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1.

INTRODUCTION

As outlined in the 2017 Forest Lake Diagnostic study, the Hayward Avenue subwatershed accounts
for 7% of the total drainage area, 5% of the total flow, and 9% of the total phosphorus load to Forest
Lake. The study also identified a phosphorus reduction goal of 128 lb/yr from the Hayward Avenue
subwatershed for Forest Lake to meet the District long-term goal of in-lake growing season average
phosphorus concentrations at or below 30 µg TP/L.

The Hayward Avenue subwatershed contains large areas of wetlands with small areas of residential
development (Figure 1-1) making the source of high phosphorus loading not obvious based on
current land use alone. Legacy loading from past land uses (such as intensive agriculture and
feedlots) in these systems may be hidden. Implementation planning based on current land use alone
could miss phosphorus hotspots and therefore result in the identification of practices with poor costeffectiveness. Therefore, targeted monitoring and field reconnaissance was conducted in this
subwatershed to identify legacy phosphorus hotspots and develop non-structural management
practices to address phosphorus hotspots.

This report summarizes targeted tributary monitoring conducted in the watershed in 2016,
diagnostic modeling, and preliminary project feasibility and planning that was completed in 2018.
Due to the complex hydrology of this subwatershed, it is expected that project feasibility and
planning will continue into 2019. The 2019 work will likely include additional wetland assessments,
further refinement of project designs, discussions with landowners, and one or more recommended
projects ready for grant applications with preliminary cost-estimates.
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Figure 1-1. Hayward Avenue Subwatershed Existing Land Cover
(Note that the grass/shrub category includes hay fields and former pastures that may be cropped in the future)
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2.

WETLAND AND LAND COVER CHARACTERISTICS

Wetland water level monitoring was conducted in 2018 using level loggers in soil piezometers at five
locations (Figure 2-1) in the Hayward Avenue subwatershed to characterize subsurface flow within
several wetland areas and determine the feasibility of wetland restoration projects. In addition,
desktop analysis of LiDAR topography, soil type, land use, and historical imagery was used to identify
historic changes in wetland cover and land use at these locations to identify any probable locations
of legacy phosphorus hotspots (see Appendix A).

2.1.

R3 Catchment

The R3 catchment is located northeast of North Shore Trail and northwest of Imperial Avenue North.
The portion of the catchment that is located north of 230th Street contains a large scrubshrub/shallow marsh wetland complex and single family residences with large lot sizes that exceed
1 acre. This wetland appears to be largely intact with no obvious signs of ditching and adequate
buffers. In contrast, the series of wetlands that are located south of 230th Street are bordered by a
high number of residential homes located on lots that are less than 1 acre in size. A ditch was dug in
the southernmost wetland at some point between 1938 and 1953. This ditch drains the upstream
wetlands via a culvert under North Shore Trail Road. A review of historical land use information and
soil data suggests that single family residences have occupied the majority of the upland, non-hydric
soils within the R3 catchment since 2000. While the majority of the single-family residences in the
R3 catchment are on city sewer, there are a handful of residents that are still on individual septic
treatment systems. Additional information relevant to the R3 catchment including historical aerial
photographs, land use, topography, and soils is presented in Appendix A.
Water level stage data was collected at three wells within the R3 catchment in 2018. Observed water
level data at all three monitoring locations responded similarly to precipitation events. Since all three
wells were located within 50 feet of the ditch, an additional season of well monitoring at locations
both close to and away from the ditch would be useful for understanding the ditch lateral effect on
wetland water levels. At this point, it is not clear what benefits hydrologic restoration of this wetland
basin would provide. For the most part the basin retains its seasonal hydrology; the one unknown is
of course the lateral effect closer to the ditch.

Typically, the effect of a ditch functions to drain the adjacent wetlands by lowering the water surface
profile through the wetland and into the ditch. In this typical situation the observed water levels
decrease closer to the ditch. However, if the ditch itself is hydrologically isolated from the wetland,
then we might see the opposite. Data collected during 2018 provides some evidence that the ditch
may be hydrologically isolated as observed water levels in Well #7 were higher than Well #8 during
both the October and November sampling events even though Well #8 is located upstream of Well
#7 (Figure 2-2). Well #8 is located 43 feet from the ditch whereas Well #7 is located just 8 feet from
the ditch.
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Figure 2-1. 2018 Piezometer and 2016 Tributary Monitoring Locations
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Figure 2-2. 2018 observed water levels at piezometers within the R3 catchment

Projects that involve alterations to drainage ditches often require Drainage Law proceedings.
However, a review of the DNR’s Public Water Inventory suggests that the ditch and associated
wetlands in the R3 catchment are not public waters. Wetland regulatory agencies will also need to be
consulted before any ditch construction work is conducted. Furthermore, a review of stormwater
elevations for the 2-year, 10-year, and 25-year events (potentially additional events) would need to
be performed for both existing and proposed conditions to ensure that no changes are made with
regards to critical elevations, such as the invert elevation at the upstream end of 230th Street North.
All roads within the R3 catchment are locally owned or County owned roads. Therefore, consultation
and coordination with MnDOT staff regarding proposed impacts to MnDOT owned structures (e.g.,
culverts) is not expected to be a requirement of any proposed project, nor would a MnDOT drainage
permit be needed.

Wetlands affected by artificial drainage can degrade over time and become a source of phosphorus.
Restoration concepts for artificially drained wetlands involve restoring a natural hydrologic regime
to prevent drainage, increase evapotranspiration, and reduce nutrient export. Wetland restoration
activities conducted by public agencies are given wetland permitting flexibility, often alleviating the
need for compensatory mitigation. Potential projects for the R3 catchment are explained in more
detail in Section 4.1.

EOR: w a t e r | e c o l o g y | c o m m u n i t y

Page | 7

2.2.

R5 Catchment

The R5 catchment is located north of 231st Street/Hilo Avenue in the northwest corner of the
Hayward Avenue subwatershed. The R5 catchment outlets through a large open water/emergent
wetland complex by way of a culvert under North Shore Trail Road. A review of historical aerial
imagery and the Metropolitan Council’s Generalized Historical Land Use Spatial Information GIS
Layer, which provides land use data from 1984-2016, shows how land use has changed in the R5
catchment from predominately agricultural uses to a mix of agriculture, undeveloped wetlands, and
single-family residences (Figure 2-3).

Figure 2-3. Generalized land use comparison from 1984 (left image) to 2017 (right image). Source: Metropolitan
Council

The majority of the single-family residences within the R5 catchment are on City Sewer (Personal
Communication, David Adams – Forest Lake Public Works Superintendent); however there are still
approximately 2-4 residences served by Individual Sewer Treatment Systems (ISTS). Older septic
systems and non-compliant septic systems that are in close proximity to the large wetland complex
located in the R5 catchment may be potential sources of nutrients and/or bacteria – even one failing
septic system could be a significant source of nutrients and/or bacteria. Septic systems closer to the
waterbody of concern are more likely to be potential sources of nutrients and bacteria due to shorter
flow paths through soils that can intercept and trap bacterial contamination prior to reaching surface
waters. Incentivizing landowners still on ISTS to conduct septic system inventories is encouraged.
More information about compliance inspections is available on the Washington County website.

Wetlands are evident in both historical aerial images dating back to the 1930s and current aerial
imagery. A comparison of historical aerial imagery from 1938, 1953, and 1957 (Figure 2-4) with
more recent aerial imagery (Figure 2-5) reveals three key areas in the watershed which were once
dry and possibly farmed that are now inundated, open water habitats. It is plausible that these open
water areas contain a large amount of nutrient-laden sediments from previous farming activities as
well as a much larger volume of water from the portions of the catchment that have seen an increase
in the amount of impervious surface area from the new developments which have largely been
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constructed after 1990. Additional information relevant to the R5 catchment including historical
aerial photographs, land use, topography, and soils is presented in Appendix A.

Figure 2-4. Historical aerial image of R-5 Catchment from 1953.
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Figure 2-5. Current aerial image of R-5 Catchment from 2016.

One well was located within the R5 catchment (Well 10). Well data from August 2018 through
October 2018 indicated relatively stable hydrology (Figure 4-5). Bounce in the water level in
response to precipitation events indicate the wetland hydrology is surface water driven. The
relatively stable water level within the R5 catchment suggests that the catchment is weakly
influenced by artificial drainage. Additionally, hydrology within the catchment may not be easily
manipulated as part of potential restoration projects.
According to the 2018 Forest Lake Implementation Plan Update, the R5 catchment contributes
approximately 47.5 pounds of phosphorus annually to Forest Lake. As previously mentioned, one of
the findings from the review of historical aerial imagery is the presence of two, larger open water
areas immediately adjacent to portions of the catchment that once were farmed. Given that these
open water areas potentially have a legacy of receiving nutrient rich runoff from historically farmed
areas, it is possible that these wetlands have accumulated nutrient-rich sediment.

Three to five sediment cores should be collected from the open-water areas of the wetland to verify
if high concentrations of phosphorus have accumulated in the sediment of these open-water areas.
Sediment cores should be analyzed to determine the depth of sediment removal required to remove
phosphorus rich sediment. If high phosphorus concentrations are identified, additional sediment
core sampling should be conducted to determine the locations within the open-water areas with the
highest phosphorus concentrations from which a design map can be created that identifies and
prioritizes locations for excavation.
EOR: w a t e r | e c o l o g y | c o m m u n i t y
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Active farming including row crops was noted in the Northeast portion of the catchment. These areas
are potentially contributing high sediment loading along with the associated nutrients.

2.3.

R15 Catchment

The R15 catchment includes all areas within the Hayward Avenue Subwatershed that are south and
west of North Shore Trail. The northern half of the R15 catchment is comprised of single-family
residences located on lots less than 1 acre in size. The southern half of the R15 catchment is
comprised of a 40 acre freshwater emergent wetland that is dominated by a nearly monotypic stand
of narrow-leaf/hybrid cattail (Figure 2-6). The R15 catchment outlets to Forest Lake by way of a
culvert under Hayward Avenue. The City of Forest Lake owns approximately half of the wetland
while the remaining half of the wetland appears to have been platted for future development of a
single-family subdivision.

Figure 2-6. Large wetland basin in R15 catchment is dominated largely by narrow-leaf/hybrid cattail.
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It is unclear if there is the possibility for the development of a single family residences within the
wetland. A review of historical land use information, aerial imagery, and soil data suggests that single
family residences have occupied the majority of the upland, non-hydric soils within the R15
catchment since at least 1991. While the majority of the single-family residences in the R15
catchment are on city sewer, there are approximately 4-6 households that are still on ISTS. Additional
information relevant to the R15 catchment including historical aerial photographs, land use,
topography, and soils is presented in Appendix A.

One well was located within the R15 catchment (Well 9). Well data from August 2018 through
October 2018 indicated relatively stable hydrology (Figure 4-6). Bounce in the water level in
response to precipitation events indicate the wetland hydrology is surface water driven. The
relatively stable water level within the R15 catchment suggests that the catchment is weakly
influenced by artificial drainage.

Given the abundance of invasive cattails within the 40-acre wetland complex, cattail harvesting may
represent a viable option for removing phosphorus from the catchment (Error! Reference source
not found.). Research conducted by students at the University Manitoba, has suggested that cattails
can successfully be harvested to capture and remove nutrients like phosphorus and can be utilized
as a biomass material for industry. Plants, such as cattail, transfer nutrients from the aboveground
parts to the belowground rhizomes in the fall to survive over the winter until the next growing season
(Dubbe et al. 1988, Mitsch and Gosselink 2007). Therefore, the ideal time for harvesting would likely
be in mid to late summer when nutrient concentrations in the above ground part of the plants are
highest. Although mid to late summer is the preferred time for harvest, this represents an added
access challenge. If cattail harvesting was pursued, an assessment of wetland substrate and
equipment needed for harvest would be required. Winter harvest might be more practical, but the
amount of nutrient removal would be less.

3.

SWMM MODEL UPDATE

The former District SWMM model was updated in 2018 based on a survey of hydraulic features in
the Hayward Ave. system, and converted from XPSWMM to PCSWMM. Hydrologic boundaries were
updated based on LIDAR and the model was calibrated to available flow data from 2016. This model
will be needed in 2019 to understand how proposed alterations to the system will affect wetland
water levels and flood elevations in the system. In addition, the model will be used to estimate the
water quality reduction benefits to Forest Lake from potential projects for District prioritization and
the competitive grant process.

The former model consisted of 6 subcatchments, including 2 junctions, 4 storages, and 6 links. The
new model consists of 30 subcatchments, including 29 junctions, 10 storages, and 40 links (Figure
3-1). The model covers 990 acres with eight outfalls. The increased refinement in the new model
improves the model performance and usefulness in the design and feasibility of future projects in the
Hayward Avenue subwatershed
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Figure 3-1. Updated SWMM Model Subcatchments, Storage Nodes, and Junctions
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4.

POTENTIAL PROJECTS

Through the data collection and review process completed in 2018, several potential project
locations were identified in the Hayward Avenue subwatershed. The location of these project areas
are shown in Figure 4-1 and described below. These projects have been categorized from most
favorable cost/benefit to least favorable cost/benefit within each catchment. It is recommended that
the District first focus on projects labeled as medium to high priority.

4.1.

R3 Catchment

The ditch flowing through the southernmost wetland in the R3 catchment is well defined, discharging
to Forest Lake via a 24” corrugated metal pipe. Water quality monitoring conducted in 2016 at the
outlet of the R3 catchment indicates approximately 60 pounds of phosphorus discharge from the R3
catchment annually.
R3 Ditch Checks/Claros Technology (High Priority Project)
This site has been identified as a potential test site for the Claros Nanotechnology Media. This media
has been developed to specifically remove dissolved phosphorus. To date the technology has only
been tested in the lab. CLFLWD and Claros Technologies have discussed using this site for a pilot
project to test the ability for the filter media to remove phosphorus in a field setting. Runoff from
the ditch on the north side of the road flows through a culvert under North Shore Trail into a ditch
connecting it to Forest Lake (2nd Lake). This ditch presents an excellent opportunity for testing the
aggregate technology Claros has developed. Multiple installation options are possible, including:
ditch checks comprised of Claros aggregate or a subsurface permeable drain trench. An additional
benefit of this site is the gravel driveway/boat landing located adjacent along the length of the ditch
which would provide excellent access for any improvements. The ditch and road are on a 30’ parcel
owned by a private landowner, so landowner permission will be required for any projects along this
stretch.
R3 Wetland Restoration (Medium Priority)
The catchment north of North Shore Trail is ditched; therefore some water quality benefits could be
realized through the use of ditch checks or channel realignment to redistribute water to the
surrounding wetlands. Additional options include passing the ditch through a permeable berm to
remove dissolved phosphorous within the ditch channel itself.

This catchment has approximately 12 parcels that bisect the catchment. Although this catchment
appears to be an excellent candidate for a restoration project, getting project buy-in from all the
needed landowners could be challenging. It is recommended that the pilot project just downstream
of this site (discussed above) be pursued first. If additional removals are still needed after the pilot
project, either a complete catchment restoration (that would affect numerous parcels) or a smaller
project in the southern portion of the catchment could be explored (that would only effect couple
parcels).
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4.2.

R5 Catchment

Based on 2016 monitoring results, approximately 48 pounds of phosphorus flow through the 15”
corrugated metal pipe located at the outlet of the R5 catchment.
R5 Agricultural BMPs (Medium Priority)
Approximately 50% of the R5 catchment is still actively farmed. This active farming includes some
row crops and potentially some livestock from a creamery on the eastern edge of the watershed. It
appears that this area is covered by just two properties owners. It is recommended that District staff
engage with these landowners to discuss the landowners’ plans for ongoing farming operations,
current best management practices, and to gauge any interest in working with the District or
Conservation District on implementation of additional BMPs.
R5 Pond/Wetland Clean Out (Medium Priority)
As discussed in Section 2.2, three to five sediment cores should be collected from the open-water
areas of the wetland to verify if high concentrations of phosphorus have accumulated in the sediment
of the open-water areas identified in Figure 2-4 and Figure 2-5. If high concentrations of phosphorus
are identified, a detailed design drawing should be developed that highlights the depth of excavation
required to remove the phosphorus-laden sediment. Ideally, the deepest excavation points will not
create water depths greater than 6 feet to prevent the loss of wetland habitat. The finished pond
contours could be sculpted to create a range of water depths and aquatic habitat types to provide
both habitat for wildlife and necessary storage for future sediment accumulation to protect Forest
Lake.

4.3.

R15 Catchment

Based on 2016 monitoring results, approximately 40 pounds of phosphorus flow through the 8” high
density polyethylene pipe located at the outlet of the R15 catchment.
Cattail Harvesting (High Priority)
The prevalence of narrow-leaf/hybrid cattail within the 40 acre wetland complex, and knowledge
that researchers have demonstrated the successful removal of stored nutrients from natural wetland
systems through the harvesting of wetland vegetation, provide evidence to suggest that cattail
harvesting may be a viable option for reducing phosphorus export from the R15 catchment. There
are two large parcels near the outlet that are owned by the City of Forest Lake that are primarily
covered by cattails. These areas appear to be a good location to incorporate a pilot project. An
assessment would need to be made of the substrate material to determine the viability of using
equipment to harvest the cattails. Although winter time would likely provide the easiest access,
summer would likely lead to the highest phosphorus removals. If harvesting is pursued it is
recommended that the District consider inter-seeding of natives amongst the cattails once the
phosphorus abundance in the sediment is reduced long-term.
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Should cattail harvesting be deemed unfeasible or impractical, these City of Forest Lake parcels could
still be considered for wetland restoration. Unfortunately the wetland basin extends well beyond the
City parcels and any water level manipulation would likely impact numerous privately owned
parcels. Therefore the project would potentially need to be limited to excavation which may be
restricted by permitting and would increase the cost of the project.
Neighborhood Raingardens (Medium Priority)
The neighborhood areas near Henna Avenue and 229th Street were developed prior stormwater
treatment standards. The rural section nature of the neighborhood would make it a prime candidate
for incorporation of rain gardens with little need for infrastructure alternations. Based on field
investigation of this area, numerous rain gardens could be retrofitted into the right away. It is
recommended that some initial assessment of the soil types be conducted to determine if the soils
are favorable for infiltration. If so, the District could consider a neighborhood mailing to determine
the level of interest of the landowners for concurrent installation of several raingardens.
Wetland Enhancement (Low Priority)
A large portion of the neighborhood to the north flows to this wetland area. As mentioned above, the
neighborhood currently does not have stormwater treatment. If the neighborhood raingardens are
determined to be infeasible, this site could be considered for some sort of wetland treatment.
Unfortunately, this wetland is platted with numerous landowners and the site is contiguous with a
much larger wetland area. Also, upstream treatment (if feasible) is generally recommended by
agencies prior to using the wetland to provide treatment.
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Figure 4-1. WJD 6 Subwatershed Potential Project Location and Prioritization
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APPENDIX A. WETLAND AND LAND COVER CHARACTERISTICS
Appendix A.1.

Wetland Water Level Figures
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Figure 4-2. R3 Catchment (Well 6) Water Level Characteristics (2018)
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Figure 4-3. R3 Catchment (Well 7) Water Level Characteristics (2018)
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Figure 4-4. R3 Catchment (Well 8) Water Level Characteristics (2018)
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Figure 4-5. R5 Catchment (Well 10) Water Level Characteristics
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Figure 4-6. R15 Catchment (Well 9) Water Level Characteristics
EOR: w a t e r | e c o l o g y | c o m m u n i t y

Page | 23

Appendix A.2.

Historical Aerial Photographs

Figure 4-7. February, 1936
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Figure 4-8. May, 1953
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Figure 4-9. April, 1991
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Appendix A.3.

Historical Land Use

In the following tables, colors are used to denote changes in land cover from year to year based on
the following:
•

•
•

Green shading indicates a significant positive increase in the amount of area (acreage)
associated with a given land use
Orange shading indicates a possible discrepancy in the GIS data
Red shading indicates a significant negative increase in the amount of area (acreage)
associated with a given land use

Note that more accurate mapping began in 2000 with a slightly different and more refined color
scheme for the legend.

Table 1. 1984-2016 Land Use Changes by subcatchment

Land use
Year

Catchment

Farmsteads

Park,
Recreation,
Preserve

Single
Family
Residential

1.4

Undeveloped

Agricultural

21.7

97.8

6.3

6.3

74.2

28.5

R15

34.6

69.4

R3

26.3

93.0

8.0

72.5

39.4

64.5

48.0

68.9

6.3

18.8

61.1

28.5

R15

48.4

55.6

R3

48.6

R3
1984

1990

R5

R5

0.3

0.3

R15
R3
1997

2000

R5

R5

4.0
0.9

0.6

R15
R3
2005

R5

26.36
0.6

R15
R3
2010

R5

26.1
0.6

R15
2016

R3

55.6

R5

20.6

R15

EOR: w a t e r | e c o l o g y | c o m m u n i t y

4.1

Water

41.6

6.3

17.5

62.7

28.5

37.4

66.4

54.4

4.1

28.5

35.7

6.3

19.6

58.0

31.2

37.4

66.4

55.6

4.1

4.1

35.1

6.3

19.7

53.8

35.3

37.4

66.5

35.1

6.3

52.8

35.3

37.6

66.3
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Figure 4-10. Hayward Avenue Subwatershed Historic Land Use (1984)
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Figure 4-11. Hayward Avenue Subwatershed Historic Land Use (1990)
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Figure 4-12. Hayward Avenue Subwatershed Historic Land Use (1997)
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Figure 4-13. Hayward Avenue Subwatershed Historic Land Use (2000)
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Figure 4-14. Hayward Avenue Subwatershed Historic Land Use (2005)
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Figure 4-15. Hayward Avenue Subwatershed Historic Land Use (2010)
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Appendix A.4.

Topography

Figure 4-16. Hayward Avenue Subwatershed Elevation and LiDAR Flowpaths
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Appendix A.5.

Soils

Figure 4-17. Hayward Avenue Subwatershed Hydric Soil Classification
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