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1.0 Introduction

TRC Companies (TRC) provides this Watershed
Management Plan for Wigwam Pond to the Town
of Dedham (Town). TRC understands that the
Town views Wigwam Pond as a key recreational
resource, ecological asset, and community
amenity for its growing population in the vicinity
of Legacy Place. Currently, access to the pond is
inhibited due to adjacent private parcels, thick
surrounding emergent vegetation, and steep
slopes. TRC understands that the goal of the
Town is to assess the baseline condition of
Wigwam Pond as it relates to the opportunity to
improve pond access and promote recreational
opportunities on and around the pond as
residential development of the neighborhood
continues. A brief description of the pond is
presented below, followed by the approach of this
study, a summary of results, and an assessment
of management options.

2.0 Setting

Wigwam Pond is an approximately 23-acre pond
located within the Town of Dedham. Wigwam
Pond’s primary source of surface water is Little
Wigwam Brook to the south. Water discharging
from the pond outlets to the north under Eastern v g : s
Ave. Current access to the pond is located to the —
south behind the ATent-For-Rent facility (125 Paved path behind ATent-For-Rent (Top).
Quabish Road) and includes a small partially [ RESELRIGTRUCRETEREUNTEGUE)E
paved path that leads to a canoe/kayak launch August 10, 2022

area.

The Wigwam Pond watershed is approximately 863 acres and located in the Towns of Dedham
and Westwood (Figure 1). Wigwam Pond itself is surrounded by Town-owned wetlands and some
forested land. The pond and wetlands are bordered to the west by commercial properties off
Boston Providence Highway (US Route 1) and McNeil Way, to the east by single-family
residences, and to the south by commercial and industrial properties off Stergis Way and Quabish
Road. Much of the rest of the watershed is developed as commercial and residential land. Major
transportation routes also cross the watershed, including State Route 128/Interstate 95. As a
result, the watershed contains a high percentage of impervious cover overall (more than 35
percent). Forested land makes up most of the rest of the watershed, although maost of this is
fragmented, with few contiguous tracts of forest.

3.0 Approach

TRC completed field visits to Wigwam Pond on August 10, 11 and August 25, 2022. During these
visits, TRC conducted a field assessment of physical, biological, and water quality conditions in
the pond. Additionally, TRC completed a wet-weather field visit on November 16, 2022 to assess
water quality of incoming discharges and the inlet to the pond.

Wigwam Pond January 2023
Watershed Management Plan 1
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3.1 Bathymetry

TRC mapped bathymetry at Wigwam Pond using a single-beam echosounder and sounding rod
to collect water depth measurements at 85 positions. The 85 positions were determined by
creating a 125-feet by 125-feet sampling grid to provide consistent coverage of the pond area.
The horizontal location of each bathymetric measurement was recorded in the Massachusetts
State Plane (feet) coordinate system using a GPS receiver.

3.2 Biological Resources

During the August field visits, TRC
opportunistically observed the resident waterfowl
species on the pond, as well as other wildlife and
indications of wildlife presence. TRC also spent
time surveying the shoreline and investigating the
shallow wetland habitats surrounding the
shoreline in attempts to make direct wildlife
observations.

On August 25, 2022, TRC conducted a fish
survey using both active and passive measures.
Seven minnow traps were set up around the
perimeter of the pond and a beach seine was
deployed at five locations. Additionally, TRC
collected macroinvertebrate samples along the Deploying minnow traps at pond.
shoreline of the pond using a dip net. TRC August 25, 2022
sampled multiple different habitats where
different macroinvertebrates species are known to inhabit. These habitats included submerged
aquatic vegetation, benthic substrates, and open water. Samples were analyzed under a
dissecting microscope and taxa lists were developed. Collected specimens were typically
identified to family or genus level. Life stages were also noted on each specimen identified.

Biological sampling was conducted under a scientific collection permit obtained from the
Massachusetts Division of Fisheries and Wildlife.

3.3 Vegetation Survey
On August 10, 2022, TRC used plant rakes and direct observation to map the aquatic vegetative
community composition, as well as cover and biovolume, at 85 locations in Wigwam Pond. All
vascular aquatic plants were identified to genus or species level in the field by qualified staff.
Percent cover and biovolume were visually ranked using the following scale:

e 0=0% (no cover)

o 1=1-24%
o 2=25-49%
e 3=50-74%

e 4 =75% or more.

All observed species, percent cover, and biovolume were recorded at each point and positions
were collected using a GPS receiver.

Wigwam Pond January 2023
Watershed Management Plan 3
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3.4 Water Quality Sampling
On August 11, 2022, TRC monitored water quality at the inlet location, outlet location, and in-
pond at two locations within the deep spot (i.e. both the surface and bottom). These locations
were sampled for the following parameters.

e Secchi disk

e True color and apparent color
° pH

e Dissolved Oxygen

¢ Ammonia nitrogen

¢ Nitrate nitrogen

e Total phosphorus

o E.coli

e Turbidity

e Temperature

e Specific conductance

o Estimated discharge (at the inlet and outlet)

3.5 Point-Source Discharges
TRC worked with the Town to identify four point source outfalls that discharge either to the pond
or to Little Wigwam Brook. On August 11 and 25, TRC observed the outfalls during dry-weather
conditions for signs of potential illicit discharge and recorded positions of the outfalls with a GPS.
On November 16, 2022, during a wet-weather event, the outfalls were re-visited to assess
stormwater quality. Outfalls that were flowing were sampled for the following:

e Total phosphorus

e Total nitrogen

e Specific conductance
e Temperature

e pH

¢ Dissolved Oxygen

e Discharge

3.6 Nutrient and Sediment Loading

Excessive nutrient loading, particularly nitrogen and phosphorus, can lead to pond eutrophication,
which can create management issues like harmful algae blooms or nuisance plant growth. In
addition to excessive nutrients, excessive sediment loading can carry nutrients and other
pollutants to the pond and can result in rapid rates of sedimentation. Over time, excessive
sediment loading can lead to reduced water depths and may create deposits of contaminated
sediments. Both nutrient and sediment loading were incorporated into the pond study by analyzing
water quality from discharges into the pond. The discharge points analyzed included Little
Wigwam Brook (the inlet) and the four point source outfalls identified in conjunction with the Town.

Wigwam Pond January 2023
Watershed Management Plan 4



5 TRC

Little Wigwam Brook (the inlet) and the identified stormwater outfalls were sampled for total
phosphorus and total nitrogen to assess excessive nutrient loading, and they were sampled for
total suspended sediments (TSS) and turbidity to assess for excessive sediment loading.

3.7 Sediment Sampling

During the bathymetric survey, TRC mapped soft sediment thickness throughout the entire pond
by using a calibrated tile probe pushed to the depth of first refusal at hard bottom. Where soft
sediment thickness exceeding the length of the tile probe, TRC recorded the depth of the
maximum penetration achieved by the tile probe.

Additionally, TRC, under the directive of the Town, selected two sediment sampling locations near
potential access points. These two samples were collected and analyzed for sediment grain size
and total phosphorus to assess the bulk physical composition of the material and screen the
potential for nutrient loading from sediment sources internal to the pond.

4.0 Results

4.1 Bathymetric Analysis

Wigwam Pond reaches a maximum depth of 6 feet (Figure 2). The average depth of the entire
pond is approximately 4.4 feet. The pond morphology is primarily very shallow with gradual slopes
from the shoreline to the deepest water. The deepest part of the pond was observed in the central
portion of the water body.

4.2 Biological Resources

Wildlife observations were recorded on all site visits. Resident waterfowl observed on the pond
included mute swan (Cygnus olor) and Canada goose (Branta canadensis). Canada goose and
mute swan were not observed to be present at nuisance levels during the dates of TRC’s visits.
Other water-dependent birds observed include green heron (Butorides virescens) and great blue
heron (Ardea herodias). Additional wildlife observed included green frog (Lithobates clamitans)
and painted turtle (Chrysemys picta). Other indicators of wildlife presence observed included turtle
nesting sites in sandy areas and older signs of beaver activity. However, beavers (Castor
canadensis) were not directly observed while at Wigwam Pond.

Fish species directly observed by TRC included bluegill (Lepomis macrochirus) and largemouth
bass (Micropterus salmoides). During field work, TRC conversed with several fishers who often
visit the pond. The fishers indicated that large bass are often captured at the pond. However,
other fish species that could potentially occupy the pond may be stunted in growth or reduced in
abundance due to overabundance of tolerant species and low dissolved oxygen levels observed
within the pond.

The Wigwam Pond macroinvertebrate community was diverse and consisted mainly of insects
(dragonfly, damselflies, caddisflies, mayflies, true bugs, water beetles, midges, and mosquitos).
No mussels or clams were observed during sampling; however, freshwater snails were observed.
All invertebrates found during the survey, along with their relative abundances, are listed in Table
1. This community is typical of lentic freshwater habitats and no rare, threatened, or endangered
species were encountered.

Wigwam Pond January 2023
Watershed Management Plan 5
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Table 1: List of Aquatic Macroinvertebrates Observed at Wigwam Pond

: : Common Life Stage

Ashneidae

Baetidae
Caenidae
Calopterygidae
Chironomidae
Coenagrionidae
Corixidae

e Culicidae

Haliplus sp.

Lestes sp.
Libellulidae
Neoplea sp.
Notonectidae

Peltodytes sp.

Phryganeidae
Hyalella sp.
Physidae

Crustacean

Mollusk
Planorbidae

4.3 Vegetation Survey
Aquatic vegetation was observed throughout the
pond.

Aquatic plant cover was very dense over a large
portion of the pond, especially around the edge
(Figure 3). Fifty-eight surveyed point locations
(i.e., 68% of all the locations and approximately
15.2 acres) were classified as very dense with a
plant cover value greater than 75%. Eighteen
surveyed point locations (i.e., 21% of all the
locations and approximately 5.2 acres) were
classified as moderate with a plant cover value
between 26% and 75%. Nine surveyed point
locations (i.e. 11% of all locations and
approximately 2.9 acres) were classified as
absent to sparse with a plant cover value
between 0% and 25%.

Wigwam Pond
Watershed Management Plan

Dragonfly

Mayfly
Mayfly
Damselfly
Midge
Damselfly
True bug
Mosquito

Crawling water
beetle

Damselfly
Dragonfly
True bug

True bug

Crawling water
beetle

Caddisfly
Sideswimmer

Bladder snail

Ramshorn
snail

Exuvia (non-
living nymph)
Larva

Larva

Larva

Larva and Pupa
Larva

Adult

Larva

Adult

Larva
Larva
Adult
Adult

Adult

Larva
Not applicable
Not applicable

Not applicable

Dense plant cover and biovolume observed.

Fanwort (foreground) and water lilies (left) can
be seen growing to water’s surface.
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Aquatic plant biovolume was also generally high for the majority of the surveyed locations (Figure
4). Forty-six surveyed point locations (i.e., 54% of all the locations and approximately 11.9 acres)
were classified as dense with a plant biovolume value greater than 75%. Twenty-six surveyed
point locations (i.e., 31% of all the locations and approximately 6.7 acres) were classified as
moderate with a plant biovolume value between 26% and 75%. Thirteen surveyed point locations
(i.e. 15% of all locations and approximately 4.6 acres) were classified as absent to sparse with a
plant biovolume value between 0% and 25%.

The aquatic plant community at Wigwam Pond consisted of eight species, two of which are
invasive (Table 2). These two invasives, fanwort (Cabomba caroliniana) and Eurasian milfolil
(Myriophyllum spicatum) are often associated with the formation of high-biovolume, nuisance-
level beds. Each of the aquatic invasive species are further profiled below. The locations of the
invasive aquatic plants observed are depicted in Figures 5 and 6.

TRC also observed several emergent wetland species along the shores of the pond. The most
frequently observed native species were cattail (Typha latifolia) and swamp loosestrife (Decodon
verticillatus). Two other observed species, common reed (Phragmites australis) and purple
loosestrife (Lythrum salicaria) are known to be invasive. Common reed, which was observed to
be dominant along the shoreline and within the surrounding wetland areas, is further profiled on
the following page.

Table 2: List of Aquatic and Emergent Plants Observed at Wigwam Pond

Scientific Name Growth Form

Cabomba caroliniana Fanwort Submerged- attached Invasive
Ceratophyllum demersum Coontail Submerged- floating  Native
Decodon verticillatusr Swamp loosestrife Emergent Native
Lemna minor Common duckweed Floating Native
Lythrum salicaria Purple loosestrife Emergent Invasive
Myriophyllum spicatum Eurasian milfoil Submerged- attached Invasive
Nymphaea odorata White water lily Floating- leaved Native
Nuphar variegata Yellow water lily Floating- leaved Native
Phragmites australis Common reed Emergent Invasive
Potamogeton pusillis Thin leaved pondweed Submerged- attached Native
Sagittaria sp. Arrowhead Emergent Native
Typha latifolia Cattail Emergent Native
Utricularia macrorhiza Common bladderwort ~ Submerged- floating  Native
Wigwam Pond January 2023

Watershed Management Plan 9
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4.3.1 Fanwort

Fanwort (Cabomba caroliniana) is a submerged
invasive aquatic plant that can form dense mats
at the water’s surface. The green underwater
leaves are fanlike and arranged oppositely along
the stem. Fanwort is a hardy and persistent
species that can become established in a range
of aquatic habitats but prefers slow moving
waters including lakes and ponds. It often
displaces native species and reduces
biodiversity. Fanwort was observed throughout
the majority of the pond, covering approximately
78% (18.2 acres) in moderate to dense patches
(Figure 5).

4.3.2 Eurasian Milfoil

Eurasian milfoil (Myriophyllum spicatum) is a
submerged invasive aquatic plant that can also
form dense mats at the water’s surface with
stems that can reach up to 20 feet in length. The
olive-green underwater leaves are feather-like
and arranged in whorls of four around the stem.
Eurasian milfoil can reproduce through both stem
fragmentation as well as seed formation. Similar
to fanwort, Eurasian milfoil is a hardy and
persistent species that can establish itself in a
wide range of conditions but prefers slow moving
waters. Eurasian milfoil was observed to be
relatively sparse but found throughout the pond,
covering approximately 46% (10.7 acres) of the
water body (Figure 6).

4.3.3 Common Reed

Common reed (Phragmites australis) is an
emergent species and known to be an aggressive
wetland invader. Common reed can grow up to
16 feet in height and form dense monocultures.
Below ground, common reed can grow a compact
network of roots and rhizomes. Common reed is
a persistent species that can grow in a variety of
environments but prefers the water-upland
interface. Once established, the monoculture
stands exclude native vegetation and can quickly
fill in wetland areas. This can overall reduce
water flow and trap sediments, causing a
waterbody to become shallower. Common reed
was observed to be the dominant emergent
species around the perimeter of the pond with its
thick dense stands often obscuring view of the
pond open water from the shoreline.

Wigwam Pond
Watershed Management Plan

Fanwort (Cabomba caroliniana)
Note: The flowers form in late summer.

-

Common reed (Phragmites australis)
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4.4 Water Quality Sampling

Water quality results for Wigwam Pond from the August 11, 2022 sampling event are discussed
by parameter in the following sections. Surface water quality parameters are compared to Class
B Surface Water Standards (310 CMR 4.05(3)(b)). However, it should be noted that the water
quality presented in this report represents a single snapshot of water quality in the pond and a
select group of parameters. Each of these parameters should be expected to vary on a daily,
seasonal, and interannual basis. Water quality sampling locations are depicted in Figure 7.

4.4.1 Dissolved Oxygen

As in terrestrial ecosystems, oxygen is required to support respiration in most life associated with
aquatic ecosystems, including plants, algae, fish, invertebrates, and many other life forms.
Oxygen dissolves in water at a rate inversely related to temperature; solubility increases with
decreasing water temperature.

Additionally, the concentration of dissolved oxygen impacts chemical processes in water. Metals,
such as iron and manganese, may become more soluble in their reduced forms, which dominate
under anoxic conditions. Similarly, nutrients like phosphorus may be released at a higher rate
from bottom sediments when dissolved oxygen is low.

In Massachusetts, the state instantaneous dissolved oxygen standard for support of warmwater
fisheries in Class B waters is 5.0 mg/L (or as naturally occurs).

At Wigwam Pond, the observed dissolved oxygen concentrations were not meeting the
warmwater state standards because they were slightly below 5.0 mg/L (Table 3). The dissolved
oxygen concentrations for the inlet and outlet were well below the warmwater standard and do
not meet the standard. Dissolved oxygen data suggests anoxic conditions in the pond, which may
reduce the pond’s ability to support a lasting healthy aquatic ecosystem and could indicate a
stress on aquatic life. However, several factors, including temperature, can affect a pond’s
dissolved oxygen content, and this study consisted of a single measurement.

4.4.2 Specific Conductance

Conductivity is a measure of dissolved ions (salts) in the water. Because temperature can strongly
affect conductivity in water, specific conductivity is a standard method of correcting conductivity
measurements to 25 degrees Celsius. Although there are no state numerical standards for
conductivity, measurements above 100 uS/cm appear to be associated with human impact in
eastern Massachusetts, except near the immediate coast or limestone outcrops. Pavement
deicing is one of the most obvious sources of human-derived conductivity, although landscape
practices (such as liming and fertilization), septic systems, and treated wastewater discharges,
among other contributions may also serve as sources.

Measurements of specific conductance at Wigwam Pond exceeded 2,000 uS/cm (Table 3).
Specific conductance was even higher at the inlet to the pond, where it exceeded 3,000 puS/cm,
but dropped slightly at the outlet (Table 3). These measurements are very high and suggest
human activity has substantially increased the loading of dissolved ionic pollutants (i.e. salts) to
the pond and its primary tributary (Little Wigwam Brook). However, these results may also have
been influenced by the drought conditions in 2022, which would have allowed concentration of
accumulated salts through evaporation with minimal dilution and flushing of the pond from
summer precipitation.

Wigwam Pond January 2023
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443 pH

The pH of water indicates whether it is acidic (< 7 SU), circumneutral (~7 SU), or basic (> 7 SU).
As with dissolved oxygen, pH may vary substantially over distances and over time (even a single
day). Therefore, a single snapshot of pH (as collected in this study) should be interpreted with
caution.

In Massachusetts, the state standard in Class B waters is 6.5 SU to 8.3 SU and not more than
0.5 SU outside of the natural background range.

The surface and bottom of Wigwam Pond at the time of measurement had a pH of 6.53 SU (Table
3) and were within the state standard for Class B waters, albeit ranging on the slightly more acidic
side. The inlet and outlet had a pH measurement of 6.38 and 6.44 SU, respectively, and are
slightly below the numeric state standard for Class B waters indicating slightly acidic conditions.

4.4.4 Turbidity

Turbidity is a measure of light scattering by matter
in the water column. Some waterbodies are
naturally turbid.

There is no numerical standard for turbidity in
Massachusetts Class B waters, although the
narrative standard indicates that surface waters
shall be free of turbidity in concentrations that are
aesthetically objectionable or would impair any
use assigned to this class.

Turbidity at the surface and bottom of Wigwam
Pond was greater than 1 NTU but less than 10
NTU on the day of measurement (Table 3), which
is considered to be high but not excessive. Little Wigwam Brook observed to be
Turbidity values were observed to be excessive sediment-laden.

atthe inlet (43.5 NTU) and the outlet (19.55 NTU). August 11, 2022

Water in the inlet was visibly turbid during the
sample event.

4.45 Transparency

Water transparency is often expressed as the depth at which a Secchi disk just becomes visible.
Low transparency measurements indicate poor transmission of light through the water column,
although this may be due to a variety of causes including, but not limited to, natural staining,
suspended sediments, algal growth, and manmade pollutants. Some waterbodies are naturally
less transparent than others and low transparency does not necessarily indicate poor water
guality. Higher transparencies are generally considered to be more aesthetically pleasing but also
allow aquatic plants to grow at greater depths.

Transparency at Wigwam Pond was 0.75 meters (2.5 feet) which was approximately halfway to
the pond bottom in this shallow water body (Table 3). This value indicates very low transparency
conditions at Wigwam Pond. This suggests that water color, particulates, and/or algal growth
reduced transparency at Wigwam Pond on the day of the field visit.

Wigwam Pond January 2023
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4.4.6 Apparent Color

Water color can be impacted by several factors including materials from decaying organic matter,
vegetation, or inorganic matter such as sediment. There is no numerical standard for color in
Massachusetts Class B waters, although the narrative standard indicates that they shall be free
of color in concentrations that are aesthetically objectionable or would impair any use assigned
to this class.

Apparent color is the measure of water color that analyzes both dissolved and suspended
components of color. Apparent color in the field was measured using comparison to a calibrated
color wheel. Apparent color was measured to be 10 within the pond and outlet and 20 at the inlet
(Table 3).

Table 3: Field-Measured Water Quality Parameters, August 11, 2022

dlseelves Specific Apparent
Sample Temp(°C) ORIl Conductance il o Color S_ecch|
(mg/L/ % (NTU) Disk(m)
: (uS/cm) (PCU)
saturation
Inlet 227 0.51/ 6.0 3,013 6.38 435 20 -
Outlet 223 0.70/ 8.1 1,961 6.44 19.55 10 -
In-Pond, 26.0 4.76/59.1 2,066 6.53 3,61 10
Surface 0.75
i >tairiel 26.0 4.28/53.0 2,065 6.53 3.99 10
Bottom

4.4.7 Nutrients

High levels of nutrients (e.g., nitrogen and phosphorus) in the water column can lead to
undesirable biological consequences. For example, floating plants like duckweed and watermeal
may grow to excessive levels when soluble inorganic nitrogen (e.g., nitrate, ammonia) and
phosphorus are present at high concentrations. Likewise, high levels of these nutrients may also
trigger excessive algal growth, leading to bloom conditions and, under certain conditions,
dominance by harmful species of cyanobacteria. Phosphorus tends to be the limiting nutrient in
freshwater ponds while nitrogen is more likely to be limiting in brackish or salt waters, although
this can vary between water bodies and over time at the same water body. Co-limitation by
phosphorus and nitrogen can also occur.

Phosphorus is an essential nutrient for aquatic life but high levels of phosphorus can result in
rapid growth of algae and lead to eutrophication, particularly in freshwater waterbodies. Excessive
phosphorus may also encourage potentially cyanobacteria blooms to develop, which can result
in odor issues or production of cyanotoxins, such as microcystin.

Although there is no statewide phosphorus standard for Class B waters, lower concentrations are
preferable and concentrations in excess of 0.025 mg/L are typically considered excessive.

The total phosphorus concentration in Wigwam Pond was 0.054 mg/L at the surface and 0.058
mg/L at the bottom of the pond (Table 3). Total phosphorus concentrations at the inlet and outlet
were significantly higher at 0.125 mg/L and 0.317 mg/L, respectively (Table 4). Although this only
represents a single snapshot of results, the total phosphorus concentrations are considered to be
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excessive. High total phosphorus concentrations at the inlet suggest incoming water to the pond
is already polluted with higher phosphorus amounts.

The nitrogen cycle is somewhat more complex than that of phosphorus. As with phosphorus,
nitrogen compounds can be added to a pond via atmospheric deposition, inputs of plant matter
from shoreline vegetation, and transport of nitrogen into a pond through runoff, other surface
flows, or groundwater movement. However, unlike phosphorus, otherwise stable elemental
nitrogen can be converted into more available forms of nitrogen and added to the pond system
when it is “fixed” by cyanobacteria. Likewise, nitrogen can be removed from the pond system
through the process of denitrification, in which microbes convert nitrate back to inert gaseous
nitrogen.

Although there is no statewide nitrogen standard for Class B waters, lower concentrations are
generally preferable and total nitrogen concentrations in excess of 1.0 mg/L are often indicative
of excessive anthropogenic sources.

Ammonia nitrogen is one form of nitrogen that can cause direct toxic effects to aquatic life as it
can cause toxic buildup in organism’s tissues and blood. Ammonia was above 2.0 mg/L at the
inlet and outlet but was well below 1.0 mg/L within the pond (Table 4). Nitrate-nitrogen was found
to be at low levels at all locations. These values indicate that nitrogen concentrations are likely
not causing a stress to aquatic life within the pond, and that nitrogen levels entering the pond are
similar to the amounts exiting the pond.

448 E. Coli

Fecal coliform bacteria, including E. coli, occur in the intestines of humans and other warm-
blooded animals. Although these bacteria may not directly cause illness, they serve as indicators
of fecal contamination and possible pathogens. Possible sources of E. coli in surface water
include sewage or animal waste contamination.

E. coli was below 50 MPN/100 ml within the pond and at the outlet (Table 4). High E. coli
concentrations were measured at the inlet (2,419.57 MPN/100ml) which indicates a potential fecal
contamination issue at the inlet, even during dry weather conditions.

4.4.9 True Color

True color is measured after the water sample has been filtered to remove suspended material.
Lab analyses of true color indicate that true color was not detectable (<1 color unit) at any of
sampled locations (Table 4). This indicates that water color is influenced primarily by suspended
material as opposed to dissolved pigments.

Table 4: Lab-Analyzed Water Quality Parameters, August 11, 2022

Sample E. Coli Total Phosphorus | Nitrate-N Ammonia- True
P MPN/100m| mg/L mg/L) | Nitrogen (mg/L) | Color
<1

Inlet 2,419.57 0.125 <0.02 2.28
Outlet 33.1 0.317 <0.02 2.18 <1
i *tairiel 17.31 0.054 <0.02 0.09 <1
Surface
In-Pond, 25 59 0.058 <0.02 0.12 <1
Bottom
Wigwam Pond January 2023
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4.5 Point-Source Discharges

On August 11, 2022, TRC personnel observed four outfall locations that surrounded the pond.
The four outfall locations were as follows: outfall 1 (off of Quabish Road), outfall 2 (off of Rustcraft
Road), outfall 3 (off of Providence Highway behind the Dunkin Donuts), and outfall 4 (off of Stergis
Way). The outfalls are shown on Figure 7. During dry weather sampling, none of the outfalls were
observed to be flowing and indications of illicit discharges were not observed. The outfalls were
re-visited during a wet weather event to assess stormwater quality. Refer to section 4.6 for water
quality results.

4.6 Nutrient and Sediment Loading

TRC conducted wet weather sampling on November 16, 2022 to assess nutrient loading and
sediment loading. During this day, a rainstorm event produced approximately 0.9 inches of rain.
The locations sampled included Little Wigwam Brook (the inlet), as well as the mapped point
source outfalls (refer to section 4.5). Three of the four outfalls were observed to show indications
of flow and samples were collected for laboratory analysis. The fourth outfall by Stergis Way was
observed to be inundated by the pond, so a sample was not collected. Additional sediment or
nutrient inflows were not observed during the site visits; however, the presence of dense tall
common reed surrounding the pond made it difficult to visually observe potential inflows from the
shoreline during the growing season.

Field measurements indicate that dissolved
oxygens levels were relatively low for the inlet
and Outfall 3 at 6.27 and 5.74 mg/L, respectively.
This indicates a potential stress to aquatic life in
receiving waters. Specific conductivity at the inlet
was significantly reduced compared to the dry-
weather sampling event on August 11, 2022. It is
likely that the rain events that occurred
throughout September and October created
flushing events that diluted the dissolved ion
concentrations at the inlet. The pH values for the
inflows were within normal range (Table 5).

Lab-measured analyses indicate total nitrogen

concentrations are not indicative of excessive Outfall 1 located off of Quabish Road.
anthropogenic sources entering into the pond. November 16, 2022
Total Kjeldahl nitrogen (TKN), which includes

both ammonia and organic nitrogen, was the primary form of nitrogen observed. Total phosphorus
values were high at all inflows, but were particularly high at Outfall 1 and 3, where values were
0.212 mg/L and 0.12 mg/L, respectively. These values show excessive phosphorus loading into
the pond. Previous in-pond water quality sampling showed high levels of phosphorus, indicating
that inputs from stormwater outfalls are contributing to the pond’s total phosphorus levels.
Alternatively, nitrogen levels were observed to be relatively low within the pond and at the
stormwater outfalls, indicating that excessive nitrogen loading is not occurring within the system.

Total suspended solids (TSS) values were highest in Outfall 1 at 59 mg/L, but the remaining
concentrations were below 20 mg/L (Table 6). Turbidity values were high at all outfalls but were
particularly high at Outfall 1, which had an excessive turbidity value of 25.74 NTUs (Table 5).
Outfall 1 was observed in the field to be murky in appearance. In addition to having the highest
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turbidity and TSS values, Outfall 1 also had the highest total phosphorus and nitrogen values,
indicating that nutrient-bound sediments are entering into the pond from this outfall. These values
indicate sediment loading into the pond, particularly originating from Outfall 1.

Table 5: Field-Measured Water Quality Parameters, November 16, 2022

D(i)S)SOI\éﬁd Specific Turbidit Estimated

Sample Temp(°C) Y9 Conductance y Discharge
(mg/L/ % (S/cm) (cfs)

saturation

Inlet 6.4 6.27/ 51.0 113.2 6.72 6.04 1.33
Outfall 1 8.7 10.3/ 86.8 71.9 7.35 25.74 0.33
No

Outfall 2 8.9 9.77/ 84.7 404 7.02 4.88 measurable
flow
Outfall 3 131 5.74/54.5 80.1 7.25 3.63 0.04

Table 6: Lab-Analyzed Water Quality Parameters, November 16, 2022

Nitrite-N | Nitrate-N |  TKN eIl Total —
Sample (mgiL) (ma/L) (Ma/L) Nitrogen | Phosphorus (mg/L)
mg/L mg/L
9

Inlet <0.010 <0.02 0.75 0.75 0.08

Outfall 1 0.016 0.1 0.74 0.86 0.212 59
Outfall 2 <0.010 <0.02 0.37 0.37 0.067 15
Outfall 3 <0.010 0.09 0.35 0.44 0.12 8

4.7 Sediment Sampling

Sediment thickness was mapped in conjunction
with the bathymetric survey at 85 locations.
Seventy-nine points were mapped with a
sediment thickness greater than 9 to 14 feet. It is
likely that sediment thickness is even greater
than what was measured in the field because no
refusal was observed at these locations (i.e. the
thickness of the sediment extended past the
length of the tile probe). There were only six
points where a refusal at hard bottom was
observed. These locations were mainly observed
along the eastern shoreline (Figure 8). At every
surveyed location, TRC observed the bottom

type of the pond to be muck which is consistent g . - _
with thick sediment measurements throughout Collecting sediment cores.
the pond. August 25, 2022

Two locations were sampled along the pond edge for sediment and include the existing southern
launch point (Sed-1) and along the western shoreline (Sed-2). Locations of the sediment samples
are shown on Figure 8. A total of three cores were collected at each location and composited into
a single sediment sample. The samples were sent to Phoenix for analysis of total phosphorus.
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Results indicated a phosphorus-rich sediment at Sed-1 (1,990 mg/Kg), located near the existing
primitive canoe access location while the sample along the western shoreline had a lower total
phosphorus concentration (Table 7).

The sample was also sent to Geotesting Express of Acton, Massachusetts for grain size analysis.
Sed-1 was described as moist, dark gray silty sand with gravel. Sed-2 was described as moist,
very dark grayish brown sandy silt. Of the two samples, Sed-1 contains more coarse mineral
material, which would make it the more suitable substrate for recreational pond access. However,
Sed-1 still contained a high percentage of silt and clay particles. The laboratory results are
reported below in Table 7.

Table 7: Lab-Analyzed Sediment Parameters

Samole Location Percent Pho-IS-Otf?clJrus Gravel | Sand Silt &
P Solid (%) m/K (%) | (%) | Clay (%)

Primitive
Canoe
Access
Point
Western

Sed-2 . 12 319 0 37.6 62.4
Shoreline

Sed-1 11 1,990 28.1 34.3 37.6

5.0 Management Options and Recommendations
The conditions TRC observed during our field assessment suggest that the ecological and
recreational value of Wigwam Pond is impacted by the following factors:

e Extensive growth of high-biomass aquatic invasive plants.

e Cultural eutrophication (i.e. human-induced phosphorus and nitrogen enrichment), which
accelerates sediment accumulation and may lead to a higher likelihood of cyanobacteria
blooms.

e Potential stress on aquatic life due to low dissolved oxygen concentrations.
e High levels of indicator bacteria (E. coli).

e Sediment loading from the watershed via stormwater discharges and mobilization of
sediments that have accumulated in Little Wigwam Brook.

Prior to examining the in-pond and watershed management options and recommendations for the
improvement of Wigwam Pond, it is helpful to first assess key environmental resource
designations or jurisdictions. Of the designations and jurisdictions examined, Wigwam Pond is
only affected by two: Wigwam Pond is a Great Pond and Wetland Resource Areas exist within,
adjacent to, and in the watershed of the pond. The impact on management activities associated
with each of these is summarized in Table 8.

Wigwam Pond January 2023
Watershed Management Plan 22



5 TRC

Table 8: Environmental Resource Designations or Jurisdictions in Vicinity of Wigwam Pond

Designation/Jurisdiction Location(s) Impact on Management Activities

Anadromous Fish Run or

Coastal Water Body N N/A None anticipated
Area of Critical Environmental -
Concern N N/A None anticipated
Coastal Zone N N/A None anticipated
Coldwater Fisheries Habitat N N/A None anticipated
Estimated Habitat of Rare -
Wildlife N N/A None anticipated
Chapter 91 may apply for projects involving fill,
. dredging, or water level manipulation.
P Y W P .
Great Pond igwam Pond Public access to a Great Pond shall be
preserved.
Outstanding Resource Water N N/A None anticipated
Priority Habitat of Rare -
Species N N/A None anticipated
Surface Water Protection N N/A None anticipated
Area
Wellhead Protection Area N N/A None anticipated

Resource areas
present in and near

Wigwam Pond as Order of Conditions from the Dedham

Conservation Commission required to

well as the ;
el undertake most management actions.
. Proposed actions must meet performance
Wetland Resource Area Y Examples include standards of the Massachusetts Wetlands
LandBch)lrw(?eerrilllg\;/ater, Protection Act and its implementing
Vegetated regulations, unless they qualify for and are

filed as an Ecological Restoration Limited

Wetland, Riverfront Project.

Area, and Inland
Bank.

The management tools most likely to be applicable to the vegetation and water quality issues
impacting Wigwam Pond are provided in Table 9. Recommended actions are described in greater
detail in this section, followed by a proposed schedule for their further pursuit or implementation
over the next five years.

A number of other management options were evaluated but not recommended for implementation
at this time. Most of these were deemed less advantageous in addressing the management
problems at Wigwam Pond due to the need for significantly improved vessel access, lack of a
successful track record in Massachusetts, or low cost-effectiveness. One (drawdown) is not
feasible at Wigwam Pond due to the lack of a control structure. Dredging was dismissed for the
time being due to the extremely high costs (tens of millions of dollars even for a partial dredge)
that it would likely engender in a large, shallow, and mucky water body. However, a formal dredge
feasibility study may be worth pursuing at a later date if community interest and appetite is strong.

Nearly all actions would require approval at the local level (Dedham Conservation Commission).
Additional details are also provided for those actions that require more extensive design and/or
permitting at the state or federal level.
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Table 9: Management Options Considered for Wigwam Pond

Issue Addressed

Management Tool

Primary Recommendations
Harvesting — Hand (Diver)
Herbicides

Nutrient Inactivation

Watershed Controls
Secondary Recommendations
Algaecides

Covering

Cutting

Nutrient Filtration
Non-Management Recommendations
Monitoring

Public Education and Outreach

Other Potentially Applicable Options Not Currently

Recommended

Aeration/Circulation

Barley Straw

Benthic Barriers

Bioaugmentation (Bacterial Additives)
Biomanipulation

Dilution or Flushing

Drawdown

Dredging

Harvesting — Diver Assisted Suction Harvesting
Harvesting - Mechanical

Herbivores

Hydro-raking

Plant Competition

Resident Waterfowl Control

Shading

Sonication

No-Action Alternative

D = Directly Controlled; | = Indirectly Controlled
*If deepened by more than five feet.

Excessive Algal
Growth

Nuisance Water
Vegetation Qualit

D
D
D
| D
D
D
D
|
D
|
|
|
D
I* |
D
D
D
D
|
D

The following sections address recommended management options that the Town can take to
improve water quality and to reduce and control nuisance plant growth at Wigwam Pond.

Wigwam Pond
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5.1 Primary Management Recommendations: Vegetation Management

The management options presented in this section seek to address the prevalence of nuisance
vegetation in and around Wigwam Pond. The potential species targeted for management include
the following:

e Exotic aquatic plant species (primary control targets)
o Eurasian milfoil
o Fanwort
¢ Native aquatic plant species present at nuisance levels (selective thinning)
o White water lily
o Yellow water lily
o Exotic emergent plant species
o Common reed (Phragmites)
o Purple loosestrife

The species that would be targeted by each management option are specified in the following
narrative.

5.1.1 Hand (Diver) Harvesting — Fanwort and Eurasian Milfoil Control

The simplest form of physical vegetation control is hand pulling of selected plants. Hand
harvesting of submerged vegetation aims to remove entire plants, including the roots, thereby
preventing re-growth in subsequent seasons. In practice, it is difficult to achieve complete
removal, except where beds are isolated or represent pioneer infestations. Where hand
harvesting is used to control established weed beds, some re-growth should be expected in
subsequent seasons. However, with diligence, control may be achieved after a few consecutive
seasons of hand harvesting.

Hand harvesting of submersed plants like
fanwort and Eurasian milfoil typically requires
divers. Pulled plants and fragments are placed
in a mesh bag or container that allows for more
efficient transport and disposal of the
vegetation. Depending on the cohesiveness of
the removed biomass, it may be best suited to
storage and dewatering in onion bags or even
laundry baskets before it is conveyed to shore
and placed in a dumpster or small dump truck.
Once the material is sufficiently dewatered, it
may be disposed of or composted in a
designated upland area away from water
bodies.

Hand harvested plant material may be loaded . . 0
c v Hand harvesting is easily implemented and

and hauled to an appropriate disposal site once it i
has dewatered. most effective when conducted on smaller

scales (up to a few hundred square feet) by
experienced individuals. Larger scale work is a major effort that may span weeks or months.
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The establishment of pioneer infestations is hard to predict, especially where the presence of
even primitive public access increases the risk of new plants being introduced to the pond through
bait buckets and aquarium releases. However, the opportunity to contain or eradicate a new
infestation is of enormous potential benefit to the Town because it can save tens of thousands of
dollars in future management costs. For this reason, TRC strongly recommends that the Town
maintain a standing budget for rapid response hand harvesting operations at Wigwam Pond.

The primary advantages of hand harvesting include the following:
e Can be effectively implemented with minimal advance planning in response to new
infestations.

e Highly selective approach, which reduces impact on non-target resources.

The primary limitations of hand harvesting include the following:
e Slow process that requires persistence to achieve success.

e When harvesting species that spread by fragmentation, it is imperative that divers use
fine-mesh bags to avoid release of fragments. Installation of temporary, floating fragment
barriers is also recommended for larger operations.

e Can be infeasible for managing large, dense beds.

Diver harvesting costs have risen recently, as these services are now in high demand. Daily fees
typically run between $1,500 and $3,000 per day plus disposal costs. Daily rates of progress vary
depending on the density of the infestation and experience of the dive crew. However, progress
rarely exceeds 0.25 acre per day and can be substantially less where dense infestations of high-
biovolume plants (like fanwort) are present.

Due to the time and cost associated with hand harvesting, it is likely to be much more effective if
used to address remaining plants, once herbicide treatments have reduced beds to a manageable
level.

5.1.2 Herbicides

When used properly, herbicide treatment is usually the most cost-effective means by which to
rapidly achieve the goal of reducing invasive or nuisance vegetation biomass over a large area.
When infestations are well established and extensive, as they currently are at Wigwam Pond,
herbicides may be the only practical way to gain initial control.

Herbicides act on plants through a variety of modes of action but they can be broken into two
broad types: systemic and contact. A systemic herbicide is one that results in impacts to the entire
plant, killing even those parts of the plant that are not directly exposed to the herbicide. Because
of the slower action on the plant, systemic herbicides typically require several days to weeks
before the plants fully succumb. A contact herbicide only acts on the tissues that come into direct
contact with the herbicide at the required concentration. Those tissues are killed rapidly and begin
to decay. Tissues that have limited or no contact (e.g., rhizomes) survive and are able to
regenerate stems and leaves later in the season or during the following year (if perennial).

Both types of herbicides have a role in vegetation management. However, when budgets allow,
systemic herbicides are typically preferred as the first option, as they can provide multiple seasons
of control and tend to result in more gradual die-off of the affected plants, thereby avoiding rapid
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declines in dissolved oxygen. In some cases, systemic herbicides may be able to achieve
eradication of the target species, although this is rare where those species are fully established.

Although herbicides may be used over the long-term to provide continuing control of nuisance
vegetation, many communities elect to transition and re-focus management on non-chemical
methods, once sustained control of the target species has been achieved.

The herbicide options with potential to be useful for vegetation management at Wigwam Pond are
fluridone and flumioxazin, which would target invasive fanwort and Eurasian milfoil. Additionally,
imazamox would be useful for targeting emergent common reed beds and to selectively thin some
nuisance growths of water lilies. Application of any herbicide requires a License to Apply
Chemicals from the MassDEP Bureau of Resource Protection —Watershed Management.
Information about each herbicide and its specific applicability is presented in the sections below.

5.1.2.1 Fanwort and Milfoil Control- Fluridone

Fluridone (trade name Sonar) is a systemic herbicide that inhibits the formation of the pigment
carotene, leading to degradation of chlorophyll and bleaching (chlorosis) of the leaves and stems.
As a result, photosynthesis ceases, leading to eventual starvation of the entire plant. Fluridone is
the only systemic herbicide that is highly effective on fanwort. It also provides good control of
Eurasian milfoil.

Fluridone may be applied as a liquid formulation or as a slow-release pellet formulation. Often, it
is applied in both formulations — one as an initial treatment and the other as occasional booster
treatments. Although fluridone is effective on the target species at low concentrations (5 to 20
ppb), these must be maintained for 45 to 90 days to achieve the required contact time and provide
maximum control. The required length of contact also means that fluridone treatments essentially
need to be whole-pond treatments.

This treatment is most effective when applied in late spring or early summer, as fanwort plants
are rapidly maturing, although it can sometimes be applied later in the year and still achieve
control.

The primary advantages of fluridone include the following:
o As asystemic herbicide, fluridone should result in multiple seasons of control of both target
species.

e Due to the slow action of this herbicide, plant dieback is gradual and dissolved oxygen
sags are rarely problematic.

e Label restrictions are minimal. Recreation can continue during the entire treatment period.

The primary limitations of fluridone include the following:

e Concentrations must be maintained at treatment levels for as long as 90 days to achieve
effective treatment. This can be difficult in water bodies with rapid flushing rates, although
use of granular formulations or advanced liquid formulations (e.g., Sonar Genesis) may
significantly improve treatment success. The most difficult beds to control with fluridone
are typically those located near an inlet or other source of dilution.

o Fluridone is one of the more expensive herbicides on the market, due to the need for full-
pond treatment, including two or more “booster” treatments to maintain the concentration
of the herbicide at an effective level over the treatment period.
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o As with all herbicides, resistance may develop in some plant populations if an herbicide
with a similar mode of action is used year after year. To avoid this, other herbicides or
non-herbicide approaches should be rotated into the control cycle, when possible.

The cost for fluridone treatment tends to be close to $1,000/acre, depending on the size of the
pond and number of booster treatments required.

5.1.2.2 Fanwort and Milfoil Control- Flumioxazin

Flumioxazin (trad name Clipper) works by inhibiting protoporphyrinogen oxidase (PPO), an
enzyme necessary for photosynthesis. Inhibition of PPO causes destruction of plant cell plasma
membranes in the presence of sunlight, resulting in rapid dieback of plant tissues. As might be
expected, plant cells not directly exposed to the agent or sunlight (e.g., roots) are not killed by
flumioxazin. Therefore, plants with sufficient energy reserves may re-grow from the roots during
the subsequent growing season.

Flumioxazin’s primary advantage is that it is effective on both fanwort and Eurasian milfoil.
Additionally, it requires very little contact time to be effective and can be successfully applied in
summer.

The primary advantages of flumioxazin include the following:
¢ Flumioxazin is the only contact herbicide that provides rapid control of both fanwort and
Eurasian milfoil.

e Minimal contact time is required for flumioxazin to be effective.

The primary limitations of flumioxazin include the following:

e As a contact herbicide, flumioxazin only kills the exposed parts of the plant (leaves and
stem). The roots and crowns typically survive and put out another flush of growth in the
following year (or even later in the same season). Long-term control requires persistent
management using other methods.

e Flumioxazin is a relatively broad-spectrum herbicide. Therefore, some impacts to non-
target plant species are likely in the treated areas.

e Application is recommended to be limited to no more than one-quarter of total pond area
in any year. This is to avoid widespread dissolved oxygen sags due to rapid decay of the
exposed tissues, prevent the development of resistance in plant populations, and avoid
widespread impacts to non-target species.

The cost of flumioxazin is high for a contact herbicide ($500/acre or more) but it is generally less
expensive than fluridone. In Wigwam Pond, flumioxazin may be potentially useful for spot control
of fanwort and Eurasian milfoil in years when fluridone is not used. This can extend the effective
lifespan of a fluridone treatment by several years when implemented prudently.
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5.1.2.3 Common Reed and Water Lily Control - Imazamox

Imazamox is a relatively new systemic
herbicide with very low toxicity to animals or
humans. It was registered with the EPA in 2008
and is currently marketed for aguatic use under
the trade name Clearcast. Imazamox can
target emergent and floating-leaf vegetation by
a broadcast spray or foliar application.

The mode of action for imazamox involves the
inhibition of the production of a key plant
enzyme: acetolactate synthase (ALS).
Susceptible plants will stop growing soon after
treatment, but plant death and decomposition
occur over several weeks. Imazamox is readily
translocated throughout the plant and does not

Dense white water lily in the foreground, with require active movement of food reserves to
iunelylepeiVeRecieEY O nINCUECECNUN  the rhizomes, which can allow for application

e t?ac.kgm”g.d't C]f".tta" tent?]s 1o @EElD) thde earlier in the season and potential for follow up
WELET Immediate 1Tnge with common ree treatments in the same season.

dominating the slightly higher ground behind.

At Wigwam Pond, imazamox could be used to
control invasive common reed beds, including those that currently encroach on the existing
primitive access point. Additionally, imazamox could be used selectively on scattered growths of
purple loosestrife and to thin water lily beds where they have formed thick, nuisance growths.

The primary advantages of imazamox include the following:
e Favorable environmental risk profile with very low toxicity to non-target species.

¢ Highly selective when applied directly to emergent or floating-leaved target plants.

e Treatment can be completed anytime during the growing season once leaves have
emerged.

o Imazamox is relatively slow acting, which minimizes the potential for dissolved oxygen
sags that could result from the decay of the plants following treatment.

The primary limitations of imazamox include:

e Leaves of target species must be dry during application for imazamox to be effective as
an herbicide. Therefore, treatment should not occur on days with precipitation.
Additionally, the control of floating-leaved plants like water lilies may require two or more
applications to accommodate wetting of the leaves induced by movement of the treatment
vessel.

The cost of imazamox tends to be higher than most other herbicides, generally $1,000/acre or
more. However, the greater selectivity and flexibility in the timing of application are potentially
significant advantages favoring its use over older herbicides like glyphosate.
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5.2 Primary Management Recommendations: Water Quality

5.2.1 Nutrient Inactivation

Nutrient inactivation is the term given to any process that targets long-term binding of phosphorus
in the sediments, stripping of water column phosphorus and phytoplankton, or maintenance of
water quality through regular application of a chemical agent. Sediment-targeted nutrient
inactivation tends to require larger doses of the active agent but may also be effective in reducing
phosphorus availability for many years. Water column-targeted nutrient inactivation is less
complicated and provides immediate improvements to water clarity and phosphorus
concentrations in the water column. However it is short-lived in its impact, usually lasting a few
months.

During treatment, bound phosphorus precipitates out of solution and settles into sediments, where
it remains unavailable for biological activity. The inactivation agent that does not immediately bind
with available phosphorus settles into the sediments, helping to further capture additional
phosphorus that may be released from sediments over time.

In-pond nutrient inactivation program on a small pond. Alum and sodium aluminate are offloaded
directly from the split tanker at the top of the slope to separate tanks on the treatment vessel below.

Although other nutrient inactivation agents are available, alum (aluminum sulfate) and sodium
aluminate are the two most commonly used in New England. These have a long track record of
successful use and are generally more economical to apply than other materials, although
polyaluminum chloride (PAC), aluminum chlorohydrate (ACH), zeolite formulations (e.g., Aqual
P), and rare earth/bentonite clay formulations (e.g., Phoslock) are also available.

Sediment nutrient inactivation programs are most commonly implemented in deep lakes where
sediment phosphorus release is a substantial component of the total phosphorus load and
flushing rates are low. Lower dose treatments are more common in shallow ponds and
impoundments. In some cases, dosing stations are constructed to bind and precipitate high-
phosphorus inputs before they can enter a pond. However, these must be designed and sited
appropriately, then maintained over time to function effectively.

Unlike algaecide treatments, nutrient inactivation addresses the proximal cause of excessive algal
growth, which is the abundance of phosphorus. Therefore, it provides benefits above and beyond
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those of algaecide treatments. An in-pond low-dose alum treatment could be applied in advance
of seasonally anticipated algal blooms or as needed to prevent or control an incipient algae bloom.
It can also be used to strip suspended sediments out of the water column and improve water
clarity. This approach is the most appropriate for addressing ponds that only have occasional
algae blooms and, due to the low dosage applied, can be implemented with minimal risk of
undesired impact.

Although low-dose alum treatments carry a higher cost than algaecide treatments, they provide
an added benefit of removing phosphorus from the water column and may provide control over a
longer period than algaecides. Algaecides target the algae, which can readily regrow given
favorable environmental conditions, while alum targets the phosphorus that triggers the excessive
algal growth.

Higher dose alum treatment specifically target phosphorus release from the sediments and can
be designed to be effective for a decade or more in some ponds. However, Wigwam Pond is
unlikely to be a good candidate for a sediment-targeted alum treatment. In addition to the need
for improved access to accommodate the treatment vessel and chemical storage tanks, higher
dose alum treatments tend not to last as long in shallow water bodies with substantial surface
water inputs. If the Town were interested in pursuing a higher dose treatment in the future, the
first step would be completion of a sediment dosing study, which would involve collection and
detailed analysis of phosphorus fractions present in the sediments.

To be protective of non-target species, alum treatments should be preceded, accompanied, and
followed by sampling of the water body. Sampling should minimally include analysis of
phosphorus, pH, and alkalinity and the locations sampled should be representative of the areas
to be treated. Application of any nutrient inactivation agent requires a License to Apply Chemicals
from the MassDEP Bureau of Resource Protection —Watershed Management.

At Wigwam Pond, periodic low dose nutrient inactivation is likely to provide the best results for
phosphorus removal and prevention of harmful algae blooms, which could pose public health risks
if allowed to proliferate. This is also likely to be the only feasible option unless access to the pond
is substantially improved.

The primary advantages of nutrient inactivation include the following:
o Works immediately to reduce a primary cause of algae blooms (excessive phosphorus
concentrations) and improve water clarity with minimal impact on non-target species.

e Will help to reduce internal loading of phosphorus from the sediments into the water
column.

e By reducing algal growth and the resulting biological oxygen demand, nutrient inactivation
can also indirectly improve dissolved oxygen levels in the pond.

e Low-dose treatments can be applied with minimal logistical planning.

e One of the most cost-effective phosphorus removal methods (typically a few hundred
dollars per kilogram of phosphorus removed).

The primary limitations of nutrient inactivation include:
e Does not address the ultimate source of external phosphorus loading to the pond.

e Does not address in-pond nitrogen (with the possible exception of Aqual-P).
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e Some monitoring required to mitigate risk to non-target species from potential pH changes.
Higher dose alum treatments are typically buffered with sodium aluminate to avoid this
issue.

Chemicals must be custom-made for pond treatments and costs for treatment vary significantly
depending on the type of inactivation agent used, the necessary dosage of the selected agent,
and commodity prices at the time. Depending on dosage, costs for alum treatment would be on
the order of $750 to $3,000 per acre treated plus mobilization and monitoring fees. Costs for other
inactivation agents would likely be substantially higher, due to the incorporation of scarcer
materials or less efficient application methods (e.g., Phoslock).

5.2.2 Watershed Controls

Although in-pond or instream water quality management is likely to have an important role in
producing immediate improvements at Wigwam Pond, watershed controls of external pollutant
sources are likely to be necessary to sustain these improvements. Although the exact magnitude
and nature of these sources is not yet well documented, they appear to be stormwater-driven,
based on the observations made in this study.

External pollutant loading can be mitigated
through watershed controls, especially when
enforced and implemented as a condition for
new or re-development. However, once
watershed land is developed, controls become
increasingly difficult to implement and typically
require large-scale disconnection of impervious
surfaces or retrofits to achieve reductions in
pollutant loading.

In a developed watershed like that of Wigwam
Pond, siting of watershed controls is likely to be
highly constrained. Therefore, designs that
prioritize constructability, removal efficiency,
and reduced maintenance may be critical to
achievement of measurable and sustained
success.

The Town and other watershed stakeholders

can also help maintain water quality by Watershed controls in the Wigwam Pond
committing to proper maintenance of any watershed will require careful siting and design
existing stormwater infrastructure including to be effective in a highly constrained urban
removal of accumulated sediment from alreEk

stormwater basins and catch basins and performing regular street sweeping before accumulated
debris is washed into the pond.

The primary advantages of watershed controls include the following:
e Pollutants are captured at or near the source and prevented from entering the Wigwam
Pond system. This helps reduce future water quality and sedimentation problems.

e Once the primary pollutants and sources are documented, watershed control designs can
be selected to maximize removal efficiency for those pollutants.

Wigwam Pond January 2023
Watershed Management Plan 32



5 TRC

e Some types (e.g., infiltration) can benefit water quantity, as well. This may reduce the
impact of extreme weather and hydrologic events (e.g., floods, droughts) and boost the
resiliency of the Wigwam Pond system.

The primary limitations of watershed controls include the following:
¢ Even with significant implementation of watershed controls, the hydrology and magnitude
and dynamics of pollutant loading will not match those of a natural watershed.

o Real-world constraints on siting and constructability of watershed controls may impede
the ability to effectively implement functional improvements.

e Except for the most egregious source controls, watershed controls tend to produce
incremental water quality improvements. This may not translate into immediate and visible
progress in the quality of the receiving water body.

Costs to implement watershed controls vary widely, depending on the type, size, site constraints,
need for professional services (e.g., engineering), and amount of pollutant removal desired.
However, costs per unit weight of pollutant removed are often among the highest of any
management approach. For example, a cost of several thousand dollars per kilogram removed
would not be unusual for phosphorus.

Most watershed controls also require periodic maintenance to operate as designed. Therefore,
additional maintenance costs should be anticipated for the lifespan of each control measure.

5.3 Secondary Management Recommendations: Vegetation Management

5.3.1 Covering - Common Reed Control

Covering is an alternative non-chemical approach to common reed control. Target beds are cut
and covered by a thick synthetic or geotextile barrier, preventing photosynthesis and creating an
unfavorable environment for survival. This approach can be used as a sole control measure for
smaller beds or as a supplement to other control methods.

Covers should be left in place for at least two to three months during the growing season to
achieve more than superficial control. Redeployment in the same location may be necessary over
two or more growing seasons. Depending on the material used, the barriers may be moved and
redeployed multiple times.

Once common reed has been effectively controlled, replanting with native species may be
necessary to prevent re-establishment of the target species. This is particularly true if the native
seed bank has been exhausted.

The primary advantages of covering include the following:
e A simple control technique that can be deployed quickly over small areas.

The primary limitations of covering include the following:
e Not practical over large areas.

o Rhizomatous plants like common reed may be able to spread beyond the barrier and
escape control.

o Relatively non-selective method that will impact other plants and soil/sediment organisms
where deployed.
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The installed cost for covers typically runs a few dollars per square foot, which can lead to very
high costs when attempted over larger areas. However, for small areas, covering can typically be
accomplished for a few thousand dollars per year.

5.3.2 Cutting - Common Reed Control
Another non-chemical approach to common
reed control includes repeated cutting of the
stems to prevent the plants from effectively
photosynthesizing or shading out native
species. Plants are cut just above the sediment
level multiple times over the growing season.
The cut stems and leaves must be removed
and disposed of in a manner that prevents
further spread of the plant. Removal of
common reed biomass may also facilitate
growth of other plant species.

Cutting can be done manually but this is a slow
process that is unlikely to be effective in bigger Marsh Master being used to cut extensive
stands. A variety of mechanized cutting stands of common reed

. . . . Source: The Pond and Lake Connection
machines may be used to improve efficiency of
the operation. One example of a specialized machine is the Marsh Master; this is a tracked vehicle
that levels stalks before slashing them with an attached roller connection. It can cut an
approximately six-foot swath of common reed with each pass. However, this process is most
efficient when stalks have first been weakened by herbicide application or seasonal senescence.

The primary advantages of cutting include the following:
e With the right equipment and technique, cutting can be completed quickly.

¢ If biomass is removed from the site, cutting can provide nutrient removal benefits.
¢ Can augment other control methods, such as herbicide application.

The primary limitations of cutting include the following:
¢ Mechanical cutting may also impact non-target species interspersed with common reed.

e Rhizomes are left in the ground and will resprout unless another control method is also
used in tandem with the cutting.

The costs for cutting typically range from $1,500 to $3,000 per acre plus mobilization costs.
However, this depends on accessibility, contiguity of the areas targeted for cutting, and disposal
requirements.

5.4 Secondary Management Recommendations: Water Quality

5.4.1 Algaecides

Registered algaecides are primarily copper-based chemicals and result in almost immediate
control of a broad spectrum of planktonic and filamentous algae. A variety of formulations are
available on the market (Cutrine Plus, Captain and K-Tea are trade name examples). Peroxide-
based formulations (e.g., PAK 27) are also available for control of nuisance algae in waters where
copper-based chemicals are not preferred or permitted, although these tend to be more
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expensive. Although effective if properly selected, algaecides generally do not address the
underlying cause of excessive algae (i.e., excessive nutrients). Therefore, algaecides are only
recommended as a stopgap measure, to control the development of nuisance algae blooms while
progress is made in reducing water column nutrient concentrations. Application of any algaecide
requires a License to Apply Chemicals from the MassDEP Bureau of Resource Protection —
Watershed Management.

The primary advantages of algaecides include the following:
o Rapid control of algae, which can be critical during a developing algae bloom.

e Some selectivity is possible, depending on the formulation used.

The primary limitations of algaecides include the following:
o Impacts to non-target species are possible, especially from copper-based algaecides.
However, these can be minimized through selection of an appropriate formulation and
dose.

e Use of algaecides during an active harmful algal bloom may lyse cells and cause the
release of toxins into the water column. However, not treating may allow the bloom to
worsen. Therefore, testing is advised prior to initiating treatment.

e Algaecides do not address the underlying cause of algal blooms and provide no lasting
water quality benefits.

Algaecide treatments are usually conducted in a series of two to three partial-pond applications
to avoid rapid die-off and subsequent sags in dissolved oxygen levels. Costs per treatment can
be expected to range from $350 to $750/acre for most formulations, although use of some
specialty formulations or treatment of very small areas may be more expensive. Algaecides would
be most appropriate for as-needed control of incipient algae blooms at Wigwam Pond.

5.4.2 Nutrient Filtration

Nutrient filtration is an approach that can be used for removal of nutrients from key sources,
typically as a short-term measure until more permanent remedies can be implemented. There are
multiple forms of nutrient filtration, including the use of biochar as well as proprietary filtration
socks.

Biochar describes a wide range of products derived from biomass that has been processed (often
pyrolyzed) to enhance its nutrient adsorption capacity. When used for lake management
purposes, biochar is typically deployed in porous socks, which are then staked in a location where
the material can come into contact with nutrient-rich sources (e.qg., tributary flows), thereby acting
as a filter before the water enters the lake or pond. They can also be deployed in-pond from
floating islands or anchored in groups to remove ambient nutrients from the water column. Uptake
and binding may be enhanced by strategic placement of the socks where currents optimize the
rate of exposure to the active media (e.g., in flowing water, near artificial circulators).

Biochar socks are typically left in place for a few weeks to a few months, depending on
environmental conditions. The adsorption process eventually becomes inefficient, as the most
accessible binding sites fill up. At that point the spent biochar is best removed, disposed of, and
replaced with new material.
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The use of biochar for lake management is still under evaluation. Many of these products were
originally designed for water and wastewater treatment processes, which are more controlled
environments than natural lakes and ponds. Biochar quality varies greatly with source, which
makes it difficult to develop an effective dose to reduce nutrient concentrations to the desired
level. In fact, unmodified biochars appear to be of limited utility due to the paucity of binding sites
in most materials, as well as the potential for release of nutrients when submerged (Zhang et al.
2020). Therefore, the most effective biochars are likely to be those which have been modified
through the addition of metal oxides (e.g., aluminum oxide) to provide more binding sites.

EutroSORB filtration socks (SePRO Corporation) are one example of a readily available
proprietary technology designed and marketed for targeting phosphorus removal. The filters are
purported to have a high affinity and capacity for phosphorus binding. As with biochar,
maintenance will be required to change out filters as needed.

Manufacturers of proprietary nutrient filtration systems claim that their technology removes
phosphorus more effectively than biochar, although evaluations of the effectiveness of many
products remains sparse within the peer-reviewed literature. Further compounding this is the fact
that the nutrient-binding media these products rely on are often protected as a proprietary trade
secret.

The primary advantages of nutrient filtration include the following:
e Provide the ability to immediately and efficiently remove nutrients from incoming flows,
even the ultimate sources have not yet been identified.

o Filters are modular and can be stacked, staked, tied together, or otherwise arranged to
suit the situation.

e Impacts to non-target species are unlikely.

The primary limitations of nutrient filtration include the following:
o Filters can easily be displaced or tampered with.

¢ Regular replacement of the filter media is required to optimize removal of nutrients.

e Most filters cannot readily be reused. Once they are spent, they must be disposed of.
Biochar could potentially be composted. However, this is not recommended where it is
exposed to urban or industrial runoff.

o Filters do not address the ultimate sources of nutrient loading.

Nutrient filtration costs are generally manageable when used to address small and discrete
sources that only require a few filters. Assuming replacement of the filtration socks every two to
three months, costs may be less than $1,000/year for these kinds of sources. However, when
scaled up to address nutrients in a tributary or pond, costs are likely to range well into the tens of
thousands of dollars per year.
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5.5 Other Non-Management Recommendations
5.5.1 Monitoring

It is imperative that any vegetation g
management action program would include the
monitoring of aquatic vegetation by mapping gE&s
aquatic plant species distribution, cover, and
biovolume with focus on the distribution of
exotic plant species. Monitoring provides data
for the purpose of detecting new infestations,
as well as tracking the effectiveness of any
management  practices that may be
implemented. Monitoring is essential if
management efforts are to be cost-effective
since early detection and control of any future
infestation can save management costs.

Monitoring aquatic plants in the pond is
recommended biannually when an active Aquatic surveys with a plant rake allow for
management program is in effect. This allows [EEUERIUCREREUREIR R TIEC SR
for the capture of both pre- and post- as distribution of individual species in the pond.
management conditions. Otherwise, plant
monitoring should be performed on at least an annual basis to identify any emerging infestations
before they spread and become difficult to control.

If the Town decides to actively manage emergent invasive vegetation (i.e., common reed), it is
recommended that the monitoring program incorporate measures that will be effective for tracking
management progress. Depending on the scale of management, this may include establishment
of monitoring plots to quantify the effectiveness of the control as well as the recolonization by
desirable native species. For larger scale efforts, UAS-based (drone) survey may be useful in
capturing the change in extent of target emergent species beds.

Additionally, vegetation monitoring may be implemented during harvesting operations to track the
number of stems, volume, or weight of the biomass removed. This data can serve as a measure
of control effectiveness, contractor efficiency, and nutrient removal.

Pre-management mapping should be performed in late spring or early summer to assess re-
growth of fanwort, milfoil, common reed, and any other potentially threatening exotic species.
Additional mapping should be performed toward the end of the growing season in late August or
September to evaluate the impacts of any management efforts and to provide guidance to the
Town for the next year's management efforts.

In addition to vegetation monitoring, TRC also recommends that the Town implement a water
guality monitoring program for the purpose of detecting changes in pond or watershed conditions
that might encourage algae blooms, as well as tracking the effectiveness of any future
management practices that may be implemented.

Nutrients (phosphorus and nitrogen) and phytoplankton (algae) would be important in this regard,
along with easily measured field parameters (pH, dissolved oxygen, temperature, specific
conductance, and clarity [Secchi depth]). At a minimum, samples should be collected during the
spring, summer and fall at the surface and bottom of the pond at its deepest location. However,

Wigwam Pond January 2023
Watershed Management Plan 37



5 TRC

additional sampling of Little Wigwam Brook could be helpful in tracking water quality
improvements due to implementation of watershed controls.

If the Town intends to open the pond to primary recreation (swimming) at some point in the future,
monitoring of bacteria indicators would be recommended, both during ambient conditions and in
response to large storm events that could rapidly mobilize pathogens from watershed sources
into the pond. This monitoring could be accompanied by microbial source tracking to determine
whether the bacteria is associated with sewage, domestic animals, wildlife, or waterfowl, and
identify specific sources.

The Town may also desire to continue the use of continuous data logging systems at the pond to
provide detailed time series records of water quality. These could be helpful in better defining the
duration of hypoxic conditions, as well as helping to identify specific triggers of other undesirable
water quality conditions. The costs to install and maintain these systems vary depending on
whether they are equipped with real-time telemetry or require periodic data recovery from field
units. The simplest systems retail for a few hundred dollars while more complex ones may range
into the tens of thousands and require subscription to a data plan.

The primary advantages of monitoring include the following:
e Enables early detection of new management issues and subsequent rapid response
actions.

e Provides needed feedback for evaluating the success of any management actions and
making adjustments to the management program.

The primary limitations of monitoring include the following:
¢ Monitoring does not itself resolve any management issues and requires funding that could
otherwise go to program implementation.

Costs for vegetation and water quality monitoring at Wigwam Pond would be expected to range
from approximately $7,500 to $25,000 per year depending on the scope, scale, and detail of the
program. Whether self-performed or contracted, TRC recommends that a qualified consultant be
retained to evaluate the monitoring results so that they can be put to use in providing updated
management recommendations on an annual basis.

5.5.2 Public Outreach and Education

Public education and outreach are recommended as the primary way to raise awareness of
management issues at Wigwam Pond and encourage public involvement in its improvement as a
community resource. This can also be a powerful tool for preventing future problems, such as
introduction of new aquatic invasive species or pet waste disposal issues. This is an important
step in generating ongoing support for action. Public outreach and education will become
particularly important as the planned development around Wigwam Pond includes the increase
in residential properties.

Public education and outreach programs may take many forms, such as content hosted on the
Town website, social media postings, targeted mailings to pond abutters and/or watershed
residents, incorporation of educational materials into school programs or curricula, hosting of
community events focused on the pond, installation of informational signs, and workshops for
residents.
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Beyond education and outreach, organized public participation programs may provide an
enhanced opportunity for members of the public to take a more active role in supporting Wigwam
Pond. Examples include labeling of storm drains, replanting of native plants on public lands or
rights-of-way, or development of a citizen science water quality monitoring program.

The primary advantages of public education and outreach include the following:
¢ Builds buy-in for other management actions to benefit the pond.

e Allows the community to stay informed on key management issues and solutions.
e Provides practical measures that individuals can take.

The primary limitations of public education and outreach include the following:
e Actual improvements in water quality or biological condition are likely to be marginal due
to behavioral changes or other community actions alone. Must pair with other
management activities to achieve substantial improvements.

The costs of public outreach and education vary depending on the approach and number of
people or households targeted. However, they tend to be low compared to the costs of other
management approaches.

5.6 The No-Action Alternative
The no-action alternative at Wigwam Pond would entail avoidance of all the management actions
presented in the previous sections. If selected, this option would likely do the following:

e Allow the existing invasive species to continue to grow unchecked.
e Miss potential opportunities to prevent the establishment of new invasive species.

e Permit the pond to continue to fill with sediments at a similar rate, further reducing the
volume of aquatic habitat suitable for aquatic life.

¢ Allow water quality to continue to degrade.

¢ Risk an increase in harmful algae blooms driven by excessive nutrients.
e Curtall the recreational opportunities currently provided by the pond.

¢ Permit a decline in the aesthetic value of the pond.

The primary advantages of the no-action alternative include the following:
¢ No immediate direct monetary expenditures.

The primary limitations of the no-action alternative include the following:
o Does not improve the current condition of the pond or address any of the foreseeable
future management challenges.

Therefore, the no-action alternative is not recommended.
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6.0 Summary and Next Steps

TRC has provided the Town with multiple
recommended options to use in working towards
the vegetation management and water quality
improvement goals for Wigwam Pond. The
proposed five-year implementation of these
management options and an order of magnitude
estimate of costs is provided in Table 10.

To control aquatic invasive species, primarily
fanwort and Eurasian milfoil, TRC recommends
the use of herbicides (fluridone/flumioxazin)
accompanied with hand harvesting efforts to
manage the invasive plant beds. Based on the

_ ) o or View of Wigwam Pond.
current high density of the plants, significant August 10, 2022
measures will be needed for at least an initial

treatment of the whole lake with fluridone.

To control invasive common reed around the pond TRC recommends the use of herbicides
(imazamox), potentially combined with physical cutting and/or covering. Wholesale eradication of
common reed is not feasible, given its current extent near the pond and presence in much of the
watershed. However, smaller areas or swaths of common reed may be reasonably managed to
maintain clear access to the pond and encourage regrowth of the native plant community.

Management recommendations for improving water quality include nutrient inactivation,
watershed controls, algaecides, and nutrient filtration. Nutrient inactivation will provide in-pond
water quality improvements. In the watershed, improved stormwater management practices,
together with nutrient filtration, can help to reduce the inflow of nutrients, sediments, and bacteria
into the pond. Although wet weather sampling consisted of a single monitoring event for this study,
Outfall 1 appeared to contribute the highest loading of most measured pollutants, based on
concentration and observed discharge rate. This may be a system to prioritize for further
investigation and action to reduce future loading. Finally, algaecides should be retained as a
stopgap measure to control nascent algal blooms, should they still develop .

Additionally, regular monitoring of the vegetation and water quality are recommended so that the
conditions of the pond can be tracked and adjustments can be made to the management program
as needed. Public outreach and education should also be incorporated into the broader program
as an important tool to engage community stakeholders and the public at-large in the maintenance
and improvement of Wigwam Pond as a community resource.
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Type

Aquatic
Invasives
(Fanwort &
Eurasian
Milfoil)

Aquatic
Invasives
(Fanwort &
Eurasian
Milfoil)
Aquatic
Invasives
(Fanwort &
Eurasian
Milfoil)
Emergent
Invasives
(Common
Reed & Purple
Loosestrife)
Emergent
Invasives
(Common
Reed & Purple
Loosestrife)
Emergent
Invasives
(Common
Reed & Purple
Loosestrife)
Aquatic
Nuisance
Species
(Water Lilies)

Water Quality

Wigwam Pond

Herbicide
Treatment

Herbicide
Treatment

Harvesting

Herbicide
Treatment

Covering

Cutting

Herbicide
Treatment

Nutrient
Inactivation

Watershed Management Plan

Table 10: Recommended Five-Year Management Plan for Wigwam Pond

Detail of Management
Method

Full-pond fluridone (Sonar)
treatment

Spot flumioxazin (Clipper) treatment

Diver harvesting of submerged
aquatic plants.

Spot imazamox (Clearcast)
treatments to control growth near
access or other patches.

Alternative to herbicide treatment for
localized beds. Typically
implemented in sequence with
cutting.

May be used to enhance results of
herbicide treatment or covering and
provide removal of biomass.

Spot imazamox (Clearcast)
treatments to thin dense beds and
provide more open water habitat.

Low-dose in-pond alum treatment.

O

®

®

$200,000

$85,000

$25,000

$40,000

$15,000

$40,000

$40,000

$250,000

Year | Year | Year | Year | Year 5-Yr
1

Implement early and evaluate
effectiveness. Anticipate at
least two years of effective
control — possibly much more
if used in tandem with other
control measures.

Use on a small scale to extend
effectiveness of Sonar
treatment.

Use primarily to eradicate new
infestations before they
become established.

Implement early and evaluate
effectiveness.

Optional for addressing
regrowth in areas that were
previously treated or new
incursions into key
recreational or sensitive areas.
Optional to enhance other
methods.

Sonar likely to provide some
incidental control in Year 1.
Requires sequence of two
treatments when used.

Wait until aquatic plant growth
is under control to implement.
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Management

Watershed
Water Quality Controls
) Watershed
Water Quality Controls
. Watershed
Water Quality Controls
. Watershed
Water Quality Controls
) Watershed
Water Quality Controls
) Nutrient
Water Quality Filtration
Excessive Algaecide
Algae Treatment
All Monitoring
Public
All Education &
Outreach
Total
° Preferred action
e Optional action
® As-needed action

Wigwam Pond
Watershed Management Plan

Detail of Management
Method

Source assessment investigations.

Feasibility study and conceptual
designs.

Design and permitting.

Construction and implementation.

Ongoing maintenance of existing
infrastructure.

Place near key external sources of
phosphorus.

Copper- or peroxide-based
treatments to specifically target
excessive algal growth.

Vegetation and ambient water
quality monitoring.

Development of educational
resources and facilitation of
community outreach/public
participation.

Year Year Year Year Year 5-Yr Notes
Budget

® ©@ @® @ ®

$30,000

$60,000

TBD
($10Ks)

TBD
($100Ks)

N/A

$30,000

$50,000

$125,000

$35,000

$1,025,000+

Cost may vary substantially
depending on number and
complexity of measures
selected.

Cost may vary substantially
depending on measures
implemented.

Part of MS4 operator or
private landowner
responsibilities.

Optional stopgap measure
where watershed controls will
need time to be implemented
(e.g., Outfall 1).

Only useful when algal bloom
is incipient. Reserve budget
recommended but action may
never be needed.

Assumes mid-range
monitoring budget.

Likely to be of growing
importance as area continues
to develop and more pressure
is put on the pond. Some of
this work may be
accomplished as part of MS4
operator requirements.

Does not include final
design, permitting, and
construction of watershed
controls.
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