of-custody form is shown below.
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Example Sample Chain of Custody Form:
Sample(s) Present
X
XX

X
X

XX
X
X
X
X
XXX
X
X

XX
X

Site Name
Stream Name: N. tributary to Wilmes Lk (MS1)
Stream Name: N. tributary to Bailey Lk (MS2)
Stream Name: E. tributary to Powers Lk (Powers)
Stream Name: Trib. Mississippi River MR-3 (100th St.)
Stream Name: Trib. Mississippi River (Newport)
Stream Name: Trib. Mississippi River (St Paul Park)
Stream Name: Carnelian Creek at May Ave (May Ave)
Stream Name: Carnelian Creek at Ozark Trail (Ozark)
Stream Name: Carnelian Crk at Big Car. Lake (Big Car)
Stream Name: SILVER_CR (Silver-95)
Stream Name: CAR_MARINE
Stream Name: BROWNS_CR
Stream Name: Brown's Creek at McKusick Rd (McKusick)
Stream Name: Brown's Creek at Hwy 15
Stream Name: Trib. To Browns Creek at Long Lake Inlet1 (Furgala)
Stream Name: Trib. To Browns Creek at Long Lake Inlet2
Stream Name: Trib to Brown's Creek at Brown's Creek Diversion
Stream Name: Sunrise River at Comfort Lake Outlet (Comfort Out)
Stream Name: Sunrise River at Comfort Lake Inlet (Comfort In)
Stream Name: Sunrise River at Little Comfort Lake Inlet (Little Comfort)
Stream Name: Sunrise River at Forest Lake Outlet (Forest)
Stream Name: Tributary to Sunrise River at outlet of Bone Lake (Bone Out)
Stream Name: Tributary to Sunrise River at inlet of Bone Lake (Bone In 1 – 238th)
Stream Name: Tributary to Sunrise River at South inlet of Bone Lake (Bone In 2 – 228th)
Stream Name: Tributary to Sunrise River at outlet of Shields Lake (Shields)
Stream Name: Perro Creek

Project Number
5518-00-01
5518-00-01
5518-00-01
5518-00-01
5518-00-01
5518-00-01
5518-00-02
5518-00-02
5518-00-02
7102-99-01
7102-99-01
7102-99-01
5518-00-03
5518-00-03
5518-00-03
5518-00-03
5518-00-03
5518-00-04
5518-00-04
5518-00-04
5518-00-04
5518-00-04
5518-00-04
5518-00-04
5518-00-04
5518-00-05

By signing below, I fully understand and acknowledge that the information above is correct and correlates completely with the material(s) received

Lab Sample Originator Submittal Signature:

Date/Time:

Lab Sample Transporter Submittal Signature:

Date/Time:

Lab Personnel Received Sample Signature:

Date/Time:
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Chain-of-custody forms will include information on project name, date and time of sample
collection, number of samples, sample ID number, date and time of sample custody transfer, and
the names of persons from and to whom custody was transferred.
The chain-of-custody form will be signed and dated each time custody is changed.
If commercial couriers are used to transport samples to the laboratory, copies of the custody
form will be made by field sampling personnel before samples are shipped to the laboratory.
(The commercial courier does not sign the custody form.) The original custody form will be
sealed in a plastic bag and sealed in the shipping container. Once received by the laboratory, the
sample custodian at the lab will inspect the samples for damage, sign the custody form, make a
copy for the laboratory file, and then forward the original form to the project’s field program
manager for filing in the project files.
.7

Submission to the Laboratory

Blank copies of laboratory submission forms are to be provided by the laboratory to which
samples will be submitted for analysis.
The laboratory submission forms will be completed by the field sampling crew and will
accompany the chain-of-custody forms when the samples are delivered to the laboratory.
The laboratory sample submission forms must include information on the identification numbers
for all samples submitted, which parameter analysis is required on each sample, and the method
of sample preservation used at the time of sample collection.
5.0 HEALTH AND SAFETY
Gathering of water samples may result in exposure to sewage and bacteriologically contaminated
water. All field sampling personnel must therefore be adequately protected against risk of
exposure to such contaminants.
•
•

•

Field personnel shall wear rubber gloves or suitable hand protection during the collection and
handling of samples.
Before embarking on any sample collection activities, field personnel shall acquire adequate
medical protection against risk of infectious disease, including (as a minimum) protection
against tetanus, polio, pertusis, diptheria, and hepatitus A. Hepatitis B protection is also
recommended.
While working in the field, the field crew shall carry a complete first-aid kit that provides
materials for disinfection and protection of any skin cuts or abrasions. Personnel will
promptly attend to any such cuts or abrasions and seek medical attention if appropriate. Any
need for first aid or medical attention shall be recorded in the field logbook, including
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information on time and location of any injury to personnel and description of first-aid
treatment applied.
6.0 PERSONNEL
.1

Field Sampling Personnel

The field personnel responsible for sample collection should be technical personnel with
experience in conducting this type of work.
All field personnel must have acquired recommended medical preventatives and inoculations to
guard against risks associated with sampling of contaminated waters. The specific requirements
are set out above, under "Health and Safety."
.2

Quality Assurance Personnel

Field quality assurance reviews and auditing requirements (described below) will be the
responsibility of the sampling team leader. This person must have experience in water sampling
and environmental monitoring programs, and be familiar with sample handling, preservation,
chain of custody, and laboratory submission requirements.

7.0
.3

QUALITY ASSURANCE AND CONTROL (QA/QC)
Data Management and Records Management

Field sampling personnel will be responsible for maintaining copies of all chain-of-custody
forms and laboratory sample submission forms.
Field sampling personnel will be responsible for maintaining the field logbook.
Field sampling personnel will be responsible for providing the sampling team leader with the
above materials after each grab sampling run, to allow the QA personnel to carry out QA review
and audit.
The QA personnel will also keep copies of all chain-of-custody and laboratory submission
forms, and will be responsible for maintaining a record of the results of reviews and audits of the
individual sampling runs (see below).
.4

Submission of Duplicate Samples

Duplicate samples are obtained by dividing one sample into two or more identical sub-samples.
This should be done on 5% of samples and on each sampling run. The purpose is to obtain
information on the magnitude of errors owing to contamination, random and systematic errors,
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and any other variabilities that are introduced from the time of sampling until samples arrive at
the lab.
.5

Quality Assurance Audits

Immediately after completion of a sampling run, the sampling team leader will carry out a
review and audit of the sampling run. This will include:
•
•
•

Review of the field log book
Review of copies of chain-of-custody forms and lab submission forms
Interview with field sampling personnel

The purpose is to determine whether or not all grab sample collection, handling, transmission,
and laboratory submission procedures were properly executed.
If this review determines that there were errors or deficiencies in the procedures used, then the
quality assurance personnel will review the matter in detail with the field sampling crew to
ensure that any necessary corrective action is taken to ensure that the problems do not recur. The
QA personnel will make records of the errors or deficiencies and take any other corrective action
that may be appropriate or necessary to avoid errors in data that may result from the sampling
run.
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1.0 SCOPE AND APPLICABILITY
This S.O.P. describes the procedure to be followed in installing automated sampling equipment,
and operating and maintaining the equipment. This S.O.P. also addresses handling of samples
collected by the automated samplers, sample transportation and chain-of-custody tracking, and
submission to the laboratory for analysis. QA/QC requirements are also described.
This S.O.P. does NOT provide detailed instructions on how to program, trigger and troubleshoot
automated sampling equipment, since these aspects are unique to the specific make and model of
automated sampler in use. Field personnel responsible for installing, operating and maintaining
automated samplers must therefore make reference to the relevant equipment user manuals.
For Twin Cities watersheds automated sampling is typically used to gather wet weather water
samples from streams and storm water collection systems.
2.0 DEFINITIONS
.1

Stream Site

A stream site is a location along an open watercourse at which automated sampling is required.
.2

Stormwater Site

A stormwater site is a location along a closed watercourse (pipe outfall) at which automated sampling is
required

.3

Confined Space Entry Site

A confined space entry site is a location along a closed watercourse at which automated
sampling is required that has a limited means of egress, which is subject to the accumulation of
toxic or flammable contaminants or has an oxygen deficient atmosphere

.4

Composite Sample

A composite sample is a single mixed sample that is collected over time by an automated
sampler. It may be time-composite (where a specific volume of water is added to the composite
sample at regular time intervals) or flow-composite (where the rate of sampling is proportional to
the measured rate of flow at the sampling location).
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.5

Automated Sampler (or Auto-Sampler)

A portable sampler unit that can be programmed to collect discrete sequential samples, timecomposite samples or flow-composite samples. (See EQUIPMENT section below for further
details).
3.0 EQUIPMENT AND MATERIALS
.1

Automated Sampler Sites

The following equipment and materials will be required.
•
•
•

•
•
•
•
•
.2
•
•
•
•
•
•
•
•
•

Field log book or electronic field note recorder
First-aid kit
Automated samplers and associated materials such as batteries and sampling tubing.
Samplers should include the following features:
- Initiation (triggering) of sampling may be accomplished manually or via a control signal
generated by an external device such as a flow meter or timer.
- Samples are drawn into the sampler by peristaltic pump.
- Sample delivery is through a suction line of vinyl tubing.
- The suction line should be equipped with a stainless steel or polypropylene intake
strainer.
Sample bottles
Sample bottle labels
Chain-of-custody forms and laboratory submission forms
Flashlights
Tools, hardware, and other materials needed for securing sampling equipment at the
installation site
Special Equipment and Materials Required for Confined Space Entry
Portable multi-gas monitor
Full body harness
Traffic safety cones
High-visibility safety clothing
Self-contained breathing apparatus (if necessary)
Ventilating Blower (if necessary)
Hardhat
3-way rescue and recovery tripod and winch system
Tools, hardware, and other materials needed for confined space entry as stated is OSHA
Occupational Safety and Health Standards 1910.146
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4.0 PROCEDURES

.1

Sampler Installation

.1.1

General

The manufacturer’s instructions and recommendations should be followed. Refer to equipment
manuals provided with the automated samplers.
.1.2

Installing Suction Intake Tubing and Intake Strainer

At the designated sampling location, the intake strainer should be placed parallel to the flow,
facing upstream. The strainer is to be secured to a length of PVC pipe or other material of
suitable diameter. The PVC pipe is mounted to the bottom or walls of the conduit using steel
strapping or some other method that will secure the assembly in place. Alternatively, it may be
necessary to secure the PVC pipe/strainer assembly to a heavy object (e.g., piece of steel plate)
and place the entire assembly within the flow.
The minimum amount of tubing to reach the sampler should be used. Make sure to measure the
entire length of the tubing since this information is needed when programming the automated
sampler. Strapping or clips should be used to secure the tubing in place. There must be no kinks
or dips in the tubing.
.1.3

Securing the Automated Sampler

Outfall Site Installations
Outfall site installations will typically be within open effluent or stormwater channels.
In these situations, the automated sampler can be secured to the wall of the channel at locations
above the expected high water level.
Suitable strapping, chains, ropes or other methods may be used to secure the auto-sampler in
place. The sampler should be situated to facilitate routine access to the operational switches and
programming keypad. The sampler should also be situated and secured in a manner that does not
impede the ability to access, remove, and replace sample bottles.
Stream Site Installations
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At stream site installations, the same procedures and requirements apply. However, it will likely
be necessary to provide secure housing for the sampler. This can be accomplished in a number
of ways, depending on site conditions and site location.
In some situations, it may be possible to secure the sampler at or within a bridge or culvert
crossing of the watercourse. In such cases, it may be necessary to construct a platform on which
the sampler is mounted. In other cases, it may be necessary to construct a platform and housing
for the sampler on the banks or shore of the watercourse.
In these cases, efforts must be made to minimize risk of equipment vandalism and theft by
suitably locating and securing the equipment.
Confined Space Entry Installations
Confined space entry site installations will typically be within closed channel systems such as storm
sewers or sanitary sewers. In these situations, automated sampler manufacturers should be consulted
because they may have specific requirements in order to conduct sampling within these locations.

.2

Initiating Sampling

Following instructions provided in the equipment manuals, the sampler must be programmed to
sample at regular time intervals, or according to a flow-proportional signal generated by a nearby
flow meter. For the Twin Cities watersheds the first sample taken at a site is typically time
composited. Once a good stage discharge curve is established subsequent samples should be
collected by flow proportion.
Sampling can be initiated either by manually triggering the sampler, or by programming the
sampler to respond to changes in flow or water level that are indicated by changes in control
signal generated by a nearby flow meter or water-level sensor. Again, the equipment manuals
must be referred to for instructions on how these various types of operation are accomplished.
Automated samplers must be provided with fully charged batteries or an outside auxiliary power
souce (i.e. 120V AC source, solar panel) immediately prior to initiating sampling.
If samples are to be refrigerated between the time of sample collection and submission to the
laboratory, then immediately prior to initiation of sampling, the sampler’s bottle carousel should
be iced.
.3

Sample Handling, Transportation and Chain of Custody

.3.1

Sample Removal from the Automated Sampler
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At the end of the sampling period, the sample distributed to appropriate bottles for the required
analyses, preserved, and delivered to the laboratory where they will be analyzed for the required
parameters. If any of the bottles were not filled or if spillage occurred during sampling or during
sample bottle removal, make appropriate notes in the field logbook.
When samples are removed from the sampler, careful handling is required to minimize risk of
contamination. Samples should be handled as little as possible and by as few people as possible.
•
•
•

.4

The inner portion of sample bottles and caps should not be touched with bare or gloved
hands
Sample bottles must be kept in a clean environment away from dust, dirt, fumes and grime.
Vehicle cleanliness is important to eliminating contamination problems.
Samples must never be allowed to stand in the sun. They should be stored in a cool place.
Ice chests are recommended
Sample Labeling and Identification

The labels must be legibly and completely filled out and placed firmly on the bottle when
samples are collected.
All samples will be assigned an 8-character project sample number, as shown below. The
sample number will be clearly written on the sample label. Information on river mile, type of
sample (grab or composite), start time and date of sampling period, and end time and date will
also be clearly indicated on the sample label in order to match information on lab submission
sheet.

Washington Conservation District Monitoring
S.O.P. 1: Water Grab Sampling
Version 2
Date: 07/17/07
Page 8 of 12

Sample Labeling:
Site Name
Mile--XX
Project #: Enter unique 8 character # here
Composite/Grab
Start date: MM/DD/YYYY
End date: MM/DD/YYYY
Start time: HH:MM

.5

End time: HH:MM

Sample Chain of Custody

The field sampling crew will initiate a chain-of-custody form for all samples.
Chain-of-custody forms will include information on project name, date and time of sample
collection, sample description, sample ID number, date and time of sample custody transfer, and
the names of persons from and to whom custody was transferred.
The chain-of-custody form will be signed and dated each time custody is changed.
If commercial couriers are used to transport samples to the laboratory, copies of the custody
form will be made by field sampling personnel before samples are shipped to the laboratory.
(The commercial courier does not sign the custody form.) The original custody form will be
sealed in a plastic bag and sealed in the shipping container. Once received by the laboratory, the
sample custodian at the lab will inspect the samples for damage, sign the custody form, make a
copy for the laboratory file, and then forward the original form to the project’s field program
manager for filing in the project files.
.6

Submission to the Laboratory

Blank copies of laboratory submission forms are to provided by the laboratory to which samples
will be submitted for analysis.
The laboratory submission forms will be completed by the field sampling crew and will
accompany the chain-of-custody forms when the samples are delivered to the laboratory.
The laboratory sample submission forms must include information on the identification numbers
for all samples submitted, which parameter analysis is required on each sample, and the method
of sample preservation used at the time of sample collection.
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.7

Maintenance of Automated Samplers

In general, manufacturer’s instructions and recommendations regarding routine maintenance are
to be followed.
Sampler pump head and intake tubing will be inspected after each sampling period. Intake
strainer will be cleaned or replaced as necessary. Tubing will be replaced if necessary. Cleaning
and replacements must be noted in the field logbook.
.8

Field Documentation

During automated sampler installations, field notes will made in the field log book including
•
•
•
•
•

Time, date and specific location of installation
Flow conditions during installation
Weather conditions
Any problems encountered
Results of checks on sampler operation and battery condition.

On each occasion that sampling is initiated, field notes will be made regarding the following:
•
•
•
•
•
•

Date and time of sampling start-up
Flow conditions at start-up
Type and details of auto-sampler programming set-up, indicating if sampling is intended as
discrete sequential, time-composite or flow-composite.
Details on programmed sampling interval.
If sampler operation is being controlled by signals from nearby flow meters of water-level
sensors, include notes on how the sampler has been programmed to react to changing level or
flow.
Any problems encountered

When sampling is completed and samples are being removed from the samplers, make field log
notes regarding:
•
•
•
•
•
•

Condition of sampler including information on whether all bottles were filled or if any
spillage appeared to have occurred.
Condition of intake strainer and intake tubing, noting any cleaning or replacements
undertaken.
Weather conditions
Date and time of sample removal from the sampler
General observations regarding flow, water clarity, odors at sampling sites
Description of any apparent problems with the sampler
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Complete and accurate field logbook or electronic field notes are an essential part of the QA/QC
process (see below). Proper attention must therefore be given to completing the field notes
during the course of fieldwork.
5.0 HEALTH AND SAFETY

.1

Health of Personnel

Gathering of water samples may result in exposure to sewage and bacteriologically contaminated
water. All field-sampling personnel must therefore be adequately protected against risk of
exposure to such contaminants.
•
•

•

.2
•

Field personnel shall wear rubber gloves or suitable hand protection during the collection and
handling of samples.
Before embarking on any sample collection activities, field personnel shall acquire adequate
medical protection against risk of infectious disease, including (as a minimum) protection
against tetanus, polio, pertusis, diphtheria and hepatitis A. Hepatitis B protection is also
recommended.
While working in the field, the field crew shall carry a complete first-aid kit that provides
materials for disinfection and protection of any skin cuts or abrasions. Personnel will
promptly attend to any such cuts or abrasions, and seek medical attention if appropriate. Any
need for first aid or medical attention shall be recorded in the field logbook, including
information on time and location of any injury to personnel and description of first-aid
treatment applied.
Confined Space Operations
No confined space installations are to be attempted without proper on-site permits, safety
equipment and applicable training. Refer to OSHA Occupational Safety and Health
Standards 1910.146 for operations in confined spaces

6.0 PERSONNEL

.1

Field Sampling Personnel

The field personnel responsible for installing and operating automatic samplers should be
technical personnel with experience in installing, operating and maintaining the specific
equipment to be used.
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All field personnel must have acquired recommended medical protections to guard against risks
associated with sampling of contaminated waters. The specific requirements are set out above,
under "Health and Safety:"
.2

Quality Assurance Personnel

Quality assurance reviews and auditing requirements (described below) will be the responsibility
of the sampling team leader. This person must have experience in water sampling and
environmental monitoring programs, and be familiar with sample collection, handling,
preservation, chain of custody, and laboratory submission requirements.
7.0 QUALITY ASSURANCE AND CONTROL (QA/QC)

.1

Data Management and Records Management

Field sampling personnel will be responsible for maintain copies of all chain-of-custody forms
and laboratory sample submission forms.
Field sampling personnel will be responsible for maintaining the field logbook. Field sampling
personnel will be responsible for providing the quality assurance personnel with the above
materials after each sampling period, to allow the QA personnel to carry out QA review and
audit.
The QA personnel will also keep copies of all chain-of-custody and laboratory submission
forms, and will be responsible for maintaining a record of the results of reviews and audits of the
individual sampling periods (see below).

.2

Quality Control

.2.1

Submission of Duplicate Samples

Duplicate samples are obtained by dividing one sample into two or more identical sub-samples. This
should be done on 5% of samples and each sampling run. The purpose is to obtain information on the
magnitude of errors owing to contamination, random and systematic errors, and any other variabilities
which are introduced from the time of sampling until samples arrive at the lab.

.2.2

Quality Assurance Audits

Immediately after completion of a sampling run, the designated quality-assurance personnel will
carry out a review and audit of the sampling run. This will include
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•
•
•

Review of the field log book
Review of copies of chain-of-custody forms and lab submission forms
Interview with field sampling personnel

The purpose will be to determine whether or not automated sampling operations, sample
handling, transportation, and chain of custody and laboratory submission procedures were
properly executed.
If this review determines that there were errors or deficiencies in the procedures used, then the
quality-assurance personnel will review the matter in detail with the field sampling crew to
ensure that any necessary corrective action is taken to ensure that the problems do not recur. The
QA personnel will make records of the errors or deficiencies and take any other corrective action
that may be appropriate or necessary to avoid errors in data that results from the sampling run.
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1.0

SCOPE AND APPLICABILITY

.1

Overview of Data Management Procedures

This S.O.P is designed to define the procedures that are performed in flow monitoring and/or
other aspects of water resource data collection using data logging technology or water sampling
activities to ensure the accuracy and usability of the data after the raw data has been collected.
Multiple agencies collect these types of data and have specific standard procedures for their
specific data collection needs. This S.O.P. specifically defines the methods used by the
Washington Conservation District (WCD) and does not reflect the exact procedures used by
others. Although other agency S.O.P.’s may look similar, careful investigation may reveal
differences between procedures that should be taken into account.
.2

Scope of the S.O.P.

This SOP describes required procedures for data management required by flow monitoring
and/or other aspects of water resource data collection using data logging technology or water
sampling. This SOP describes:
•
•
•
•

Field data management
Flow data management
Water sampling data management
Procedures for data backup

2.0

EQUIPMENT AND MATERIALS

The following equipment and materials will be required:
•
•
•
•
•

Field log book or electronic field log book
Laptop computer
Desktop computer
Connection to network server
Software
• Teledyne Isco Flowlink 5.x
• Microsoft Office software products (Word, Access, Excel)
• Hach Insight
• YSI EcoWatch
• Onset Boxcar
• Campbell PC208W
• Global Water
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• Pendragon Forms 5.0
• Aqua Rod 4.10
• Rating curve measurement log book

3.0

PROCEDURES

.1

Procedure for Compiling and Managing Field Log Book or Electronic Log Book

.1.1

Site Data Field Notes

At least every 7 to 14 days, site visits will be performed to maintain the operation and integrity
of our sites. During these visits all data will be looked at thoroughly and any noticeable
problems with the data or site will be recorded in the field log book or electronic field log book.
.1.2

Field Data Log Book or Electronic Log Book Backup

Upon returning to the office after site visits, the log book or electronic log book entries will be
placed in the network server via desktop computers. If traditional log book entries are
performed, the field data will be entered into the appropriate computer program and saved to the
server. If an electronic log book is used, the electronic form will be merged with the server via
desktop computer.
.2

Procedure for Compiling and Managing Data Logger and Laptop Data

.2.1

Site Data Retrieval

At least every 7 to 14 days, site visits will be performed and all data loggers will be downloaded
using the laptop computer and appropriate data logger software listed above in the equipment
and materials list. Data will be looked at in the field and any potential problems with the data
set(s) will be noted and possibly resolved in the field.
.2.2

Data Logger Data and Laptop Data Backup

At least every 14 days, a data backup will be performed for each field laptop. The data that was
transferred from the data loggers to the laptops will be copied to the server. From this point
forward, the data on the server will be accessed via desktop computers for further analysis,
compiling, and management
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.3

Procedure for Compiling and Managing Server Data Using Desktop Computers

.3.1

Site Data Set Management

Each site’s data set will be copied from the server into a working spreadsheet using Microsoft
Excel or another appropriate program. Data will only be worked on, edited, etc. within this
working spreadsheet allowing for a copy of raw data to be maintained on the server.
.3.2

Site Data Analysis

The goal of the site data analysis is to determine:
1. If there were any physical problems at the site throughout the year that could affect the data
that were noted within the field log and to correct them as best possible to reflect what
actually occurred at the site
2. If there were any data logger malfunctions or errors in the data set (i.e. logger drift,
calibration corrections) and correct them as best possible to reflect what actually occurred at
the site
3. If problems could not be resolved within the data set, then noting within metadata what
problems may have occurred, significant events, or other pertinent resource information to
assist the data user in knowing as much about the data set as possible
.3.3

Data Editing

If it is determined from field notes that a physical problem was occurring at the site (i.e.
obstruction in channel affecting stage/discharge relationship, etc.), the data would need to be
edited to reflect that change during this period. There are three ways in which to perform this
task:
1. Identify any potential relationships or alternative ways in which to utilize existing data to
resolve problems. For example, a problem with a stage/discharge relationship being affected
from an obstruction in a channel will attempt to be resolved by looking at the rating curve
that was collected and if a measurement was collected during the period where the
obstruction occurred, use an appropriate stage/discharge relationship shift in the curve to
accurately reflect the change in discharge during that period. If no measurement was taken
during that period, another alternative is to utilize the velocity data from the data logger files.
If the site is equipped with a velocity meter, a surveyed channel transect and the stage can be
used to determine the wetted area within the channel and product of the area and velocity
will determine discharge.
2. Not all physical problems at sites will be able to be resolved. In those cases, you can attempt
to estimate what occurred and interpolate data appropriately and note the change to the
dataset in the metadata.
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3. Completely leave that period of data collection out of the final data set and note the change
to the dataset in the metadata.
If there were any data logger malfunctions or errors in the data set (i.e. logger drift, calibration
corrections), then these errors must be addressed in one of three ways:
1. If the datalogger malfunctions and gives you small periods of erroneous readings that are
determined by the scientist and their best professional judgment to be incorrect, the data may
be able to be corrected via statistical analysis. For example, if a velocity meter gives
consistent readings based on a correlated stage throughout most of the season, and for very
small periods gives inconsistent readings based on the correlated stage, a stage/velocity
relationship could be plotted to determine a way to interpolate the data for those small
periods of time based on the stage using Teledyne Isco Flowlink 5.x or a similar program
with this plotting function. Other errors in the data (i.e. logger drift, calibration corrections)
can be resolved utilizing a function built within the program Microsoft Excel or similar
program. This function would allow for the interpreter and computer program to use the
field measurements known to be correct before and after the logged period in question and
correct each time period and data logged during that period such that the correction would
account for the amount of time passed between field measurements and the amount needed to
be corrected for.
2. Not all malfunctions or errors at sites will be able to be resolved. In those cases, you can
attempt to estimate what occurred and interpolate data appropriately and note the change to
the dataset in the metadata.
3. Completely leave that period of data collection out of the final data set and note the change
to the dataset in the metadata.
If problems could not be resolved within the data set, then noting within metadata what problems
may have occurred, significant events, periods of data that may have been rejected, or other
pertinent resource information to assist the data user in knowing as much about the data set as
possible. This metadata will allow the data user to make a decision whether they are able to
utilize the data for their needs or if the data will not work for their interpretation.
.3.4

Final Site Data Compilation and Storage

Once all site file changes, edits, and analysis is complete, site files will be copied into a new
final site data file where only the clean, distributable data will be stored keeping all edits and
changes to the working site file intact for future reference. These final site files will either be
kept in a spreadsheet compatible format or will be uploaded into a database such as Microsoft
Access or Teledyne Isco Flowlink 5.x for permanent storage and retrieval. These files will be
automatically backed up via the network server on a regular basis. Metadata files with all
explanations and descriptions of the site and necessary information will also be kept intact via
the network connection and scheduled server backup.
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.4
.4.1

Procedure for Managing Water Sampling Data
Water Sampling Data Retrieval and Storage

When a laboratory has completed the analysis of the water sampling data, each exported data set
from the laboratory will be retrieved and stored on our server using a desktop computer. Each
time a data set is retrieved, a new file will be saved to the server.
.4.2

Water Sampling Data Analysis

An analysis of the data exported from the lab will be performed by opening and copying the file
on the server and creating a new file for each particular site’s data. A record of lab submission
sheets should correlate to each lab sample result. A comparison of these sheets to each record in
the file will verify that the sample results are present and that they are not improperly labeled.
Once all site results are accounted for, the results should be sorted by site to simplify the analysis
process. Once sorted, each sample’s results will be looked at to determine if concentrations
seem inconsistent with what was expected from each site. The determination of inconsistency
will be made using professional judgment by the scientist. If the result seems inconsistent with
other samples from the site or if the scientist feels that the sample concentration is not realistic, a
more detailed look at the sites hydrograph (if available) to determine if discharge and
precipitation are consistent with the sample concentration will be performed. If the scientist
feels that the sample concentration is inconsistent, the sample concentration will be left intact in
the water sampling-working file, but it will be noted that the sample concentration was not used
in further calculations.
.4.3

Final Water Sampling Data Storage

Once all sites water sampling data is deemed to be sound, the file will be copied and saved to a
final site water-sampling file. . These final site files will either be kept in a spreadsheet
compatible format or will be uploaded into a database. These files will be automatically backed
up via the network server on a regular basis.
.5

Procedure for Data File Backup

.5.1
Data Changes and Schedule of File Backup
Any file that was collected or worked on during the process of collected to analysis will be
backed up to a network server. On a daily basis, the network server will be backed up and saved
to an external hard drive only if the information has changed if a file from the previous day. On
a weekly basis, a backup will occur to an external hard drive only if a file was changed within
the last week
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