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Executive Summary

The Massachusetts Department of Environmental Protection (MassDEP) is responsible for
monitoring the waters of the Commonwealth, identifying those waters that are impaired, and
developing a plan to bring them back into compliance with the MassachusédiseSiater

Quality Standards. The list of impaired waters also referred @ai@gjory 5 of the State

|l ntegrated List of Waters or the A303acuséi st o
for impairment. All impaired waters listed @ategaoy 5 require the development of a TMDL

report. The current and proposed integrated list and further explanation can be found at
http://www.mass.gov/dep/water/resources/tmdls.htm

Once a weer body is identified as impaired, MassDEP is required by the Federal Clean Water

Act (CWA) to essentially develop a dApollution
impaired body of water. The process of developing this budget, generally reéteazd Total

Maximum Daily Load (TMDL), includes identifying the source(s) of the pollutant from direct
discharges (point sources) and indirect dischargesoom sources), determining the

maximum amount of the pollutant that can be discharged tedifispvater body to meet water

quality standards, and developing a plan to meet that goal.

This report develops total phosphorus TMDfor an nterconnected set of four waterbodies
(West and East Monponsé&tond, Stetson Pond and White Oak Reseruoithe towns of
Hanson, Halifax, and Pembroke Massachusétest Monponsett Pond and Stetson Pared
listed as impairedQategory 5), on the "Massachus&ét®l 4Integrated List of Waters" for
nutrient related impairments (MassDEP, 2018gst Monponsett @ment MA62.19) is listed

as impaired for Excess Algal Growth, Total Phosphorus and Secchi Disk TranspStetsyn
Pond (Segment MA62182) is listed as impaired for Dissolved Ox{fg@nand Total
Phosphoru¢TP). East Monponsett Pori&egment MA62218and White Oak ReservolAKA
Reservoir Segment MA62157vere not previously listed as nutrient impaired, but are now
determined to bempaired by excess algal growth and nuisance aquatic plants (duckweed),
respectively, baseoh recent data analyzedthis report Some of the ponds are listed for other
nortnutrient related impairments (TMDL not required) and these include Stetson Pond which is
listed for nonnative aquatic plants; East Monponsett Pond listed fomadine aquatic plants
and also listedor Mercury in Fish Tissue for which a TMDL exists (EPA#33880); West
Monponsett Pond MA62119 is also listed for sraative aquatic plants This report will satisfy
therequirement of @hosphorugMDL for all of the above waterbodiels order to prevent
further degradation in water quality and to ensure that each lake meets state water quality
standards, the TMDL establishes phosphorusdifaitthe lakes and outlines actions to achieve
that goal.

All four waterbodies are considered to be Classd Outstanding Resource Waters (ORWS)

and are tributaryia an underground pipfom East Monponsett to Silver Lake (Pembroke

MA) which is the surface water supply for the City of Brockt®@uring diversions (mainly in
OctoberMay) water flows regulaty reversedirection and draw watdrackwardirom West
Monponsett to East Monponsett, potentially drawing the cyanobacteria and nutrients into Silver
Lake.Action is being taken to address the cyanobacterial blooms observed in WEsisand
Monponsett Porgland the upstream waterbodies that are tributary to those ponds.
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The Lake Loading Response Model (LLRM) suite of lake models was used for this TMBL.
LLRM is a spreadsheet based model which uses an annual steady state suite of models to
estimate nutent loadings. These estimated nutrient loadings along with pond morphometric and
physical characteristics are then used to predipbimd nutrient concentrations using a suite of
well accepted lake models for phosphorus predictidiee successful cdbiration of the model

was basedn relatively highnutrient export rates frospecific landuses that dischamjesctly

to surface waters (cranberry bogs, stormwater and natural forested wetlands), combined with
estimates of export from septic systems amernal €diment recycling of phosphoru¥hese
estimategor each waterbodweresimultaneoushadjusted with thé.ake Loading Response
Model (LLRM) suite of lake models until theapproximatedhe observed Hake surface
concentrations in each lak&he major sourceof phosphorus to the lakes were cranberry bogs,
internal release from sedimentgitural wetlands, andinoff from developed areas

Ignoring sediment sourcesiet largest controllableatershedources ophosphorousire

cranberry bg inputsandrunoff associated withesidential developmentin the case of West
Monponsett Pond, internal loading recycling of phosphorus from lake sediments is a major
sourceof phasphorusduring the summer growing seasdmplementation is alreadynderway

to address the cranberry bog inputs. The large commercial bogs north of Stetsorefeond w
retired in 2008 and that pomdready shows a reduction in TP concentrations. The Morse
Brothers Winebrook bogs aiiilog #1® near West Monponsett Pond anhite Oak Reservoir
have implemented reduced phosphorus fertilizer rates as recommended by the University of
Massachuset@JMass)Cranberry Experiment Station. West Monponsett Pondilsashown
significant reductions in TP concentrations coincidenl wie fertilizer reductionsln addition,
aSection319 grani#12-02/319 waspreviouslyawardedn 2012to assist in implementation

and monitoring ohew experimental filters for cranberry bog discharge watdth montoring
being conducted by the UAds Cranberry Station. Funding support to aid implementation of this
TMDL is available on a competitive basis under various statiefederaprograms

It is recommended to first reduce all external loads before addressing the internal loads, but due
to health concerns regarding the potentially toxic cyanobacterial blooms in West Monponsett, the
Town of Halifax funded &eatmentwith a light dose of alumim in 2013 and 201&nd is

continuing into 2016 Only a lightaluminumdose was applied in small amds over the

summer montht avoid potential to impasthe rare state listed freshwater mussels in the pond.
The sedimensource of phosphorus is presumably due to historic inputs of phosplaogesy

from anthropogenic sources.

Implementation willincludecontinuel effort to reach out to remaining cranberry growers to use
themost currentecommended practices on their bdggplementation can be achieved by a
combination of best management practices (BMPs) including reducipidisphorus fertilizer
rates, reducing volumes of discharge water and reducing concentrations of total phosphorus in
the discharge watei-urther implementation of stormwater and septic system upgrades will be
encouraged. An additional aluminum treatmanitVest Monponsett Pond to bring ttueal
applieddose up to 5@rams per square meteyr?), and possibly treat the other ponds in the
system.



In summary, the four waterbodies were mode¥gtt a mass balance approach using a
combination of landusareas multiplied by phphorusexport coefficientand the resulting
phosphorus loads for each pond were modeled using a suite of lake models to match the
observed(2009 or 2015) TRoncentrations Target TP concentratiomgere chosen to attain
recoveryof the pondsind a set of TMDL loads were established to meet those targets. The
reductions in loads required to reach the targets ranged3ésrno 726 as shown iTableES

1 below.Although the TMDL must be expressed on a daily basis, the implemensaitb
administrative decisions should rely on achieving the annual TMDL load which is more
appropriate fothese waterbodies

Current TP | Current TMDL | TMDL Percent

ppb used in| TP Load | Target Load Load | TP Load
Waterbody model kglyr TP ppb kaglyr kg/day | Rediction
Stetson Pond 15 69 13 48 0.13 30%
East Monponsett 34 345 20 207 0.57 40%
White Oak Brook 50* 76 28 41 | 011 | 46%
Reservoir
West Monponsett 68 676 20 199 0.54 71%

*M easured TP was 35 ppb (see text).
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Programmatic Background and Rationale

Section 303(d) of the Federal Clean Water Act requires each state to (1) identify waters for
which effluent limitations normally required are not stringent enough to attain water quality
standards and (2) to establish Total Maximum Daily Loads (TMDLs3Uoh waters for the
pollutants of concern. TMDLs may also be applied to waters threatened by excessive pollutant
loadings. The TMDL establishes the allowable pollutant loading from all contributing sources
that is necessary to achieve the applicable mveptality standards. TMDLs determinations must
account for seasonal variability and include a margin of safety (MOS) to account for uncertainty
of how pollutant | oadings may i mpact the rece
submitted to the USEPA&s a TMDL under Section 303d of the Federal Clean Water Act, 40

CFR 130.7. After public comment and final approval by the USEPA, the TMDL can be used as
a basis fostate andederal permitting and regulatory decisions. The report will also serve as a
general guide for future implementation activities such as grant funding of best management
practices (BMPs)Information on watershed planning in Massachusetts is available arethe

at http://www.mass.gov/eea/agencies/massdep/water/.

The Massachuset&urface Water Quality Standards (WQS) define conditions required to
maintain designated use$he standards are largely narrative as they apply to nutrremgever
numeric thresholds for biological responses such as Secchi disk transparency andythéreoph
detailed below The Water Quality Standards are described in the Code of Massachusetts
Regulations under sections:

314CMR 4.05 (3) bThese waters are designated as a habitat for aquatic life, and wildlife, and
for primary and secondary contaetreation...These waters shall have consistently good
aesthetic value.

1. Dissolved Oxygera. Shallnot be less than 6.0 mg/l in cold water fisheries nor less than 5.0
mg/l in warm water fisheries unless background conditions are lower;

b.natural seas@l and daily variations above this level shall be maintained...

and

314CMR 4.05 (5)(a) Aestheticall surface waters shall be free from pollutants

in concentrations or combinations that settle to form objectionable deposits; float as debris, scum
or ather matter to form nuisances; produce objectionable odor, color, taste or turbidity; or
produce undesirable or nuisance species of aquatic life.

and

314CMR 4.05 (5)(c) Nutrients. Unless naturally occurring, all surface waters shall be free
from nutrients in concentrations that would cause or contribute to impairment of existing or
designated uses and shall not exceed the site specific criteria developed in a TMDL or as
otherwise established by the Department pursuant to 314 CMR 4.00. Any existingouoae
discharge containing nutrients in concentrations that would cause or contribute to cultural



eutrophication, including the excessive growth of aquatic plants or algae, in any surface water
shall be provided with the most appropriate treatmenttesrdmed by the Department,

including, where necessary, highest and best practical treatment (HBPT) for POTWs and BAT

for non POTWSs, to remove such nutrients to ensure protection of existing and designated uses.
Human activities that result in the nonpasource discharge of nutrients to any surface water

may be required to be provided with cost effective and reasonable best management practices for
nonpoint source control.

Section 314 CMR 4.05(3)(b) 6 also states:
Color and Turbidity These waters sHdle free from color and turbidity in concentrations or
combinations that are aesthetically objectionable or would impair any use assigned to this class.

In addition to the créria above the WQS also include an-@@gradation policy under 314
CMR: 4.04:

4.04: Antidegradation Provisions

(1) Protection of Existing Uses. In all cases existing uses and the level of water quality
necessary to protect the existing uses shall be maintained and protected.

(2) Protection of High Quality Waters. High Quahtsaters are waters whose quality exceeds
minimum levels necessary to support the national goal uses, low flow waters, and other waters
whose character cannot be adequately described or protected by traditional criteria. These waters
shall be protected andaimtained for their existing level of quality unless limited degradatjon

a new or increased discharge is authorized by the Department pursuant to 314 CMR 4.04(5).
Limited degradation also may be allowed by the Department where it determines thatra new o
increased discharge is insignificant because it does not have the potential to impair any existing
or designated water use and does not have the potential to cause any significant lowering of
water quality.

(3) Protection of Outstanding Resource Wat€estain waters are designated for protection
under this provision in 314 CMR 4.06. These waters include Class A Public Water S(giglies
CMR 4.06(1)(d)1.) and their tributaries, certain wetlands as specified in 314 CMR 406(2)
other waters adetermined by the Department based on their outstandingsommmic,
recreational, ecological and/or aesthetic values. The quality of these waters shall be protected
andmaintained.

(a) Any person having an existing discharge to these waters shalkeghséscharge and

connect to a Publicly Owned Treatment Works (POTW) unless it is shown by said {hetson
such a connection is not reasonably available or feasible. Existing dischargesmaaited to a
POTW shall be provided with the highest and Ipeattical method of wastesatment

determined by the Department as necessary to protect and maintain the outsésadirog

water.

(b) A new or increased discharge to an Outstanding Resource Water is prohibited unless:

1. the discharge is determinedthg Department to be for the express purposerdadt of
maintaining or enhancing the resource for its designated use athanization is granted as
provided in 314 CMR 4.04(5). The Departmedgsermination to allow a new or increased
discharge séill be made in agreement with tfegleral, state, local or private entity recognized by
the Department as having diredntrol of the water resource or governing water use; or

2. the discharge is dredged or fill material for qualifying activities intéichi
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circumstances, after an alternatives analysis which considers the Outstanding Resource
Water designation and further minimization of any adverse impacts. Specifically, a
discharge of dredged or fill material is allowed only to the limited extent sgebaif 314

CMR 9.00 and 314 CMR 4.06(1)(d). The Department retains the authority to deny
discharges which meet the criteria of 314 CMR 9.00 but will result in substantial adverse
impacts to the physical, chemical, or biological integrity of surface watéhe

Commonwealth

(4) Protection of Special Resource Waters. Certain waters of exceptional significance, such as
waters in national or state parks and wildlife refuges, may be designated by the Department in
314 CMR 4.06 as Special Resource Waters (SRW=) quality of these waters shall be
maintained and protected so that no new or increased discharge and no new or increased
discharge to a tributary to a SRW that would result in lower water quality in the SRW may be
allowed, except where:

(a) the dischage results in temporary and short term changes in the quality of the SRW,
provided that the discharge does not permanently lower water quality or result in water
guality lower than necessary to protect uses; and

(b) an authorization is granted pursuan3id CMR 4.04(5).

(5) Authorizations.

(a) An authorization to discharge to waters designated for protection under 314 CMR
4.04(2) may be issued by the Department where the applicant demonstrates that:

1. The discharge is necessary to accommodate impedanbmic or social

development in the area in which the waters are located,;

2. No less environmentally damaging alternative site for the activity, receptor for the
disposal, or method of elimination of the discharge is reasonably available or feasible;

3. To the maximum extent feasible, the discharge and activity are designed and

conducted to minimize adverse impacts on water quality, including implementation of
source reduction practices; and

4. The discharge will not impair existing water uses andneillresult in a level of

water quality less than that specified for the Class.

(b) An authorization to discharge to the narrow extent allowed in 314 CMR 4.04(3) or

314 CMR 4.04(4) may be granted by the Department where the applicant demonstrates
compliancewith 314 CMR 4.04(5)(a)2. through 314 CMR 4.04(5)(a)4.

(c) Where an authorization is at issue, the Department shall circulate a public notice in
accordance with 314 CMR 2.06. Said notice shall state an authorization is under
consideration by the Departnmeand indicate the Department's tentative determination. The
applicant shall have the burden of justifying the authorization. Any authorization granted
pursuant to 314 CMR 4.04 shall not extend beyond the expiration date of the permit.

(d) A discharge exapted from the permit requirement by 314 CMR 3.05(4) (discharge
necessary to abate an imminent hazard) may be exempted from 314 CMR 4.04(5) by dfecision
the Department.

(e) A new or increased discharge specifically required as part of an enforcement orde
issued by the Department in order to improve existing water quality or prevent existing
water quality from deteriorating may be exempted from 314 CMR 4.04(5) by decision of the
Department.

(6) The Department applies its Antidegradation Implementatiooedtoes to point source
discharges subject to 314 CMR 4.00.
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(7) Discharge Criteria. In addition to the other provisions of 314 CMR 4.00, any authorized
discharge shall be provided with a level of treatment equal to or exceeding the requirements of
the Masachusetts Surface Water Discharge Permit Program (314 CMR 3.00). Before
authorizing a discharge, all appropriate public participation and intergovernmental coordination
shall be conducted in accordance with Permit Procedures (314 CMR 2.00)

The programmigc background summary given below is intended to be general in nature and the
issues described may or may not apply to the specific water body in question. The management
of eutrophic freshwater lakes is typically based on a study of the nutrient sandclesds to the
lakes and usually focuses on phosphorus as the important (or limiting) nutrient (Cooke et al.,
2005). For TMDLs, the phosphorus loads estimated from the study can baredrgptotal
phosphorus loadings estimated from a suite of diftgpeblished lake models. A target
concentration to me&assachusetts Surfadéater Quality Standard®vVQS)is selected and a
targetload of phosphorus is calculated for the lake. The phosphorus TMDL is established to
control eutrophication in the water column, however additional plant manageragite

needed. A total phosphorus TMDL is established to M&@E, and to generally maintain a
minimum of 4foot visibility in surface waters for safe recreational use (which is equivalent to
the 1.2 m Secchi disc transparency), a 16gipbrophylla concentration (a measure of algae
and cyanobacterial biomass), limiting Amoted macrophyte . duckweed) to 25% or less
coverage, maintaining minimum dissolved oxygen (generally 5 mg/l for water) and to limit
potentially toxic cyanobacterial blooms (less than 70,000 cellsbdjails on the thresholds
listedabove can be f CansolidatedAssédsrers ani Hsiing Methodology
(CALM, see MassDEP, 204h The successful implementation bfs TMDL will require
cooperative support from the public including lake and watershed associations, local officials
and municipal gowvaments irthe form of education, funding and local enforcement. In some
cases, additional funding support is available under various state programs including the
MassDEP Section 31@rant Progranfnonpoint source grants) and the State Revolving Fund
Program (SRF)see watershed grants listed in
http://www.mass.gov/eea/agencies/massdep/water/grants/watevatedgquality.html

Nutrient Enrichment: Nutrients are a requirement of life, but in excess they can create water

quality problems. Lakes are ephemeral features of the landscape and over geological time most
tend to fill with sediments and associated nutrients as they make a transition framrtesh

to dry | and. However, this natural successio
through the activities of humans, especially through developiméimé watershed. For some

highly productive lakes with developed watersheds, iiat easy to separate natural succession
fromAicul turally inducedo effects. Nonet hel ess,
impacts from cultural activities. The following discussion summarizes the current understanding

of how nutrients ifluence the growth of algae and macrophytes (aquatic plants), the time scale

used in the studies, the type of models applied and the data collection methods used to create a
nutrient budget. A brief description of the rationale for choosing a targefttad@MDL) as

well as a brief discussion of implementation and management options is presented. A more

detailed description of fertilizer and water usage in commercial cranberry bogs is piavided

Appendix O Guidelines for Total Maximum Daily Loads dfidsphorus from Commercial

Cranberry Bog Discharges in Massachusetts
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A detailed description of the current understanding of limnology (the study of lakes and
freshwaters) and management of lakes and ressemman be found in Wetzel (200X ooke et

al., (2005) and Holdren et al2001). To prevent cultural enrichment it is important to examine

the nutrients required for growth of phytoplankton (algae) and macrophytes. The limiting
nutrient is typically the one in shortest supply relative to the naitrggyuirements of the plants.

The ratio of nitrogen (N) to phosphorus (P) in both algae and macrophyte biomass is typically
about 7 by weight or 16 by atomic ratio (Vallentyne, 1974). Observations of relatively high N/P
ratios in water suggests P is mo#ien limiting and careful reviews of numerous experimental
studies have concluded that phosphorus is a limiting nutrient in most freshwater lakes (Likens,
1972; Schindler and Fee, 1974). Most diagnostic/feasibility studies of Massachusetts lakes also
indicate phosphorus as the limiting nutrient. Even in cases where excess phosphorus has led to
nitrogen limitation, previous experience has shown that it is easier, moreffeasive and more
ecologically sound to control phosphorus than nitrogen. Tdsons include the fact that
phosphorus is related to terrestrial sources and does not have a significant atmospheric source as
does nitrogen (e.g., nitrates in precipitation). Thus;pmint sources of phosphorus can be
managed more effectively by besanagement practices (BMPs). In addition, phosphorus is
relatively easy to control in point source discharges. Finally, phosphorus does not have a
gaseous phase, while the atmosphere is a nearly limitless source of rgasdkat can be fixed

by some hue-green algae, (i.e. cyanobacteria) potentially resulting in toxic blooms. For all of

the reasons noted above, phosphorus is chosen as the critical element to control freshwater
eutrophication, particularly for algal dominated lakes or in lakes thregteith excessive

nutrient loading.

There is a direct link between phosphorus loading and algal biomass (expredsedoahylla)

in algae dormated lakes (Vollenweider, 19¥.5The situation is more complex in macrophyte
dominated lakes where the redtaquatic macrophytes may obtain most of the required nutrients
from the sediments. In organic, nutrigith sediments, the plants may be limited more by light

or physical constraints such as water movement than by nutrients. In such cases clistdiffi
separate the effects of sediment deposition, which reduce depth and extend the littoral zone, from
the effects of increased nutrients, especially phosphorus, associated with the sediments. In
Massachusetts, high densities of aquatic macrophyayically limited to depths less than ten

feet and to lakes where organic rich sediments are found (Mattson et al., 2004). Thus, the
response of rooted macrophytes to reductions in nutrients in the overlying water will be much
weaker and much slower th#he response of algae or r@oted macrophytes, which rely on

the water column for their nutrients. In algal or fonted macrophyte dominated systems,

nutrient reduction in the water column can be expected to control growth with a lag time related
to the hydraulic flushing rate of the system. In lakes dominated by rooted macrophytes,
additional, direct control measures such as harvesting, herbicides or drawdowns will be required
to realize reductions in plant biomass within a reasonably short tetee da both cases,

however, nutrient control is essential since any reduction in one component (either rooted
macrophytes or phytoplankton) may result in a proportionate increase in the other due to the
relaxation of competition for light and nutrientiy addition, it is critical to establish a TMDL so

that future development around the lake will not impair water quality. It is far easier to prevent
nutrients from causing eutrophication than to attempt to restore a eutrophic lake. The first step in
nutrient control is to calculate the current nutrient loading rate or nutrient budget for the lake.
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Nutrient budgets: Nutrient budgets and loading rates in lakes are determined on a yearly basis
because lakes tend to accumulate nutrients as well as algabanobhyte biomass over long

time periods compared to rivers which constantly flush components downstream. In cases of
short retention time reservoirs (less than 14 days), nutrient budgets may be developed on a
shorter time scale (e,gnonthly budgets dm wastewater treatment plants) but the units are
expressed on a per year basis in order to be comparable to nonpoint sources estimated from land
use models. Nutrients in lakes can be released from the sediments into the bottom waters during
the winter ad summer and circulated to the surface during mixing events (typically fall and

spring in deep lakes and also during the summer in shallow lakes). Nutrients stored in shallow
lake sediments can also be directly used by rooted macrophytes during theggreasan. In
Massachusetts lakes, peak algal production, or blooms, may begin in the spring and continue
during the summer and fall, while macrophyte biomass peaks in late summer. The impairment
of uses is usually not severe until summer when macroploieass reaches the surface of the

water interfering with boating and swimming. Also, at this time of year the high daytime

primary production and high nighttime respiration can cause large fluctuations in dissolved
oxygen with critical repercussions feustaining aquatic life. In addition, oxygen is less soluble

in warm summer water as compared to other times of the year. The combination of these factors
can drive oxygen to low levels during the summer and may cause fish kills. For these reasons
the citical period for use impairment is during the summer, even though the modeling is done on
a yearly basis for the reasons explained above.

There are three basic approaches to estimating current nutrient loading rates: the measured mass
balance approactthe land use export modeling approach; and modeling based on the observed
in-lake concentration. The measured mass balance approach requires frequent measurements of
all fluvial inputs to the lake in terms of flow rates and phosphorus concentratibasyearly

loading is the product of flow (liters per year) times concentration (mg/l), summed over all

sources (i.e., all streams and other inputs) and expressed as kg/year. The land use export
approach assumes phosphorus is exported from various |lasdadiz rate dependent on the type

of land use. The yearly loading is the sum of the product of land use area (Ha) times the export
coefficient (in kg/Hal/yr). In some cases a combined or modified approach using both methods is
used. Inlake phosphorus naels provide an indirect method of estimating loading but do not

provide information on the particular sources of input; however, this approach can be used in
conjunction with other methods to validate resuidthough tie mass balance methodnsre

time consuming and more costly due to the field sampling and anatysigenerallyconsidered

to be more accuratd-or this reason, the mass balance results are used whenever possible. If a
previous diagnostic/ feasibility study or mass balance budgeitiavailable, then a land use

export model, such as Reckhow et al., (1980) or the NPSLAKE model (Mattson and Isaac, 1999)
can be used to estimate nutrient loading.

Target Load: Once the current nutrient loading rate is identified, a new, lower rate of nutrient
loading must be established which will meet surface water quality standards for the lake. This
target load or TMDL can be set in a variety of ways. Usually a targeéotraton in the lake is
established and the new load must be reduced to achieve the lower concentration. This target
nutrient concentration may be established by a water quality model that relates phosphorus
concentrations to water quality required toimain designated use#lternatively, the target
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concentration may be set based on concentrations observed in background reference lakes for
similar lake types or from concentration ranges found in lakes within the same ecological region
(or subecoregim). In cases of impoundments or lakes with rapid flushing times (e.g., less than
14 days), somewhat higher phosphorus targets may be used because the planktonic algae and
nutrients are rapidly flushed out of the system and typically do not have timaatdggnuisance
conditions in the lake or accumulate in the sediments. In the case of seepage lakes (with no inlet
streams) they may naturally have lower phosphorus targets, particularly if the lakes are clear
water rather than dark or tea colored lakes.

Various models (equations) have been used for predicting productivity or total phosphorus
concentrations in lakes from analysis of phosphorus loads. These models typically take into
consideration the water bodyo6 saccéugtéorsatiingand | oad
storage of phosphorus in the lake sediments. Among the more well known metrics are those of
Vollenweider (1975), Kirchner and Dillon (1975), Chapra (1975), Larsen and Mercier (1975)

and Jones and Bachmann (1976). These modelsadeto calculatihe TMDL, in kilograms of

the nutrient per day or per year that will result in the target concentration in the lake being

achieved. The TMDL must account for the uncertainty in the estimates of the phosphorus loads

from the sourcesidentf i ed above by incbudiThg mafgangoh o
specifically included, and/or included in the selection of a conservative phosphorus target, and/or
included as part of conservative assumptions used to develop the TMDL. |orgddgimple

mass balance equation (model) of total load divided by total water input, may also be used to
establish the minimum load (assuming no settling or loss of phosphorus) that could explain the
observed concentration in the lake.

After the targeTMDL has been established, the allowed loading of nutrients is apportioned to
various sources that may include point sources asasetnpoint sources such as private septic
systems and runoff from various land uses within the watershed. In Masses;Heselakes

receive direct point source discharges of nutrients. In cases where significant point sources
regulated through the National Pollutant Discharge Elimination System (NPDES) program exist
upstream of a lake or impoundment, the point sourderwihost cases be required to use the
Highest and Best Practical Treatment (HBPT) to reduce total phosphorus loading. The existing
loads for NPDES point sources are calculated based on current data, not on the permitted
discharge loading. New dischargass loading limits at a treatment plant may be computed by
applying the percent reduction required to meet the TMDL to the current loads. The new
permitted concentrations of total phosphorus can then be calculated based on total mass loading
divided by pemitted flow rate for the discharge.

The nutrient notpoint source analysis generally will be related to land use that reflects the

extent of development in the watershed. This effort can be facilitated by the use of geographic
information systems (GIS)gital maps of the area that can summarize land use categories within
the watershed. This is then combined with nutrient export factors which have been established in
numerous published studies. The targeted reductions must be reasonable given thaseductio
possible with the best available technology and Best Management Practices (BMPs). The first
scenario for allocating loads will be based on what is practicable and feasible for each activity
and/or land use to make the effort as equitable as possible.
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Seasonality As the term implies, TMDLs must be expressed as maximum daily loads.
However, as specified in 40 CFR 130.2(l), TMDLs may be expressed in other terms as well. For
most lakes, it is appropriate and justifiable to express a nutrient TMDLns t&rallowable

annual loadings. The annual load should inherently account for seasonal variation if it is
protective of the most sensitive time of year. The most sensitive time of year in most lakes
occurs during summer, when the frequency and occlerehcuisance algal blooms and
macrophyte growth are typically greate$he phosphorus TMDL was established to be
protective of the most environmentally sensitive period (i.e., the summer sehsoefreit

will also be protective of water quality dog all other seasons. Additionally, the targeted
reduction in the annual phosphorus load to lakes will result in the application of phosphorus
controls that also address seasonal variation. For example, certain control practices such as
stabilizing erothg drainage ways or maintaining septic systems will be in place throughout the
year while others will be in effect during the times the sources are active (e.g., application of
lawn fertilizer).

Implementation: The implementation plan or watershed mamagnt plan to achieve the

TMDL reductions will vary from lake to lake depending on the type of point source and non

point source loads for a given situation. For4pamt source reductions the implementation plan

will depend on the type and degree of degment in the watershed. While the impacts from
devel opment cannot be completely eliminated,
housekeepingo practices, known more formally
these BMPs are control of runoffidierosion, welmaintained subsurface wastewater disposal
systems and reductions in the use of fertilizers in residential areas, parks, cemeteries and golf
courses and agriculture. Activities close to the water body and its tributaries merit special

attertion for following good land management practices. In addition, there are some statewide
efforts that provide part of an overall framework. These include the legislation that curbed the
phosphorus content of many cleaning agents, revisions to reguldiaretourage better
maintenance of subsurface disposal systems (Title 5 septic systems), and the Rivers Protection
Act that provides for greater protection of land bordering water bodies. In some cases, structural
controls, such as detention ponds, maused to reduce pollution loads to surface waters.

Although the land use approach gives an estimate of the magnitude of typical phosphorus export
from various land uses, it is important to recognize thatpwnt source phosphorus pollution

comes from may discrete nofpoint sources within the watershed. Perhaps the most common
phosphorus sources in rural areas are associated with soil erosion and use of phosphorus
fertilizers. Soils tend to erode most rapidly following land disturbances such as ctostru

gravel pit operations, tilling of agricultural lands, overgrazing, and trampling by animals or
vehicles. Erosion from unpaved roads is also a common problem in rural areas. Soils may erode
rapidly where runoff water concentrates into channelssandes the channel bottom. This may
occur where impervious surfaces such as parking lots and roadways direct large volumes of
water into ditches which begin to erode from either excessive water drainage or poorly designed
ditches and culverts. Any unvdgeed drainage way is a likely source of soil erosion. Home

septic systems that do not meet Title 5 requirements may also be a source if located close to
surface waters.
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Discrete sources of nonpoint phosphorus in urban, commercial and industrial eliedes an
variety of sources that are |l umped together a
considered as point sources under wasteload allocations. As many of these urban sources are
difficult to identify the most common methods to control such ssuieclude reduction of

impervious surfaces, infiltration, street sweeping and othesstrootural BMPS as well as

treatment of stormwater runoff by structural controls such as detention ponds when this becomes
necessary.

Other sources of phosphorus ¢ phosphorus based lawn fertilizers used in residential areas,
parks, cemeteries and golf courses and fertilizers used by agriculture. Manure from animals,
especially dairies and other confined animal feeding areas is high in phosphorus. In some cases
the manure is inappropriately spread or piled on frozen ground during winter months and the
phosphorus can wash into nearby surface waters. Over a period of repeated applications of
manure to local agricultural fields, the phosphorus in the manure caateahe ability of the

soil to bind phosphorus, resulting in phosphorus export to surface waters. In some cases, cows
and other animals including wildlife such as flocks of ducks and geese may have access to
surface waters and cause both erosion amtidieposition of feces to streams and lakes.

Perhaps the most difficult source of phosphorus to account for is the phosphorus recycled within
the lake from the lake sediments. In most stratified north temperate lakes, phosphorus that
accumulated in thbottom waters of the lake during stratification is mixed into surface waters
during spring and fall turnover when the lake mixes. Phosphorus release from shallow lake
sediments may be a significant input for several reasons. These reasons includaibrgbeal

activity in shallow warmer waters that can lead to sediment anoxia and the resultant release of
iron and associated phosphorus. Phosphorus release may also occur during temporary mixing
events such as wind or powerboat caused turbulence onmbigéaling fish, which can resuspend
phosphorus rich sedi ments. Phosphorus can al
aguatic macrophytes as they extract phosphorus from the sediments and excrete phosphorus to
the water during seasonal growtidasenescence (Cooke et al., 2005; Horne and Goldman,

1994). Shallow lakes also have less water to dilute the phosphorus released from sediment
sources and thus the impact on lake water concentrations is higher than in deeper lakes.

The most important taor controlling macrophyte growth appears to be light (Cooke et al.,

2005). Due to the typically large mass of nutrients stored in lake sediments, reductions in

nutrient loadings by themselves are not expected to reduce macrophyte growth in many
macrophyg-dominated lakes, at least not in the stierin. In such cases additionallake

control methods are generally recommended to directly reduce macrophyte biomass. Lake
management techniques for both nutrient control and macrophyte control have bewadéni
AEutrophication and Aquatic Plant Management

| mpact Reporto and the accompanying fAPractica
http://lwww.mass.gov/eeal/agencies/dcr/waesprotection/lakesand-ponds/eutrophicaticand
aquatieplantmanagement.html

TheMassDEPRwill support inlake remediation efforts that are cestective, longterm and

meet all environmental concerns, however, instituting such measures will be aided by continued
Federal (va U.S. Environmental Protection Agency, BPA), and State grant support.
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Financial support for various types of implementation is potentially available on a competitive
basis through both the nguoint source (319) grants and tBateRevolvingFund (SRF) loan
program. The 319 grants require a 40 percentfederal match of the total project cost

although the local match can be througtkimd services such as volunteer efforts. Other sources
of funding include the 604b Water Quality Management RtenGrant Program and the
Community Septic Management Loan Program. Information on these programs is agailable
the web ahttp://www.mass.gov/eea/ageaesimassdep/water/grants/watershedter

quality.html

Because the lake restoration and improvements can take a long period of time to be realized,
follow-up monitoring is essential to measure interim progress toward meeting the water quality
goal and guid additional BMP implementation. This can be accomplished through a variety of
mechanisms including volunteer efforts. Recommended monitoring may include Secchi disk
readings, lake total phosphorus, macrophyte mapping of species distribution and density,
inspection of any structural BMPs, coordination with Conservation Commission and Board of
Health activities and continued education efforts for citizens in the watershed

Description of Waterbodiesand Problem Assessment

All waterbodiescovered in this study are classified by MassDEP as public water supplies and
outstanding resource waters. The waterbodies in the study area, their cl28%4intkgrated

List information are presented in Tablevfest Monponsett Pond isl25 Ha 808acre
hypereutrophigond located in Halifax/Hanson, MA'he pond is at arlevation of 52 feet

above se#evel West Monponsett Pond has been suffering the symptoms of a eutrophic lake
with elevatecthlorophyll a and cyanobacteria blooms and is on tiiel 20tegrated List for
Phosphorus (Total), Excess Algatd@ith, Secchi disk transparency addn-Native Aquatic
Plants(a nonpollutan). The high levels of total phosphorus (TP) result in excessive algal
growth and impair designated uses of the watdre.ldke is naturally tea colored due to the high
amount of dissolved organic material in the lake, presumably due to the large areas of wetlands
and forested wetlands in the watershed. fEderalClean Water Act requires that such waters
be listed on th&03d list in Category 5 (impaired) and that a Total Maximum Daily Load report
be developed and submitted to the EPA. The modeling approach and implementation in this
report follow the previously approved TMDL forMie Island Pond (MassDEP, 2@G)0

EastMonponsett Pond is L0 Ha 272 acrg pond alsdocated in thelf'own of Halifax MA at an
elevation of 52 feedbove sea levelThis waterbody is covered under TMDL for mercury in fish
tissue (Northeast States 2007ast Monponsett Pond is a mesotreba coloregondthat is
experiencing some cultural eutrophicattmut is generally in better conditidhan the west basin

It also suffers from occasional blootmst has not previously bedisted as impairedor

nutrients

Stetson Pond is a 38.1 @@ pond located in Pembroke, MA. Stetson Pond is tributary to East
Monponsett Pond via Stetson Brook, and as such is part of the Monponsett Pond system. The
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pond is at an elevation of 61 feet (AMSL). The pond was listed on thklg@egrated List
(MassDEP 201pfor Phosphorus (Total), Oxygen, Dissolved and Mative Aquatic Plants (a
nonpollutant). The Massachusetts Department of Public HgMassDPH)posted signage
warning people to avoid contact with the wdte 37 days in 2010 due &evated
concentrations afyanobacteria

White Oak Reservoir, an impoundment along White Oak Brook, is 6 hectares, i size

maximum depth of 6 fegand islocatedat an elevation adipproximately60 feet (AMSL). The

stream was impounded sometime in¢laely 2@h century to provide water for nearby cranberry
bogsWhi t e Oak Reservoir, also known as OReservo
but in recent surveys by MassDEP it was noted that the pond exceeds the 25% thasshold

established inhe CALM (MassDEP 2016a&pr nonrooted macrophyte cover (duckweed) and

will be listed agmpairedfor NutrientEutrophication Biological IndicatorsThis TMDL will

include loading limits for White Oak Reservoir which is tributary, via White Oak Brot¥est

Monponsett Pond.
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Table 1.Description of waterbodies in study area and 2014 Integrated List information

Water Integrated List
Waterbody Body Description Size 303d | Nutrientlmpairment
Name Segment | and Location | (acres) | Class| Qualifier Cat. Causes
Phosphorus (Total),
Stetson Pond MA62182 | Pembroke 88.2 A PWSORW 5 Oxygen, Dissolved,
Monponsett [East Basin]
Pond MAG2218 | Halifax 2446 | A | PWSORW 4A | not applicabld
White Oak
Reservoir MA62157 | Hanson 13.2 A | PWSORW 3 notapplicablé
Phosphorus (Total),
[West Basin] Excess Algal
Monponsett Halifax/ Growth, Secchi disk
Pond MAG62119 | Hanson 282.8 A PWSORW 5 transparacy
Additional waters outside of study area
Pembroke/
Plympton/ Other flow regime
Silver Lake MA94143 | Kingston 617 A | PWSORW 4c alteration
FishPassage
Barrier,Low Flow
Alterations,Aquatic
Plants
(Macrophytes),
Excess Algal
Growth, Oxygen
Jones River MA94-12 | Kingston 4 mile B 5 dissolved, Turbidity

Stump BrooR

1- note these sizesre regulatory sizes used by MassDEP in the 303d list, for purposes of TMDL
modeling the 1:25,000 Hydrography layer areas were used.

2 -TMDL approved for mercury in fish (Northeast States 2007)
3- Determined to be impaired in this report.
4-Not a pollutantno TMDL required.
5-Stump Brook has not been officially assessed.

Flow Issues

The naturaburface wateflow pattern is from Stetson Posduthvia Stetson Brook to East
Monponsett Pond and then west through a culweder Route 560 West Monponsett Pond
(Figure 1). In the northwest part of the watershed, White Oak Brook flows into White Oak
Reservoir, then continussuthto West Monponsett Pond. Stump Brook is the oothethe
west sideof West Monponsett Pond (Figure 1).
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The City of Brockton waauthorized o use Silver Lake as 1899.0s wat

In 1964 the Massachusetts Legislature approved Act 371 to allow a diversion from East
Monponsett Pond to Silver LakEigure 1)to supplement the water suppi§th some

restrictions. Diversions occur generally only in the fall, wintet spring between October and
June During times of diversion the natural flow direction between the p@draia East
Monponsett Pond to West Ponponset Ponay be reverseVest Monponsett Pond to East
Ponponset Pond)There are concerns that the potentially toxic cyanobacterial blooms and excess
nutrients in West and East Monpondetindswill flow into Silver Lake and the altered
hydrology may impact both West and East Monsett Ponslas well as their downstream outlet,
Stump Brookwhich suffers from low flowgPrinceton Hydro, 2013; Horsley Witten, 201 %i.
addition, thethe use ofSilver Lakeas a PWS3esults in only brief outflows to the Jones River
(Princeton Hydrp2013) Thehydraulicdiversionsresult in lessclean Silver Lake water to be
dischargedto the headwaters oféhlones Rivemwhichitself is listed as impaired on the 303d
list of impaired waterglue to low flows In 1995 MassDEP and the City of Brockton signed an
Administrative Consent Order which required @ity to develop a Comprehensive Water
Management Plan and a strategy to reduce environmental imBattsponds are highly
influenced by both their sumoding landuse and tligastMonponsetP o n dseé as aublic

water supplysource The useof EastMonponsetiPondas apublic water supply affects the
hydrologyof both West and &tMonponsetPondsandincreases the risk of introducing
cyanobacteria tthe public water supply source, Silver Lake.
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Figure 1: Flow Diagram for TMDL Study Area
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Watershed Characterization

The East and Westonponsett Ponds watershed area %% hectares (including the pbrs 0
surface area) (Figure.2Using the MassGIS Landusd4ssG1S2005) datalayethe landuse in

the TMDL study area was analyzed. The most common landuse categories are forest, water
(including ponds) and low density residential which compromise approximately 26%, 20% and
15% of the overall TMDL study aregespectively. Also of note are forested wetland, cranberry
bog and no+forested wetland which compromise approximately 13%, 8%sé&ndf the overall
study arearespectively. Landuse categories in the TMDL gtacka are summarized in Table 2

All of the waterbodies covered in this TMDL are part of the Taunton River waterEretdiled
information on the watershed and the lakesraskeided in Table 3.

~

&
£ ) Sty
I =
) g
o
o @
z’ E\me"v)\ plain :
(DO\\\\\ St
White Oak
3 < Stetson
Reservoir 3
2 Pond
rage Pond 2
Vildlife
1agement D
Area =
o
S
(N
Gro
o) ve st
S
<D
North =
105 )
Halifax Country Club {.

ES

Figure 2. Monponsett Ponds Watershed and TMDL Stljdy Area

Stetson Pond is also shown just east of Plymouth Street and White Oak Reservoir is also shown above West

Monponsett just south of South Street. Silver Lake is shown to the right, outside of the catchan@vibpnmade
via ggmap, courtesiahle and H. Wickham 201®ase map data®© 2016 Goagle
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Table 2. Summary of the Landuse in the TMDL study area

Landuse Area % Total
Code | Frequency 2005 Landuse Description (hectares) | Study Area
3 82 Forest 400.3 26%
20 19 Water 303.8 20%
13 71 Low Density Residential 239.5 15%
37 99 Forested Wetland 208.4 13%
12 27 Medium Density Residential 131.8 8%
23 18 Cranberry Bog 121.6 8%
4 66 Non-Forested Wetland 58.8 4%
18 2 Transportation 24.7 2%
15 11 Commercial 14.2 1%
10 6 Multi-Family Residential 13.5 1%
38 36 Very Low Density Residential 8.5 1%
11 2 High Density Residential 7.4 <1%
2 4 Pasture 6.8 <1%
6 5 Open Land 5.2 <1%
31 4 Urban Public/Institutional 3.6 <1%
17 5 Transitional 2.1 <1%
16 2 Industrial 2.1 <1%
7 3 Participation Recreation 1.5 <1%
36 1 Nursery 1.0 <1%
Total 1554.7

Lake Morphometry

The ponds in this TMDL study are all shallow with maximum depths that range between 2.33
meters inlWhite Oak Reservomnd 9.88 meters in Stetson Pond. Stetson Pond is estitbated
have a lake volume of 1.26.0° cubic metersrt®) (BEC 1993 while East Monponsett Pors

an estimate volume of 2.1 B&. TheWhite Oak Reservoivith an average depth of only 1.1
meters $ estimated to only have a volume of approximately 66,000The largest pond, West
Monponsett Pond,ds an estimated volume of 2@T° m* (Princeton Hydro, 2013)Given the
shallow depths and pontisflows all the ponds are well flushed with flushing rates that range
from 1.5lake volumesy/ear for Stetson to 171dke volumesf/ear forWhite Oak Reservairlt is
important to note the modeled flushing ratesrespond t@n annual time step and datno
account for seasonal variations. The diversion was included in the model calibrations but is
averaged over the yeafrhe estimated retention time of water measured in days is 247 days for
Stetson Pond, 88ays for East Monponsett Pond, 21 days/ftinite Oak Reservoand 182days

for West Monponsett Pond. A summary of morphometric data, physical characteristics and
watershed characteristita ponds in the study area can be found in Table 3.
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Table 3. Select morphometric data, physical characteristics and watershed characteristics
for ponds in study area

Parameters Stetson Sl Bl OFL e
Monponsett| Reservoir | Monponsett
Morphometric Data
Symbol units

Lake Mean Depth Z meters 3.3 1.9 1.1 2.1

Maximum Depth D meters 9.80' 3.96¢ 2.33 6.84

Lake Surface Area SA hectares 38.1 109.9 6.0 124.6

Lake Volume \Y meterd 1,259,265 2,124,000 65,891 2,610,000

Width atwidest point Wp meters 657 1143 326 1089

Maximum Length Ly meters 889 1957 414 2146

Shoreline Perimeter S meters 2719 6313 1476 7804
Physical Characteristics

Retention Time T days 247 82 21 182

Flushing Rate F flushings/yr 15 4.4 17.4 2.0
Watershed Characteristics

Watershed Area WA hectares 242.1 1042.4 166.5 675.4

Watershed: Lake

Ratio 6.4 9.5 27.7 5.4

% Watershed

Occupied By Lake 16% 11% 4% 18%

Primary Landuse Low Intensity

(By%) Natural Natural Development Natural

Secondary Landuse

Low Intensity

Low Intensity

Low Intensity

(By%) Development| Development Natural Development
Abandoned

Tertiary Landuse Cranberry Forested Forested Forested

(By%) Bogs Wetland Wetland Wetland

1- BEC (1993)2 i Princeton Hydro (2013)

Previous Analysis

A number of previous studies have been conducted on the Monponsett Ponds. Lycott (1987)
conducted a comprehensive diagnostic/feasibility study of both East and West Monponsett

Ponds. This study included significant sampling of a number of tributarybedies for

streamflow water quality, stormwater outfall sampling, groundwater test well sampling, seepage
sampling, macrophyte mappirand inlake sampling. In addition using a mass balance model
an estimate of total phosphorus loading of 793 kg/yb&th East and West Monponsett Ponds
was calculated (Lycott 1987, pg1®). This loading included an estimated of 378 kg/yr from

septic systems or 47.7% of the total load. The next three largest sources of loading included 177

kg/yr from forest land, 16Bg/yr from diffuse residential including stormwater and 53 kg/yr
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from precipitation. Lycott (1987) estimated outputs from the Monponsett Pond system of 61
kg/yr to Stump Brook and 45 kg/yr to Silver Lake via drinking weteersion.

PrincetonHydro (20L3) conducted analysis of water management for the Monponsett Ponds,
Furnace Pond and Silver Lake in order to recommend options to improve water quality as well as
provide more sustainable flows in Stump Brook. As part of their work they estimated the
hydrology of the Monponsett Pond system and modeled both current water quality and water
guality under various management scenarios. Princeton Hydro estimated a current total
phosphorus load of,231 kg to both ponds ang3¥4 kg/yr and 1057 kg/yr to Westdiast
Monponsett Ponds respectively. Princeton Hydro also fthatdor West Monponsett Pond
approximately 70% of the entire outflow is routed throtighdiversiorto the east basifon an

annual basis)As aresult approximately 40% of the inflow tBast Monponsett Pond to consist

of thepoorer quality water from West Monponsett Pond.

Horsley Witten (2015) conducted an evaluation of the management of the Stump Brook dam and
its effects on the brookdés f | deirsorkatimeyd molified p on s e
USGS Modflow groundwater model to predict groundwater flows and model the hydrology of

the system. In addition to determining the hydrological effects of different Stump Brook dam
management options, they modeled water qualitiienponds based on their possible dam
management scenarios using the Lake Loading Response (UbB&l). Horsley Witten

estimated a total phosphorus load of 727 kg/yr to both ponds and 185 kg/yr and 542 kg/yr to East
and West Monponsett Ponds respectivéfprsliey Witten estimated internal loads during their

model calibration process. They estimated internal loading was 381 kg/yr in West Monponsett
Pond or approximately 49% of load inputs. Watershed land use loads were 292 kg/yr or
approximately 38% of kad inputs. Atmospheric deposition and septic loads were estimated to

be 50 kg/yr and 53 kg/yr respectively. Export of phosphorus via transfers out of West
MonponsetPond was estimated to be 233ykg

In addition to estimating current loading to themponsett Ponds, Horsley Witten (2015)

evaluated a number of management scenarios. They estimated in the absence of the Brockton
water supply diversion, West Monponsett Pond would have a total phosphorus concentration of
0.057mg/l while East Monponsett hd would have a total phosphorus concentration of 0.019
mg/l. The impact of diversion is discussed later in this repbnie modeled effects of no

internal nutrient loading were even more pronounced with estimated total phosphorus
concentrations in Wesind East Monponsett Pond of 0.08d@/l and 0.029ng/l. The estimated

total phosphorus concentrations in West and East Monponsett Pond respectively wemeg@l.064
and 0.004ng/l under the 50% reduction in land loads scenario.

The three previous wateuglity model attempts for the Monponsett Ponds used a variety of
different assumptias and arrived at somewhat different loading estimates as described above
and as shown in Table &or example Princeton Hydro (2013) and Ly¢@&87) considered

Wine Brook Bogs to be part of the West Monponsett Pond watershed while Horsley Witten
(2015) did not. There are likely many differences between the different previous water quality
modeling efforts. A comprehensive comparison of previmodel efforts is beyond the scope of
this document but a summary of the three previous water quality modeling efforts, loadings,
estimated major loading sources and key model assumptions is provided id. TBbd®ious
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work has indicated the importamof internal loading and cranberry bogs. Both sources are
identified as significant in this TMDL.

Table 4. Comparison of Previous Water Quality Modeling Effortsfor Monponsett Pond.

Total
Previous| Model Loading Top Loading Septic System
Work Type (kalyr) Sources Treatment Key Assumptions
No internal loading,
SepticSystems cranberry bog export
Forest Land, Diffuse| Included louses coefficient of 0.16
Residential within twicethe kg/halyr, estimated
(including average septic hydraulic discharges
Lycott Mass 793 (Both stormwater), system setbacf71 | for Stump Brook and
(1987) Balance | Ponds) Precipitation houses total) diversion
Various
Mass Modeled both with
Balance, current diversion and
Unit with no diversionNo
Princeton| Area 2431 (Both Houses within 100 | internal loading,
Hydro, Load for | Ponds)1057 ft included, cranberry bog export
LLC landuse | (East), 1374 | Land use, Estimated per capit§ coefficient of 9.9
(2013) loads (West) Atmosphere, Septic| loading kg/halyr
Mass
Horsley | Balance Includesdiversion
Witten (Lake 727 (Both andnetTP transfer
Group, Loading | Ponds), 185 | Internal Loading, out of West
Inc. Response (East ), 542 | Watershed Landuse| Houses within 100 | Monponsett Pond of
(2015) Model) (West) Septic, Atmospheric| ft (151 Houses total] 235 kggr
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Recent aluminum treatments for West Monponsett Pond

In an effort to reduce the severity of cyanobacteria blooms in West Monponsett Pond the pond

was treated with light doses of aluminum sulfate and sodium aluminate solutions in a 2:1 ratio

during the summer of 2013 and 2015. Due to concerns about theekss¢al aquatic species of

concern additional testing was required as part ofMb#and Protection Act Order of

Conditions. The freshwater mussedleptodea orchraceélidewater mucket) andigumia

nasuta(Eastern Pondmussel) are rare species théiswréby the Massachusetts Natural

Heritage and Endangered Species Program (NHBRSP) i Sp e c i ahe d@gomfilg e r n 0 .
Neurocordulia obsolet@Jmber Shadowdragon) is als@re species i st ed as fASpeci al
by the NHESP

The aluminum dose was gled over a period of days between June 4 and June 7, 2013 using
1,300 gallons of alum plus®00 gallons of sodium aluminateycott, 2014) Assuming the
treatment spread across the bottom of West Monponsett Pond the effective concentration of
aluminumwould be about 3.4 mg/l or 7gin?. The monitoring study noted some increases and
some decreases in mussel density before and afteetitmentind no video evidence of

obvious stress responses andatthors could not say that the treatment had #agteonthe
juvenilesor adult mussels (Biodrawversity, 2014). Similarly, the same study examined
emergence of the dragonflies over several years and found no evidence of any immediate adverse
impacts orlN. oblosetaor the dragonfl}community Biodrawvesity, 2014). A similar study on
mussels in 2018eterminedhat conclusions were difficult to draw but shtatm impacts
appeared to be minimal (ACT, 2015).

The pond did not have any aluminum treatments in 2@k&cond year of light dose treatments
occurred over two months from June 2, 2015 to July 23, 2015 in West MonponsettTPasd.
time the dose was®00 gallons of aluminum sulfate ang@0 gallons of sodium aluminate
resulting in an effective dose of about 2.3 mg/l (4.9%y/ithus the total dse of aluminunto the
bottom for 2013 and 201as 12 ¢m®. Another set of alum treatments is being conducted in
the summer months of 2016. Thewn of Halifax has applied for permission to add additional
alum to West Monponseitt 2017

Water Quality Trends

As described above the general thresholds that are noted@AtiMd document are a target of
1.2m Secchi disk transparenalissolved oxygen of 5 mg/,6 ppb chlorophyll a, 25% or less
coverage of duckweed and cyanobacteria densities less@j@i0 €ells/ml. The trends in the

data will be discussed in downstream order, from Stetson Pond, East Monponsett Pond, White
Oak Reservoir and WebtonponsettPond.

Stetson Pond was sampled in 1988 for a diagnostic feasibility ahdithey reporteAnabaena
blooms lowering the Secchi disk transparency to 0.8m (BEC, 1993). MassDEP sampled the
pond on one visit in late summer of 2003 and sampled the pond again in the summer of 2015
during 4 monthly visits. Total Phosphorus for all three surisegsownin Figure3. Note the

high TP concentrations reported in Stetson Porid®8v (BEC, 1993) A large decline in TP
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was observetbllowing the saleof the bogs to the town and later abandonmentafherry

operations at the 85.4 acre Edgewood Bogs to the north of SRadnMacLaughlin, 2016).
Despite the reductions in TP the chloropladioncentrations show no improvemehigure4)

with thehighestChlorophylla concentrationsoundduring the September 2015 saingldate

Stetson Pond was also monitored for cyanobacteria and recordsertie pond was posted

with a warning of a cyanobacteria bloom that lasted 37 days in late summer of 2010 (MassDEP,
unpub. data)The median Secchi disk transparency shows slightly less transparency in 2015, but
the range of readings show the recent Seatisk transparencies are maintaining transparency
greater than the 118 threshold Eigure5). A hypolimnion was noted on Augu8015 sampling
dateand temperature stratification was found during the sun{igpendix C, Figure C1C12).
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Figure 3. Stetson Pond Surface Total PhosphorusSummer median values are indicated by
the dashed line.
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Stetson Pond
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Figure 4. Stetson PondChlorophyll a. Summer median values are indicated by the dashed
line.
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Figure 5. Stetson Pond Secchi disk transparency. (Note y axis reverse8ummer median
values are indicated by the dashed line.
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East Monponsett Ponglas sampled by MassDEP during the summers of 2001 and 2009 through
2015. The TP concentrations have been relatively constant but with a recent decline since 2013
(Figure6). A slight drop in concentration was also noted in 2010 and is associated with a dry
summer. Thehlorophylla concentration shows more variability with generally leigh
concentrations (above the 16 ug/lI guidance threshold) in-2009 Figure7). The most recent

year, 2105 shows a marked improveme®ecchi disk transparency Eag Monponset{Figure

8) follows the trends ihlorophylla, noted above. The mean transparency was near the 1.2 m
threshold in 20022010 with the exception of 2010 discussed above. Note that the transparency
was markedly improved to nearly 3 meter2015. East Monponsett Pond wgsnerallynot

noted to be hypoxic at depéimd did not exhibit temperature stratificati@ppendix C, Figures
C13-C15).
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Figure 6. East Monponsett Pond Surface Total Phosphoru§ummer medianvalues are
indicated by the dashed line.
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East Monponsett Pond
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Figure 7. East Monponsett PondChlorophyll a. Summer median values are indicated by
the dashed line.
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Figure 8. East Monponsett Pond Secchdisk transparency. (Note y axis reversed Summer
median values are indicated by the dashed line.
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White Oak Feservoir was spodecally sampled for various parameters in 2085 with no

clear trends in TP arhlorophylla (Figure9, Figure10). Median Secchi disk transparency did
improve to 1.5m (just above the 112 threslold) in 2015 Figurell). TheWhite Oak

Reservoiwas often noteth 2015to have a dense whole lake plant coverage which consisted of
Ceraophyllum, Cabombeacaroliniana WolffiaandLemnaminor. In past years theemna

minor (duckweed) coverag®as observed to be an impairmér25%)to aquatic life support

and a candidate for listing on the impaired waters list in need of a TMDL. In 2011 for example
theWhite Oak Reservoiwvas observed to be 30%, 75% and 40% covered by duckweed on visits
in June, July and August, respectively. Dutting 2015 sampling seasdaockweed covelbegan
around 1% of the surface area of White Oak Reservoin May and by the endf the sampling
season in September covered approxi mately 35%
et. al(2012 have found thatemna minoandCeratophylluncan incorporate a significant

amount ofin pondphosphorus in their standing stodkor this reason, even though the median
summer TP was only 3%pb in 2015 Figure9), the true concentration may be as high as 50 ppb

if the mass of nomooted macropytes is included.
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Figure 9. White Oak Reservoir Surface Total Phosphorus.Not enough data to compute
summer median data.
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Figure 10. White Oak Reservoir Chlorophyll a. Not enough data to compute summer
median.

Figure 11. White Oak Reservoir Secchidisk transparency. (Note y axis reversed Not
enough data to compute summer median.
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http://www.mass.gov/eea/waste-mgnt-recycling/air-quality/green-house-gas-and-climate-change/climate-change-adaptation/climate-change-adaptation-report.html
http://www.mass.gov/eea/waste-mgnt-recycling/air-quality/green-house-gas-and-climate-change/climate-change-adaptation/climate-change-adaptation-report.html















http://www.mass.gov/eea/agencies/massdep/water/wastewater/stormwater-programs.html



http://www.mass.gov/eea/docs/agr/pesticides/docs/plant-nutrient-regs-ag-land-factsheet-pd.pdf
http://www.mass.gov/eea/agencies/agr/pesticides/plant-nutrient-management.html
http://bit.ly/MassLakeVolunteerGuide
http://www.mass.gov/dep/water/resources/watershed.htm
http://bit.ly/MassUnpavedRoads









http://www.mass.gov/eea/waste-mgnt-recycling/air-quality/green-house-gas-and-climate-change/climate-change-adaptation/climate-change-adaptation-report.html
http://www.mass.gov/eea/waste-mgnt-recycling/air-quality/green-house-gas-and-climate-change/climate-change-adaptation/climate-change-adaptation-report.html
http://water.epa.gov/scitech/climatechange/upload/epa_2012_climate_water_strategy_full_report_final.pdf
http://water.epa.gov/scitech/climatechange/upload/epa_2012_climate_water_strategy_full_report_final.pdf



https://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=256912
http://www.mass.gov/czm/stormsmart












http://bit.ly/WhiteIslandPond_TMDL
http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-serv/office-of-geographic-information-massgis/
http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-serv/office-of-geographic-information-massgis/



http://bit.ly/WhiteIslandPond_TMDL












































































































http://www.mass.gov/dep/water/resources/2006il4.pdf






http://www.umass.edu/cranberry/services/bmp/phosphorus.shtml












http://www.mass.gov/dep/service/regulations/314cmr04.pdf
http://www.mass.gov/dep/service/regulations/310cmr36.doc



http://www.epa.gov/waterscience/criteria/nutrient/ecoregions/rivers/rivers_14.pdf
http://www.epa.gov/waterscience/criteria/nutrient/ecoregions/lakes/lakes_14.pdf






http://www.epa.gov/waterscience/criteria/nutrient/ecoregions/rivers/rivers_14.pdf
http://www.epa.gov/waterscience/criteria/nutrient/ecoregions/lakes/lakes_14.pdf































































https://www.ncdc.noaa.gov/



http://water.usgs.gov/osw/streamstats/massachusetts.html

