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Executive Summary

Conflicting water use demands are currently being placed on
the Billington Sea, a shallow 266-acre kettle pond located
in Plymouth, MA (Figure 1). The lake serves as a
regionally-important recreational resource, habitat for
rare wetland wildlife and as an irigation source and
discharge basin for cranberry bogs. Unsewered residential
development is dense along the western and southern
shoreline of the lake and aquatic recreational activities
occur without regard for their water quality impacts. The
eastern portion of the lake is located within the recharge
zone of a public water supply well (Lout Pond well).

The recreational, aesthetic, and fisheries and wildlife
habitat values of the lake have been reduced as a result of
an overabundance of submergent aquatic plant growth and the
late summer occurrence of blue-green algae blooms. Thus, a
year-round water quality survey of the lake and its
tributaries was conducted with funds provided by the Town
of Plymouth and the Massachusetts Clean Lakes Program. The
physical, chemical and biological characteristics of the
lake were assessed, as were the physical, hydrogeological
and land use characteristics of the watershed. These data
were used to determine the sources of the nutrients which
are causing causing the lake's water quality degradation
and to develop a plan for in-lake restoration and watershed
management .

Every lake has a limited capacity to assimilate nutrient
loading without expressing the undesireable conditions of
nuisance algal and aquatic plant growth which are
associated with cultural eutrophication. Data collected
during the year-round study of the Billington Sea indicate
that anual phosphorus inputs to the lake from tributaries
(61.37%) and residential wastewater disposal systems (20.0%)
are twice as high as the lake's carrying capacity,
resulting in the eutrophic state previously described.
Tributary and residential wastewater disposal system inputs
also account for 16.97% and 63.9% of the annual nitrogen
loading to the lake. The shallowness of the lake (mean
depth of 2.1m) and low flushing rate (6.3 times per year),
as well as the high groundwater velocities which occur
along the shoreline of the western basin, make it more
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susceptible to becoming eutrophic. Approximately 397 of
the annual phosphorus load accumulates within the lake,
primarily within the sediments, where it can be recycled
each year for aquatic plant growth.

Recommendations for restoration of the Billington Sea
consist of a reduction in phosphorus inputs from cranberry
bog tributaries, and secondarily from shoreline wastewater
disposal systems, prior to implementing the necessary
in-lake restoration measures for reducing phosphorus
recycling by aquatic plants. Thus, both in-lake and
watershed phosphorus reduction measures will be necessary
in order to improve the lake's water quality to a level
which will not promote the algae blooms and dense aquatic
plant growth which currently exist.

In summary, watershed management plan recommendations
include:

(1) tributary phosphorus load reductions which involve
the relocation of bog outfalls, in conjunction with
the incorporation of "best management practices' for
water use and fertilizer applications, and

(2) groundwater phosphorus load reductions which involve
the identification and upgrading of subgrade wastewater
disposal systems located in the lake's recharge zone.

The latter recommendation involves the implementation of a
public education program to teach lakeshore residents about
septic system and waterfront maintenance, as well as the
adoption of Zoning and Board of Health bylaws which protect
groundwater quality in the lake's recharge zone.

The recommended in-lake restoration plan involves the
application of an innovative technique called ''reverse
layering', which is currently being tested as an R & D
project in Red Lily Pond (Barnstable,MA) with funds
provided by the Division Of Water Pollution Control. This
long-term, in-lake restoration technique reduces aquatic
plant regrowth by depositing sandy lake bottom sediments on
top of nutrient-rich muck deposits. Fish spawning habitat
and water quality conditions are improved as a result. The
implementation of a '""lake use plan', which regulates
recreational activities on the lake through zoning, is also
recommended in order to achieve a balance between the
habitat and recreational values of the lake.

-xi-
Boston ° Baltimore



1

.0

INTRODUCTION

1.1 Background

Plymouth ranks third (1,626-acres in 1989) in terms of the
amount of cranberry bog acreagé existing in Massachusetts
(Jeff Carlson, personal communication). The Billington Sea
has been used as a cranberry bog irrigation source and
discharge basin since the early 1900's. Since then, some
of the bogs in the watershed have been abandoned.
Recreational use of the Billington Sea became popular when
cottages were built along the western and southern
shoreline during the 1920's and 1930's. Many of these
summer residences have since been enlarged and converted to
year-round dwellings. None of the residences are sewered
and a large number of them are not in compliance with the

Title V Sanitary Code.

Deteriorating water quality in the lake was first noticed
by lakeshore residents who formed a group in 1971 called
""The Association for the Betterment of the Billington

Sea'.

Group members began to contact state and local
officials to make them aware of the lake's water quality
problems and to determine what could be done about them.
Emphasis was placed on controlling the overabundant growth

of the aquatic plant, Elodea canadensis, which continues to

be a nuisance to date. Six thousand (6,000) gallons of the
herbicide, sodium arsenite, were applied to the lake in
July of 1970 by the Massachusetts Department of Public
Health. This chemical was added at a concentration of 7.5

ppm in order to control the growth of Elodea sp. Less than

Boston o Baltimore
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thirty (30) days later, the lake was treated with 2,500
pounds of copper sulfate, at concentration of 0.3 ppm in
order to reduce the algae blooms and improve the water
clarity. The fisheries, benthic and plankton communities
were sampled by the Division of Fisheries and Wildlife
prior to and following these applications. The results
indicate that these treatments negatively impacted the lake
and may have been the cause of a fish kill and algae blooms
which occurred shortly thereafter. Furthermore, beneficial
zooplankton species nearly eradicated probably as a result
of copper toxicity (Winner and Farrell, 1976). Elevated
arsenic levels which were detected in 1987 in the lake
sediments may have also originated from these treatments.
Chemical treatments are only short-term improvements and
have been associated with major adverse impacts to aquatic

ecosystems (Cooke et al., 1986).

A year-round water quality study of the lake and its
tributaries was conducted in 1978 (Lyons and Skwarto, 1978)
in order to determine the sources of the nutrients causing
the abundant Elodea growth. The lake was classified as
eutrophic, with total phosphorus concentrations ranging
from 0.06-0.09 mg/L and ammonia levels ranging from 0.1-0.3
mg/L during the growing season. Recommendations involved
aquatic plant biomass reduction through harvesting out to
the 5-ft. contour line. Harvesting is a short-term lake
management measure which, although in-lake nutrient levels
(plant tissue) are reduced, is only temporary since
regrowth occurs rapidly in a eutrophic lake. The watershed
pollution control measures recommended included diversion
of the bog discharges and the detention of stormwater
runoff and/or the installation of catch basins. A
voluntary phosphate ban and the installation of non-water

using
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toilets in place of failed systems, to be identified

through a septic leachate survey, were also recommended.

Weed harvesting was conducted in 1980, as was a July septic
leachate survey (IEP, 1980), with the use of a Septic
Snooper leachate detector. Although gross sewage
contamination was not implicated, additional water quality
testing was recommended for four (4) of the nine (9)
leachate plumes identified. Other recommendations
included: a ban on phosphate use in the watershed,
sampling of tributaries and storm drains during wet weather
and following cranberry bog floodwater releases, and an
annual shoreline reconaissance to identify additional
surface break-out of septic leachate. Since the Billington
Sea contains high concentrations of UV-absorbing organics
from bog discharges, the use of the septic snooper probably
reduced the capacity of the scientists to identify septic
leachate infiltration along the southern and western
shorelines. Interference from these organics tends to
suppress the septic signal (WAPORA, 1982) of this type of
leachate detector. The use of the new ''Peeper Beeper'
leachate detector in the subject study allowed for the
detection of bog and septic leachate discharges since this

interference does not occur with this model.

A study of the surface and groundwater quality of several
of the Plymouth lakes, including the Billington Sea, was
conducted in 1981 (Geoscience, 1981). High levels of total
phosphorus and nitrate-nitrogen were obtained from
groundwater samples collected along the western shoreline
of the lake, and in some cases, wells located downgradient
from septic systems were noted to be receiving septic
leachate inflow. It was suggested that septic inputs of

phosphorus

Boston ~o Baltimore
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and nitrate were directly linked to the density of Elodea

sp.

A baseline water quality survey of the Billington Sea was
conducted by the Massachusetts Division of Water Pollution
Control on June 9, 1986 (MDWPC, 1986). The results showed
a greater concentration of nitrate-nitrogen (0.40 mg/L)
present in the western basin than in the eastern basin
(0.10 mg/L), which lends support to the contention of a
high septic leachate inflow into this basin.
Ammonia-nitrogen and total phosphorus concentrations were
elevated, consisting of 0.19 mg/L and 0.19 mg/L in bog
Tributary A and 0.27 mg/L and 0.26 mg/L in bog Tributary D,

respectively.

None of the previous studies of the lake's water quality
quantified all of the nutrient and pollutant loading
sources to the lake, including the lake sediments. Thus,
the the Plymouth Conservation Commission was awarded funds
from the Massathusetts Division of Water Pollution Control,
in conjunction with the Clean Lakes Program, to hire a
consultant to conduct a year-round Diagnostic/Feasibility
Study of the Billington Sea. The results of this study,

conducted by Gale Associates, Inc., are presented herein.

.2 Scope of Work and Study Objectives

The purpose of the Billington Sea Diagnostic/Feasibility
Study was to characterize existing water quality conditions
within the lake, identify and quantify the sources of
nutrients and pollutants which are causing its degredation,
and to recommend cost-effective pollution control measures

for its restoration and management.

A
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The first phase of the study, the diagnostic phase,
included the year-round collection of water quality data in
order to identify existing and potential sources of
nutrient and pollutant loading to the Billington Sea. This
phase also entailed the assessment of limnological,
geological and morphological characteristics of the lake
and an evaluation of watershed land use activities and
physical features as they relate to in-lake water quality
conditions. The data collected during the diagnostic phase
was used to prepare budgets of the nitrogen and phosphorus
inputs and outputs of the lake. The second phase of the
study, the feasibility phase, involves the utilization of
the nutrient budget information in order to assess the
effectiveness of various pollution control measures on
improving in-lake water quality and to recommend a

restoration plan for the lake.
The study objectives were as follows:

(1) to fully meet all requirements of the Clean Lakes

Program, rules, guidelines and Substate Agreement.

(2) to evaluate the alternatives and recommend long-term

solutions for improving in-lake water quality.

(3) to establish a watershed management plan which will

protect further water quality degradation of the
lake.

Boston 9" Baltimore



2.0 DIAGNOSTIC EVALUATION

2.

1

Recreational Use and Public Access

The Billington Sea, discovered in 1621 by Francis
Billington, is Plymouth's second largest freshwater
recreational resource. A survey conducted by members of
the Billington Sea Lake Association (Elaine Purdy, personal
communication) indicated that in addition to local
citizens, residents of neighboring towns as well as
tourists visiting the historical Town of Plymouth enjoy
swimming, boating, windsurfing, waterskiing and fishing in
the Billington Sea. Local citizens and lakeshore residents
also engage in icefishing and skating during the winter.
During the 1920's, the aesthetically-pleasing nature of the
lake attracted summer residents who built cottages around
its shoreline. Many of these early cottages have since
been enlarged and now serve as year-round homes. The
numerous piers and floating docks located along the
lakeshore are evidence that the lake is also heavily

utilized by lakeshore residents.

As indicated in Figure 2, most of the lake's northern
shoreline is accessible to the public via Morton Park. The
main access to the park is Morton Park Road, which is
located southeast of Summer Street near the Route 44 exit
of Route 3. This 240-acre park became established in 1889
when Nathanial Morton purchased the land from Dr. LeBaron
Russell for a sum of $1,500.00 which was contributed by
local residents for the purchase of a park (Elaine Purdy,

personal communication). The parkland west

Boston -9~ Baltimore
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of Hathaway Point was originally donated to the Town for
the construction of a smallpox and contagious disease
hospital. As a result, this area is now known as 'Hospital
Cove''. The‘%%gﬁisland& located in the eastern basin of the
lake aé% also owned by the Town. The larger island, called
Seymour Island, is now a bird sanctuary. Morton Park
contains an undeveloped boat launching area and picnic
facilities. Although there is no designated bathing area,
most swimmers utilize the shallow, sand bottomed area next
to the eastern shore of Hathaway Point. The scenic
footpaths which wind through the heavily-wooded park and
along the lakeshore are also popular hiking routes

(personal observation).

Historirally, there have been attempts to adopt a local
bylaw which restricts motorboat use to specific weekdays
and times, but these efforts have failed. Members of the
Plymouth Conservation Commission and some of the lakeshore
residents agree that motorboat use on the Billington Sea
continues to be a problem, and as a result, do not favor
the construction a boat ramp along the northern shoreline.
The operation of motorboats at high speed in the shallow
western basin is dangerous because two large rock piles are
located just below the water's surface. Furthermore, this
basin is shallow and the turbulence created by boat
propellers can resuspend fine-grained nutrient-rich
sediment (Wagner, in press), facilitate algal blooms,
increase water column turbidity and can destroy fish
spawning habitats. Additionally, propellor cuttingmay
cause an actions increase in the biomass of submergent

plants which reproduce by fragmentation. Motorboat use
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