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EXECUTIVE SUMMARY

The Town of Barnstable is in the midst of developing and implementing a Comprehensive
Wastewater Management Plan (CWMP), largely focused on addressing regulatory Total
Maximum Daily Loads (TMDLs) requirements that have been developed for impaired estuaries
within the Town. As this effort was underway, the Department of Public Works (DPW)
recognized that CWMP implementation should also address pond and lake water quality issues,
provide water quality goals that are clearly identified, and management options which adequately
address the impairments. To begin this effort, the DPW staff asked the Coastal Systems Program
at the School for Marine Science and Technology, University of Massachusetts Dartmouth
(CSP/SMAST) to organize and review all available pond and lake water quality monitoring data
from Pond and Lake Stewards (PALS) Snapshots and over 40 pond assessment reports into a
single database. Additionally, CSP/SMAST was asked to provide an update on individual pond
water quality relative to Massachusetts Department of Environmental Protection (MassDEP)
regulatory standards and Cape Cod ecoregion thresholds. Finally, they were asked to assess
whether there were any water quality trends over time and identify data gaps that would need to
be filled for development of pond and lake management plans.

Per the MassDEP state regulations, Barnstable ponds are classified as Class B waters. Class B
ponds and lakes are designated as a habitat for fish, other aquatic life, and wildlife, including for
their reproduction, migration, growth and other critical functions, and for primary and secondary
contact recreation. As well as, suitable for irrigation, agricultural uses, and compatible for
industrial cooling process uses, and have good aesthetic value. MassDEP regulations set
standards for dissolved oxygen (DO) based on two categories: cold water fisheries (consistently
below 20°C and above 6 mg/L DO) and warm water fisheries (consistently above 20°C and
above 5 mg/L DO). In addition, ponds must meet other standards by not exceeding a water
temperature of 28.3°C, maintaining a pH between 6.5 to 8.3, and bacteria levels below 61
colonies per 100mL. The MassDEP did not set standards for nutrient levels. Instead, the Cape
Cod Commission (CCC) developed nutrient specific thresholds for classifying unimpaired Cape
Cod ponds. Unimpaired Cape Cod ponds have total phosphorus less than 10 pug/L, total nitrogen
less than 0.31 mg/L, and chlorophyll pigments less than 1.7 pg/L.

This 2021 update represents the first Town wide water quality update since 2009. Preparation of
the 2021 Barnstable Pond and Lake Water Quality Database organized over 50,000 water
column data inputs into a standardized format for 55 ponds and lakes. Of the 55 ponds with
sample data, 32 have at least five samplings and were reviewed in detail. Of the 32 ponds
reviewed in detail (Table ES-1): two are significantly impaired, 21 are impaired, one is
moderately impaired, six are borderline impaired, one is generally unimpaired, and one is
unimpaired based on MassDEP regulations and Cape Cod pond thresholds.

While the Town is taking action to improve water quality in freshwater ponds through
stormwater improvements, sewers, and the development of detailed nutrient diagnostic
assessments and management plans, it should be recognized that each pond is unique and
requires a pond specific management plan to determine specific needs for addressing water
quality issues.



Table ES-1. Summary of Ponds reviewed in 2021 Barnstable Pond and Lake Water Quality Database. All ponds greater than 10 acres are Great
Ponds under Massachusetts law and publicly owned. Listed maximum depth is based on PALS Snapshots recordings. # of samples varies by
constituent. Water quality in all ponds is controlled by phosphorus. Cape Cod Ecoregion total phosphorus (TP) threshold is 10 pg/L. Five additional
ponds have data in the database, but were not reviewed because of the limited number of samplings (n<3).

PALS Avg TP (ug/L)
. Area % of Max # of
Pond Village (acres) Great Pond PALS Years overall | depth (m) | samples | shallow | deep Overall status
data
. 2001-2003, 2008- o moderately
Aunt Bettys | Hyannis 7.1 No 2013, 2017-2019 97% 1 14-21 14 n/a impaired
. 2001-2003, 2005- o o
Bearse Centerville 67 Yes 2015, 2017-2019 36% 6.6 82 -96 19 29 impaired
Bog Osterville 7.2 No 2001-2003, 2005- 100% 1 33-34 26 na | Significantly
2019 impaired
Marstons 2001-2003, 2007- o significantly
Crocker Mills 25 Yes 2013, 2018-2019 100% 6.1 21-22 23 48 impaired
. 2001-2003, 2005- 0 S
Crystal Osterville 10 Yes 2013, 2015-2019 100% 12.2 54 -57 10 44 impaired
. 2001-2003, 2006- o borderline
Eagle Cotuit 8.5 No 2015, 2017-2018 100% 5.1 28 -30 10 12 impaired
No, but Yes
. . if combined | 2001-2003, 2008- o \ . .
Elizabeth Centerville 6.3 withRed | 2013, 2017-2019 80% 4.5 23-24 16 52 impaired
Lily
West 2001-2003, 2008- 0 S
Garretts Barnstable 28 Yes 2013, 2017-2019 95% 8.9 11-32 12 16 impaired
Gooseberry | Centerville 41 Yes 2001, 2018-2019 36% 5.4 23 - 80 22 24 | borderline
impaired
Hamblin ﬁf‘ﬁztons 115 Yes 2001-2019 24% 192 | 106-230 | 9 17* | impaired
2001-2003, 2008- o borderline
Hathaway N | Barnstable 21 Yes 2013, 2017-2019 95% 17.4 11-48 10 38 impaired
: 2001-2003, 2008- o S
Hinckley Barnstable 10 Yes 2013, 2017-2019 100% 6.9 10-11 33 138 | impaired
. 2001-2003, 2005- o . .
Joshua Osterville 15 Yes 2013, 2015- 2019 95% 10.0 39-44 6 7 unimpaired




Table ES-1. Summary of Ponds reviewed in 2021 Barnstable Pond and Lake Water Quality Database. All ponds greater than 10 acres are Great
Ponds under Massachusetts law and publicly owned. Listed maximum depth is based on PALS Snapshots recordings.
constituent. Water quality in all ponds is controlled by phosphorus. Cape Cod Ecoregion total phosphorus (TP) threshold is 10 pg/L. Five additional
ponds have data in the database, but were not reviewed because of the limited number of samplings (n<3).

# of samples varies by

PALS Avg TP (ug/L)
. Area % of Max # of
Pond Village (acres) Great Pond PALS Years overall | depth (m) | samples | shallow | deep Overall status
data
2001-2003, 2005-
Lewis Cotuit 4.6 No 2006, 2008-2015, 95% 42 28 -29 15 32 Impaired
2017-2018
: Marstons 2001-2002, 2005- o .
Little Mills 9.7 No 2013, 2015-2019 100% 1.2 13-29 17 n/a Impaired
Long Centerville 53 Yes gggé;zom’ 2005- 53% 7.2 9-61 11 86 | Impaired
Marstons 2008, 2011, 2013, o .
Long Mills 56 Yes 201820193 88% 6.2 9-10 11 61 Impaired
2001-2003, 2005-
Lovells Cotuit 55 Yes 2006, 2008-2015, 40% 11.4 54 -122 16 354 Impaired
2017-2018
. 9.7 or 2001-2003, 2007- o .
Lumbert Centerville 12,75 No 2013, 2017-2019 100% 1.6 13-18 11 26 Impaired
. 2001, 2003, 2008- o borderline
Mary Dunn | Hyannis 18 Yes 2013, 2017-2019 100% 2.1 11-17 11 n/a impaired
. . 2001-2003, 2005- o generally
Micah Osterville 16 Yes 2013, 2015- 2019 95% 12.4 17 - 60 8 14 unimpaired
Middle ﬁf‘ﬁ?om 105 Yes 2001-2019 51% 103 | 39-142 11 22 | Impaired
. Marstons 2002-2003, 2005- 0 .
Mill Mills 6.0 No 2019 93% 1.4 14 -35 35 93 Impaired
Mystic ﬁf‘ﬁ?om 148 Yes | 2001-2019 40% 146 | 60-246 | 17 | 214° | Impaired
. 2001-2003, 2005- 0 borderline
Neck Osterville 14 Yes 2013, 2015- 2019 100% 11.5 17 - 61 7 17 impaired
. 2001-2003, 2005- o .
Parker Osterville 12 Yes 2013, 2015-2019 100% 6.4 15-40 16 44 Impaired




Table ES-1. Summary of Ponds reviewed in 2021 Barnstable Pond and Lake Water Quality Database. All ponds greater than 10 acres are Great
Ponds under Massachusetts law and publicly owned. Listed maximum depth is based on PALS Snapshots recordings.
constituent. Water quality in all ponds is controlled by phosphorus. Cape Cod Ecoregion total phosphorus (TP) threshold is 10 pg/L. Five additional
ponds have data in the database, but were not reviewed because of the limited number of samplings (n<3).

# of samples varies by

PALS Avg TP (ug/L)
. Area % of Max # of
Pond Village (acres) Great Pond PALS Years overall | depth (m) | samples | shallow | deep Overall status
data
No, but Yes
RedLily | Centerville | 45 | 'feomoned 38(1);_22%01% 22%0189' 74% 12 13- 35 16 n/a | Impaired
Elizabeth o
Marstons 2001-2003, 2005,
Round Mills 9.8 maybe 2007-2013, 2017- 100% 4.8 14 -27 19 29 Impaired
2019

. 2001-2003, 2007- 0 S

Schoolhouse | Hyannis 3.6 No 2013, 2017-2019 100% 2.2 13-26 116 70 impaired
. 2001-2003, 2008- o borderline

Shallow Centerville 78 Yes 2013, 2017-2018 70% 2.5 12 - 40 13 16 impaired

Marstons 2001-2003, 2007- o .
Shubael Mills 55 Yes 2013, 2017-2019 85% 13.4 14 - 59 10 30 Impaired

. 2002-2003, 2005- .

7 H 0 _ 8
Wequaquet | Centerville 661 Yes 2015, 20172018 36% 9.8 35-104 19 29 Impaired
NOTES:

1. Depth entries for Red Lily Pond appear to include readings in feet, but original PALS sampling sheets (pre-2018) have not been secured as of the writing of
this report. Statistical analysis of total depth readings do not identify any statistical outliers.
2. Hamblin Pond TP concentrations since 2015 (post-alum treatment)

(%)

secured.

PRI

Lovells Pond TP concentrations since 2014 (post-alum treatment)
Lumbert Pond area is 9.7 acres based on the primary water surface, while the town parcel is 12.7 acres and includes a stream connected to the pond
Mystic Pond TP concentrations since 2010 (post-alum treatment)
Wequaquet Lake surface area includes connected basins of Bearse Pond and Gooseberry Pond
Wequaquet Lake TP concentrations since 2001 and at the deep location in the main basin only

There are 3 potential additional PALS years that could be Long Pond Centerville or Long Pond Marstons Mills; original PALS datasheets have not been
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I. Introduction

The Town of Barnstable has numerous ponds and lakes scattered throughout the town.
According to the Cape Cod Pond and Lake Atlas, Barnstable has over 180 ponds covering a total
area of nearly 1,900 acres (Figure I-1)."! Of these ponds, 25 are greater than 10 acres and 78 are
greater than one acre. Management of these resources has been guided by a mix of municipal
activities and citizen advocacy, typically through lake associations.?> Prior to 2001, water quality
monitoring of these resources was generally focused on individual ponds through pond
assessments completed by consultants rather than long-term tracking of changes in water quality
conditions and data based prioritization.

In 2001, the Cape Cod Commission (CCC), the Coastal Systems Program, School for Marine
Science and Technology, University of Massachusetts Dartmouth (CSP/SMAST), numerous
local and state agencies, and hundreds of citizen volunteers began the Cape Cod Pond and Lake
Stewards (PALS) program, which included a regular annual pond and lake water quality
snapshot sampling throughout Cape Cod. This sampling was and continues to be supported by
laboratory analysis provided by the CSP/SMAST at no cost to the towns, volunteers, or the CCC.

Annual water quality snapshots were part of PALS activities, which also included the production
of the Cape Cod Pond and Lake Atlas, which contained the first complete list of all ponds on
Cape Cod (nearly 1,000 ponds), and a review of the first PALS water quality snapshot results.>
For most of the sampled ponds and lakes, the annual PALS Snapshot sampling was the first
water quality measurements ever collected. The PALS Snapshot concept was designed by CCC
and CSP/SMAST to provide reliable water quality data at a time that pond water quality should
be at its worst (late summer) and use that data as a prioritization tool for targeting the
development of more refined, diagnostic assessments, and pond and lake management plans. It
was also thought that the PALS program and snapshots would enhance the visibility of pond and
lake water quality and stewardship issues throughout the region.

CSP/SMAST has continued to support the annual PALS Snapshot for over 20 years and now
directly coordinates the sampling with towns, lake and pond associations, and volunteers. As
more water column data has been collected, local concerns about algal blooms, fish kills, and
impacts of changing land uses have all been raised and nascent discussions have begun about
how to develop town-wide pond management strategies. As this report is being written, water
quality samples have been collected from 55 ponds and lakes in the Town of Barnstable.

In 2020, the Town of Barnstable, through the Department of Public Works, and CSP/SMAST
began discussing options to begin the process of integrating pond management into an overall
comprehensive water quality management strategy. Although pond and lake water quality were
organized and reviewed in 2009,* it was thought that as the town moved forward it would be
prudent to compile all available pond and lake data and use this information to prioritize future
activities. This report summarizes the results of organizing all available pond water quality data

! Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas. Cape
Cod Commission. Barnstable, MA.

2 e.g., the Indian Ponds Association, the Wequaquet Lake Protective Association, etc.

3 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

4 Eichner, E. 2009. Barnstable Ponds: Current Status, Available Data, and Recommendations for Future Activities. School of
Marine Science and Technology, University of Massachusetts Dartmouth and Cape Cod Commission. New Bedford
and Barnstable, MA. 79 pp.
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Figure I-1. Town of Barnstable Ponds and Lakes. According to the 2003 Cape Cod Pond and
Lake Atlas, there are 180 ponds and lakes covering a total area of nearly 1,900 acres within the
Town of Barnstable. Of these ponds, 25 are publicly-owned Great Ponds under Massachusetts
law (i.e., greater than 10 acres) and 78 are greater than one acre. The Massachusetts Department
of Environmental Protection has listed 12 of the ponds and lakes in the latest integrated list of all
surfaces waters within the Commonwealth and determined that five of them have impaired water
quality compared to state surface water standards and, thus, require TMDLs. According to the
review of data organized for this report, water quality data has been collected from 55 of the
ponds. Figure is modified from Pond Atlas figure.



for Barnstable ponds and lakes and reviews how this data can be used as guidance for prioritizing
individual pond management efforts and as part of individual pond assessments.

I.1. Overview of the Cape Cod Ponds and Lakes Formation History

Cape Cod was formed during the last continental glaciation approximately 15,000 years ago and
the topography of the Cape reflects how the glaciers moved, deposited materials, and how water
levels changed as the glaciers retreated. Portions of the Town of Barnstable south of Route 6 are
generally made of well-sorted sands deposited by glacial meltwaters in braided streams.®> Route
6 generally travels along the Sandwich Moraine that formed as the glaciers advanced south
during a cooler period and piled up previously deposited materials. Ponds and lakes tend to be
depressions in the land surface that formed after large blocks of ice were left behind by the main
glacier, surrounded and buried by meltwater sands, and then eventually melted, with the sands
collapsing to form depressions. As the glaciers retreated north, released their water, and sea
levels rose, these depressions gradually filled with groundwater and formed the lakes and ponds
that are seen today. Because they are part of the groundwater system, the ponds and lakes on the
Cape tend to be exposed portions of the top of the groundwater system and are occasionally
referred to as “windows on the aquifer.”

Because of this direct connection between the ponds and the groundwater, their watersheds are
defined by the area of groundwater upgradient of the pond that flows through it rather than the
land surface topography. Water added within this capture area by rain, road runoff, or septic
system effluent eventually flows into the pond. Pond water flows out of the pond and back into
the groundwater system along a downgradient, usually opposite, shoreline. Water flows in
individual ponds can become complicated by stream inputs or outputs, stormwater discharge due
to runoff collection systems, and/or agricultural withdrawals or additions (e.g., cranberry bogs).

Since Cape Cod is mostly composed of sands, there is little carbonate in the aquifer system to
balance the natural acidity in rain and, thus, the ponds and lakes tend to be naturally acidic (i.e.,
pH less than 7). The sandy soils also mean that prior to human development, rainwater (either
directly on the surface or through runoff from surrounding lands) was the primary source of
major nutrients (i.e., nitrogen and phosphorus). Human development within pond watersheds
has added additional nutrient sources through wastewater disposal (e.g., septic systems) and
piped or channeled stormwater runoff from impervious surfaces (i.e., roads and roofs).

Cape Cod ponds and lakes, like all wetlands, tend to function as natural traps for nutrients.
These nutrients are used for plant and animal growth. Nutrients are captured by the plants (both
microscopic phytoplankton and rooted plants) and stored in the pond bottom sediments as ponds
cycle through seasons of varying growth (e.g., summer vs. winter). If excessive nutrients enter
the pond, the sediments can become a meaningful additional nutrient source as nutrients are
regenerated from the sediments into the water column.

Impaired water quality in lakes and ponds is usually defined by excessive nutrient
concentrations, loss of clarity, excessive plant growth, and anoxic bottom waters. Cape Cod
ponds and lakes tend to have low nutrient levels, which typically means low phytoplankton
levels and sparse rooted plants within the ponds. Excessive nutrients usually cause more plant

3 Oldale, R.N. 1992. Cape Cod and the Islands: The Geologic Story. Parnassus Imprints. East Orleans, MA. 208 pp.
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growth either through more phytoplankton growth with accompanying loss of water clarity or
more emergent or submerged plants on the pond bottom. Since Cape Cod has relatively strong
ambient winds, especially during the summer, most unimpaired shallow ponds tend to have
dissolved oxygen levels that match atmospheric saturation throughout their water column.
Excessive nutrients cause significant oxygen demand in the sediments and reduced dissolved
oxygen concentrations. The chemical changes caused by loss of oxygen in the sediments lead to
nutrient regeneration from the sediments to the water column. Restoring ponds to acceptable
water quality usually means determining whether the primary source of nutrients measured in the
water column is watershed sources or internal sediment regeneration and figuring out the best
management options to reduce those nutrient inputs.

1.2. Overview of Cape Cod Pond and Lake Management History

Assessment and management of Cape Cod pond and lake resources has evolved slowly, but has
recently become more focused as federal, state, and local water quality protection interests have
begun to converge. Any ponds greater than 10 acres are classified as “Great Ponds” under
Massachusetts law and are publicly-owned waters of the Commonwealth.® This concept was
developed prior to the creation of the United States, during the governance of the Massachusetts
Bay Colony.” In contrast, management of ponds less than 10 acres is usually based on private
landowner concerns, but can vary depending on the ownership of the land under the water.

Federal laws protecting pond and lake water and habitat quality were reaffirmed and
strengthened in 1972 with the passage of the Clean Water Act.® The Clean Water Act created
provisions linking state laws and regulations with water quality assessments. A key provision in
the Act was the concept of determining acceptable contaminant loads, otherwise known as Total
Maximum Daily Loads (TMDLs), for individual water bodies or groups of similar surface waters
that are not attaining state water quality standards. The Act states that waters not attaining state
standards shall be classified as “impaired” and all impaired water bodies must have a TMDL for
each contaminant causing impairment. The Act required each state to produce an integrated list
of all surface waters every two years that included identification of all impaired waters requiring
TMDLs.” The Town of Barnstable currently has five ponds listed as impaired in the latest
Massachusetts integrated list.

Massachusetts regulations include water quality standards for surface waters.'® These standards
are organized based on the use of the pond and its natural temperature characteristics. The
standards are mostly descriptive, but include selected key numeric standards for temperature, pH,
dissolved oxygen (DO), and bacteria. The regulations also include provisions for natural
fluctuations outside of the listed numeric ranges, which is important for the low pH values
typically found in Cape Cod ponds and lakes.

®MGLc. 91§35

7 HJ. Wilson, The Public Trust Doctrine in Massachusetts Land Law, 11 B.C. Envtl. Aff. L. Rev. 839 (1984),
http://lawdigitalcommons.bc.edu/ealr/vol11/iss4/6 (accessed 12/15/20).

833 U.S.C. §1251 et seq.

9 The latest MassDEP list is: Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year
2016 Integrated List of Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed
Planning Program. CN: 470.1. Worcester, MA. 375 pp.

10314 CMR 4
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Under the state regulations, Cape Cod ponds are classified as Class B waters.!! Class B waters
are described as “designated as a habitat for fish, other aquatic life, and wildlife, including for
their reproduction, migration, growth and other critical functions, and for primary and secondary
contact recreation. Where designated in 314 CMR 4.06, they shall be suitable as a source of
public water supply with appropriate treatment (“Treated Water Supply”). Class B waters shall
be suitable for irrigation and other agricultural uses and for compatible industrial cooling and
process uses. These waters shall have consistently good aesthetic value.”!?

Temperature provisions in the Massachusetts regulatory standards stress whether the pond has
suitable habitat for cold water fish species, such as trout, or warm water species, such as bass.
Under these regulations, a cold water fishery lake or pond must have a portion of the water
column that has temperatures consistently less than 20°C. Since higher DO concentrations are
required to sustain salmonid populations, such as trout, cold water fisheries must maintain a
minimum DO concentration of 6 mg/L.. Warm water fisheries (i.e., ponds with temperatures
consistently above 20°C) must maintain DO concentrations above 5 mg/L. Other numeric
standards in Massachusetts water quality regulations are:

a) temperature shall not exceed 83°F (28.3°C),

b) pH shall be in the range of 6.5 to 8.3, and

c) bacteria (Enterococci) shall not exceed 61 colonies per 100 ml at bathing beaches
(with variations available for multiple samples or use of different indicator species).

Although Massachusetts regulations do not have numeric nutrient standards, the CCC assessed
potential nutrient standards for Cape Cod using the results of the initial 2001 PALS Snapshot.!?
The initial PALS Snapshot collected water quality samples from 195 ponds and lakes between
August 15 and September 30. CCC staff reviewed the data using an USEPA method for setting
nutrient criteria'* and proposed provisional Cape Cod-specific nutrient standards.!> The PALS
effort was originally part of a regionally integrated water quality management strategy that
included all water resources including, public water supplies, estuaries, and ponds and lakes.'®
The PALS program portion of the strategy was to develop reliable data and use the data to
prioritize development of individual pond assessments and management plans.

As PALS has continued, including the continuous and on-going commitment of CSP/SMAST to
support the PALS Snapshots, many of the Cape towns have begun to implement some of the
integrated water quality assessment and management tasks originally envisioned when PALS
was started. PALS Snapshot data has been used as meaningful data in individual pond

T Class A waters are used as drinking water sources.

12314 CMR 4.05(3)(b)

13 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

14 U.S. Environmental Protection Agency. 2000. Nutrient Criteria Technical Guidance Manual: Lakes and Reservoirs. First
Edition. EPA-822-B00-001. US Environmental Protection Agency, Office of Water, Office of Science and Technology.
Washington, DC.

15 See Table 5 in Cape Cod Pond and Lake Atlas.

16 Eichner, EM. 1993. Watershed protection: A Cape Cod perspective on national efforts. Environmental Science and Technology
27,n0.9:1736—1740.
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assessments, including some in Barnstable (e.g., Wequaquet Lake!’, Mystic Lake'®). Some Cape
Cod towns have reviewed cumulative PALS data in order to prioritize the development of
individual pond management plans and provide feedback to volunteer monitors, while
incorporating the results of these efforts into comprehensive wastewater planning (e.g., Orleans'’
and Brewster). PALS concepts of developing reliable data to ensure effective pond and lake
water quality management has also been begun in the Town of Plymouth.

1.3. Overview of Barnstable Pond Management History

The Town of Barnstable is in the midst of developing and implementing a comprehensive
wastewater management plan (CWMP).2! While much of the focus of the CWMP is on meeting
TMDLs that have been developed for impaired estuaries within the Town, town DPW staff have
also recognized that CWMP implementation should also address pond and lake water quality
issues where possible, provided that individual pond water quality impairments are understood,
water quality goals are clearly identified, and management options adequately address the
impairments.

Historic assessment and management of ponds within the Town of Barnstable has generally been
on an ad hoc basis for individual ponds. Selected ponds have had multiple water quality
assessments, while others have water quality sampling limited to occasional PALS Snapshots. In
addition, selected ponds have had various treatments (e.g., herbicide applications) generally
focused on management of one portion of the pond ecosystem (e.g., herring, invasive plants, etc.)
rather than the overall pond. This historic management approach is relatively common for ponds
and lakes on the Cape, but may lead to water quality management issues as the rest of the
ecosystem adjusts to changes in one part of the ecosystem.

Based on pond surface areas, the Town of Barnstable has 25 Great Ponds (Table I-1), although
this number may fluctuate depending on how linked basins are counted.??> As mentioned above,
these ponds are publicly-owned ponds with potential state regulatory and management
responsibilities. Integration of management activities run by multiple departments in the Town,
such as invasive species treatments, and state departments, such as herring runs managed by the
Massachusetts Division of Marine Fisheries and the Town, will be important for water quality
and overall pond ecosystem management. Water quality data has been collected from 23 of the
listed Great Ponds and 55 ponds and lakes overall (Table I-2).

17 Eichner, E. 2008. Lake Wequaquet Water Quality Assessment. Completed for the Town of Barnstable and the Cape Cod
Commission. Coastal Systems Program, School of Marine Science and Technology, University of Massachusetts
Dartmouth. 81 p.

18 WRS, Inc. 2011. Internal Phosphorus Load Inactivation in Mystic Lake, Barnstable, MA. 120 pp.

19 Eichner, E and B. Howes. 2017. Town of Orleans Freshwater Ponds, Water Quality Monitoring Database: Development and
Review. Coastal Systems Program, School for Marine Science and Technology, University of Massachusetts
Dartmouth. New Bedford, MA. 216 pp.

20 Eichner, E.M., B.L. Howes, and S. Horvet. 2015. Town of Plymouth Pond and Lake Atlas. Town of Plymouth, Massachusetts.
Coastal Systems Program, School for Marine Science and Technology, University of Massachusetts Dartmouth. New
Bedford, MA. 138 pp.

21 Barnstable Department of Public Works, Presentation to Town Council, January 3, 2019.
https://town.barnstable.ma.us/Departments/PublicWorks/Office_Resources_and_Updates/Wastewater-Update-
Presentation---Town-Council.pdf

22 The count of ponds in Barnstable varies depending on whether separate basins in Lake Wequaquet are counted as separate
ponds and whether Lake Elizabeth and Red Lily Pond are treated as separate ponds.
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As mentioned above, each of the Great Ponds and those listed as impaired has the potential for
MassDEP regulatory focus and, as such, may have to be addressed in town CWMP strategies.
MassDEP included 11 Barnstable ponds on the latest Integrated List approved by EPA (see
Table 1-2).2* Five of these listed ponds are identified as impaired: Hamblin, Lovells, Middle,
Mystic, and Red Lily. Note that two Great Ponds do not have any water quality data in the 2021
Database: Fawcetts Pond and Lamson Pond.

Management of smaller ponds (<10 acres) using Town funding is more complicated because the
land under the pond water is usually privately owned. Town management priorities for smaller
ponds, such as Red Lily Pond, which is not a Great Pond,?* but is on the Integrated List as an
impaired water body may also need to be addressed. The Town should consider seeking
guidance from MassDEP to clarify the status of individual smaller ponds included on the
Integrated List.

The last review of available pond water quality data in Barnstable was completed in 2008.%° The
2008 review gathered water quality results from 38 ponds, including PALS Snapshots from 2001
to 2006 and available individual diagnostic pond assessments completed at eight ponds.
Diagnostic assessments typically include refined surveys of pond ecosystem components,
including water quality measurements, but also rooted plant and phytoplankton surveys,
bathymetric measurements, and sediments surveys. The 2008 Ponds Report included a number
of recommendations that the Town has begun implementing, including: 1) development of an
integrated long-term monitoring program, 2) prioritization of individual pond assessments, and
3) development of Town-wide pond physical data (e.g., bathymetry) for the ponds the town
wanted to manage.

As the Town moved forward with integrating pond management into the CWMP development,
the Town has taken a number of steps. In 2016, the Town asked CSP/SMAST to develop
bathymetric data for 23 ponds that previously had not been surveyed.?® During the 2020 summer,
the Town also coordinated with town volunteer monitoring groups to ensure that all selected
ponds, including all Great Ponds, were sampled during the 2020 PALS Snapshot and has
sampled most of these ponds again during the Spring 2021. In addition, the Town has recently
asked CSP/SMAST to develop a diagnostic assessment/management plan for Shubael Pond and
will be reviewing the database associated with this report for insights on prioritizing
management plans for other ponds.

Pond and lake management plans typically contain a gathering of all available data on a selected
pond, synthesis of that data through a diagnostic assessment to establish a reasonable
understanding of how the ecosystem in the individual pond functions and identify any ecosystem

23 Massachusetts DEP. December 2019. Massachusetts Year 2016 Integrated List of Waters. Final Listing.

24 But is on some state lists as a combined Red Lily/Lake Elizabeth Great Pond

25 Eichner, E. 2008. Barnstable Ponds: Current Status, Available Data, and Recommendations for Future Activities. School of
Marine Science and Technology, University of Massachusetts Dartmouth and Cape Cod Commission. New Bedford
and Barnstable, MA. 79 pp.

26 Schlezinger, D., B. Howes, and S. Sampieri Horvet. 2017. Pond Water Quality Assessment of 23 Ponds in the Town of
Barnstable using Pond and Lake Stewardship (PALS) Protocols. Coastal Systems Program, School for Marine Science
and Technology, University of Massachusetts Dartmouth. New Bedford, MA. 38 pp.
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impairments, a review of applicable management options to address the impairments or projected
future impairments, and a recommended plan/strategy to implement the best management
options.?”  Gathering of all available data for the diagnostic assessment typically includes
reviews of the pond watershed and its inputs, sediment interactions with the pond water column,
phytoplankton population changes (including blue-green cyanobacteria), the extent of freshwater
mussels, herring counts, rooted plant extent and density, and all available water quality data.

The current project summarized in this report collected available pond and lake water column
monitoring data, including PALS data, and reviewed this data to evaluate the status of the
monitored ponds and what data gaps will need to be addressed if the Town chooses to develop
individual pond management plans. Identification of the data gaps and findings from the review
of the available data can help the Town understand what is known about individual ponds and to
prioritize pond management activities, such as pond management plans, stormwater mitigation,
and watershed sewer activities through the CWMP.

?7 e.g., Eichner, E., B. Howes, and D. Schlezinger. 2019. Pilgrim Lake Management Plan and Diagnostic Assessment. Town of
Orleans, Massachusetts. Coastal Systems Program, School for Marine Science and Technology, University of
Massachusetts Dartmouth. New Bedford, MA. 114 pp.
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Table I-1. Great Ponds within the Town of Barnstable. Under Massachusetts law, any
pond with an area greater than 10 acres is a “Great Pond” and is publicly owned. There are a
few additional ponds in town that are also close to the 10 acre threshold that may have 10
acres of water during high groundwater conditions (e.g., Little, Lumbert, Round). Under the
federal Clean Water Act, MassDEP is required to produce a listing of all surface waters and
their water quality status every two years. The latest MassDEP list includes 11 Barnstable
Ponds. Three of the listed ponds are in Category 3 (“No Uses Assessed”), two are in Category
4a (“TMDL is completed”), one is in Category 4c (“Impairment not caused by a pollutant —
TMDL not required") and five are in Category 5 (Impaired waters - “Waters requiring a
TMDL”). PALS# shown here are the unique identifiers assigned to each Cape Cod pond
during the development of the Cape Cod Pond and Lake Atlas (2003). Notes: 1) Gooseberry
and Bearses are parts of Wequaquet Lake; Bearses is listed separately by MassDEP, but
Gooseberry is not; 2) Red Lily and Lake Elizabeth combined are greater than 10 acres, but
separately are not. Some MassDEP listings combine them, others do not.

MassDEP
Pond PALS # Village Area Integrated List qusDEP I.n tegr‘ated
(acres) List Classification
(Yes or No)

Bearse BA-617 | Centerville 66.8 Yes (Mercuf;in fish)
Crocker BA-694 | Marstons Mills 24.6 No
Crystal BA-878 | Osterville 10.1 No
Fawcetts BA-748 | Hyannis 11.9 No
Garretts BA-510 | West Barnstable | 27.9 No
Gooseberry | BA-605 | Centerville 41.0 No
Hamblin BA-668 | Marstons Mills 115.4 Yes
Hathaway N | BA-565 | Barnstable 20.9 No
Hathaway S | BA-594 | Barnstable 12.6 No
Hinckley BA-411 | Barnstable 10.3 No
Joshua BA-807 | Osterville 14.7 No
Lamson BA-596 | Barnstable 12.3 No

4c
Long BA-737 | Centerville 51.0 Yes (Non-Native Aquatic

Plants)

Long BA-675 | Marstons Mills 54.8 No
Lovells BA-759 | Cotuit 55.5 Yes 5
Mary Dunn | BA-646 | Hyannis 18.0 No
Micah BA-797 | Osterville 16.0 No
Middle BA-640 | Marstons Mills 104.6 Yes 5
Mill BA-391 | West Barnstable | 16.7 No
Mystic BA-640 | Marstons Mills 148.4 Yes 5
Neck BA-874 | Osterville 13.6 No
Parker BA-875 | Osterville 10.9 No
Shallow BA-626 | Centerville 78.4 Yes 3
Shubael BA-664 | Marstons Mills 55.1 Yes 3
Wequaquet | BA-605 | Centerville 554.3 Yes (Mercuf;in fish)
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Table I-2. List of Ponds included in the 2021 Barnstable Pond and Lake Water Quality
Database. Ponds with water quality assessments and PALS Snapshots data are listed, as well as
ponds with more limited sampling projects (i.e., “Other”). Bearses and Gooseberry areas are
portions of Wequaquet and are listed separately in the database.

Pond PALS # Village Area hé[assDEP 2021 Database Sources
Acres ategory | pALS | Assessment | Other

286 BA-799 | Hyannis 4.3 X
3 Pond BA-636 | Centerville 2.2 X
Aunt Bettys BA-756 | Hyannis 7.1 X X
Bearse BA-617 | Centerville 66.1 4a X X X
Bens BA-771 | Hyannis 4.5 X
Bog BA-802 | Osterville 7.2 X
Campground BA-574 | Barnstable 3.5 X
Coleman BA-819 | Osterville 9.9 X
Crocker BA-694 | Marstons Mills 24.6 X
Crystal BA-878 | Osterville 10.1 X
Darica Way Bog | BA-382 | West Barnstable | 4.7 X
Duck BA-708 | Hyannis 0.9 X
Dunns BA-723 | Hyannis 3.6 X
Eagle BA-815 | Cotuit 8.5 X
Elizabeth BA-795 | Centerville 6.3 3 X X
Fawcetts BA-748 | Hyannis 8.0 X
Filends BA-750 | Centerville 4.3 X
Flax BA-473 | Barnstable 2.0 X
Flintrock BA-614 | Barnstable 6.1 X
Flowing BA-733 | Centerville 7.7 X
Fresh Hole BA-662 | Hyannis 4.3 X
Garretts BA-510 | West Barnstable | 27.9 X X
Gooseberry BA-605 | Centerville 41.0 X X X
Hamblin BA-668 | Marstons Mills | 115.4 5 X X X
Hathaway N BA-565 | Barnstable 20.9 X X
Hinckley BA-411 | Barnstable 10.3 X
Israel BA-585 | Barnstable 8.2 X
Joshua BA-807 | Osterville 14.7 X X
Lamson BA-596 | Barnstable 12.4 X
Lewis BA-881 | Cotuit 4.6 X
Little BA-564 | Marstons Mills 9.3 X
Long BA-737 | Centerville 51.0 4c X X X
Long BA-675 | Marstons Mills 54.8 X X
Lovells BA-759 | Cotuit 55.5 5 X X
Lumbert BA-719 | Centerville 9.7 X
Mary Dunn BA-646 | Hyannis 18.0 X
Micah BA-797 | Osterville 16.0 X X
Middle BA-640 | Marstons Mills | 104.6 5 X X X
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Table I-2 (continued). List of Ponds included in the 2021 Barnstable Pond and Lake Water
Quality Database. Ponds with water quality assessments and PALS Snapshots data are listed, as
well as ponds with more limited sampling projects (i.e., “Other”). Bearses and Gooseberry areas
are portions of Wequaquet and are listed separately in the database.

MassDEP
Pond PALS # | Village Area Category 2021 Database Sources
Acres PALS | Assessment | Other

Mill BA-746 | Marstons Mills 6.0 X X
Mill BA-391 | West Barnstable | 16.7 X X
Mystic BA-584 | Marstons Mills | 148.4 5 X X X
Neck BA-874 | Osterville 13.6 X

No Bottom BA-523 | West Barnstable 1.8 X

North BA-816 | Osterville 4.3 X
Parker BA-875 | Osterville 10.9 X

Pattys BA-731 | Marstons Mills 7.5 X
Red Lily BA-782 | Centerville 4.5 5 X X

Round BA-691 | Marstons Mills 9.8 X

Sam BA-820 | Osterville 4.8 X
Schoolhouse BA-806 | Hyannis 3.6 X

Shallow BA-626 | Centerville 78.4 3 X X X
Shubael BA-664 | Marstons Mills 55.1 3 X X
Simmons BA-789 | Hyannis 7.5 X
Weathervane BA-699 | Marstons Mills 4.5 X
Wequaquet BA-605 | Centerville 554.3 4a X X X
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II. Pond Data Sources

In order to develop the 2021 Barnstable Pond and Lake Water Quality Database, project staff
collected and organized available pond water quality data from various sources and years (Table
1I-1). PALS Snapshot data from 2001 to 20193 is the largest source of data and was consistently
collected for most of the Great Ponds. This data is limited to the PALS collection window:
August 15 to the end of September (based on previously completed data reviews, the current
PAL window was adjusted to August 15 to September 15). The remainder of the available data
is generally either Town staff sampling conducted as part of an in-lake treatment follow-up (e.g.,
the alum treatment of Mystic Lake®’) or data collected by consultants or volunteers during the
course of individual pond assessments or diagnostic/feasibility studies (e.g., Wequaquet Lake?°).

The database focuses only on water column data and chemical parameters of collected samples.
Most of the individual pond assessments include important, complementary data that would be
required for a diagnostic/feasibility assessment portion of a management plan.  This
complementary data includes phytoplankton populations and species, sediment assays,
streamflows, bathymetry, and continuous automated data collection (such as DO and
temperature), but organization and review of these more complex datasets is best accomplished
in the process of developing individual pond and lake assessments or management plans.

The consistency of PALS Snapshot sampling and sample handling protocols and the use of the
same laboratory assay procedures provide a reliability that allows long-term data comparisons
and trend analysis. Water quality samples analyzed at the CSP/SMAST Analytical Facility,
including PALS samples, used the same analysis and sampling procedures in the MassDEP-
approved SMAST Coastal Systems Analytical Facility Laboratory Quality Assurance Plan
(2003). These lab procedures utilized consistent detection limits and standard laboratory checks,
such as laboratory and field sample duplicates, blind performance evaluation samples, and inter-
lab comparisons. The use of these procedures and consistent detection limits for surface waters
provides reliable data for interannual comparisons and trend analysis. These are the same
procedures utilized for coastal estuary water quality assays, including those completed for the
Massachusetts Estuaries Project (MEP), modified to account for salinity. MEP estuary water
quality results were the basis for the estuary nitrogen TMDLs that provide guidance to the Town
CWMP strategies. Use of these assay procedures for pond samples have been approved by
MassDEP in a number of pond sampling Quality Assurance Project Plans.>!

In contrast, many of the pond water quality assessments, especially the pre-2001 assessments,
utilized a variety of labs and chemical assay procedures. Many of the assay procedures utilized
detection limits that were designed for wastewater analysis and were often too high for lake and
pond samples, so comparisons between older and newer sampling results should be done
carefully and with an understanding of the procedures and associated detection limits. Since this
is a complex effort, requiring reviews of lab reporting sheets and assay methods, it should be

282020 PALS water samples were collected, but assay results were not available.

29 WRS. 2011.

30 Eichner, E. 2008. Lake Wequaquet Water Quality Assessment.

31 e.g., Town of Orleans Ponds and Lakes Monitoring Program, Quality Assurance Project Plan, 2018-2020. 2018. Approved by
MassDEP, August 2018. Prepared by Town of Orleans, Marine and Fresh Water Quality Committee and Coastal
Systems Program, School for Marine Science and Technology, University of Massachusetts Dartmouth. 48 pp.
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done within the context of a lake or pond water quality assessment. For the purposes of the 2021
Barnstable Pond and Lake Water Quality Database, water quality results are listed with the lab
that completed the assays and the document where the data was reported. PALS and
CSP/SMAST water quality lab results were listed separately from data from other labs.

Data included in the 2021 Barnstable Pond and Lake Water Quality Database is listed by the
depth where the water quality sample or reading was recorded. PALS Snapshot protocols call
for collection of samples based on the depth of the pond at the sampling station. PALS protocols
require each pond to have a minimum of two samples collected.?> Shallow ponds less than 1.5 m
deep have two samples collected just below the surface (0.5 m depth). Ponds up to 9 m deep
have a shallow sample collected at 0.5 m depth and a deep sample 1 m above the bottom. Ponds
greater than 10 m deep have four samples collected: 0.5 m, 3 m, 9 m, and one meter above the
bottom. Water samples are collected as whole water, stored at 4°C, and transferred to the
CSP/SMAST lab and processed within 24 hours. In addition to the collection of water samples,
measurements of dissolved oxygen (DO), temperature, clarity/Secchi depth, and station depth are
recorded at the pond station. Temperature and DO profiles are generally recorded at 1 m
increments after the 0.5 m measurement (i.e., recorded at 0.5 m, 1 m, 2 m, etc.). Profile
recordings in ponds shallower than 3 m are recommended at 0.5 m increments. Volunteers are
trained/briefed by local PALS “captains” who have been trained in sampling techniques and
have extensive PALS Snapshot experience. These PALS captains organize the town volunteers,
oversee sharing of equipment, ensure timely transfer of samples, etc. In Barnstable, the various
advocacy groups [e.g., Barnstable Clean Water (née Three Bays Preservation), Indian Ponds
Association, Wequaquet Lake Protective Association, etc.] worked to ensure their volunteers
followed PALS sampling protocols.

While PALS Snapshot data is reliable, it is, by design, limited to late summer samples and
conditions. The PALS Snapshot was originally designed to collect samples during the period
when water quality is likely to be at its worst. This period was initially targeted as a way to find
out which ponds were most likely to have impaired water quality and use that information to
guide collection of more refined supplementary data, including sampling throughout the summer
management period, and to prioritize the development of management options. The Town will be
implementing April/May 2021 sampling using the same PALS protocols as a way to provide a
better context for each year’s late summer PALS sampling results and, over time, a sense
whether conditions measured during the PALS Snapshots occur throughout the summer or only
develop in the late summer. Individual pond assessments generally collected water column
samples throughout the key summer management period (usually April to September), but also
in some cases during the winter. All available data was incorporated into the database if it was
provided in numeric form in assessment reports. Some of the available reports only had data
available in graphs and staff did not attempt to extrapolate numbers from graphs to include in the
database.

Aside from differing laboratory analytical procedures, organization of the available data also
strived to provide a consistent format for reported concentrations and pond names, as well as
correcting clear data input errors. For example, some reports included data transpositions (e.g.,
dissolved oxygen and temperature profiles transposed) or incorrect input values in summary

32 this provides a built-in field duplicate procedure for the collective annual PALS Snapshot effort
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tables (these were corrected from original datasheets or laboratory reports included in report
appendices). Project staff also tried to ensure consistent pond names or sampling stations; for
example, laboratory reporting for samples from Wequaquet Lake included the following names:
“Waquaquet”, “Lake Wequaquet”, “W2”, and “Wequaquet Main”). Additional data corrections
were found during the statistical reviews of the data and incorporated into the unified database.
All available data was brought into a consistent format for later review and analysis and to make
the database more user friendly for the Town.
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Table II-1. Source and Years when pond and lake water quality data was collected in the
Town of Barnstable. Separate studies prior to 2001 tend to be diagnostic/feasibility studies for
individual ponds funded through the federal Clean Lake Program, whereas studies after 2001
tend to be Town funded studies more narrowly focused on identified management issues. Town
monitoring tends to be follow-up monitoring after alum treatments. *PALS 2020 data has been
collected, but was not available at the time the database was prepared.

year Separate studies PALS Town monitoring

1948

1975

1978

1979

>~

1980

1985

eltaltaltaltaltalts

1992

1995

1996

1997

1998
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ittt llalte

2000

olte

2001

2002

2003

2004

ol

2005

2006

2007

2008

2009

2010

2011
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2012

=
lieltslisltsltslislialialialtaltalls

2013

2014

eltalteltaltalls

2015

2016

2017

2018

lteltaltalts

2019

*

2020 X

Note: All PALS samples (collected between August 15 and September 30) were assayed at
CSP/SMAST.
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III. Review of Individual Ponds

Part of organizing the available water quality data was also completing a review of the collected
data. Project staff focused on comparison of the data to available MassDEP regulatory surface
water standards® (e.g., the state regulatory basis for whether a water body is classified as
impaired) and ecoregion guidance levels for total phosphorus, total nitrogen, and chlorophyll a
established for Cape Cod ponds.** Project staff also completed statistical review of average
concentrations® at shallow and deep depths to gauge potential sediment regeneration of nutrients.
In addition, in ponds where data were collected relatively consistently between 2001 and 2019
(i.e., only missing one or two years), project staff reviewed potential trends in the water quality
data and identified those that were statistically significant over the past 20 years.>®

The database includes identification of statistical outliers. These outliers are data points that are
greater than two standard deviations more or less than the mean. The outlier analysis identified
outliers by review of data points from the same depth (e.g., shallow or deep). This approach
generally works for shallow samples, but generally has some issues in deeper samples where the
depth of the sampling often varied because samplers did not find the deepest point in the pond
(e.g., the deepest sample was at 7 m one year and 9 m the next). Statistical outliers were
identified, but not removed from the database because some of these data points are outliers only
because the majority of the available sampling was completed in August and September, so a May
sample is not expected to be consistent with most of the available data.

The individual pond reviews were completed for 33 ponds. There are data from other ponds
included in the 2021 Barnstable Pond and Lake Water Quality Database that were not reviewed
because they only have a few readings. Some ponds in database have only a few readings (e.g.,
Duck, Dunn, etc.). Selected ponds have extensive datasets with data from multiple sampling
points distributed throughout the pond (e.g., Wequaquet); all of the available data is included in
the Database, but the individual pond reviews in this report focused only on the sampling
conducted over the deepest point.

All of the data in the 2021 Barnstable Pond and Lake Water Quality Database is water column
measurements. These measurements provide insights into the conditions within the pond, but not
their underlying causes. Diagnostic assessments typically have the detailed surveys to determine
the underlying causes of the measurements in the water column. These surveys typically include
measurement of sediment phosphorus, phytoplankton populations and how they change during the
summer, watershed nitrogen, phosphorus, and water inputs (including septic systems, stormwater
runoff, etc.), and continuous measurements of dissolved oxygen, temperature, and chlorophyll a.
The extent and number of surveys required will depend on the individual characteristics of the
pond (e.g., its depth and area) and its characteristics (e.g., does it have a stream outflow or inflow).
Results from these types of surveys combined with water column measurements provide the
necessary basis for understanding how the water column measurements develop, how the pond
ecosystem functions, and how those ecosystem functions can be managed if there are water quality
impairments. Once this understanding is reliable, management options can be developed,
typically through a management plan, to identify those that have the lowest cost and highest
reliability to attain the water quality and ecosystem goals for a given pond.

33314 CMR 4.00 (CMR = Code of Massachusetts Regulations)

34 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

35 simple t-test using 0.05 as a basis for statistically significant difference (i.e., a 95% chance that the averages are different).
36 F_statistic using 0.05 as a basis for statistically significant trend (i.e., a 95% chance that the measure is changing with time)
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III.1. Aunt Bettys Pond

Aunt Bettys Pond (PALS# BA-756) is a 7.1-acre pond located north of the West End rotary in
Hyannis (see Figure I-1). It does not have an available bathymetric map to indicate depths
throughout the pond. The average depth of where PALS Snapshot sampling occurred, which is
supposed to occur over the deepest location in the pond, was 0.82 m with a maximum depth of

0.95 m. The pond has a stream
outflow at North Street that flows into
Stewarts Creek and stream inflows
from a wetland system north of
Mitchells Way and an abandoned
historic cranberry bog on the west
side. The pond is within the Stewarts
Creek subwatershed delineated in the
Lewis Bay Massachusetts Estuaries
Project (MEP) assessment, but does
not have a separate pond watershed
delineation.?” A recent review of pond
features by the Town DPW showed it
did not have a public access point and
it has approximately 40 buildings

Pond Summary

Pond Aunt Bettys
Village Hyannis
Area (acres) 7.1

Great Pond No
Management Plan No

Max Depth (m) 1

Streams 21n, 1 out
Temperature stratified No

Water Column Monitoring Summary

PALS Years

2001-2003, 2008-
2013, 2017-2019

Total # of samples (including

14 — 21 (depending

around it.*® Given that it has a surface | duplicates) on constituent)

area less than 10 acres, the pond is not | PALS % of WQ data 97%

a Great Pond and it is not included in Average concentrations

the most recent MassDEP Integrated Cape Cod

. pe Co

List.>° assay Shallow | Deep threshold
TP (ug/L 14 / 10

Available sampling data included in TN(ug /E 10 E/a 031

the 2021 Barnstable Pond and Lake (mg/L) : a .

Water Quality Database is almost | Chlorophylla (ug/L) 2.6 n/a 1.7

exclusively PALS Snapshot data (97% is PALS data), so almost all samples were collected in
August and September. PALS Snapshot samplings occurred in 2001-2003, 2008-2013, and
2017-2019. Review of available data did not indicate any notable or significant water quality
trends. Review of public databases show that no diagnostic assessment or management plan of
Aunt Bettys Pond has been completed.

Available PALS clarity data showed that during most PALS Snapshots the Secchi disk could be
seen on the bottom (i.e., 100% Secchi readings and clarity to the pond bottom). As a very
shallow pond with light throughout the water column, it would be expected that dissolved
oxygen concentrations would be close to 100% saturation (i.e., in equilibrium with the
atmospheric concentration), however, average % saturation was 82% with a range of 36% to

37 Howes B., H. Ruthven, E. Eichner, J. Ramsey, R. Samimy, D. Schlezinger. 2008. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for the Lewis Bay System, Towns of Barnstable and Yarmouth, MA.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 253 pp.

38 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee (2016).

39 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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104%. Among the available DO concentrations, 85% were above the MassDEP minimum of 5
mg/L. Most (85%) of the pH readings were above the MassDEP minimum of 6.5, but the
average pH (6.8) was elevated for average Cape Cod ponds, which average 6.3.%° Higher than
average pH readings are typically associated with a high phytoplankton population;
photosynthesis causes pH levels to increase as carbon dioxide is incorporated into organic
matter.

Nutrient levels in Aunt Bettys Pond were relatively high. Average total phosphorus was elevated
(14 pg/L) with 76% of the available readings exceeding the 10 pg/L Cape Cod Ecoregion
threshold.*! The average total nitrogen was notably high (1 mg/L) with all 21 of the available
readings above the 0.31 mg/LL Cape Cod Ecoregion threshold. Average chlorophyll
concentration was also elevated (2.6 pg/L) with 75% exceeding the 1.7 pg/L Cape Cod
Ecoregion threshold; not surprising given the high nutrient levels. Comparison of nitrogen and
phosphorus concentrations show that phosphorus is the nutrient determining water quality
conditions within Aunt Bettys Pond.

Overall, Aunt Bettys Pond presents as a moderately impaired system, largely based on the high
nutrient and chlorophyll readings. Determining the source(s) of these high water column nutrient
levels would require reviewing watershed inputs, measurement of direct stormwater inputs (the
most recent town-wide stormwater system review showed one direct outfall discharge*?),
measurement of the streamflows and nutrient concentrations in and out, measurement of the
sediment nutrient contributions, measurement of water column readings and phytoplankton
populations throughout the summer.

40 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.
41 Ibid.
42 comprehensive Environmental Inc. 2019. Illicit Discharge Detection and Elimination (IDDE) Plan, Barnstable, MA. 368 pp.
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II1.2. Bearse Pond
Bearse Pond (PALS# BA-617) is a 67-acre

Great Pond in Centerville, that is sub-basin Pond Summary

to Wequaquet Lake (PALS# BA-605). | p, 4 Bearse (part of Wequaquet
Bearse Pond is located west of Huckins Lake)

Neck Road and east of Nyes Neck Road | Village Centerville

and has an approximately 20 m wide | Area (acres) 67

connection to the main basin of Wequaquet Great Pond Yes (listed separately by
Lake (see Figure I-1). The pond has had MassDEP)

numerous  studies and summer-long | Management Plan | Last completed in 1989
measurements collected, including a 1989 | Max Depth (m) 6.6
diagnostic/feasibility assessment,*> a 2009 | Streams none

water quality assessment,* continuous Temperature Temporary stratification
water column recordings in 2014% and | stratified measured (2 -3 days)
2015 (with incubation of sediment cores),* | Water Column Monitoring Summary

and a 2013 profiling and long-term 2001-2003. 2005-2015
management  plan.?’ Management | PALS Years 2017-2019 ’

activities at the pond have include Total # of samples

herbicide applications and suction dredging | (including 82 — 96 (depending on

to control fanwort*® and the herring run duplicates) constituent)
that connects Wequaquet Lake and Long [pA1.S9, of WQ
Pond to the Centerville River estuary. data 36%
. . Average concentrations
Bearse Pond is mostly within the
Cape Cod

Wequaquet Lake/Shallow Pond | assay Shallow | Deep threshold
sqbwatershed delineated in the‘ Centeryﬂle TP (ng/L) 19 29 10
River Massachusetts Estuaries Project

TN (mg/L) 0.43 0.50 0.31
(MEP) assessment, but does not have a Chloronhvll a
separate watershed delineation.* The US (g /L)p Y 5.1 8.2 1.7

Geological Survey groundwater modeling

43 |EP, Inc. and K-V Associates, Inc. 1989. Diagnostic/Feasibility Study of Wequaquet Lake, Bearse, and Long Pond. Prepared
for Town of Barnstable Conservation Commission. 150 pp.

44 Eichner, E. 2009. Lake Wequaquet Water Quality Assessment. Completed for the Town of Barnstable and the Cape Cod
Commission. Coastal Systems Program, School of Marine Science and Technology, University of Massachusetts
Dartmouth. 81 pp.

45 CSP/SMAST Technical Memorandum. February 3, 2015. Summary of Continuous Monitoring at two stations in Lake
Wequaquet, Main Basin (Station #2) and Bearses Pond (Station #5), between August 15 and October 7, 2014. From:
E. Eichner, B. Howes, and D. Schlezinger. To: R. Gatewood, Town of Barnstable Conservation Administrator, P.
Canniff, President, Wequaquet Lake Protective Association, and G. Maguire, Vice President, Wequaquet Lake
Protective Association. 24 pp.

46 CSP/SMAST Technical Memorandum. March 22, 2016. Continuous Monitoring at Main Basin and Bearses Pond (Station #5),
Bearses Pond sediment cores, and Bearses Pond Management Options. From: E. Eichner, B. Howes, and D.
Schlezinger. To: D. Karle, Town of Barnstable Conservation Administrator, P. Canniff, President, Wequaquet Lake
Protective Association, and G. Maguire, Vice President, Wequaquet Lake Protective Association. 22 pp.

47 Woods Hole Group, Inc. 2013. Wequaquet Lake Profiling and Long-Term Management Plan. 126 pp.

48 Solitude Lake Management. 2020. Barnstable Ponds Report: Wequaquet Lake. Shrewsbury, MA. 9 pp.

4 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.
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completed for the MEP also shows that a portion of downgradient flow out of Bearse Pond flows
toward Barnstable Great Marshes along its northern shoreline; this means that Bearse Pond is
situated along the regional groundwater divide between Cape Cod Bay and Vineyard Sound.
Previous work by the Town DPW showed it does not have a public access point and
approximately 60 buildings surrounded it.>° Bearse Pond is listed and categorized as a 4a water
body in the most recent MassDEP Integrated List.’! Category 4a in the Integrated List is
“TMDL is completed”; the approved TMDL is for mercury in fish tissue in Bearse Pond and
Wequaquet Lake based on MassDEP sampling in 2001-2004.52 An assessment of nutrient water
quality conditions in Bearse Pond is not included in the most recent MassDEP Integrated List.

In a 2015 CSP/SMAST Technical Memo, project staff noted that Bearse Pond water quality
conditions were impaired compared to both MassDEP regulatory standards and Cape Cod
ecoregion standards.’> Review of collected data at the time, including PALS Snapshot data,
showed that summer water column conditions in Bearse Pond had relatively consistent annual
bottom hypoxia, high chlorophyll concentrations, and release of phosphorus from the sediments.
The late summer 2014 continuous water column monitoring showed that Bearse Pond had
occasional, temporary (2-3 days) temperature stratification events that created a significant
decrease in DO and accompanying significant increase in chlorophyll a (likely from phosphorus
being released from the sediments by the DO decrease). Measurements from collected sediment
cores in 2015 confirmed that the onset of low oxygen prompted significant release of phosphorus
from Bearse Pond sediments.>* The 2016 Technical Memorandum recommended that the Town
pursue either an aeration system or an alum treatment to ensure acceptable water quality in
Bearse Pond. Preliminary cost estimates showed that the alum treatment was less expensive. It
was also recommended by the project team that whatever management activity was pursued in
Bearse Pond that it be accompanied by monitoring in the rest of Wequaquet Lake since changes
in Bearse Pond are likely to impact the Main Basin of the Lake at a minimum. It was further
suggested that development of a system-wide, Wequaquet Lake management plan would be an
appropriate tool to organize public discussion of management options and potential costs.

PALS Snapshot data is the predominant source (36%) of water column data for Bearse Pond in
the 2021 Barnstable Pond and Lake Water Quality Database with the 2008 Water Quality
Assessment (22%) and 1989 Diagnostic/Feasibility Study as the next largest sources (12%).
PALS Snapshot samplings occurred in 2001-2003, 2005-2015 and 2017-2019. Reflecting these
available sources, August and September sampling dates are 60% of available readings; only two
of the 53 sampling dates occurred in April or May. Outlier analysis found that many of the
outliers in the overall averages were in the May or June readings, which suggests that they are
not outliers, but reflective of high frequency of late summer readings in the overall dataset.

30 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

51 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.

52 Massachusetts Department of Environmental Protection. 2006. Massachusetts Fish Tissue Mercury Studies: Long-Term
Monitoring Results, 1999-2004. 48 pp.

33 CSP/SMAST Technical Memorandum. February 3, 2015. Summary of Continuous Monitoring at two stations in Lake
Wequaquet, Main Basin (Station #2) and Bearses Pond (Station #5), between August 15 and October 7, 2014.

54 CSP/SMAST Technical Memorandum. March 22, 2016. Continuous Monitoring at Main Basin and Bearses Pond (Station #5),
Bearses Pond sediment cores, and Bearses Pond Management Options.
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Review of the available data also noted that older and more recent data had significant
differences. Review of PALS data showed statistically significant (p<0.05) differences between
many of the shallow and deep averages, but none of the average readings from assessments prior
to PALS in 2001 showed similar differences. Part of this may be due to changes in the system,
but some may also be due to changes in laboratory assay methods; the average TP concentration
in shallow pre-2001 data was 30.8 ug/L, while it was 18.7 pg/L in data collected after 2001.
This difference suggests that data from SMAST and older data should be kept separate during
future reviews; better understanding of the source of this difference could be resolved during the
development of a management plan. For the purposes of developing average conditions, project
staff relied on data generated after 2001.

Past review of water column data showed that Bearse Pond has impaired conditions during the
summer and the continuous water column monitoring showed that these conditions occasionally
become even more impaired. Defining average conditions with this kind of pattern needs to
understand that results that might be statistical outliers generally should be regarded as outside of
average conditions, but still accurate measurements. Given this finding and that the majority of
the readings were PALS Snapshot data, project staff focused the database water quality review of
average conditions and trend analysis exclusively on August and September data.

Review of the data collected for the 2021 Barnstable Pond and Lake Water Quality Database
generally confirmed past finding indicating that Bearse Pond has impaired water quality. Greater
than 90% of August and September shallow concentrations for total phosphorus, total nitrogen,
and chlorophyll a were greater than their respective Cape Cod regional thresholds. Only 23% of
pH readings were below the MassDEP minimum, which is consistent with large phytoplankton
populations raising the pH. Trend analysis did not show significant trends for shallow nutrients,
pigments, or clarity, but deep TP concentrations did show a significant (p<0.05) increasing trend
in August/September readings between 2001 and 2019. Increasing trends were also noted in
deep pigments, likely due to changes in the phytoplankton population and/or changes in particle
settling patterns. The increasing trend in deep TP concentrations would seem suggest greater
frequency and/or duration of low oxygen/temporary stratification events over years of available
sampling. Also of note is a significant increasing trend in alkalinity in both shallow and deep
samples. Alkalinity in Cape Cod waters is usually significantly influenced by photosynthesis
changes, but this may be due to other changes, such as pH buffering for drinking water imported
into the watershed or hydrologic changes in water flows in and out of the pond. More refined
evaluation of these changes could be resolved in a diagnostic feasibility assessment and
management plan.

Overall, Bearse Pond presents as an impaired system, largely based on the high nutrient and
chlorophyll readings, regular anoxic events, and water quality data that show regular sediment
release of phosphorus to the water column. Monitoring results and sediment characterization in
the 2015 and 2016 CSP/SMAST Technical Memos showed that water quality impairments are
enhanced when the pond has temporary temperature stratification and recommended that the
Town consider installing an aeration system or conducting an alum treatment to prevent the
temporary, but significant, release of sediment phosphorus. It was further suggested that a
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management plan could help focus all management concerns, identify all underlying causes, >
and create community agreement on the preferred management options. It is important to track
the apparent temporal trend of increasing TP in bottom waters as this will potentially increase
impairment of surface waters when periodic mixing occurs. An updated diagnostic assessment
and management plan for Bearse Pond has not been completed since 1989.

3 Including stormwater inputs. 2019 Town review of stormwater infrastructure noted a stormwater outfall on the eastern
shoreline of Bearses Pond (Comprehensive Environmental Inc. 2019).
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I11.3. Bog Pond
Bog Pond (PALS# BA-802) is a 7.2-acre pond in Osterville. Bog Pond is south of Ice Valley
Road and west of Bunker Hill Road. It does not have an available bathymetric map to indicate

depths throughout the pond. The average Pond Summary

depth of where PALS Snapshot sampling | pond Bog

occurred, which is supposed to occur over the Village Osterville

deepest location in the pond, was 0.58 m with ["A e (acres) 7.2

a maximum depth of 1.0 m. Based on review Great Pond No

of aerial photographs, the pond has a stream Management Plan No

outflow into Dam Pond, though it is likely Max Depth (m) 1.0

that there is a weir or flapper valve at the Streams 1 out

connection point that prevents tidal flow into Water Column Monitoring Summary

Bog Pond. The pond has a watershed PALS Years 2001-2003, 2005-2019

delineation completed through the Three Bays

Massachusetts  Estuaries Project (MEP) Total # of samples 33 — 34 (depending on

(including duplicates) | constituent)

assessment.’® A recent review of pond

features by the Town DPW showed it did not PALS % of WQ data 100%

Average concentrations

have a public access point and has

approximately 12 buildings around it.*7 | assay Shallow | €ape Cod
Review of Town GIS property maps does not threshold
have any assigned ownership attributes for the TP (pg/L) 26 10
pond parcel.®® Given that it has a surface area | LN (mg/L) 0.73 0.31
less than 10 acres, the pond is not a Great | Chlorophylla (ug/L) 5.3 1.7

Pond and it is not included in the most recent MassDEP Integrated List.>

Available sampling data included in the 2021 Barnstable Pond and Lake Water Quality Database
is exclusively PALS Snapshot data, so all samples were collected in August and September.
PALS Snapshot samplings occurred in 2001-2003 and 2005-2019. Trend analysis showed that
all of the available measures had modest, but statistically insignificant, trends. Most of the
primary regulatory limits (e.g., DO) and Cape Cod thresholds (e.g., TP) showed no meaningful
change between 2001 and 2019. Review of public databases show that no diagnostic assessment
or management plan of Bog Pond has been completed.

Available PALS clarity data showed that during most PALS Snapshots the Secchi disk could be
seen on the bottom (i.e., 100% Secchi readings and clarity to the pond bottom). As a very
shallow pond with light throughout the water column, it would be expected that dissolved
oxygen concentrations would be close to 100% saturation (i.e., in equilibrium with the
atmospheric concentration), and the average among available readings was 93% with a range of
66% to 114%. All measured DO concentrations (except one reading) were above the MassDEP

56 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts Department of Environmental Protection. Boston, MA. 183 pp.

57 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee (2016).

58 https://gis.townofbarnstable.us/Html5Viewer/Index.html?viewer=propertymaps (accessed 4/15/21).

3 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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minimum of 5 mg/L. Similarly, all but one of the 18 pH readings were above the MassDEP
minimum of 6.5 with the average pH (7.0) was elevated for average Cape Cod ponds, which
average 6.3.%° Higher than average pH readings are typically associated with a high
phytoplankton population; photosynthesis causes pH levels to increase as carbon dioxide is
incorporated into organic matter.

PALS Snapshot nutrient levels were high. Average total phosphorus was high (26 pg/L) with
94% of the available readings exceeding the 10 pug/L Cape Cod Ecoregion threshold.®! The
average total nitrogen was also high (0.73 mg/L) with all 18 of the available readings above the
0.31 mg/L. Cape Cod Ecoregion threshold. As would be expected from the high nutrient levels,
the average chlorophyll concentration was also elevated (5.3 pug/L) with all readings exceeding
the 1.7 png/L Cape Cod Ecoregion threshold. Comparison of nitrogen and phosphorus
concentrations show that phosphorus is the nutrient determining water quality conditions within
Bog Pond (N:P ratios averaged 66).

Overall, available data presents Bog Pond as a significantly impaired system, largely based on
the high nutrient and chlorophyll readings. Trend analysis suggested that these readings have
been relatively consistent between 2001 and 2019, but since no measurements are available in
any months other than August and September, it is not known whether measured conditions
persist throughout the summer or whether conditions outside of the sampled months have
changed between 2001 and 2019.

Determining the source(s) of the high water column nutrient levels in Bog Pond would require
reviewing watershed inputs, measurement of the stream outflow, measurement of the sediment
nutrient contributions, measurement of water column readings and phytoplankton populations
throughout the summer.®* This type of assessment is typically completed through a management
plan. A management plan would include quantification of the relative contributions of
phosphorus from the sediments and the watershed, a review all applicable options to address the
water quality impairments, and cost estimates for all applicable options.

% Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

o1 Ibid.

%2 No stormwater outfalls were noted around Bog Pond in 2019 Town review of stormwater infrastructure (Comprehensive
Environmental Inc. 2019).
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I11.4. Crocker Pond

Crocker Pond (PALS# BA-694) is a 24.6-acre pond in Marstons Mills that was formerly named
Muddy Pond (see Figure I-1). Crocker Pond is west of River Road and north of Olde
Homestead Road. It has historic stream inputs from three adjacent cranberry bogs; review of

aerial photographs showed that at least Pond Summary

two of the connections are still utilized.

Crocker Pond is within the watershed to Pgnd Crocker (nee; Muddy)
the Three Bays estuary watershed and had Village Marstons Mills

its watershed delineated as part of the Area (acres) 24.6

Three Bays Massachusetts Estuaries Great Pond Yes

Project (MEP) assessment.® It has a | Management Plan No

bathymetric map with 5 ft contours | Max Depth (m) 6.1

included in the Cape Cod Pond and Lake Streams 3 in from cranberry bogs

Atlas,®* which indicates a maximum depth | Temperature no

of approximately 15 ft (4.6 m). The | stratified |
average depth of where PALS Snapshot | Water Column Monitoring Summary

sampling occurred, which is supposed to PALS Y 2001-2003, 2007-2013,
occur over the deepest location in the cars 2018-2019

pond, was 3.81 m with range of 1.8 to 6.1 | Total # of samples
m. A recent review of pond features by | (including
the Town DPW showed it did not have a | duplicates)

21 - 22 (depending on
constituent)

public access point and has approximately | PALS % of WQ data 100%

7 buildings around it.*> Given that it has a | Average concentrations

surface area greater than 10 acres, Crocker Cape Cod
Pond is a Great Pond. It is not included in | 2% Shallow | Deep threshold
the most recent MassDEP Integrated | TP (pg/L) 23 48 10
List. TN (mg/L) 0.55 | 0.79 0.31
Chlorophyll a (ug/L) 7.8 11.1 1.7

Available sampling data included in the
2021 Barnstable Pond and Lake Water Quality Database is exclusively PALS snapshot data, so
all samples were collected in August and September. PALS Snapshot samplings occurred in
2001-2003, 2007-2013, and 2018-2019. Trend analysis of available data is unreliable given the
multi-year gaps (i.e., 2004-2006 and 2014-2017). Statistical review of the primary regulatory
(e.g., DO) and Cape Cod thresholds (e.g., TP) showed no significant change between 2001 and
2019. Review of public databases show that no diagnostic assessment or management plan of
Crocker Pond has been completed.

Average August/September PALS Snapshot data show impaired water quality conditions in
Crocker Pond. Clarity data showed notably diminished light penetration within the water

% Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts Department of Environmental Protection. Boston, MA. 183 pp.

% Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

% Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee (2016).

66 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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column, approximately half (57%) of the water column has light; average Secchi depth was 2.09
m (range = 1.08 m to 3.13 m). Dissolved oxygen (DO) concentrations averaged 70% of
saturation (100% saturation would be at atmospheric equilibrium). Average shallow and deep
DO concentrations were statistically significant different (p<0.05). Average deep DO (4.28
mg/L) was less than the MassDEP minimum (5 mg/l) and individual readings were occasionally
anoxic (<1 mg/L). Available pH readings, however, had an average (6.23) comparable to the
average of all Cape Cod ponds and lakes (6.3).%

PALS Snapshot water column nutrient levels were high with differences between shallow and
deep averages indicating summer nutrient regeneration from the sediment. Average shallow
total phosphorus (TP) was high (23 pg/L) with 92% of individual shallow TP readings exceeding
the 10 pug/L Cape Cod Ecoregion threshold.®® Deep TP averaged (48 pg/L) slightly more than
double the shallow average with all readings exceeding the Cape Cod threshold. The average
shallow total nitrogen (TN) was also high (0.55 mg/L) with all 12 of the available readings above
the 0.31 mg/L Cape Cod Ecoregion threshold. Deep TN averaged 0.79 mg/L. As would be
expected from the high nutrient levels, average shallow chlorophyll concentration was also
elevated (7.8 pg/L) with 75% of readings exceeding the 1.7 pg/L Cape Cod Ecoregion threshold.
Comparison of nitrogen and phosphorus concentrations show that phosphorus is the nutrient
determining water quality conditions within Crocker Pond (N:P ratios averaged 47).

Overall, available data presents Crocker Pond as a significantly impaired system based on the
high nutrient and chlorophyll readings, diminished clarity, and low, and occasionally anoxic, DO
concentrations. All available data was collected through PALS Snapshots. Trend analysis is
unreliable given the multi-year gaps in collected data. Since no measurements are available in
any months other than August and September, it is not known whether measured conditions
persist throughout the summer or whether conditions outside of the sampled months have
changed between 2001 and 2019.

Determining the relative source(s) of the high water column nutrient levels in Crocker Pond
would require reviewing watershed inputs, measurement of the stream inflows, measurement of
the sediment nutrient contributions, measurement of water column readings and phytoplankton
populations throughout the summer.®® This type of assessment is typically completed through a
management plan. A management plan would include quantification of the relative contributions
of phosphorus from the sediments and the watershed, a review all applicable options to address
the water quality impairments, and cost estimates for all applicable options.

%7 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

8 Ibid.

% No stormwater outfalls were noted around Crocker Pond in 2019 Town review of stormwater infrastructure (Comprehensive
Environmental Inc. 2019).
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IIL.5. Crystal Lake

Crystal Lake (PALS# BA-878) is a 10.1-acre pond in Osterville (see Figure I-1). Crystal Lake
is west of Wianno Avenue, south of Crystal Lake Road, and approximately 240 m north of
Vineyard Sound. Review of available aerial photographs showed that the lake has no stream
inflows or outflows. Crystal Lake is located between the estuary watersheds to Three Bays and

Centerville River/East Bay assessed Pond Summary

through the Massachusetts Estuaries | pgpq Crystal
Project (MEP) assessment, so it does not Village Osterville
have a watershed delineation completed. |5 o (acres) 101

It does not have an available bathymetric Great Pond Yes

map to indicate depths throughout the

Management Plan N
pond. The average depth of where PALS seme =
: . .. | Max Depth (m) 12.2
Snapshot sampling occurred, which is
Streams none
supposed to occur over the deepest
Lo . Temperature
location in the pond, was 9.76 m with . yes
stratified

range of 5.8 to 12.2 m. A recent review

of pond features by the Town DPW Water Column Monitoring Summary

showed it did not have a public access | PALS Years 2001-2003, 2005-2013,
point and had approximately 15 buildings 2015-2019

around it.” Review of Barnstable GIS Total # of samples 54 - 57 (depending on

parcels shows two small parcels (including duplicates) | constituent)
extending from the road rights-of-ways | LALS % of WQ data 100%

off East Avenue and Wianno Avenue to | Average concentrations

the pond.”! Given that it has a surface assay Shallow | Deep Cape Cod
area greater than 10 acres, Crystal Lake is threshold
a Great Pond. It is not included in the | TP (ug/L) 10 44 10
most recent MassDEP Integrated List.”> | TN (mg/L) 039 | 0.83 0.31
Chlorophyll a (ug/L) 23 23 1.7

Available sampling data included in the 2021 Barnstable Pond and Lake Water Quality Database
is exclusively PALS Snapshot data, so all samples were collected in August and September.
PALS Snapshot samplings occurred in 2001-2003, 2005-2013, and 2015-2019. Review of data
shows that most measures did not change notably with time and there are some notable data gaps
in some of the individual water column profile readings (i.e., recording of DO in profiles often
stopped at 7 to 8 m depth once DO concentrations were below 1 mg/L). Trend analysis of clarity
and shallow temperature, DO, pH, and TN did not show significant trends, but shallow TP did
have a statistically significant (p<0.05) increasing trend from 2001 to 2019. No significant
trends were noted among the deep samples, although deep TP did have an increasing trend at the
p<0.08 level. Increasing TP is likely due to increased watershed phosphorus transfer from the
surrounding houses, but this needs to be confirmed by reviewing the ages of the houses and their
septic system leachfields. Review of public databases show that no diagnostic assessment or
management plan of Crystal Lake has been completed.

70 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee (2016).

1 https://gis.townofbarnstable.us/Html|5Viewer/Index.html|?viewer=propertymaps (accessed 4/15/21).

72 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.

27



Average August/September PALS data show impaired water quality conditions in Crystal Lake.
Available PALS clarity data showed notably diminished light penetration within the water
column, half of the water column has light; average Secchi depth was 4.5 m (range = 3.2 m to
6.8 m). Surface DO concentrations averaged 85% of saturation (100% saturation would be at
atmospheric equilibrium). Average shallow and deep DO concentrations were significantly
different (p<0.05). Average deep DO (3.28 mg/L) was less than the MassDEP minimum (5
mg/l) and individual readings were occasionally anoxic (<1 mg/L) even with many DO profiles
that did not extend to the deepest depth. Among available individual deep DO readings, 44% are
less than the MassDEP minimum. Available pH readings also showed a significant difference
between shallow and deep averages and, overall, 44% of all pH readings were less than the
MassDEP minimum.

Available PALS water column nutrient levels were high with differences between shallow and
deep averages indicating summer nutrient regeneration from the sediments. Average shallow
total phosphorus (TP) was at the regional 10 pg/L Cape Cod Ecoregion threshold.”> Deep TP
averaged (44 ng/L) slightly more than 4X the shallow average with all but one of individual
readings exceeding the Cape Cod threshold. Average shallow total nitrogen (TN) was
moderately high (0.39 mg/L) with 88% of the available individual readings above the 0.31 mg/L
Cape Cod Ecoregion threshold. Deep TN averaged 0.83 mg/L, again confirming regular
sediment release accompanying deep anoxic conditions. Average shallow chlorophyll
concentration was slightly elevated (2.2 pg/L) with 59% of readings exceeding the 1.7 pg/L
Cape Cod Ecoregion threshold. Comparison of nitrogen and phosphorus concentrations show
that phosphorus is the nutrient determining water quality conditions within Crystal Lake (shallow
N:P ratios averaged 87).

Overall, available data presents Crystal Lake as an impaired system with relatively acceptable
shallow conditions, but significantly impaired deep conditions. All available data was collected
through PALS Snapshots. Trend analysis shows that TP concentrations, which are controlling
growth and the impairments, have increased between 2001 and 2019 and have not reached a
steady state. Since no measurements are available in any months other than August and
September, it is not known whether measured conditions persist throughout the summer or
whether conditions outside of the sampled months have changed between 2001 and 2019.

Determining the relative source(s) of the high water column nutrient levels in Crystal Lake
would require reviewing watershed inputs, measurement of the sediment nutrient contributions
and potential future contributions, measurement of water column readings and phytoplankton
populations throughout the summer.” This type of assessment is typically completed through a
management plan. A management plan would include quantification of the relative contributions
of phosphorus from the sediments and the watershed, a review all applicable options to address
the water quality impairments, and cost estimates for all applicable options.

73 p;
Ibid.
74 No stormwater outfalls were noted around Crystal Lake in 2019 Town review of stormwater infrastructure (Comprehensive
Environmental Inc. 2019).
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I11.6. Eagle Pond

Eagle Pond (PALS# BA-815) is an 8.5-acre pond in Cotuit (see Figure I-1). Eagle Pond is east
of Putnam Avenue and west of Cordwood Road. Review of Town GIS parcels showed that the
pond is completely enclosed within a Barnstable Land Trust (BLT) parcel and the pond does not
have a separate parcel delineation within the Trust parcel.”” Review of available aerial

photographs showed that the pond has no Pond Summary
stream inflows or outflows. Pond Eagle
. Village Cotuit
Eagle Pond is within the watershed to the [ o (acres) 35
Three Bays estuary and had its watershed Great Pond No
delineated as part of the Three Bays Management Plan No
Massachusetts Estuaries Project (MEP) Max Depth (m) 51
assessment.”® It has a bathymetric map St P :
included in the Cape Cod Pond and Lake reams none
Atlas, 77 but the contour depths appear to "Slj[i:tlipfgzture no

be mislabeled given the sampling depths —
measured in PALS Snapshots. PALS o el g gy e

Snapshot sampling protocols require | PALS Years 2001-2003, 2006-2015,
sampling over the deepest point in the 2017-2018

pond and the average depth of all PALS Total # of samples 28 - 30 (depending on

Snapshot sampling of Eagle Pond was (including duplicates) | constituent)

433 m with range of 3.8 to 5.1 m. A | PALS % of WQ data 100%

recent review of pond features by the |AAVerage concentrations

Town DPW showed it did not have a assay Shallow | Deep Cape Cod
publicly-owned access point, but did threshold
have public access through a number of | TP (ng/L) 10 12 10
BLT trails on the property.”® The pond | TN (mg/L) 0.59 | 0.57 0.31
has no buildings around it.”” Given that | Chlorophyll a (ug/L) 2.4 2.5 1.7

it has a surface area less than 10 acres, Eagle Pond is not a Great Pond. It is not included in the
most recent MassDEP Integrated List.®°

Available sampling data included in the 2021 Barnstable Pond and Lake Water Quality Database
is exclusively PALS Snapshot data, so all samples were collected in August and September.
Review of data shows that most did not change significantly with time. PALS Snapshot
samplings occurred in 2001-2003, 2006-2015, and 2017-2018. Trend analysis of PALS clarity
and shallow temperature, DO, pH, TP and TN data did not show statistically significant trends,

75 Town on-line GIS (accessed 1/14/21) shows that the parcel containing Eagle Pond is owned by Barnstable Land Trust.

76 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts Department of Environmental Protection. Boston, MA. 183 pp.

77 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

Thttps://staticl.squarespace.com/static/5e52e8cbc3edc625cc000211/t/5e7a6bf34b2bc27f3691b38d/1585081335059/EagleP
ondTrailMap.pdf (BLT Eagle Pond Trail Map; accessed 4/15/21).

7 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee (2016).

80 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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but nutrients did increase with time likely due to upgradient development within the watershed
that has generally occurred since the 1970°s. N:P ratios also did not have significant trends, but
shallow ratios increased consistent with watershed nitrogen additions likely associated with
increased N loading from in septic systems within the watershed. Deep ratios decreased which
would be consistent with additional sediment retention and regeneration of phosphorus. Review
of public databases show that no diagnostic assessment or management plan of Eagle Pond has
been completed.

Average August/September PALS data show a mix of impaired measures and acceptable
conditions in Eagle Pond. Available PALS clarity data showed only slightly diminished light
penetration within the water column, 80% of the water column has light; average Secchi depth
was 3.4 m (range = 2.1 m to 4.2 m). Shallow dissolved oxygen concentrations averaged 87% of
saturation (100% saturation would be at atmospheric equilibrium) with all individual readings
greater than the MassDEP minimum (5 mg/l). However, the average deep DO concentration was
significantly (p<0.05) lower than the average shallow concentration and 25% of the deepest
individual readings were less than the MassDEP minimum. It is notable that this DO loss occurs
even with no significant temperature difference between shallow and deep readings; lack of
significant temperature difference means the water column should be able to reliably mix with
available winds and sediment oxygen demand causing low deep DO concentrations should be
addressed by replenishment from the atmosphere and water column mixing. Sustained water
column oxygen loss means the sediments have significant oxygen demand, which is usually a
symptom of excessive phosphorus additions. Nutrient concentrations show that 71% of
individual shallow and deep TP concentrations and all of the individual shallow and deep TN
concentrations were greater than their respective Cape Cod Ecoregion thresholds.®! N:P ratios
show that phosphorus is the nutrient controlling water quality in Eagle Pond.

Overall, available data presents Eagle Pond as a borderline impaired system. No statistically
significant trends were noted in the data except of increasing alkalinity. All available data was
collected through PALS Snapshots. Since no measurements are available in any months other
than August and September, it is not known whether measured impairments persist throughout
the summer or whether conditions outside of the sampled months have changed between 2001
and 2019. The lack of development around the pond should prevent significant new additions of
phosphorus, but it is likely that phosphorus travel time from development outside of the
undeveloped parcel is currently reaching the pond and causing the measured water column
nutrients.

Determining the relative source(s) of the high water column nutrient levels in Eagle Pond would
require reviewing watershed inputs, measurement of the sediment nutrient contributions and
potential future contributions, measurement of water column readings and phytoplankton
populations throughout the summer.?? This type of assessment is typically completed through a
management plan. A management plan would include quantification of the relative contributions
of phosphorus from the sediments and the watershed, a review all applicable options to address
the water quality impairments, and cost estimates for all applicable options.

81 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.
82 No stormwater outfalls were noted around Eagle Pond in 2019 Town review of stormwater infrastructure (Comprehensive
Environmental Inc. 2019).
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I11.7. Lake Elizabeth

Lake Elizabeth (PALS# BA-795) is a 6.3-acre pond in Centerville and is hydrologically
connected to Red Lily Pond (PALS#BA-782) through a culvert under Centerville Avenue. Lake
Elizabeth is located east of Lake Elizabeth Drive and north of Craigville Beach Road (see Figure
I-1). Aside from the connection to Red Lily Pond, it has an outflow stream connected to the
Centerville River estuary and a surface water input from a small wetland to the east. The pond

has had numerous measurements, studies, Pond Summary

and one complete year of monthly water | p.q Elizabeth

quality measurements collected in 1985 as Village Centerville

part of a diagnostic/feasibility assessment Area (acres) 6.3

that was completed for the combined Lake Great Pond No

. . 83
Elizabeth/Red Lily Pond system.™  The Management Plan Last completed in 1988

bathymetric map in the 1988

diagnostic/feasibility study has 1 fi |viaxDepth (m) 4.5 :
. 2 inflows (1 from Red Lily
contours and a maximum depth of 3.9 ft
Streams Pond and 1 from wetland to

(1.2 m). The pond system has had cast), 1 stream outflow

numerous management activities

implemented including installation of a Temperature

stratified no

cluster septic system (1994), stormwater 0 —
treatment (1998), subsidence dredging and Water Column/ Moniforing Summary

reverse layering of bottom sediments | PALS Years 2001-2003, 2008-2013,
(2000-2001), sand relayering (2003), and 2017-2019

hydroraking (2011).  Total cost of Towil ﬁ_(’f samples 23 - 24 (depending on
implementing ~ management  options (including

. ) duplicat constituent)
between 1996 and 2005 (including local |-4uplica es)

match and in-kind services) was | DALS % of WQ data : 80%
$686,000.8* Other management activities | Average PALS concentrations

at the pond have also included a herring assay Shallow | Deep Cape Cod
run that connects Red Lily Pond and Lake threshold
Elizabeth to the Centerville River estuary. | TP (ng/L) 16 52 10
TN (mg/L) 0.63 0.83 0.31
Lake Elizabeth is within a Lake | Chlorophylla (ug/L) 3.6 13.9 1.7

Elizabeth/Red Lily Pond subwatershed delineated in the Centerville River Massachusetts
Estuaries Project (MEP) assessment, but the lake does not have a separate watershed
delineation.®> Previous work by the Town DPW showed it did not have a public access point and
has approximately 20 buildings around it.*® Review of Town GIS parcels showed that the pond
has its own parcel, but the pond surface area is also part of an adjacent private parcel and no
ownership information is attached to the pond parcel.’” Lake Elizabeth is listed separately from

83 K-V Associates, Inc. and IEP, Inc. 1988. Red Lily Pond Diagnostic/Feasibility Study. Prepared for Town of Barnstable. 260 pp.

84 ENSR Technical Review. February 1, 2008. Third Party Peer Review of Proposal entitled “Feasibility Study for Restoration of
Water and Sediments at Red Lily Pond; Craigville, Massachusetts.” From D. Mitchell. To: D. Saad, Special Project
Manager, Town of Barnstable Department of Public Works. 50 pp.

85 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

86 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

87 https://gis.townofbarnstable.us/Html5Viewer/Index.html?viewer=propertymaps (accessed 4/15/21).
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Red Lily Pond in the most recent MassDEP Integrated List and is assigned to Category 3.%%
Category 3 in the Integrated List is “No Uses Assessed”; Red Lily Pond is assigned to Category
5, which is impaired “waters requiring a TMDL.” If Lake Elizabeth and Red Lily Pond are
treated as parts of the same pond, the combined area is greater than 10 acres and it would be
considered a Great Pond. The separate treatment of the ponds in the Integrated List suggests that
MassDEP regards them as separate ponds; from this perspective, Lake Elizabeth is not a Great
Pond.

Among the available water column sampling data included in the 2021 Barnstable Pond and
Lake Water Quality Database, 80% of the available data is PALS Snapshot data, so the majority
of data were collected in August and September. Review of available data shows that most did
not change significantly with time, but any conclusions from the trend analysis must be tempered
by the multi-year gaps in the available data (e.g., PALS Snapshots were collected between 2001
and 2003, 2008 to 2013, and 2017 to 2019). Trend analysis of PALS clarity and shallow
temperature, pH, and TN did not show statistically significant trends, but shallow TP and DO did
decrease with time. These decreases suggest that the causes of water column concentrations
likely involve complex interactions between the watershed, sediments, flow from Red Lily Pond,
and the rooted plants in the pond. Given the shallowness of the lake, deep measurements tended
to change in the same way as shallow measurements. N:P ratios showed that phosphorus was the
key nutrient for determining water quality conditions in Lake Elizabeth.

Average August/September PALS Snapshot data generally showed impaired conditions in Lake
Elizabeth. Available PALS clarity data showed diminished light penetration within the water
column, 62% of the water column has light; average Secchi depth was 1.9 m (range = 1.4 m to
2.5 m). Available shallow DO concentrations were all above the MassDEP minimum (5 mg/1)
consistent with high plant growth, but the deep average DO concentration (3.3 mg/L) was less
than the MassDEP minimum. It is notable that this DO loss occurs in a shallow pond with a
residence time estimated in 1988 at 10 days.®® Sustained water column oxygen loss in a pond
with a short residence time means the sediments have significant oxygen demand, which is
usually a symptom of excessive phosphorus additions. Nutrient concentrations show that 83% of
both the shallow and deep TP concentrations and most (96%) of the shallow and deep TN
concentrations were greater than their respective Cape Cod Ecoregion thresholds.”

Overall, available data presents Lake Elizabeth as an impaired system. The temporal gaps where
the pond was not sampled make it difficult to discern how the pond has changed since the
implementation of management actions; some of the available data shows trends that would
benefit from forensic review of both the management actions and the water quality results. Most
of the recent available data was collected through PALS Snapshots. Since measurements outside
of the PALS sampling window (August and September) are limited, it is not known whether
current measured conditions persist throughout the summer or whether conditions outside of the
sampled months have changed between 2001 and 2019.

88 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.

89 K-V Associates, Inc. and IEP, Inc. 1988. Red Lily Pond Diagnostic/Feasibility Study.

9 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.
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Determining the relative source(s) of the high water column nutrient levels in Lake Elizabeth
would require an updated review of watershed inputs, measurement of the sediment nutrient
contributions and potential future contributions, measurement of stream inputs and outflows,
potential stormwater inputs,”! characterization of the rooted plant community, measurement of
water column readings and phytoplankton populations throughout the summer. This type of
assessment is typically completed through a management plan. A management plan would
include quantification of the relative contributions of phosphorus from the sediments and the
watershed and the role of plants, a review all applicable options to address the water quality
impairments, and cost estimates for all applicable options.

°! No stormwater outfalls were noted around Lake Elizabeth in 2019 Town review of stormwater infrastructure (Comprehensive
Environmental Inc. 2019), but the roads adjacent to the pond may have overland flow to the lake that was not noted.
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II1.8. Garretts Pond

Garretts Pond (PALS# BA-510) is a 27.9-acre Great Pond in West Barnstable and is located west
of Oak Street and south of Route 6A (see Figure I-1). Review of aerial maps and historical US
Geological Survey topographic maps showed a stream inflow from a wetland system along the
western shoreline and a stream outflow to Barnstable Great Marshes at its northernmost extent.
Garretts Pond has a bathymetric map included in the Cape Cod Pond and Lake Atlas, which

shows a maximum depth of approximately Pond Summary

25 ft (7.6 m).””> The average depth of Pond

. Garretts
where PALS Snapshot sampling occurred, Village West Barnstable
which is supposed to occur over the Area (acres) 279
deepest location in the pond, was 8.4 m Great Pond Yes
with range of 7.9 to 8.9 m. Management Plan one
Garretts Pond is within the watershed to Max Depth (m) 8'.9
the Barnstable Great Marshes estuary and | Streams linflow and I stream
had its watershed delineated as part of the outflow
Barnstable Great Marshes-Bass Hole "Slj[i:tlggzture Occasional, very deep

Massachusetts Estuaries Project (MEP)

assessment.” In the MEP assessment, the Water Column Monitoring Summary

stream outflow (Brickyard Creek) had a | PALS Years 2001-2003, 2008-2013,

gauge, but it did not have measurable flow T 1 2017-2019

during the deployment.”* (il(i‘gudiggsamp es 11 - 32 (depending on
. constituent)

A recent review of pond features by the duplicates)

Town DPW showed there is public access | PALS % of WQ data 95%

to the pond off Oak Street and had 35 | Average PALS concentrations

buildings around it.”> Given that it has a assay Shallow | Deep Cape Cod
surface area greater than 10 acres, Garretts threshold
Pond is a Great Pond. Classification as a | TP (ug/L) 12 16 10
Great Pond means that state regulatory | TN (mg/L) 0.28 0.31 0.31
provisions would need to be addressed in | Chlorophyll a (ug/L) | 2.3 6.9 1.7

management decisions. Garretts Pond is not listed in the most recent MassDEP Integrated List
of surface waters of Massachusetts.”

Among the available water column sampling data included in the 2021 Barnstable Pond and
Lake Water Quality Database, 95% of the available data is PALS Snapshot data, so the most of
data were collected in August and September. Since there were a number of years where PALS

92 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.

9 Howes B., E. Eichner, S. Kelley, R. Samimy, J. S. Ramsey, D. Schlezinger, P. Detjens. 2017. Massachusetts Estuaries Project
Linked Watershed-Embayment Model to Determine the Critical Nitrogen Loading Threshold for the Barnstable Great
Marshes - Bass Hole Estuarine System, Town of Barnstable and Dennis, Massachusetts, Massachusetts Department of
Environmental Protection. Boston, MA. 213 pp.

94 Figure IV-7 in Barnstable Great Marshes — Bass Hole MEP report.

9 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee (2016).

9 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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Snapshot data was not collected (2004-2007, 2014-2016), trend analysis needs to be approached
with these gaps in mind. Review of public databases show that no diagnostic assessment or
management plan of Garretts Pond has been completed.

Review of data shows that most parameters did not change significantly with time. Trend
analysis of PALS Snapshot clarity and shallow temperature, DO, pH, TP and TN readings did
not show statistically significant trends. Deep readings of these factors also did not have
statistically significant trends except for TP, which significantly increased in the available data.
This increase in deep TP suggests more frequent and/or longer duration anoxic events causing
more sediment TP regeneration, but data outside of August/September is not available to
evaluate this theory. Shallow N:P ratios did not have significant trends and consistently showed
that phosphorus control is the key to water quality management of this pond. Deep N:P ratios
decreased significantly caused by the increasing deep TP concentrations.

Average August/September PALS data show impaired measures throughout the water column in
Garretts Pond. Available PALS Snapshot clarity data showed diminished light penetration
(average 51% of water column); average Secchi depth was 4.4 m (range = 3.2 m to 5.2 m).
Shallow DO concentrations averaged 93% of saturation (100% saturation would be at
atmospheric equilibrium) with all readings greater than the MassDEP minimum (5 mg/L).
However, the average deep DO concentration was significantly (p<0.05) lower than the average
shallow concentration and 82% of the individual deep readings were less than the MassDEP
minimum. Average shallow and deep temperature readings were also significantly different
suggesting some occasional temperature stratification (i.e., thermal layering) during the summer
in the deepest portions of the pond. Sustained deep water column oxygen loss means the
sediments have significant oxygen demand, which is usually a symptom of excessive phosphorus
additions. Nutrient concentrations show that 75% and 67% of the individual shallow and deep
TP readings, respectively, were greater than the Cape Cod Ecoregion threshold (i.e., 10 pg/L).%’
TN concentrations, on the other hand, were comparatively lower with no significant difference
between shallow and deep average concentrations and only 28% of all individual readings
exceeded the Cape Cod Ecoregion TN threshold.”® This relative difference between TP and TN
concentrations suggest internal phosphorus loading from the sediments is the key to management
of Garretts Pond water quality, but further confirmation would be necessary through
measurement of sediment and stream nutrient levels and evaluation of watershed phosphorus
sources. These types of measurements are typically included in the diagnostic assessment
portion of a pond management plan.

Overall, available data presents Garretts Pond as an impaired system. All available data was
collected through PALS Snapshots. Since no measurements are available in any months other
than August and September, it is not known whether measured conditions persist throughout the
summer or whether conditions outside of the sampled months have changed between 2001 and
2019. Given that most of the land around the pond is developed,”® water quality conditions will
tend to become more impaired as the pond retains more phosphorus, but the pace of this change
is difficult to predict from the available data.

97 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas.
% Ibid.
9 Review of Town of Barnstable online GIS shows buildings on most properties around the pond.
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Determining the relative source(s) of the high water column nutrient levels and the other
impairments in Garretts Pond would require reviewing watershed inputs, measurement of the
sediment nutrient contributions and potential future contributions, measurement of water column
readings including continuous dissolved oxygen and phytoplankton populations throughout the
summer.'® This type of assessment is typically completed as part of the development of a
management plan. A management plan would include quantification of the relative contributions
of phosphorus from the sediments and the watershed, a review all applicable options to address
the water quality impairments, and cost estimates for all applicable options.

10 No stormwater outfalls were noted around Garretts Pond in 2019 Town review of stormwater infrastructure
(Comprehensive Environmental Inc. 2019).
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II1.9. Gooseberry Pond
Gooseberry Pond is a 41 acre linked basin of Wequaquet Lake (PALS# BA-605) and does not
have a separate PALS number. Gooseberry Pond is located west of Huckins Neck Road and

north of Phinneys Lane and has two (<30 m Pond Summary

wide) connections to the southern basin of Gooseberry (part of
Wequaquet (see Figure I-1). As part of | Pond Wequaquet Lake)
Wequaquet Lake, the pond has had Village Centerville
numerous  studies and  summer-long [Arca (acres) 41

measurements collected, including a 1989

Not separately, part of
diagnostic/feasibility assessment'’! and a | Great Pond Wequ;)quet P

- 102
2009 water quality ~ assessment. Management Plan Last completed in 1989

Management activities at the pond have Max Depth (m) 54

include herbicide applications and suction
Streams none

- 103
dredging to control fanwort and the Temperature stratified | no

herring run that connects Wequaquet Lake e Clollvinn Nilor iy Sy

and Long Pond to the Centerville River

estuary PALS Years 2001, 2018-2019

' Total # of samples 23 — 80 (depending on
Watershed delineations in the area have (1nclud;ng duplicates) | constituent) _
generally shown the Gooseberry Pond PALS % of WQ data 36%

watershed as part of the Wequaquet Average concentrations (since 2001)

Lake/Shallow Pond watershed. The most | assay Shallow | Deep Cape Cod
recent watershed delineations in the threshold
Centerville River Massachusetts Estuaries | LP (/L) 22 24 10
Project (MEP) assessment included | TN (mg/L) 0.46 0.50 0.31
Gooseberry Pond was part of a combined | Chlorophylla 38 43 1.7
Wequaquet Lake/Bearses Pond/Shallow | (1g/L)

Pond watershed.'® The 2009 water quality assessment delineated watersheds to each of the
basins of Wequaquet Lake and the Gooseberry Pond watershed was mostly properties directly
adjacent to the Pond.!® Previous work by the Town DPW showed the pond has public access
across a beach off Huckins Neck Road and approximately 40 buildings around it.'%

Gooseberry Pond is not listed separately in the most recent MassDEP Integrated List, which
assigns Wequaquet Lake to Category 4a.'” Category 4a in the Integrated List is “TMDL is

10T [EP, Inc. and K-V Associates, Inc. 1989. Diagnostic/Feasibility Study of Wequaquet Lake, Bearse, and Long Pond. Prepared
for Town of Barnstable Conservation Commission. 150 pp.

102 Ejchner, E. 2009. Lake Wequaquet Water Quality Assessment. Completed for the Town of Barnstable and the Cape Cod
Commission. Coastal Systems Program, School of Marine Science and Technology, University of Massachusetts
Dartmouth. 81 pp.

103 splitude Lake Management. 2020. Barnstable Ponds Report: Wequaquet Lake. Shrewsbury, MA. 9 pp.

104 Howes B., H. Ruthven, E. Eichner, J. Ramsey, R. Samimy, D. Schlezinger. 2008. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for the Lewis Bay System, Towns of Barnstable and Yarmouth, MA.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 253 pp

105 Eichner, E. 2009. Lake Wequaquet Water Quality Assessment.

196 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

107 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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completed” and the approved TMDL is for mercury in fish tissue in Gooseberry Pond and
Wequaquet Lake based on MassDEP sampling in 2001-2004.'% An assessment of nutrient water
quality conditions in Gooseberry Pond is not included in the most recent MassDEP Integrated
List.

In the most recent 2009 review of Gooseberry Pond water quality data, pond clarity had
decreased significantly and nutrient concentrations (both N and P) had increased significantly
since mid-1980’s.!” DO and temperature profiles collected in 2007 showed that the water
column was generally isothermic (and well mixed) and all DO concentrations were above the
MassDEP regulatory minimum (5 mg/L) with some slight decrease in DO during the summer.
This same assessment also noted that a late September phytoplankton samples had blue-green
algae/cyanobacteria as the primary cell type, but the cell count (148 cells/ml) was significantly
less than the MassDPH 70,000 cells/ml cyanobacteria threshold established as a blue-green
direct contact advisory level. Sediment samples collected in 2007 showed that the pond
sediments had significantly more phosphorus (>100X) than in 1986. At the time, project staff
recommended that the Town develop an overall Wequaquet Lake management plan (including
Gooseberry Pond) to address the water quality findings and particularly the temporal trends, as
well as other management issues such as water level and water sheet management.''°

PALS Snapshot data is a relatively minor source (12%) of water column data for Gooseberry
Pond in the 2021 Barnstable Pond and Lake Water Quality Database. Monitoring for the 2009
Wequaquet Lake assessment is the largest source (34%), followed by Town samplings (23%),
the 1989 study (22%), and 2010 monitoring by CSP/SMAST.!!! August and September are 44%
of available readings with 78% of the available readings collected between June and September .
Overall, water quality samples and/or field data (i.e., DO and temperature profiles and Secchi
disk water clarity readings) have been collected from Gooseberry Pond on 43 dates from 1985 to
2019.

Review of the available data in the 2021 Barnstable Pond and Lake Water Quality Database
generally matched with the well-mixed water column profile information: none of the
parameters had significant differences between shallow and deep averages. Average late
summer (August/September) shallow and deep TP concentrations (19 pg/L and 22 pg/L) were
both greater than the Cape Cod ecoregion threshold (10 pg/L). Review of N:P ratio showed that
phosphorus controls the water quality conditions in Gooseberry Pond.

It should also be noted that older and more recent data in the 2021 Barnstable Pond and Lake
Water Quality Database had significant differences. TP concentrations in older data had higher
concentrations than data collected from the PALS Snapshots and other post-2001 data. These
higher concentrations seem to be inconsistent with other measures (e.g., land use, sediments,
etc.), but some may also be due to changes in laboratory analytical methods. TN, chlorophyll a
concentrations are generally higher in the more recent data, as would be expected, so this

108 Massachusetts Department of Environmental Protection. 2006. Massachusetts Fish Tissue Mercury Studies: Long-Term
Monitoring Results, 1999-2004. 48 pp.
199 Eichner, E. 2009. Lake Wequaquet Water Quality Assessment.
110 yp;
Ibid.
T csp/SMAST Technical Memorandum: Lake Wequaquet 2010 water quality monitoring. March 23, 2011. From: Eichner, E.
and B. Howes. To: Rob Gatewood, Conservation Administrator, Town of Barnstable. 11 pp.
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difference may be only with TP assays. These differences suggests that data from SMAST and
older data should be kept separate during future reviews and as the pond water quality database
is sustained; this difference could be resolved during the development of a management plan as
more refined and detailed data evaluation is conducted. For the purposes of developing average
conditions, project staff relied on data generated after 2001.

Overall, Gooseberry Pond presents as a borderline impaired system, largely based on the high
nutrient and chlorophyll readings and loss of clarity in the summer, while maintaining acceptable
DO concentrations throughout the water column. As noted, it was recommended in 2009 that the
town develop a management plan for the overall Wequaquet Lake system. There are some data
gaps that should be resolved in developing such a plan, but, as noted, extensive snapshot data has
been collected and baseline data from the 1980s has been compiled for comparison. An updated
diagnostic assessment and management plan for Gooseberry Pond has not been completed since
1989.
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II1.10. Hamblin Pond
Hamblin Pond (PALS# BA-668) is a 115 acre Great Pond located in Marstons Mills. Hamblin
Pond is located west of Cotuit Road/Route 149 and north of River Road. It is one of the three

ponds addressed through the Indians Ponds Pond Summary

Association along with Mystic Lake and | popd Hamblin

Middle Pond. Hamblin Pond has a Village Marstons Mills
maximum measured depth of approximately ["A cq (acres) 115

19 m, which nearly matches maximum depth ["G cat Pond Yes

in an available bathymetric map.!'? It is also Management Plan Last completed in 1993
one of three deep ponds in Barnstable that Max Depth (m) 192

clearly meet the MassDEP cold water S
treams none

. . 113 .
fishery criteria. Hamblin Pond had an Temperature stratified | Yes

alum application in May 1995 and another in e Clollvinn Nilor iy Sy

June 2015 following blue-green algal

blooms in 2013 and 2014."'* Two other ?ALIS#YE}MS 1 ?821'22(;109d =
assessments of Hamblin Pond have also | Ot 7 of samples —230 (depending
been completed: a 1993 diagnostic/ (including duplicates) | on constituent)

115 PALS % of WQ data 24%

feasibility study '~ and a 2006 water quality

Average concentrations (since 2015)

assessment.!'® Other management activities

at the pond have also included | ggsay Shallow | Deep Cape Cod
Massachusetts Division of Fisheries and threshold
Wildlife stocking of the pond with various | LP (R&/L) 9 17 10
trout species.'!’ TN (mg/L) 0.27 0.41 0.31

‘ Chlorophyll a 12 6.4 17
The latest Hamblin Pond watershed | (1g/L)

delineation was completed as part of the Three Bays Massachusetts Estuaries Project (MEP)
assessment.!'® The Hamblin Pond watershed includes watersheds to Mystic Lake and Middle
Pond. Previous work by the Town DPW showed the pond has three public access points,
including a public beach and a separate boat landing both off Cotuit Road, and approximately 33
buildings around it.'"

12 Eichner, E. 2008. Barnstable Ponds: Current Status, Available Data, and Recommendations for Future Activities. School of
Marine Science and Technology, University of Massachusetts Dartmouth and Cape Cod Commission. New Bedford
and Barnstable, MA. 79 pp.

113 The other two are Hathaway Pond and Mystic Lake.

114 Wwater Resources Services, Inc. 2017. Phosphorus Inactivation Project for Hamblin Pond, Barnstable, Massachusetts. 68 pp.

115 Baystate Environmental Consultants. 1993. Diagnostic/feasibility study of Hamblin Pond, Barnstable, Massachusetts. East
Longmeadow, MA.

116 Fichner, E., S. Michaud, and T. Cambareri. 2006. First Order Assessment of the Indian Ponds: Mystic Lake, Middle Pond,
and Hamblin Pond. Cape Cod Commission. Barnstable, MA. 71 pp.

17 https://www.mass.gov/service-details/trout-stocking-report (accessed 8/12/21)

8 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts. Department of Environmental Protection. Boston, MA. 183 pp.

19 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee
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Hamblin Pond is assigned to Category 5 in the most recent MassDEP Integrated List of surface
waters in Massachusetts.!?® Category 5 waters in the Integrated List are impaired waters
requiring a TMDL. A TMDL would address the contaminant causing the impairment.
Impairments listed for Hamblin Pond are dissolved oxygen and harmful algal blooms. Hamblin
Pond has a completed TMDL for mercury in fish tissue based on MassDEP sampling in 2001-
2004.121

Hamblin Pond has had water quality samples and/or DO and temperature profiles collected on
over 100 dates. Among these, 16 were collected prior to the 1995 alum treatment and another
30 were collected after the treatment. On these 1995 dates, DO and temperature profiles were
collected along with water quality samples assayed for a limited number of water quality
parameters (i.e., shallow and deep samples for TP, pH, alkalinity, and TKN+nitrate-N). Another
10 dates were associated with the 2015 alum treatment (three prior and nine after the treatment),
often with profiles collected at two or three locations in the pond. Other sampling dates were
mostly those associated with the 2006 water quality assessment and PALS Snapshot samplings.

Water quality improved following each alum treatment. Water clarity prior to the 1995 alum
treatment was generally less than 4 m with minima of less than 1 m. Clarity was much improved
until 2013 when the pre-1995 conditions returned. Water clarity after the 2015 alum treatment
was generally greater than after the 1995 treatment. Shallow and deep TP concentrations
decreased following each alum treatment, although laboratory assays were only made annually
after more intensive monitoring in the year following the treatments. Late summer PALS DO
profile measurements in 2017, 2018, and 2019 showed that deep water anoxia continues to be an
impairment in Hamblin Pond.

Overall, Hamblin Pond presents as an impaired system with improved conditions following both
the 1995 and 2015 alum treatments. Generally, the pond has acceptable shallow water quality
and significantly impaired deep waters, largely based on the regular seasonal deep anoxia and
high nutrient concentrations. The alum treatments have sustained improved Secchi clarity
readings, although longer term monitoring is still warranted. If the Town considers a diagnostic
assessment and management plan for Hamblin Pond in the future, it should include updated land
use analysis and water and nutrient budgets.

120 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.

121 Massachusetts Department of Environmental Protection. 2006. Massachusetts Fish Tissue Mercury Studies: Long-Term
Monitoring Results, 1999-2004. 48 pp.
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II1.11. Hathaway Pond North
Hathaway Pond North (PALS# BA-565) is a 21 acre Great Pond located in Barnstable Village.
It is one of two Hathaway Ponds (Hathaway Pond South, BA-594, is the other) and both are

located west of Phinneys Lane and north of Pond Summary

Old Route 132. Hathaway Pond North has a | popd Hathaway North
maximum measured depth of approximately Village Barnstable

17 m, which matches the maximum depth in ["A o, (acres) 21

an available bathymetric map.122 Hathaway Great Pond Yes

Pond North is also one of three deep ponds

. ble that clear] h Management Plan none
in Barnstable that ¢ carly r}lele;tst e MgssDEP Max Depth (m) 174
cold water fishery criteria. Review of S

treams none

public databases does not show that

Hathaway Pond North has had a Temperature stratified | Yes

Water Column Monitoring Summary

diagnostic/feasibility study or a water

quality assessment. Other management | PALS Years 2001-2003, 2008-2013,

activities at the pond have also included Total # of 1 ?(1)17;0119 T
Massachusetts Division of Fisheries and ,Ot? d'o Zamlf ©s o (depending on
Wildlife stocking of the pond with various (including duplicates) | constituent)
trout species.2* PALS % of WQ data 95%
Average concentrations

The latest Hathaway Pond North watershed | Agsay Shallow | Deep Chapehccl)g
delineation was completed as part of the thresho
Barnstable Great Marshes Massachusetts | 1P (1g/L) 10 38 10
Estuaries Project (MEP) assessment.'?> The | TN (mg/L) 0.24 0.50 0.31
arca around the ponds is town-owned | Chlorophylla

) | 1.7 2.0 1.7
conservation land and Barnstable Fire [(1g/L)

District water supply areas. The pond is a true kettle hole pond with no streams flowing into or
out of it. Previous work by the Town DPW showed the pond has public access through a town
beach, which includes a parking lot, and has no buildings surrounding it.'?® Given that it has a
surface area greater than 10 acres, Hathaway Pond North is a Great Pond and, therefore, publicly
owned. It is not included in the most recent MassDEP Integrated List of surface waters in
Massachusetts.'?’

Among the available water column data included in the 2021 Barnstable Pond and Lake Water
Quality Database, 95% of the available data is PALS Snapshot data and majority of data (87%)

122 Eichner, E. 2008. Barnstable Ponds: Current Status, Available Data, and Recommendations for Future Activities. School of
Marine Science and Technology, University of Massachusetts Dartmouth and Cape Cod Commission. New Bedford
and Barnstable, MA. 79 pp.

123 The other two are Hamblin Pond and Mystic Lake.

124 https://www.mass.gov/service-details/trout-stocking-report (accessed 8/12/21)

125 Howes B., E. Eichner, S. Kelley, R. Samimy, J. S. Ramsey, D. Schlezinger, P. Detjens. 2017. Massachusetts Estuaries Project
Linked Watershed-Embayment Model to Determine the Critical Nitrogen Loading Threshold for the Barnstable Great
Marshes - Bass Hole Estuarine System, Town of Barnstable and Dennis, Massachusetts, Massachusetts Department of
Environmental Protection. Boston, MA. 213 pp.

126 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

127 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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were collected in September. Since there were a number of years where PALS Snapshot data
was not collected (2004-2007, 2014-2016), trend analysis needs to be approached with these
temporal gaps in mind.

Review of the available data shows that Hathaway Pond North was always temperature stratified
when it was sampled in late summer with hypoxic or anoxic conditions in the deep, cold layer.
Review of shallow, 3 m, 9 m, and deep TP concentrations showed that the average shallow
concentration was less than the ecoregion threshold (i.e., 10 pg/L TP), but the average deep
concentration was approximately 4X the shallow concentrations, which is indicative of sediment
regeneration of TP. TN concentrations followed a similar pattern, but deep concentrations were
2X the shallow average. Trend analysis of clarity and shallow temperature, DO, pH, TP and TN
did not show statistically significant trends. Water clarity averaged 7 m and 45% of the overall
pond depth. N:P ratios showed that phosphorus was the key nutrient determining water quality
conditions in Hathaway Pond North.

Overall, available data presents Hathaway Pond North as a borderline impaired system with
acceptable shallow water quality and impaired deep waters, largely based on the regular
consistent deep anoxia and high nutrient concentrations. Since available water quality data has
only been collected during September, it is not known whether the deep impaired conditions are
sustained throughout the summer or if the deep water high nutrient concentrations are ever mixed
into the upper waters. Collection of water quality data and key complementary data, such as
phytoplankton species and cell counts, throughout a summer would provide insights into whether
the measured late summer conditions are representative of conditions throughout the summer.
Consistent annual regular sampling (spring and late summer) would also provide data for trend
analysis, including whether nutrient levels are increasing over time.
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I11.12. Hinckley Pond
Hinckley Pond (PALS# BA-411) is a 10 acre Great Pond located in Barnstable Village. It is
located north of Route 6A and west of Scudder Lane. It is also approximate 100 m south of

coastal marshes fringing the Barnstable Pond Summary
Great Marsh system. The pond has a | pgopd Hinckley
maximum depth of approximately 7 m; Village Barnstable
review of available data sources did not find ["Areq (acres) 10

a bathymetric map. Review of public [Great Pond Yes
databases also did not find a Hinckley Pond Management Plan none
diagnostic/feasibility study or a water Max Depth (m) 6.9

quality assessment. May have a small

t i i
Streams intermittent outflow

The latest Hinckley Pond watershed Temperature stratified | Yes

lineati let rt of th —
delineation was completed as part of the Water Column Monitoring Summary

Barnstable Great Marshes Massachusetts
Estuaries Project (MEP) assessment.'”® | PALS Years
Previous work by the Town DPW showed

2003, 2006-2013,
2016-2017, 2019

the pond has no public access and Total #‘of samples 10 - 1‘1 (depending on
approximately 11 buildings around it.'* (including duplicates) | constituent)
PALS % of WQ data 100%

Given that it has a surface area greater than | ZAVerage concentrations
10 acres, Hinckley Pond is a Great Pond assay Shallow | Deep ChapehC(l)éi
and, therefore, publicly owned. It is not thresho
included in the most recent MassDEP | TP (ug/L) 33 138 10
Integrated List of surface waters in | LN (mg/L) 0.75 2.96 0.31

30
Massachusetts. ! gg;)]f;)phyu a 13.2 320 1.7

Among the available water column sampling data included in the 2021 Barnstable Pond and
Lake Water Quality Database, all of the available data is PALS Snapshot data and all of the data
were collected in September. Sampling through the PALS Snapshots has been somewhat
sporadic and a number of years (2010, 2016, 2017, and 2019) did not follow PALS protocols;
overall PALS Snapshot sampling occurred in 2003, 2006-2013, 2016, 2017, and 2019.

Review of the available data in the 2021 Barnstable Pond and Lake Water Quality Database
shows that Hinckley Pond was always temperature stratified in September when it was sampled
with the upper portion of the water column (<4 m) relatively isothermic and a notable decrease in
temperature in readings 5 m or deeper. This type of temperature profile is relatively novel for
shallow ponds on Cape Cod, but has been measured in a number of ponds on the northern shore

128 Howes B., E. Eichner, S. Kelley, R. Samimy, J. S. Ramsey, D. Schlezinger, P. Detjens. 2017. Massachusetts Estuaries Project
Linked Watershed-Embayment Model to Determine the Critical Nitrogen Loading Threshold for the Barnstable Great
Marshes - Bass Hole Estuarine System, Town of Barnstable and Dennis, Massachusetts, Massachusetts Department of
Environmental Protection. Boston, MA. 213 pp.

129 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

130 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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along Cape Cod Bay and relatively close to the coastline or marsh systems.'*! This configuration
is likely due to deep groundwater discharge. In Hinckley Pond, anoxia was consistently
measured in its deep waters during each of the PALS Snapshots; the average deep DO
concentration was 0.3 mg/L and all deep readings were less the MassDEP regulatory minimum
(5 mg/L). Review of shallow and deep TP and TN concentrations show all individual readings
were above the Cape Cod ecoregion thresholds and there were notable differences between
shallow and deep averages consistent with sediment nutrient regeneration. Water clarity
averaged 1.6 m and 47% of the overall pond depth. N:P ratios showed that phosphorus was the
key nutrient determining water quality conditions in Hinckley Pond.

Overall, available data presents Hinckley Pond as an impaired system, largely based on the
regular deep water anoxia, high nutrient concentrations, and diminished clarity. Since available
water quality data has only been collected during September, it is not known whether these
impaired conditions are sustained throughout the summer or if these conditions only develop in
late summer. Collection of summer-long water quality data and key complementary data, such
as complete phytoplankton species (not just blue-greens) and cell counts throughout the summer
and sediment nutrient release rates would provide insights into how impaired conditions develop
and are sustained. This information could then be combined with watershed information to
complete a diagnostic assessment of the relative sources of the nutrients and then an evaluation
of management options to restore acceptable water quality in Hinckley Pond.

131 e.g., Boland Pond in Orleans

45



I11.13. Joshua Pond
Joshua Pond (PALS# BA-807) is a 15 acre Great Pond located in Osterville. It is located east of
Pond Street and west of Old Mill Road. It is part of a cluster of ponds, also including Micah

Pond and Sam Pond, between Scudder Bay Pond Summary
and North Bay. The pond has a measured | popd Joshua
maximum depth of approximately 10 m, Village Osterville
although available bathymetric maps show ["Arcq (acres) 15

its maximum depth of 7.6 m."”*> Review of [ G cat Pond Yes
public databases does not show that Joshua Management Plan None
Pond has had a diagnostic/feasibility study Max Depth (m) 10

or a water quality assessment.
q y Streams None

Generally, no, but data
Temperature stratified | show infrequent
stratification

The latest Joshua Pond watershed
delineation was completed as part of the

Centerville River Massachusetts Estuaries o
Water Column Monitoring Summary

Project (MEP) assessment.!* The

watershed includes portions of Micah Pond | PALS Years 2001-2003, 2005-2013,

and portions of the Joshua Pond shoreline 2015- 2019 .
discharge to the Three Bays watershed. Total # of samples 39 - 44 (depending on
Previous work by the Town DPW showed (including duplicates) | constituent)

the pond has public access through a town |LALS % of WQ data 95%

beach on the southwest side and | AAVerage concentrations

approximately four buildings around it.”** | agqay Shallow | Deep Cape Cod
The majority of the land around Joshua Pond threshold
is owned by the Town of Barnstable. Joshua TP (ug/L) 6 7 10
Pond is not listed in the most recent | 1N (mg/L) 0.18 0.20 0.31
MassDEP Integrated List of surface waters Chlorophyll a 1.0 11 17
of Massachusetts.!*> (ng/L) ' ' '

Among the available water column sampling data for Joshua Pond included in the 2021
Barnstable Pond and Lake Water Quality Database, 17 of the 18 sampling dates were from PALS
Snapshot samplings data and 95% of the data were collected in August or September. PALS
Snapshot sampling missed a few years, but have been relatively consistent; PALS Snapshot
sampling occurred in 2001-2003, 2005-2013, and 2015-2019.

Review of the available data shows that the water column in Joshua Pond was generally
isothermic from the surface to the bottom with infrequent stratification (only two of 18 profiles

132 Eichner, E. 2008. Barnstable Ponds: Current Status, Available Data, and Recommendations for Future Activities. School of
Marine Science and Technology, University of Massachusetts Dartmouth and Cape Cod Commission. New Bedford
and Barnstable, MA. 79 pp.

133 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

134 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

135 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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had temperature stratification of warm, shallow waters and cold, deep waters). Comparison of
shallow and deep pH, alkalinity, chlorophyll a, TP, and TN average concentrations reflected this
well-mixed water column with no significant differences in shallow and deep average
concentrations. Most of the water quality parameters show unimpaired conditions: a) only one
of 141 DO concentrations were less than the MassDEP regulatory minimum (5 mg/L), b) only
one shallow TP, TN, or chlorophyll-a measurement exceeded the respective Cape Cod ecoregion
thresholds, and c) deep TP and TN concentrations exceeded the respective Cape Cod ecoregion
thresholds in only 27% and 13% of the available readings, respectively. Deep readings showed
occasional sediment TP regeneration, but the average deep TP concentration (7.3 pg/L) was less
than the ecoregion threshold (10 pg/L). Water clarity averaged 7.6 m and 90% of the overall
pond depth. N:P ratios showed that phosphorus was the key nutrient determining water quality
conditions in Joshua Pond.

Review of water quality trends shows that shallow TP concentrations in Joshua Pond are
increasing with time. Shallow TP concentrations have a significant (p<0.05) increasing trend
(+0.3 pg/L per year). Review of the shallow TN concentrations also showed increasing
concentrations, but the trend is not statistically significant. The difference between the shallow
TP and TN trends suggests that Joshua Pond is retaining more P than N, which would be
consistent with the N:P ratios. Given that average shallow and deep TP concentrations are
similar, the increasing shallow TP concentrations are likely due to adjacent TP sources built
during the last few decades finally discharging to the pond after decades of soil P retention.
Evaluation of watershed sources and their ages could help to further clarify why there is an
increasing TP trend.

Overall, available data presents Joshua Pond as a largely unimpaired system that could be an
example of a reference Cape Cod pond for its depth and size. Since available water quality data
has only been collected during August and September, it is not known whether the available data
are representative of conditions throughout the summer or if these conditions only develop in late
summer. Although the water quality is unimpaired, the Town may want to consider developing
some baseline measurements of other management factors, such as submerged aquatic vegetation
and phytoplankton, as well as reviewing potential phosphorus sources to understand the
increasing trend in shallow TP concentrations. Baseline measurements would provide insights
for any future changes, as well as providing guidance on management for other ponds and lakes
in Town.
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I11.14. Lewis Pond
Lewis Pond (PALS# BA-881) is a 4.6 acre pond located in Cotuit. It is located west of Highland
Avenue and east of Santuit Road. It is also approximately 350 m west of the Santuit River

portion of Shoestring Bay. The pond has a Pond Summary
maximum recorded depth of 4.2 m and a | popd Lewis
bathymetric map was not found in a search Village Cotuit
of available databases. Review of public ["A e (acres) 46
databases also did not find a Lewis Pond [ Gieat Pond No
diagnostic/feasibility study or a water Management Plan none
quality assessment. Lewis Pond also does Max Depth (m) 49

not have a recent watershed delineation.
Streams unclear

Generally, no, but data
Temperature stratified | shows some occasional
stratification

Since Lewis Pond is less than 10 acres, it is
not a Great Pond. Review of Town GIS

parcels show that the pond area is part of the e Ol Moo iy Sy

road right-of-way for Lewis Pond Road.'*

Previous work by the Town DPW showed | PALS Years 2001-2003, 2005-2006,

2008-2015, 2017-2018

the pond has public access through the ROW

connection on the north side off Lewis Bay Total #,Of samples 28 - 2_9 (depending on
Road and the pond has approximately 23 (including duplicates) | constituent)
e 137 . . PALS % of WQ data 95%

buildings around it. Lewis Pond is not .

listed in the most recent MassDEP |ZAverage concentrations

Integrated List of surface waters of | Agsay Shallow | Deep Cape Cod

Massachusetts. '3 threshold
TP (ug/L) 15 32 10

All of the available water column data for | TN (mg/L) 0.51 0.68 0.31

Lewis Pond in the 2021 Barnstable Pond and | Chlorophyll a 15.6 31.9 1.7

Lake Water Quality Database (15 sampling (ng/L)

dates) were from PALS Snapshot samplings, so all of the data were collected in August or
September. PALS Snapshot sampling missed a few years, but have been relatively consistent;
PALS Snapshot sampling occurred in 2001-2003, 2005-2006, 2008-2015, and 2017-2018.

Review of the available data shows that the Lewis Pond water column was isothermic in six of
the 15 profiles and had a colder, thermally isolated layer on the bottom of approximately 1 m
thickness in the other 9 available profiles. When the pond had the isolated deep layer, that layer
was always anoxic (DO <1 mg/L), but the deep waters were also often hypoxic or anoxic on
sampling dates when the water column was isothermic. Average deep DO was 1.5 mg/L and
90% of individual deep DO readings were less than the MassDEP regulatory minimum (5 mg/L).
None of the shallow DO concentrations were less than 5 mg/L. Comparison of average shallow
and deep pH, phytoplankton pigments, TP, and TN concentrations showed significant differences
consistent with notable deep sediment oxygen demand. All average shallow and deep TP, TN,

136 https://gis.townofbarnstable.us/Html5Viewer/Index.html?viewer=propertymaps (accessed 3/18/21).

137 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

138 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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and chlorophyll concentrations were significantly higher than their respective Cape Cod
ecoregion thresholds. All of the individual chlorophyll a and TN concentration readings, both
shallow and deep, were greater than their respective Cape Cod ecoregion thresholds. Most of the
individual shallow (73%) and deep (93%) TP readings were greater than the TP ecoregion
threshold (10 pg/L). Water clarity averaged 1.1 m and 29% of the overall pond depth. N:P
ratios showed that phosphorus was the key nutrient determining water quality conditions in
Lewis Pond.

Review of water quality results with time showed that clarity has been increasing, while shallow
TN has been decreasing and shallow TP has had no notable change. Review of other factors,
such as N:P ratios and total pigments, show somewhat fewer notable changes. These time-series
results would require some additional complementary data and surveys (such as rooted plant,
phytoplankton, and freshwater mussel surveys) to help understand the water column results and
sources of nutrients. If these types of surveys are pursued, additional analysis, such as a
watershed review, measurement of sediment nutrient contributions, and development of nitrogen
and phosphorus budgets would provide a fuller context.

Overall, available data presents Lewis Pond as an impaired system, largely based on the regular
deep water hypoxia, high nutrient concentrations, and significant differences between shallow
and deep average concentrations. Since available water quality data has only been collected
during August and September, it is not known whether these impaired conditions are sustained
throughout the summer or if these conditions only develop in late summer. Collection of
summer-long water quality data and key complementary data, such as complete phytoplankton
species (not just blue-greens) and cell counts throughout the summer and sediment nutrient
release rates would provide insights into how impaired conditions develop and are sustained.
This information could then be combined with watershed information to complete a diagnostic
assessment of the relative sources of the nutrients and then an evaluation of management options
to restore acceptable water quality in Lewis Pond.
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II1.15. Little Pond
Little Pond (PALS# BA-881) is a 9.7 acre pond located in Marstons Mills. It is also known as
Stoney Pond or Little Stoney Pond. It is located north of Race Lane and approximately 140 m

northwest of Mystic Lake. The pond is very Pond Summary
shallow with a maximum recorded depth of | pond Little
1.2 m; a bathymetric map was not found in a Village Marstons Mills
search of available databases. Review of [Arcq (acres) 97
public databases also did not find a Little 5ot pond No
Pond diagnostic/feasibility study or a water Management Plan none
quality assessment. Max Depth (m) 12
Streams none

Little Pond is included in the Mystic Lake Temperature stratificd | No

watershed delineated as part of the Three e Clollviinn Nilor iy STy

Bays Massachusetts Estuaries Project (MEP)

assessment, but does not have a separate | PALS Years 2001-2002, 2005-2013,

watershed delineation.!*® Previous work by 2015-2019
the Town DPW showed the pond has a town Total #,Of samples 13 - 2_9 (depending on
way to water off Little Pond Road and (including duplicates) | constituent)
0 0
approximately six buildings around it.!* PALS % of WQ data 100%
Review of aerial photographs and historic Average concentrations
USGS quads show that the wetland system | Assay Shallow | Deep Chapehccl)g
to the north of the pond has been wetland, thresho
and not a cranberry bog, since at least 1943, | TP (ug/L) 17 n/a 10
TN (mg/L) 0.58 n/a 0.31

The area of Little Pond is close to the 10 | Chlorophyll a

: 4.8 n/a 1.7
acre Great Pond threshold. Project staff [ (Mg/L)

review of the surface area of the pond in available aerial photos during high and low
groundwater conditions and even during high groundwater condition when it is clear that the
surface area expands, the area still remains less than 10 acres and this suggests that Little Pond
should not be classified as a Great Pond. This review also showed that the water surface of the
pond notably decreases during periods of low groundwater conditions. Review of Town GIS
parcels show that the pond area is a separate parcel without any ownership attributes.'*! Little
Pond is not listed in the most recent MassDEP Integrated List of surface waters of
Massachusetts.'*?

Among the available water column sampling data for Little Pond included in the 2021 Barnstable
Pond and Lake Water Quality Database, all 16 of water quality sampling dates were from PALS
Snapshot samplings, so all of the data were collected in August or September. PALS Snapshot

139 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts. Department of Environmental Protection. Boston, MA. 183 pp.

140 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

141 https://gis.townofbarnstable.us/HtmI5Viewer/Index.html?viewer=propertymaps (accessed 3/18/21).

142 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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sampling missed a few years, but has been relatively consistent; PALS Snapshot sampling
occurred in 2001-2002, 2005-2013, and 2015-2019.

Because Little Pond is so shallow, many of the collected samples were either duplicates at the
same depth or samples at two similar depths (i.e., 0.5 m and 1.0 m). Review of all available data
showed that light always reaches the bottom of the pond, but DO occasionally was impaired;
22% of the individual DO readings were less than the MassDEP regulatory minimum (5 mg/L).
Average nutrient concentrations were greater than Cape Cod ecoregion thresholds and 70% and
93% of individual TP and TN readings, respectively, were greater than their respective ecoregion
thresholds. About half of the individual chlorophyll a concentrations (48%) were above the
chlorophyll a Cape Cod ecoregion threshold, but review of aerial photographs suggest that
submerged aquatic plants and phytoplankton are likely competing for available phosphorus in the
overall pond ecosystem. N:P ratios showed that phosphorus was the key nutrient determining
water quality conditions in Little Pond. As would be expected in a very shallow pond, TP, TN,
and clarity do not have any notable trends.

Overall, available data presents Little Pond as an impaired system, largely based on the
occasional hypoxia and high nutrient concentrations. However, given its very shallow depth and
changeable water surface area due to groundwater fluctuations, this pond may function closer to
other types of wetlands, like fens or bogs. Defining the goals for this wetland would help to
inform appropriate management options, including water and habitat quality management
options.
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I11.16. Long Pond (Centerville)
Long Pond (PALS# BA-737) is a 53 acre Great Pond located in Centerville. It is located south
of Route 28 and north of Pine Street. It has a stream inflow from Wequaquet Lake and a stream

outflow to the Centerville River estuary. Pond Summary

The Long Pond bathymetric map in the Cape | pond Long

Cod Pond and Lake Atlas!*® shows a Village Centerville
maximum depth contour of 6 m, while ["A o, (acres) 53

PALS sampling has recorded a maximum [ G cat Pond Yes

depth of 7.2 m. Long Pond was part of a Management Plan none

1989 combined system diagnostic/feasibility - Depth (m) )

study that also included Wequaquet Lake One inflow. one
and Bearses Pond.'* An updated | Streams ’

outflow

diagnostic/feasibility study has not been Temperature stratified | no

completed, but Long Pond has had a number Water Column Monitoring Summary

of herbicide applications'®® due to the
presence of hydrilla verticillata, an invasive
aquatic plant that typically displaces native | PALS Years
species if not controlled and is part of a

2001-2003, 2005-2008
(3 potential additional
years that could also be

herring run that connects Wequaquet Lake Totl % of 0 1940n6g11\/£1arst0r(11§ Mills)
and Long Pond to the Centerville River .ota [Of sampies ) ,( cpending on
estuary.. (including duplicates) | constituent)
PALS % of WQ data 53%

The latest Long Pond watershed delineation | AAVerage concentrations (PALS only)
was completed as part of the Centerville | a55ay Shallow | Deep ChapehC(l)ccil
River Massachusetts Estuaries Project thresho
(MEP) assessment, which also included a | TP (n&/L) 11 86 10
whole year of stream outflow monitoring.'4¢ | TN (mg/L) 0.55 0.54 0.31
Previous work by the Town DPW showed | Chlorophylla

: 10.7 222 1.7
the pond has public access through three | (1g/L)

locations: off Childs Street, off Piney Point Drive, and off Horatio Lane. This work also showed
that the pond has approximately 76 buildings around it.'%’

Given that it has a surface area greater than 10 acres, Long Pond is a Great Pond and, therefore,
publicly owned. In the most recent MassDEP Integrated List of the surface waters of
Massachusetts, Long Pond is listed in Category 4c, which is for waters classified as impaired, but
the impairment is not caused by a pollutant and, therefore, a TMDL not required.'*® The

143 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas. Cape
Cod Commission. Barnstable, MA.

144 1EP, Inc. and K-V Associates, Inc. 1989. Diagnostic/Feasibility Study of Wequaquet Lake, Bearse, and Long Pond. Prepared
for Town of Barnstable Conservation Commission. 150 pp.

143 e.g., Aquatic Control Technology. February 2014. Project Completion Report for 2013 Hydrilla Management Performed at
Long Pond & Mystic Lake — Barnstable, MA. 10 pp.

146 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

147 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

148 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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impairment of Long Pond is listed as “non-native aquatic plants.” An assessment of nutrient
water quality conditions in Long Pond is not included in the most recent MassDEP Integrated
List.

Among the available water column sampling data included in the 2021 Barnstable Pond and
Lake Water Quality Database, 53% is PALS Snapshot data, 33% is from the 1989
diagnostic/feasibility study, and the remainder is from monitoring associated with the hydrilla
treatments. The majority of the data (73%) was collected in August or September. PALS
Snapshot data was collected in 2001-2003 and 2005-2008. There is also PALS Snapshot data
collected for “Long Pond” in 2009, 2010, and 2012 that is included in the 2021 Barnstable Pond
and Lake Water Quality Database, but it is unclear whether this is for Long Pond in Centerville
or Long Pond in Marstons Mills. It is hoped that at some point, the original datasheets will be
recovered to clarify to which Long Pond was sampled in these years.

Review of the available data shows that the water column in Long Pond was relatively
isothermic with most individual water column profiles showing a ~2°C difference between
surface and deep temperature readings. Most of the available profiles have reduced DO
concentrations in the deepest readings, which is indicative of notable sediment oxygen demand,
and 70% of the individual deep water concentrations were less than the MassDEP regulatory
minimum (5 mg/L) and two of the deep readings were anoxic (<1 mg/L. DO). However,
comparison of average shallow and deep pH, phytoplankton pigments, TP, and TN
concentrations since 2001 showed no significant differences suggesting that diminished DO
concentrations were not present of long enough to trigger statistically significant changes in the
deeper water nutrient concentrations. All average TP, TN, and chlorophyll concentrations since
2001 were notably higher than their respective Cape Cod ecoregion thresholds. All of the
individual chlorophyll a and TN concentration readings, both shallow and deep, were greater
than their respective Cape Cod ecoregion thresholds. Most of the individual shallow (57%) and
deep (83%) TP readings were greater than the TP ecoregion threshold (10 pg/L). Water clarity
averaged 3.0 m and 39% of the overall pond depth. N:P ratios showed that phosphorus was the
key nutrient determining water quality conditions in Long Pond.

Overall, available data presents Long Pond as an impaired system, largely based on the high
nutrient and chlorophyll concentrations and deep water hypoxia. Although the hydrilla
treatments are controlling the growth of hydrilla, the water quality data shows that other water
quality impairments also exist. Since available water quality data outside of August and
September is limited after the completion of the 1989 diagnostic/feasibility study, it is not known
whether the impaired conditions are sustained throughout the summer or if these conditions only
develop in late summer. Collection of summer-long water quality data and key complementary
data, such as complete phytoplankton species (not just blue-greens) and cell counts throughout
the summer and sediment nutrient release rates would provide insights into how impaired
conditions develop and are sustained. This information could be combined with the regular
submerged aquatic vegetation mapping that supports the hydrilla treatments to present a more
comprehensive review of the overall plant community and water quality in Long Pond. The
water quality and plant information could then be combined with watershed information to
complete a diagnostic assessment of the relative sources of the impairments and then an
evaluation of management options to restore acceptable water quality in Long Pond.
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II1.17. Long Pond (Marstons Mills)
Long Pond (PALS# BA-675) is a 56 acre Great Pond located in Marstons Mills. It is located
west of Santuit-Newtown Road and north of Wakeby Road. The Long Pond bathymetric map in

the Cape Cod Pond and Lake Atlas'* shows Pond Summary

two basins, each with a maximum depth | popd Long

contour of 15 ft (4.6 m), while PALS Village Marstons Mills
sampling has recorded a maximum depth of |5 o, (acres) 56

6.2 m. Review of public databases did not [ reat Pond Yes

find a Long Pond diagnostic/feasibility Management Plan None

study or a water quality assessment. Max Depth (m) 6.2

Streams None

The latest Long Pond watershed delineation Temperature stratificd | No

was completed as part of the Three Bays

Massachusetts Estuaries Project (MEP) iaterd@oun aflyon o i REU IS b

assessment.!>* Previous work by the Town ;g?g’ 22(())11; ’ 32 01?;’ dal

DPW showed the pond has public access o (3 potentia
o PALS Years additional years that

through two locations: off Long Pond Road 1d also be L

and through conservation land off Santuit- Elout a 'Slcl) ¢ Long

Newtown Road. This work also showed that Totl % of 0 9 enl grvci ©) i

the pond has approximately 49 buildings .ota [Of sampies ) ,( cpending on

around it.!5! (including duplicates) | constituent)

' PALS % of WQ data 88%

Given that it has a surface area greater than | AAVerage concentrations (PALS only)

10 acres, Long Pond is a Great Pond and, | agsay Shallow | Deep ChapehC(l)éi

therefore, publicly owned. Long Pond is not thresho

listed in the most recent MassDEP | TP (ug/L) 11 61 10

Integrated List of the surface waters of TN (mg/L) 0.63 0.69 0.31

Massachusetts. !> gg;)]f;)phyu a 49 226 1.7

Available water column sampling data included in the 2021 Barnstable Pond and Lake Water
Quality Database is limited to five PALS Snapshot samplings (2008, 2011, 2013, 2018, and
2019) and one 1948 profile. All readings were collected in August or September. There is
additional PALS Snapshot data collected for “Long Pond” in 2009, 2010, and 2012 that is
included in the Barnstable Pond and Lake Water Quality Database, but it is unclear whether this
is for Long Pond in Centerville or Long Pond in Marstons Mills. It is hoped that at some point,
the original PALS datasheets will be recovered and clarify to which Long Pond was sampled in
these years.

149 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas. Cape
Cod Commission. Barnstable, MA.

150 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts Department of Environmental Protection. Boston, MA. 183 pp.

31 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

1532 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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Review of the available data shows that the water column in Long Pond was relatively
isothermic with most profiles showing a ~2°C difference between surface and deep temperature
readings. A couple of the available water column profiles have reduced dissolved oxygen
concentrations in the deepest depths, indicative of sediment oxygen demand, but most have little
difference between surface and deep concentrations. Only one of the individual deep DO
readings was less than the MassDEP regulatory minimum (5 mg/L). As would be expected in a
pond with a well-mixed water column, surface and deep average concentrations for pH,
phytoplankton pigments, TP, and TN concentrations showed no significant differences.
However, all average TP, TN, and chlorophyll concentrations at both shallow and deep depths
were notably higher than their respective Cape Cod ecoregion thresholds. Among individual
readings, 90% of the TP and chlorophyll concentrations exceeded their respective Cape Cod
ecoregion thresholds and all of the TN concentrations were greater than the TN ecoregion
threshold. PALS Snapshot water clarity averaged 2.1 m and 36% of the overall pond depth. N:P
ratios showed that phosphorus was the key nutrient determining water quality conditions in Long
Pond.

Overall, available data in the 2021 Barnstable Pond and Lake Water Quality Database presents
Long Pond as an impaired system, largely based on the high nutrient and chlorophyll
concentrations. Since available water quality data is limited to only August and September
readings, it is not known whether the impaired conditions are sustained throughout the summer
or if these conditions only develop in late summer. Collection of summer-long water quality
data and key complementary data, such as complete phytoplankton species (not just blue-greens)
and cell counts throughout the summer, rooted plant and bathymetric surveys, and measurement
of sediment nutrient release rates would provide insights into how impaired conditions develop
and are sustained. This information could be combined watershed information to complete a
diagnostic assessment of the relative sources of the impairments and then an evaluation of
management options to restore acceptable water quality in Long Pond.
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I11.18. Lovells Pond

Lovells Pond (PALS# BA-675) is a 55 acre Great Pond located in Cotuit. It is located east of
Santuit-Newtown Road and north of Route 28. The Lovells Pond bathymetric map in the 2014

water quality review listed a maximum depth of 37.5 ft (11.4 m

) 153
b

while PALS sampling has

confirmed this depth with a recorded maximum depth of 11.4 m. Lovells Pond has had a number

of assessments, an aeration system in
operation during the summers of 2010
through 2012, and an alum treatment in June
2014."%* Other management activities at the
pond have also included Massachusetts
Division of Fisheries and Wildlife stocking
of the pond with various trout species. >

The latest Lovells Pond watershed
delineation was completed as part of the
Three Bays Massachusetts Estuaries Project
(MEP) assessment.!®  The watershed
includes  portions of three towns:
Barnstable, Mashpee, and Sandwich.
Lovells Pond has historic connections to
surrounding cranberry bogs, none of which
appear to be currently active based on
review of aerial photographs.  Historic
USGS topographic maps also show an
outflow to Little River, which flows into
Cotuit Bay. Previous work by the Town
DPW showed the pond has public access at
two locations: a boat ramp and a beach both
off Santuit-Newtown Road. This work also
showed that the pond has approximately 22
buildings around it.!>’

Given that it has a surface area greater than
10 acres, Lovells Pond is a Great Pond and,
therefore, publicly owned. Lovells Pond is
listed in the most recent MassDEP

Pond Summary

Pond Lovells
Village Cotuit
Area (acres) 55
Great Pond Yes
None, but has had a

Management Plan

number of water
quality assessments, an
aeration system (since
discontinued) and a
2014 alum treatment

Max Depth (m) 11.4
Inflow and outflow
Streams though they may be

intermittent or blocked

Temperature stratified

yes

Water Column Monitoring Summary

PALS Years

2001-2003, 2005-2006,
2008-2015, 2017-2018

Total # of samples

54 - 122 (depending on

(including duplicates) | constituent)
PALS % of WQ data 40%
Average concentrations (post-alum, PALS only)
Cape Cod

assay Shallow | Deep threshold
TP (ug/L) 16 35 10
TN (mg/L) 0.36 1.82 0.31
Chlorophyll a

23 13.4 1.7
(ng/L)

153 Water Resources Services, Inc. 2014. Investigation of Algal Blooms and Possible Controls for Lovell’s Pond, Barnstable,

Massachusetts, 2013. 90 pp.

134 Water Resources Services, Inc. 2015. Phosphorus Inactivation Project for Lovell’s Pond, Barnstable, Massachusetts. 46 pp.
155 https://www.mass.gov/service-details/trout-stocking-report (accessed 8/12/21)

156 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts Department of Environmental Protection. Boston, MA. 183 pp.

157 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee
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Integrated List of waters of Massachusetts as having impairments due to high chlorophyll-a, low
dissolved oxygen, harmful algal blooms, total phosphorus, clarity, and turbidity. Because it is
classified as impaired, it is assigned to Category 5 in the Integrated List and requires a TMDL.!®

Since water quality in Lovells Pond has been evaluated a number of times, it has a number of
different datasets, some of which are available and were included in the 2021 Barnstable Pond
and Lake Water Quality Database. Other datasets had portions that were unavailable since the
data was only presented in graphical form, laboratory results without sample collections depths,
etc. Among the available data, 40% is PALS Snapshot data and the remaining 60% are 2013 to
2015 data collected by WRS. There is additional data in the WRS assessments (e.g., DO and
temperature profiles), as well as data in the 1997 Ambient diagnostic/feasibility study.'>® More
in-depth review and organization of historic data could be task if an updated
diagnostic/feasibility study is completed.

Recent water column readings (since the 2014 alum treatment) generally show a well-mixed,
isothermic shallow surface layer of 5 to 6 m with a gradual or sharp interface to colder, deeper
waters (the sharpest interface is typically in September). DO profiles initially after the alum
treatment showed acceptable DO concentrations below the interface, but 2017 and 2018 PALS
profiles showed concentrations less than the MassDEP regulatory minimum (5 mg/L) throughout
the cold layer. Shallow TP, TN, and chlorophyll a average concentrations still exceed their
respective Cape Cod ecoregion thresholds, but they are all notably lower than their pre-alum
averages. Average clarity has also improved (+1.3 m) since the alum treatment. Average deep
TP concentrations still show evidence of sediment regeneration, but the average concentration
has decreased by over 100 pg/L since the alum treatment. No significant change was noted in
deep chlorophyll or TN average concentrations. N:P ratios continue to show that phosphorus is
the key nutrient determining water quality conditions in Lovells Pond.

Overall, available data presents Lovells Pond as an impaired, but much improved, system
following the 2014 alum treatment. Impairments continue to be low deep water DO, diminished
clarity, and high average concentrations of phosphorus, nitrogen, and chlorophyll.
Phytoplankton sampling completed in 2015 continued to show cyanobacteria as a large
component of the algal biomass late in the summer, which suggests some additional phosphorus
reductions should be considered. As with other readings, the post-alum treatment phytoplankton
population was better balanced and the biomass concentration was notably reduced from pre-
alum treatment readings. Further phosphorus reductions would likely need to come from
watershed sources and the Town may want to consider an updated evaluation of watershed
sources as part of current CWMP activities.

138 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.

159 Ambient Engineering, Inc. 1997. Diagnostic/Feasibility Study, Lovell’s Pond, Barnstable, Massachusetts. 78 pp.
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I11.19. Lumbert Pond
Lumbert Pond (PALS# BA-719) is a 9.7 acre pond located in Centerville. It is located north and
east of Lumber Mill Road and west of Nye Road. The pond is very shallow with a maximum

recorded depth of 1.6 m in PALS Snapshots. Pond Summary

A bathymetric map was not found in a | pgopd Lumbert

search of available databases. It is part of Village Centerville

the Skunknett River wetland corridor that [A o, (acres) 97 or 12.7
includes West Pond, the former North Pond, ["Great Pond Unclear

and the Skunknett River Wildlife Sanctuary. Management Plan none

Review of public databases also did not find Max Depth (m) 16

a Lumbert Pond diagnostic/feasibility study One inflow. one
or a water quality assessment. Streams ’

outflow

Temperature stratified | No

Lumbert Pond is included in the North Pond i Cloluimn M o S

watershed delineated as part of the

Centerville River/East Bay Massachusetts | PALS Years 2001-2003, 2007-2013,

Estuaries Project (MEP) assessment, but 2017-2019 -
does not have a separate watershed Total #.Of samples 13- 1.8 (depending on
delineation.'®® Public access to the pond is (including duplicates) | constituent)
0 0
via Town conservation land off Nye Road. PALS % of WQ dat.a 100%
Previous work by the Town DPW showed | AVerage concentrations
the pond has a town way to water off Little | a5say Shallow | Deep ChapehC(l)éi
Pond Road and approximately 14 buildings thresho
around it.!6! TP (ug/L) 11 26 10
TN (mg/L) 1.41 2.01 0.31

Deciding whether Lumbert Pond is a Great | Chlorophylla

: ‘ 2.8 14.1 1.7
Pond is complex because of its regularly | (1g/L)

changeable surface area. The Town parcel map shows that it is a 12.7 acre parcel with a thin arm
that follows a stream inflow to an unnamed pond north of Lumbert Pond. Review of historic
aerial photos shows that the open water area of the pond changes with seasons, as well as on a
multi-year cycle. All of the surface area changes were likely due to groundwater fluctuations. In
addition, MassDMF identified the outlet from the pond under Lumbert Mill Road as a stream
obstruction, which means the surface area of the pond would likely be smaller if water flowed
out freely under the road.'®? Classification as a Great Pond means that state regulatory
provisions would need to be addressed in management decisions. Lumbert Pond is not listed in
the most recent MassDEP Integrated List of waters of Massachusetts.'®*

160 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

161 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

162 Reback, K.E., P.D. Brady, K.D. McLaughlin, and C.G. Milliken. 2004. A Survey of Anadromous Fish Passage in Coastal
Massachusetts, Part 2: Cape Cod and the Islands. Massachusetts Division of Marine Fisheries Technical Report TR-16.
153 pp.

163 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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Among the water column sampling data for Lumbert Pond included in the 2021 Barnstable Pond
and Lake Water Quality Database are 13 sampling events, all of which are from PALS Snapshot
samplings, so most of the data were collected in August or September (one sampling was in
October). Because Lumbert Pond is so shallow, many of the collected PALS Snapshot samples
were either duplicates at the same depth or samples at two similar depths (i.e., 0.5 m and 1.0 m).
PALS Snapshot sampling occurred in 2001-2003, 2007-2013, and 2017-2019.

Review of the data found that there were no statistically significant differences in average
shallow and deep concentrations among the PALS constituents, but deep water average
concentrations for a number of constituents were notably greater than shallow averages (i.e., TN,
TP, chlorophyll a) and this may indicate some sediment contributions to the water column
measurements. Review of all available data showed that light usually reached the bottom of the
pond (i.e., 9 of 13 Secchi readings had the disc on the bottom). Surface DO concentrations were
always greater than the MassDEP regulatory minimum (5 mg/L), but percent saturation levels
showed a wide range and included high levels that would be consistent with regular algal blooms
(i.e., % saturation >110%) and deeper concentrations were mostly less than 100% saturation.
Average surface TP and TN concentrations were greater than Cape Cod ecoregion thresholds and
70% and 93% of individual TP and TN readings, respectively, were greater than the thresholds.
Among all of the available individual readings, all of the TN concentrations and 67% of both the
individual concentrations of TP and chlorophyll a were greater than their respective Cape Cod
ecoregion thresholds. N:P ratios showed that phosphorus was the key nutrient determining water
quality conditions in Lumbert Pond. As would be expected in a very shallow pond with very
changeable conditions, TP, TN, and clarity do not have any notable temporal trends. Review of
aerial photographs suggest that submerged aquatic plants are likely to be an important part of the
overall plant community, so water column chlorophyll a concentrations would need to be
reconsidered once the submerged aquatic plant community has been characterized.

Overall, available data presents Lumbert Pond as an impaired system, largely based on the high
nutrient and chlorophyll a concentrations. However, given its very shallow depth and
changeable water surface area due to groundwater fluctuations, management of this pond may
indicate that higher concentrations are acceptable and this pond may function closer to other
types of wetlands that have significant submerged aquatic plant communities. Defining the goals
for this pond would help to inform appropriate management options, including water quality
management options.
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I11.20. Mary Dunn Pond
Mary Dunn Pond (PALS# BA-646) is an 18 acre Great Pond located in Hyannis. It is located
east of Mary Dunn Road and north of Hyannis Airport. There are a number of ponds in the area,

including Lamson Pond, Flintrock Pond, and Pond Summary
Israel Pond, that are often collectively | pond Mary Dunn
referred to as the Hyannis Coastal Plains Village Hyannis
Ponds Complex. All of these ponds are very [ Areq (acres) 18

shallow and, as such, are impacted by [ Great Pond Yes
natural fluctuations in groundwater levels. Management Plan none

The plant community around these ponds Max Depth (m) 21

have adapted to these water Ilevel
Streams none

fluctuations and a number of ies ar -
uctuations and umber of species are Temperature stratified | No

regionally or globally rare, including the e Clollviinn Nilor iy STy

Plymouth gentian (Sabatia kennedyana).

These natural groundwater level fluctuations | PALS Years ;g?;’ 58(1)3’_22 (g) 10 98 )

are also impacted by a number of public > -

water supply wells in the area and a number Total # of samples 11 - 17 (depending on
of studies have focused on relationships in (including duplicates) | constituent)
groundwater fluctuations caused by well [PALS % of WQ data 100%
pumping.'® Most management discussions Average concentrations

for these ponds have focused on plant | Agsay Shallow | Deep Cape Cod
species and water level fluctuations. Review threshold
of public databases did not find a Mary | LP (1g/L) 11 n/a 10
Dunn Pond diagnostic/feasibility study or a | TN (mg/L) 0.41 n/a 0.31
water quality assessment. 81;{‘)3?11}’11 a 24 n/a 1.7

Mary Dunn Pond has a separate watershed delineation included in the Lewis Bay Massachusetts
Estuaries Project (MEP) assessment.!®> The Town does not have a listed public access point and
the pond does not have a separate parcel within the Town parcel coverage (it is part of a number
of Town-owned parcels). Previous work by the Town DPW showed the pond has approximately
six buildings around it.'%¢

Given that it has a surface area greater than 10 acres, Mary Dunn Pond is a Great Pond and,
therefore, publicly owned. Maximum recorded depth for Mary Dunn Pond among PALS
Snapshot samplings was 2.1 m. There is no bathymetric map of this pond at present. Mary
Dunn Pond is not listed in the most recent MassDEP Integrated List of waters of
Massachusetts. !¢’

164 e.g., McHorney, R. 1997. Hydrologic Report: Hyannis Ponds Project. The Nature Conservancy. 71 pp.

165 Howes B., H. Ruthven, E. Eichner, J. Ramsey, R. Samimy, D. Schlezinger. 2008. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for the Lewis Bay System, Towns of Barnstable and Yarmouth, MA.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 253 pp.

166 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

167 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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Among the available water column sampling data for Mary Dunn Pond included in the 2021
Barnstable Pond and Lake Water Quality Database, are 11 water quality samplings, all from
PALS Snapshot samplings, so all of the data were collected in August or September. Because
Mary Dunn Pond is so shallow, many of the collected PALS Snapshot samples were either
duplicates at the same depth or samples at two similar depths (i.e., 0.5 m and 0.7 m). PALS
Snapshot sampling occurred in 2001, 2003, 2008-2013, and 2017-2019.

Review of all available data showed a mix of water quality conditions. Available clarity
readings showed that light reached the bottom of the pond during each of the PALS Snapshot
sampling dates (i.e., all Secchi readings had the disc on the bottom). All DO concentrations were
greater than the MassDEP regulatory minimum (5 mg/L), but percent saturation levels averaged
87%., which is indicative of some sediment oxygen demand. Average TP, TN, and chlorophyll a
concentrations were greater than the respective Cape Cod ecoregion thresholds and 65%, 88%,
and 59% of individual TP, TN, and chlorophyll a readings were greater than their respective
thresholds. Since aerial photos show that submerged aquatic plants are dispersed throughout the
pond and chlorophyll a readings are relatively high, it suggests that there is a complex
relationship between rooted plants and water column plants (i.e., phytoplankton). N:P ratios
showed that phosphorus was the key nutrient determining water quality conditions in Mary Dunn
Pond. There are no discernable temporal trends in TP, TN, or chlorophyll a concentrations.

Overall, available data presents Mary Dunn Pond as borderline impaired system, largely based
on water column DO loss and nutrient and chlorophyll a concentrations exceeding Cape Cod
ecoregion standards. However, given its very shallow depth and the extreme fluctuations in
water surface area that occur (e.g., the pond has become completely dry in the last 30 years),
water quality management of this pond may indicate that higher concentrations are acceptable
and this pond may function closer to other types of shallow wetlands that have significant
submerged aquatic plant communities. Defining the water quality goals for this pond would help
to inform development of appropriate management options.
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I11.21. Micah Pond
Micah Pond (PALS# BA-807) is a 16 acre Great Pond located in Osterville. It is located east of
Pond Street and west of Old Mill Road. It is part of a cluster of ponds, including Joshua Pond

and Sam Pond, between Scudder Bay and Pond Summary
North Bay. The pond has a maximum | pond Micah
measured depth among PALS Snapshot Village Osterville
samplings of 12.4 m, although available ["A_ o, (acres) 16
bathymetric maps show its maximum depth [Gcat Pond Yes

of 9.1 m.'® Review of public databases Management Plan none
does not show that Micah Pond has had a Max Depth (m) 12.4
diagnostic/feasibility study or a water Streams none

quality assessment. Generally no, but data

Temperature stratified | shows infrequent

The latest Micah Pond watershed delineation . .
stratification

was completed as part of the Centerville e Ol Moo iy Sy

River Massachusetts Estuaries Project

(MEP) assessment.'® Previous work by the | PALS Years 2001-2003, 2005-2013,

Town DPW showed the pond has public 2] ,

access through town-owned land off Pond Total # of samples 17 - 60 (depending on

Street and has approximately two buildings (including duplicates) | constituent)

around it.'7 The majority of the land |LALS % of WQ data 95%

around Micah Pond is owned by the Town [/AVErage concentrations

of Barnstable. Micah Pond is not listed in | ag5ay Shallow | Deep Cape Cod

the most recent MassDEP Integrated List of threshold

waters of Massachusetts.'”! TP (ug/L) 8 14 10
TN (mg/L) 0.25 0.29 0.31

Among the available water column sampling | Chlorophyll a 11 14 17

data for Micah Pond included in the 2021 [(ug/L) ' ' '

Barnstable Pond and Lake Water Quality Database, are 17 water quality sampling dates of which
16 were from PALS Snapshot samplings. Most (94%) of the data were collected in August or
September. PALS Snapshot sampling missed a few years, but have been relatively consistent
overall; PALS Snapshot sampling occurred in 2001-2003, 2005-2013, and 2015-2019.

Available data has some issues with consistency that limit some of the conclusions that can be
drawn from the water quality results. For example, many of the DO profiles did not include
readings to within one meter of the bottom; readings often stopped 2 to 3 m above the bottom
and missed low oxygen conditions that were occasionally measured in profiles that reached to

168 Eichner, E. 2008. Barnstable Ponds: Current Status, Available Data, and Recommendations for Future Activities. School of
Marine Science and Technology, University of Massachusetts Dartmouth and Cape Cod Commission. New Bedford
and Barnstable, MA. 79 pp.

169 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

170 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

71 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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within 1 m of the bottom (as specified in PALS Snapshot protocols). Because this deep DO data
was not consistently collected, it is not known how often these low oxygen/impaired conditions
exist during the late summer. Deep water quality samples were often collected at a depth
specified by PALS Snapshot sampling protocols, but without accompanying DO and temperature
readings.

Review of the available data shows that the water column in Micah Pond was often isothermic
from the surface to the bottom, but occasionally had strong thermal stratification (3 of the 17
profiles had large differences between warm shallow waters and cold deeper waters). Strong
stratification may be a regular summer occurrence, but the depth of the transition between warm
and cold waters may vary and often occur in the deeper waters, below the deep where many of
the DO and temperature profiles stopped. Average shallow and deep phytoplankton pigments
and TP concentrations were significantly different, suggesting some regular deep hypoxia and
sediment TP regeneration.

Among the seven profiles where deep DO readings were appropriately collected, four were less
than the 5 mg/LL DO MassDEP regulatory minimum. Average shallow TP, TN, and chlorophyll
readings, however, were all less than their respective Cape Cod ecoregion thresholds and
individual readings only exceed the respective Cape Cod ecoregion thresholds in only 40%, 27%
and 7% of the available readings. Review of the shallow TP and TN concentrations do not show
any notable trends, but they do show high variability suggesting that there are intermittent
additions from a relatively large source (e.g., the bottom regeneration or the adjacent inactive
cranberry bog that appears to have a hydroconnection to the pond). Water clarity averaged 6.8 m
and 65% of the overall pond depth, consistent with the low pigment levels. N:P ratios showed
that phosphorus was the key nutrient determining water quality conditions in Micah Pond.

Overall, available data presents Micah Pond as a generally unimpaired system with some
concerns over bottom water quality. The available data have some limitations that could be
addressed through regular sampling that completely follows PALS Snapshot protocols. In
addition, since available water quality data has only been collected during August and
September, it is not known whether the available data are representative of conditions throughout
the summer or if these conditions only develop in late summer. Although the water quality is
generally unimpaired, the Town may want to consider developing some baseline measurements
of other management factors, such as submerged aquatic vegetation and phytoplankton, as well
as reviewing potential phosphorus sources to understand the fluctuations in shallow TP and TN
concentrations. Establishing proper baseline measurements would support a full assessment and
provide insights for any future changes.
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I11.22. Middle Pond
Middle Pond (PALS# BA-640) is a 105 acre Great Pond located in Marstons Mills. Middle
Pond is located west of Cotuit Road/Route 149 and north of River Road. It is one of the three

ponds addressed through the Indians Ponds Pond Summary
Association along with Mystic Lake and | popd Middle

Hamblin Pond. The pond has a maximum Village Marstons Mills
recorded depth among PALS Snapshot ["Aren (acres) 105

samplings of 10.3 m, which is consistent [ ieat Pond Yes

with available bathymetric maps that show a Management Plan None

maximum contour of 30 ft (9.1 m).!”? Max Depth (m) 103

Middle Pond has had a number of Streamsp 1 i;lﬂOW, Loutflow

assessments focused on management issues - -
Temperature stratified | occasional

also identified for Mystic Lake and Hamblin i Clollvin Ml Sy

Pond, including a freshwater mussel

survey,'”” a submerged aquatic plant ?ALIS#Y?MS 1 ggm'ﬁ&wd .
survey,!” and numerous annual monitoring | Ot ¥ Of samples — 142 (depending on
efforts, including phytoplankton and (including duplicates) | constituent)
zooplankton  sampling. 1’ PALS % of WQ data 51%

Management

activities at the pond have also included | AAVerage concentrations

herbicide treatments and a herring run that | agsay Shallow | Deep Cape Cod
connects Middle Pond and Mill Pond to the threshold
Three Bays estuary. TP (ug/L) 11 22 10
TN (mg/L) 0.29 0.38 0.31
The latest Middle Pond watershed | Chlorophylla 1.8 71 1.7
delineation was completed as part of the [ (1g/L) ‘ ' '

Three Bays Massachusetts Estuaries Project (MEP) assessment.'’® The Middle Pond watershed
includes the watershed to Mystic Lake. Previous work by the Town DPW showed the pond has
one public access point, including a beach off Flume Avenue, and has approximately 39
buildings around it.!”’

Middle Pond is assigned to Category 5 in the most recent MassDEP Integrated List of surface
waters in Massachusetts.!”® Category 5 waters in the Integrated List are impaired waters

172 Eichner, E. 2008. Barnstable Ponds: Current Status, Available Data, and Recommendations for Future Activities. School of
Marine Science and Technology, University of Massachusetts Dartmouth and Cape Cod Commission. New Bedford
and Barnstable, MA. 79 pp.

173 Biodrawversity LLC. 2018. Freshwater Mussel Surveys in Mystic Lake and Middle Pond: 2007-2017 (Barnstable,
Massachusetts). Leverett, MA. 14 pp.

174 solitude Lake Management. 2017. Barnstable Ponds: Long Pond, Mystic Lake & Middle Pond. Hydrilla Management
Program. Shrewsbury, MA. 12 pp.

175 \Water Resources Services, Inc. 2018. Monitoring of Mystic Lake and Middle Pond in Barnstable, Massachusetts in 2017. 42
pp.

176 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts. Department of Environmental Protection. Boston, MA. 183 pp.

177 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

178 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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requiring a TMDL. Impairments listed for Middle Pond are low dissolved oxygen and harmful
algal blooms.

The 2021 Barnstable Pond and Lake Water Quality Database includes water quality readings or
samples on over 40 dates from Middle Pond; water quality samples were collected on 33 dates.
PALS Snapshots represent 51% of the available data, the 2006 Cape Cod Commission
assessment'”® was 33% and WRS monitoring was 15%. Most of the collected readings (72%)
were in August and September.

Review of Middle Pond water quality data shows that average shallow concentrations are
generally acceptable, but deep concentrations show some impairments and trend analysis of
shallow TP reading suggest some long-term concerns. Available deep DO concentrations
average 1.7 mg/L, which is less than the MassDEP regulatory minimum concentration of 5
mg/L. In contrast, average shallow TP and chlorophyll readings were only slightly above their
respective Cape Cod ecoregion thresholds (11 pg/L and 1.8 pg/L, respectively) with 48% and
50% of the individual readings greater than the thresholds. These comparisons suggest that the
deep impairments are not impacting the shallow conditions, but trend analysis of the shallow TP
concentrations show they have a statistically significant (p=0.01) increasing trend between 2001
and 2019. Review of clarity does not show a similar trend. Additional management issues
include potential spillover of Mystic Lake alum treatment impacts and mussel population
fluctuations (along with their filtering capacity). Late summer PALS DO profile measurements
in 2017, 2018, and 2019 showed that deep water anoxia continues to be an impairment in Middle
Pond.

Overall, Middle Pond presents as an impaired system, but most of the impairments are its deep
waters. Continued monitoring and integration of the water quality and other ecosystem measures
is warranted to track how the bottom water impairments may be impacting surface waters. If the
Town considers a diagnostic assessment and management plan for Middle Pond in the future, it
should include updated land use analysis and water and nutrient budgets.

179 Eichner, E., S. Michaud, and T. Cambareri. 2006. First Order Assessment of the Indian Ponds (Mystic Lake, Middle Pond, and
Hamblin Pond). Cape Cod Commission. Barnstable, MA. 71 pp.
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I11.23. Mill Pond — Marstons Mills

Mill Pond (PALS# BA-746) is a six acre pond located in Marstons Mills. '8 It is located north of
Route 28 and west of Route 149. The pond is located near the terminus of the Marstons Mills
River and just above its discharge into Prince Cove. The pond is very shallow with a maximum

recorded depth of 1.4 m. Bathymetric and Pond Summary

sediment thickness measurements suggest Pond Mill

that the pond has gradually filled with

. ) ) Village Marstons Mills
sediments over the past three centuries (with &
. . . Area (acres) 6
sediment thickness of 7 ft in a 2000
Great Pond No

assessment).'®! Review of public databases M Pl N
also did not find a Mill Pond [ 2DAECTNCNMLTIAN one

diagnostic/feasibility study or a water Max Depth (m) 1.4 m (2002)

quality assessment, although nitrogen loads | St€ams :  inflow, 2 outflow
into and out of the pond were extensively | Lemperature stratified | No

measured as part of the part of the Three | Water Column Monitoring Summary

Bays Massachusetts Estuaries Project (MEP) PALS Years 2002-2003, 2005-2019
assessment 82 and two CSP/SMAST | Total # of samples 14 — 35 (depending on
evaluations ~ of  sediment  nitrogen |(including duplicates) | constituent)
contributions.'®> Management activities at | PALS % of WQ data 93%
the pond have included the herring run that | Average concentrations (PALS only; Deep n=3)
connects Middle Pond and Mill Pond to the | . Shallow | Deep Cape Cod
Three Bays estuary. threshold
TP (ug/L) 35 93 10
The latest Mill Pond watershed delineation | TN (mg/L) 0.67 0.84 0.31
was also completed as part of the Three | Chlorophyll a 25 6.0 17
Bays MEP assessment. The Mill Pond | (ug/L) ) ] ]

watershed includes the portions of watershed

to Mystic Lake, Middle Pond, Hamblin Pond, Long Pond, and Muddy Pond. Previous work by
the Town DPW showed the pond does not have a readily accessible public access point except
through the fish ladder property at the intersection of Routes 28 and 149 and the pond has
approximately 9 buildings around it.'®* Given its area, Mill Pond is not a Great Pond and review
of the on-line Town GIS does not have any ownership assigned to the parcel that contains the
pond.'® Mill Pond is not listed in the most recent MassDEP Integrated List of surface waters of
Massachusetts. '3

180 There is another Mill Pond in Barnstable: Mill Pond in West Barnstable (PALS# BA-391) is 17 acres.

181 | ycott Associates, Inc. 2000. Recommendation for Treatment for the Elimination of Rampant Aquatic Macrophyte Growth
at Mill Pond, Marstons Mills. Southbridge, MA. 62 pp.

182 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts. Department of Environmental Protection. Boston, MA. 183 pp.

183 Howes, B.L. D. Schlezinger, and R. Samimy. 2017. Fresh Pond Restoration and Management: Benthic Nutrient Flux of Mill
Pond, Town of Barnstable. School of Marine Science and Technology, University of Massachusetts Dartmouth. 8 pp.

184 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

185 https://gis.townofbarnstable.us/Html5Viewer/Index.html?viewer=propertymaps (accessed 4/5/21).

186 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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Management discussions of Mill Pond have generally focused on dredging the pond as a way to
partially restore its historic depth and to increase its residence time; increasing its volume would
increase its capacity to attenuate or decrease watershed nitrogen on its way to the Three Bays
estuary. Previous efforts have included a MEPA ENF filing to dredge the pond that was
subsequently withdrawn!®7 and identification of the pond as a Priority Habitat for Bridle Shiner,
which is a species of special concern in Massachusetts.'®® Previous work also identified
extensive wetlands surrounding the pond, especially where the river discharges into the pond,
and review of available aerial photographs suggest that these northern wetland areas have
expanded and changed over the last 20 years.

Among the available water column sampling data for Mill Pond included in the 2021 Barnstable
Pond and Lake Water Quality Database, 17 of the 20 samplings were PALS Snapshots and 95%
of the collected data was in August or September. Because Mill Pond is so shallow, many of the
collected PALS Snapshot samples were either duplicates at the same depth or samples at two
similar depths (i.e., 0.5 m and 1.0 m). PALS Snapshot sampling occurred in 2002-2003 and
2005-2019.

Review of the available data found that there were no statistically significant differences in
average shallow and deep concentrations among the PALS constituents, but deep average
concentrations for a number of constituents were notable greater than shallow averages (i.e., TN,
TP, chlorophyll a) and this may indicate some sediment contributions to the water column
measurements. Review of all available data showed that light usually reaches the bottom of the
pond (i.e., 14 of 15 available Secchi readings had the disc on the bottom). Surface DO
concentrations were almost always greater than the MassDEP regulatory minimum (5 mg/L), but
percent saturation levels generally showed the impact of sediment oxygen demand (e.g., 69% of
surface DO concentrations were less than 85% saturation). Average surface TP and TN
concentrations were notably greater than Cape Cod ecoregion thresholds (35 pg/L an 0.67 mg/L,
respectively) and all individual TP and TN readings were greater than the ecoregion thresholds.
Most of the individual surface chlorophyll a concentrations (69%) were greater than the
respective ecoregion threshold. Review of surface concentrations with time showed that only TP
concentrations had a significantly increasing trend (p<0.05), which appears to be consistent with
noted differences in the 2008 and 2016 sediment core incubations, which showed P uptake in
2008 and P release in 2016.'%°  N:P ratios showed that phosphorus was the key nutrient
determining water quality conditions in Mill Pond.

Overall, available water quality data presents Mill Pond as an impaired system, largely based on
the high nutrient and chlorophyll a concentrations. Much of the focus of its management to date
has been on ways to restore its water depth that has shallowed from sedimentation over the years
to increase nitrogen removal and help restore the Three Bays estuary. Defining the goals for this
pond would help to inform appropriate management options, including water quality
management options.

187 Horsley Witten Group. 2012. Environmental Notification Form: Mill Pond Improvement Project, Barnstable, MA. Prepared
for the Town of Barnstable. Sandwich, MA. 96 pp.

183 | etter from Thomas French, Assistant Director, MassDFW to Town of Barnstable Conservation Division. December 23, 2009.
RE: Dredge approximately 10 feet of sediment from the bottom of Mill Pond. 2 pp.

189 Howes, B.L. D. Schlezinger, and R. Samimy. 2017. Fresh Pond Restoration and Management: Benthic Nutrient Flux of Mill
Pond, Town of Barnstable.
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I11.24. Mystic Lake
Mystic Lake (PALS# BA-584) is a 148 acre Great Pond located in Marstons Mills. Mystic Lake
Pond is located south of Race Lane and east of Old Mill Road. It is one of the three ponds

addressed through the Indians Ponds Pond Summary
Association along with Hamblin Pond and | popd Mystic
Middle Pond. It is also one of three deep Village Marstons Mills
ponds in Barnstable that clearly meet the ["Areq (acres) 148

MassDEP cold water fishery criteria.!” Due Great Pond Yes

to water quality impairments especially Management Plan none

those deep in the pond, an alum treatment Max Depth (m) 14.6

was proposed in 2008, but was rejected by Streams 1 outflow

the Massachusetts Natural Heritage and Temperature stratified | Yes

Endangered Species Program (NHESP) over e Clollvinn Nilor iy Sy

concern of potential impacts on the

freshwater mussel community that included PALS Years 2001-2019 :

a number of state-listed species. In 2009, Total # of samples 60 — 246 (depending on
the deep water quality impairments reached (1nclud;ng duplicates) constltuent)o

shallower areas of the pond, a cyanobacteria |25 7o of WQ data 40%

bloom occurred. and it was estimated that | Average PALS concentrations (since Oct 2010

99.8% of the key NHESP-listed mussel |-2lum treatment)

species (tidewater mucket) died."”' In 2010, | agsay Shallow | Deep Chapehccl)g
the pond had an alum application in thresho
September/October.'®> Mystic Lake has had | 1P (ug/L) 17 214 10
a number of monitoring efforts focused on | TN (mg/L) 0.30 2.68 0.31
its management, both before'®> and after the | Chlorophyll a

3.0 2.1 1.7
2010 alum treatment.'™* Management (ng/L)

activities at the pond have also included hand pulling and herbicide treatments to address
invasive hydrilla and a herring run that connects Middle Pond, Mystic Lake and Mill Pond to the
Three Bays estuary.

The latest Mystic Lake watershed delineation was completed as part of the Three Bays
Massachusetts Estuaries Project (MEP) assessment.!”> The Mystic Lake watershed extends into
Sandwich and includes portions of the watersheds to Triangle Pond and Lawrence Pond. Mystic
Lake is upgradient of and part of the watersheds to Middle Pond and Hamblin Pond. Previous
work by the Town DPW showed the pond has two public access points, one off Race Lane and
another through the Danforth Recreation Area and approximately 51 buildings around it.!*®

190 The other two are Hathaway Pond and Hamblin Pond.

191 Bijodrawversity LLC. 2018. Freshwater Mussel Surveys in Mystic Lake and Middle Pond: 2007-2017 (Barnstable,
Massachusetts). Leverett, MA. 14 pp.

192 \Water Resources Services. 2011. Internal Phosphorus Load Inactivation in Mystic Lake, Barnstable, Massachusetts, 2010.
120 pp.

193 Eichner, E., S. Michaud, and T. Cambareri. 2006. First Order Assessment of the Indian Ponds: Mystic Lake, Middle Pond,
and Hamblin Pond. Cape Cod Commission. Barnstable, MA. 71 pp.

194 Water Resources Services. 2020. Mystic Lake Status Update. 29 pp.

195 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts. Department of Environmental Protection. Boston, MA. 183 pp.

19 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee
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Mystic Lake was assigned to Category 5 in the most recent MassDEP Integrated List of surface
waters in Massachusetts.!”’ Category 5 waters are impaired waters requiring a TMDL to address
the causes of the listed impairments. Impairments listed for Mystic Lake are low dissolved
oxygen and non-native aquatic plants.

The 2021 Barnstable Pond and Lake Water Quality Database includes 47 sampling dates for
Mystic Lake. Among the dates are 24 additional water column samplings at locations in the lake
other than the deepest point, mostly completed in support of pre- or post-alum treatment
monitoring. PALS Snapshot sampling data is 40% of the available data, while WRS sampling is
33% and sampling associated with the 2006 Cape Cod Commission sampling is 26%. It should
also be noted that there is more extensive supplemental monitoring data (e.g., phytoplankton,
zooplankton, mussel populations) that has been collected and should be considered in any
comprehensive assessment of Mystic Lake. PALS Snapshot sampling occurred every year from
2001 to 2019.

Water quality improved immediately following the 2010 alum treatment, but longer term
comparisons of pre- and post-alum water quality measures present a mixed assessment of the
water quality status of Mystic Lake. PALS Snapshot TP average concentrations at shallow and
deep stations pre- and post-alum treatment were not significantly different (p<0.05), but clarity
was significantly deeper and surface chlorophyll a averages were significantly lower post-alum.
It should be noted, however, that the post-alum surface chlorophyll a and TP averages (3.0 pg/L
and 17 pg/L) were still higher than the respective Cape Cod ecoregion thresholds. In addition,
all of the available DO readings a 9 m depth and deeper both before and after the alum treatment
were less than the MassDEP minimum (6 mg/L) and average DO concentrations at 9 m and
deeper were anoxic (<1 mg/L).

Overall, Mystic Lake presents as an impaired system. Water quality improved immediately
following the 2010 alum treatment, but those improvements have not been sustained and have
not had the longevity usually seen in other alum treatments (e.g., Hamblin Pond). Deep DO
concentrations continue to be significantly less than the MassDEP regulatory minimum and
shallow TP and chlorophyll a concentrations exceed Cape Cod ecoregion thresholds. If the
Town considers a diagnostic assessment and management plan for Mystic Lake in the future, it
should include updated land use analysis and water and nutrient budgets.

197 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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II1.25. Neck Pond
Neck Pond (PALS# BA-874) is a 14 acre Great Pond located in Osterville. It is located east of
Parker Road and west of West Street. It is part of a cluster of ponds, including Parker Pond and

Crystal Lake, between East Bay and West Pond Summary
Bay. The pond has a maximum recorded | pgopd Neck
depth among PALS Snapshot samplings of Village Osterville
11.5 m; review of public databases did not [ A eq (acres) 14

find a bathymetric map. Review of public ["Gicat Pond Yes
databases also did not show that Neck Pond Management Plan none

has had a diagnostic/feasibility study or a Max Depth (m) 115

water quality assessment.
Streams none

Some data shows deep
Temperature stratified | stratification; unclear if
it is sustained

Public databases also did not find a Neck
Pond watershed delineation. The pond is

located between the Massachusetts Estuaries o
Water Column Monitoring Summary

Project (MEP) watersheds to the Centerville

River/East Bay and Three Bays estuaries. | PALS Years 2001-2003, 2005-2013,

Previous work by the Town DPW showed TolZ of 1 ?2156_ 120;9 i
the pond has approximately 18 buildings ‘ota Ot samples o (depending on
around it'”® and no public access, although (including duplicates) | constituent)

’ 0 0
review of town parcel maps appears to show PALS % of WQ da‘Fa 100%
a portion of the Scudder Road right-of-way Average concentrations
extends to the pond."” The majority of the | assay Shallow | Deep Chapefcl’g
land around Neck Pond is owned by the thresho
Town of Barnstable. Neck Pond is not listed | TP (u&/L) 7 17 10
in the most recent MassDEP Integrated List | TN (mg/L) 0.37 0.51 0.31
of surface waters of Massachusetts.>*’ Chlorophyll a 12 15 17

(ug/l) ' ' '

All of the available water column sampling data for Neck Pond included in the 2021 Barnstable
Pond and Lake Water Quality Database, is from PALS Snapshots (17 dates) and 93% of the data
were collected in August or September. PALS Snapshot sampling missed a few years, but have
been relatively consistent; PALS Snapshot sampling occurred in 2001-2003, 2005-2013, and
2015-2019.

Available datasets have some issues with consistency that limit some of the conclusions that can
be drawn from the water quality results. For example, many of the DO profiles did not include
readings to within one meter of the bottom; readings often stopped 1 to 2 m above the bottom
missing low oxygen conditions that were sometimes measured at 8 m and deeper. The most
recent (2018 and 2019) monitoring has shown anoxic conditions in these deep waters, but
because this data was not consistently collected, it is not known how frequently these conditions
occur or if they have only recently developed.

198 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

199 https://gis.townofbarnstable.us/Html5Viewer/Index.html?viewer=propertymaps (accessed 4/6/21).

200 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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Review of the available data shows that the water column in Neck Pond was generally
isothermic to 7 or 8 m depth with occasional transition to colder temperatures in deep water with
differences significant enough to establish temperature stratification. Average DO
concentrations were above MassDEP minimum (5 mg/L) except for the deepest readings, which
averaged 4.1 mg/L with a couple of anoxic readings (<1 mg/L) in 2019. Average surface TP and
chlorophyll a concentrations were less than their respective ecoregion thresholds. Average deep
TP and TN concentrations were significantly higher (p<0.05) than the shallow averages, which
would be consistent with stratification and enhanced sediment regeneration caused by anoxia.
Total pigments also showed this pattern suggesting that the phytoplankton population was
relatively significant, but may peak earlier in the summer than the PALS Snapshot period.
Clarity readings were consistent with a moderate phytoplankton population (e.g., average clarity
was 6.4 m or 64% of the water column). Review of the shallow TP and TN concentrations do
not show any notable temporal trends, but they do show high variability perhaps due to
occasional release of sediment regenerated nutrients mixing into the upper water column. N:P
ratios showed that phosphorus was the key nutrient determining water quality conditions in Neck
Pond.

Overall, available data presents Neck Pond as an impaired system with generally acceptable
shallow conditions and regular deep water impairments. The available data have some
limitations that could be addressed through regular sampling that follows PALS Snapshot
protocols. In addition, since available water quality data has only been collected during August
and September, it is not known whether the available data are representative of average
conditions throughout the summer or if measured conditions only develop in late summer.
Collection of summer-long water quality data and key complementary data, such as complete
phytoplankton species (not just blue-greens) and cell counts throughout the summer and
sediment nutrient release rates would provide insights into how the impaired conditions develop
and are sustained. This information could then be combined with watershed information to
complete a diagnostic assessment of the relative sources of the nutrients and then an evaluation
of management options to ensure acceptable water quality throughout the Neck Pond water
column.
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I11.26. Parker Pond
Parker Pond (PALS# BA-875) is a 12 acre Great Pond located in Osterville. It is located west of
Parker Road and east of Eel River Road. It is part of a cluster of ponds, including Neck Pond

and Crystal Lake, between East Bay and Pond Summary
West Bay and is approximately 0.15 km | ponpd Parker
from the eastern lobe of West Bay. The Village Osterville
pond has a maximum recorded depth among |"A on (acres) 12

PALS Snapshot samplings of 6.4 m; revieW [ Great Pond Yes

of public databases did not find a Management Plan none
bathymetric map. Review of public Max Depth (m) 6.4

databases also did not show that Parker Pond
Streams none

has had a diagnostic/feasibility study or a

) Data shows deep
water quality assessment.

Temperature stratified | stratification; unclear if
it is sustained

Public databases also did not find a Parker i sl Il Sy

Pond watershed delineation. Parker Pond is

included in the West Bay watershed | PALS Years 2001-2003, 2005-2013,

delineated as part of Three Bays Totl % of 0 ?2154;(2)0119 i
Massachusetts Estuaries Project (MEP) ‘ota Ot samples o (depending on
assessment, but does not have a separate (including duplicates) | constituent)
i o 0

watershed delineation.?”! Previous work by |LALS % of WQ data 100%
the Town DPW showed the pond has |AVerage concentrations
approximately five buildings around it and | agsay Shallow | Deep Chapefcl)g
no public access to the pond.?> The thresho
majority of the land around Parker Pond is TP (ug/L) 16 44 10
owned by either the Wianno Club or | TN (mg/L) 0.74 2.39 0.31
Barnstable Land Trust.”> Parker Pond is | Chlorophylla

. : 7.0 46.2 1.7
not listed in the most recent MassDEP [ (ng/L)

Integrated List of surface waters of Massachusetts.?%

All of the available water column sampling data for Parker Pond included in the 2021 Barnstable
Pond and Lake Water Quality Database, is from 17 PALS Snapshot samplings and 94% of the
data were collected in August or September. PALS Snapshot sampling missed a few years, but
have been relatively consistent; PALS Snapshot sampling occurred in 2001-2003, 2005-2013,
and 2015-2019.

Review of the available data shows that the water column in Parker Pond generally was cold
enough at 5 m depth to be thermally stratified. This temperature stratification led to regular
anoxia in deep waters; average deep DO was 0.3 mg/L (n=17). Many of the available profiles

201 Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner. 2006. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for Three Bays, Barnstable, Massachusetts. Massachusetts Estuaries
Project, Massachusetts. Department of Environmental Protection. Boston, MA. 183 pp.

202 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

203 https://gis.townofbarnstable.us/Html5Viewer/Index.html?viewer=propertymaps (accessed 4/20/21).

204 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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showed low DO conditions at shallower depths as well, often related to depth where the
temperature transition to colder, deeper water began. Hypoxic DO concentrations were regularly
measured at the 4 m depth and occasionally at 3 m depth. Average shallow TP, TN, and
chlorophyll a concentrations were all greater than their respective Cape Cod ecoregion thresholds
and all individual TP, TN, and chlorophyll a concentrations were also greater than the thresholds.
Average deep TP and TN concentrations were significantly higher (p<0.05) than the shallow
averages, which would be consistent with enhanced sediment regeneration caused by anoxia.
Chlorophyll a and total pigments also showed this pattern suggesting that the phytoplankton
population was significant. Clarity readings were notably limited with an average of only 1.3 m
or 23% of the water column visible. N:P ratios showed that phosphorus was the key nutrient
determining water quality conditions in Parker Pond.

Review of the shallow TP and TN concentrations show significant temporal trends (p<0.05),
although in different directions. Shallow TP concentrations were increasing between 2001 and
2019, while shallow TN concentrations were decreasing. This difference is likely due to changes
in internal P regeneration from the sediments and decreases in watershed occupancy rates,
respectively, but further evaluations would be necessary to clarify why these trends are
occurring.

Overall, available data presents Parker Pond as an impaired system, largely based on the high
nutrient and chlorophyll a concentrations and regular bottom water anoxia. Since available water
quality data have only been collected during PALS Snapshots, it is not known whether the
available data are representative of average conditions throughout the summer or if these
conditions only develop in late summer. Collection of summer-long water quality data and key
complementary data, such as complete phytoplankton species (not just blue-greens) and cell
counts throughout the summer and sediment nutrient release rates would provide insights into
how the impaired conditions develop and are sustained. This information could then be
combined with watershed information to complete a diagnostic assessment of the relative sources
of the nutrients and then an evaluation of management options to ensure acceptable water quality
throughout the Parker Pond water column.
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I11.27. Red Lily Pond

Red Lily Pond (PALS# BA-782) is a 4.5-acre pond in Centerville and is linked to Lake Elizabeth
(PALS# BA-795) through a culvert under Centerville Avenue. Red Lily Pond is located west of
Old Craigville Road and east of Lake Elizabeth Drive. Aside from the connection to Lake
Elizabeth, it has two small inflow streams from adjacent wetlands at the north and west sides of
the main basin.?®> The pond has had numerous measurements, studies, and one complete year of

monthly water quality measurements Pond Summary

collected in 1985 as part of a [pj 4 Red Lily

diagnostic/feasibility assessment that was [/, ge Centerville

completed for the combined Red Lily 45

Pond/Lake Elizabeth system.?’¢  The Gizzt(;?:s) No

bgthyrnej[rlc map 1 the 1988 Management Plan Last completed in 1988
diagnostic/feasibility study has 1 ft Max Depth (m) Lo

contours and a maximum depth contour

of 4 ft located close to Centerville | Streams 2 inflows (from wetlands),

1 outflow to Lake Elizabeth

Avenue. Maximum depth among the

PALS Snapshot samplings was 1.17 m | Lomperature

! n
stratified °

(3.8 ft). The combined pond system has

had numerous management options Water Column Monitoring Summary

2001-2003, 2008-2013,

implemented including installation of a
p g PALS Years 2018, 2019

cluster septic system (1994), stormwater .
treatment (1998), subsidence dredging | 10tal # of samples 13 - 35 (depending on

and reverse layering of sediments (2000- (includoing duplicates) | constituent) -
2001), sand relayering (2003), and | PALS % of WQ data 74%

hydroraking (2011). Total cost of | Average PALS concentrations (since 2003
implementing  management  options relayering)

between 1996 qnd 2005 (incl}lding local assay Shallow | Deep Cape Cod
match and in-kind services) was threshold
$686,000.27 Other management | TP (ug/L) 16 n/a 10
activities at the pond have also included a | TN (mg/L) 1.43 n/a 0.31
herring run that connects Red Lily Pond | Chlorophyll a (ug/L) 9.2 n/a 1.7

and Lake Elizabeth to the Centerville River estuary.

Red Lily Pond is within a Lake Elizabeth/Red Lily Pond subwatershed delineated in the
Centerville River Massachusetts Estuaries Project (MEP) assessment, but the Red Lily Pond
does not have a separate watershed delineation.?”® Previous work by the Town DPW showed it
did not have a public access point and approximately 22 buildings surrounded it.?%

205 K-y Associates, Inc. and IEP, Inc. 1988. Red Lily Pond Diagnostic/Feasibility Study. Prepared for Town of Barnstable. 260
pp.

206 1pjd.

207 ENSR Technical Review. February 1, 2008. Third Party Peer Review of Proposal entitled “Feasibility Study for Restoration of
Water and Sediments at Red Lily Pond; Craigville, Massachusetts.” From D. Mitchell. To: D. Saad, Special Project
Manager, Town of Barnstable Department of Public Works. 50 pp.

208 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

209 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee
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Red Lily Pond is listed separately from Lake Elizabeth in the most recent MassDEP Integrated
List of surface waters of Massachusetts and is assigned to Category 5.2!° Category 5 waters in
the Integrated List are impaired waters requiring a TMDL to address the listed impairments.
Impairments listed for Red Lily Pond are high fecal coliform, nutrient/eutrophication biological
indicators and aquatic plants (macrophytes). If Red Lily Pond and Lake Elizabeth are treated as
a composite pond, the combined area is greater than 10 acres and it would be considered a Great
Pond. The separate treatment of the ponds in the Integrated List suggests that MassDEP regards
them as separate ponds; from this perspective, Red Lily Pond is not a Great Pond and therefore is
not state owned.

Among the available water column sampling data included in the 2021 Barnstable Pond and
Lake Water Quality Database, 74% of the available data is PALS Snapshot data, so the majority
of data were collected in August and September. Most of the collected readings were collected
at shallow depth (0.5 m); only two sampling runs have water quality samples collected at a depth
of 0.8 or deeper. Average TP, TN, and chlorophyll a concentrations since the 2003 relayering
exceed their respective Cape Cod ecoregion standards and show no statistically significant
differences from results collected in 1985 during diagnostic/feasibility study. All of the
individual TN readings and 75% of the TP readings since 2003 exceed their respective Cape Cod
ecoregion thresholds. PALS Snapshot data was not collected consistently between 2001 and
2019, so trend analysis is not available. PALS Snapshot data was collected 2001-2003, 2008-
2013, 2018, and 2019. N:P ratios showed that phosphorus was the key nutrient for determining
water quality conditions in Red Lily Pond.

Although there were no statistically significant differences between 1985 and post-2003
readings, there were some notable differences that should guide future management activities.
Deep DO readings (readings at 0.8 m or greater) averaged less than the MassDEP minimum (5
mg/L) and two of the six deep readings were anoxic (DO <1 mg/L), which is unusual in very
shallow ponds. Anoxic conditions could facilitate sediment regeneration of phosphorus and
prompt additional phytoplankton growth if these conditions are sustained for a sufficient period
during the summer. Only two deep water quality samples have been collected since 2003 (in
2018 and 2019), so it is unclear whether significant sediment P regeneration is regularly
occurring.

Overall, available data presents Red Lily Pond as an impaired system. Impairment is based on
high TP, TN, and chlorophyll concentrations and occasional deep water anoxia. Available data
suggests that there is no significant water quality difference between current water quality
conditions and the water quality prior to the 2003 reverse layering. More definitive and
comprehensive assessment data including aquatic plant populations (both rooted and
phytoplankton) and water quality results throughout a summer would be necessary to fully assess
how or if the system has changed significantly. Most of the available data was collected through
PALS Snapshots. Determining the relative source(s) of the high water column nutrient levels in
Red Lily Pond would require an updated review of watershed inputs, measurement of sediment
nutrient contributions, measurement of stream inputs and outflows, potential stormwater

210 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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inputs,?!! characterization of the rooted plant community, measurement of water column
readings and phytoplankton populations throughout the summer. This type of assessment is
typically completed through a management plan. A management plan would include
quantification of the relative contributions of phosphorus from the sediments and the watershed,
a review all applicable options to address the water quality impairments, and cost estimates for
all applicable options.

211 No stormwater outfalls were noted around Red Lily Pond in 2019 Town review of stormwater infrastructure (Comprehensive
Environmental Inc. 2019), but the roads adjacent to the pond may have overland flow to the lake that was not noted.
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I11.28. Round Pond
Round Pond (PALS# BA-691) is a 9.8 acre pond located in Marstons Mills. It is located north of
Old Falmouth Road and east of Flint Street. It is approximately 0.1 miles south of Shubael Pond.

The pond has a maximum recorded depth Pond Summary

among PALS Snapshot samplings of 4.8 m; | pond Round
review of public databases did not find a Village Marstons Mills
bathymetric map. Review of public Area (acres) 038

databases also did not show that Round Great Pond maybe

Pond has had a diagnostic/feasibility study Management Plan P

or a water quality assessment. Max Depth (m) 23

Public database review also did not find a "?“ggli)?:ature <atified Egne

Round Pond watershed delineation. Round
Pond is included in the Skunknet
River/Skunknet Pond watershed delineated
as part of Centerville River Massachusetts
Estuaries Project (MEP) assessment, but the

Water Column Monitoring Summary

PALS Years

2001-2003, 2005,
2007-2013, 2017-2019

Total # of samples

14 - 27 (depending on

pond does not have a separate watershed (including duplicates) | constituent)
0 0

delineation.?'? Previous work by the Town PALS % of WQ data 100%
DPW showed the pond has approximately Average concentrations
14 buildings around it and public access at a | assay Shallow | Deep Chapefcl’g
landing off Old Falmouth Road.?'* Round thresho
Pond is not listed in the most recent | LP (ug/L) 19 29 10
MassDEP Integrated List of surface waters | LN (mg/L) 0.46 0.52 0.31
of Massachusetts.?!* Chlorophyll a ]2 13.9 17

(ug/L)

All of the available water column sampling data for Round Pond included in the 2021 Barnstable
Pond and Lake Water Quality Database, is from 14 PALS Snapshot samplings and all of the data
were collected in August or September. PALS Snapshot sampling occurred in 2001-2003, 2005,
2007-2013, and 2017-2019.

The area of Round Pond is very close to the 10 acre Great Pond threshold. Review of historic
aerial photos show that it is difficult to accurately measure the pond surface area due to
overhanging trees along the shoreline. A 2017 Massachusetts Great Pond list produced by the
state for Chapter 91 enforcement includes Round Pond.?!"®

Review of the available data shows that the water column in Round Pond was generally
isothermic with no significant differences in temperature throughout the water column. DO
readings, however, showed statistically significant differences (p<0.05) between average shallow

212 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

213 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

214 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.

215 hitps://www.mass.gov/doc/massachusetts-great-ponds-list/download (accessed 4/8/21).
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and deep water concentrations with deepest waters averaging less than the MassDEP minimum
(5 mg/L) and anoxia in 44% of the deepest readings (n=9). Average surface TP, TN, and
chlorophyll a concentrations were all much greater than their respective Cape Cod ecoregion
thresholds and 85%, 100%, and 86% of the individual shallow concentrations were also greater
than the respective thresholds. Average deep TP, TN, and chlorophyll a concentrations were all
higher than shallow averages, but were not significantly higher (p<0.05). Clarity readings
averaged 2.4 m or 54% of the water column visible. N:P ratios showed that phosphorus was the
key nutrient determining water quality conditions in Round Pond.

Review of the shallow TP, TN, and chlorophyll a concentrations do not show any notable
temporal trends, but do show a large amount of variability. This variability is likely related to
the deep anoxia that was occasionally measured. If anoxia persists long enough, the pond
sediments can become a significant additional source of phosphorus causing a rapid rise in
phosphorus concentrations and prompt phytoplankton growth (i.e., high chlorophyll a
concentrations). The lack of significant differences between shallow and deep average
concentrations suggest the deep anoxia is an occasional occurrence, but more frequent
monitoring would be necessary to confirm whether anoxia is occurring more frequently or for
longer periods in recent years.

Overall, available data presents Round Pond as an impaired system, largely based on the high
nutrient and chlorophyll a concentrations and occasional bottom water anoxia. Since available
water quality data have only been collected during the PALS Snapshots, it is not known whether
the available data are representative of average conditions throughout the summer or if these
conditions only develop in late summer. Collection of summer-long water quality data and key
complementary data, such as continuous measures of deep water DO concentrations,
characterization of phytoplankton species throughout the summer (not just blue-greens and
including cell counts), a submerged aquatic plant survey, and sediment nutrient release rates
would provide insights into how the impaired conditions develop and are sustained. This
information could then be combined with watershed information to complete a diagnostic
assessment of the relative sources of the nutrients and then an evaluation of management options
to ensure acceptable water quality throughout the Round Pond water column.
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I11.29. Schoolhouse Pond

Schoolhouse Pond (PALS# BA-806) is a 3.6 acre pond located in Hyannis. It is located east of

Scudder Avenue and south of Marston Avenue.

among PALS Snapshot samplings of 2.2 m;
review of public databases did not find a
bathymetric map. Review of public
databases also did not show that
Schoolhouse Pond has had a
diagnostic/feasibility study or a water
quality assessment.

Review of public databases also did not find
a Schoolhouse Pond watershed delineation.
Schoolhouse Pond is included in the
Hyannis Harbor West watershed delineated
as part of Lewis Bay Massachusetts
Estuaries Project (MEP) assessment, but
does not have a separate watershed

The pond has a maximum recorded depth

Pond Summary

Pond Schoolhouse
Village Hyannis
Area (acres) 3.6
Great Pond no
Management Plan none
Max Depth (m) 2.2
1 inflow from wetland
Streams

to east

Temperature stratified

no

Water Column Monitoring Summary

PALS Years

2001-2003, 2007-2013,
2017-2019

Total # of samples

13 - 26 (depending on
constituent)

delineation.?! Previous work by the Town (including duplicates)

DPW showed the pond has approximately PALS % of WQ data 100%

17 buildings around it and no public Average concentrations (deep 1.5 m samples not

access,”!” although review of town parcel consistently collected; n=4)

maps seems to show a portion of the | a5gay Shallow | 1.5m | €3P¢€ Cod
Prospect Avenue right-of-way extends to the threshold
pond.2'"®  Schoolhouse Pond is not listed in | 1P (1g/L) 116 70 10
the most recent MassDEP Integrated List of | TN (mg/L) 1.45 121 0.31
surface waters of Massachusetts.?!” 8;75;’1)11}’11 a 506 271 17

All of the available water column sampling data for Schoolhouse Pond included in the
Barnstable Pond and Lake Water Quality Database is from 13 PALS Snapshot samplings and all
of the data were collected in August or September. PALS Snapshot sampling occurred in 2001-
2003, 2007-2013, and 2017-2019.

Review of the available data shows that the water column in Schoolhouse Pond was generally
isothermic with most column measurements having less than 1 to 2°C difference between
shallow and deep readings, but occasionally having 4 to 5°C differences. DO readings, however,
showed statistically significant differences (p<0.05) between average shallow and deep (>1.5 m)
concentrations. Overall, 64% of the 14 deep readings were less than the MassDEP regulatory
minimum (5 mg/L) and 29% were anoxic. Average surface water TP, TN, and chlorophyll a

216 Howes B., H. Ruthven, E. Eichner, J. Ramsey, R. Samimy, D. Schlezinger. 2008. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for the Lewis Bay System, Towns of Barnstable and Yarmouth, MA.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 253 pp

217 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

218 hitps://gis.townofbarnstable.us/Html5Viewer/Index.html?viewer=propertymaps (accessed 4/8/21).

219 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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concentrations were all significantly greater than their respective Cape Cod ecoregion thresholds
and all of the individual shallow concentrations were also greater than the respective thresholds.
Average TP, TN, and chlorophyll a deep water concentrations were not significantly different
from the surface averages. Clarity readings averaged 0.9 or 45% of the water column, which is
consistent with high nutrient and chlorophyll a concentrations; Secchi readings in 2 m deep
ponds with lower nutrient concentrations typically show light reaching the pond bottom (i.e.,
seeing the disc on the bottom of the pond). N:P ratios showed that phosphorus was the key
nutrient determining water quality conditions in Schoolhouse Pond.

Review of the shallow TP, TN, and chlorophyll a concentrations do not show any notable
temporal trends, but do show a large amount of variability. This variability is likely related to
the occasional deep anoxia that has been measured; DO readings at depth between 1.9 and 2.5 m
(n=5) averaged 2.9 mg/L with two anoxic readings (i.e., <1 mg/L). If anoxia persists for long
enough, pond sediments can become a significant additional source of phosphorus causing a
rapid rise in water column phosphorus concentrations which would prompt phytoplankton
growth (i.e., high chlorophyll a concentrations). High variability would also occur if
phytoplankton populations bloom and then senesce to the bottom or if there is periodic water
column mixing.

Overall, available data presents Schoolhouse Pond as an impaired system, largely based on the
high nutrient and chlorophyll a concentrations and occasional bottom water anoxia. Since
available water quality data have only mostly been collected during the PALS Snapshots, it is not
known whether the available data are representative of average conditions throughout the
summer or if these conditions only develop in late summer. Collection of summer-long water
quality data and key complementary data, such as continuous measures of deep DO
concentrations, characterization of phytoplankton species throughout the summer (not just blue-
greens and including cell counts), a submerged aquatic plant survey, and sediment nutrient
release rates would provide insights into how the impaired conditions develop and are sustained.
This information could then be combined with watershed information to complete a diagnostic
assessment of the relative sources of the nutrients and then an evaluation of management options
to ensure acceptable water quality throughout the Schoolhouse Pond water column.
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I11.30. Shallow Pond
Shallow Pond (PALS# BA-626) is a 78 acre Great Pond located in Centerville. It is located east
of Huckins Neck Road and west of Route 132. The pond has a maximum recorded depth among

PALS Snapshot samplings of 2.5 m. A Pond Summary
bathymetric =~ map  in  a 1991 | pond Shallow
diagnostic/feasibility  study showed a [illage Centerville
maximum contour of 2 m;*** this study A ea (acres) 78

appears to be the most recent water quality [ Great Pond Yes
assessment of Shallow Pond. Management Plan Yes (1991)
Shallow Pond is positioned close to the g{f:aflipth (tn) 121.05ne

regional groundwater divide between Cape Temperature stratified | no

Cod Bay and Vineyard Sound. Watershed T

delineations and groundwater flow in this

area is complicated because of the divide | PALS Years 2001-2003, 2008-2013,

and the high density of large ponds in a Totl# of 0 ?2174;(2)0118 di
relatively small area. The watershed ‘ota [Of sampies o (depending on
delineations in the Centerville River (including duplicates) | constituent)

0 0
Massachusetts Estuaries Project (MEP) PALS % of WQ data 70%

Average concentrations (since 2001)

assessment did not have a separate Shallow

Pond watershed; Shallow Pond was part of a | asgay Shallow | Deep Chape}?(fg
combined Wequaquet Lake/Bearses thresho
Pond/Shallow Pond watershed.??! A 2009 | TP (ug/L) 13 16 10
water  quality  assessment  delineated | TN (mg/L) 0.46 0.48 0.31
watersheds to Shallow Pond and each of the | Chlorophyll a

: ) 4.5 11.5 1.7
basins of Wequaquet Lake.””>  This | (ug/L)

delineation had outflow from the pond along most of its shoreline and only a small watershed
along its eastern shoreline. Previous work by the Town DPW showed the pond has
approximately 39 buildings around it and public access off Huckins Neck Road.??* Shallow
Pond is assigned to Category 3 (“no uses assessed”) in the most recent MassDEP Integrated List
of surface waters of Massachusetts.??*

Water column sampling data for Shallow Pond included in the 2021 Barnstable Pond and Lake
Water Quality Database is from the 1991 diagnostic/feasibility study and 11 PALS Snapshot
samplings. Diagnostic/feasibility sampling occurred on 19 dates in 1985-1986; additional data
included in the 1991 assessment include phytoplankton and fish sampling, sediment analysis and

220 k-v Associates, Inc. and IEP, Inc. 1991. Shallow Pond Diagnostic-Feasibility Study. Clean Lakes Program, Massachusetts
Department of Environmental Protection. Falmouth, MA and Barnstable, MA. 298 pp.

221 Howes B., H. Ruthven, E. Eichner, J. Ramsey, R. Samimy, D. Schlezinger. 2008. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for the Lewis Bay System, Towns of Barnstable and Yarmouth, MA.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 253 pp

222 Eichner, E. 2008. Lake Wequaquet Water Quality Assessment. Completed for the Town of Barnstable and the Cape Cod
Commission. Coastal Systems Program, School of Marine Science and Technology, University of Massachusetts
Dartmouth. 81 pp.

223 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

224 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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stormwater runoff measurements. PALS Snapshot data was the only available sampling data
since the completion of the diagnostic/feasibility study. PALS Snapshot sampling occurred in
2001-2003, 2008-2013, and 2017-2018.

Review of the available PALS data since 2001 shows that the water column in Shallow Pond is
generally isothermic with less than 1°C average difference between shallow and deep readings.
Average shallow DO is slightly greater than the average deep water concentration, but only 2 of
the 11 individual deep readings were less than the MassDEP regulatory minimum (5 mg/L) and
none were anoxic. Average shallow TP, TN, and chlorophyll a concentrations were all greater
than their respective Cape Cod ecoregion thresholds and there was no significant difference
between shallow and deep average concentrations for TP, TN, or chlorophyll a. All of the
individual shallow and deep TN and chlorophyll a concentrations were greater than the
respective Cape Cod ecoregion thresholds, while 75% of the shallow and deep TP concentrations
were greater than the TP ecoregion threshold. Clarity readings averaged 99% of the water
column with 82% of the readings having light reaching the bottom (i.e., 100% of the water
column). Review of the shallow TP and chlorophyll a concentrations since 2001 show
increasing concentrations, but these trends are not significant largely due to high variability in
the concentrations from year to year. TN concentrations do not show any change with time. N:P
ratios showed that phosphorus was the key nutrient determining water quality conditions in
Shallow Pond.

Overall, available data presents Shallow Pond as having borderline impaired conditions that
could be acceptable depending on management objectives. DO concentrations were generally
greater than MassDEP regulatory minimum and clarity has been generally excellent with light
penetration extending to the bottom in most readings. Average shallow and deep TP
concentrations are greater than the respective Cape Cod ecoregion thresholds, but not
exceptionally greater. Average TN and chlorophyll concentrations are much higher, but they
may be acceptable in the context of a shallow pond. In addition, since all of readings since 2001
are PALS Snapshot samples collected during August and September, the measured conditions
should represent the worst water quality conditions of each year. With all that in mind, other
management concerns that are not addressed through the available data are whether submerged
aquatic plants are restricting uses of the pond. Review of available historic photographs do not
show any notable changes in submerged aquatic plants over the past 15 years, but further review
and discussions with users of the pond may provide guidance on management concerns.

If the Town decides to purse an update of the diagnostic/feasibility study, key complementary
data will be needed to definitively resolve whether other aspects of the system are as acceptable
as the water column sampling results.  These complementary data should include
characterization of phytoplankton species throughout the summer (not just blue-greens and
including cell counts), a submerged aquatic plant survey, stormwater sampling, and collection of
sediment cores to measure sediment nutrient release rates. This information could then be
combined with watershed information to complete a diagnostic assessment and this could then be
used to inform discussion of management goals and options for Shallow Pond.
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I11.31. Shubael Pond
Shubael Pond (PALS# BA-664) is a 55 acre Great Pond located in Marstons Mills. It is located
east of Route 149 and south of Race Lane. The pond has a maximum recorded depth among

PALS Snapshot samplings of 13.4 m, which Pond Summary

is consistent with the maximum 40 ft (12.2 | pond Shubael

m) contour in the MassDFW bathymetric Village Marstons Mills
map included in the Cape Cod Pond and [ A ey (acres) 55

Lake Atlas.** Review of public databases | Great Pond Yos

did not show that Shubael Pond has had a

diagnostic/feasibility study or a water | Management Plan 12\1(;)2’1]3 ut planned for
quality assessment, although the Town has Max Depth (m) 13.4

recently asked CSP/SMAST to collect data S
treams none

for such an assessment. Other management Temperature stratified | yes

activities at the pond have also included Water Column Monitorine Summa
Massachusetts Division of Fisheries and U g ou Ly

Wildlife stocking of the pond with various | PALS Years 2001-2003, 2007-2013,
f g 226 2017-2019
trout species.

Total # of samples 14 - 59 (depending on
Shubael Pond watershed was delineated as (including duplicates) | constituent)
PALS % of WQ data 85%

part of the Centerville River Massachusetts _ .
Estuaries Project (MEP) assessment.?? This | ZAVerage concentrations (since 2001)

watershed, which is based on US Geological | Agsay Shubael | Deep Cape Cod
Survey groundwater modeling,??® showed threshold
that flow out of the pond is divided between TP (ug/L) 10 30 10
the Centerville River and Three Bays | IN (mg/L) 0.37 0.75 0.31
estuaries. Previous work by the Town DPW | Chlorophyll a 25 1.7 1.7
showed the pond has approximately 22 [ (ng/L) ‘ ' '

buildings around it and two public access points: 1) a boat ramp at the end of Willimantic Drive
and 2) at the end of a right-of-way called Shubael Pond Road.??” Shubael Pond is assigned to
Category 3 (“no uses assessed”) in the most recent MassDEP Integrated List of surface waters of
Massachusetts. >3

Among the available water column sampling data for Shubael Pond included in the 2021
Barnstable Pond and Lake Water Quality Database, 13 of the 27 of the sampling dates were from
PALS Snapshots and 95% of the available data were collected in August or September. Among

225 Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith. 2003. Cape Cod Pond and Lake Atlas. Cape
Cod Commission. Barnstable, MA.

226 https://www.mass.gov/service-details/trout-stocking-report (accessed 8/12/21)

227 Howes B., H. Ruthven, E. Eichner, J. Ramsey, R. Samimy, D. Schlezinger. 2008. Linked Watershed-Embayment Model to
Determine Critical Nitrogen Loading Thresholds for the Lewis Bay System, Towns of Barnstable and Yarmouth, MA.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 253 pp

228 \alter, D.A. and A. Whealan. 2004. Simulated Water Sources and Effects of Pumping on Surface and Ground Water,
Sagamore and Monomoy Flow Lenses, Cape Cod, Massachusetts. USGS Scientific Investigations Report 2004-5181.
92 pp.

229 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

230 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.
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the data are also readings from a 1992 Living Lakes, Inc report that includes 11 sampling dates
between 1986 and 1991, where water column readings and samples were mostly collected from
one or two depths.??! PALS Snapshot sampling occurred in 2001-2003, 2007-2013, and 2017-
2019.

Review of the available data collected since 2001 shows that the water column in Shubael Pond
in late summer was generally thermally stratified with a warm, well-mixed, upper layer of 6 to 8
m, a 1 to 2 m transition zone, and cold water below the transition zone. Average DO
concentrations in the warmer upper layer were near atmospheric equilibrium (i.e., 100% DO
saturation), while waters deeper than the transition layer (usually 9 m and deeper) were hypoxic
(average = 1.2 mg/L DO; n=17). Average shallow TP concentration since 2001 was slightly less
than the 10 pg/L TP Cape Cod ecoregion threshold, however, average TP concentrations at 3 m,
9 m, and the deepest readings were all greater than the ecoregion threshold. Average TP
concentrations at 9 m and deeper depths were both significantly greater (p<<0.05) than the
shallow and 3 m averages. The average deep water TP concentration was nearly 3X the average
shallow TP concentration. Average TN and chlorophyll a concentrations at shallow, 3 m, 9 m,
and deep sampling depths were all greater than their respective Cape Cod ecoregion thresholds.
Clarity readings averaged 4.4 m or 38% of the water column. Review of the Shubael Pond
shallow PALS TP concentrations showed a significant increasing (p<0.05) temporal trend, but
shallow TN did not, suggesting that the TP increase is likely related to internal sediment
regeneration rather than watershed inputs. N:P ratios showed that phosphorus was the key
nutrient determining water quality conditions in Shubael Pond.

Overall, available data presents Shubael Pond as having borderline impaired water quality in its
shallow waters, but significantly impaired conditions in the deeper bottom waters based on low
DO concentrations and high TP, TN, and chlorophyll a concentrations. The increasing trend in
shallow TP levels since 2001 suggests that water quality conditions will worsen with time. Since
available water quality data since 2001 have been mainly collected during PALS Snapshots in
August and September, it is not known whether the available data are representative of average
conditions throughout the summer or if these conditions only develop in late summer. Collection
of summer-long water quality data and key complementary data, such as continuous measures of
deep water DO concentrations, characterization of phytoplankton species throughout the summer
(not just blue-greens and including cell counts), a submerged aquatic plant survey, and
measurement of sediment nutrient release rates would provide insights into how the impaired
conditions develop and are sustained. Data collection of these parameters and additional
surveys, such as an updated bathymetric map, are currently being completed by CSP/SMAST
through a project with the Town DPW. This information will be combined with watershed
information to complete a diagnostic assessment of the relative sources of the nutrients and then
an evaluation of management options to ensure acceptable water quality throughout the Shubael
Pond water column. If funding is approved, a draft diagnostic assessment/management plan of
Shubael Pond will be completed in November 2021.

21 This data was included in the 2008 Barnstable Pond Status Report (Eichner, 2008), but the Living Lakes report was not
available for re-review in the current project.
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I11.32. Wequaquet Lake

Wequaquet Lake (PALS# BA-605) is a 661-acre Great Pond in Centerville. The total surface

area of the Lake includes two named

Pond Summary

ponds: Bearse Pond (PALS# BA-617)

and Gooseberry Pond. Wequaquet Lake | Fond Wequaquet

is located east and south of Shootflying | Village Cente'rvﬂle'

Hill Road and west of Huckins Neck | Area (acres) 661 (including Bearse Pond
Road. The Lake has five deep basins with and Gooseberry Pond)
two in the main portion of the pond (426 | Great Pond Yes

acre surface area) and then one each in | Management Plan 2013

Gooseberry Pond, Bearse Pond, and a 21 | Max Depth (m) 9.8

acre south basin. A stream outflow from | Streams 1 outflow

the south basin at Phinneys Lane flows Temperature Temporary stratification
under Route 28 and into Long Pond. The stratified measured in 2015

pond has had numerous studies and
summer-long measurements collected,
including a 1989 diagnostic/feasibility
assessment,”*?> a 2009 water quality
assessment,”> continuous water column

continuous recording

Water Column Monitoring Summary

PALS Years

2002-2003, 2005-2015,
2017-2018

Total # of samples

recordings in 2014%* and 2015 (with | (including 35 _t!tO4 (?ependmg on
incubation of sediment cores for | duplicates) constituent)
measuring nutrient release)?*®, and a 2013 | PALS % of WQ data 36%

profiling and long-term management | Average concentrations (since 2001)

plan.*® Management activities at the pond Cape Cod
have included herbicide applications and | #558Y Shallow | Deep | o 1 01d
suction dredging to control fanwort**” and [ Tp (ng/L) 19 29 10
the herring run that connects Wequaquet | TN (mg/L) 0.43 0.48 0.31
Lake and Long Pond to the Centerville | Chlorophyll a (ug/L) 4.4 3.9 1.7

River estuary.

Wequaquet Lake is part of a combined Wequaquet Lake/Shallow Pond subwatershed delineated
in the Centerville River Massachusetts Estuaries Project (MEP) assessment, but does not have a

232 IEP, Inc. and K-V Associates, Inc. 1989. Diagnostic/Feasibility Study of Wequaquet Lake, Bearse, and Long Pond. Prepared
for Town of Barnstable Conservation Commission. 150 pp.

233 Eichner, E. 2009. Lake Wequaquet Water Quality Assessment. Completed for the Town of Barnstable and the Cape Cod
Commission. Coastal Systems Program, School of Marine Science and Technology, University of Massachusetts
Dartmouth. 81 pp.

234 cSP/SMAST Technical Memorandum. February 3, 2015. Summary of Continuous Monitoring at two stations in Lake
Wequaquet, Main Basin (Station #2) and Bearses Pond (Station #5), between August 15 and October 7, 2014. From:
E. Eichner, B. Howes, and D. Schlezinger. To: R. Gatewood, Town of Barnstable Conservation Administrator, P.
Canniff, President, Wequaquet Lake Protective Association, and G. Maguire, Vice President, Wequaquet Lake
Protective Association. 24 pp.

235 cSP/SMAST Technical Memorandum. March 22, 2016. Continuous Monitoring at Main Basin and Bearses Pond (Station #5),
Bearses Pond sediment cores, and Bearses Pond Management Options. From: E. Eichner, B. Howes, and D.
Schlezinger. To: D. Karle, Town of Barnstable Conservation Administrator, P. Canniff, President, Wequaquet Lake
Protective Association, and G. Maguire, Vice President, Wequaquet Lake Protective Association. 22 pp.

236 \Woods Hole Group, Inc. 2013. Wequaquet Lake Profiling and Long-Term Management Plan. 126 pp.

237 solitude Lake Management. 2020. Barnstable Ponds Report: Wequaquet Lake. Shrewsbury, MA. 9 pp.
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separate watershed delineation.>*® The US Geological Survey groundwater modeling completed
for the MEP also shows that a portion of downgradient flow out of Wequaquet Lake flows
toward Barnstable Great Marshes along a portion of its northern shoreline; this means that
Wequaquet Lake is situated along the regional groundwater divide between Cape Cod Bay and
Vineyard Sound. A 1998 hydrology study of the area showed that the lake generally dampens
the effects of groundwater fluctuations in the area, but lake levels can increase significantly if
seasonal precipitation rates are exceptionally high.?** Previous work by the Town DPW showed
the lake has a public access at a beach and boat ramp off Shootflying Hill Road and
approximately 232 buildings around it.>** Wequaquet Lake is a Great Pond and is listed and
categorized as a 4a water body in the most recent MassDEP Integrated List of surface waters in
Massachusetts.?*! Category 4a in the Integrated List is “TMDL is completed” and the approved
TMDL is for mercury in fish tissue in Wequaquet Lake and is based on MassDEP sampling in
2001-2004.2* An assessment of nutrient-related water quality conditions in Wequaquet Lake is
not included in the most recent MassDEP Integrated List.

Recent reviews of Wequaquet Lake water quality show that it varies from year to year and that it
can be notably impaired. In a 2016 CSP/SMAST Technical Memo, project staff reviewed results
from installation of continuous DO monitors in 2014 and 2015.>#* In 2014, no anoxia was noted
at depth in the main basin, but in 2015, anoxic conditions were sustained throughout August and
DO concentrations were consistently less than the MassDEP minimum into September. Water
quality sampling confirmed that deep pond sediments were adding TP to the water column when
anoxia was occurring. In a 2015 CSP/SMAST Technical Memo, project staff recommended that
the Town consider implementing an aeration or alum treatment in the clearly impaired Bearses
Pond sub-basin and that parallel, complementary monitoring in the main basin of Wequaquet
Lake be conducted to assess the impacts on water quality from implementation of management
options in the connected basin.?**

PALS Snapshot data is the main source (36%) of water column data for Wequaquet Lake in the
2021 Barnstable Pond and Lake Water Quality Database. Other database sources are: the
various CSP/SMAST projects (2009, 2014, and 2015) (accounting for 34% of the available data),
Town monitoring efforts (22%), and the 1989 diagnostic/feasibility study (10%). Most of the
available studies have additional data that was not included in the database (e.g., phytoplankton
sampling, continuous monitoring, etc.) that should be reviewed if a more comprehensive

238 Howes B., H.E. Ruthven, J. S. Ramsey, R. Samimy, D. Schlezinger, J. Wood, E. Eichner. 2006. Linked Watershed-Embayment
Model to Determine Critical Nitrogen Loading Thresholds for Centerville River System, Barnstable, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA. 172 pp.

239 Eichner, E.M., T.C. Cambareri, V. Morrill, and B. Smith. 1998. Lake Wequaquet Water Level Study. Cape Cod Commission.
Barnstable, MA. 44 pp.

240 Town GIS analysis completed by the Town DPW staff for the Water Resources Advisory Committee

241 Massachusetts Department of Environmental Protection. December 2019. Massachusetts Year 2016 Integrated List of
Waters. Final Listing. Massachusetts Division of Watershed Management, Watershed Planning Program. CN: 470.1.
Worcester, MA. 375 pp.

242 Massachusetts Department of Environmental Protection. 2006. Massachusetts Fish Tissue Mercury Studies: Long-Term
Monitoring Results, 1999-2004. 48 pp.

243 cSP/SMAST Technical Memorandum. March 22, 2016. Continuous Monitoring at Main Basin and Bearses Pond (Station #5),
Bearses Pond sediment cores, and Bearses Pond Management Options.

244 cSP/SMAST Technical Memorandum. February 3, 2015. Summary of Continuous Monitoring at two stations in Lake
Wequaquet, Main Basin (Station #2) and Bearses Pond (Station #5), between August 15 and October 7, 2014.
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assessment of Wequaquet Lake is planned. August and September samplings represent 52% of
available readings with 76% of the available readings collected in summer months (June to
September). Outlier analysis found that many of the outliers in the overall 2021 database
averages were in the May or October readings, which suggests that they are not outliers, but
reflective of the high frequency of late summer in the overall dataset.

Review of data collected since 2001 showed that the main basin of Wequaquet Lake generally is
isothermic with similar temperatures (within 1 to 2°C) at the surface and bottom.?*> This
condition means the water column in the Lake is generally vertically well mixed by wind
blowing across its surface. As would be expected, parallel DO measurements were generally
acceptable with only 25% of the deep readings less than the MassDEP minimum (5 mg/L?%%).
However, the occurrence of regular anoxia in the 2015 continuous recordings show that annual
or monthly snapshot sampling may miss ecologically important events. The significant algal
blooms in 2012 and 2013 were likely the result of sustained low oxygen in bottom waters
causing phosphorus regeneration from the sediments that was significant enough to prompt
blooms when the enhanced deep P concentrations were mixed into the upper water column.

Average shallow water TP, TN, and chlorophyll a concentrations since 2001 were all notably
greater than their respective Cape Cod ecoregion thresholds. Deep water average TP
concentration was significantly higher (p<0.05) than the shallow water average, while deep TN
and chlorophyll a concentrations were higher than their respective shallow averages, the
differences were not statistically significant. Almost all of the individual shallow and deep TP,
TN, and chlorophyll a concentrations were greater than the respective Cape Cod ecoregion
thresholds (83 to 96% of individual readings). Clarity readings averaged 3.0 m or 33% of the
water column. N:P ratios showed that phosphorus was the key nutrient determining water
quality conditions in Wequaquet Lake.

Trend analysis generally confirms that water quality in Wequaquet Lake has been declining since
2001. Wequaquet Lake main basin had a statistically significant (p<0.02) increasing trend in
shallow TP concentrations, while water clarity had a matching decreasing trend (p<0.0008).
Total N data shows a slight increase over the same period but the trend is not statistically
significant. This analysis shows that more TP is in the water column than in the past and TP
levels continue to increase. This finding is consistent with an increasing frequency of low
oxygen conditions in the main basin accompanied by increased internal TP additions (i.e.,
sediment regeneration). More comprehensive review of the available data with accompanying
assessments (e.g., watershed reviews) could help to clarify why conditions are changing in
Wequaquet Lake.

Review of the available data also noted that older and more recent data had some differences that
are likely related to differences in procedures and detection limits among the multiple labs.
Review of PALS data showed statistically significant (p<<0.05) differences between many of the
shallow and deep parameter averages, but none of the average readings from assessments prior to

245 Water quality data has been collected at five stations in Wequaquet Lake, including Bearses Pond, Gooseberry Pond, south
basin, and two stations in the main basin (north and deep). Data discussed here focusses on the main deep station.
All available data is included in the Barnstable Pond and Lake Water Quality Database.

246 314 CMR 4.05
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PALS in 2001 showed similar differences. Part of this may be due to changes in the Wequaquet
Lake, but some may also be due to changes in laboratory assay methods; for example, the TP
detection limit used in much of the 1989 diagnostic/feasibility study was 10 ug/L compared to
the 3.1 pug/L typically used PALS Snapshot assays. For this reason, SMAST and older data were
kept separate in the 2021 Barnstable Pond and Lake Water Quality Database and likely should be
kept separate in future reviews until laboratory procedures are closely reviewed. These types of
differences could be resolved during the development of a management plan. For the purposes
of developing current average conditions, project staff relied on data generated after 2001.

Overall, Wequaquet Lake presents as an impaired system, largely based on the high nutrient and
chlorophyll readings, diminished clarity, and occasional anoxic events. The trend analysis
further shows that TP concentrations have significantly increased between 2001 and 2018.
Review of TP and TN concentrations show that TP determines the water quality in Wequaquet
Lake. In the 2014 CSP/SMAST Technical Memo, it was suggested that the Town consider water
quality management in Bearses Pond accompanied by monitoring in the Main Basin of
Wequaquet Lake to better understand the relationship between the two basins and begin to
restore the clearly impaired conditions in Bearses Pond. The 2015 CSP/SMAST Technical
Memo showed that the sediments in Bearses Pond have high phosphorus concentrations and
when periodic low DO conditions occur, significant sediment phosphorus is released into the
water column. At the time, CSP/SMAST staff suggested that aeration or an alum treatment in
Bearses Pond would likely represent the lowest cost options to address these impairments. This
recommendation was paired with another recommendation that the Town develop a management
plan for the whole Wequaquet Lake system to understand the relative contributions of
phosphorus from the sediments and the watershed, review all applicable options to address the
water quality impairments, and develop cost estimates for all applicable options. An updated
diagnostic assessment and management plan for Wequaquet Lake has not been completed since
1989.
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IV.  Conclusions

Organization of available pond water quality data for the Town of Barnstable revealed some
findings that should be incorporated into current and future monitoring protocols and data reviews
and pond and lake management planning:

a. Most of the monitored ponds have impaired water quality
Project staff reviewed water quality data from 32 of the 55 ponds included in the 2021
Barnstable Pond and Lake Water Quality Database. Most of these ponds had water quality
impairments associated with nutrient enrichment, including associated high phytoplankton
levels, low water clarity and bottom water hypoxia. Impairment was defined by comparing
the results to MassDEP regulatory standards (314 CMR 4) and Cape Cod Ecoregion
thresholds defined in the Cape Cod Pond and Lake Atlas.

b. All water column data needs additional context

The 2021 Barnstable Pond and Lake Water Quality Database is a collection of water
column data, including PALS Snapshot results, town monitoring data, and data from
various pond water quality assessments. Although water column data provides useful
insights into pond health, management of the water quality in these ponds requires
developing an understanding of what causes the water column concentrations and
conditions, including defining the sources of nutrients and why conditions change over
time.

¢. Each pond is unique, but data gaps are similar

Data gap surveys of key pond ecosystem features are needed to provide the additional
context for understanding the causes of water quality conditions. The review of the 2021
Database data found each pond had unique characteristics based on its depth, area, surface
water flows (in or out), number of houses around it, etc. But the data gap information
needed to understand how the measured water quality in the pond developed was fairly
similar from pond to pond: watershed delineation, watershed land use, measurement of
stormwater inputs, measurement of sediment regeneration of nutrients, measurement of
surface water flows and nutrient loads, measurement (biomass, cell counts, etc.) and
speciation of phytoplankton populations throughout the summer, etc. Addressing these
data gaps will provide the information necessary to understand how water column
constituent levels develop and change. Once this understanding is sufficient, water quality
management options to address water quality impairments can be reliably developed,
compared, and implemented.

d. Pond water quality management will require a pond-by-pond approach

Developing sufficient understanding of pond ecosystem functions and options to restore
acceptable water quality is typically addressed through an individual pond management
plan. Since each pond has individual characteristics, management plans typically focus on
individual ponds. Management of pond water quality will have to involve community
discussions about goals, including regulatory standards and ecoregion thresholds, but also
use of the pond (e.g., boating, swimming, fishing, public access) and natural resource
concerns (e.g., herring runs, plant coverage). Since the range of these issues will also
differ slightly from pond to pond, this reinforces the unique nature of each pond and the
need to address management for each individual pond in a focused way.
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V. Recommendations
Based on the preparation of the 2021 Barnstable Pond and Lake Water Quality Database and
review of the collected water quality data, project staff has a number of recommendations:

1. Consider a tiered data review process with annual and 3 year reviews

The PALS Snapshot program is an effort largely run by volunteers with donations of time
and materials provided by professional staff and CSP/SMAST. There is no funding to
regularly compare water quality results to past results or review and clarify monitoring
missteps (e.g., DO collected as % saturation, switching the labels on shallow and deep
sample bottles, deep samples that likely hit the bottom, etc.). Some of these missteps are
caught and clarified so they do not occur the following year, but some persist for a
number of years. It is recommended that the Town consider a tiered data review
approach that completes a limited review of PALS Snapshot data each year to check for
any issues/questions that should be resolved prior to the next year by comparing results
(both field and lab) to ranges available in this 2021 Database. This annual limited data
review would then be linked to a regular three year overall review similar to the review in
this project that looks at updated averages and trends, provides regular feedback to
volunteer monitors.

2. Consider a commitment to completion of pond management plans for all Great
Ponds
Great Ponds are publicly-owned waters of the Commonwealth of Massachusetts. As
such, they have associated regulatory standing and concerns, including potential for
inclusion in the Massachusetts Integrated List and TMDLs and incorporation into town
Comprehensive Wastewater Management Plans (CWMPs). The Town of Barnstable has
25 Great Ponds based on the pond surface areas identified in this project. Development
of pond management plans for these public resources would allow the Town to
proactively address TMDL concerns, identify ways that implementation of the current
CWMP could address pond water quality concerns, and identify those ponds where
management should be focused on internal sediment nutrient loading and/or watershed
nutrient sources. Management plans would also help pond residents and the town
understand all management concerns, including lake uses, and develop potential
strategies to address those concerns. The Town could use the 2021 Database results to
help prioritize the management plans.

3. Consider the development of Town of Barnstable pond and lake QAPP

Acceptance of monitoring data by MassDEP for regulatory decisions, including
Integrated List review, often requires demonstration of the sampling techniques used, the
sampling handling and transfer procedures, and laboratory assays methods. A Quality
Assurance Project Plan (QAPP) for Town of Barnstable ponds and lakes could document
all pond monitoring, including volunteer monitoring and data gap monitoring for pond
management plans. A QAPP would ensure that minimum detection limits are used in
laboratory procedures and applicable techniques are used to guide pond management
decisions, as well as providing a boilerplate for what information should be provided in a
management plan, while also providing MassDEP acceptance of results prior to submittal
for Integrated Listing, TMDL development and/or CWMP compliance.
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4. Continue April and late summer pond and lake snapshot monitoring

The original Cape Cod PALS Snapshot was developed as a way to assess water quality in
ponds and lakes during late summer, which was likely to be when the worst water quality
conditions existed. As data was developed, it was clear that there was variation from
year to year and it would be useful to provide an annual starting point for the late summer
conditions by sampling in the spring when water quality conditions would be largely
unimpacted by summer temperatures. The Town has recently begun sampling ponds and
lakes in April and then again during the late summer PALS Snapshot. Development of
this data while pursuing individual pond management plans will provide key information
for the management plans, as well as assistance in prioritizing which order ponds are
selected for plans.

5. Individual pond sampling locations should be standardized

The PALS approach has relied on volunteers identifying the deepest location from either
local knowledge or review of available bathymetric maps. It was anticipated that this
approach would have some variability, including variability associated with groundwater
level fluctuations. Review of the 2021 database results shows some variability built into
the PALS Snapshot structure, but also years where the deepest sampling location was
completely missed. In order to remove some of the data uncertainties and lost
opportunity created by this variability, it is recommended that GPS coordinates be
established for sampling points and tools be provided to volunteers to ensure that the
same site is located during each future sampling event.

6. Changes in laboratories or data equipment should be carefully considered

Review of the ponds water quality database showed a variety of laboratory detection
limits and methods, especially in older water quality assessments. Generally, these were
not substantial obstacles to considering all assay results from different labs, but there
were some circumstances where samples were collected and results were not reliable
(often due to TP detection limits that were too high or a DO cable that was too short to
reach the bottom). It is recommended that the Town assess any potential data usage
limitations when water quality samples are assayed by different laboratories or
monitoring equipment is changed/updated.

7. Try to integrate/coordinate pond management objectives across all Town efforts
Review of the various pond water quality reports showed that some of the data collection
and pond management activities were through the Town Conservation Commission
(ConComm), while others were through the Town Department of Public Works (DPW).
It appears that the separation of these activities is largely based on whether the activities
are in a pond watershed (DPW) or within the pond water body (ConComm). Since most
pond water quality management is a combination of watershed and in-pond activities, it is
recommended that overall Town pond management ensure coordination throughout
assessment and management plan activities.

Project staff are available to discuss all conclusions and recommendations, as well as continuing

to assist the Town of Barnstable with reliable and cost-effective pond and lake water quality
management.
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