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Lake and Stream Monitoring Program Recommendations

The purpose of this memo is to describe the District’s existing lake and stream monitoring efforts,
and recommend modifications to stream and lake monitoring and reporting to support the
District’s adaptive management approach and needs over the next 10 years.
Existing Lake and Stream Monitoring Efforts

The District is currently implementing the 2012-2021 Comprehensive Monitoring Plan
recommendations for stream and lake water quality monitoring:
•

•

Legacy site monitoring
The purpose of legacy site monitoring is to understand the status of District resources,
identify changes over time, and identify and define problems at the watershed or
subwatershed level.
– Continuous flow and pollutant (total phosphorus and total suspended solids) load
monitoring data were collected every year at six long-term stream sites: Bone Lake
North Inlet, Bone Lake Outlet, Little Comfort Lake Inlet, Forest Lake Outlet, Big
Comfort Lake Inlet, and Big Comfort Lake Outlet
– Surface water quality, temperature and dissolved oxygen profiles, and lake levels
collected every year; bottom water phosphorus concentration data and macrophyte
and fisheries surveys collected every 5 years; and sediment samples collected for
two consecutive years every 10 years from nine long-term lakes sites: Forest West,
Forest Center, Forest East, Shields, Big Comfort, Little Comfort, Bone, Moody, and
Keewhatin

Specific investigation monitoring
The purpose of specific investigation monitoring is 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. Specific investigations were needed for Clear, Twin,
Cranberry, Elwell, Heims, Ashton, School, Birch, Nielson, Sea, Third, Fourth, Lendt, First,
and Second lakes
– Surface water quality, temperature and dissolved oxygen profiles, and lake levels
collected for two consecutive years every 5 years; bottom water phosphorus
concentration data collected every 10 years; macrophyte and fisheries surveys
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•

collected every 5 years; and sediment samples collected for two consecutive years
every 10 years

Effectiveness monitoring
The purpose of effectiveness monitoring is to determine the effectiveness of a specific
regulatory or management action take to improve water quality. Examples of effectiveness
monitoring include 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.

The Adaptive Management Approach

The District has adopted an adaptive management approach based on targeted tributary diagnostic
monitoring to prioritize areas with the highest contribution of pollutant loads to District resources
and target the most cost effective projects. There are 5 key phases in the District’s adaptive
management approach:

1. Targeted Tributary Monitoring: Targeted tributary monitoring is sequential monitoring along
tributaries to target sources of high phosphorus loads on the landscape. Tributary monitoring is
useful for identifying legacy phosphorus loads that may otherwise be hidden based on existing
land uses and practices, and refining watershed loading estimates that were previously based on
regional land use averages. The outcome of this phase is a refined understanding of the
distribution of watershed phosphorus sources on the landscape.
2. Diagnostic Modeling Report: A diagnostic model is used to calibrate monitored watershed
loads with other known phosphorus loads (such as atmospheric deposition, point sources, and
internal load) and observed in-lake conditions. In addition, the model is used to determine the
reductions needed from each phosphorus source to achieve District goals. The outcome of this
phase is a refined estimate of the distribution of the total phosphorus load among all sources, and
reductions needed.
3. Project Feasibility & Planning: A BMP feasibility study is completed to identify the most costeffective practices to reduce phosphorus from the landscape and other sources. These studies
typically require field reconnaissance, hydraulic and hydrologic modeling, engineering cost
estimates, and coordination with landowners and stakeholders. The outcome of this phase is a
cost-benefit ranking of potential projects, 30% plans for the highest ranked projects, preliminary
landowner agreements, and grant writing for implementation funding.

4. Project Design & Implementation: Project design and implementation can begin once funding
and landowner agreements have been secured, and includes 60% and final plans, permitting and
coordination with regulatory agencies, project bidding, and construction oversight. The outcome
of this phase is the construction or implementation of practices.

5. Project Effectiveness Monitoring: Following construction of phosphorus reduction practices,
monitoring of influent and effluent flows and phosphorus concentrations for the project is
needed to determine the effectiveness of the project. Once a significant number of practices have
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been implemented, the adaptive management approach restarts with targeted tributary
monitoring to identify any new or remaining phosphorus hotspots and determine additional
reductions needed for lake resources to meet District goals.

Figure 1 illustrates the progress of the adaptive management approach within the drainage areas of
six District Lakes (Moody, Bone, Shields, Forest, Little Comfort, and Comfort) and the Sunrise River.
The adaptive management approach began in the Sunrise River drainage area with the 2012
Sunrise River Water Quality and Flowage Engineer’s Report and resulted in implementation of the
Bixby Park Water Quality Improvement Project and the proposed implementation of a Drained
Wetland Restoration on the District’s tax-forfeit parcel. Targeted tributary diagnostic monitoring
began in the Moody Lake drainage area in 2014, in the Bone Lake and Shields Lake drainage area in
2015, in the Little Comfort and Forest Lake drainage areas in 2016, and in the Comfort Lake
drainage area in 2018 (Figure 1). Lake Diagnostic studies were completed for Moody Lake in 2014,
Bone Lake in 2015, and Forest Lake in 2018; the Comfort Lake and Little Comfort Lake Diagnostic
studies are planned to be completed in 2020. These studies were planned for 2020 to draw upon
tributary monitoring data collected through 2019 and the H&H model update completed for the
Comfort Lake Management District (LMD) in 2019. Activities planned for 2020 are highlighted in
bold in Figure 1.

The District’s adaptive management approach directly led to the identification and implementation
of seven large, capital projects that received grant funding from BWSR Clean Water Fund grant
program and/or the EPA 319 grant program based in large part on the District’s robust targeting
tributary monitoring and adaptive management approach. Two more capital projects have been
recommended for award of BWSR Clean Water Fund grants in 2020.
Bone LMD:
•
•
•
•

Moody Wetland Rehabilitation (FY16 CWF grant: $429,284, FY17 319 grant: $78,000)
Moody Lake Alum Treatment (FY18 CWF grant: $100,000)
Bone Lake Drained Wetland Restorations (FY17 CWF grant: $88,000)
Bone Lake SWA Implementation (FY19 CWF grant: $144,000)

Forest LMD:
•
•
•

Shields Lake Stormwater Harvest and Reuse System & Alum Treatment (FY17 CWF grant:
$824,000)
3rd Lake Pond Wetland Treatment System (FY16 CWF grant: $162,000)
WJD-6 CR50 Iron-Enhanced Sand Filter System – recommended for award of $747,700 in
2020

Comfort LMD:
•
•

Bixby Park Water Quality Improvement Project (FY14 CWF: $360,750)
Sunrise River (Tax Forfeit) Drained Wetland Restoration – recommended for award of
$492,000 in 2020

Emmons & Olivier Resources, Inc. - page 3 of 12

Figure 1. Comfort Lake Forest Lake Watershed District Adaptive Management Approach Update (1-16-2020)

Activities planned for 2020 are highlighted in bold.
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Stream Monitoring Program Recommendations
To more robustly support the District’s adaptive management approach, we recommend expanding
the District’s current stream monitoring program to include a regular rotation of diagnostic and
effectiveness monitoring across the four Lake Management Districts (LMD; see Figure 2-Figure 5
for proposed stream monitoring locations within each LMD). The District’s future stream
monitoring program can be broken into four categories: long-term stream monitoring, citizen-led
tributary monitoring, diagnostic monitoring, and effectiveness monitoring. A description of each
monitoring category – including the purpose for the data collection, the frequency of collection, and
the number of proposed monitoring locations – are listed below:
1. Long-term Stream Monitoring

We recommend continued monitoring at the six long-term stream sites in the District for
the purpose of understanding the annual loads and flows discharged from the LMDs to track
large-scale pollutant reductions within the District. These six sites have been monitored
annually since 2004. These sites are identified by yellow circles in Figure 2-Figure 5.

2. Citizen-led Tributary Monitoring

The District is currently developing a citizen-led tributary monitoring program. The
purpose of this program is to train local citizens to collect water quality grab samples from
tributaries or lake outfalls with large and/or dirty runoff following rain events. District staff
would analyze these samples using mobile water quality measurement kits (such as
ioRodeo) to immediately estimate the pollutant concentration at these sites. Sites with high
pollutant concentrations would be further investigated by the District as a potential
pollutant loading hotspot through the Diagnostic Monitoring program (see #2 below). For
example, as part of the 2018 Forest Lake Diagnostic Study Update, over 50 minor
stormwater outfalls to Forest Lake were identified by Forest Lake Lake Association
members or from the City of Forest Lake stormwater inventory map that may be potential
pollutant hotspots but were not included as one of the original 16 sites monitored by EOR
for continuous flow and phosphorus load as part of that study. Additional grab samples
collected by citizen volunteers at these sites will help the District determine which other
stormwater outfalls or tributaries to Forest Lake warrant further investigation as a
potential pollutant loading hotspot. These sites are identified by white or green circles in
Figure 2-Figure 5.

3. Diagnostic Monitoring

Major tributaries within each LMD have been previously identified and established by EOR
or WCD in each LMD at major tributary sites to the District lakes. We recommend these sites
be revisited on a regular basis to reevaluate which tributary sites continue to be the most
dominant contributors of pollutants to District lakes. We recommend completing diagnostic
monitoring within each LMD on a 3-year rotation until the lakes reach District goals: Bone
and Little Comfort LMD in year one, Forest LMD in year two, and Comfort LMD in year
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three. There are currently 32 diagnostic monitoring sites with at least one year of data.
These sites are identified by blue circles in Figure 2-Figure 5.

4. Project Effectiveness Monitoring
We recommend a regular rotation of effectiveness load monitoring occur at the inlets
and/or outlets of implemented projects to verify that expected load reductions are being
met, monitor the loss of reduction effectiveness over time, and determine when future
operation & maintenance activities are needed. There are currently 20 project effectiveness
monitoring sites identified, not all of which have data. These sites are identified by large,
red circles in Figure 2-Figure 5.
Lake Monitoring Program Recommendations
By the end of 2020, at least one year of water quality data will have been collected from all
accessible District Specific Investigation lakes and another nine years of water quality data will
have been collected from District Legacy lakes. Future lake monitoring program goals include
annual water quality data collection from all lakes with District goals to support long-term trend
analysis, and less frequent water quality data collection from minor lakes in the District to assess
baseline conditions.

Table 2 summarizes future lake monitoring recommendations based on the type of lake monitoring:
Sentinel, Routine, Rotation, and Limited (see Figure 2-Figure 5 for proposed lake monitoring types
within each LMD).
•

•

•

Sentinel monitoring
We recommend sentinel monitoring be conducted 14 times every year for surface water
quality data (TP, Chl-a and Secchi depth) on all major lakes with District goals (Moody,
Bone, Forest, Keewahtin, Shields, Little Comfort and Comfort). These lakes were formerly
called Legacy lakes. We recommend changing the name to Sentinel lakes to avoid confusion
with the concept of legacy phosphorus loading. Sentinel lakes are highlighted in light blue in
Figure 2-Figure 5.
Routine monitoring
Routine monitoring includes the same surface water quality data as sentinel monitoring but
is conducted on a less frequent basis than sentinel monitoring (two consecutive years every
5 years). We recommend routine monitoring on all minor lakes with District goals (Birch
and School). Routine lakes are highlighted in solid yellow in Figure 2-Figure 5.
Rotation monitoring
Rotation monitoring includes the same surface water quality data as sentinel and routine
monitoring but is conducted on a less frequent basis than sentinel and routine monitoring
(two consecutive years every 10 years). This frequency of monitoring is the minimum
required by the State to assess whether a lake is meeting water quality standards. We
recommend rotation monitoring on all minor lakes without District goals (Sea, Lendt, First,

Emmons & Olivier Resources, Inc. - page 6 of 12

•

Second, Third, Twin, Clear, Elwell, and Heims). Note that Heims currently has a District goal
but was recommended for less frequent monitoring as part of the 2019 Comprehensive
Monitoring Data Update due to its small watershed and very high water quality. Rotation
lakes are highlighted in yellow hatching in Figure 2-Figure 5.

Limited monitoring
Limited monitoring does not specify water quality parameters to be collected nor frequency
of collection. We recommend limited monitoring be conducted on lakes with limited access
or characterized by predominantly wetland characteristics. This currently includes
Cranberry and Fourth lakes. Limited lakes are highlighted in gray hatching in Figure 2-Figure
5.

Lake monitoring that may be applicable to any District lake includes internal load monitoring and
citizen-led (CAMP) monitoring.
•

•

Internal load monitoring
Internal load monitoring includes collecting dissolved oxygen and temperature profiles to
determine the length of summer stratification and collecting bottom water phosphorus
concentrations to determine if phosphorus is accumulating in the bottom waters over time
from internal loading. We recommend internal load monitoring on any lake with a
completed or planned alum treatment to determine the long-term effectiveness of a
completed alum treatment, or assess the need for a future alum treatment. Internal load
monitoring is planned for Moody, Bone, Forest, Little Comfort and Comfort Lakes in 2020.

Citizen-led monitoring
Citizen-led monitoring is the collection of surface water quality data by volunteers; the
water quality parameters collected and the frequency of collection varies by volunteer
and/or implementation program. This type of monitoring is currently implemented in the
District through the Met Council’s Citizen-Assisted Monitoring Program (CAMP). CAMP
volunteers collect surface water TP, chlorophyll-a and Secchi depth up to 14 times per
summer. Tentatively, there are CAMP volunteers for Bone, Comfort, Forest (West, Middle,
and East), Keewahtin, Little Comfort, Moody, and Second lakes in 2020.

Table 1. 2022-2031 Lake Monitoring Recommendations

Lake Monitoring Type

Data Collected and Frequency of Collection

Applicable District Lakes

Sentinel monitoring

14x surface water quality (TP, Chl-a and
Secchi) every year

Moody, Bone, Forest, Keewahtin,
Shields, Little Comfort, Comfort

Routine monitoring

14x surface water quality (TP, Chl-a and
Secchi) for two consecutive years every 5
years

Birch, School

Rotation monitoring

14x surface water quality (TP, Chl-a and
Secchi) for two consecutive years every 10
years

Sea, Lendt, First, Second, Third,
Twin, Clear, Elwell, Heims
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Lake Monitoring Type

Data Collected and Frequency of Collection

Applicable District Lakes

Limited monitoring

No specified parameters or frequency of
collection

Cranberry (limited access), Fourth
(wetland)

Internal load
monitoring

Dissolved oxygen and temperature profiles
and 14x bottom water phosphorus for two
consecutive years every 5 years

Lakes with completed or planned
alum treatments
Varies

Citizen-led monitoring

Surface water quality data collected by
citizen volunteers, parameters and
frequency varies by volunteer

Water Monitoring Reporting Recommendations
To best serve the wide range of constituents served by the District, we recommend that water
monitoring results be presented in multiple formats that are designed based on the needs and
technical expertise of each audience. We recommend that monitoring reporting be developed with
input from the Board and District staff and re-evaluated every year to continually improve their
readability and impact. At a minimum, we recommend water monitoring results be presented in an
annual technical memo, individual lake fact sheets, and on the District website.
1. Annual technical memo
EOR will prepare a technical memo that includes an annual update on lake and stream
water quality trends, overall observations, lake progress towards water quality goals, and
lake and stream annual water quality figures. See the 2019 Comprehensive Data Review
Update memo for an example of this type of reporting. The purpose of this memo is
summarize the technical details of lake and stream monitoring that are needed to inform
management decisions by the District.

2. Lake factsheets
EOR will work with District staff to develop a one-page lake factsheet for each District lake
that summarize lake characteristics, current conditions, long-term trends, and progress
towards District goals. We recommend that these factsheets are annually updated and
distributed to Lake Associations and other interested citizens.

3. Website water quality conditions
We recommend that the District website includes current water quality conditions for each
lake as an overall water quality grade, such as the Met Council lake grading system or the
Carlson Trophic State Index system. We recommend that the District website also include a
page with general information on lake water quality, why lake water quality is important,
and what factors influence lake water quality.
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Figure 2. Bone Lake Management District Lake and Stream Monitoring Recommendations
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Figure 3. Forest Lake Management District Lake and Stream Monitoring Recommendations
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Figure 4. Little Comfort Lake Management District Lake and Stream Monitoring Recommendations
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Figure 5. Comfort Lake Management District Lake and Stream Monitoring Recommendations
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2020 Monitoring Cost Addendum

EOR was directed by the CLFLWD Board of Managers to provide a cost estimate for EOR to
implement the District’s monitoring plan in 2020. The lake and stream monitoring plan for 2020 is
based on the 2012-2021 Comprehensive Monitoring Plan legacy stream site, legacy lake site, and
specific investigation lake monitoring (also described in the EOR Lake and Stream Monitoring
Program Recommendations memo dated 1-16-2020).
Stream Monitoring

Automated discharge monitoring and composite and grab sample (~12) collection at 8 stream sites
(Forest Lake Outlet, Bone Lake Outlet, Bone Lake North Inlet, Big Comfort Lake Outlet, Big Comfort
Lake Inlet, Greenway Ave, and 256th St.)
Estimated Hours and Cost

443 hours = $41,037; Mileage, equipment and lab expenses = $7,261

Stream monitoring cost = $48,298

Lake Monitoring

Surface water quality (TP, Chl-a and Secchi) and lake level monitoring in 14 lakes, and dissolved
oxygen and temperature profiles and bottom water phosphorus sample collection in 5 lakes.
Estimated Hours and Cost

620 hours = $57,248; Mileage, equipment and lab expenses = $18,293
Lake monitoring cost = $75,541

Water Monitoring Reporting

Water monitoring reporting in 2020 includes: a technical memo with an annual update on lake and
stream water quality trends, overall observations, lake progress towards water quality goals, and
lake and stream annual water quality figures; one-page lake factsheet for major District lakes
highlighting lake characteristics, current conditions, long-term trends, and progress towards
District goals; and an overall lake water quality grade for each lake and general information on lake
water quality for the District website. District staff will lead development of the factsheets and
District webpage with technical assistance from EOR.
Estimated Hours and Cost

56 hours = $7,056

Total Cost

The total cost for EOR to implement the District’s 2020 monitoring plan is $130,895.
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