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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 Massachusetts Surface Water 

Quality Standards. The list of impaired waters also referred to as Category 5 of the State 

Integrated List of Waters or the ñ303d listò identifies river, lake, and coastal waters and the cause 

for impairment. All impaired waters listed in Category 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 water body is identified as impaired, MassDEP is required by the Federal Clean Water 

Act (CWA) to essentially develop a ñpollution budgetò designed to restore the health of the 

impaired body of water. The process of developing this budget, generally referred to as a Total 

Maximum Daily Load (TMDL), includes identifying the source(s) of the pollutant from direct 

discharges (point sources) and indirect discharges (non-point sources), determining the 

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

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

 

This report develops total phosphorus TMDLs for an interconnected set of four waterbodies 

(West and East Monponsett Pond, Stetson Pond and White Oak Reservoir) in the towns of 

Hanson, Halifax, and Pembroke Massachusetts. West Monponsett Pond and Stetson Pond are 

listed as impaired (Category 5), on the "Massachusetts 2014 Integrated List of Waters" for 

nutrient related impairments (MassDEP, 2015). West Monponsett (Segment MA62119) is listed 

as impaired for Excess Algal Growth, Total Phosphorus and Secchi Disk Transparency. Stetson 

Pond (Segment MA62182) is listed as impaired for Dissolved Oxygen (DO) and Total 

Phosphorus (TP).  East Monponsett Pond (Segment MA62218) and White Oak Reservoir (AKA 

Reservoir, Segment MA62157) were not previously listed as nutrient impaired, but are now 

determined to be impaired by excess algal growth and nuisance aquatic plants (duckweed), 

respectively, based on recent data analyzed in this report.  Some of the ponds are listed for other 

non-nutrient related impairments (TMDL not required) and these include Stetson Pond which is 

listed for non-native aquatic plants; East Monponsett Pond listed for non-native aquatic plants 

and also listed for Mercury in Fish Tissue for which a TMDL exists (EPA#33880); West 

Monponsett Pond MA62119 is also listed for non-native aquatic plants.   This report will satisfy 

the requirement of a phosphorus TMDL for all of the above waterbodies. In order to prevent 

further degradation in water quality and to ensure that each lake meets state water quality 

standards, the TMDL establishes phosphorus limits for the lakes and outlines actions to achieve 

that goal.  

 

All four waterbodies are considered to be Class A and Outstanding Resource Waters (ORWs) 

and are tributary, via an underground pipe, from East Monponsett to Silver Lake (Pembroke, 

MA) which is the surface water supply for the City of Brockton.  During diversions (mainly in 

October-May) water flows regularly reverse direction and draw water backward from 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 West and East 

Monponsett Ponds and the upstream waterbodies that are tributary to those ponds.  

http://www.mass.gov/dep/water/resources/tmdls.htm
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The Lake Loading Response Model (LLRM) suite of lake models was used for this TMDL. The 

LLRM is a spreadsheet based model which uses an annual steady state suite of models to 

estimate nutrient loadings.  These estimated nutrient loadings along with pond morphometric and 

physical characteristics are then used to predict in-pond nutrient concentrations using a suite of 

well accepted lake models for phosphorus predictions.  The successful calibration of the model 

was based on relatively high nutrient export rates from specific landuses that discharge directly 

to surface waters (cranberry bogs, stormwater and natural forested wetlands), combined with 

estimates of export from septic systems and internal sediment recycling of phosphorus.  These 

estimates for each waterbody were simultaneously adjusted with the Lake Loading Response 

Model (LLRM) suite of lake models until they approximated the observed in-lake surface 

concentrations in each lake.  The major sources of phosphorus to the lakes were cranberry bogs, 

internal release from sediments, natural wetlands, and runoff from developed areas.   

 

Ignoring sediment sources, the largest controllable watershed sources of phosphorous are 

cranberry bog inputs and runoff associated with residential development.  In the case of West 

Monponsett Pond, internal loading or recycling of phosphorus from lake sediments is a major 

source of phosphorus during the summer growing season.  Implementation is already underway 

to address the cranberry bog inputs.  The large commercial bogs north of Stetson Pond were 

retired in 2008 and that pond already shows a reduction in TP concentrations.  The Morse 

Brothers Winebrook bogs and ñbog #19ò near West Monponsett Pond and White Oak Reservoir 

have implemented reduced phosphorus fertilizer rates as recommended by the University of 

Massachusetts (UMass) Cranberry Experiment Station.  West Monponsett Pond has also shown 

significant reductions in TP concentrations coincident with the fertilizer reductions.  In addition, 

a Section 319 grant (#12-02/319) was previously awarded in 2012 to assist in implementation 

and monitoring of new experimental filters for cranberry bog discharge waters, with monitoring 

being conducted by the UMass Cranberry Station. Funding support to aid implementation of this 

TMDL is available on a competitive basis under various state and federal programs. 

 

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 a treatment with a light dose of aluminum in 2013 and 2015 and is 

continuing into 2016.  Only a light aluminum dose was applied in small amounts over the 

summer months to avoid potential to impacts the rare state listed freshwater mussels in the pond.  

The sediment source of phosphorus is presumably due to historic inputs of phosphorus, largely 

from anthropogenic sources.   

 

Implementation will include continued effort to reach out to remaining cranberry growers to use 

the most current recommended practices on their bogs. Implementation can be achieved by a 

combination of best management practices (BMPs) including reducing the phosphorus fertilizer 

rates, reducing volumes of discharge water and reducing concentrations of total phosphorus in 

the discharge water.  Further implementation of stormwater and septic system upgrades will be 

encouraged.  An additional aluminum treatment of West Monponsett Pond to bring the total 

applied dose up to 50 grams per square meter (g/m
2
), and possibly treat the other ponds in the 

system.   
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In summary, the four waterbodies were modeled with a mass balance approach using a 

combination of landuse areas multiplied by phosphorus export coefficients and the resulting 

phosphorus loads for each pond were modeled using a suite of lake models to match the 

observed  (2009 or 2015) TP concentrations.  Target TP concentrations were chosen to attain 

recovery of the ponds and a set of TMDL loads were established to meet those targets.  The 

reductions in loads required to reach the targets ranged from 30% to 71% as shown in Table ES-

1 below. Although the TMDL must be expressed on a daily basis, the implementation and 

administrative decisions should rely on achieving the annual TMDL load which is more 

appropriate for these waterbodies. 

 

 

Waterbody  

Current TP 

ppb used in 

model 

Current 

TP Load 

kg/yr 

Target 

TP ppb 

TMDL 

Load 

kg/yr 

TMDL 

Load 

kg/day 

Percent 

TP Load 

Reduction 

Stetson Pond 15 69 13 48 0.13 30% 

East Monponsett 34 345 20 207 0.57 40% 

White Oak Brook 

Reservoir 
50* 76 28 41 0.11 46% 

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 (TMDLs) for such 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 water quality standards.  TMDLs determinations must 

account for seasonal variability and include a margin of safety (MOS) to account for uncertainty 

of how pollutant loadings may impact the receiving waterôs quality.  This report will be 

submitted to the USEPA as 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 for state and federal 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 on the web 

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

 

 

The Massachusetts Surface Water Quality Standards (WQS) define conditions required to 

maintain designated uses.  The standards are largely narrative as they apply to nutrients, however 

numeric thresholds for biological responses such as Secchi disk transparency and chlorophyll are 

detailed below.  The Water Quality Standards are described in the Code of Massachusetts 

Regulations under sections:  

 

314CMR 4.05 (3) b: These waters are designated as a habitat for aquatic life, and wildlife, and 

for primary and secondary contact recreation...These waters shall have consistently good 

aesthetic value.  

1. Dissolved Oxygen: a. Shall not 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 seasonal and daily variations above this level shall be maintained... 

 

and  

 

314CMR 4.05 (5)(a) Aesthetics- All surface waters shall be free from pollutants 

in concentrations or combinations that settle to form objectionable deposits; float as debris, scum 

or other 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 existing point source 

discharge containing nutrients in concentrations that would cause or contribute to cultural 
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eutrophication, including the excessive growth of aquatic plants or algae, in any surface water 

shall be provided with the most appropriate treatment as determined by the Department, 

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

for non POTWs, to remove such nutrients to ensure protection of existing and designated uses. 

Human activities that result in the nonpoint source 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 shall be 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 criteria above the WQS also include an anti-degradation 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 Quality waters 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 and maintained for their existing level of quality unless limited degradation by 

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 that a new or 

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 Waters. Certain waters are designated for protection 

under this provision in 314 CMR 4.06. These waters include Class A Public Water Supplies (314 

CMR 4.06(1)(d)1.) and their tributaries, certain wetlands as specified in 314 CMR 4.06(2) and 

other waters as determined by the Department based on their outstanding socio-economic, 

recreational, ecological and/or aesthetic values. The quality of these waters shall be protected 

and maintained. 

(a) Any person having an existing discharge to these waters shall cease said discharge and 

connect to a Publicly Owned Treatment Works (POTW) unless it is shown by said person that 

such a connection is not reasonably available or feasible. Existing discharges not connected to a 

POTW shall be provided with the highest and best practical method of waste treatment 

determined by the Department as necessary to protect and maintain the outstanding resource 

water. 

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

1. the discharge is determined by the Department to be for the express purpose and intent of 

maintaining or enhancing the resource for its designated use and an authorization is granted as 

provided in 314 CMR 4.04(5). The Department's determination to allow a new or increased 

discharge shall be made in agreement with the federal, state, local or private entity recognized by 

the Department as having direct control of the water resource or governing water use; or  

2. the discharge is dredged or fill material for qualifying activities in limited 
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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 specified in 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 waters of the 

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 (SRWs). The 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 discharge 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 

quality lower than necessary to protect uses; and 

(b) an authorization is granted pursuant to 314 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 important economic 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 and will not result 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 

compliance with 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 Department, and 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 exempted 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 decision of 

the Department. 

(e) A new or increased discharge specifically required as part of an enforcement order 

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 Implementation Procedures 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 Massachusetts 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 programmatic 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 sources and loads 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 be compared to total 

phosphorus loadings estimated from a suite of different published lake models.  A target 

concentration to meet Massachusetts Surface Water Quality Standards (WQS) is selected and a 

target load of phosphorus is calculated for the lake. The phosphorus TMDL is established to 

control eutrophication in the water column, however additional plant management may be 

needed.  A total phosphorus TMDL is established to meet WQS, and to generally maintain a 

minimum of 4-foot visibility in surface waters for safe recreational use (which is equivalent to 

the 1.2 m Secchi disc transparency), a 16 ppb chlorophyll a  concentration (a measure of algae 

and cyanobacterial biomass), limiting non-rooted macrophyte (i.e. duckweed) to 25% or less 

coverage, maintaining minimum dissolved oxygen (generally 5 mg/l for warm water) and to limit 

potentially toxic cyanobacterial blooms (less than 70,000 cells/ml).  Details on the thresholds 

listed above can be found in MassDEPôs Consolidated Assessment and Listing Methodology 

(CALM, see MassDEP, 2016a). The successful implementation of this TMDL will require 

cooperative support from the public including lake and watershed associations, local officials 

and municipal governments in the form of education, funding and local enforcement.  In some 

cases, additional funding support is available under various state programs including the 

MassDEP Section 319 Grant Program (nonpoint source grants) and the State Revolving Fund 

Program (SRF); see watershed grants listed in 

http://www.mass.gov/eea/agencies/massdep/water/grants/watersheds-water-quality.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 from lake to marsh 

to dry land.  However, this natural successional (ñagingò) process can be and often is accelerated 

through the activities of humans, especially through development in the watershed.  For some 

highly productive lakes with developed watersheds, it is not easy to separate natural succession 

from ñculturally inducedò effects.  Nonetheless, all feasible steps should be taken to reduce the 

impacts from cultural activities.  The following discussion summarizes the current understanding 

of how nutrients influence 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 target load (the TMDL) 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 provided in 

Appendix D, Guidelines for Total Maximum Daily Loads of Phosphorus from Commercial 

Cranberry Bog Discharges in Massachusetts.  

http://www.mass.gov/eea/agencies/massdep/water/grants/watersheds-water-quality.html
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A detailed description of the current understanding of limnology (the study of lakes and 

freshwaters) and management of lakes and reservoirs can be found in Wetzel (2001), Cooke et 

al., (2005) and Holdren et al., (2001).  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 nutrient requirements 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 most often 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, more cost-effective and more 

ecologically sound to control phosphorus than nitrogen.  The reasons 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, non-point sources of phosphorus can be 

managed more effectively by best management 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 nitrogen gas that can be fixed 

by some blue-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 threatened with excessive 

nutrient loading. 

 

There is a direct link between phosphorus loading and algal biomass (expressed as chlorophyll a) 

in algae dominated lakes (Vollenweider, 1975).  The situation is more complex in macrophyte-

dominated lakes where the rooted aquatic macrophytes may obtain most of the required nutrients 

from the sediments.  In organic, nutrient-rich sediments, the plants may be limited more by light 

or physical constraints such as water movement than by nutrients.  In such cases, it is difficult to 

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 macrophytes are typically 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 than the response of algae or non-rooted macrophytes, which rely on 

the water column for their nutrients.  In algal or non-rooted 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 time scale.  In 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 nutrients.  In 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. 



 

14 

 

 

Nutrient budgets: Nutrient budgets and loading rates in lakes are determined on a yearly basis 

because lakes tend to accumulate nutrients as well as algal and macrophyte 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.g., monthly budgets from 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 and 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 the growing season.  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 macrophyte biomass 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 for sustaining 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 critical 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 approach; the 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 concentrations.  The yearly 

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 land areas at a 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/Ha/yr).  In some cases a combined or modified approach using both methods is 

used. In-lake phosphorus models 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 results.  Although the mass balance method is more 

time consuming and more costly due to the field sampling and analysis, it is generally considered 

to be more accurate.  For this reason, the mass balance results are used whenever possible.  If a 

previous diagnostic/ feasibility study or mass balance budget is not available, 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 target concentration 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 to maintain designated uses.  Alternatively, 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 sub-ecoregion).  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 time to grow to nuisance 

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 bodyôs hydraulic loading rate and some factor to account for settling and 

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 models are used to calculate the 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 sources identified above by including a ñmargin of safety.ò  The margin of safety can be 

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.  In addition, a simple 

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 target TMDL has been established, the allowed loading of nutrients is apportioned to 

various sources that may include point sources as well as non-point sources such as private septic 

systems and runoff from various land uses within the watershed.  In Massachusetts, few lakes 

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 source will in most 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 discharge mass 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 permitted flow rate for the discharge. 

 

The nutrient non-point 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) digital 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 the reductions 

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(I), TMDLs may be expressed in other terms as well.  For 

most lakes, it is appropriate and justifiable to express a nutrient TMDL in terms of allowable 

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 occurrence of nuisance algal blooms and 

macrophyte growth are typically greatest.  The phosphorus TMDL was established to be 

protective of the most environmentally sensitive period (i.e., the summer season), therefore it 

will also be protective of water quality during 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 eroding 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 management 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. For non-point source reductions the implementation plan 

will depend on the type and degree of development in the watershed.  While the impacts from 

development cannot be completely eliminated, they can be minimized by prudent ñgood 

housekeepingò practices, known more formally as best management practices (BMPs). Among 

these BMPs are control of runoff and erosion, well-maintained 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 

attention 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 regulations that encourage 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, may be used 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 that non-point source phosphorus pollution 

comes from many discrete non-point 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 construction, 

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 channels and erodes 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 unvegetated 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 areas include a 

variety of sources that are lumped together as óurban runoffô or óstormwaterô and may be 

considered as point sources under wasteload allocations. As many of these urban sources are 

difficult to identify the most common methods to control such sources include reduction of 

impervious surfaces, infiltration, street sweeping and other non-structural BMPS as well as 

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

necessary. 

 

Other sources of phosphorus include 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 can saturate the 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 and direct deposition 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 the bottom 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 include higher microbial 

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 or bottom feeding fish, which can resuspend 

phosphorus rich sediments.  Phosphorus can also be released from nutrient ópumpingô by rooted 

aquatic macrophytes as they extract phosphorus from the sediments and excrete phosphorus to 

the water during seasonal growth and senescence (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 factor 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 

macrophyte-dominated lakes, at least not in the short-term.  In such cases additional in-lake 

control methods are generally recommended to directly reduce macrophyte biomass. Lake 

management techniques for both nutrient control and macrophyte control have been reviewed in 

ñEutrophication and Aquatic Plant Management in Massachusetts. Final Generic Environmental 

Impact Reportò and the accompanying ñPractical Guideò (Mattson et al., 2004; Wagner, 2004) 

http://www.mass.gov/eea/agencies/dcr/water-res-protection/lakes-and-ponds/eutrophication-and-

aquatic-plant-management.html. 

 

The MassDEP will support in-lake remediation efforts that are cost-effective, long-term and 

meet all environmental concerns, however, instituting such measures will be aided by continued 

Federal (via U.S. Environmental Protection Agency, or EPA), 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 non-point source (319) grants and the State Revolving Fund (SRF) loan 

program.  The 319 grants require a 40 percent non-federal match of the total project cost 

although the local match can be through in-kind services such as volunteer efforts.  Other sources 

of funding include the 604b Water Quality Management Planning Grant Program and the 

Community Septic Management Loan Program.  Information on these programs is available on 

the web at http://www.mass.gov/eea/agencies/massdep/water/grants/watersheds-water-

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 guide 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, visual 

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 Waterbodies and Problem Assessment 
 

All waterbodies covered in this study are classified by MassDEP as public water supplies and 

outstanding resource waters.  The waterbodies in the study area, their class and 2014 Integrated 

List information are presented in Table 1. West Monponsett Pond is a 125 Ha (308 acre) 

hypereutrophic pond located in Halifax/Hanson, MA. The pond is at an elevation of 52 feet 

above sea level.  West Monponsett Pond has been suffering the symptoms of a eutrophic lake 

with elevated chlorophyll a and cyanobacteria blooms and is on the 2014 Integrated List for 

Phosphorus (Total), Excess Algal Growth, Secchi disk transparency and Non-Native Aquatic 

Plants (a non-pollutant).  The high levels of total phosphorus (TP) result in excessive algal 

growth and impair designated uses of the waters. The lake 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.  The federal Clean Water Act requires that such waters 

be listed on the 303d 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 for White Island Pond (MassDEP, 2010a). 

 

East Monponsett Pond is a 110 Ha (272 acre) pond also located in the Town of Halifax MA at an 

elevation of 52 feet above sea level.  This waterbody is covered under TMDL for mercury in fish 

tissue (Northeast States 2007).   East Monponsett Pond is a mesotrophic tea colored pond that is 

experiencing some cultural eutrophication but is generally in better condition than the west basin.  

It also suffers from occasional blooms but has not previously been listed as impaired for 

nutrients. 

 

Stetson Pond is a 38.1 hectare 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 

http://www.mass.gov/eea/agencies/massdep/water/grants/watersheds-water-quality.html
http://www.mass.gov/eea/agencies/massdep/water/grants/watersheds-water-quality.html
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pond is at an elevation of 61 feet (AMSL).  The pond was listed on the 2014 Integrated List 

(MassDEP 2015) for Phosphorus (Total), Oxygen, Dissolved and Non-Native Aquatic Plants (a 

non-pollutant).  The Massachusetts Department of Public Health (MassDPH) posted signage 

warning people to avoid contact with the water for 37 days in 2010 due to elevated 

concentrations of cyanobacteria.   

 

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

maximum depth of 6 feet, and is located at an elevation of approximately 60 feet (AMSL).  The 

stream was impounded sometime in the early 20th century to provide water for nearby cranberry 

bogs. White Oak Reservoir, also known as óReservoirô was not listed as impaired by nutrients 

but in recent surveys by MassDEP it was noted that the pond exceeds the 25% threshold, as 

established in the CALM (MassDEP 2016a) for non-rooted  macrophyte cover (duckweed) and 

will be listed as impaired for Nutrient/Eutrophication Biological Indicators.  This TMDL will 

include loading limits for White Oak Reservoir which is tributary, via White Oak Brook to West 

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

Waterbody 

Name 

Water 

Body 

Segment 

Description 

and Location 

Size 

(acres)
1
 Class Qualifier 

303d 

Cat. 

Integrated List 

Nutrient Impairment 

Causes 

Stetson Pond MA62182 Pembroke 88.2 A PWS\ORW 5 

Phosphorus (Total),  

Oxygen, Dissolved,  

Monponsett 

Pond
2
 MA62218 

[East Basin] 

Halifax 244.6 A PWS\ORW 4A not applicable
3
 

White Oak 

Reservoir MA62157 Hanson 13.2 A PWS\ORW 3 not applicable
3 

Monponsett 

Pond MA62119 

[West Basin] 

Halifax/ 

Hanson 282.8 A PWS\ORW 5 

Phosphorus (Total), 

Excess Algal 

Growth, Secchi disk 

transparency 

Additional waters outside of study area 

Silver Lake MA94143 

Pembroke/ 

Plympton/ 

Kingston 617 A PWS\ORW 4c 

Other flow regime 

alterations
4 

Jones River MA94-12 Kingston 4 mile B 

 

5 

Fish-Passage 

Barrier, Low Flow 

Alterations, Aquatic 

Plants 

(Macrophytes), 

Excess Algal 

Growth, Oxygen 

dissolved, Turbidity 

Stump Brook
5 

-- -- -- -- -- -- -- 

1- note these sizes are 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 pollutant, no TMDL required. 

5-Stump Brook has not been officially assessed. 

 

Flow Issues 
 

The natural surface water flow pattern is from Stetson Pond south via Stetson Brook to East 

Monponsett Pond and then west through a culvert under Route 56 to West Monponsett Pond 

(Figure 1).  In the northwest part of the watershed, White Oak Brook flows into White Oak 

Reservoir, then continues south to West Monponsett Pond.  Stump Brook is the outlet on the 

west side of West Monponsett Pond (Figure 1). 
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The City of Brockton was authorized to use Silver Lake as itôs water supply as far back as 1899.  

In 1964 the Massachusetts Legislature approved Act 371 to allow a diversion from East 

Monponsett Pond to Silver Lake (Figure 1) to supplement the water supply with some 

restrictions.  Diversions occur generally only in the fall, winter and spring between October and 

June.  During times of diversion the natural flow direction between the ponds (from East 

Monponsett Pond  to West Ponponset Pond) may be reversed (West Monponsett Pond to East 

Ponponset Pond).  There are concerns that the potentially toxic cyanobacterial blooms and excess 

nutrients in West and East Monponsett Ponds will flow into Silver Lake and the altered 

hydrology may impact both West and East Monponsett Ponds as well as their downstream outlet, 

Stump Brook which suffers from low flows (Princeton Hydro, 2013; Horsley Witten, 2015).  In 

addition, the  the use of  Silver Lake as a PWS results in only brief outflows to the Jones River 

(Princeton Hydro, 2013).  The hydraulic diversions result in less clean Silver Lake water to be 

discharged  to the headwaters of the Jones River, which itself is listed as impaired on the 303d 

list of impaired waters due to low flows.  In 1995 MassDEP and the City of Brockton signed an 

Administrative Consent Order which required the City to develop a Comprehensive Water 

Management Plan and a strategy to reduce environmental impacts.  Both ponds are highly 

influenced by both their surrounding landuse and the East Monponsett Pondôs use as a public 

water supply source.  The use of East Monponsett Pond as a public water supply affects the 

hydrology of both West and East Monponsett Ponds and increases the risk of introducing 

cyanobacteria to the 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 West Monponsett Ponds watershed area is 1,555 hectares (including the pondsô 

surface area) (Figure 2).  Using the MassGIS Landuse (MassGIS 2005) datalayer, the 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 area, respectively.  Also of note are forested wetland, cranberry 

bog and non-forested wetland which compromise approximately 13%, 8% and 4% of the overall 

study area, respectively.  Landuse categories in the TMDL study area are summarized in Table 2.  

All of the waterbodies covered in this TMDL are part of the Taunton River watershed.  Detailed 

information on the watershed and the lakes are included in Table 3. 

 

 
Figure 2. Monponsett Ponds Watershed and TMDL Study 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 catchment area. (Map made 

via ggmap, courtesy Kahle and H. Wickham 2013, base map data© 2016 Google) 
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Table 2. Summary of the Landuse in the TMDL study area 

Landuse 

Code Frequency 2005 Landuse Description 

Area 

(hectares) 

% Total 

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 in White Oak Reservoir and 9.88 meters in Stetson Pond.  Stetson Pond is estimated to 

have a lake volume of 1.26 x10
6
 cubic meters (m

3
) (BEC 1993) while East Monponsett Pond has 

an estimate volume of 2.1 E6 m
3
.  The White Oak Reservoir with an average depth of only 1.1 

meters is estimated to only have a volume of approximately 66,000 m
3
.  The largest pond, West 

Monponsett Pond, has an estimated volume of 2.61x10
6
 m

3 
(Princeton Hydro, 2013).  Given the 

shallow depths and pondsô inflows all the ponds are well flushed with flushing rates that range 

from 1.5 lake volumes/year for Stetson to 17.4 lake volumes/year for White Oak Reservoir.  It is 

important to note the modeled flushing rates correspond to an annual time step and do not 

account for seasonal variations.  The diversion was included in the model calibrations but is 

averaged over the year.  The estimated retention time of water measured in days is 247 days for 

Stetson Pond, 82 days for East Monponsett Pond, 21 days for White Oak Reservoir and 182 days 

for West Monponsett Pond.  A summary of morphometric data, physical characteristics and 

watershed characteristics for 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 
East 

Monponsett 

White Oak 

Reservoir 

West 

Monponsett 

Morphometric Data 

  Symbol  units         

Lake Mean Depth Z meters 3.3 1.9 1.1 2.1 

Maximum Depth DM meters 9.80
1
 3.96

2
 2.33 6.84 

Lake Surface Area SA hectares 38.1 109.9 6.0 124.6 

Lake Volume V meters
3
 1,259,265

1
 2,124,000 65,891 2,610,000 

Width at widest point  WD meters 657 1143 326 1089 

Maximum Length LM meters 889 1957 414 2146 

Shoreline Perimeter SL meters 2719 6313 1476 7804 

Physical Characteristics 

Retention Time T days 247 82 21       182 

Flushing Rate F flushings/yr 1.5 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 

(By%)     Natural Natural 

Low Intensity 

Development Natural 

Secondary Landuse 

(By%)     

Low Intensity 

Development 

Low Intensity 

Development Natural 

Low Intensity 

Development 

Tertiary Landuse 

(By%)     

Abandoned 

Cranberry 

Bogs 

Forested 

Wetland 

Forested 

Wetland 

Forested 

Wetland 

1- BEC (1993), 2 ïPrinceton 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 tributary waterbodies for 

streamflow, water quality, stormwater outfall sampling, groundwater test well sampling, seepage 

sampling, macrophyte mapping, and in-lake sampling.  In addition using a mass balance model 

an estimate of total phosphorus loading of 793 kg/yr for both East and West Monponsett Ponds 

was calculated (Lycott 1987, pg. 5-10).  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, 168 kg/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 water diversion. 

 

Princeton Hydro (2013) 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 

quality under various management scenarios.  Princeton Hydro estimated a current total 

phosphorus load of 2,431 kg to both ponds and 1,374 kg/yr and 1057 kg/yr to West and East 

Monponsett Ponds respectively.   Princeton Hydro also found that for West Monponsett Pond 

approximately 70% of the entire outflow is routed through the diversion to the east basin (on an 

annual basis). As a result, approximately 40% of the inflow to East Monponsett Pond to consists 

of the poorer 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 brookôs flows and Monponsett Pond levels.  As part of their work they modified 

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 quality in the ponds based on their possible dam 

management scenarios using the Lake Loading Response Model (LLRM).  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 respectively.  Horsley 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 load 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 

Monponsett Pond was estimated to be 235 kg/yr. 

 

In addition to estimating current loading to the Monponsett 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 

0.057 mg/l while East Monponsett Pond would have a total phosphorus concentration of 0.019 

mg/l.  The impact of diversion is discussed later in this report.  The modeled effects of no 

internal nutrient loading were even more pronounced with estimated total phosphorus 

concentrations in West and East Monponsett Pond of 0.037 mg/l and 0.029 mg/l.  The estimated 

total phosphorus concentrations in West and East Monponsett Pond respectively were 0.064 mg/l 

and 0.004 mg/l under the 50% reduction in land loads scenario.   

 

The three previous water quality model attempts for the Monponsett Ponds used a variety of 

different assumptions and arrived at somewhat different loading estimates as described above 

and as shown in Table 4.  For example Princeton Hydro (2013) and Lycott (1987) 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 previous model 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 in Table 4.  Previous 
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work has indicated the importance of internal loading and cranberry bogs.  Both sources are 

identified as significant in this TMDL. 

 

Table 4. Comparison of Previous Water Quality Modeling Efforts for Monponsett Pond. 

Previous 

Work 

Model 

Type 

Total 

Loading 

(kg/yr) 

Top  Loading 

Sources 

Septic System 

Treatment Key Assumptions 

Lycott 

(1987) 

Mass 

Balance 

793 (Both 

Ponds) 

Septic Systems, 

Forest Land, Diffuse 

Residential 

(including 

stormwater), 

Precipitation 

Included houses 

within twice the 

average septic 

system setback (271 

houses total) 

No internal loading, 

cranberry bog export 

coefficient of 0.16 

kg/ha/yr, estimated 

hydraulic discharges 

for Stump Brook and 

diversion 

Princeton 

Hydro, 

LLC 

(2013) 

Various 

Mass 

Balance, 

Unit 

Area 

Load for 

landuse 

loads 

2431 (Both 

Ponds), 1057 

(East), 1374 

(West) 

Land use, 

Atmosphere, Septic 

Houses within 100 

ft included, 

Estimated per capita 

loading 

Modeled both with 

current diversion and 

with no diversion. No 

internal loading, 

cranberry bog export 

coefficient of 9.9 

kg/ha/yr 

Horsley 

Witten 

Group, 

Inc. 

(2015) 

Mass 

Balance 

(Lake 

Loading 

Response 

Model) 

727 (Both 

Ponds), 185 

(East ), 542 

(West) 

Internal Loading, 

Watershed Landuse, 

Septic, Atmospheric 

Houses within 100 

ft (151 Houses total) 

Includes diversion 

and net TP transfer 

out of West 

Monponsett Pond of 

235 kg/yr 
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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 three state listed aquatic species of 

concern additional testing was required as part of the Wetland Protection Act Order of 

Conditions.  The freshwater mussels Leptodea orchracea (Tidewater mucket) and Ligumia 

nasuta (Eastern Pondmussel) are  rare species that are listed by the Massachusetts Natural 

Heritage and Endangered Species Program (NHESP) as ñSpecial Concernò.  The dragonfly 

Neurocordulia obsolete (Umber Shadowdragon) is also rare species listed as ñSpecial Concernò 

by the NHESP.   

 

The aluminum dose was applied over a period of days between June 4 and June 7, 2013 using 

1,300 gallons of alum plus 6,500 gallons of sodium aluminate (Lycott, 2014).  Assuming the 

treatment spread across the bottom of West Monponsett Pond the effective concentration of 

aluminum would be about 3.4 mg/l or 7.1 g/m
2
.  The monitoring study noted some increases and 

some decreases in mussel density before and after the treatment and no video evidence of 

obvious stress responses and the authors could not say that the treatment had any effect on the 

juveniles or 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 on N. obloseta or the dragonfly community (Biodrawversity, 2014).  A similar study on 

mussels in 2015 determined that conclusions were difficult to draw but short-term impacts 

appeared to be minimal (ACT, 2015). 

 

The pond did not have any aluminum treatments in 2014. A second year of light dose treatments 

occurred over two months from June 2, 2015 to July 23, 2015 in West Monponsett Pond.  This 

time the dose was 9,000 gallons of aluminum sulfate and 4,500 gallons of sodium aluminate 

resulting in an effective dose of about 2.3 mg/l (4.9 g/m
2
). Thus the total dose of aluminum to the 

bottom for 2013 and 2015 was 12 g/m
2
.  Another set of alum treatments is being conducted in 

the summer months of 2016.  The Town of Halifax has applied for permission to add additional 

alum to West Monponsett in 2017. 

 

Water Quality Trends 
 

As described above the general thresholds that are noted in the CALM document are a target of 

1.2 m Secchi disk transparency, dissolved oxygen of 5 mg/l, 16 ppb chlorophyll a, 25% or less 

coverage of duckweed and cyanobacteria densities less than 70,000 cells/ml.  The trends in the 

data will be discussed in downstream order, from Stetson Pond, East Monponsett Pond, White 

Oak Reservoir and West Monponsett Pond. 

 

Stetson Pond was sampled in 1988 for a diagnostic feasibility study and they reported Anabaena 

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 surveys is shown in Figure 3.  Note the 

high TP concentrations reported in Stetson Pond in 1987 (BEC, 1993).  A  large decline in TP 
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was observed following the sale of the bogs to the town and later abandonment of cranberry 

operations at the 85.4 acre Edgewood Bogs to the north of Stetson Pond (MacLaughlin, 2016).  

Despite the reductions in TP the chlorophyll a concentrations show no improvement (Figure 4) 

with the highest Chlorophyll a concentrations found during the September 2015 sampling date.   

Stetson Pond was also monitored for cyanobacteria and records indicate the 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 Secchi disk transparencies are maintaining transparency 

greater than the 1.2 m threshold (Figure 5).  A hypolimnion was noted on August 2015 sampling 

date and temperature stratification was found during the summer (Appendix C, Figure C11-C12). 

 

 
Figure 3. Stetson Pond Surface Total Phosphorus.  Summer median values are indicated by 

the dashed line. 

 

Target  



 

30 

 

 
 

Figure 4. Stetson Pond Chlorophyll  a . Summer median values are indicated by the dashed 

line. 

 
Figure 5. Stetson Pond Secchi disk transparency. (Note y axis reversed). Summer median 

values are indicated by the dashed line. 
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East Monponsett Pond was 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 

(Figure 6).  A slight drop in concentration was also noted in 2010 and is associated with a dry 

summer.  The chlorophyll a concentration shows more variability with generally higher 

concentrations (above the 16 ug/l guidance threshold) in 2009-2014 (Figure 7).  The most recent 

year, 2105 shows a marked improvement.  Secchi disk transparency in East Monponsett (Figure 

8) follows the trends in chlorophyll a, noted above.  The mean transparency was near the 1.2 m 

threshold in 2009-2010 with the exception of 2010 discussed above.  Note that the transparency 

was markedly improved to nearly 3 meters in 2015.  East Monponsett Pond was generally not 

noted to be hypoxic at depth and did not exhibit temperature stratification (Appendix C, Figures 

C13-C15). 

 

 
Figure 6. East Monponsett Pond Surface Total Phosphorus. Summer median values are 

indicated by the dashed line. 
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Figure 7. East Monponsett Pond Chlorophyll  a . Summer median values are indicated by 

the dashed line. 

 

 

 
Figure 8. East Monponsett Pond Secchi disk transparency. (Note y axis reversed). Summer 

median values are indicated by the dashed line. 
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White Oak Reservoir was sporadically sampled for various parameters in 2009-2015 with no 

clear trends in TP or chlorophyll a  (Figure 9, Figure 10).  Median Secchi disk transparency did 

improve to 1.5 m ( just above the 1.2 m threshold) in 2015 (Figure 11).  The White Oak 

Reservoir was often noted in 2015 to have a dense whole lake plant coverage which consisted of 

Cerotophyllum., Cabomba caroliniana, Wolffia and Lemna minor.  In past years the Lemna 

minor (duckweed) coverage was observed to be an impairment (>25%) to aquatic life support 

and a candidate for listing on the impaired waters list in need of a TMDL.  In 2011 for example 

the White Oak Reservoir was observed to be  30%, 75% and 40% covered by duckweed on visits 

in June, July and August, respectively.  During the 2015 sampling season duckweed cover began 

around 1% of the surface area of the White Oak Reservoir in May and by the end of the sampling 

season in September covered approximately 35% of the reservoirôs surface area.  Steffenhagen 

et. al (2012) have found that Lemna minor and Ceratophyllum can incorporate a significant 

amount of in pond phosphorus in their standing stock.  For this reason, even though the median 

summer TP was only 35 ppb in 2015 (Figure 9), the true concentration may be as high as 50 ppb 

if the mass of non-rooted macrophytes is included.  

 

 
Figure 9. White Oak Reservoir Surface Total Phosphorus.  Not enough data to compute 

summer median data. 

 

 

Target  
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Figure 10. White Oak Reservoir Chlorophyll  a .  Not enough data to compute summer 

median. 

 

 
Figure 11. White Oak Reservoir Secchi disk transparency. (Note y axis reversed). Not 

enough data to compute summer median. 
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