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Executive Summary

The Massachusetts Department of Environmental &ttote(MassDEP) is responsible for
monitoring the waters of the Commonwealth, idemijythose waters that are impaired, and
developing a plan to bring them back into complenith the Massachusetts Surface Water
Quality Standards. The list of impaired waters aéferred to as category 5 of the State
Integrated List of Waters or the “303d list” iddigs river, lake, and coastal waters and the
reason for impairment. All impaired waters listaccategory 5 require the development of a
TMDL report. The current and proposed integratsidand further explanation can be found at
http://www.mass.gov/dep/water/resources/tmdls.htm.

Once a water body is identified as impaired, Mag3d=required by the Federal Clean Water
Act (CWA) to essentially develop a “pollution budgdesigned to restore the health of the
impaired body of water. The process of developimg budget, generally referred to as a Total
Maximum Daily Load (TMDL), includes identifying theurce(s) of the pollutant from direct
discharges (point sources) and indirect dischaim@s-point sources), determining the maximum
amount of the pollutant that can be dischargeddpezific water body to meet water quality
standards, and developing a plan to meet that goal.

This report develops a total phosphorus TMDL foritksland Pond, East Basin (MA95166)
and West Basin (MA95173) in the Buzzards Bay Waited in Plymouth and Wareham
Massachusetts. The lakes are listed as impaiegdgaory 5), on the "Massachusetts Year 2008
Integrated List of Waters" for nutrients, organiciehment/low DO and noxious aquatic plants,
with the East Basin also listed for turbidity. flashwater systems the primary nutrient known to
accelerate eutrophication is phosphorus. This tepidrsatisfy the requirement of a TMDL for
White Island Pond. In order to prevent furtherrdeigtion in water quality and to ensure that
each lake meets state water quality standardg,NHgl establishes a phosphorus limit for the
lake and outlines actions to achieve that goal.

The two basins are similar in size and depth aadardered by similar density of residential
housing. The most notable difference between tloehimsins is the direct discharge of two major
commercial cranberry bogs into the north end ot Basin. Water quality surveys have shown
that the East Basin has consistently higher tdtasphorus (TP) concentrations, exhibits
frequent algal blooms, and does not meet the gnelér transparency (1.2 meters (m) for
Secchi disk transparency). The West Basin alssbtaewhat elevated total phosphorus with
less severe algal blooms and currently does meet.thm Secchi disk transparency guideline.
The lakes are seepage lakes that are hydraulmatliyected and are modeled as one system with
an overall average total phosphorus target seDa®mg/l. The total maximum daily load is
estimated as a combined load for the two-basin $gkeem.
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Total Phosphorus Targets

Segment |Lake Name |Lake Area |Current Target
ID Total Total
Phosphorus |Phosphorus
(mg/l) (mg/l)
MA95166 (White Island 167 a¢ 0.081 0.01¢
Pond (whole lake
East basin average)
MA95173 (White Island 124 a¢ 0.034
Pond
West basin

A mass balance approach using available data suppled with nutrient export rates from the
literature was used to estimate the current loadtaf phosphorus of 539 kg/year. The major
source (50%) of phosphorus to the lake during thie@ summer period is attributed to
sediment recycling. This source of phosphorugsesymably due to historic inputs of
phosphorus from anthropogenic sources. The majerrmal sources are the cranberry bogs,
followed by septic systems, groundwater and predipn. The target load of 147 kg/year (or
0.40 kg/day) was determined from a suite of lakelef®calibrated to achieve an average in-lake
total phosphorus concentration of 0.019mg/l as shiovthe table below. Although the TMDL
must be expressed on a daily basis, the implementahd administrative decisions should rely
on achieving the annual TMDL load which is morerappiate for this slow flushing seepage
lake.

White Island Pond (East and West Basins) PhosphoruBMDL Load Allocation

Source Current Total Target Total Phosphorus
Phosphorus Loading | Load Allocation (kg/yr)
(kglyr) and (percent reduction)

Load Allocation

Groundwater 50 50 (0%)

Precipitation 35 35 (0%)

Home Septic

systems 54 28 (50%)

Internal Sediment 26 13 (95%)

Makepeace Bogs 6]2 9 (85%)

Federal Furnace

Bogs 69 10 (86%)

Additional Margin

of Safety 0 2 (NA

Total 539 147 (73%)

Final White Island Pond Total Phosphorus TMDL 5



Although the major source of phosphorus is thersedts implementation to control the
sediment source should be delayed until all extesmarces are controlled to the greatest extent
practical. The implementation of the TMDL will reiggimajor reductions in loading from the
cranberry bogs, combined with significant redudditnom home septic systems. The major
implementation can be achieved by a combinatidmest management practices (BMPSs)
including reducing the phosphorus fertilizer rateslucing volumes of discharge water and
reducing concentrations of total phosphorus indiseharge water.

Over time, the home septic systems will be updtededtle 5 (State Environmental Cod,0
CMR 15.000 systems and it is recommended that the BoardeaftH act quickly to bring all
non-compliant systems into compliance. Additior@itcols on stormwater from construction
and development in the towns of Wareham and Plymwilt be achieved as part of the Phase I
stormwater permits issued by the United StatesrBnmental Protection Agency (USEPA) and
the Massachusetts Stormwater Management Regula8@4<CMR 21.00 (DRAFT).

The successful implementation of this TMDL will tege cooperative support from Federal
agencies including USEPA and the Natural ResowCoeservation Service (NRCS), as well as
the cranberry growers, MassDEP, local volunteaiss hnd watershed associations, and local
officials in municipal government. A MemorandumAxgreement was signed on May 7, 2009
between the Massachusetts Department of AgriclllReaources, Massachusetts Department of
Environmental Protection, the Cape Cod Cranberpm@rs Association and the University of
Massachusetts Cranberry Station to implement nastioes on the commercial cranberry bogs
that discharge to the lake. The MOA text is avddat
http://www.mass.gov/dep/water/resources/tmdls.huma#brds

In addition, a 319 grant was awarded to assishpiementation and monitoring of BMPs in the
bogs, with monitoring being conducted by the Unassnberry Station. Funding support to aid
implementation of this TMDL is available on a cortifpee basis under various state programs
including the Section 319 Grant Program administéneMassDEP and federal funding for
cranberry growers via the Environmental Qualityelmive Program (EQIP) offered by NRCS.
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Programmatic Background and Rationale

Section 303(d) of the Federal Clean Water Act negueach state to (1) identify waters for which
effluent limitations normally required are not sgent enough to attain water quality standards
and (2) to establish Total Maximum Daily Loads (TM) for such waters for the pollutants of
concern. TMDLs may also be applied to waters tieresd by excessive pollutant loadings. The
TMDL establishes the allowable pollutant loadingnfrall contributing sources that is necessary
to achieve the applicable water quality standafdDLs determinations must account for
seasonal variability and include a margin of safM®S) to account for uncertainty of how
pollutant loadings may impact the receiving watguslity. This report will be submitted to the
USEPA as a TMDL under Section 303d of the Fedeledu€Water Act, 40 CFR 130.7. After
public comment and final approval by the USEPA, TMDL can be used as a basis for State
and Federal permitting and regulatory decision® rEport will also serve as a general guide for
future implementation activities such as grant fogaf best management practices (BMPS).
Information on watershed planning in Massachusetsailable on the web at
http://www.mass.gov/dep/water/waterres.htm

The programmatic background summary given belowtended to be general in nature and the
issues described may or may not apply to the spexéter body in question. The management
of eutrophic freshwater lakes is typically basecaatudy of the nutrient sources and loads to the
lakes and usually focuses on phosphorus as theriampgor limiting) nutrient (Cooke et al.,
2005). For TMDLs, the phosphorus loads estimatexch the study can be compared to total
phosphorus loadings estimated from a suite of miffepublished lake models. A target
concentration to meet Water Quality Standardslecssd and a target yearly load of phosphorus
is calculated for the lake. The phosphorus TMDestblished to control eutrophication in the
water column, however additional plant managemeayt be needed. A total phosphorus TMDL
is established to meet Massachusetts Surface \@atdity Standards, and to maintain a
minimum of 4-foot visibility in surface waters feafe recreational use (which is equivalent to
the 1.2 m Secchi disc transparency). The sucdasgilementation of this TMDL will require
cooperative support from the public including lakel watershed associations, local officials and
municipal governments in the form of educationdimg and local enforcement. In some cases,
additional funding support is available under vasigtate programs including the MassDEP
Section 319 (nonpoint source grants) and the Ret®lving Fund Program (SRF); see
watershed grants listed liritp://mass.gov/dep/water/grants.htm

Nutrient Enrichment: Nutrients are a requirement of life, but in excidsssy can create water
quality problems. Lakes are ephemeral featureseofandscape and over geological time most
tend to fill with sediments and associated nutgexst they make a transition from lake to marsh
to dry land. However, this natural successionagifig”) process can be and often is accelerated
through the activities of humans, especially thitodgvelopment in the watershed. For some
highly productive lakes with developed watershéds,not easy to separate natural succession
from “culturally induced” effects. Nonethelesd,fabsible steps should be taken to reduce the
impacts from cultural activities. The followingsgussion summarizes the current understanding
of how nutrients influence the growth of algae amatrophytes (aquatic plants), the time scale
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used in the studies, the type of models appliedtla@diata collection methods used to create a
nutrient budget. A brief description of the ratiefor choosing a target load (the TMDL) as
well as a brief discussion of implementation anchaggement options is presented. A more
detailed description of fertilizer and water usageommercial cranberry bogs is provided in
Appendix llI.

A detailed description of the current understandihimnology (the study of lakes and
freshwaters) and management of lakes and resecanrbe found in Wetzel (1983), Cooke et
al., (2005) and Holdren et al., 2001. To prevertiucal enrichment it is important to examine
the nutrients required for growth of phytoplank{afgae) and macrophytes. The limiting nutrient
is typically the one in shortest supply relativdhe nutrient requirements of the plants. Theorati
of nitrogen (N) to phosphorus (P) in both algae mradrophyte biomass is typically about 7 by
weight or 16 by atomic ratio (Vallentyne, 1974)b<g@rvations of relatively high N/P ratios in
water suggests P is most often limiting and canefulews of numerous experimental studies
have concluded that phosphorus is a limiting natrie most freshwater lakes (Likens, 1972;
Schindler and Fee, 1974). Most diagnostic/feasjtstudies of Massachusetts lakes also
indicate phosphorus as the limiting nutrient. Ewenases where excess phosphorus has led to
nitrogen limitation, previous experience has shdiwat it is easier, more cost-effective and more
ecologically sound to control phosphorus than gera The reasons include the fact that
phosphorus is related to terrestrial sources aed dot have a significant atmospheric source as
does nitrogen (e.g., nitrates in precipitationhu3, non-point sources of phosphorus can be
managed more effectively by best management pesc(EBMPs). In addition, phosphorus is
relatively easy to control in point source discleggFinally, phosphorus does not have a gaseous
phase, while the atmosphere is a nearly limitlessce of nitrogegas that can be fixed by some
blue-green algae, (i.e. cyanobacteria) potentrakbylting in toxic blooms. For all of the reasons
noted above, phosphorus is chosen as the crite@lest to control freshwater eutrophication,
particularly for algal dominated lakes or in laklereatened with excessive nutrient loading.

There is a direct link between phosphorus loadimdjagal biomass (expressed as chlorophyll a)
in algae dominated lakes (Vollenweider, 1976). Sibgation is more complex in macrophyte-
dominated lakes where the rooted aquatic macropimyss/ obtain most of the required nutrients
from the sediments. In organic, nutrient-rich seelts, the plants may be limited more by light
or physical constraints such as water movementhlgarutrients. In such cases, it is difficult to
separate the effects of sediment deposition, wiadhce depth and extend the littoral zone, from
the effects of increased nutrients, especially phorus, associated with the sediments. In
Massachusetts, high densities of aquatic macroplaytetypically limited to depths less than ten
feet and to lakes where organic rich sediment$oanad (Mattson et al., 2004). Thus, the
response of rooted macrophytes to reductions inemts$ in the overlying water will be much
weaker and much slower than the response of algaemsrooted macrophytes, which rely on the
water column for their nutrients. In algal or n@oted macrophyte dominated systems, nutrient
reduction in the water column can be expected tdrobgrowth with a lag time related to the
hydraulic flushing rate of the system. In lakesndmated by rooted macrophytes, additional,
direct control measures such as harvesting, hedsar drawdowns will be required to realize
reductions in plant biomass within a reasonablytditme scale. In both cases, however,
nutrient control is essential since any reductioone component (either rooted macrophytes or
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phytoplankton) may result in a proportionate inseesn the other due to the relaxation of
competition for light and nutrients. In additionhis critical to establish a TMDL so that future
development around the lake will not impair watealdy. It is far easier to prevent nutrients
from causing eutrophication than to attempt tooesé eutrophic lake. The first step in nutrient
control is to calculate the current nutrient logdiate or nutrient budget for the lake.

Nutrient budgets: Nutrient budgets and loading rates in lakes aterdened on a yearly basis
because lakes tend to accumulate nutrients asaweligal and macrophyte biomass over long
time periods compared to rivers which constantlgtil components downstream. In cases of
short retention time reservoirs (less than 14 daysyient budgets may be developed on a
shorter time scale (e.g. monthly budgets from weaster treatment plants) but the units are
expressed on a per year basis in order to be calleaio nonpoint sources estimated from land
use models. Nutrients in lakes can be releasadl fihe sediments into the bottom waters during
the winter and summer and circulated to the surflaceng mixing events (typically fall and

spring in deep lakes and also during the summsiatiow lakes). Nutrients stored in shallow
lake sediments can also be directly used by rawi@ctophytes during the growing season. In
Massachusetts lakes, peak algal production, omidoonay begin in the spring and continue
during the summer and fall, while macrophyte biosnasaks in late summer. The impairment of
uses is usually not severe until summer when magtegbiomass reaches the surface of the
water interfering with boating and swimming. Alsd this time of year the high daytime primary
production and high nighttime respiration can cdasge fluctuations in dissolved oxygen with
critical repercussions for sustaining aquatic lifie.addition, oxygen is less soluble in warm
summer water as compared to other times of the yHae combination of these factors can drive
oxygen to low levels during the summer and may edis$ kills. For these reasons the critical
period for use impairment is during the summerpeb@ugh the modeling is done on a yearly
basis for the reasons explained above.

There are three basic approaches to estimatingrdunutrient loading rates: the measured mass
balance approach; the land use export modelingpappr and modeling based on the observed
in-lake concentration. The measured mass balgm®ach requires frequent measurements of
all fluvial inputs to the lake in terms of flow est and phosphorus concentrations. The yearly
loading is the product of flow (liters per yearpés concentration (mg/l), summed over all
sources (i.e., all streams and other inputs) apdessed as kg/year. The land use export
approach assumes phosphorus is exported from gdaod areas at a rate dependent on the type
of land use. The yearly loading is the sum ofghaluct of land use area (Ha) times the export
coefficient (in kg/Halyr). In some cases a combtine modified approach using both methods is
used. In-lake phosphorus models provide an indimethod of estimating loading but do not
provide information on the particular sources giut) however, this approach can be used in
conjunction with other methods to validate resultse mass balance method is generally
considered to be more accurate, but also moredonsuming and more costly due to the field
sampling and analysis. For this reason, the massite results are used whenever possible. If a
previous diagnostic/ feasibility study or mass batbudget is not available, then a land use
export model, such as Reckhow et al., (1980) oNRELAKE model (Mattson and Isaac, 1999)
can be used to estimate nutrient loading.

Final White Island Pond Total Phosphorus TMDL 11



Target Load: Once the current nutrient loading rate is ideadifia new, lower rate of nutrient
loading must be established which will meet surfaeger quality standards for the lake. This
target load or TMDL can be set in a variety of waygsually a target concentration in the lake is
established and the new load must be reduced tevactne lower concentration. This target
nutrient concentration may be established by ameptality model that relates phosphorus
concentrations to water quality required to mamtsignated uses including swimming (where
4 feet visibility has been a guidance value). w#tively, the target concentration may be set
based on concentrations observed in backgrouncerefe lakes for similar lake types or from
concentration ranges found in lakes within the saowdogical region (or sub-ecoregion). In
cases of impoundments or lakes with rapid flushimgs (e.g., less than 14 days), somewhat
higher phosphorus targets may be used becauséatiig¢gnic algae and nutrients are rapidly
flushed out of the system and typically do not hiave to grow to nuisance conditions in the
lake or accumulate in the sediments. In the caseapage lakes (with no inlet streams) they
may naturally have lower phosphorus targets, pddity if the lakes are clear water rather than
dark or tea colored lakes.

Various models (equations) have been used for girediproductivity or total phosphorus
concentrations in lakes from analysis of phosphtwads. These models typically take into
consideration the water body’s hydraulic loading r@nd some factor to account for settling and
storage of phosphorus in the lake sediments. Antloagnore well known metrics are those of
Vollenweider (1975), Kirchner and Dillon (1975), &ira (1975), Larsen and Mercier (1975) and
Jones and Bachmann (1976). These models areasatttilate the Total Maximum Daily Load
or TMDL, in kilograms of the nutrient per day orrpgear that will result in the target
concentration in the lake being achieved. The TMiUst account for the uncertainty in the
estimates of the phosphorus loads from the soudleesified above by including a “margin of
safety”. The margin of safety can be specificailstuded, and/or included in the selection of a
conservative phosphorus target, and/or includgehesof conservative assumptions used to
develop the TMDL. In addition, a simple mass baéaquation (model) of total load divided by
total water input, may also be used to establishiimimum load (assuming no settling or loss of
phosphorus) that could explain the observed coraton in the lake.

After the target TMDL has been established, thewad loading of nutrients is apportioned to
various sources that may include point sourcesedisnon-point sources such as private septic
systems and runoff from various land uses withenwlatershed. In Massachusetts, few lakes
receive direct point source discharges of nutridntsases where significant point sources
regulated through the National Pollutant Dischd&gmination System (NPDES) program exist
upstream of a lake or impoundment, the point sowitten most cases be required to use the
Highest and Best Practical Treatment (HBPT) to cedotal phosphorus loading. The existing
loads for NPDES point sources are calculated basexlirrent data, not on the permitted
discharge loading. New discharge mass loadingdiatia treatment plant may be computed by
applying the percent reduction required to meefltd®L to the current loads. The new
permitted concentrations of total phosphorus can the calculated based on total mass loading
divided by permitted flow rate for the discharge.
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The nutrient non-point source analysis generallylva related to land use that reflects the extent
of development in the watershed. This effort cafalsditated by the use of geographic
information systems (GIS) digital maps of the ated can summarize land use categories within
the watershed. This is then combined with nutrexqort factors which have been established in
numerous published studies. The targeted reductuss be reasonable given the reductions
possible with the best available technology and BEsagement Practices (BMPs). The first
scenario for allocating loads will be based on whatracticable and feasible for each activity
and/or land use to make the effort as equitabfmasible.

Seasonality As the term implies, TMDLs must be expressed asimum daily loads.

However, as specified in 40 CFR 130.2(l), TMDLs rbayexpressed in other terms as well. For
most lakes, it is appropriate and justifiable tpress a nutrient TMDL in terms of allowable
annual loadings. The annual load should inheretpunt for seasonal variation if it is
protective of the most sensitive time of year. Tiest sensitive time of year in most lakes
occurs during summer, when the frequency and oecoer of nuisance algal blooms and
macrophyte growth are typically greatest. Becdhsghosphorus TMDL was established to be
protective of the most environmentally sensitiveqee(i.e., the summer season), it will also be
protective of water quality during all other seasoAdditionally, the targeted reduction in the
annual phosphorus load to lakes will result ingpplication of phosphorus controls that also
address seasonal variation. For example, certaitral practices such as stabilizing eroding
drainage ways or maintaining septic systems wiinbglace throughout the year while others
will be in effect during the times the sourcesactve (e.g., application of lawn fertilizer).

Implementation: The implementation plan or watershed managemanttpl achieve the TMDL
reductions will vary from lake to lake dependingtba type of point source and non-point source
loads for a given situation. For non-point souguctions the implementation plan will depend
on the type and degree of development in the waedrsWhile the impacts from development
cannot be completely eliminated, they can be minéahiby prudent “good housekeeping”
practices, known more formally as best managemaatipes (BMPs). Among these BMPs are
control of runoff and erosion, well-maintained sutface wastewater disposal systems and
reductions in the use of fertilizers in residenéigdas, parks, cemeteries and golf courses and
agriculture. Activities close to the water body atsdributaries merit special attention for
following good land management practices. In addijtthere are some statewide efforts that
provide part of an overall framework. These incltitke legislation that curbed the phosphorus
content of many cleaning agents, revisions to e@uls that encourage better maintenance of
subsurface disposal systems (Title 5 septic sy3teand the Rivers Protection Act that provides
for greater protection of land bordering water lesdin some cases, structural controls, such as
detention ponds, may be used to reduce pollutiadddo surface waters.

Although the land use approach gives an estimatieeofnagnitude of typical phosphorus export
from various land uses, it is important to recogrttzat non-point source phosphorus pollution
comes from many discrete non-point sources withewratershed. Perhaps the most common
phosphorus sources in rural areas are associatledov erosion and use of phosphorus
fertilizers. Soils tend to erode most rapidly daling land disturbances such as construction,
gravel pit operations, tilling of agricultural lagydovergrazing, and trampling by animals or
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vehicles. Erosion from unpaved roads is also aneomproblem in rural areas. Soils may erode
rapidly where runoff water concentrates into ch#smaad erodes the channel bottom. This may
occur where impervious surfaces such as parkirsgaiotl roadways direct large volumes of water
into ditches which begin to erode from either esoaswater drainage or poorly designed ditches
and culverts. Any unvegetated drainage way isaylikource of soil erosion. Home septic
systems that do not meet Title 5 requirements risayl@e a source if located close to surface
waters.

Discrete sources of nonpoint phosphorus in urbamneercial and industrial areas include a
variety of sources that are lumped together asaturonoff’ or ‘stormwater’ and may be
considered as point sources under wasteload atbosatAs many of these urban sources are
difficult to identify the most common methods tat! such sources include reduction of
impervious surfaces, infiltration, street sweepangl other non-structural BMPS as well as
treatment of stormwater runoff by structural colgtiguch as detention ponds when this becomes
necessary.

Other sources of phosphorus include phosphorusibage fertilizers used in residential areas,
parks, cemeteries and golf courses and fertiliusesl by agriculture. Manure from animals,
especially dairies and other confined animal fegdireas is high in phosphorus. In some cases
the manure is inappropriately spread or piled omdn ground during winter months and the
phosphorus can wash into nearby surface waterer ®©period of repeated applications of
manure to local agricultural fields, the phospharuthe manure can saturate the ability of the
soil to bind phosphorus, resulting in phosphorysoeixto surface waters. In some cases, cows
and other animals including wildlife such as flodfsiucks and geese may have access to
surface waters and cause both erosion and dirposd®sn of feces to streams and lakes.

Perhaps the most difficult source of phosphorusctmunt for is the phosphorus recycled within
the lake from the lake sediments. In most steatifhorth temperate lakes, phosphorus that
accumulated in the bottom waters of the lake dusingtification is mixed into surface waters
during spring and fall turnover when the lake mix@hosphorus release from shallow lake
sediments may be a significant input for severatoas. These reasons include higher microbial
activity in shallow warmer waters that can leadédiment anoxia and the resultant release of
iron and associated phosphorus. Phosphorus refeasalso occur during temporary mixing
events such as wind or powerboat caused turbulanigettom feeding fish, which can resuspend
phosphorus rich sediments. Phosphorus can alsgldased from nutrient ‘pumping’ by rooted
aguatic macrophytes as they extract phosphorusthiersediments and excrete phosphorus to
the water during seasonal growth and senescenakéC al., 2005; Horne and Goldman,
1994). Shallow lakes also have less water toalilié phosphorus released from sediment
sources and thus the impact on lake water condmmtsas higher than in deeper lakes.

The most important factor controlling macrophytewgth appears to be light (Cooke et al.,
2005). Due to the typically large mass of nutriesttged in lake sediments, reductions in nutrient
loadings by themselves are not expected to redaceaphyte growth in many macrophyte-
dominated lakes, at least not in the short-tenmsuich cases additional in-lake control methods
are generally recommended to directly reduce méagtebiomass. Lake management
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techniques for both nutrient control and macroplegtetrol have been reviewed in
“Eutrophication and Aquatic Plant Management in 8éehusetts. Final Generic Environmental
Impact Report” and the accompanying “Practical @uidattson et al., 2004; Wagner, 2004)
http://www.mass.gov/dcr/waterSupply/lakepond/géin.h

The Massachusetts Department of Environmental &rotewill support in-lake remediation
efforts that are cost-effective, long-term and nade¢nvironmental concerns, however,
instituting such measures will be aided by contihbederal (via USEPA), and State grant
support.

Financial support for various types of implememtatis potentially available on a competitive
basis through both the non-point source (319) grand the state revolving fund (SRF) loan
program. The 319 grants require a 40 percent adar&l match of the total project cost

although the local match can be through in-kindises such as volunteer efforts. Other sources
of funding include the 604b Water Quality Managetf@anning Grant Program and the
Community Septic Management Loan Program. Infoionadn these programs is available in a
pamphlet “Grant and Loan Programs — Opportunibedifatershed Protection, Planning and
Implementation” through the Massachusetts Departmieanvironmental Protection, Bureau of
Resource Protection; see algtp://www.mass.gov/dep/service/grantsfi.htm

Because the lake restoration and improvementsatanea long period of time to be realized,
follow-up monitoring is essential to measure integrogress toward meeting the water quality
goal and guide additional BMP implementation. T¢as be accomplished through a variety of
mechanisms including volunteer efforts. Recommdmdenitoring may include Secchi disk
readings, lake total phosphorus, macrophyte mapgisgecies distribution and density, visual
inspection of any structural BMPs, coordinationha@tonservation Commission and Board of
Health activities and continued education effootsditizens in the watershed

Water body Description and Problem Assessment

White Island Pond, a “Great Pond of MassachusegttBlymouth/Wareham is a large 291 acre or
118 Hectare (Ha) natural pond comprised of two magsins: West White Island Pond (124
acres) and East White Island Pond (167 acres)agrsim Figure 1. The lake level has been
slightly raised by a dam at the southern end otts basin where a stream outlet enters another
set of bogs. The basins are unstratified with\arall mean depth of only 2.36 meters (7.74
feet). The lake is a clearwater seepage lakenathermanent stream inlets and the primary
source of water for the lake is groundwater andadiprecipitation. Such lakes are typically very
clear, with very low productivity and high transpacy. The White Island Pond contributing
watershed is 57 % forested. Residential housioguats for about 16 % and agricultural land
use is 27% which consists primarily of cranbermvgng operations. The highest density of
housing is located on the western shoreline oiMest Basin (see Figure 1). Plymouth and
Wareham both have Notices of Intent for Phaseohhstvater NPDES permits for the “urbanized
area” as indicated in Figure 2 from the EPA website
http://www.epa.gov/region01/npdes/stormwater/malhtm
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The East Basin is less developed and it is usednager supply for flooding and irrigating two
large commercial cranberry bogs located on thehrgitore. Chapter 91 Licenses are required to
install and maintain structures such as flumes,gauand dikes, on Great Ponds in
Massachusetts, which includes White Island Ponldiap@r 91 Licenses #1335 and #3501 have

been issued to A.D. Makepeace Company and Liceli3&l#has been issued to Federal Furnace
Cranberry Company.

L
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Figure 1. Locus Map of White Island Pond. Nearbyezekiel Pond is also shown.
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Figure 2. Urbanized areas subject to Phase || NPDEpermits. The urbanized areas are
shown as hatched areas around the pond including @as in towns of Wareham (below and
left of dotted line) and Plymouth (above and rightof dotted line).

The flow from the pond is manipulated during thary® both irrigate and flood the bogs. A
brief description of management practices relabectbtnmercial cranberry bog operations is
provided in Appendix lIl.

White Island Pond has a long history of nutrietatexl impairment of recreation. An early
(1976-1978) study of the pond noted degradatiomatér quality in the form of algal blooms and
occasional fish kills. In relative terms howeuw@e pond was fairly clear in the early survey with
the East Basin Secchi disk transparency averagit@ (over 12 feet of visibility) and always
better than the 1.2 m swimming guidance. The fakged from low to moderately high in
phosphorus at that time, with concentrations inEast Basin ranging from 0.01 to 0.05 mg/I
with an average of 0.03 mg/l for surface (0-5 fsatnhples (Whittaker, 1980). The cranberry bog
discharge waters had total phosphorus concentsatanging between 0.02 and 0.17 mg/l. The
study recommended reducing nutrient sources frotim th@ homes and from the cranberry bogs.
For home owners the report recommended banningopatss in detergents (which was done
statewide) and septic system maintenance and uggfadhomes (see Title 5 regulations, 310
CMR 15.00). For the cranberry bogs, the repodmanended that the owners reevaluate the
application of fertilizers and irrigation (Whittake 980).

The lake today is much more eutrophic, with bloah®xic blue-green cyanobacteria

commonly forming scums in the East Basin (see cpkieto and see data below). The east basin
in particular no longer meets the 1.2 m transpargunaleline for safe swimming and

phosphorus concentrations in the lake have gresatigased.

Water Quality Standards Violations

Both east and west basins of White Island Pondisiesl on the Massachusetts 2008 Integrated
List of waters in category 5, for not meeting uaed requiring a TMDL (DWM, 2007 CN
262.1). The East White Island Pond (segment # ®6isdisted for nutrients, organic
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enrichment/low DO, noxious aquatic plants and tlitihias well as for exotic species (not a
pollutant). West White Island Pond (segment #9%15 8sted for nutrients, organic
enrichment/low DO, noxious aquatic plants as wellax exotic species. West White Island
Pond is somewhat more transparent and currentlysntiee 1.2 m (4 foot) visibility guideline for
swimming. The Water Quality Standards are desdribéhe Code of Massachusetts
Regulations under sections:

314CMR 4.05 (3) b: “These waters are designatedtebitat for aquatic life, and wildlife,
and for primary and secondary contact recreatidmese waters shall have consistently
good aesthetic value.
1. Dissolved Oxygen:
a. Shall not be less than 6.0 mg/l in cold water fisg®enor less than 5.0 mg/l in
warm water fisheries unless background conditioadaver;
b. natural seasonal and daily variations above thisl Ighall be maintained...

and
314CMR 4.05 (5)(a) AesthetiesAll surface waters shall be free from pollutaints
concentrations or combinations that settle to foljectionable deposits; float as debris,
scum or other matter to form nuisances; produceadionable odor, color, taste or
turbidity; or produce undesirable or nuisance sggeof aquatic life.

and
314CMR 4.05 (5)(c)_Nutrient®Jnless naturally occurring, all surface waterslisbe free
from nutrients in concentrations that would causeomtribute to impairment of existing or
designated uses and shall not exceed the sitdispateria developed in a TMDL or as
otherwise established by the Department pursuadt4o0CMR 4.00. Any existing point
source discharge containing nutrients in concaotratthat would cause or contribute to
cultural eutrophication, including the excessivevgh of aquatic plants or algae, in any
surface water shall be provided with the most appate treatment as determined by the
Department, including, where necessary, highesbastpractical treatment (HBPT) for
POTWs and BAT for non POTWSs, to remove such nutsiém ensure protection of
existing and designated uses. Human activitiesrésatlt in the nonpoint source discharge
of nutrients to any surface water may be requiodaet provided with cost effective and
reasonable best management practices for nonpmintes control.

Section 314 CMR 4.05(3)(b) 6 also states:
Color and Turbidity These waters shall be free from color and tutyid
concentrations or combinations that are aesthiticbjectionable or would impair any
use assigned to this class.

Exceedance of other Water Quality Thresholds

The Minimum Standards for Bathing Beaches (Statet&g Code, Chapter VII) established by
the Massachusetts Department of Public Health (MPdt&te that swimming and bathing are
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not permitted at public beaches when there islkadéevater clarity. The water transparency in
East White Island Pond has been measured to bthkesshe MassDEP threshold of 4 feet (1.2
meter) of Secchi disk visibility for support of swining in the summer of 2007 (see Table 9).
West White Island Pond is more transparent andllysuaets the 4 foot guidance, however the
reduced transparency in the basins results in imeaats of the aquatic macrophyte growth.

In addition to the above, bluegreen algae bloonre wampled in the lake and identified as
potentially toxic cyanobacteria in June 2007 by 8[dsP. In May 2008 MDHP collected water
samples from the lake which contained levels oéptally toxic cyanobacteria blooms that
exceeded the MDPH thresholds for recreational wat&€he three samples were identified as
Anabaenasp. with a median density of over 700,000 celldignMassDEP staff. White Island
Pond was subsequently posted to caution that paoplgets should avoid areas of
cyanobacteria concentration.

Lake Water Quality Monitoring

Both basins of White Island Pond were monitoredraduduly through September, 2000 as part
of a baseline survey. The lake and commercialdiegharges were also sampled in 2007 on a
monthly basis from June through October. Resiiltealake monitoring are presented in
Appendix I.

The 2000 baseline survey consisted of monthly sizugnoif water at a deep hole station in each
basin. The baseline survey included multi-probdileof dissolved oxygen, temperature,
conductivity and pH. Additional sampling was ddoeletermine Secchi disk transparency,
chlorophyll a as an indicator of planktonic algadrbass, apparent color and TP. During the
summer of 2000 an aquatic plant survey was condu8iampling details are available in the
Quiality Assurance Project Plan (DWM, 2000). FaBults of the survey are available in the
Baseline lakes 2000 Technical Memo.

The same deep hole stations were sampled agafd0infar the multi-probe parameters, Secchi
disc transparency, chlorophyll a, color and TPmflas were also taken of water discharges
from the cranberry bogs. Sampling details arelalvks in the Quality Assurance Project Plan
(DWM, 2007). The TP, chlorophyll a, and Secchkdiata from 2007 presented here have
completed all quality control checks, but additiot@a may be added as it becomes available.
Validated data are presented in Appendix I.

Results of Monitoring White Island Pond

According to the MassDEP DWM year 2000 lake baseturvey data, the East Basin had an
average TP concentration of about 0.090 mg/l whigeWest Basin had an average TP
concentration of about 0.046 mg/l. Summer Secishi lansparency averaged 1.1 m in the East
Basin and did not meet the 1.2m guidance for swimgniansparency, while the West Basin was
somewhat clearer with a Secchi disk of 1.8 m. @igbyll a concentrations in the East Basin
averaged 35.4 mgfwompared to 10.2 mgfin the West Basin. The East Basin chlorophyll a
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concentrations exceeded the 16 migémorophyll a maximum cited for mesotrophic lakes
(Wetzel, 2001) suggesting eutrophic conditions.

The 2000 and 2007 TP data are very similar. The clalected in the summer of 2007 further
demonstrated the extent of the nutrient impairmeith numerous blooms of scum-forming
blue-green cyanobacteria. Because it is more retten2007 survey data has been used in the
development of TMDL calculations detailed belowuridg the 2007 season, the East Basin
never met the 1.2 m transparency guidance needssvimming while the West Basin was
again more transparent with an average of 1.7maaSparency. Chlorophyll a concentrations
were somewhat higher compared to the earlier sarv@ie West Basin, averaging 19.9 mg/m
and the East Basin averaging 41.9 migfimdicating eutrophic conditions). The average
concentration of total phosphorus in the East Basiface waters was 0.081 mg/l compared to
the 0.03 mg/l measured in the 1970’s (described&bolhe West Basin had an average TP
concentration of 0.034 mg/l giving an overall aged P for both basins of 0.057 mg/l. By way
of comparison, nearby Ezekiel Pond exhibited clester, with a TP concentration of only 0.006
mg/l in 2007. According to the commonly used Gamlsrophic index (Appendix Ill), Ezekiel
Pond would be oligotrophic (nutrient poor), whilenité Island Pond varies from eutrophic up to
hypereutrophic.

In addition to the chemistry data presented abineMassDEP staff noted blooms of potentially
toxic cyanobacteria in the water of East Whiterldl®ond and the pond was officially posted to
caution the public against swimming as noted irvtheer quality violations noted above. A
photo of one of the blooms being collected for tderation is shown in Figure 3, below.

Figure 3. Photo of cyanobacteria surface bloom i hite Island Pond.
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It was also noted that the total phosphorus conaoms in the cranberry bog waters were higher
in the 2007 survey as compared to the 1970’s esdvo summer discharge samples collected
in 2007 at A.D. Makepeace averaged 0.073 mg/l,exhsummer discharge samples from
Federal Furnace averaged 0.47 mg/l. A summaryeoMassDEP total phosphorus data for the
lake samples (including nearby Ezekiel Pond), thelzerry bog discharge waters, and the
groundwater (from literature) are shown as vertiozak in Figure 4.

The TP data summary presented in Figure 4 indichtgsdoth East and West White Island Pond
are higher in TP than a nearby lake (Ezekiel Pand)higher than groundwater in the region.
The figure also suggests that the TP concentratiombigher in the East Basin where high
concentrations of bog waters discharge to the panddower in the West Basin where most of
the homes are located. The results suggest thagdare not the cause of the high phosphorus,
and suggest the cranberry bogs are likely to bajamsource.

These results are supported by an additional 2theray bog discharge samples collected by the
White Island Pond Conservation Alliance (WIPCA)Mr@006- early 2008 with most samples
collected in 2007. Those samples were collecteldaaalyzed promptly at a certified analytical
laboratory, Groundwater Analytical. As is typie@ath cranberry operations those results show
moderate TP concentrations during the summer digeBa0.13 mg/l and 0.45 mg/I for
Makepeace and Federal Furnace, respectively, anthsor somewhat higher concentrations
during the larger fall harvest discharges with ages of 0.38 and 0.45 mg/l for Makepeace and
Federal Furnace , respectively (J. Sullivan, persra. 2008). Although the results from the
citizen’s group are not used in calculations toedew this TMDL, they do support the MassDEP
results noted above.

MassDEP and WIPCA observed the bogs were discliargater to the lake on a regular basis
during the summer of 2007, despite the fact thatg not a wet summer. According to the
United States Geological Survey (USGS), June alydnkre in the normal range for runoff in
southeastern Massachusetts, and July and Septarateesignificantly below average at the
USGS gage sites; see:

http://ma.water.usgs.gov/drought/Surface Water MfgpsWater Year 2007.html

Thus, the Makepeace and Federal Furnace bogs stavacteristics of ‘flow-through’ bogs that
discharge large amounts of water and nutrient®wndtream receiving waters. At times the
Federal Furnace bogs were observed to pump watartfre lake to irrigate the bogs, while
simultaneously discharging excess water back t&#st Basin (J. Sullivan, WIPCA, pers.
comm. 2007). As there are no streams flowing thinceither the Makepeace or Federal Furnace
bog, this suggests that excess groundwater is Ipeimgped off the bogs, resulting in an higher
than typical volume of water being discharged ®mHast Basin from these bogs.
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Figure 4. Relative Total Phosphorus concentrationbar graph (mg/l) and sample locations.
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The dissolved oxygen (DO) and temperature profil@s 2000 showed that both the East and
West basins of White Island Pond were unstratifugti temperatures typically less than a degree
Celsius different between the surface and the bofteigure 5). Although the lake dissolved
oxygen was above the WQS of 5 mg/l in the profitdsn in the summer of 2000, an additional
profile taken in early summer of 2007 showed lowgen near the bottom sediments. This may
indicate eutrophic conditions in the pond as alyae detritus settle to the bottom of the lake and
are decomposed, resulting in low oxygen.

White Island Pond East Basin Profiles
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Figure 5. East White Island Pond DO and Temperatue Profiles.
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White Island Pond \West Basin Profiles
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Figure 6. West White Island Pond DO and Temperaturd®rofiles.

The overall plant density in White Island Pondesywsparse in recent surveys compared to plant
surveys in the 1970’s that noted nuisance conditacaused by dense plant growths in the
northern bay of the east basin (Whittaker, 198@w plant densities are not uncommon in
seepage lakes with mineral sediments but the duendensity of plants outside of very

shallow areas in this lake suggests light limitati@aused by the low transparency of the water as
seen in the recent surveys. The frequent algahidoman shade the submerged aquatic vegetation

and reduce the overall biomass.

Hydrologic Budget

There are no permanent tributary streams showhek8GS quadrangle maps of the area
(Figure 1), but the ditches of the Makepeace anttféd Furnace cranberry bogs can discharge to
the lake if the boards are removed from the outlethe end of the dikes. The East Basin has an
outlet which flows south through a different setdnberry bogs. Those bogs are presumed to
discharge waters to the south away from the lakiesa@ not discussed in this report. As a
seepage lake, White Island Pond is replenisheddaynglwater and direct precipitation. The
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commercial cranberry bogs pump water from and diggghwater back to the lake, although the
exact volumes of water discharged are unknownec&mt study of Massachusetts commercial
cranberry bogs reported an annual usage of 8-1pé&ecre (DeMoranville and Howes, (2005),
which includes about 4 feet of precipitation.

The area of groundwater contribution (578.1 Hahtolake was estimated from groundwater
elevations using a USGS model (Hansen and Laph@82)and further refined in recent
modeling by Masterson et al., (2009) as shown guifé 7. Using this approach the annual
groundwater recharge in the area of White IslanadRs estimated to be 27 inches per year. All
of the water recharged from the contributing area assumed to contribute to the lake. After
consultation with USGS scientists who are updaiimeg2009 model, the annual groundwater
contribution was modeled to be 4.2 milliof mPrecipitation in the region is 47.6 inches per
year (NOAA, 1984). When precipitation is multigliby the surface area of the lake (118 Ha or
291 acres) this accounts for 1.2 milliorl per year of water recharge per year. Estimated
evaporative losses (Ward et al., 2004) from the kkface reduce the net recharge from
precipitation to 0.70 million ftyear and in agreement with the Masterson et200%) model.
Thus, the areal water load to the lake surfacstimated to be 4.16 m/year with a flushing rate
of 1.76 per year or a residence time of 207 days.

Nutrient Budget Methods

The estimation of nutrient budgets for the pondsivies a comparison of several approaches
including:

1. land use modeling of nutrient loads for both ponds;

2. estimation of phosphorus mass balance using a profiwater inputs (flow) and TP
concentrations of each source combined with begegsional judgment based on
literature values for other sources including segystems and internal sources;

3. lake modeling of nutrient loads for the lake. hder to model the predicted nutrient
concentration in the lake a hydrologic (water) betdgust also be constructed.

Each of these approaches is discussed below.

Land use Modeling

The NPSLAKE model of Mattson and Isaac (1999) wesighed to estimate rates of phosphorus
loading from various land uses in the watershddkes. Phosphorous inputs from septic systems
and other residential uses, such as lawns, areastil from an export coefficient multiplied by
the number of homes within 100 meters of the |&llecoefficients fall within the range of

values reported in other studies such as Reckhalv, €¢1.980). This model takes the area in
hectares of land use within three major categarfiéand use, forest, urban and rural, and applies
an export coefficient to each to predict the anexédrnal loading of phosphorus to the lake

from the watershed.
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Figure 7. Groundwater contributing area (Mastersonet al., 2009).
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However, this land use export approach assumesliasphorus from each land use is delivered
to the lake with little attenuation. This assuraptmay be true for direct, fluvial discharges from
bogs but may not apply to other land use sourcatswhere infiltration occurs. In Southeastern
Massachusetts and the Cape Cod region, the watgtsito the seepage lakes common to the
area are dominated by groundwater inputs that bigwveficant attenuation by soil adsorption.
Thus the land use export approach needs to be ieddir use in the area surrounding White
Island Pond, and the following discussion will fe@mn a combined, or modified mass balance
approach with lake modeling used to validate tlselts.

Modified Nutrient Mass Balance Approach

The total load of phosphorus to White Island porad wstimated to be 539 kg per year, or
approximately 1200 pounds per year, using a matifiass balance approach. The calculation
of this load is based on a combination of moniuata from 2007 and estimated literature
loadings for all sources including groundwaterediratmospheric inputs, discharges from
cranberry bogs, septic systems and internal (sed)rseurces. The sources and the assumptions
used in the calculations are described below.

The phosphorus contributed by groundwater is catedlbased on the estimated volume of
groundwater entering the pond multiplied by theaaamration of phosphorus in groundwater
(0.012 mg/l from Weiskel and Howes, 1992). A tatbb0 kg/year of phosphorus or
approximately 9% of the total phosphorus loadtiskatted to groundwater. The phosphorus
load from direct precipitation is based on the ariethe lake multiplied by a loading coefficient
of 0.3 kg/ha/year (Reckhow et al., 1980). A tataB5 kg/year or 7% phosphorus is attributed to
direct precipitation phosphorus load.

There are two methods to determine phosphorusrigadiom cranberry bogs, the cranberry
export coefficient based on the work of DeMorarvdihd Howes, (2005) and Howes and Teal
(1995) and the concentration discharge method. cidngberry export coefficient method is the
primary means used to develop the TMDL and wildiszussed first. Previous studies have
shown a large difference in the nutrient dischdrge bogs which is dependent upon the
hydrology of the bogs (closed vs. flow-through BogSlosed bogs, such as those studied by the
UMass Cranberry Station (DeMoranville and Howe$€)3)0typically discharge significant
amounts of water in the days following the fall\est floods, the winter frost prevention floods
or the occasional pest control floods in the spriage discharges in the summer generally do
not occur in closed bogs. The flow-through bogshsas those studied by Howes and Teal
(1995), are characterized by streams that acteatigr and flow through the bog complex. The
phosphorus concentrations and nutrient load frasdHlow-through type bogs was higher than
the closed bogs studied by DeMoranville and Ho2€€%). The Makepeace and Federal
Furnace bogs were both observed to have frequechalges of water during the summer via
pumping and thus appear to be intermediate bettteedosed and flow-through bogs.
Although neither bog has a stream flowing througthie bogs appear to have a significant
volume of groundwater seepage which needs to beedmff the bogs on a regular basis.
Therefore, two phosphorus loadings will be estimatging the land use export method; the first
is calculated with the high (flow-thru operatiomgetficients and the other based on the low
(closed operation) export coefficients for bogsieJe two estimates will be compared to both
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the concentration discharge estimates of loadietp{l) and later compared to lake model
estimates of phosphorus loading to the lake.

There are two separate commercial bog operatiortiseonorthern shore of the East Basin. The
A.D. Makepeace Company cultivates 18.1 Ha of bayFederal Furnace Cranberry Company
cultivates 20.2 Ha. To calculate the “low” expestimate the recent study by the University of
Massachusetts Cranberry Station and UMass Dartni@eloranville and Howes, 2005) for
closed bogs is used. Based on the nature of the (odder bogs established on organic soils),
and the relatively high concentrations of total gttworus in the discharge waters, an export
coefficient of 3.4 kg P/halyear has been applietthédbogs. Thus, the low estimate is for
phosphorus export is 131 kg/year, with Makepeacewatting for 62 kg/year and Federal
Furnace accounting for 69 kg/year.

Assuming these same bogs are acting as flow-thrbagh, the high land use export coefficient
of 9.9 kg/ha/yr from Howes and Teal (1995) is aguplio the bog areas listed above. This results
in the “high” phosphorus loading estimates of 18@/kand 200 kg/yr of phosphorus for the
Makepeace and Federal Furnace bogs, respectivelg,tbtal of 380 kg/yr.

An alternative estimate of phosphorus loading ftbecranberry bogs (the concentration
discharge method) can be used to compare to thkses primary land use export method
discussed above. The method is based on the assartiat the bogs discharge about 7.5 acre-
feet of water (assuming no evaporation) and tred toass load is the product of the discharge
volume times the observed average total phosplummsentration. The average concentration
measured in 2007 from the A.D. Makepeace Comparsyrelatively low at 0.073 mg/l, resulting
in a somewhat smaller estimate of 30 kg/year. &leage total phosphorus concentration in the
Federal Furnace discharge during summer of 2007vwghsat 0.47 mg/l and this results in an
estimated load of 217 kg/year. It should be noted because these bogs were discharging during
the summer period they are likely to be dischargmuge than the nominal 7.5 acre-feet of water
and thus the total load estimate of 247 kg/yearadably an underestimate. The estimate does
fall between the low and high land use estimatels3@fkg/yr and 380 kg/year calculated above. ,
MassDEP did not monitor either fall harvest disglearand winter flood discharges. Previous
work has shown that winter discharges are assadcveité relatively high nutrient loadings
(Howes and Teal, 1995) and this is supported byntekr data showing a high concentration
(0.18 mg/l) in winter discharge at White Island B¢a. Sullivan, WIPCA, pers. comm. 2009).
As a result, it was concluded in the draft TMDLttHaw-thru export coefficients more
accurately reflect the operating conditions of Mekepeace and Federal Furnace operations.
Therefore, under this set of assumptions, the dmphesphorus loadings from cranberry bog
discharges are based on land use export coeffioféh® kg/halyr estimate a cranberry bog
annual load of 380 kg.

Based upon observed increases in total phosphongegntrations during the summer of 2009 a
large sediment load was estimated. As a resulfkBL budget was shifted to apportion
greater phosphorus load to the sediments andveljatess to the commercial cranberry bog
sources. Using the 3.4 kg/hal/year loading raterfganic bogs (DeMoranville and Howes, 2005)
the cranberry bog discharge estimate of 62 kg/gedr69 kg/year was used for the Makepeace
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and Federal Furnace bogs respectively. See disousissediment sources below for further
explanation.

Although the UMass Cranberry Station recommendspihorus fertilizer rates of no more than
20 pounds per acre per year, it appears that nsamefs exceed this recommendation. Even
within the group of cranberry growers who volunégkfor a nutrient reduction study, half of the
bogs were applying more phosphorus fertilizer tthenrecommended maximum phosphorus rate
at the beginning of the study (DeMoranville and lew2005), sometimes by a factor of two.
Similar over-application of phosphorus fertilizerdranberries has been documented in
Massachusetts (Howes and Teal, 1995). Part girtiidem was due to the lack of commercial
fertilizer mixes with low phosphorous to nitrogeatios. Since the nutrient reduction study,

more commercial fertilizers with lower phosphor@oesitent have become available.

Phosphorus loading attributed to septic systemritnions is calculated by taking the average
of two export coefficients. First, the NPSLAKE nabdeptic system phosphorus export
coefficient of 0.5 kg/house/year was multipliedtbg 224 homes located within 100 m of the
White Island Pond shoreline to estimate 112 kg&/f@ septic systems inputs. This initial
estimate appears to be too high for the area b@seabnitoring results for nearby Ezekiel Pond
located about 200 yards southeast of White Isldmike White Island Pond, Ezekiel Pond is a
seepage pond. However, residential developmeteniser around Ezekiel Pond with 62 homes
within 100 m of the 1750 m shoreline, resultingamaverage linear density of one house every
28 m (90 feet) of shoreline. By comparison Whilahd Pond has 224 homes within 100 m of
its 11,100 m shoreline with a house every 49.5 &2 fget), with the majority of homes on the
clearer West Basin. Although Ezekiel Pond haslpéaice as many homes per unit length of
shoreline, it has remarkably clear water, with very concentrations of total phosphorus (0.006
mg/l) in the surface water and reportedly has nexperienced an algal bloom (J. Sullivan, pers.
comm. 2007). This information suggests septic sygithosphorus is highly attenuated in the
soils of the region and that significant phosphgausnes from the septic systems are not
reaching the lakes. In fact, the lake models wauéddlict phosphorus concentration near 0.006
mg/l for White Island Pond only if both internablding and septic systems and cranberry bog
phosphorus inputs were hypothetically set at z&®a conservative approach it was assumed
that soils in contact with leachate from septideys will eventually saturate with phosphorus
over time and eventually leach some phosphorugeidre, the average of the two septic system
export coefficients was applied for a total loacdb6fkg/year for the phosphorus load from septic
systems. This would account for 10% of the tokedgphorus inputs to White Island Pond. In a
separate study of the larger Buttermilk Bay wategsfwhich includes White Island Pond),
Valiela and Costa (1988) noted that gross inpugghosphorus to the watershed (prior to
adsorption and uptake) were dominated by septiesysand agricultural use of fertilizers
(mainly cranberry bogs), but it was noted thatdéptic systems discharge to groundwater (where
phosphorus is strongly adsorbed) while it is assuthe cranberry bogs discharge to surface
waters with less uptake and adsorption.

In some cases the lake sediments themselves aasdece of phosphorus to the lake.

Typically this occurs during periods of anoxia whem compounds in the sediments are
chemically reduced and the phosphate adsorbee toah is released to the bottom waters,
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resulting in higher phosphorus concentrations ebibttom. In shallow lakes, such as White
Island Pond, this internal phosphorus can be mibeak to the surface causing additional algal
growth. White Island Pond is normally well mixediwadequate oxygen, however, on one of
the six dates where oxygen profiles were colleatdtde two years of sampling, dissolved

oxygen concentrations were less than 1 mg/l apéhdgpproximately 1 m above the sediment
surface. This typically indicates the sedimenésaroxic. On the same date a higher
concentration of total phosphorus was observedlamear bottom water sample compared to the
surface, indicating a potential release of phosph&nom the sediments.

The internal anoxic phosphorus release from lakersents is estimated in four ways: by
difference, by mass accumulation during temportagtification, by anoxic area multiplied by an
estimated release rate and by mass accumulatitve ivhole lake after major cranberry
discharges ceased during the summer of 2009.

To calculate the sediment source by differencetioevn sources above are subtracted from an
independent estimate of the total load. Addinghgpsources above (272 kg/year) and
comparing it to the modeled total of 523 kg/yealculated from on observed concentrations
(see lake models in next section), we estimaten&nawn source of about 251 kg/year.

The oxygen profile of the bottom was below 1 mg/bnly one of the six dissolved oxygen (DO)
profiles collected during the 2000 and 2007 sunwigts, and that profile was collected on June
26, 2007. Thus, the days of anoxia were calculaset/8' of the summer stratification period.
The area below 3.9 m (the depth at which the loyger was recorded in both the East and
West Basins) was calculated as 102,06@ith a volume below that depth of 48,008, nUsing

a value of anoxic phosphorus release of 6 Miglay based on the rationale used for nearby
Stetson Pond (BEC. 1993) a phosphorus release ki/¢Bwas estimated and used in the draft
TMDL.

Data collected during the summer of 2009 (afterditadt TMDL was released) indicated an
unusually marked increase in the concentrationstaf phosphorus in the east basin of the lake
during the summer in a period when the cranbemwwgrs were avoiding surface discharges to
the lake as shown in Figure 8. In comparison{rined in concentrations during 2000 was a
decline over the summer and the trend in 2007 waedagest increase followed by stable
concentrations in late summer. Based on previeassydata the lake is well mixed and surface
concentrations can be multiplied by lake volumegstimate change in mass over the summer 2
month period. Using 2009 as the worst case offttee years, we estimate a rate of 44.48
kg/month (or 4.52 kg/halyr if the entire lake al®aonsidered) increase in mass of phosphorus,
and this is presumed to be from sediment soureesvever, other sources such as increased
seepage from the bogs ditches and under the beg thkthe adjacent lake during a wet summer
can not be ruled out. Evidence for increased sgejsaprovided by the USGS monitoring wells
(http://ma.water.usgs.gov/water_statement/2009 @&%itntm)

that showed abnormally high (9@ercentile) groundwater in southeast Massachusetisg

July 2009 due to abnormally high rainfall that suenm
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If this monthly increase in mass is extrapolate@l tnonths of the year this source could account
for a net increase of 267 kg/year. The sedimemtpiesumably a sink for phosphorus during the
colder months of the year but the budget focusab®summer growing season when
impairments are most likely to occur. Becausentlass accumulation in the summer of 2009
estimate is closer to the value of 251 kg/yeanestted by difference the estimate of 267 kg/year
will be used in the revised phosphorus loading ketudable 1.

The phosphorus nutrient budget calculated by tingbooed mass balance and export coefficient
values for sources is summarized in Table 1 (vato@g not sum to 100 percent due to
rounding). For each source (row), the base unittfe source is multiplied by the appropriate
time or volume and the product is multiplied by #ppropriate export coefficient to yield the
estimated phosphorus load in kg/year.
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Figure 8. Surface Total Phosphorus Trends.
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Table 1. White Island Pond Mass Balance Phosphori&udget

Source Time or TP Export Total Percentof
Unit or | Volume (mg/l) | Coefficient | Phosphorug Total
Area (m°) (kg/halyr) | Load Phosphorus
(Ha) (kglyr) Load (%)
Groundwater 460| 4,200,000 0.012 50 9
Precipitation 118| 1,430,000 0.3 35 7
Makepeace 18.17 3.4 62 11
Bogs
Federal 20.2 3.4 69 13
Furnace
Bogs
Internal 118 0.5 year 4.52 267 50
224 Homes 0.25 56 10
with Septic
systems
Total 539 100

Lake Model Estimates of Nutrient Loads

Lake models can be used for two purposes, firgaliolate estimates of existing loads compared
to current lake concentrations, and second to dpvEMDL loads to meet new target lake
concentrations. Although direct mass loading edeare the most accurate method of
constructing nutrient budgets, lake modeling cande to validate how well the loads agree
with the observed concentrations in the lake ardktermine if there are missing sources or
overestimated sources in the budget. Lake suragymvealed that with the exception of one
day noted above (June 26, 2007), there were nerdiftes in the total phosphorus
concentrations between the surface and near bathomples and, therefore, the surface samples
were assumed to be representative of overall lakdittions. Because it is difficult to separate
the inputs from the East and West Basins, and Isecdue two basins are similar in size, the
average of the two ponds is used to represent lbladta concentrations in the model. Assuming
our estimates of sources are correct, and the TMDlly implemented, the East Basin will
improve relatively more than the West Basin, anehéwally both basins will have similar,
acceptable water quality. Lake models can be tespdedict TP from annual phosphorus loads
as well as to reverse calculate predicted loads fedke TP concentrations. Rather than relying
on a single lake model, a suite of five lake wagality models (Vollenweider (1975), Kirchner
and Dillon (1975), Chapra (1975), Larsen and Mergi®75) and Jones and Bachmann (1976),
K. Wagner, pers. comm., 2000), were applied temeine loadings, along with a simple mass
balance approach using the recently collectedfdathe total load and observed average
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concentration of total phosphorus for White Isl@wuhd. Input data for the models is
summarized in Table 2.

The five lake models used were developed and ualidaen north temperate lakes with relatively
long retention times and similar in size and deptWhite Island Pond. The reader is referred to
original papers for additional details on the mesdesumptions, and details of calibration and
validation. There are no numeric models availablpredict the growth of rooted aquatic
macrophytes as a function of nutrient loading estés, therefore the control of nuisance aquatic
macrophytes is based on best professional judgment.

Using the five established models and the obse208d average concentration of 0.057 mg/I
TP, the predicted annual load ranged from 363 Kigyear with an average of 523 kg/yr,
which is in good agreement with the modified maaafice estimate of 539 kg/yr, estimated
above. Because the lake models agree with thenlpadtimates we can assume the models are
reasonably accurate and all sources have beenrdeddior. The simple mass balance model
(assuming no phosphorus retention in the lake)sigistly lower at 280 kg/year and represents a
lower boundary for the true load. Running the niet#@ckward with the 539 kg/yr as input, the

models predict a range in concentration of 0.08.@85 mg/L with an average of 0.062mg/!I.
Therefore, these models show good agreement watbltkerved average lake concentration of

0.057 mg/l TP.

Table 2. Input data for Lake Models of Total Phosporus

Parameter Units Derivation Value
Lake Total Phosphorus Conc. mg/l From data orehod 0.057
Annual load kglyr 539
Areal Phosphorus Load to Lake g Plyn From data or model 0.46
Influent (Inflow) Total Phosphorus| mg/l From data 0.059
Effluent (Outlet) Total Phosphorug  mg/l From data 0.057
Inflow, total nrlyr From data 4.90E+0p
Lake Area m From data 1.18E+0p
Lake Volume m From data 2.78E+0B
Mean Depth m Volume/area 2.36
Flushing Rate flushings/yrinflow/volume 1.76
Suspended Fraction no units Effluent TP/Influent TP 1.0
Areal Water Load m/yr Z(F) 4.p
Settling Velocity m Z(S) 2.2
Retention Coefficient (from TP) no units (TPIin-TRdTPIn 0.033
Retention Coefficient (settling rate) no units (§8.2)/2)/(((Vs+13.2)/2)+Qs 0.65
Retention Coefficient (flushing rat¢no units 1/(1+F9) 0.43
Water retention time Days 365/(Inflow/volume) 207
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Table 3. Final Results of Lake Models for White Ind Pond using 539 kg/year input

Method Name Method Formula Predicted Predicted | Predicted
Concentration Load Load
(mg/L) (GIM2/Yr) | (Kg/Yr)
Mass Balance TP=L/(Z(F))*1000 0.101
(minimum possible load)] L=TP(Z)(F)/1000 0.24 280
Kirchner-Dillon 1975 TP=L(1-Rp)/(Z(F))*1000 | 0.040
(K-D) L=TP(Z)(F)/(1-Rp)/1000 0.6% 767
Vollenweider 1975 TP=L/(Z(S+F))*1000 | 0.085
(V) L=TP(Z)(S+F)/1000 0.31 363
Chapra TP=L(1-R)/(Z(F)*1000 | 0.057
(© L=TP(Z)(F)/(1-R)/1000 0.46 539
Larsen-Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 | 0.063
(L-M) L=TP(Z)(F)/(1-RIm)/1000 0.47 491
Jones-Bachmann 1976 TP:O.84(L)/(Z(O.65+F))*1¢00 0.067
(J-B) L=TP(Z)(0.65+F)/0.84/1000 0.39 457
Average of Model Values 0.062
(without mass balance) 0.44 523
Measured in White Island 0.057
Pond
Mass Balance Input to 0.42 539
models

TMDL Total Phosphorus Targets

As the term implies, TMDLs are expressed as maxirdaity loads. However, as specified in

40 CFR 130.2(1), TMDLs may also be expressed iemotbrms when appropriate. For these
cases, the TMDLs are expressed in terms of allaavabhual loadings of phosphorus because the
growth of phytoplankton and macrophytes responahémges in annual, as well as daily,
loadings of nutrients. The target phosphorus aoinaBon must be set low enough to ensure the
lake meets all designated uses. Generally, adl isgdypical warm water fisheries lakes
(including swimming, boating and aesthetics) camie¢ at the USEPA “Gold Book”
recommendation of 0.025 mg/l. A further refinemeftotal phosphorus targets utilizes
concentrations of phosphorus in lakes within umif@cological regions (the ecoregion
approach). The phosphorus concentrations predicta/hite Island Pond from the Griffith et
al. (1994) and Rohm et al., (1995) ecoregion mapge between 0.010 and 0.019 mg/I for
typical summer to fall conditions. The United 8thEnvironmental Protection Agency
(USEPA) has proposed a lower TP concentrationalked in Ecoregion XIV (including White
Island Pond ) of 0.008 mg/I
(http://www.epa.gov/waterscience/criteria/nutrieodiegions/files/sumtable.pdf
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Clear water seepage lakes tend to have lowergbtaphorus concentrations than typical lakes
with inlet streams. The median summer surface ftakphorus concentration in other relatively
unimpacted clear water seepage lakes in southeddtessachusetts is very low (Table 4).
However, White Island Pond is fairly shallow and lh@en impounded at the outlet to raise the
water level, flooding what was once soil and thesyrhe expected to increase the nutrient supply
to the water body (Mattson et al., 2004) and sugp@mwarm water fishery and, therefore, a
somewhat higher total phosphorus target may bé#iggst The pond may have had some surface
water and nutrient inputs from historic wetland®pto the installation of the cranberry bogs and
thus may not be a true seepage lake. Thus thettarget at the upper range of the Griffith et al.
(1994) and Rohm et al., (1995) ecoregion conceatratfor this area, specifically, 0.019 mg/l as
an overall average for the two basins. In ordamsure that the lake meets water quality
standards, the overall average should be lowertth@0.025 mg/l Gold Book number and is set
to 0.019 mg/l as a margin of safety.

Table 4. Other Seepage lakes in southeastern Mashkasetts

Lake name Town Year sampled TP mg/l (median
surface)

New Long Pond Plymouth 2000 0.006

Ryder Pond Truro 2004 0.010

Long Pond Brewster 2004 0.016

Sheep Pond Brewster 2004 0.005

Great Pond Eastham 2004 0.014

Ezekiel Pond Plymouth 2007 0.006

Loading Capacity

For purposes of this TMDL the annualized total gitmsus loading capacity target will be
calculated as the mean of the lake models preditioat meet the 0.019mg/| target
concentration. The parameters used are thosd IisfEable 2 with the new target (0.019 mg/l)
inserted and the models (including the mass balaroxel) rerun to predict the phosphorus
loads. The highest and lowest estimated loads dreygped as potential outliers, and the loading
capacity is based on the mean of the remainingrfadels, which was 147 kg/year or 0.40
kg/day. Once the loading capacity, or TMDL, isabed, the next step is to allocate the loads to
the sources.

Wasteload Allocations, Load Allocations and Margin of Safety

The TMDL is the sum of the wasteload allocationd A)/from point sources (e.g., sewage
treatment plants and urban stormwater and agri@lltiischarges from point sources such as
pipes or ditches) plus load allocations (LA) froonpoint sources (e.g., land use sources) plus a
margin of safety (MOS). Thus, the TMDL can be teritas:

TMDL = WLA + LA + MOS
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The TMDL process requires that loads be allocatgubint and non-point sources. Pipe
discharges from agricultural irrigation return wadee not regulated as point sources, thus all
sources to White Island Pond will be consideredaspoint sources. The total loading capacity
of 147 kglyear represents the Total Maximum Daibadl expressed on a yearly basis. The
TMDL expressed as a daily load is 147 kg/year digiddy 365 days, or an average of 0.40
kg/day. However, because of the long retention wine lake (207 days from Table 2), a yearly
representation of the load is more appropriatest urhe allocation of the 147 kg/year TMDL
must be reasonable and equitable and the proptieedten is shown in Table 5. The approach
used is to target anthropogenic loads that caedeced in a cost effective manner by
appropriate best management practices. Genettaiyargest anthropogenic loads will be
targeted for the largest reductions with all otiiéngs being equal. The individual source
allocations are given below.

Loading Allocation to Nonpoint Sources

Table 5 lists the current TP loading and targetol® allocations. The groundwater is already
low in concentration compared to the target corre#ion cannot be expected to be further
reduced and the loading should remain at 50 kg/yA#though precipitation (including dry
deposition) of phosphorus is influenced by anthggac activities to some extent, the allocated
35 kg/yr is not markedly higher than background &mslnot reasonable to believe significant
reductions can be made to this allocation. Prigaf#ic systems are an anthropogenic source
that can be targeted for reductions as discussttirmplementation section below. Assuming
some of the homes have older style septic systemegsonable level of reduction is 50 percent
provided this reduction is implemented incremegtaller a period of years as areas are sewered
or properties are gradually upgraded to Title 3esys and any non-conforming septic systems
are required by the Board of Health to be upgradéterefore, the target allocation for septic
systems is set to 28 kg/year. Internal sourcesbeayonsidered partially a legacy of past
anthropogenic inputs. Because internal sourcei@$ghorus increase as a result of anoxia
associated with anthropogenic eutrophication,ntremsonably be assumed that internal sources
will decline proportionately as external loadingptfosphorus decreases. Because the source is a
major portion of the summer budget an alum treatroenther sediment phosphorus control is
likely to be needed. Assuming a 95% reductiorhia $ource can be achieved with an approved
sediment treatment the target for sediment souscE3 kg.

The major sources of phosphorus are the load aibosaattributed to the commercial cranberry
bogs which discharge phosphorus directly into &kel These findings are similar to an earlier
study comparing housing and cranberry nutrienttisipuWisconsin (Garrison and Fitzgerald,
2005). A previous study by MassDEP also found teatmercial cranberry bogs exported large
percentages (15-57%) of the phosphorus appligdetbdgs and the discharge was greater than a
nearby freshwater wetland (Gil, 1989).

The commercial bogs are large, anthropogenic sewftghosphorus and offer the greatest
opportunity to achieve the TMDL goal. The new adibons are based on the bogs achieving an
overall loading rate of 0.5 kg/ha/year achievedhgybest performing bogs in the DeMoranville
and Howes (2005) study. Multiplying the 0.5 kgjtealr by the respective areas of the bogs gives
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a target allocation of 9 kg/year for A.D. Makepehogs and 10 kg/year for the Federal Furnace
bogs as shown in Table 5. The excess additiorgaldanlings are targeted for elimination as
discussed in the implementation section below.

Margin of Safety

The margin of safety is set by establishing a tattug is below that expected to remove algal
blooms and meet the visibility target of 4 feet $aimming and below the concentration levels
needed to maintain designated uses. An additimaadin of safety can be added as an explicit
loading term. Based on allocations to point aredrtbnpoint sources, a load of 2 kg/year remains
unallocated and this amount is added as an additroargin of safety.

Table 5. White Island Pond TMDL Load Allocation

Source Current TP Loading Target TP Load Allocation
(kglyr) (kglyr)

Load Allocation

Groundwater 50 50

Precipitation 35 35

Home Septic

systems 56 28

Internal Sediment 26\ 13

Makepeace Bogs 6]2 9

Federal Furnace

Bogs 69 10

Additional Margin

of Safety 0 2

Total 539 147

Implementation

Implementation of the TMDL will focus on the largassurces including the sediment recycling
of phosphorus during the summer and the cranbegydischarges as shown in Table 5.
Additional implementation will include upgradingléd Title 5 septic systems as required by
law or by sewering areas as development increades.groundwater is already at background
concentrations and is not likely to be improvedheie are no reasonable BMPs available to
significantly reduce atmospheric precipitation angfall inputs.

Control of Sediment Sources

Because the increase in mass of total phosphoithe ilake during the summer of 2009 indicated
a large phosphorus source from the sediments ingsieation must address the sediments in
order to meet the target TMDL. The origin of tlisge amount of sediment phosphorus was due
to historically high anthropogenic phosphorus isghiat have transferred and settled to the
sediments over many years. The control of sumeingent phosphorus release in this lake can
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be treated with a buffered alum and sodium alureitr@atment, or with iron treatment
combined with aeration or by dredging the sedimaftes the major surface discharges are
controlled as described in Mattson et al. (2004).

Cranberry Bogs

Current practices used by commercial cranberry grewntended to achieve maximum crop
yield can have unintended negative impacts onulfase waters that receive discharge water
from the bogs. MassDEP is currently working wihle tJMass Cranberry Station and the Cape
Cod Cranberry Growers Association to update recona@e& BMPs to ensure Water Quality
Standards are met. For this TMDL the following B&ARay be required to meet the target
allocations. The implementation will apply adaptimanagement in a series of steps (from
simple cost saving BMPs to progressively more isitenBMPs) implemented over a period of
years to evaluate the water quality response ifeft® The implementation plan for reducing
total phosphorus discharges from the commercialbeay bogs will begin with source
reduction and amounts of phosphorus fertilizerdieap@and changing the ratio or N to P in
fertilizer as needed and improvements to irrigatiod flood water usage. In order to meet the
TMDL, the bogs are targeted for loading reductit;mthe equivalent of 0.5 kg/ha/yr (0.45
Ib/aclyr) export. Based on the acres of bogs libeation is 9 and 10 kg/year for the A.D.
Makepeace and Federal Furnace bogs, respectively

This level of phosphorus export can be achieveddoybining water conservation to limit final
discharge rates to 3.5 acre-feet per acre of ml{elow) with average total phosphorus
concentrations of 0.05 mg/l (the acceptable comagah to inputs to lakes from USEPA, 1986
“Gold Book”). A recent review of phosphorus exipegrsus phosphorus fertilizer suggests that
exports can be dramatically reduced with reductionghosphorus fertilizer application while
maintaining crop yields (DeMoranville et al., 2009) fact, some bogs can show zero export or
even negative phosphorus export (uptake of phosgh@rhile maintaining good yields by
reducing phosphorus fertilizers (DeMoranville analwés, 2005; DeMoranville et al., 2008).
The key to maintaining yields is to supply the eatramount of nitrogen (generally the limiting
nutrient for cranberries) while reducing the phaspis in the fertilizer. This is accomplished by
switching from low ratios of N:P:K to higher N feéizers with proportionately less P.
Commercial cranberry growers have used high ratidise past (bags labeled 10-12-24, 10-20-
20 or even 5-15-30) where the ratio of N ®FPon the bag is 1:1.2 or 1:2 or 1:3 (Howes and
Teal, 1995) and this supplies too much phosphanuplant growth needs. The recent UMass
study recommends products with bag ratios of 1&2-8115-15-15 (DeMoranville and Howes,
2005). For example, in order to deliver sufficiaittogen to the crop while reducing phosphorus
applications to a target of 10 Ib/ac/year phosphdedilizer with a N:P ratio of 2:1 such as 18-8-
12, or even lower P fertilizer would be requirgdiaution however needs to be exercised so that
the amount of nitrogen applied does not exceedribye needs. Doing so will ensure that excess
nitrogen does not migrate from the site and coatelio nitrogen enrichment in down gradient
embayment systems.

Manipulation of water usage is also critical foduweing the phosphorus loading to receiving

waters. In order to meet the TMDL loading targbtsyearly discharge of water of 3.5 feet of
water per acre bog at a concentration of 0.05 w/or less would meet the TMDL
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requirements. Other combinations of dischargecamdentrations are also acceptable if they are
demonstrated to meet the TMDL load. Excess wateresults in excess water discharge with
resulting excess leaching of phosphorus from tlgsbdrrigation water should be recycled from
water stored in the bog ditches or in storage pomdse greatest extent possible. During harvest
the harvest water should also be recycled froma@etd section rather than flooding the entire
bog complex at one time. After harvest the wateusd be retained in the bog complex for at
least 1 to 3 days to allow particulate matter ttleseut, but always less than 10 days to avoid
excess release from sediments. Water should beatgged slow enough to minimize turbulence
and erosion within the bogs. When possible, thehdigge should be directed away from
sensitive surface waters, particularly in the graygeason. Winter floods should be withdrawn
beneath newly formed ice within 10 days to avoidxaminjury to plants and anoxic release of
phosphorus from the flooded soils. Additional tneant and alternatives to winter flood
discharges should be considered to meet the TMBilihg requirements. Monitoring of
discharges is essential to ensure the TMDL lodxisg met.

If reductions in phosphorus fertilizer applicatiamd water use fail to achieve discharge
concentrations of 0.05 mg/l and loadings at orweddb kg/hal/year, then additional BMPs may
be required by MassDEP. These may include theltselwater recovery for reuse within the
bogs, pumping discharge water to other areas awaythe lake, or the use of holding
(detention) ponds that can be treated before digeha public surface waters (DeMoranville
and Howes, 2005). If the detention pond dischatifjeexceeds 0.05 mg/l, then discharges may
require treatment with alum and sodium aluminatetber aluminum or iron compounds to bind
and remove phosphorus prior to discharge to pwldiers (Leytem and Bjorneberg, 2005). If
sufficient area is not available to build detentomnds, a system of infiltration ditches lined with
iron rich sand could be designed to treat the wadésre discharge to the pond. A similar ‘iron
curtain’ has been used successfully to filter dwdgphorus entering Ashumet Pond on Cape
Cod; see:

(http://toxics.usgs.qgov/topics/rem_act/phosphorusmel.htm). Because some of these
techniques have not been used with cranberry laaigstional testing may be required.

It should be noted that both A.D. Makepeace ancfetdrurnace cranberry companies have
implemented some of these BMPs as of 2008. Theg &ated that they are using low
phosphorus fertilizers at low application rates.adldition, Federal Furnace has been pumping
water to areas away from the lake and thus redumen®r and fall discharges to the lake.

Because of the large build up of excess phosphorasnberry bog soils, soil tests often show
very high TP concentration that do not relate tiporields and plant tissue tests may be more
appropriate for determining fertilizer needs (Dekforille and Davenport, 1997). Because of the
high phosphorus in the soils, there may be a ddleggponse to the reductions in phosphorus
fertilizer inputs and water discharges from thedolj is recommended that after fertilizers have
been reduced to 10 Ibs/acre/year and the watee BMEs have been initiated and the TMDL
requirements met, that a period of at least 5 yelagsse before any further and potentially more
expensive in-lake BMPs be initiated. Recent stdie commercial cranberry bogs have shown
that reduced phosphorus fertilizer applicationttechcreased yield of cranberries while reducing
TP concentrations in discharge water (DeMoranwtlal., 2009). Additional studies on plots
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have shown there was no justification for usinchiphposphorus fertilizers. Even the zero
phosphorus plots showed no signs of deficiency &ftigears of study (Roper, 2009), but tissue
tests are recommended to monitor plant health.

A Memorandum of Agreement (MOA) was signed on Mag2d09 between the Massachusetts
Department of Agricultural Resources, Massachufssartment of Environmental Protection,
the Cape Cod Cranberry Growers Association (CCC&#)the University of Massachusetts
Cranberry Station to implement new practices orctiramercial cranberry bogs that discharge
to the lake. The MOA text is availableldtp://www.mass.gov/dep/
water/resources/tmdls.htm#buzzards

In 2008 the growers started using lower phosphtentidizers (lower than the 20 Ib/ac rate
previously recommended by UMass Cranberry Statiés) part of the MOA the growers will be
pumping all discharge water away from the pond whthexception of winter discharges. The
winter discharges will be studied further to evédufadditional controls are needed.

Monitoring of the practices and monitoring of diadles to the pond are the responsibility of the
UMass Cranberry Station. Funding was provided ag8DEP under a 319 grant of $49,576 to
the Cape Cod Cranberry Growers Association worlaitg the UMass Cranberry Station to
implement this effort. Progress will be monitofedthree years at which time MassDEP will
evaluate what additional controls, if any, will teguired to meet the TMDL.

Control of Other Sources

The control of septic system input to reduce logsliny 50 percent may be difficult. Generally,
the soils in the White Island Pond system are diredficiently binding phosphorus as noted
above. Older homes with old style cesspools magoéributing disproportionate amounts of
phosphorus to the groundwater near the lake. @iérseptic systems are required to be
inspected upon sale for Title 5 compliance andoigrade the system as required.

Another possibility for reducing the loading frompsic systems is to sewer the area and thus
divert phosphorus loadings to a wastewater treatmplant where it can be removed prior to
discharge at a remote location. Opportunitieséwering the area may occur as developers are
required to reduce nutrient loadings in the are@otopensate for additional loadings of new
home construction in an effort to meet other TMDdisch as nitrogen TMDLSs related to salt
water estuaries. The densely populated area ah@ngéstern shore of the West Basin is a
potential area for sewering and this would compfetBminate the septic system phosphorus
loads to the lake from those homes. A combinaticithese efforts is predicted to meet the 28
kg/year allocation target.

The shoreline areas of White Island Pond in boghtélvns of Wareham and Plymouth are
included as urbanized areas and should be inclindibg NPDES Phase Il stormwater permit for
to the towns. The NPDES permits require six mimmaontrol measures including public
education, public participation, illicit dischardetection and elimination, construction site
runoff control, post construction runoff contrahcdagood housekeeping at municipal operations.
The latter ‘good housekeeping’ control should idelBMPs and a schedule of activities to
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control pollution. The permits also require the@lepment of a stormwater management plan
that must include mapping outfalls to receivingevat Details on the Phase Il permits are
available athttp://www.mass.gov/dep/brp/stormwtr/stormhom.htm

Responsibilities for Implementation

MassDEP has broad authority to enforce existinggmlaivs and regulations that relate to water
use and water quality. The Commonwealth has peavalstrong framework to encourage
watershed management through the recent modifitatm on-site septic system regulations
under Title 5 and by legislation requiring low ppberus detergents.

The MassDEP will be responsible for obtaining peibbmment and support for this TMDL.
The proposed tasks and responsibilities for implaing the TMDL are shown in Table 6. The
local citizens within the watershed will be encayed to locate and describe additional sources
of erosion and phosphorus within the watershedyotg methods described in the MassDEP
guidebook “Surveying a Lake Watershed and PrepangAction Plan” (DEP, 2001) available
at: http://www.mass.gov/dep/public/lwsguide.pdf

Responsibility for remediation of each identifiemisce will vary depending on land ownership,
local jurisdiction and expertise. For example, ldle association or the Town may organize a
septic tank pumping and inspection program folakéside homeowners. Usually a discount for
the pumping fee can be arranged if a large numhbleormeowners apply together. Cranberry
growers can apply for money to implement BMPs asqfahe NRCS programs in soll
conservation. Town public works departments wethgrally be responsible for reduction of
erosion from town roadways and urban runoff. Tlas&rvation Commission and Building
Inspector will generally be responsible for ensgiime BMPs are being followed to minimize
erosion from construction within the town. BMPs ¢@neral nonpoint source pollution control
are described in a manual by Boutiette and Due(ti8§4), BMPs for erosion and sediment
control are presented in MassDEP (1997). See tihesite
http://www.mass.gov/dep/water/resources/watersimeftit many of these publications. There is
an Unpaved Roads BMP Manual and general informationonpoint source BMPs at
http://www.mass.gov/dep/water/resources/nonpoimt.rA description of potential funding
sources for these efforts is provided in the PnogBackground section, above.

A proactive approach to protecting the lake majuie limiting development, particularly in
areas near the lake, changes in zoning laws arsizkes, requirements that new developments
and new roadways include BMPs for runoff manageraadtmore stringent regulation of septic
systems. As new housing development expands witkeinvatershed, additional measures are
needed to minimize the associated additional inplhosphorus. Although over fertilization
of lawns was not apparent based on visual exarmaiiomeowners should be encouraged to
support a phosphorus lawn fertilizer ban as a toyaw similar to that passed in Webster
Massachusetts to reduce future phosphorus loattimigsthat source
(http://www.articlearchives.com/government-publar@nistration/elections-politics/513475-
1.html). Additional town bylaws to address fert@iaise and discharges to waters within the
town may be required. Examples of town bylaws farimg and construction, as well as
descriptions of BMPs are presented in the Non@airce Management Manual by Boutiette
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and Duerring (1994) that was distributed to all mipalities in Massachusetts. Other voluntary
measures may include encouraging the establishofi@ntegetative buffer around the lake. Such
BMPs provide enhancements that residents shouldefitnactive and, therefore, should facilitate
voluntary implementation.

MassDEP is recommending that the lake be monitorea regular basis, and if the lake does not
meet the water quality standards additional impleiatéon measures may be required. For
example, if phosphorus concentrations remain higgr evatershed controls are in place, then in-
lake control of sediment phosphorus recycling articd of other sources may be considered.

As phosphorus concentrations in the lake are reband transparency of the lake increases an
increase in the growth of rooted aquatic planexected as increased light reaches the
sediments. Reducing the supply of nutrients wall in itself result in achievement of all the
goals of the TMDL and continued macrophyte monigrand appropriate management is an
essential part of the implementation plan.

Table 6. TMDL Tasks and Responsibilities

Tasks Responsible Group

TMDL development MassDEP

Develop Cranberry Farm Plan, fertilizer Cranberry Growers concert with NRCS,
type and rates and water management Soil Conservation Service, the Cape Cod
BMPs that meet TMDL requirements Cranberry Growers Association and the

UMass Cranberry Station.

Develop implementation approach to MassDEP
support the TMDL. Monitor the progress
of the operation of the bogs under the
MOA agreement. Consider lowering the
lake level slightly to reduce seepage into
bogs.

Provide documentation of discharge UMass Cranberry Station in cooperation
monitoring and reasonable assurance that with CCCGA and Cranberry Growers
TMDL is being met under the MOA

Approve of yearly monitoring data. MassDEP

Ensure that noncompliant septic systems Board of Health and homeowners
are upgraded to meet Title 5 requirements
and consider inspections for compliance

Use lesser amounts of lawn fertilizers, Homeowners and lake association
particularly low or no phosphorus
fertilizers available at local farm stores

Monitor chlorophyll, Secchi disk MassDEP and lakeaxiation
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Tasks Responsible Group

transparency and total phosphorus in lak

D

Organize and implement TMDL educatio Local Lake Association and Town working
outreach programs, write grant and loan with consultants
funding proposals

=

—

After discharges are controlled implemern Cranberry growers, lake associations and

sediment phosphorus controls such as towns with consultation with MassDEP
recommended in the GEIR (Mattson, et al.,

2004)

Implement Phase Il BMPs, twice yearly Town of Plymouth and Wareham in

road sweeping, catchbasin inspection and  urbanized areas
maintenance, install infiltration or other
BMPs

Pass town bylaws to control developme
erosion from all lands, driveways and lim
fertilizers on non-agricultural land.

Town Selectmen, town meeting

—

Reasonable Assurances

Reasonable assurances that the TMDL will be impleatkeinclude both enforcement of current
laws and regulations, availability of financial emtives, and the various local, state and federal
program for pollution control. Active cooperatiohthe cranberry growers and the Cape Cod
Cranberry Growers Association, homeowners, the sosirPlymouth and Wareham, USEPA,
NRCS and the UMass Cranberry Station is requirethis TMDL to be effective in returning
the lake to an unimpaired status.

MassDEP is responsible for the implementation aridreement of the laws related to
discharges of pollution, including any nonpoint s@s, under authority of Massachusetts
General Laws M.G.L. c.2188 26-53 and the MassadtzuSerface Water Quality Standards at
314 CMR 4.00 and the Groundwater Discharge Perrogriam at 314 CMR 5.00. MassDEP is
also responsible for the implementation and enfossg of M.G.L. ¢.91 and the Waterways
Regulations at 310 CMR 9.00. Enforcement of retjpria may include USEPA enforcement of
the permit conditions Stormwater Phase Il permiitden NPDES. The Commonwealth of
Massachusetts also oversees the implementatidre dfitle 5 regulations of onsite septic
systems by the local Board of Health.

Financial incentives include Federal monies avilainder the 319(h) NPS program and the
604(b) and 104(b) programs, which are providedaasqf the Performance Partnership
Agreement between MassDEP and the USEPA. Additforencial incentives include state
income tax credits for Title 5 upgrades, low ingtdeans for Title 5 septic system upgrades,
Clean Water Act State Revolving Fund loans, and slearing for agricultural BMPs under the
Federal NRCS program.
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The recently signed MOA also provides reasonaldarasce of meeting the TMDL in a timely
manner. If the MOA fails to meet the TMDL then &aohal steps will be taken.

Water Quality Standards Attainment Statement

The proposed TMDL, if fully implemented, will resuh the attainment of all applicable water
quality standards, including designated uses antkenia criteria for each pollutant named in the
Water Quality Standards Violations noted above.

Monitoring

Continued monitoring of the lake by the local lassociation should document changes in
transparency and frequency of blue-green algalrbfooln addition, a 319 grant was awarded to
assist in implementation of the MOA and monitorof®MPs in the bogs, with monitoring
being conducted by the Umass Cranberry StationssMBP will provide review of discharges to
document phosphorus concentrations and the lakemses. The toxic Bluegreen algae
(cyanobacteria) numbers have been monitored ipaseby MassDEP and the Massachusetts
Department of Public Health will continue as needAdditional lake surveys by MassDEP in
future years, as resources allow, should incluael8ealisk transparency, nutrient analyses,
temperature and oxygen profiles and aquatic vagatataps of distribution and density. At that
time the strategy for reducing plant cover and catytotal phosphorus concentrations can be
re-evaluated and the TMDL modified if necessargld#ional monitoring of total phosphorus
concentrations and transparency by local volurdgeaups is encouraged when possible.

PROVISIONS FOR REVISING THE TMDL

The MassDEP reserves the right to modify this TiVdi3Lneeded to account for new

information or data made available during the impatation of the TMDL. Modification of the
TMDL will only be made following an opportunity fgublic participation and be subject to the
review and approval of the EPA. New information jathwill be generated during TMDL
implementation includes monitoring data, new oiged State or Federal regulations adopted
pursuant to Section 303(d) of the Clean Water &watl the publication by EPA of national or
regional guidance relevant to the implementatiothefTMDL program. The MassDEP will
propose modifications to the TMDL analysis onlythe event that a review of the new
information or data indicates that such a modiiarats warranted and is consistent with the anti-
degradation provisions in the Massachusetts Watelit Standards. The subject waterbodies
of this TMDL analysis will continue to be included the State of Massachusetts Integrated List
of Waters, in the appropriate category.

Public Participation

MassDEP has met with the Cape Cod Cranberry GroAsssciation and the UMass Cranberry
Station to develop an agreed upon scope for rdsdlaat resulted in the DeMoranville and
Howes (2005) report on phosphorus use and disclimgmnmmercial cranberry bogs. MassDEP
has met and cooperated with the representativikeeafommercial cranberry bogs. MassDEP
has also met and cooperated with Mr. Jim Sulliviathhe White Island Pond Conservation
Alliance on sampling the pond in 2007 and monitgmh toxic cyanobacterial blooms in the
lake. Additional meetings with the above namedigeois ongoing.
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Public Comment and Reply

The draft TMDL was presented and public commenteweceived at the public meeting held
on May 7, 2009 in the Plymouth town hall. Addit@dmpublic comments were received in

writing within a 15 day comment period followingetipublic meeting. The public comments and
the Departmental responses are included as App&idocthis report. The final report will be
sent to U.S. EPA Region 1 in Boston for final USE&#proval.
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Appendix | Lake Data

The East and West Basins of White Island Pond wemeitored during July through September,
2000 as part of a baseline survey. Both basine aso sampled in 2007 on a monthly basis
from June through October. The lake surveys wenelacted to provide information on the
current chemical, physical and biological condiiaf the lake system (i.e. in-lake and in the
surrounding watershed). In addition, the survegsavwconducted during the summer and early
fall to coincide with maximum growth of aquatic wtgtion, highest recreational use, and highest
lake productivity.

The 2000 baseline survey consisted of monthly sizugnolf water at a deep hole station in each
basin. In situ measurements using the Hydrolab® (measures des$aolxygen, water
temperature, pH, conductivity, and depth and categltotal dissolved solids and % oxygen
saturation) were recorded. At the deep hole statmeasurements were recorded at various
depths creating profiles. In-lake samples were atdlected for alkalinity, total phosphorus,
apparent color, and chlorophgli(an integrated sample). Samples of the cranbegywater

were also collected and analyzed for TP and Soldbkctive Phosphorus (SRP). Procedures
used for water sampling and sample handling areritbes! in theGrab Collection Techniques
for DWM Water Quality Sampling Standard Operatimgdedureand theHydrolab® Series 3
Multiprobe Standard Operating ProcedufdassDEP 1999b and MassDEP 1999c). The Wall
Experiment Station (WES), the Department’s anadyti@boratory, supplied all sample bottles
and field preservatives, which were prepared acegrid the WES.aboratory Quality
Assurance Plan and Standard Operating Proced(kasssDEP 1995). Samples were preserved
in the field as necessary, transported on iceeadvthssDEP Wall Experiment Station (WES),
and analyzed according to the WES Standard OpgrBtiocedure (SOP). Both quality control
samples (field blanks, trip blanks, and split sasaphnd raw water quality samples were
transported on ice to WES on each sampling dagg;ilere subsequently analyzed according to
the WES SOP. Apparent color and chlorophyilere measured according to standard
procedures at the MassDEP DWM office in WorcesagsDEP 1999d and MassDEP 1999e).
An aquatic macrophyte survey was conducted in ALigliee aquatic plant cover (native and
non-native) and species distribution was mappedecwrded. Details on procedures used can
be found in théBaseline Lake Survey Quality Assurance Project REEP DWM 1999a).

The same deep hole stations were sampled agafd0infar the multi-probe parameters, Secchi
disc transparency, chlorophyll a, color and TPmflas were taken of the discharge flows from
the cranberry bogs. Sampling details are availabilee Quality Assurance Project Plan (DWM,
2007). Sampling was conducted in accordance Wwelptocedures noted above.

Data from the surveys is presented in the tableswbe

Macrophyte surveys are typically conducted durlmglate summer at the peak of macrophyte
growth (generally in July/August/September). Thecrophyte data are used in several ways:
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1. to determine if the macrophyte growth causes nasaonditions such that the lake
would be listed or delisted on the state's 303ddisviolations of water quality
standards;

to determine if the lake meets designated usd®iBd5b assessments;

to monitor changes in density of plant growth fallog implementation of a TMDL,;
to document invasive species distributions in thées and

to suggest macrophyte management options for kee la

abrowd

The data are used to validate Total Maximum Dadgd (TMDL) phosphorus loading models
and to document the present trophic conditionselbas assessing the status of lake’s
designated uses. The total phosphorus data algdaugs®aluate accuracy of land use loading
estimates (Mattson and Isaac 1999) of total phasshto lakes by comparing predictions of lake
concentrations based on modeling to actual measaked-oncentrations. These may be used as
a basis for estimation of internal loading or othemeasured phosphorus sources. Concurrently
a lake database will be developed for both 303@&ldewment and for 305b evaluation based on
lakes that are on the current 303d list. The dataained in this database along with the other
data collected are used in TMDL development or émimor lakes for changes in water quality
and nuisance plant growth after TMDL implementation

Table 7. Hydrolab data Baseline Lake Monitoring, 200.

White Island Pond (Palis: 95166)
Unique_ID: 762 Station: A
Description: deep hole in southern lobe of East Basin, Plymouth

Date OWMID | Time Depth | Temp | pH Cond@ TDS DO SAT
25C

(24hr) | (m) (©) (SU) | (uS/cm) (mg/l) (mg/l) (%)

7/19/2000
LB-0656 | 10:02 | 0.5 24.4 6.4 49.4 31.6 7.8 92
10:11 | 14 24.3 6.3 49.3 31.6 7.6 89
10:17 | 25 24.2 6.3 49.1 314 7.2 85
10:23 | 34 24.2 6.2 49.1 314 7.2 84
10:30 | 3.9 24.2 6.2 49.2 315 7.1 83

8/16/2000
LB-0747 | 14:13 | 0.5 22.7 6.8u | 46.9 30.0 9.0 103
14:17 | 15 22.7 6.7 46.9 30.0 8.9 101
14:22 | 25 22.7 6.7 46.9 30.0 8.8 101
14:26 | 3.7 22.7 6.6 47.1 30.1 8.5u 96u

9/20/2000
LB-0836 | 12:57 | 0.5 21.2 7.3c | 46.4 29.7 9.4 105

i
13:04 | 1.5 21.2 7.1c | 46.4 29.7 9.3 103
i

13:10 | 25 21.1 6.6i 46.4 29.7 9.0 100
13:16 | 3.5 21.0 6.0i 47.0 30.1 *y *y
13:23 | 4.0 20.7 5.8i 48.1 30.8 5.2u 57u

Appendix | 52



White Island Pond (Palis: 95173)
Unique_ID: 754 Station: A
Description: deep hole in northern lobe of West Basin, Plymouth

Date OWMID | Time Depth | Temp | pH Cond@ TDS DO SAT
25C
(24hr) (m) (©) (SU) | (uS/lcm) (mg/l) | (mg/l) (%)
7/19/2000
LB-0657 | 11:40 0.5 24.8 6.0 48.5 31.0 7.7 91
11:46 1.5 24.8 6.1 48.6 31.1 7.7 91
11:52 25 24.9 6.0 48.6 31.1 7.6 90
11:59 3.5 24.9 6.1 48.7 31.1 7.6 90
8/16/2000
LB-0751 | 12:50 0.5 23.2 6.0 46.8 29.9 7.9 91
13:00 1.5 23.2 6.0 46.8 29.9 7.9 90
13:03 25 23.2 5.9 46.8 29.9 7.8 90
13:08 3.5 23.2 5.9 46.8 29.9 7.8 90
LB-0975 | 13:16 3.5m 23.2 6.0 46.8m 29.9 7.8m 90m
m m m m
13:20 2.5m 23.2 6.0 46.8m 29.9 7.9m 91m
m m m m
13:24 1.5m 23.2 6.0 46.7m 29.9 7.9m 91m
m m m m
13:29 0.5m 23.2 6.0 46.8m 29.9 7.8m 90m
m m m m
9/20/2000
LB-1167 | 15:00 0.5 22.1 7.0u | 46.2 29.6 9.4 106
15:06 1.5 22.0 7.0 46.4 29.7 9.3 105
15:12 25 21.9 6.6 46.3 29.6 9.2 104
15:19 3.5 21.5 5.7 46.9 30.0 6.9u 77u
Table 8. Water Quality Data. Baseline Lake Monitorhg, 2000 .
East White Island Pond (Palis: 95166)
Unique_ID: W0762 Station: A
Description: deep hole in southern lobe of East Basin, Plymouth
Date Secchi | Secchi Station | OWMID | Sample | Relative Alkalinity | TP Apparent | Chla
Time Depth Depth Depth Color
(m) 24hr (m) (m) (mg/l) (mg/l) PCU (mg/m3)
7/19/2000 | 1.2 10:30 4.5
LB-0645 | 0.5 Surface 3 0.12 - -
LB-0646 | 0.5 Surface 4 0.098 - -
LB-0648 | 0-3.6 Integrated | -- -- -- ** m
LB-0649 | **m Near 4m 0.099m - -
Bottom
8/16/2000 | 1.1 14:07 4.3
LB-0738 | 0.5 Surface 4 0.085 - -
LB-0739 | 0.5 Surface 4 0.084 -- -
LB-0740 | 0.5 Surface 4 0.093 - -
LB-0741 | 3.7 Near 4 0.089 -- -
Bottom
LB-0743 | 0-3.7 Integrated | -- - -- 354
9/20/2000 | 1.1 12:35 45
LB-0832 | **m Surface 2 0.077 23 -
LB-0833 | **m Surface 2 0.077 23 -
LB-0834 | **m Near 2m 0.080m | 17m -
Bottom
LB-0835 | 0-4.0 Integrated | -- - - 355 h
West White Island Pond (Palis: 95173)
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Unique_ID: W0754 Station: A

Description: deep hole in northern lobe of West Basin, Plymouth
Date Secchi Secchi Station | OWMID Sample | Relative Alkalinity TP Apparent Chl a
Time Depth Depth Depth Color
(m) 24hr (m) (m) (mg/l) (mg/l | PCU (mg/m3)
)
7/19/2000 | 2.0 11:45 4.0
LB-0652 0.5 Surface 2 0.076 - -
LB-0653 35 Near <2 0.048 - -
Bottom
LB-0654 0-35 Integrated | -- -- -- 5.7
8/16/2000 | 2.2 12:30 4.0
LB-0748 0.5 Surface 4 0.038 - -
LB-0749 35 Near 3 0.037 - -
Bottom
LB-0750 0-35 Integrated | -- - - 11.8
9/20/2000 | 1.3 14:30 4.0
LB-0849 0.5 Surface <2 0.038 | <15 -
LB-1165 35 Near 2 0.037 | <15 -
Bottom
LB-1166 0-35 Integrated | -- -- -- 13.1 h
Table 9. Water Quality Data. Baseline Lake Monitorhg, 2007.
East White Island Pond (Palis: 95166)
Unique_ID: WO762 Station: A
Description: deep hole in East Basin, Plymouth DATA from 2007 fieldsheet/WES Lab report
Date Secchi Secchi Station | OWMID Sample | Relative TP Chl a
Time Depth Depth Depth
(m) 24hr (m) (m) (mg/l) (mg/m3)
6/26/2007 1.3 14:15 4.9 LB-3901 0.2 Surface 0.052
LB-3902 0.2 Surface 0.053
LB-3903 3.9 Near 0.076
Bottom
LB-3904 0-3.9 Integrated | - 20.4
LB-3905 0-3.9 Integrated | - 20.2
7/25/2007 1.0 11:00 4.6
LB-3942 0.2 Surface 0.072
LB-3943 0.2 Surface 0.068
LB-3944 3.6 Near 0.067
Bottom
LB-3946 0-3.6 Integrated | - 47.8
LB-3947 0-3.6 Integrated | - 45.0
8/21/2007 0.8 11:40 4.7
LB-3982 0.2 Surface 0.094
LB-3983 0.2 Surface 0.095
LB-3984 3.7 Near 0.090
Bottom
LB-3986 0-3.7 Integrated | - *x
LB-3987 0-3.7 Integrated | - *x
9/24/2007 0.7 11:55 4.7
LB-4012 0.5 Surface 0.10
LB-4013 0.5 Surface 0.11
LB-4014 3.7 Near 0.13
Bottom
LB-4016 0-3.7 Integrated | - 62.
LB-4017 0-3.7 Integrated | - 56.
10/18/2007 LB-4032 0.2 0.11
LB-4033 0.2 0.10
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West White Island Pond (Palis: 95173)
Unique_ID: W0754 Station: A
Description: deep hole in West Basin, Plymouth DATA from 2007 fieldsheet/WES Lab report

Date Secchi Secchi Station OWMID Sample | Relative TP Chla
Time Depth Depth Depth
(m) 24hr (m) (m) (mg/l) (mg/m3)
6/26/2007 2.0 13:15 4.6
LB-3913 0.2 Surface 0.029
LB-3914 0-3.6 Integrated - 7.6
LB-3915 3.6 Near 0.068
Bottom
7/25/2007 2.1 12:50 4.7
LB-3951 0.2 Surface 0.027
LB-3952 3.7 Near 0.067
Bottom
LB-3953 0-3.6 Integrated | - 22.8
LB-3954 0.2 Grab
8/21/2007 1.6 13:22 4.4
LB-3991 0.2 Surface 0.042
LB-3992 3.4 Near 0.056
Bottom
LB-3993 0-3.5 Integrated | - 23.4d
9/24/2007 1.4 12:40 4.2
LB-4021 0.5 Surface 0.036
LB-4022 3.2 Near 0.044
Bottom
LB-4023 0-3.2 Integrated | - 25.7
10/18/2007 | 1.7 12:30 4.0 LB-4041 0.2 Surface 0.035

Table 10. Water Quality Data. Cranberry Bog Data 207.

Federal Furnace Pipe J inlet to East White Island Pond
Unique_ID: W1600 Station: J
Description: Cranberry bog discharge pipe (approx 10 inch diameter) at eastern edge of northern lobe

Date Secchi Secchi Station OWMID QAQC Sample | Relative TP SRP
Time Depth Depth Depth
(m) 24hr (m) (m) (mg/l) (mg/l)
6/26/2007 - 132:40 - LB-3920 - 0.68 -
10/18/2007 | -- 12:01 - LB-4034 - 0.26 -
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Makepeace Pipe K inlet East White Island Pond
Unique_ID: W1601 Station: K

Description: Cranberry bog discharge pipe (approx 16 inch diameter) at northwestern edge of northern lobe
Date Secchi Secchi Station OWMID QAQC Sample | Relative TP SRP
Time Depth Depth Depth

(m) 24hr (m) (m) (mg/l) (mg/l)
7/25/2007 | -- 10:50 - LB-3970 - 0.078 0.034
8/21/2007 | -- 10:40 -- LB-3960 -- 0.068 0.026
“*x" = Censored or missing data
“--" = Nodata
“b "= blank Contamination in lab reagent blanks and/dd figank samples (indicating possible bias high faisk positives).
“d”=  precision of fieldduplicates (as RPD) did not meet project data uabjectives identified for program or in QAPPt&fasamples

may also be affected

“h”= holding time violation (usually indicating possitiieas low)
“m” = method SOP not followed, only partially implementechot implemented at all, due to complicationshwit

sample matrix (e.g. sediment in sample, floc foramgt lab error (e.g., cross-contamination between
samples), additional steps taken by the lab tow#hlmatrix complications, and lost/unanalyzed pkas
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Appendix Il Carlson Trophic State Index (TSI)

Carlson’s Trophic State Index and Attributes of ésk
(Modified from http://dipin.kent.edu/tsi.htm#A%283phic%20State%20Index Carlson and
Simpson (1996).

A list of possible changes that might be expeateal morth temperate lake as the amount of
changes along the trophic state gradient.

TSI

<30

30-40

40-50

50-60

60-70

70-80

>80

Chl SD
(ug/l) (m)
<0.95 >8
0.95-

2.6 8-4
2.6-7.3 42
7.3-20 | 21
20-56 @ 0.5-1
0.25-
56-155 (¢
>155 | <0.25
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TP
(ug/L)

<6

6-12

12-24

24-48

48-96

96-192

192-384

Attributes Water Supply

Oligotrophy: Clear Water may be
water, oxygen suitable for an
throughout the year in unfiltered

the hypolimnion water supply.

Hypolimnia of
shallower lakes may

become anoxic
Mesotrophy: Water |Iron,
moderately clear; manganese,

increasing probability taste, and odol
of hypolimnetic anoxia problems
during summer worsen.

Eutrophy: Anoxic
hypolimnia,
macrophyte problems
possible

Blue-green algae Episodes of
dominate, algal scums severe taste
and macrophyte and odor
problems possible.

Hypereutrophy: (light
limited). Dense algae
& macrophytes

Algal scums, few
macrophytes

57

Fisheries &
Recreation

Salmonid
fisheries
dominate

Salmonid
fisheries in deep
lakes only

Hypolimnetic
anoxia results in
loss of

salmonids.
Walleye may
predominate

Warm-water
fisheries only.
Bass may
dominate.

Nuisance
macrophytes,
algal scums, and
low transparenc
discourage
swimming and
boating.

Rough fish
dominate;
summer fish Kills
possible



Appendix lll. Guidelines for Total Maximum Daily lagls of Phosphorus from
Commercial Cranberry Bog Discharges in Massachaisett

Mark D. Mattson
MassDEP TM-T-1, CN307.0, DWM February 9, 2009

NOTICE OF AVAILABILITY

Limited copies of this Guideline are available ataost by written request to:
Massachusetts Department of Environmental Protectio
Division of Watershed Management
627 Main Street
Worcester, MA 01608

DISCLAIMER

References to trade names, commercial productsjfacanorers, or distributors in this report condétoeither
endorsement nor recommendations by the DivisioWafershed Management.
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Introduction

The purpose of this document is to evaluate aviailmformation on the operation of commercial cramfp bogs in
relation to discharges of nutrients, particulaftygphorus, into sensitive receiving waters sudnegfiwater lakes.
The current operation of water use and fertilizgr is summarized to estimate the annual dischdngleosphorus
from commercial bogs. In addition, the availalbiimation from the literature is summarized tablsh new Best
Management Practices for both water use, reuseliandarge as well as phosphorus fertilizer ratasahe expected
to result in receiving waters attaining all relet/dater Quality Standards.

Commercial cranberry production is a major cropantheastern Massachusetts. The cranberry isve mattland
plant (/accinium macrocarpdrthat is planted into bogs and fertilized like extlsrops. But unlike other crops,
cranberries require frequent irrigation and sedstoading. The discharge of waters from the bdgsn excessive
rain or groundwater inputs, return flows from iaign during the growing season or due to dischafgke flood
waters allows nutrients such as phosphorus anadigeitr, to be discharged from the bogs to nearbyansdtream
surface waters. It is this large discharge ofiaaotrrich water that is a concern to local watealgy because the
nutrient can stimulate the growth of nuisance aqudants and algae.

Currently, many of the large recreational lakesdntheastern Massachusetts are impaired by vac@ubinations

of nutrients, noxious aquatic plants (includes @Jgturbidity (due to algae blooms) and impairmeritow

dissolved oxygen and organic enrichment. Manyes$¢ lakes receive large discharges of water freamby
commercial bogs and these lakes are listed in thgskthusetts 2006 Integrated list (MassDEP, CNL28R07;
http://www.mass.gov/dep/water/resources/2006il4) pdfimpaired (Category 5) under Section 303d of
the Federal Clean Water Act: New Bedford Reservoikcushnet, Noquochoke Lake in Dartmouth, ParkédlsM
Pond and Tihonet Pond in Wareham, White Island RowiBillington Sea in Plymouth and Wareham, Fuenac
Pond and Stetson Pond in Pembroke, Wampatuck adrdrison, Lower Mill Pond, Upper Mill Pond and Wik
Pond in Brewster, Santuit Pond in Mashpee, Westpdasett Pond in Halifax/Hanson.

According to the Federal Clean Water Act, the statist develop allowable nutrient budgets or Totakivhum
Daily Loads (TMDLSs) for these waters such that thély support all designated uses. In additiothtese there are
numerous streams and coastal embayments downstfedambogs that are also listed as impaired byients.

Many of the smaller lakes and streams in the rebawe not been assessed but may be threateneddsnsex
nutrients because they are also located near sobatige areas of the commercial bog operationsilaBiproblems
with lake eutrophication have been seen in Wiscofthie leading producer of cranberries) where canyb
production was implicated as the major source trients (Garrison and Fitzgerald, 2005). This répeviews the
operation of the bogs and reviews the literaturéeotilizer use and nutrient export from commerdiabs and
natural wetlands and provides guidance for the ldgweent of total phosphorus Total Maximum Daily dedor
freshwater lakes.

Background on Commercial Bog Operations

Historically, commercial cranberry bogs were crdaiger natural wetlands but natural wetlands haenlprotected
since the development and revisions of the Wetl&rdgection Act in Massachusetts between 1963-1948®. new
commercial bogs created in Massachusetts sincéittatre required to be constructed in uplandsabgagrading
the land level and adding sand as the plant bederigs of dikes, ditches, pumps and flumes alfowperiodic
flooding and sand is added to the beds as a rootedjum. Water enters as rainfall and is pumpedrifrequent
irrigation. In some cases surface water runoffatural stream or groundwater seepage may addauiditvater to
the bogs and is also discharged as needed (flew-shrough bog; see Figure 1). The fall harnvesturs by
flooding the bogs to allow the berries to be knatkmse and float into collection areas. Aftervast the water is
discharged to nearby surface waters. Floodingatsars temporarily during winter to allow ice fation to
protect vines from freezing. Flooding may also aatother times for insect control. Typically hemercial
cranberry bogs require about 10 acre-feet of wateluding rainfall, each year for combined irrigett and flooding
purposes (DeMoranville and Howes, 2005).
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Figure 1. Schematic Diagram of a Phosphorus Budgétr a Cranberry Bog.

Up until recently, the recommended phosphoruslitegtiinputs for traditional cranberry bogs hasmb28 pounds
per acre per year, according to the University esbachusetts Cranberry Station publications

http://www.umass.edu/cranberry/services/bmp/phosghshtmhlthough higher rates are
recommended in some cases. The Best ManagemeticBsaare under review by the University and bys8REP.
Typical commercial bogs often use higher rates thamecommended 20 Ibs/ac/yr (22.4 kg/ha/yrhasva in
Table 16 in DeMoranville and Howes, (2005). In tsiaidy, half of the bogs were applying phosphoeusilizer at
rates of 31 to 45 Ibs P/aclyr (27.9-39.8 kg/haifythe first year of the study. These rates arelai to a study of a
nearby bog where the rates of phosphorus fertiipplication were 29.2 Ib P/ac/yr (Howe and Te@Bd). The
harvest of berries and associated leaves and temgsves about 3.6 pounds of phosphorus per acheyeac
(DeMoranville and Howes, 2005). If a bog wereiliegd at the recommended rate (20 Ibs/ac/yr) filies that 16.4
pounds per acre (18.3 kg/halyr) are potentiallylaloke for buildup in the soil or for downstreampext (see Figure
1). Over many years of excess phosphorus applicatids are expected to become saturated with exces
phosphorus and may start to export more phosploweistime.
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Review of Fertilizer Application and Crop Yield
Several lines of evidence are available on the pihamsis fertilizer requirements of cranberries. ndged in Roper et
al., 2004, a number of early studies had identified 22 kg/ha/yr (20 Ibs/acre/yr) was sufficiemt Eommercial
cranberry operations, but the studies did not emarfilower fertilizer rates would also be sufficie More recent
studies in Massachusetts have found that yieldsastberry are not very responsive to phosphorteriitizer at any
rate, presumably because of over fertilizationastpyears has built up a supply of phosphorusdrcthnberry soils.
These studies include the recent whole bog stadiegell as smaller, but more detailed plot stutiddassachusetts
(DeMoranville and Howes, 2005; DeMoranville, 2008)ich found no reduction in cranberry yield as gitagus
was lowered to less than 20 Ibs/acre/year andrireszases yields increased with lower or even negimrus
applied at all. In the Eagle Holt bog fertilizettes were reduced to 16.1 kg/ha and 6.3 kg/ha (k48 and 5.6
Ib/ac) in 2003 and 2004, respectively, and yiektsally increased by 31 percent over the previausyears
(DeMoranville and Howes, 2005). The average vyietdall six bogs in the first two years was 135/abte/yr, but
the yield actually increased to 155 bbl./acre/ynimuthe next 2 years as fertilizer was reducethersix bogs
studied by DeMoranville and Howes (2005). Thelfregommendations of the DeMoranville and Howe98&)0
study was that 20 Ibs/acre/year of phosphorudifentiare sufficient and that typical native cramtes on organic
soils may have lower targets of 10-15 Ibs/acre/yedess tissue tests show deficiency (<0.1% in Atjgu

An extended multiyear study of four of the expenmtad bogs also showed that the three lowest phaspHertilizer
rates below 10 kg/ha/yr (averaging about 6 Ib/agyoduced cranberry yields greater than the medfiati the
treatments (Figure 2). These results are suppbstedcent work of Parent and Marchand (2006) vaumd there
were year-to-year differences and site-to-siteeddifices in cranberry production, but found there neabenefit to
adding phosphorus on the yield of cranberriesQuabec study. Additional studies on plots have shihere was
no justification for using high phosphorus fer#iz to increase yields . Even the zero phosphwats showed no
signs of deficiency after 6 years of study (RopéQ9).

Cranberry yield vs fertilizer
35
30 *
. L 4
£ 25
S * *
3 ’Q
R DR Median yield 17.0
2 L 4
2 15 - L 4
g * o * O
§ 10
L 4
5 -
0 T T T T T T T T
0 5 10 15 20 25 30 35 40 45
Phosphorus applied kg/ha
| | | I I
0 8.9 17.9 26.8 35.8

(Ib/acrelyr)

Figure 2. Cranberry yield vs. Fertilizer Rates (Daa from DeMoranville et al., 2009).
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Export of Phosphorus from Commercial Cranberry Bogs

There have been two recent studies on nutrientreeon commercial cranberry bogs in Massachuséftse first
study (Howes and Teal, 1995), focused on a flow-bog while the second study (DeMoranville and HevzD05),
was more extensive and included varying fertilizgées, and measuring cranberry yields along with bet and
gross export of nutrients from six commercial boger several years. Much of the following discaesiill focus
on the more recent study (DeMoranville and How@€€53.

The bogs studied by DeMoranville and Howes (2008w&d variation in export related to soil type éedilizer
rates. The two upland bogs on mineral soils (Mih&rand 6 in Figure 3) with essentially no disclergther than
harvest discharges had total phosphorus concemisatiqual to or less than 0.1 mg/l in dischargeryatith
resulting low export rates of about 0.5 kg/ha/Yhe four organic bogs studied by DeMoranville arwivds (2005),
were established bogs on organic (wetland) sotls périodic discharges during the growing seasomedisas
during harvest or winter floods. These bogs tenkiave concentrations of phosphorus between 0.4®&wmg/l in
the discharge water and tend to discharge abogttakr (see Figure 3, Organic 1-4). The mediatheforganic
bog net discharge in the first year (prior to magductions in fertilizer application was 3.4 kgihaand is the best
estimate of typical organic cranberry bog expomlimssachusetts. Because the total discharge of {gaeunit
area) was similar from the series of six bogs tigeeelinear relationship between the net dischafgehosphorus
from the bogs and the concentration of phosphartisa discharge water (Figure 3). Lacking othérimation the
net export from bogs can be estimated from theameetotal phosphorus concentration as shown in&igas: net
export (kg/ha/yr) = -0.59+8.83*Conc. (mg/l), N=18:0.47,0=0.001. The flow-thru bog was reported to export
large amounts of phosphorus (9.9 kg/ha/yr) withrttzgor discharge events having phosphorus condimtsa
averaging 0.53 mg/l during winter floods (Howes dml, 1995). Recent studies on commercial craplergs
have shown that reduced phosphorus fertilizer agfiin did not suppress the yield of cranberriather yields
increased while reducing TP concentrations in disgh water (DeMoranville et al., 2009).

Much of the phosphorus exported from the bogsssdaated with flood discharges. In particularptlovaters held
for more than about 10 days leads to anoxia andelease of phosphorus (DeMoranville and Howes5200

Export of total phosphorus from natural wetlandd forested watersheds was also reviewed by DeMdlaawnd
Howes (2005). The literature suggests that fresgmweetlands such as beaver ponds, peat soil vastlamd
wetlands bordering streams export between 0.4 lakgghr and 0.68 kg/ha/year (median of 0.47 kg/haimile
cypress swamps and tidal saltwater marshes exgbrthamounts. The forested wetland system in doest
Massachusetts had a gross export of 0.14 to 0./Hakg of phosphorus. This is in general agreeméthta review
of phosphorus export from various land uses tiditates forests export an average of 0.236 kg/hatyiie row
crops export an average of 4.46 kg/ha/yr (Reckhoat. £1980). Thus, the overall mean fluvial expufrl.65 and
3.02 kg/halyr (net and gross, respectively) regbite commercial cranberry bogs by DeMoranville &alves
(2005) indicates cranberries export much largerwantsoof phosphorus than forests or typical freshmaetlands,
but generally export less than agricultural rowpsto Note that net fluvial phosphorus exports aveel than gross
fluvial exports if the bogs are using source watith high concentrations of phosphorus. Flow-tilglobogs may
export higher amounts of phosphorus than most roywsc(Howes and Teal, 1995).
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Net Export TP vs TP Discharge Concentration
(DeMoranville and How es, 2005)
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Figure 3. Net TP Export vs. TP Concentration.

Lake Nutrient Budgets

Nutrient budgets for impaired lakes require knowkedf nutrient export from local sources includpaint sources
(discharges from pipes or other discrete sourcegelsas various land uses that discharge nonzointce
pollution. This report examines nutrient budgetsf commercial cranberry operations within Massaelts as
diagramed in Figure 1. Nutrient budgets are typigalesented both as net budgets and as grossadigchudgets
and as ‘fluvial budgets’. The nutrient budgets suga (or estimate) all nutrients entering the bogj @l nutrients
leaving the bog as shown in the schematic diagmowb Generally, the two major nutrient inputsitbog are
nutrients in the irrigation water and nutrientlie ffertilizers. The two major nutrient losses frarbhog are nutrients
discharged in released water, and nutrients int pfeterials harvested from the bog (berries as agléaves and
twigs). From a water quality standpoint we are iiterested in the ‘fluvial budget’, that is, tamount of nutrients
delivered to a lake via natural water inputs coragdp the additional nutrients in discharge watat enter the bog
due to commercial bog operations. Other importhiéobogs (such as fertilizers) and exports froentibg, such as
phosphorus in the crop of cranberries, are accdubnteoutside of the fluvial budget in the totaldoet.

From a lake water quality point of view there ame general types of bogs and associated nutriedgets to
consider: autochthonous nutrient sources andrdghoaous nutrient sources. First, where the soofrbeg
irrigation and floodwater is a tributary to the eadng pond or is the receiving pond itself (autihcimous), the most
appropriate nutrient flux is the net fluvial nutiibudget. In such bogs the original nutrientthmirrigation and
flood waters was either in the lake or would hantered the lake in the absence of bog operatitmthat case, the
nutrients in the input source water are subtrafrtad the fluvial outputs to calculate the net diéfiece. In other
words the extra amount of nutrients entering thedpadue to the cranberry bog operation is the netdl export
from the bog. Corrections may be required if therse water is polluted from previous dischargemfthe same
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bog. The second case would be a bog that gegation and flood water from an outside water source
(allochthonous), that is, from a source that nolynabuld not enter the receiving pond. Typicalystis a
groundwater well or stream or source pond thabidnibutary to the receiving pond. In this case gross fluvial
export is calculated as the input to the receiyiagd, because the input to the pond includes thetimtitrients from
the bog as well as nutrients in the original sowvater. The nutrients from both the water as welhatrients
derived from fertilizers are new inputs to the lasga result of management operations.

Target loads and nutrients to maintain water qualiy standards.

The Massachusetts Water Quality Standards 314CMR4.0

http://www.mass.gov/dep/service/regulations/314c¢hp@ state conditions for best available

technology (BAT) for point and nonpoint sourceduging publicly owned treatment works (POTWSs) aitideo

sources:
Unless naturally occurring, all surface waterdidi@free from nutrients in concentrations thatdocause or
contribute to impairment of existing or designatsés and shall not exceed the site specific aitkgveloped
in a TMDL or as otherwise established by the Depant pursuant to 314 CMR 4.00. Any existing poaurse
discharge containing nutrients in concentratioas Would cause or contribute to cultural eutroptiica
including the excessive growth of aquatic plantalgae, in any surface water shall be provided thiehmost
appropriate treatment as determined by the Depattimeluding, where necessary, highest and bestipal
treatment (HBPT) for POTWSs and BAT for non POTWstémove such nutrients to ensure protection of
existing and designated uses. Human activitiesrtzatlt in the nonpoint source discharge of nutsi¢ém any
surface water may be required to be provided wist effective and reasonable best management ggador
nonpoint source control.

In addition, water withdrawals are regulated urtlerWater Management Act regulations

http://www.mass.gov/dep/service/requlations/310&rd8¢c These regulations allow for registration
and/or permitting of water withdrawals for cranlyesperations including regulations regarding watanservation,
water quality, farming practices and reporting iegments to protect other water uses. Water wativdis may be
established under nonconsumptive use which meanssanof water which results in its being dischdrgack into the
same water source at or near the withdrawal peistibstantially unimpaired quality and quantity.

As a general guideline, concentrations should ro¢ed 0.050 mg/l in any stream entering a lakeoodgUSEPA,
1986). The USEPA has issued guidance for wateitgumltrient concentrations of total phosphoru® 31 mg/l
for rivers in southeastern Massachusetts (USEPB020

http://www.epa.gov/waterscience/criteria/nutrieadiegions/rivers/rivers_14.nylf

The lakes in southeastern Massachusetts may b&leoed as belonging to two general types: lakel thibutaries
and seepage lakes with no tributaries. The sedpkgs are fed mainly by groundwater and directipitation and
tend to be more oligotrophic, clear water lakeem8 seepage lakes are set in organic soils thatoryibute
dissolved organic compounds that color the watdrthis may result in higher phosphorus levels @lear water
seepage lakes are thus more sensitive to nutripatd and generally should have lower total phosgho
concentrations. Clearwater seepage lakes in sastdr® Massachusetts may reasonably be expediedeo
concentrations of total phosphorus of less thaB@r@/I and possibly as low as 0.008 mg/l (MassDERrep.;

USEPA, 2001http://www.epa.gov/waterscience/criteria/nutrieodi@gions/lakes/lakes 14.pdf

Thus, inputs from external sources must be limitecheet the state’s Water Quality Standards anidtect
designated uses. The nutrient management requiteritiemeet Water Quality Standards may vary depgrah
the receiving water but at a minimum, dischargesikhnot exceed the EPA guideline of 0.1 mg/l foeams and
the 0.05 mg/I for tributaries to lakes. By waycofmparison, current National Pollutant Dischargentation
System (NPDES) permits for typical wastewater treatt plant discharges in Massachusetts are set atd@| in
the discharges to sensitive receiving waters. EkterBest Management Practices may be requirecdier ¢o
ensure receiving waters meet the state’s Waterif@&thndards.
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Best Management Practices Protective of Water Quayi

The data from the six commercial cranberry bogdistuin the DeMoranville and Howes (2005) study fwather
analyzed to examine the relationship of fertilic@ies on cranberry yields, concentrations of phosphin discharge
waters and downstream export of nutrients. Tha ohaticate that if most protective BMPS recommenioyed
DeMoranville and Howes (2005) are followed, expmfrphosphorus from commercial bogs can be redudttd w
little or no impact on crop yields.

For bogs that discharge to sensitive surface watare combination of the following BMPs may be rieeql
Specifically, no more phosphorus than the lowegeaof fertilizer rates of 10-15 Ibs/acre/year renmanded by
DeMoranville and Howes (2005) may be requiredaddition, the recommended best management of waéer
(using tailwater or retention ponds to remove phosps prior to discharge, holding floodwater 1-gsjdut less
than 10 days, with slow discharge and winter flaodtrol to minimize flood holding times to avoidaia) may be
required. Fertilizers with ratios of Ni®s of greater than 1:1 and preferably 2:1 such aswenial 18-8-12 or 12-
6-8 may be required. If discharges are to a Seegitear water seepage bog the additional BMP8metended by
DeMoranville and Howes (2005) of installing tail@atecovery or other physical barriers or filtratimay be
required to meet water quality standards.

If the recommended phosphorus fertilizer ratessi® Ib/acre/year are followed the data suggestoermial
cranberry bogs will achieve net fluvial dischargégess than 1 kg/ha/year. This can typically bleieced if total
phosphorus concentrations in discharge waterstamelelow 0.1 mg/l (Figure 3) and/or, if increasghosphorus
concentration between source water to dischargeriwsaheld to an increase of no more than 0.032¢agduming
10 acre feet of water use and no reuse of sourtar)wdf the discharge is to sensitive waters tlosver export rates
may be required. A discharge of 0.5 kg/ha/yr (bigthan forests but lower than row crops) may logired and this
could be achieved if discharge concentrations ¥ollaan the EPA ‘Gold Book’ (EPA, 1986) guidelinds o
0.050mg/I for discharges to lakes and dischargemes are limited to 3.3 acre-feet per acre bogear or less.
Bogs discharging to less sensitive waters may betaldischarge 5 acre-feet or more as long asuteent loading
rates are kept low by reuse of water or other BMPs.
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Appendix IV. White Island Pond Total Phosphorus TMDL Public Meeting and
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Response to Comments
Phosphorus TMDL for White Island Pond

Comments received verbally at the public meeting:

Comment ' Not much has changed with regard to addressatgvquality problems at White
Island Pond since 1982. Why did DEP choose togsmgaa Memorandum of Agreement
(MOA) with the Cape Cod Cranberry Growers Assooiatind the UMass Cranberry
Experiment Station regarding the development of imesragement practices for nutrient
application, water use and return flows rather ttadamg enforcement action? If the conditions
of the MOA are not met by the cranberry growerslarrthe law, what authority does the
MassDEP have to ensure the agreement is met?

Response: MassDEP believes that the MOA specifies the gmpaite measures that need to be
taken in order to achieve the water quality improeats and that this cooperative approach is
the most expeditious method for getting the remedeasures in place to address water quality
problems at White Island Pond. The federal anid <E&ean Water Act (CWA) statutes and
related regulations grant certain exemptions framstewater discharge permitting requirements
for agricultural related discharges; this reliefeznds to the cranberry industry. If the MOA is not
complied with, MassDEP can opt out of the MOA anllil wot have given up any rights to
enforce MassDEP water quality regulations.

It should be noted that the growers have alreadyméo implement the practices outlined in the
MOA.

Comment 2 EPA guidance documents (e.g., Ambient Water @u@liiteria recommendations
for Rivers and Streams in Nutrient Ecoregion XIVS(BPA, 2000b)) suggest a phosphorus
concentration of 8 ppb is appropriate and the EBAIA Book”, which is 22 years old, suggests
a phosphorus level of 25 ppb. The average phosphorseepage lakes in the region is about 9
ppb, and neighboring Ezekiel Pond is 6 ppb. HaivMassDEP arrive at the phosphorus target
of 19 ppb, instead of a lower value of 8 ppb agsested by EPA guidance?

ResponseThe EPA values were intended to provide techrgoadance and recommendations
to States to develop water quality criteria anddéads. It also notes that State authorities retain
the discretion to adopt approaches on a case-leybzass that differ from the guidance when
appropriate and scientifically defensible. The Mutr Ecoregion XIV targets identified in EPA
guidance were based largely on information coltkcte lakes in Maine and New Hampshire.
The lakes in these areas are deep in contrast tte\gland pond, which is relatively shallow,
and generally not representative of lakes in S&aitern Massachusetts. A blanket
recommendation of 0.008mg/| for all lakes in Ma$smetts is not appropriate. The law allows
MassDEP to establish water quality standards, dwstusite specific standards and targets for
TMDLs based on the conditions at the site. We Ipegided detailed information to support
the TMDL target, while the EPA blanket recommenalais not specific to the pond.
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The target value of 19 ppb was established afterpesison of the above recommendations to a
range of typical lake concentrations found in earico-regional lake studies. The literature
suggests a target of 0.019 mg/I will attain alligeated uses including swimming. This target of
19 ppb requires addressing the sediment phosplmadsand aggressive 85% reductions of
phosphorus loads from the cranberry industry arfd E€ductions in loads from of home septic
systems.

Comment 3: The TMDL study is greatly appreciated and | am lojpdhat the approach will be
successful. Why is it necessary for Cranberry @row release water to the lake in winter
months rather than pumping the water to uplands@rea

Response:Water requirements for the cranberry industry hrgughout the year. Fall harvest
timing is flexible and water can be reused from small section of the bog to another small
section as the berries are harvested sequentiBiiig.final discharge volume is relatively small
using this technique. Winter frost protection fisamon the other hand are time sensitive and all
bog sections are typically flooded at the same twnarotect the plants, and the water
subsequently discharged with short notice if theewbecomes low in oxygen. Thus, winter
floods often involve greater amounts of water thay need to be removed more quickly.
During winter months the volume of water is largel management strategies for addressing
these inputs are not immediately implementable.9I3&% intends to monitor these winter flood
releases and evaluate whether other operationauresacan be implemented.

Comment 4 Who will be responsible for enforcement of thiggesement? What assurances can
you give us that water quality on White Island Panidlimprove in the future?

ResponseDuring the term of the MOA MassDEP will monitoetivork of Dr. Carolyn
DeMoranville , et. al of theUMass Amherst Cranb@&tgtion, E. Wareham, MA, to ensure the
validity of results. MassDEP can withdraw from MOA at any time. If parties do not abide by
the agreement, MassDEP will consider its optionsitteer obtain compliance with the MOA or

to withdraw from the MOA and take an alternativpmach to address water quality problems in
White Island Pond. MassDEP believes the managepmnaatices being undertaken in
accordance with the MOA will improve water quaktythin White Island Pond. MassDEP will
continue to evaluate conditions within White Isldhahd during and after the MOA to assess
water quality and to determine whether additioeat@dial measures are necessary.

Comment 5 Are Cranberry Growers mandated under the agreetoetify of winter flood
releases?

Response: Monitoring will be conducted by the UMass CranmipeStation and reported to
MassDEP in regular reports. The growers have dgreeooperate with the study.

Comment 6:Many houses on the lake have shallow water suppliswhat draw water from the

Lake. Are algal toxins regulated through the Clégater Act? What assurances do we have that
algal toxins are not a threat to private residéutismking water supply wells?
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ResponseAlgal toxins are not specifically regulated. Thence of a groundwater supply
impact from an algal bloom is very low for the tling reasons. First, very high levels of algal
cell concentrations would need to be present bdfeadth effects are seen. In the case of toxic
algae the most common health effect is skin iratat Second, algae are filtered out of the water
when water is transported through the ground. dbalIBoard of Health is responsible for
monitoring for toxic algal blooms and posting sigean the event that a potential public health
threat exists. MassDEP has also sampled WhiteddP@nd for toxic algae and has notified the
State Department of Public Health, local Board eakh and the White Island Pond
Conservation Alliance when such toxic algae areated.

Comment 7: What is the amount of phosphorus in the sedimairttse pond?
ResponseA detailed study of sediments would be requireddtermine this.

Comment 8: Have there been changes to the DRAFT TMDL for Wistand Pond and the
Final report?

Response: The White Island Pond TMDL is in draft form. M&EP is currently in the process
of collecting public comments on the draft repoks the public comment period is closed, the
TMDL will be amended as needed, based on the cotsmeceived, and the Final TMDL will
be submitted to EPA for approval.

Comment 9: How did the Lake model used in the developmertheDRAFT TMDL address
the dynamics of mixing between the East and WesteN$land ponds? The ambient
concentration in the East Pond appears to be @bimes higher than the TMDL target
phosphorus level of 19 ppb. The higher concewinadi phosphorus in the East Pond is likely
due to its proximity to the inputs form the two Glboarry growing operations.

Response: The mixing dynamics between the two ponds is dmaied by withdrawals and
discharges in the East basin and this mixing wasnualeled directly. Instead the model treats
the ponds as one unit with an average target ctracem of 19 ppb phosphorus. Itis

anticipated that there will be variability in thencentration of phosphorus between the lakes,
with the East Pond being somewhat higher in phagghconcentration than the West Pond. If
the concentration of total phosphorus in both lssraveraged over a year and meets the target
of 19 ppb of phosphorus then we expect that themguality objectives with be achieved in

both basins.

Comment 10: White Island Pond Association has been workingduocate the public regarding
alternative dish detergents and other measurexitece the phosphorus loads associated with
lawns and septic systems. MassDEP has approprideijified the sources of phosphorus and
selected a suitable remedy.

Response:No response needed.
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Comment 11: Isn’t it time for the agricultural industry to Ibeld to the same standard as other
industries?

Responsel egislative action would be necessary to changdetieral and state Clean Water
Act to remove the discharge permitting exemptiamvigled for agricultural related discharges.

Comment 12: Will Title 5 septic systems remove 50% of the gbiworus as required by the
TMDL? What is the status of other alternative seg@ésigns, such as the iron oxide system?

Response: There is a large difference between the perfoomar old fashioned cesspools and
current title 5 systems involving a tank for sagliand initial bacterial action and then a leaching
area. In the leaching area or "soil absorptionesgst naturally occurring good bacteria, along
with chemical changes brought about by the posamne negative charges on surfaces of soill
particles and the presence of oxygen, all workttogreto make the effluent safe enough to join
the ground water. The goal of the TMDL is to idgnéind eliminate non-conforming and failed
systems. Conforming systems if properly designetimaintained should not present a problem.

MassDEP also allows the use of approved alternagptic systems. These alternative systems
may include substitutes or alternatives for oneore parts of a conventional on-site system, or
may be fundamentally different approaches interidediminate the need for a standard Title 5
system. Before being used, each new type of altemtechnology must be reviewed and
receive approval from MassDEP. The Barnstable GoDepartment of Health and Environment
currently conducts testing of alternative systemigrmation regarding their program and
alternative systems is available on their webdite a
http://www.barnstablecountyhealth.org/AlternativéWdage/index.htm. MassDEP has approved
one system, the RID Phosphorus Removal Sydtampilot testing; information regarding
alternative systems that are approved by MassDE&eaunder review, can be found at:
http://www.mass.gov/dep/water/wastewater/techsum.ht

Comment 13: Does MassDEP have a prediction of when the EasW¥éest White Island ponds
may meet the standard of 4ft transparency? Whesjsonsible for posting the lake when there is
a violation of this standard?

Response:MassDEP conducted a visual inspection of Whitnts Pond on May 7in early
summer 2009 (the day of the public meeting). Attime water was observed to be very clear as
compared to the same time last year. Howeves,tdo early to know if water quality
improvements are already occurring. It is alsaalitt to predict how fast improvements will
occur associated with the management strategiag meplemented. The MOA will be effective
for three years. During this period MassDEP widinttor the water quality to ensure that the
measures adopted are effective in improving watetity.

The 4 ft transparency target is not a water quatiydard at this time. This guideline was

developed through the Massachusetts DepartmentldichHealth (MDPH) which states that
swimming and bathing are not permitted at publiedhes when there is a lack of water clarity.
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However, this guidance value of 4 ft is being cdased as a water quality target for nutrient
control to ensure that swimming is not impeded.

A public health notice was posted for White Isl&whd because of cyanobacteria in 2007 &

2008. Posting is the responsibility of the locabBl of Health. Note that not all algal blooms
have toxic cyanobacteria. Although this activéyot directly under the purview of MassDEP
we can assist local government and the Departnfdtuildic Health in confirming the presence
of cyanobacteria if requested and if resourcesaadable

Comment 14:Can Cranberry Growers pipe discharges directyiwer and by-pass a pond?
Response: Cranberry growers have the option to dischargepoint downstream of the pond.
In this case the pipe would be quite long and na@ybe the most cost effective solution. This
practice also has the potential to create probldomsistream and therefore the Department
would have to evaluate any such proposal for unadd consequences.

Comments received via mail after the meeting:

Attorney Jenifer M. Pinkham, on behalf of client
Federal Furnace Cranberry Company:

Comment 15:

Farming Practices — As is apparent in the TMDL, that the major onus is on the growers to
significantly reduce their phosphorous input to WIP and FFCC is expected to reduce its
phosphorous input into WIP by 95 percent. FFCC’s goal is to take steps and measures and
implement practices to achicve a maximum total annual discharge load of 10 kg of total
phosphorous as required by the TMDL. While FFCC is willing to attempt and make every
effort to meet this high burden, it requests that it is allowed to determine which practices to
implement, how to implement such practices and when to implement such practices to meet the
intended result. FFCC want to maintain flexibility to achieve the result using practices that it
determines will both allow it to have a successful crop and meet the maximum total annual
discharge load of 10 kg of total phosphorous. FFCC respectfully requests that the DEP does
not micromanage the farming practices of the cranberry growers.

Response: The purpose of the MOA is to implement and evaldiferent irrigation return and
management approaches that the growers on Whatedigtond and MassDEP have agreed can
be reasonably put in place and have the poteptsignhificantly improve water quality in White
Island Pond and meet the TMDL. MassDEP is williadpé flexible provided the goals of the
TMDL are achieved.
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Comment 16:

More specifically, on page 6 of the TMDL, it states, “The major implementation can be
achieved by a combination of best management practices (BMPs) including reducing
phosphorous fertilizer rates, reducing volumes of discharge water and reducing concentrations
of total phosphorous in the discharge water.” This is of concern to FFCC. First, these are
practices not necessarily BMPs, so they should not be referred to as such. Second, instead of
prescribing the practices, which dictates how the growers grow their crop, FFCC requests that
the DEP strike everything after “achieved” and insert, “by reducing the total annual discharge
load of total phosphorous into White Island Pond.”

ResponseMassDEP’s intent was simply to identify ways in afihthe TMDL could be

achieved. What the measures are called is secotwlachieving the goals of the TMDL, which

is to reduce the loading rate to achieve to achieater quality standards. We believe that
reducing fertilizer application rates to the lowkestel that maintains acceptable crop yield is a
commonly accepted practice irrespective of howgation return flows are managed. The loading
rate to White Island Pond is a product of volumisstthrged and concentration. To the extent
that discharges associated with cranberry cultwadire returned to White Island Pond, reduced
discharge volume and phosphorous concentratiomdaiteeded to meet the TMDL. If the
growers can divert discharge water or otherwiset itieeTMDL then the TMDL requirements

are met.

Comment 17:

On page 36, it states, “For this TMDL the following BMPs may be required to meet the target
allocations.” Again, BMPs should be changed to “practices.” In addition, it is unclear what
BMPs are “required,” if any. Further, FFCC does not want to be bound to perform any
particular practice, as if such practice has an unintended consequence, it would be bound to
continue it anyway. The 319 Grant will study the practices and may recommend additional
practices (that are not contained in the TMDL). FFCC respectfully requests that the DEP focus
on the reduction in total annual discharge load of total phosphorous instead of what practices
FFCC will use to reach that goal.

Response: The TMDL is not an enforcement document, rathes & technical document to be
used by the Department to restore water qualitycofdingly, the practices referred to as BMPs
and other recommendations are not enforceablegrper se. In addition to establishing the
TMDL, MassDEP seeks to provide ideas and recomniem$aon how the TMDL can be met.
In the case of irrigation return flows associatethwranberry cultivation, MassDEP is of the
opinion that additional BMPs may be necessary tetrttee TMDL. It is anticipated that the
MOA will be a positive step toward meeting the TMBdquirements. Likewise, the intent is
that the practices used in the 319 grant will alssist to achieve the TMDL. The TMDL
however does not exclude the growers from usiregradtive approaches to achieve the TMDL
goal. It will however be incumbent upon the growergroperly document, monitor and report
the practices and BMPs used and their overall #ff=ress in meeting the TMDL load
reductions.

Appendix Il 74



Comment 18:

On page 37 and 38, the TMDL reads, “The implementation plan for reducing total phosphorous
discharges from the commercial cranberry bogs will begin with source reduction in the form
and amounts of fertilizers applied and improvements to irrigation and flood usage.” FFCC
requests that everything afier bogs be removed as the DEP should not micromanage FFCC’s
farming practices. Further, “the form and amounts of fertilizers” is incorrect as it is not a
reduction in the form and amount of fertilizer but a reduction in phosphorous that is necessary.

FFCC requests that DEP inserts after “bogs™, the following language, “will be achieved by the
growers using a host of practices, including reducing the amount of phosphorous applied per

acre per year and water management practices aimed at reducing the total amount of
phosphorous into WIP,”

Response:Your comment letter noted in the introduction tRRCC has already reduced
phosphorus per acre, pumped water and irrigatidenta an upland site and pumped flood
waters to an upland site. Thus the implementdtamalready begun, and the description of the
implementation is in fact accurate. The referaondbe form of the fertilizer should be read to
mean the ratio of N to P (which FFCC has address2008) and the amounts are also less, in
terms of phosphorus fertilizer applied. The teat been changed to clarify this point.

Comment 19:

The next sentence at issue is, “As an added benefit, the reduction in fertilizer used should also
result in a cost savings for the grower who no longer has to purchase unneeded fertilizer.” This
should be removed. Tt is incorrect for two reasons: (1) growers should not be required to
reduce fertilizer, as it is only necessary to reduce phosphorous; and (2} the costs associated with

changing their farming practices and purchasing new forms of fertilizer may be more expensive
to the grower.

Response: The statement was removed from the text howevegithwers have stated that they
have already reduced phosphorus fertilizers arsdviili be continued under the MOA. As long
as they can demonstrate that the TMDL limits arétimen further requirements are not needed.
As the demand for lower phosphorus fertilizers grave expect the availability of these
formulations to be sufficient to meet the needs.

Comment 20:

On page 38, the TMDL states, “If reductions in fertilizer application and water use fail to
achieve discharge concentrations,..then additional BMPs are required.” First, the amount of
phosphorous applied per acre per year will be reduced not fertilizer overall. FFCC requests that
the language be removed and the following language inserted, “If the suggested phosphorous
fertilizer reduction and water management techniques fail to achieve the total annual discharge
load of 10 kg of total phosphorous, then other practices will be suggested.”
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Response:The text was changed to clarify that it is phospsapplication rate that is
important.

Comment 21:
In the second and third paragraphs, there are references to “BMPs” and we request that those be
changed to “practices.”

a. Water Management — Currently, A.D. Makepeace Company is required pursuant to its
Chapter 91 license to keep WIP at a certain level. It would be extremely beneficial to
the cranberry growers if this level were lowered, as less water would flow from WIP
into the bog structure. With the current water level, water is constantly flowing into the
bog structure from WIP, and FFCC is forced to constantly pump this water to the
upland area. The current level is quite high, and A.D. Makepeace Company and the
WIP Association have informed us that both are in favor of lowering the level of WIP.
The homeowners have complained about beach erosion due to the high levels. Further,
the lower water level will result in less phosphorous input from non-compliant septic
systems that may not have enough soil between the cesspool and the pond to properly
clean the waste before it enters WIP. If the water table is lowered, it will result in more
soil to naturally clean the waste before it enters WIP, FFCC respectfully requests that
this matter be addressed in the Final TMDL.

b. Fertilizer Application — As stated above, FFCC requests that it have the ability and
flexibility to apply fertilizer to its crop when it sees fit and in the amounts and
concentrations that it determined necessary (not to exceed UMASS Cranberry Stations’
recommendations),

Response:Regarding BMPs, the reduction of unnecessary plarsgtertilizer application is a
recognized BMP. The diversion of high concentratatrient water away from lakes was also
favorably reviewed in the Generic Environmental &mipReport on lake management for
Massachusetts (Mattson et al., 2004, see http://
www.mass.gov/dcr/waterSupply/lakepond/geir.htm) snebnsidered a Best Management
Practice in this case. Under the MOA the growessaflowed flexibility when determining
fertilizer application rates. If the BMPs and athgreed upon practices in the MOA fail to meet
the TMDL target or if Water Quality Standards ac¢ met then additional BMPs or other
practices may be required. Lowering the leveheflake will also be considered. MassDEP has
reached a verbal agreement with A.D. Makepeaceaiatain somewhat lower the water levels
between elevation of 48.2 and 47.2 feet, whichitBiwthe range of the current permit limits.

Comment 22:

Water Body Description and Comparison - The TMDL continually compares White Island
Pond to Ezekiel Pond, and there are important differences in the two bodies of water which are
not noted in the TMDL. The two ponds are in close proximity and in the same watershed
contributing to the formation of Red Brook. However, the bathymetric maps (see attached)
indicate two very different types of water bodies. Ezekiel Pond is a classic kettle hole with
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fairly steep slopes that is spring fed, and there is no inlet or outlet that is visible on the maps.
Conversely, White Island Pond’s bathymetric maps evidence much more gradual slopes with
slight incline, and in particular, in the east body there are large shallow areas in the northern
half of WIP. It is of importance and should be noted that there are no visible streams entering
White Island Pond, and that the cranberry bogs at the north end of the pond were formally fresh
water swamps or marshes, and in fact, if all cranberry growing was ceased, water would
naturally flow from the bog area into WIP. In addition, the TMDL never mentions that there is
a dam located at the far end of WIP, and that if the dam were not there WIP would look
completely different. FFCC does not know how much water flows through the dam but
suggests that the DEP should investigate this. FFCC’s understanding is that water used to seep
out and come up in springs where the old headwaters of Red Brook were by Century Bog.

In addition, there was no description of the soil types surrounding WIP in the TMDL which
may be important to the levels of phosphorous in WIP. The soil is comprised of peat, sanded
muck, and Scarboro Series soils (see attached).

Response: The mean and maximum depths of the two ponds améasiwith Ezekiel Pond

being slightly deeper as noted. The text has bbhanged to include a discussion of the dam and
this is reflected in the discussion of the targetaentration as well. As indicated in the report,
this information was used to set a slightly higbleosphorus target than other nearby seepage
lakes without dams. The attached soil map andid#on referenced do not indicate any
specific reference to phosphorus content.

Comment 23:

Homeowners' Responsibility — While FFCC acknowledges it contributes phosphorous to WIP
and is willing to be part of the solution to restere WIP to health, it urges the DEP fo increase
the recommendations for homeowners with respect to septic systems and fertilizer use on their
lawns. The Lake Association could work with the DEP to educate the homeowners regarding
their responsibilities and what actions they can take to reduce phosphorous input to WIP, The
homeowners should be informed which lawn fertilizers may be used on their lawn. Further, the
homeowners should know if their septic system is Title 5 compliant. We recommend that a
survey be conducted to determine how many homes have compliant systems.

Response:Low phosphorus lawn fertilizers are now includedha implementation table. The
recommendation to survey the homes for compliante Title 5 was also added .

Written Comments of A.D. Makepeace

Comment 24:
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In fact, Makepeace has already undertaken significant and important steps to improve the
quality of White Island Pond. To date, Makepeace has:

¢ reduced phosphorous applications to a rate lower than the UMass
recommendation of 20 pounds per acre (provided tissue test results indicated that
phosphorus in the plants are being maintained within the adequate range);

e« ceased fall fertilization;

» used slow-release, encapsulated phosphorus fertilizer on cranberry bogs;
s timed discharges of flood waters; and

* conducted periodic tissue testing of cranberry plants to determine if any
adjustment of phosphorus application is warranted.

e begun taking Bog 3 out of production, and converting this area into a new tail
water retention pond;

e begun redirecting irrigation return flows, except for winter flood water, Bog 1,
Bog 2, Bog 4 and Bog 5 into the new retention pond; and

e planned for measuring flowed winter water (via estimation of acre feet) and
metering pumped winter water, if feasible, to calculate the phosphorus load
entering White Island Pond.

Makepeace has agreed that if in any year, the amount of irrigation return flow from Bog 1, Bog
2, Bog 4 and Bog 5 to the new retention pond exceeds the capacity of the new retention pond,
then:
(i) water in excess of new retention pond capacity will be pumped to uplands, and
(i) the following year, Makepeace will install a sprinkler pump in the new retention
pond and excess new retention pond water can be used to irrigate the Makepeace
White Island Pond bogs.
Makepeace is undertaking all of these steps to improve the pond as part of an innovative
pilot project jointly sponsored by DEP, the Department of Food and Agriculture, the Cape Cod

Cranberry Grower’s Association, the UMass Cranberry Station, and Federal Furnace Cranberry
Company.

ResponseiYour comments are noted.

Comment 25:
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However, it is critically important that Makepeace be afforded the maximum flexibility to
meet that standard — 9 kg/yr phosphorus for Makepeace — in a way that also best serves the needs
of cranberry growers. Because of this need for flexibility, Makepeace asks the DEP clarify that
the methods for implementation spelled out in the draft TMDL are recommended measures,
rather than requirements. Specifically, Makepeace feels that the practices listed above will

achieve the 9 kg/yr phosphorus standard without the need, for example, to limit annual water
discharge to 3.5 feet/acre bog; to limit annual fertilizer applications to 10 lbs/acre phosphorus; or
to impose a requirement that winter flood waters beneath newly formed ice be withdrawn within
10 days.

Response:As stated above, the TMDL is a technical evaluatiat identifies needed reductions
to meet water quality standards. In the contexhefTMDL document, any BMPs, practices or
other measure referred to as “required” are thesyy actions MassDEP believes may be needed
to meet the TMDLThe Best Management Practices included in the M@A partially

referenced above in Makepeace’s comment #25 -x@eceed to meet the TMDL requirements.

If however, the TMDL target is not met or Water QyeStandards are not met, then the TMDL
states that additional BMPs may be required ataduwlate.

Comment 26:

Finally, in supporting this draft TMDL, Makepeace stresses that while the TMDL may be
appropriate for the particular facts and circumstances involved in White Island Pond, the TMDL
cannot be used as a blanket precedent for dealing with phosphorus — or other nuirient — loads
from other bogs into different water bodies.

The continued vitality of the cranberry industry is important not only to Makepeace, but
also to the economy and culture of this region. We appreciate DEP’s willingness to
acknowledge cranberry farmers’ unique challenges in the context of water resource protection,
and we look forward to continuing to work with you to make the pilot program a success.

ResponseiYour comments are noted.

Comments of Wareham Board of Selectmen:

Comment 27:

White Island Pond TP (total phosphorous) levelsehaereased from 0.12mg/l to 0.52mg/|
between 2000 and 2007 (east basin). Accordingisar¢port, DEP recommends a target average
TMDL for phosphorous at 0.019mg/l, yet the EPA reeommended TP levels for this

Ecoregion (region XIV) to be 0.008mg/l. The DERssommendation is more than twice the
recommendation that the federal government (EPA)wer twenty years ago. We ask the DEP
to reconsider the TP levels that are set in thiCMraft report of phosphorous for White Island
Pond.

Response: For clarification, the White Island Pond surf@oacentrations average about
0.081mg/l and 0.034mg/l in the East and West bassyzectively.
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Please see the response to comment #2 regardiigPtheecommendations regarding TP
concentrations. The target of 0.019mg/| represaméxiuction of about 67% in surface
concentrations and a 73% reduction in loading.rebzh a level of 0.008mg/l would require an
estimated 86% reduction in concentration and higbéuctions in loadings. The economic
impacts of implementing of such a plan would prdp&le too costly for the cranberry growers
and the homeowners to bear and .may not be cesttie#. If the TMDL target of 0.019 mg/I
does not restore all uses to the pond within eoretde time, then a reexamination of the TMDL
can be considered.

Comment 28:

The report states that DEP will work with UMass i@rarry Station and the Cape Cod Cranberry
Growers’ Association to update recommended BMPst ([[management practices) to ensure
Water Quality Standards are met by using sourcactexh in the form and amounts of fertilizers,
and improvements to irrigation and flood water @sager a period of years to evaluate the water
guality response in the pond. These are the sacoenmendations that were given in the
evaluation of the study of the 1970s. We resp#ygtfaquest that the DEP use its authority to
mandate BMPs and require substantive actions suobrapermeable tail water recovery ponds.

Response:

Please see the response to comment #11. Alsocadditypes of tailwater recovery ponds and
additional BMPs may be examined if the current Mfa#s to meet the objectives. However,

the use of non-permeable tailwater recovery ponalg mot be practical in this case because of
the volume of water that needs to be managed.oNgtdo the growers need to manage the
water used for the cranberry bog operations, mat gloundwater seepage and water from White
Island Pond that flows back into the bog complexaddition, by percolating through the
ground, the water is naturally treated and phosmhis attenuated by the under lying soils.

Comment 29:

Of the proposed recommendations, the one thatusnedst concern to the Wareham Board of
Selectmen, especially in our capacity as sewer desiomers, is the recommendation of
switching from a low ratio of N:P:K (nitrogen: phgisorous: potassium) to higher nitrogen
fertilizers with proportionately less phosphorod$ie DEP recommendation amounts to a 50 to
80% increase in nitrogen! The Town of Wareham deted a CWMP/SEIR for nitrogen less
than ten years ago. Since that time, we have spgmbximately $24 million to upgrade our
Water Pollution Control Facility (to discharge oien at a rate of 4ppm). Our residents have
incurred nearly $11 million in betterments, wittpapximately another $20 million in projects to
be built and billed over the next three yearsinadin attempt to limit the town’s nitrogen loading
into the estuaries.

Response: The comment confuses the ratio of nitrogen tesphorus in the fertilizer bag with
the number of bags or total mass of fertilizersliapp MassDEP recommends a lower ratio of
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phosphorus, with a higher ratio of nitrogen, bt thtal amount of nitrogen applied is based not
on the ratio, but on the soil tests that determpilaat requirements for nitrogen. Thus fewer bags
of fertilizer may be applied (and the same or l@g®gen mass of fertilizer applied) when using
the higher N to P bags. No increase in nitrogetilifer rate per acre is suggested and no
additional nitrogen loading to the estuaries iseetpd due to a change in the ratio recommended
in this report. The goal is to decrease the amotifgrtilizer to the point where it matches the
needs of the crop and thus would minimize the iéf+sigration of either phosphorus or

nitrogen.

Comment 30:

The Buzzards Bay Estuary Project’s draft reporbitrogen recommends another WPCF
upgrade (to a discharge rate of less than 3ppmaaaduction of the current nitrogen load in our
estuaries by 55%. The Buzzards Bay Estuary Proggatrt holds the cranberry industry
harmless, despite that, the discharge from the agthe second largest contributor to the
excess nitrogen load.

Response: The White Island Pond phosphorus TMDL does netip rates of nitrogen loading.
Comments on nitrogen reduction are beyond the sabftes study and should be addressed
during TMDL development associated with the Maseaaelts Estuary Project.

Comment 31:

By the DEP recommending increasing nitrogen usthercranberry bogs on one hand, and
requiring the town to limit our nitrogen load oretbther hand hardly seems fair to our residents.
The cranberry industry, while very valuable to tegion, has contributed to the destruction of
the scallop / shell fishing industry that was a p&Wareham for over three hundred years.
Again, non-permeable tail water recovery pondg, dHaw the water to be used and reused, will
not only protect the waters, but will allow the mbarry industry to contribute to solving both the
phosphorous and nitrogen problems that have awksttal effect on Wareham waterways and
our economy.

Response: See comment and response number 28 and 29 ablovieicrease in nitrogen
fertilizer rate is recommended. Non-permeableviiér recovery ponds and additional BMPs
may be examined if the current MOA fails to meet divjectives.

Comment 32:

The report suggests passing town by-laws to cod#eélopment, address fertilizer use and
discharges to waters within the town. Warehamamaspen town meeting form of government
and has been unable to address any issues witdwsythat the cranberry industry opposes, most
recently, nitrogen limits. It is also our understang that the town is unable to create by-laws
that will affect current cranberry bogs; therefaegardless of what by-laws we could possibly
pass, they will not affect what is currently disaed into White Island Pond.

Response: The recommendations for bylaws were intendedd lawn fertilizers, which the
Town has the authority to do. This has been aariin the final version.
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Comment 33:

We feel it is environmentally irresponsible to &s& cranberry growers to monitor themselves
and for the DEP to wait five years to see if anlumatary changes have worked. The
phosphorous loads have more than quadrupled ims@aes; in another five (even with the
recommendations), they could double from the caierels, while the nitrogen load
contribution from the bogs could increase 50 to BO%/e respectfully request the DEP
reconsider its recommendations and take an aggesessbactive approach by mandating tail
water recover ponds immediately and an effectivéependent monitoring program with
milestones and measurements to ensure compliance.

Response:MassDEP is unaware of any study showing a quéidgupf loading to White Island
Pond in the past 7 years. With implementatiorhefMOA we expect a reduction of 85% of
phosphorus loading from the cranberry bogs to Wkltnd Pond, not an increase. The MOA
has an effective term of three years. MassDERWedi the management practices identified
within the MOA will bring about an overall water @ity improvements within White Island
Pond. As stated above, MassDEP will monitor coamae with the MOA on an ongoing basis
and can withdraw from the MOA at any time. As wbite response 29 above, no increase in
nitrogen load is expected.

Comments of Dr. Carolyn DeMoranville, UMass Cramp&xperiment Station.

Comment 34:

pg. 25 lines 2-3. The reference to annual water usage of 8-11 acre feet of water in cranberry
production is somewhat misleading. In the three vears studied in the cited work. more than 4
feet of the total input of water into the bogs was rainfall. That rainfall was included in the
estimated input water budget of 8-11 feet. Water export calculations assumed infiltration and
evapotranspiration were the routes for a portion of the export. As presented in this document,
one gets the impression that all of the 8-11 acre feet of usage originates from the surface waters
taken from the pond and is then discharged back into those surface waters.

ResponseThis has been clarified in the final report.

Comment 35:

g. 34 top paragraph and Table 4. I concur with setting the P standard for White Island Pond
higher than that for deep kettle seepage ponds such as Ezekiel. In addition to White Island Pond
being more shallow, it is a glacial outwash lake and as such historically, most likely had surface
streamilow entering it in addition to groundwater seepage -- most likely though the wetland that
were converted to cranberry bogs. As such it would be expected to have higher ‘natural’ P.

Response: The text was modified to address this comment.

Comment 36:
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pg. 37 line 7-10. The reference to 'water conservation' to limit discharge to 3.5 acre feet is
somewhat misleading. This volume approximates the minimum required for harvest and winter
flooding of well-leveled bogs -- such volume is then discharged after harvest/winter. In the case
of the WIP bogs, up-welling groundwater creates a semi-flow-through situation. It is those
additional volumes of water that increase the total water discharged and it is those volumes that
must be addressed to meet the TMDL requirements.

Response: The reference to 3.5 acre-feet and 0.05mg/hiplyi a statement of the calculations
regarding the amount of loading that could meeflth®L target. As specified in the MOA the
irrigation return flows, except for winter flood vea, is not discharged to the pond, but is
discharged to retention ponds and upland areas.eXpected that the winter flood, which is
expected to be discharge to the pond accordinggtdtOA, can be met with 3.5 acre-feet of

water.

Comment 37:

Pg 37 lines 10-13. There is reference to a plot of P export vs. applied P fertilizer suggesting that
exports are reduced with reduced fertilizer. The reader is referred to Appendix III. However. the
appendix contains no such piot, but rather figures showing export vs. concentration in discharge
water and fertilizer vs. yield.

Response: The reference has been changed in the finalorersi

Comment 38:

pg. 37 lines 22-25. This sentence seems to indicate that the target rate for phosphorus (P) should
be 10 pounds per acre. This is not a standard recommendation, especially for hybrid cranberry
cultivars. Further, if one were to target 10 pounds, it could easily be met using an 18-8-12 or 18-
8-18 (the more current formulation) applied at rates sufficient to meet nitrogen needs of native
cranberry cultivars. However, as more formulations with low P in the ratio become available it
may be best to avoid referencing specific ratios and formulations but rather to recommend total
application amounts so as to avoid implying that one specific product must be used.

ResponseThe sentence was modified to make it clear thatvlas used as an example.

Comment 39:

pg. 38 first paragraph. Much of this is fairly speculative and untested in cranberry settings.
Some of these alternatives are proposed in upcoming research projects but I am not sure of the
appropriateness of inclusion in this document, at least in this level of detail.

Response: The additional BMPs mentioned in the text, suslha use of aluminum to treat

discharge waters, and the use of iron to bind phargs are all well documented in other
settings, but have not been applied to cranbemgg b&/e have modified the text to say

additional testing may be required for applicaiiocranberry bogs.

Comment 40:
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pg. 38 Line 27-28. While the statement regarding zero phosphorus plots showing no deficiency
after 6 years is accurate, this was one location in Wisconsin. Historically, P ratios in fertilizers
used in cranberry production there were higher than those in fertilizers applied to Massachusetts
bogs. There is also experimental evidence of yield decline in cranberries with zero P fertilizers.
The important point is that P should be reduced in conjunction with monitoring of P levels in the
cranberry tissue.

Response: The text was modified to say monitoring tissue\rls is recommended.

Comment 41:

pg. 41 last item in table. Based on the previous text, this refers 10 bylaws to control use of
tertilizers on non-agricultural lands. This should clearly stated,

ResponseThe text was changed to make this clear.

Additional Comments of Dr. Carolyn DeMoranville, gk Cranberry Experiment Station
related to Appendix Il Guidelines for Total MaximuDaily Loads of Phosphorus from
Commercial Cranberry Bog Discharges in Massachaisett

Comment 42:

pg. 37. Lines 4-5. Summarizing the literature to establish new Best Management Practices
(BMPs) is not a common approach. BMPs should become established only after they have been
demonsirated to be achievable and effective in ficld settings. Prior to that, they are only
potentially useful practices.

Response: All Best Management Practices should be basdudio@ literature review and those
should include field tests. Field tests have lmmrducted on low phosphorus fertilizer rates and
they have been shown to be achievable and effeciitie important point is that the BMPs must
result in receiving waters meeting all applicablaté&/ Quality Standards, and no BMP can be
recommended that results in a violation of Wateal@uStandards.

Comment 43:

pg. 57 line 9-10. Cranberries are unique in the seasonal flooding requirement. However, they
are far from unique in requiring irrigation. As in the main document, the text seems to imply that
water flowing out of cranberry bogs other than for flood discharges is due to excessive irrigation.
In the case of WIP, it is primarily due to upwelling groundwater in the lowest-elevation sections
of the bog systems. In some other instances (Howes and Teal, 1995), perennial surface streams
flow through the bogs. In other, less common instances, outflow may be attributed to intense
rain events such as summer storms. Often, the only significant flow is that associated with the
movement of flood waters (DeMoranville and Howes, 2005).

ResponseThe text was changed to include rain and grouneinas sources.

Comment 44:
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pg. 58 First line of text. The wording implies that the recommendation has changed. That is true
in that we now recommend NO MORE than 20 Ib/acre and encourage growers to use less than
that with proper monitoring of tissue test response. It may be appropriate to include this
explanation of how recommendations have changed,

ResponseThe text was changed to note that the BMPs areurmlgr review by the University
and by MassDEP.

Comment 45:

pg. 59 line 15-18. The Parent and Marchand study showed no response in yield on the selected
beds; beds that were selected due to high soil P levels. This should not be taken to indicate that
cranberries in Quebec, or elsewhere do not require P fertilizer. There is however, no question
that the limit of 20 Ib/acre is well supported (providing tissue P levels are in the normal range —
0.1 to 0.2%) and that there is evidence that lower rates may suffice, at least over the short term.

Response: The text clearly states that no increase in gigdre noted with phosphorus
additions. It is not clear why the these cranbbogs studied in Quebec would require P
fertilizer at this time.

Comment 46:

pg- 60 Second paragraph. Upland bogs on mineral soils are not the majority of Massachuseits
bogs but do represent a significant number of acres. Further, recently renovated organic bogs,
with added surface sand, may be more similar to these upland bogs than to the organic bogs in
the study, depending on system hydrogeology. Averaging the 4 organic bogs in the study as the
basis of predicting 'typical bogs' may be misleading particularly as many growers have been
implementing reduced P fertilizer based on the information generated in the DeMoranville and
Howes (2005) study. As growers in that study reduced P inputs, P export declined, in one
instance to similar levels as that in the upland soils bogs.

Response: The text referring to these as ‘typical’ was rewab.

Comment 47:
pg. 60 Second paragraph. The regression relationship is interesting but limited to certain bog
types and water management.

Response: The types of bogs used were clarified and aréagxgx in the text.

Comment 48:

pe. 60 Second paragraph. In the last sentence, the research showed increased yields on those
bogs but was not designed to ascertain a cause-effect relationship, that is, there is no evidence
that the fertilizer reduction /ed to the increased crop.

ResponseThe text was changed to say yields increasedlawttphosphorus fertilizers.

Comment 49:
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Pg. 60 Last paragraph. While it is true that based on the average of the bogs in the DeMoranville
and Howes (2005) study, P export was greater than that from native wetlands, a closer
examination of the data shows that after accounting for the P load in the incoming waters, net
export could be quite low and even negative. This information should be included as it is
relevant to the following section 'Lake Nutrient Budgets'.

Response: Both the net and gross exports are reportedepénagraph. Text was added to
explain the difference between net and gross.

Comment 50:

pg. 62 last 2 lines. Extensive BMPs may be required in some instances but the DeMoranville
and Howes (2005) study showed P concentrations approaching 0.1 mg/l achieved by decreasing
P fertilizer applications, with no additional BMP implementation. Perhaps, this should read may
be needed.

Response: The text was changed to indicate they may beiredu

Comment 51:

Page 63. BMPs should include target P rates (per acre per season) but should not prescribe
actual ratios or formulations since these could be interpreted to exclude other materials that
achieve the target rate. On upland bogs, based on the study, it may be possible to achieve goals
without reduction of P to less than 20 Ib/acre. Again this will be site specific.

Response: The text was changed to say some combinatioM®$8may be required and the
specific fertilizer ratios are clearly stated assaample.

Comment 52:

Pg 63, line 9. Indicating that a BMP must be followed is implying that BMPs are regulatory.
While there may be merit in such an approach in specific non-compliant instances, [ do not feel
that this approach is appropriate in a guidance document such as this Appendix. Again,
prescriptive ratios or formulations may not be the best approach.

Response: The text was changed to say that the BMPs magdpgred in some circumstances
and when deemed necessary to meet the goals dMbx..

Comment 53:

Pg 63, last paragraph. Several scenarios for achieving various water quality objectives are given.
It would be valuable to have examples (reusing pond water or using upstream source water and
discharging to a pond) for discharge of 5 acre-feet, in my estimation a good approximation for a
bog system where only harvest and winter floods are discharged (and other flow either doesn’t
exist or is recycled away from the receiving sensitive body). Such examples could be very
valuable as guidance in designing management practice choices to meet site-specific water
quality goals.

Response: Your example was added.
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Comments of James M. Sullivan, President Whitaentslaond Conservation Alliance

Comment 54:

We are very pleased with the TMDL and the agreemthtthe Cranberry Association.
Continued testing and monitoring is the only wast tihe pond can be rehabilitated. We feel that
testing of the bogs effluent should be done bynaependent laboratory. This lab should be
tasked with the COLLECTION and TESTING of the wagamples. These results can then be
sent to the DEP for evaluation. The White IslanddPGonservation Alliance Inc will also
continue its water sampling and testing and witiard all results to the DEP. As | know you
are aware the pond is currently experiencing agmolous algae bloom (equal to last springs).
But if we all remain vigilante | am confident thats problem will be corrected.

Response: According to the MOA and the recently awarded gfight, the University of
Massachusetts Cranberry Experiment Station wilhbsharge of sampling and the samples will
be sent to be tested at the University SMAST IslassDEP is also collecting samples from the
lake to be compared to both the University resati with the results provided by the White
Island Pond Conservation Alliance.

Comments of Barry Cosgrove for the Blackmore PondhElowners Association

Comment 55:
The TMDL has no enforcement mechanism. Therefehat assurances can be provided that the
Tasks and Responsibilities described are to b@peed (by the growers in particular)?

Response: TMDLs by themselves are not enforcement documémy, are technical reports
that evaluate the problem and recommend solutidreserknown. The implementation of the
TMDL in this case is being conducted through theAith the Cape Cod Cranberry Growers
Association and with the University of Massachis€@ttanberry Station. If MassDEP
determines there are violations of the conditionte MOA we have the option to withdraw
from the agreement and take action as needed.

As noted above, the growers have already stéstedplement practices consistent with the
terms of the MOA.

Comment 56:

The referenced Memorandum of Understanding (MO#89 alotes that compliance with the
TDML is expected, yet it can be cancelled upon &gschotice. How then is there to be an
assurance of any performance?

Response:If the MOA is canceled by any party then, afterdads, MassDEP can take action
within its regulatory authority to maintain compie with the Water Quality Standards.
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Comment 57:

It appears that grant funds will be used for pathe scope of this project. Is it appropriate $& u
taxpayer funding for such a project and if so, hatpoint and under what circumstances would
it no longer be appropriate to use taxpayer fundgingpnnection with improving the health of
the waterways or for remediation purposes?

Response:Massachusetts has a long history of using gramtdaaminterest loans to support
efforts to improve water quality in the CommonwRkaltn many cases the availability of
financial assistance is a major factor behind ss&foé efforts to protect and improve water
guality in Massachusetts. Decisions on fundirggganerally made on a case-by-case basis.

Comment 58:
Why it is the remediation of pollution caused bg tiranberry operations is being financed by
taxpayers at all?

Response:The 319 grant program is designated to be useehtedy nonpoint sources of
pollution. Irrigation return flows are considenmednpoint sources.

Comment 59:

And, what if the grant is not approved or is inguéint to finance the activities called for under
the TMDL? Should not the identified responsibletiea be obligated to finance the work called
for under the TMDL and the MA from internally geagrd funds?

Response:MassDEP believes the measures being implementassociation with the MOA,
some of which are supported by 319 grant fundiageththe potential to significantly improve
water quality in White Island Pond and meet the TIMDX water quality does not satisfactorily
improve or the TMDL is not met as a result of effan association with the MOA, MassDEP
will explore its other regulatory options to requactions whether there is availability of
additional funding or not.

Comment 60:

The MOA and the TMDL place heavy responsibility aatlance on the Cranberry Extension
Station for certain testing and test reportings hoteworthy that this same agency failed in the
performance of similar tasks in connection withwtsrk at Blackmore Pond. Indeed, SMAST
has reported that in some past cases the samfdetmoi, storage and delivery work performed
by the Extension Station was very poor. What sadeds are in place to double check the
Extension Stations’ performance?

Response:Although there were some issues with late deliedéryata and reports these issues
were resolved. In the current grant the scopearkwill include provisions to ensure the timely
delivery of data. In addition, a Quality Assuraireject Plan (QAPP) which includes quality
assurance testing is required for this grant.
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Comment 61:
The identified goal for White Island Pond is 1%ppret the EPA calls for 8 ppb for ponds such
as White Island. Why? The explanation in the d@fiate is not scientifically compelling.

Response: Please see response to comment #2 and #27. Plhed€ommendation for 0.008
mg/l (8ppb) for total phosphorus is largely basadakes sampled in other states. A blanket
recommendation of 0.008mg/| for all lakes in thegesis not appropriate. The law allows
MassDEP to establish water quality standards, dwstusite specific standards and targets for
TMDLs based on the conditions at the site. We Ipegided detailed information to support
the TMDL target, while the EPA blanket recommenalais not specific to the pond.

Comment 62:

The Cape Cod Pond and Lake Stewards (PALS) watditgjanapshot in 2001, which was
supported by SMAST and the Cape Cod Commissioteatetl nutrient samples from 195

ponds. Using this data, the Cape Cod Commissioheapine EPA nutrient criteria procedures
and determined criteria for total phosphorus (gebrter and others, 2003). The EPA nutrient
criteria guidance defines two approaches to detenginutrient criteria: one based on so-called
“reference” or relatively pristine ponds and anoth&sed on all available pond data regardless of
water quality conditions. The respective standaedsed on the surface water samples from the
Cape Cod dataset are total phosphorus, 7.5 ppth@Gpgdb (Eichner and others, 2003). Hence,
why 19 ppb for White Island Pond?

Response: The EPA guidance does allow the use of statistiitafjuency approach’ of

reference lakes and all lakes, but it also alleawmsl in fact encourages states to use other, more
scientifically defensible approaches including specific data to establish nutrient criteria for
the states surface water. MassDEP is in the psamfedeveloping these nutrient criteria. Also,
not all lakes are equal, the lakes and soils orCtyge can be significantly different in other parts
of the state. It is for this reason that we usedegion data as the basis of our target setting
process.

Comment 63:

The MOA makes reference to the importance and g@pteness of water measuring devices in
connection with the quantity of water being meadwréh the testing protocols. Mischief proof,
low cost and accurate meters are imperative. \Wéy ts metering not compulsory as part of this
project?

Response: The MOA specifies that when appropriate, pump nsetell be used. In some cases,
flow meters are difficult and unreliable to usealitthes where flows can be in either direction
and may be unrelated to water depth, thus a compuise of meters may not be the best
approach.

Comment 64:

The level of phosphorous attributable to septitesys around White Island Pond was calculated
without regard to the fact that a material numbdehese homes are occupied for seasonal use
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only. Why was this unambiguously important metra¢ considered? Does not the failure to
consider this fact overstate materially the quamitphosphorous estimated to be attributable to
the septic tanks?

Response: Septic system inputs were a small portion of thal foad even assuming all homes
are occupied year round. Moreover, given the uac#y of the septic system loading rate per
household, it was not deemed necessary nor cesttie# to conduct a door-to-door survey to
determine seasonal occupancy.

Comment 65:
The TMDL and MOA make reference to Chapter 91 ahéraws. Future enforcement action
relative to Chapter 91 violations and other laves@ly deferred for now, correct?

Response:Enforcement actions will be deferred as specifiethe MOA as follows:

For the term of this MOA, MassDEP agrees to extmfdrcement forbearance to the Pilot
Program Participants with respect to their comgieawith Massachusetts General Laws Chapter
21 and Chapter 91 and 314 CMR 4.00 and 310 CMR@&®dded that (1) the Pilot Program
Participants fully comply with the terms and comais of the Pilot Program and (2) the
implementation of this MOA does not result in andligant and/or immediate threat to public
health, safety, welfare or the environment. Thisgeaph shall not preclude MassDEP from
investigating complaints it receives regarding latfRrogram Participant, nor from responding
with appropriate enforcement to evidence that ke Program Participant may have violated
MassDEP'’s regulations or otherwise created a sagmt and/or immediate threat to public
health, safety, welfare or the environment. Mad8@Frees to work cooperatively with DAR to
provide compliance assistance to Pilot Programdfaaints prior to undertaking any
enforcement action.

Comment 66:
All of the data generated (including the identifegagarterly reports) in connection with the MOA
and the TMDL will be made publically available, cxt?

Response:

The data generated and submitted to MassDEP aslukebm the MOA and/or data otherwise
submitted to MassDEP as part of 319 grant projgotgor TMDL evaluations is public
information and can be reviewed by the public upsuest.

Comment 67:
Who, specifically, will be conducting the waterchsarge tests?

Response:The growers will be reporting discharge volumes tade will be checked by the
UMass Cranberry Station. The UMass Cranberry Staiaff will be collecting water samples .
The actual nutrient testing is planned to be cotetliby the SMAST lab.

Comment 68:
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What safeguards are in place to assure that thereelgmonitoring of the water discharges into
White Island Pond (in particular) are being conddgtroperly?

Response:Quarterly reports will be prepared by the UMassnBeary Station and the Cape Cod
Cranberry Growers Association. Results will be paned to results from samples collected by
MassDEP staff and by the White Island Pond Consiervalliance.

Comment 69:
Is it reasonable to assign this discharge testiibe growers? (Imagine if Major League
baseball assigned its drug testing protocol tqthgers themselves!)

Response:In nearly all cases where discharge permits ated$ towns and industries for
wastewater discharges MassDEP assigns the respiysibtesting to the permittee. MassDEP
may conduct testing to ensure reliability of théadend performs site inspections and analytical
data review. In this case, the sampling is nagassl to the growers; it is assigned to UMass,
thus providing this project with a higher levelassurance. Additional testing of the water will
be done by MassDEP and others as noted above.

Comment 70:
Will backup tests will be performed to verify thesting?

ResponseYes, see comments 68 and 69 and responses above.

Comment 71:
What is the meaning of the term “emergency disasrgp White Island Pond? Who
determines if an emergency exists? Who verifiessdincumstance (if any)?

ResponseThe term is not defined in the MOA, however anycharge declared by the growers
as an emergency will be reviewed by MassDEP.

Comment 72:
Following the comment period, will all questiongdasomments and responses thereto be made
publically available?

Response: Yes, with the exception of minor editorial or Bipg corrections, all comments and
responses will be included in the final TMDL.

Comment 73:
Will a second draft TMDL be issued before the FinlIDL document is issued?

Response:No. After the comment period is closed the disafhodified as needed to address the

response to comments and the Final TMDL is se&iRA for approval. Once the Final is
approved the Final TMDL will be posted on the MaE$Dwebsite and the draft will be removed.
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Comment 74:
Will any/all EPA comments/changes to the TMDL absosubject to an additional comment
period?

Response: No.
Comments of Edward J. Pacewicz, Chairman,WarehaanGQlVater Committee
Comment 75:

Comment: Test data from 1976-1978 identified a j[gobwith phosphorous loading. The same
recommendations issued in 1980 for cranberry blgat owners reevaluate the application of
fertilizer and irrigation”, are being recommendadD09. Total phosphorous concentrations in
the cranberry bog waters were higher in the 200Vesuas compared to the 1970’s results. As
the above data shows, the phosphorous loadingdranberry bogs has increased over the past
29 years. Obviously, other methods such as tagmracovery ponds must be implemented at
this time to manage the phosphorous loading coifinarg cranberry bogs if we expect to have
any positive effect on White Island Pond.

Response:While the earlier report recommended that the greweevaluate their practices, the
current report provides a numeric loading targat the growers must meet. The growers are
being specifically targeted for a large reductiooading and the BMPs listed in the MOA are
expected to meet the target. If measures currbethyg implemented in association with the
MOA are not effective, MassDEP will evaluate othetions — possibly including expanded
tailwater recovery ponds — that might be neededdet the TMDL and water quality goals.

Comment 76:

Comment: The tmdl (0.019 mg/l) for phosphorouseis ® this report, at more than twice the
level suggested by the united states environmentéction agency (0.008 mg/l). The EPA
Ecoregion XIV report was done in December, 2001thedJSEPA Gold Book report was done
in 1987. Why are we using a 22 year old standdrenmwve have a standard set less than 8 years
ago? There is very little justification in the reptm increase the targeted level of phosphorous.
Table 4 - other seepage lakes in southeastern btassztts, shows six (6) lakes with an average
TP mg/l (median surface) of 0.009 mg/l. This figis much closer to the suggested EPA figure
of 0.008 mg/l than the TMDL figure of 0.019mg/l.oDt we want white island pond to be as
clean as other similar ponds in southeast Massatts@s The standard should be changed to
the EPA suggested standard of 0.008mg/I. This atanchn be achieved if all discharge from
cranberry bogs into white island pond is stopped.

Response: Please see response to comment #2, #2i/#&1. The EPA number of 0.008mg/I

is not a standard . It should be noted that Wklend Pond is shallower than most lakes listed
in Table 4. Also, since the lake is dammed, itflasded terrestrial soils and historically may
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have had some surface water inputs from wetlands farthe construction of the bogs. All of
these factors suggest a higher TP target of 0.043sngppropriate.

Comment 77:

Comments: on page 17 of this TMDL draft repontei@rence is made to an early study (1976-
1978) of white island pond. This report recommehithat cranberry bog owners reevaluate the
application of fertilizers and irrigation (Whittake1980). Thirty years later, on page 37, this
report recommends the same thing, reduction iridime and amounts of fertilizers applied and
improvements to irrigation and flood water usagécWiwill be implemented over a period of
years to evaluate the water quality response ifate Thirty years is long enough to evaluate
the water quality response in the lake. It is tiorentensive BMPs, such as non-permeable tail
water recovery ponds, to be implemented immediatalyydischarge from cranberry bogs into
white island pond must be stopped now.

ResponseSee response to comment #28 and #75 above.

Comment 78:Comments: this report recommends increasing treuatof nitrogen in fertilizer
while reducing the amount of phosphorus in thelieet. White island pond and the cranberry
bogs referenced in this report are in the watersiiglde Wareham River estuary system. The
Massachusetts estuaries project report, titledikéd watershed-embayment model to determine
critical nitrogen loading thresholds for the WanehRiver, Broad Marsh and Mark’s Cove
embayment system, Wareham Massachusetts”, drafttredune 2007, has determined that the
Wareham river estuary system is severely overload#dnitrogen. This report recommends
increasing the amount of nitrogen being used indketified cranberry bogs which will
exacerbate the nitrogen overloading in the Warehwaen estuary system. The remedy of this
problem should not cause another problem. Howlavibus recommendation assist in reducing
the amount of nitrogen currently being input byntrarry bogs into the Wareham river estuary
system? This issue can be resolved by requiriagtanberry bogs to use manmade non-
permeable tail water recovery ponds. This woulkebkilne discharge out of white island pond
and out of the ground water which could affect othadies of water.

Response: Please see response to comment #28 recommendation was not to increase the
amount of nitrogen applied rather it was to seelliteer formulations with a higher ratio of
nitrogen to phosphorus. The goal is to decreasddhd” of phosphorus to the lake. Also of note
is that another goal is to try to match the ferditiuse to that needed for the crop and decrease th
amount of over-fertilization that may be occurrofgboth nitrogen and phosphorus. Thus it is

not the intent of this TMDL to encourage applicataf nitrogen fertilizers at a higher rate.

Comment 79:
Comments: immediate action must be taken to stepligcharge from the cranberry bogs from
entering white island pond. Waiting 5 years foy antion at this point is not productive.

Response: See comments and responses #s 4, 13, 33, 595atibve.
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Comment 80:

PAGE 40 — “Additional town bylaws to address fezgl use and discharges to waters within the
town may be required.” Comments: please providgemtes of bylaws that would control the
discharge of cranberry bogs into waters withinttiven.

Response: Town bylaws regarding fertilizer use have beerriastd to non-agricultural usage.
Webster Massachusetts provides one example whmsrdaav was recently passed placing a ban
on phosphorus lawn fertilizerbt{p://www.articlearchives.com/government-public-
administration/elections-politics/513475-1.hyml

Comment 80: Comments: An independent consulting firm fundedh®y/cranberry growers will
provide MassDEP, the White Island Homeowers Assiotiaand the cranberry growers with
scientific information showing that the TMDL is bgimet. | do not consider the UMass
Cranberry Station as being independent nor unbiased

Response:Your comments are noted.

Comment 81:Comments: please provide examples of bylaws thatral development, erosion
from all lands, driveways and control fertilizereusy cranberry bog owners.

Response:Examples otommon environmental bylaws are available on thiesite
http://www.umass.edu/masscptc/examplebylaws.htilso see comment and response #80
above.

Comment 82:

Page 42 — “MONITORING — Continued monitoring of fake by the local lake association
should document changes in transparency and freguérlue-green algal blooms. Additional
monitoring of total phosphorous concentrationsdmal volunteer groups is encouraged.”
Comments: an independent consulting firm fundethbycranberry growers will provide
MassDEP, the White Island Homeowers Associationthadranberry growers with scientific
information and data regarding the results of nwimg white island pond.

Response:Your comments are noted.

Comment 83:PAGE 63 — “If discharges are to a sensitive cleatewseepage bog (pond) the
additional BMPS recommended by DeMoranville and Es\{2005) of installing tail water
recover or other physical barriers or filtrationyniee required to meet water quality standards.”
Comments: non-permeable tailwater recovery pondaldibe implemented immediately to stop
all discharge from the cranberry bogs into whitand pond.

Response:See comments and responses #s 28 and 75 above.
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Comments of Thomas Belcher, Plymouth MA:

Comment 84:0n page 24 the report indicates “The East Basirahasutlet which flows south
through a different set of cranberry bogs. Thasgskare presumed to discharge waters to the
south away from the lake and are not discusseuisiréport.” This is a rather large set of bogs
and can siphon huge amounts of recharge watertfierpond and although it is never
discharged back into the pond, do you think thédviawal of all this potential recharge water,
lowering the pond’s water levels, leaving less wétethe sun to warm faster, and less water to
absorb the nutrient levels, could actually be hgn@megative impact on the water quality?

Response: No siphoning action was observed at the dam. dEnme acts to keep water levels
relatively higher in the pond than downstreamthé practices outlined in the MOA do not result
in achieving the TMDL, this option could be consetkin the future however further evaluation
would need to be conducted to determine the patienpact on private wells adjacent to the
pond. .

The impact of increased temperature and less aiwtiater is expected to be minor compared to
the benefit of lower water levels resulting in lovgeoundwater levels near the lake and less
infiltration of groundwater into the Federal Fureaand Makepeace bogs upstream. With less
infiltration, less pumping of excess water outhsf bog ditches would be expected, resulting in
fewer discharges to White Island Pond. Such awtepd only be taken following the
appropriate review of impacts.

Comment 85:

On page 26 the report provides a diagram of therglwater contributing area, while on page 29
its stated “First, the NPSLAKE model septic sysfgmysphorus export coefficient of 0.5
kg/house/year was multiplied by the 224 homes &xtatithin 100 m of the White Island Pond
shoreline to estimate 112 kg P/year for septicesystinputs. This initial estimate appears to be
too high for the area based on monitoring resoltsiéarby Ezekiel Pond located about 200
yards southeast of White Island.” My questigndio you think the only homes septic systems
actually contributing nutrients into the pond dre homes within 100 m of the pond which are
located within the groundwater contributing aresgdam on 26?  If you overlay that diagram
on the Arial photo provided on page 1 of the draftort, the home totals seem to be drastically
reduced. This is because virtually all of thath@age area is forest and agricultural land. Of
those homes within 100 m of the pond located is tointributing area, many are vacant family
cottages that haven’t been occupied in years andrhks that are have very limited usage as the
owners are elderly and/or summer homes which aé osly a few weekends per year.

Response:Phosphorus from septic systems is not expectedte mreat distances through
groundwater. Also see comments and responses tarl2:64 above.

Comment 86:
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On page 27 the report discusses “that Closed Isogh, as those studied by the UMass Cranberry
Station (DeMoranville and Howes, 2005), typicallgaharge significant amounts of water in the
days following the fall harvest floods, the winteyst prevention floods or the occasional pest
control floods in the spring. Given the close pnaky of these bogs, do you think it would also
help if they coordinated and shared the same waten flooding for pest control and
harvesting? In the absent of a tail water reqgvense system, it just seems another possible
option would be that if only one bog owner floodkdir bogs for one or two weeks for pest
control or harvesting, that rather than dischange water back into the pond, it could be
diverted to the other bog owner for the same puapolimately limiting the volume of water
taken from the pond while somewhat controlling decharge, as then only one owner would be
withdrawing, while the other owner would be disdiag that same (first owners) water back
into the pond, rather than both, ultimately limgithe amount of nutrients reaching the pond as
a result of this, verses their current processnidint also be helpful to the pond if this process
was implemented within the series of bogs of eaghen; it appears from the photo on page one
that each owner manages about four separate btlgs wieir series of canals and bogs, located
on the northern shore of the eastern basin ofdne.p So if they flood two bogs at a time for
pest control and harvesting, rather than all foure{zen eight for both owners) at once and then
divert that water from the fist two to their newtat, and from there, to the other owners first two
and so on... | have to believe this process wouldtiyreeduce the nutrient levels of the pond
and help keep the water levels higher, cooler aattkr able to absorb the nutrients which will
ultimately be discharged once all bogs receivedtbger pest control and harvesting and | don’t
see how that would be a big impact for the own@bviously winter frost prevention would still
need to done, but | would think this type of reasd coordination during pest control and
harvesting would have to help the pond. Obvioadigil water recovery and reuse system would
be better, but this may help in the event that neappens.

Response: The growers and MassDEP are aware of the beméftsquential flooding of

sections of bogs to reuse the flood waters andcesthe total amount of water required. The
growers already use sequential flooding in manggasn some cases pests and diseases may be
transmitted with floodwaters to other bogs and thisst also be considered.

Comment 87:1 was also wondering if you think the final reparduld include a
recommendation section which might be helpful idradsing the problems identified in this
report?

Response: The recommendations are available in the implentientsection of the report and
in the appendix to the report.

Comment 88: Recent data suggests a larger sediment sourc@m@mbrtionately smaller
external sources.

Response:Although 2009 indicated a potential for a largedisnent source this was apparently

an unusual year hydrologically. Nevertheless20@9 data were used as a worst case scenario
to reallocate more phosphorus to a sediment s@ande@roportionately less to current cranberry
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bog discharges. In any case, the phosphorus isetfienents is attributable to historically high
external phosphorus inputs to the lake and thé tanget allocations are not significantly
changed because the target TMDL load and targetgtorus concentration did not change.
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