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Executive Summary 

Concerns about degraded coastal water quality have been growing as a national issue throughout the 
l 990s and into this century. On Cape Cod, concerns have been focussed on increasing numbers of 
embayments and estuaries as infonnation has been collected to document the extent of the problems. 
The Cape Cod Commission has been working to develop basic infonnation about selected estuaries and 
the land uses within their watersheds for over ten years. Using grants from the state and water resources 
investigation funds, the Commission has funded tidal flushing studies, developed watershed and 
subwatershed delineations, evaluated existing and potential future buildout nitrogen loads within these 
subwatersheds, and compared these to available coastal nitrogen limits. This report documents nitrogen 
loading assessments completed by the Cape Cod Commission for the Barnstable Harbor coastal system 
of Sandwich, Barnstable and Yannouth, the Pocasset Harbor system in Bourne, and the Megansett 
Harbor system in Bourne and Falmouth. 

These assessments indicated that Huckins Creek in Barnstable Harbor and the Rands Harbor and 
Fiddlers Cove in Megansett Harbor have excessive nitrogen loads, under either existing or buildout 
conditions, entering these subembayments from their watersheds. Staff evaluated potential improved 
wastewater treatment, fertilizer limitations, and land use preservation options to meet the nitrogen limits 
for each of these subembayinents. All of the identified options would require significant changes in 
wastewater infrastructure; moving from the prevalent use of standard Title 5 septic systems to use of 
either denitrifying septic systems or centralized wastewater treatment plants. 

Because of these types of changes would require significant ·funding and development of management 
institutions, project staff recommend that more refined evaluations of these subestuaries be completed. 
These evaluations are scheduled to occur as part of the recently initiated Massachusetts Estuaries Project 
(MEP). This project, which is jointly funded by the state Department of Environmental Protection, the 
University of Massachusetts at Dartmouth, Barnstable County, and the communities of southeastern 
Massachusetts, will bring together many of the partners that the Commission has been working with 
over the past 10 years and standardize the development of watershed management tools for estuaries. 
These refined evaluations will include components of the analyses included in this report, as well as 
incorporation of water quality data, benthic sediment and biota characterization, eelgrass mapping, and 
development of calibrated water quality models. These models will be available to communities to 
review the impacts of wastewater infrastructure, land use preservation, and fertilizer management 
changes. 

In the interim, project staff recommend that the involved towns develop the necessary three years worth 
of water quality monitoring to initiate the Estuaries Project analysis, consider purchase of available 
parcels to reduce future nitrogen loads and preserve options for siting of advanced wastewater treatment 
facilities, and evaluate potential options for wastewater management districts. Monitoring should be 
coordinated through the School of Marine Science and Technology at UMASS-Dartmouth to guarantee 
that results can be used in the Estuaries Project analyses. In addition, since the three harbors evaluated 
in this project are scheduled to be addressed in the later four years of the Estuaries Project and funding 
has not been formally secured for these years, the towns and other interested parties should consider 
working with state officials to ensure that MEP-type assessments are completed for these harbors. 

Cape Cod Commission Surface Water Management Study 
Final Report (June. 2002) 
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I. INTRODUCTION 

Coastal waters throughout the United State are under stress from increasing 
development within their watersheds. Cape Cod's embayments are part of this trend. 
Submerged plants, like eelgrass, which provide habitats for scallops, flounder, and 
other important commercial species, are rapidly disappearing. Free-floating plants, or 
algae, are better able to utilize the excessive nutrients coming from the watersheds and 
often shade out, and eventually smother, the eelgrass. In some Cape Cod coastal 
embayment systems, excessive nitrogen loads have created so much algal growth, that 
the decomposition of algae in the sediments has consumed most of the oxygen, leaving 
sediments and the overlying water as virtual wastelands, inhabited by only the hardiest 
of creatures. 

The primary contaminant of concern for coastal embayments or estuaries is nitrogen. 
Plant growth in natural coastal systems is usually limited by the availability of nitrogen. 
Therefore, additional nitrogen can cause a higher level of growth in the system. 
Nitrogen is introduced into coastal waters primarily from wastewater generated by 
land uses within embayment watersheds with secondary sources from fertilizers, road 
runoff, and atmospheric deposition. On Cape Cod, the watershed nitrogen is 
transported to the coast by groundwater and, in some cases streams or rivers derived 
from groundwater. 

Creating solutions to restore impacted ecosystems requires a better understanding of 
how the embayments function. Assessments need to be completed to answer questions 
like: 1) How big is the watershed? 2) What are the nutrient loads coming from the 
watershed? and 3) Can the tides flush out the nitrogen quicker than it is coming in? 
Questions like these and others help to provide the basis for developing options to 
restore or preserve coastal ecosystems. 

Southeastern Massachusetts is in the midst of developing extensive information about 
the coastal embayments and estuaries in the area. The Massachusetts Estuaries Project, 
which was developed by the University of Massachusetts-Dartmouth, School of Marine 
Science and Technology and the state Department of Environmental Protection, will be 
using this information to develop linked watershed/ estuary models that can be used to 
answer questions about remediation options and water quality targets. Nitrogen 
loading assessments similar to those documented in this report will be developed as the 
watershed portion of these models. The Cape Cod Commission will complete these 
assessments for the Estuaries Project. 

This report documents nitrogen loading assessments completed for the Barnstable 
Harbor, Red Brook Harbor, and Megansett Harbor coastal systems. As the Estuaries 
Project proceeds, the assessments in this report will be revisited in order to prepare 
properly calibrated models. These models will differ from those described in this report 
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because water quality information will be available to confirm the nitrogen loading 
assessments. The coastal systems described in this report will be addressed following 
the first two years of the Project, once sufficient water quality data has been gathered 
and reviewed. Previous nitrogen loading assessments that can also be reviewed 
include: Cape Cod Coastal Ernbayrnent Project (Eichner, et al., 1998b); Pleasant Bay 
Nitrogen Loading Study (Eichner, et al., 1998a), Cape Cod Coastal Nitrogen Project 
(Eichner et al., 2000), and Ashurnet Plume Nitrogen Offset Program (Applied Coastal 
Research and Engineering, Inc. and Center for Marine Science and Technology, 
University of Massachusetts at Dartmouth, 2000). Results from these and similar 
studies are being used in town comprehensive wastewater assessments and board 
discussions about appropriate development. Additional information about the 
Massachusetts Estuaries Project can be reviewed at: 
www.state.rna.us/ dep/ srnerp/ srnerp.htrn. 

II. GENERAL EVALUATION PROCESS 

In order to determine the amount of nitrogen getting into each of the project systems, 
the Cape Cod Commission project staff utilized a four-step process. These steps 
include: 1) conducting a flushing study to determine how long it takes for water within 
an ernbayrnent and its subernbayrnents to be exchanged by the tides and the amount of 
nitrogen that the ecosystems can assimilate (often referred to as "loading limits" or 
"critical loads"); 2) delineating the watershed to the ernbayment and subernbayrnents; 
3) evaluating the steady-state nitrogen load corning from existing development within 
its watershed and subwatersheds, and the potential future load based on the complete 
development of undeveloped land under existing zoning; and 4) comparing the 
nitrogen loads from existing and future development in the watershed(s) to the critical 
loads from the flushing study, and developing potential nitrogen management options 
based on this comparison (Figure 1). General descriptions of this process are described 
below and system-specific findings are listed in sections that follow. 

A. Nitrogen Loading Limits and Flushing Studies 

Selecting how much nitrogen is appropriate for a coastal system is a difficult task. 
Clams may thrive at a higher level of nitrogen load than is best for maximum scallop 
growth. The system might function best (highest level of biodiversity) at a low nitrogen 
load, but this level might not be attainable given the existing level of development 
within a watershed. Corning up with an appropriate nitrogen limit is based on 
determining the characteristics of a coastal system and then publicly discussing the 
water quality expectations of the public and the willingness to pay for a given solution. 
One of the first steps in characterizing a coastal system is determining how rapidly the 
tides exchange the water within the system. 
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i. Flushing Study Characteristics 

Tidal flushlng studies generally begin by determining the volume of water within the 
system. This is accomplished by collecting depth (or bathymetric) readings that are 
corrected for tidal height, and are of sufficient number to characterize subbasins within 
the system. Usually during the course of collecting these readings, observations about 
sediment consistency are collected. A number of tidal depth recorders (TD Rs) are 
commonly installed at this same time. TDRs are remote data collectors that measure the 
tide height at a regular interval (usually minutes). These TDRs are left in place over a 
period of days (usually the entire lunar cycle, which is approximately 30 days) to 
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data collection 
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embayment, to be 
exchanged by the 
tidal water coming 
into the system. 
This information 
can be 
supplemented with 
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salinity, or nitrogen data to develop a water quality component to this model. 

Some portions of coastal systems exchange water more slowly than other parts of the 
same system; these areas often have poor water quality. A tidal flushing model can 
identify these areas and these subembayments can be assigned their own flushing time. 
Evaluations of residence times in embayments suggest that segmenting of embayments 
leads to better evaluation of flushing characteristics (e.g., Oliveira and Baptista, 1997). 
Determining how quickly the water is exchanged, or flushed, from each sub-basin and 
the system as a whole is key to determining how long nitrogen introduced from its 
watershed is available for use, or uptake, by the plants in the embayment. 

Another key consideration in 
determining how to evaluate 
flushing information for a 
particular subembayment is 
deciding how to characterize the 
flushing of the subembayment. 
If the water quality within a 
larger embayment is worse than 
the water quality in one of its 
associated subembayments, one 
would want to evaluate how 
long the water within the 
subembayment takes to flush all 
the way out of the entire system, 
through the larger embayment. 
This flushing time is known as a Local Residence Time 

system residence time. If the ~F=ig=u=r=e=2=. =L=o=ca=l=v=s=. =sy=s=te!...m_!R=e=s=id=e=n=c=e=T=im=e===d 
water quality is better in the 
larger embayment, one would want to evaluate the flushing time to get water out of the 
subembayment and into the larger embayment. This is known as a local residence time. 
These classifications are illustrated in Figure 2. The system residence time is longer 
than the local residence time. The difference between the system residence time and the 
local residence time generally increases the further a subembayment is from the mouth 
of the system. 

ii. Nitrogen Loading Limits 

Studies of coastal systems around the world have indicated that increased nitrogen 
loading can dramatically increase the productivity and alter the ecosystem 
characteristics ofcoastal waters (Nixon, 1983; Nixon, et al., 1986; USEPA and EOEA, 
1991; Valiela, et al., 1992; NRC, 1993; NRC, 2000). However, determining the acceptable 
level of nitrogen loading is site-specific and can be complicated by factors that influence 
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the expected nitrogen load, its measurement, or its impacts. These factors can include: 
1) release of nitrogen to embayment waters from bottom sediments (nitrogen deposited 
by growth during previous years), 2) carbon-rich soils or large lakes in the embayment 
watershed (allowing denitrification of nitrogen loads prior to groundwater discharge to 
the embayment), and 3) coastal wetlands (that potentially denitrify watershed nitrogen 
loads if they flow through the wetland). Collecting information about these features 
can help to clarify the existing load to the system, but often raises additional questions 
to be resolved through additional assessments. Stakeholder communities have to weigh 
the benefits of additional studies with the cost of the studies and the information they 
will provide. Ultimately, however, a watershed community will need to weigh these 
issues and make a decision about whether conditions within an embayment are 
desirable and how much it is willing to spend to either restore the embayment or 
preserve its condition. 

Desirability is often a difficult question for coastal water quality scientists to answer, 
because any ecosystem will adapt to impacts imposed upon it. In the case of a nitrogen 
overloaded system, the ecosystem may result in one or more of the following: 1) loss of 
shellfish due to lack of oxygen, 2) disappearance of eelgrass, 3) bottom sediments 
producing hydrogen sulfide (rotten egg) odors, and 4) macroalgal mats becoming the 
dominant plant species. Such systems are ecologically unstable due to the lack of 
biodiversity, although people will still be able to moor their boats in this system. On 
the other hand, a less-impacted system will support boat moorings, but also have 
abundant shellfish, swimmable waters, and a more biodiverse, stable, and sustainable 
ecosystem. 

Rather than trying to address the desirability of one system over another, coastal water 
quality scientists typically predict ecosystem conditions under various nitrogen loading 
levels, and provide this information to the general public for consideration. Projections 
tend to rely on one or two parameters that are key determinants for the stability or 
"health" of the ecosystem. These parameters typically consist of dissolved oxygen, 
chlorophyll concentrations, and/ or eelgrass coverage. Much research has focused on 
determining the relationship between these parameters and nitrogen loads (Howes, et 
al., 2001). 

Unfortunately, while assessment tools have improved over the past 10 years, coastal 
research has not been able to provide the "crystal clear" results most people desire. As 
with most relationships in nature, the factors and nitrogen loads are interrelated in 
complex ways that vary from one embayment to the next. The embayment-specific 
analyses described below focus on management recommendations, while 
acknowledging the existence of uncertainties and providing recommendations about 
the need for additional information that will be useful. 
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The acceptability of coastal ecosystem conditions needs to be addressed by involved 
communities with detailed assessment information from scientists. Discussions about 
the consequences of land use decisions have not occurred regularly in the past. 
However, recent changes in regional, state, and federal regulations may bring this issue 
to the forefront of community decisions. 

iii. Current Regulatory Setting 

Arriving at an appropriate nitrogen loading limit for a watershed is further complicated 
by the general lack of clear direction in both state and federal regulations. Regionally, 
Cape Cod has been interested in addressing this issue since the 1980s. The Town of 
Falmouth adopted regulations requiring evaluation of nitrogen impacts on coastal 
ponds in 1985, as well as concentration-based nitrogen limits for specific settings. This 
process also led to the creation of the Falmouth Pondwatchers program, which has 
generated citizen-collected water quality information. In the early 1990s, the Cape Cod 
Commission developed the Regional Policy Plan, a planning and regulatory document 
required by the legislative act under which the Commission was created. The Plan 
included a provision to protect coastal water quality by establishing nitrogen loading 
limits, or "critical loads", for Cape Cod's coastal embayments. The Commission 
utilized nitrogen loading rate limits recommended by the Buzzards Bay Project (BBP) as 
guidance for establishing regulatory limits (USEPA and EOEA, 1991). The initial limits 
were revised downward in 1999 following review of additional water quality 
assessments and a number of meetings among the BBP, the Commission, the Marine 
Biological Laboratory, the Woods Hole Oceanographic Institution, and UMASS
Dartmouth, School of Marine Science and Technology. This revision also followed a 
recommendation made by the Commission during a limited review of water quality 
information during the Cape Cod Coastal Embayment Project (Eichner, et al., 1998b). 
Current BBP recommended limits are shown in Table 1. 

Table 1. Current BBP Recommended Coastal Embayment Nitrogen Loading Limits. 

Embayment ORW/SA SA SB 

Shallow 50 mg/m3/Vr 150 mg/m3/Vr 300 mg/m3/Vr 

Deep 75mg/m3/Vr 200 mg/m3/Vr 400 mg/m3/Vr 
Note: Vr= Vollenweider flushing term Vr= r/(1+sqrt(r)) r= flushing time (yrs) 

source: Costa, et al., 1999 

Further efforts are underway to review the regulatory distinctions between these 
recommended limits and actual ecosystem function. Review of these limits and the 
current regulatory structure are tasks to be accomplished as more refined analyses are 
completed during the Massachusetts Estuaries Project. Concerns have been raised that 
if eelgrass restoration or protection is an appropriate target for ecosystem function in 
Cape Cod embayments, then the revised SA limit is still too high and that the ORW 
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limit is the most appropriate for eelgrass preservation. The recommended limits in 
Table 1 were utilized to determine the nitrogen limits for the coastal systems reviewed 
during this project. Project staff compared the nitrogen loads to the limits based on the 
current state classification of project water bodies, as well as comparisons to the ORW 
limit. 

The BBP recommended nitrogen limits in Table 1 were developed after a review of 
water quality information from embayments around the world, and reference the 
descriptive language in the DEP coastal water classification system (ORW, SA, SB). 
This classification system, which is included in the state surface water regulations (310 
CMR 4), classifies a limited number of specific water segments and bodies on Cape Cod. 
The regulations state that all coastal waters not specifically listed in the regulation shall 
be classified as SA waters. The BBP's tiered nitrogen loading limit system for shallow 
and deep embayments incorporates flushing times for rapidly flushed systems, and 
areal measures for less rapidly flushed systems. 

The tiered limits in Table 1 use the state categories, but the meaning of categories in the 
regulations and the limits recommended by the BBP are different and the BBP limits are 
not incorporated into the state regulatory structure. For example, the ORW 
(Outstanding Resource Water) designation is not similar in both cases. The state uses 
the ORW designation for" anti-degradation" areas~areas where water quality should 
not be further degraded by pollutants. Since the BBP used the ORW designation as a 
limit, waters that have nitrogen loads below the limit could theoretically be degraded 
with more pollutants up to the limit. In addition, the ORW designation can be assigned 
to SB waters under the state regulations (based on the descriptive standards and uses in 
the regulation), while the BBP recommended standards assume that SB waters can be 
loaded at a higher nitrogen load. The BBP recommended limits should be considered 
separately from the state surface water classification regulations categories. 

In order to utilize these limits, flushing times, bathymetry, and system volume need to 
be characterized for the subembayment systems. Once this basic information has been 
developed, these values and the appropriate BBP limit are used to calculate a "critical 
load" or an annual mass of nitrogen that the system can assimilate at the recommended 
limit without becoming more eutrophic or impaired. 

Although the Cape Cod Commission has used the BBP recommended limits in 
regulatory decisions for over 10 years, current Massachusetts state regulations do not 
directly address nitrogen limits for coastal water quality, but the surface water 
regulations suggest the use of best available technologies for direct wastewater 
discharges into the cleanest waters (314 CMR 4.04 (5)) and Title 5 requires density 
limitations for septic systems within watersheds to "nitrogen sensitive coastal 
embayments" (310 CMR 15.214-15.217). The surface water regulations tend to focus on 
the impacts from direct point sources, such as outfall pipes. These regulations state that 
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nonpoint pollution sources of nutrients (such as septic systems) "shall be provided with 
all reasonable best management practices for nonpoint source control." Since the 
nitrogen sensitive coastal embayments language is in Title 5, Commission staff have 
suggested to local boards of health that they have the power under the local upgrade 
provisions of Title 5 to designate their embayments, however staff have also counselled 
local boards to consider the potential takings issues associated with small lots within 
these watersheds. DEP has not provided guidance on implementation of this portion of 
Title 5 since it was adopted in 1995. 

State regulations regarding coastal water quality may be due for a significant change 
within the next five years. The US Environmental Protection Agency (EPA) is in the 
process of promulgating regulations to enforce the Total Maximum Daily Load (TMDL) 
provisions of the Clean Water Act. These regulations have the potential to require 
states to develop water quality management plans for all water bodies that have been 
listed as "impaired" by the state. The current state TMDL (or 303d) list, produced in 
1998, has over 900 surface waters classified as impaired 
(www.epa.gov/ owow / trndl/ states/ matrndltables.html). However, this list does not 
include nutrient concerns for any of the systems identified as having nitrogen problems 
in the Cape Cod Coastal Embayment Project (Eichner, et al., 1998b); the Pleasant Bay 
Nitrogen Loading Study (Eichner, et al., 1998a); the Cape Cod Coastal Nitrogen Loading 
Project (Eichner et al., 2000); the Ashumet Plume Nitrogen Offset Program (Applied 
Coastal Research and Engineering, Inc.; Center for Marine Science and Technology, 
University of Massachusetts at Dartmouth, 2000) or through Falmouth Pond Watcher 
monitoring data (Howes and Goehringer, 1996). These systems include areas with 
extensive documented water quality impairments, such as Popponesset Bay, West 
Falmouth Harbor, Great Pond, Bournes Pond, Prince Cove, and the Centerville 
River/East Bay. Since it is likely that state funding priorities will be directed toward 
developing TMDL programs for waters listed on the 303d list, Commission staff are 
concerned that impaired Cape Cod waters have not been included in the state list. 
Commission staff are currently participating in efforts to clarify the state TMDL process 
through the DEP's TMDL Statewide Steering Committee. 

B. Watershed Delineation 

The high-permeability characteristics of the glacial-derived sand deposits of Cape Cod 
allow rapid infiltration of precipitation. This rapid recharge and absence of exposed 
bedrock (Oldale, 1969) means that watershed delineation on Cape Cod are generally 
determined by the elevation of the groundwater and its direction of flow, rather than by 
the land surface topography (Cambareri and Eichner, 1998). Each embayment 
watershed is defined as the land area receiving recharge that eventually discharges into 
that embayment. The outer boundaries of a coastal system are delineated based on 
upgradient water table elevation measurements. Following the completion of a tidal 

Final Report 8 Surface Water Management Study 
Cape Cod Commission, 2002 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

flushing study and segmentation of the system into subembayments, subwatersheds 
discharging to each of the subembayments can be delineated. 

The Cape Cod Commission developed a Cape-wide watertable map during the Cape 
Cod Coastal Embayment Project (Eichner, et al., 1998b). This regional water table map 
was created from over 1,000 water table readings and utilized readings from the 
following lens-wide regional water table mapping projects, among others: Sagamore 
(Cambareri and Eichner, 1998), Monomoy Oohnson and Davis, 1988), Nauset (Eichner 
and Cambareri, 1997), Chequesset (Eichner and Cambareri, 1997), Pamet (Cambareri, et 
al., 1989), and Pilgrim (Le Blanc, et al., 1986). A complete list of the studies reviewed in 
the preparation of the regional water table and watershed maps is included in the 
appendix of the Embayment Project report. The watersheds for the large embayment 
systems delineated from this map were formally adopted for regulatory and planning 
purposes by Barnstable County during the 1996 approval of the Regional Policy Plan 
(CCC, 1996). The watersheds and subwatersheds delineated during this project are 
based on the regional water table map completed during the Embayment Project. 

The USGS has recently produced a refined groundwater model of the Upper Cape 
region around the Massachusetts Military Reservation (MMR) (Masterson and Walter, 
2000). This model has been used by the USGS to delineate watersheds to selected 
coastal embayments (Popponesset Bay, Great Pond, Green Pond and Bournes Pond). A 
similar groundwater modeling effort is being completed for the remainder of the Cape 
under the Massachusetts Estuaries Project. Once completed, this set of models will be a 
tremendous tool for groundwater investigations, evaluation of fresh water ponds and 
river recharge areas, and redelineation of embayment watersheds. 

C. Land Use and Nitrogen Loading Analysis 

In order to determine the potential water quality impacts of watershed development 
upon a coastal embayment, an estimate of the amount (or "load") of nitrogen 
discharging to the embayment from the watershed needs to be developed. This effort 
usually involves a number of simplifying assumptions, including expected wastewater 
treatment levels, housing occupancy rates, fertilizer application rates, precipitation and 
recharge amounts, runoff nitrogen concentrations, and steady-state conditions. 
Nitrogen loading analyses can be completed in a number of ways, depending on the 
information that is selected and the tools available to assess the information. Following 
the estimate of existing nitrogen loading, a similar estimate is completed for a future 
scenario when all the land in the watershed is developed (i.e., buildout). This future 
estimate is based on current zoning within the watershed. 

In general, staff utilized town parcel data and assessor information as basic land use 
materials for completing the project nitrogen loading analyses. Town parcel 
information is first linked to assessor landuse classifications (i.e., state class codes) 
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(MADOR, 1991). Using this combined database, a map of the watershed area is created 
using a Geographic Information System (GlS). Parcels at least half in the watershed are 
included in the watershed unless the inclusion (or exclusion) of the entire parcel creates 
a significant difference between the parcel-delineated watershed and the water table
derived watershed. Parcels are added or subtracted to generally attain a less than 2% 
difference between the parcel-derived watershed and watershed based on the area's 
water table. Commercial, industrial, and government land uses are field checked, and 
water use and/ or Title 5 wastewater estimates for these parcels are determined. In 
some cases, wastewater flow rates are estimated for commercial properties from known 
flow rates for comparable land uses. This information is incorporated into the GIS, and 
frequency tables of land use types are produced from the G!S. Wastewater, lawn area, 
and impervious surface area estimates are developed and combined within 
spreadsheets containing the landuse frequency information. Nitrogen loads are 
assigned to the various nitrogen sources and a total nitrogen load within a watershed is 
determined. 

The nitrogen loads developed during this project use a modified form of the nitrogen 
loading calculations in Technical Bulletin 91-001 (TB91-001), which was developed by 
the Commission for regulatory reviews (Eichner and Cambareri, 1992). The TB 91-001 
methodology averages the wastewater flow estimate for residential dwellings (110 gpd 
per bedroom, Title 5) with a wastewater flow based on average occupancy within the 
town (55 gpd per person multiplied by the number of people per dwelling). The 
Barnstable Harbor analysis uses this method to estimate wastewater residential loads. 
An alternative residential wastewater estimate is to assume that each single family 
residence is occupied by the average number of residents measured during the 2000 US 
Census and wastewater flows are assumed to be 55 gpd per person. The Red Brook and 
Megansett Harbor analyses use this method and this method is intended to be used for 
nitrogen loading analyses to be completed under the Massachusetts Estuaries Project. 

Other assumptions used in all analyses in this report include two family and multi
family residences are assumed to be multiples of single family residences (2X and 3X, 
respectively). Estimated residential wastewater flows are reduced by accounting for the 
estimated seasonal occupancy; the percentage of houses that were occupied at the time 
of the 2000 Census is multiplied by the calculated residential wastewater flow. The 
houses unoccupied at the time of the Census are assumed to be summer residences and 
occupied by five people for a three-month period. This summer occupancy results in a 
tripling of the year-round population, which is the estimated population increase 
associated with summer visitors on Cape Cod (CCC, 1996). Water-use information for 
non-residential properties are usually used to estimate their wastewater flows, but if 
these are not available, Title 5 estimates are used. Other nitrogen loading factors used 
in the analyses are the same as discussed in TB 91-001 (Table 2). 
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Table 2. Technical Bulletin 91-001 Nitrogen Loading Factors 

NITROGEN CONCENTRATIONS (mg/1): RECHARGE RATES (in/yr): 

Wastewater 35 Impervious Surfaces 40 

Road Run-off 1.5 Natural Areas 

Roof Run-off, Direct Precipitation on 
0,75 Falmouth, Bourne 21 

Embayment 

Natural Area Run-off 0,05 Sandwich, Mashpee 19 

BEDROOMS PER SINGLE FAMILY HOUSE 3 
Barnstable, Dennis, 

18 
Yarmouth 

AVERAGE LAWN SIZE (ft2) 5,000 Brewster, Harwich 17 

NITROGEN FERTILIZER RATE 
Chatham, Orleans, Eastham, 

(lbs/1,000 ft2 oflawn) 
3 Wellfleet, Truro, 16 

Provincetown 

Source: Eichner and Cambareri, 1992 

Future development potential within watersheds is based on the number of parcels 
classified as "developable" by the town assessors. The total number of potential 
residential units is determined by evaluating each parcel; if a parcel can be subdivided 
into two or more parcels under current zoning, it is counted as having the highest 
number of potential parcels based strictly on lot size. This evaluation method does not 
account for other zoning or assessors issues, such as frontage requirements or 
developable lots that are classified as "undevelopable," but it is a reasonable first 
approximation of potential residential lots. In some cases, only the number of 
developable parcels was used to estimate the number of developable parcels. 

Details about data utilized and results of the nitrogen loading assessments are 
described below. · 

D. Development and Implementation of Management Strategies 

During the final step of the four-step process, the nitrogen loads developed in Step III 
are compared to the critical nitrogen loads developed in Step II (see Figure 1). If the 
nitrogen load from either existing or future development within the embayment 
watershed exceeds a critical load, management strategy options have been developed to 
reduce the nitrogen load impacting the embayment. 

Management options developed for project embayments with excessive existing 
nitrogen loads need to address existing development within the watersheds. 
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Embayments that will exceed critical loads only when future development occurs have 
additional options that address future or build-out nitrogen loading scenarios. Project 
staff have considered management strategies that have included reductions in nitrogen 
loads from wastewater and lawn fertilizers, dredging of embayment systems to increase 
flushing and increase critical loads, and purchase and preservation of developable land 
as open space. 

Since wastewater is usually the primary contributor to the overall nitrogen load within 
a watershed, development of the potential management options also consider 
technologies to reduce nitrogen in wastewater effluent. DEP currently allows a 25 ppm 
nitrogen effluent concentration for residential recirculating sand filters (RSFs) and a 19 
ppm nitrogen effluent concentration for other denitrifying systems (Ruck, Bioclere, 
FAST). On-site system manufacturers and designers are gathering data to support 
lower assigned nitrogen concentrations. In cases where centralized treatment facilities 
are considered as wastewater management options, 10 ppm and 5 ppm nitrogen 
discharges are the most appropriate concentrations to consider. The 10 ppm nitrogen 
discharge concentration is conventionally assigned as a discharge limit on tertiary 
treatment facilities by DEP under the Groundwater Discharge Permit Program. A 
discharge concentration of 5 ppm is generally difficult to consistently maintain for 
conventionally designed tertiary plant without extensive management of the plant or 
incorporation of large amounts of flow (>100,000 gpd). These concentrations should be 
considered when reviewing the management options presented for each of the 
subembayments below. Costs of operation, maintenance, and management of these 
treatment systems are not considered in the nitrogen management options. 

This report presents potential nitrogen management strategies to meet the various 
nitrogen limits considered. Implementation and adoption of management strategies 
will require further discussions within and among the involved communities. These 
assessments have been shown to be reliable measures of likely water quality impacts 
and valid planning evaluations. However, the simplifying assumptions used in these 
analyses can cause the results of these assessments to be called into question. Further 
evaluation of water quality and better characterization of the plant and benthic 
communities in these systems can help to provide a more comprehensive picture and 
provide additional information for community discussions. These further evaluations 
will be included in the analyses to be completed under the Massachusetts Estuaries 
Project. Project models will be able to evaluate water quality impacts of aggregated 
wastewater discharge at a variety of concentrations and a variety of locations. 
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III. BARN ST ABLE HARBOR SYSTEM 

A. Flushing Study, Critical Loads, and Comparison to Nitrogen Loads 

In 1999, the Cape Cod Commission provided the Town of Barnstable with $18,000 to 
conduct a tidal flushing study of the Barnstable Harbor coastal system. This study was 
subsequently completed by Applied Coastal Research and Engineering, Inc. (ACRE, 
1999). 

During the development of a calibrated tidal flushing model, ACRE utilized extensive 
tidal, bathymetric, and marsh elevation data collected during the period 1991 to 1993 
(Van der Molen, 1997). Bathymetric and topographic elevation data collected by Van 
der Molen were measured to within 0.1 feet. ACRE supplemented this data by 
collecting tidal elevations at six locations during the period August and September, 
1992. 

Bathymetric and tidal information were incorporated into a tidal model that provided 
flushing rates and basin volumes for the subembayments presented in Table 3. 
Subembayments identified by the tidal flushing model and subwatersheds were 
subsequently delineated by Commission staff (Figure 3). These subwatershed are 
incorporated into the Marine Water Recharge Areas map, which accompanies the 2001 
version of the Regional Policy Plan (CCC, 2001). 

Table 3. Residence Times and Volumes in the in the Barnstable Harbor 
Embayment System 

Subembayment Volume at mean tide Residence Time ( days) 

(m3) Local System 
Huckins Creek 24,705 0.45 355 
Scorton Creek 2,938,204 0.32 2.12 
Bridge/Spring Creek 686,420 0.20 5.58 
Brickvard Creek 796,924 0.20 4.95 
Wells Creek 533,772 0.17 6.22 
WHOLE SYSTEM 19,475,467 0.32 0.32 
Subembayments are identified on Figure 3. All data from ACRE (1999). 

Using the tidal volume and local residence times in Table 3, and the recommended 
nitrogen loading limits listed in Table 1, project staff developed critical loads for the 
listed subembayments and the system as a whole (Table 4). The comparison between 
the estimated nitrogen loads under existing and buildout conditions for respective 
watersheds is provided in Figure 4. The Barnstable Harbor coastal system is specifically 
listed in the state surface-water classification regulations (314 CMR 4) as ORW. 
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The projected nitrogen loading associated with buildout in each of the Barnstable 
Harbor subwatersheds will increase the existing nitrogen load between 23 and 163 
percent. Analyses contained in this report suggest that nitrogen loading does not 
exceed any of the critical nitrogen loads for most of the subsystems, and will not exceed 
these limits under buildout conditions. Huckins Creek is the only exception; currently 
exceeding critical nitrogen loads under both existing and buildout conditions. 

Table 4. Critical and Watershed Nitrogen Loads in the Barnstable Harbor Embayment 
System 

% Critical 
Subembayment 

Watershed Nitrogen Load increase 
Load 

Area (kg/yr) inN 
(kg/yr) Load 

(acres) Existing Buildout ORW 

Huckins Creek 918 4,343 11,413 163 1,037 
Scorton Creek 4,573 11,955 16,321 37 172,531 
Bridge/Spring Creek 2,570 9,529 12,001 26 64,102 
Brickyard Creek 2,449 11,685 14,392 23 74,422 
Wells Creek 371 101 101 0 58,539 
WHOLE SYSTEM 18,695 64,492 90,219 40 1,143,598 
Subembayments and ACRE segments are identified on Figure 3. ORW critical loads based on loading 
limit in Table 1, which represent a 0.05 ppm addition to background nitrogen concentrations. 

The nitrogen loads for the various watersheds are based on 1996 assessors and parcel 
information, including recognition of wastewater transfer out of the Barnstable Harbor 
watershed for sewered parcels within Barnstable Village. Unsewered residential 
nitrogen loads are based on the modified TB91-001 method discussed in the Methods 
section. There are also 211 unsewered parcels in the Barnstable Harbor watershed that 
are classified as commercial or industrial uses. Title 5 wastewater flow rates and water 
use information were obtained for some commercial and industrial parcels, and 
incorporated into the nitrogen loading calculations. For these parcels, staff obtained 
three years (1997-2000) of water use information from the Yarmouth Water Department 
and also obtained Title 5 flow rates from the Sandwich Board of Health. Wastewater 
flow rates for the remaining parcels were estimated from rates estimated for 
comparable land uses in other watersheds, and adjusted for building size. 

B. Potential Nitrogen Management Strategies for Huckins Creek 

The Huckins Creek is a small subembayment on the southern shore of Barnstable 
Harbor (see Figure 3). Current and buildout nitrogen loads for Huckins Creek exceed 
the ORW nitrogen limit (see Table 4 and Figure 4). Following a review of selected 
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options, the only apparent way to meet the ORW limit for Huckins Creek under both 
existing and buildout conditions is to remove all the wastewater from the 
subwatershed, reduce fertilizer applications, and improve stormwater treatment (Table 
5). Wastewater removal could be accomplished by establishing a satellite wastewater 
treatment facility with discharge outside of the watershed or connection of all parcels 
within the subwatershed to the existing Hyannis Wastewater Treatment Facility 
through the line that currently services Barnstable Village. However, the availability of 
sufficient land and geographical considerations for development of package plants 
would need to be evaluated relative to sewering in the Huckins Creek subwatershed. It 
is obvious from reviewing the potential strategies that additional community 
discussions should occur due to the wastewater infrastructure costs that these 
implementation strategies would require. 

Table 5. Selected Potential Nitrogen Management Options Reviewed (Huckins 
Creek subwatershed) 

% Nitrogen Reduction Necessary Future 

Existing residential 
Nitrogen Runoff from parcels or Fertilizer Limit 

Buildout Wastewater impervious preserved 
Load as open 

surface space 

100% sewered -
ORW Existing flow 48% 48%* ---

ORW Buildout 
100% sewered 

55% 55%* 124/124 
flow 

All analyses assume 1990s Census seasonal development (71 % year-round); at buildout, 124 
additional residential lots are projerted. ORW = Critical Load based on 0.05 ppm nitrogen addition. 
* Some level of advanced stormwater treatment is required to meet the referenced nitrogen limit. 

C. Next Steps/Discussion/Recommendations 

The assessment of the Barnstable Harbor system documented in this report indicates 
that the Huckins Creek portion of the Barnstable Harbor system is overloaded with 
nitrogen. Because of the likely high cost associated with the infrastructure necessary to 
meet the ORW nitrogen limit for Huckins Creek, project staff suggest that better 
characterization of the water quality should be undertaken before pursuing 
infrastructure planning. The characterization steps could include regular water quality 
monitoring at stations within the system, an evaluation of the sediments of Huckins 
Creek and their potential for sediment nitrogen regeneration, and an evaluation of the 
dominant plants in the system. This additional information could be used to refine the 
above analyses such that adequate water quality information can be combined with the 
existing tidal model to produce a water quality model. These steps are anticipated to be 
completed under the Massachusetts Estuaries Project. 
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The Town of Barnstable recently has begun the water quality monitoring program that 
will be used to generate data that will be used in the modeling efforts under the 
Estuaries Project. Citizen volunteers are necessary for this program, which is 
coordinated through the town Department of Public Works with technical expertise and 
laboratory services provided by the UMASS-Dartmouth School of Marine Science and 
Technology. 

In the interim, project staff also recommends that the Town of Barnstable consider using 
the on-going comprehensive wastewater project under the direction of the Department 
of Public Works to evaluate the potential for hooking up parcels within the Huckins 
Creek watershed to the Town's wastewater treatment facility. Given the rapid 
development phase currently occurring on the Cape, the purchase of undeveloped areas 
within the Huckins Creek watershed should also be considered by the Town toward 
implementing strategies identified in Table 5. If all of these locations are used for 
residential or commercial uses, it is likely that additional centralized treatment-facility 
capacity, rather than neighborhood facilities, will be required to address water quality 
concerns. Additional facility capacity would require more land area and extensive use 
of sewer pipes to collect wastewater throughout the watershed. 

If the town wishes to pursue a wastewater management district or wishes to reserve 
time to evaluate potential options, the District of Critical Planning Concern (DCPq 
provisions of the Cape Cod Commission Act (Section 10 of the Act) could also be used. 
These provisions could allow the town to institute a limited moratorium on 
development within the watershed and use the DCPC process to facilitate community 
discussfons regarding appropriate m.itigation, nitrogen targets, and potential costs. 
Discussions of management options could also occur through the existing facilities 
planning process or a board of health permitting moratorium for a period certain. 
Much of the work required to evaluate available on-site technologies, their costs, review 
of developed parcels, and potential treatment and effluent disposal sites has already 
been completed during the existing facilities planning effort. 
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IV. POCASSET HARBOR/MEGANSETT HARBOR SYSTEMS 

A. Flushing Study, Critical Loads, and Comparison to Nitrogen Loads 

In 1997, the Cape Cod Commission provided the Town of Bourne with $30,000 to 
conduct a tidal flushing study of the Pocasset and Megansett Harbor coastal systems. 
This study was subsequently completed by Woods Hole Group (WHG, 1999). 

During the development of a calibrated tidal flushing model, WHG installed seven 
temperature-depth-recorders (IDRs) and collected tidal elevations between September 
and November 1998. Shoreline and bathymetric information were also collected by 
WHG. Bathymetric information was collected using a fathometer connected to a 
differential global positioning system (GPS). Shoreline information was developed 
from US Geological Survey (USGS) quadrangle maps. 

Bathymetric and tidal information were incorporated into a tidal model that provided 
flushing rates and basin volumes for the subembayments presented in Table 6. The 
flushing rates are roughly consistent with previous analyses (Aubrey Consulting, 1991; 
Geyer, et al., 1997), although the analysis completed by WHG is more refined than the 
previous efforts. Further refinement of tidal interactions will occur when these 
embayments are reviewed under the Massachusetts Estuaries Project. 

Subembayments were identified by the tidal flushing model and subwatersheds were 
subsequently delineated by Commission staff (Figure 5) using a regional water table 
map developed during the Cape Cod Coastal Embayment Project (Eichner, et al., 1998b). 
Subwatersheds for Pocasset and Megansett Harbors are incorporated into the Marine 
Water Recharge Areas map, which accompanies the 2001 version of the Regional Policy 
Plan (CCC, 2001). 

Table 6. Residence Times and Volumes in the in the Pocasset and Megansett Harbor 
Systems 

Subembayment Volume at mean tide 

(m3) 
Pocasset Harbor (WHOLE) 2.17E07 
Red Brook Harbor 1.55E06 
Hen Cove 4.90E05 
Barlows Landing 2.97E06 
Megansett Harbor (WHOLE) 1.58E07 
Squetea=e Harbor 4.50E05 
Rands Harbor 9.29E04 
Fiddlers Cove 9.77E04 
Subembavments are identified on Fil'1lre 5. All data from WHG (1999). 
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Residence Time (days) 

Local System 
1.6 1.6 
1.2 17.2 
1.0 45.4 
0.9 63.6 
1.6 1.6 
0.6 20.2 
1.4 226.8 
2.4 402.6 
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Using the tidal volume and local residence times in Table 6, and the recommended 
nitrogen loading limits listed in Table 1, project staff developed critical loads for the 
listed subembayments and the system as a whole (Table 7). The comparison between 
the estimated nitrogen loads under existing and buildout conditions for respective 
watersheds is provided in Figure 6. Megansett and Pocasset Harbors are not 
specifically listed in the state surface-water classification regulations (314 CMR 4), 
therefore the default provisions in the regulation would classify them as SA waters. 

The projected nitrogen loading associated with buildout in the Pocasset Harbor 
subwatersheds will increase between 16 and 48 percent, while buildout nitrogen loads 
will increase existing loads between 23 and 43 percent in the Megansett Harbor 
subwatersheds. Existing and bui!dout nitrogen loading exceed the ORW critical load 
for Rands Harbor and Fiddlers Cove (see Figure 6). Existing loads do not exceed SA 
critical loads in any subwatershed. Buildout nitrogen loads exceed the SA critical load 
for Rands Harbor, but do not exceed any other SA critical load. 

Table 7. Critical and Watershed Nitrogen Loads in the Pocasset and Megansett Harbor 
Systems 

% 

Subembayment Watershed Nitrogen Load increase 
Critical Load (kg/ yr) 

(kg/yr)_ inN 
Load 

(acres) Existing Buildout ORW SA 
Pocasset Harbor 

4,676 26,389 33,600 27 263,481 790,442 
(WHOLE) 
Red Brook 

2,526 5,869 7,966 36 24,865 74,595 
Harbor 
Hen Cove 1,114 7,925 8,732 10 9,410 28,229 
Barlows 

211 2,762 3,191 16 63,293 189,880 
Landing 
Megansett 
Harbor 2,883 18,302 22,975 26 192,530 577,591 
(WHOLE) 
Squeteague 

1,045 3,914 5,121 31 14,252 42,756 
Harbor 
Rands Harbor 699 3,818 5,465 43 1,286 3,858 
Fiddlers Cove 74 975 1,204 23 803 2,410 
Subembayments are identified on Figure 6. ORW and SA critical loads based on loading limit in Table 1, 
which represent 0.05 nnm and 0.15 nnm additions to backcround nitrogen concentrations. 
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The nitrogen loads for the various watersheds are based on 2000 assessors and parcel 
information for Bourne and 2001 information for Falmouth. Unsewered residential 
nitrogen loads are based on the modified TB91-001 method discussed in the Methods 
section, which includes the use of average occupancy alone for the calculation of 
residential wastewater flows. There are 133 parcels in both Harbor watershed that are 
classified as nonresidental, including cranberry bogs, a golf course, commercial or 
industrial uses. Water uses were obtained for most of these parcels from the Bourne 
Water District (2001 volumes) and the Falmouth Water Department (1999-2001). 

In addition to the portions of the watersheds with town based parcel information, large 
portions of most of the watersheds extend into the Massachusetts Military Reservation 
(MMR). Wastewater from all but a few buildings on the MMR is treated at a centralized 
facility, which discharges its effluent to basins located just to the south of the Cape Cod 
Canal. Estimates of existing roof and lawn areas were included in the nitrogen loading 
calculations. 

In addition to land uses on the MMR, the groundwater contamination plume from the 
base landfill (i.e., the "LF-1" plume) is also located with the Harbor watersheds (Figure 
7). The primary contaminants of concern associated with this plume are solvent-based 
organic compounds, so limited sampling of nutrients has been conducted (e.g., Jacobs 
Engineering, 2000). Most of the nutrient monitoring has been collected ·in the middle of 
the plume, between its source at the landfill and th~ shoreline. Total nitrogen 
concentrations range between 0.004 and 0.5 milligrams per liter (mg/1). Based on 
information in Jacobs Engineering (2000), staff conservatively estimated a plume 
thickness of 90 feet with average concentrations of 0.05 and 0.5 mg/1 at the top and 
bottom of the plume, respectively. These concentrations are based on two wells, better 
resolution of the nutrient characteristics within the plume could be achieved with wells 
screened at discrete intervals throughout the thickness of the aquifer. Since the plume 
bifurcates with a portion discharging into Red Brook Harbor and a portion discharging 
or soon discharging into Squeteague Harbor, the width of the plume at the measuring 
point indicated in Figure 7 (approximately 5,250 ft) was divided equally between the 
two harbors. The volume of water discharging was determined assuming that 
groundwater travels one foot per day and porosity is 0.3. Using these assumptions, 600 
kg/ yr of nitrogen discharges or soon will discharge into Red Brook and Squeteague 
Harbors combined. Half of this mass is added to the watershed nitrogen loads for each 
of these harbors (see Table 7). Based on the comparison to the critical loads, it does not 
appear that the estimated load from LF-1 or even 10 times this load should be a 
nutrient-related ecological concern for Red Brook or Squeteague Harbor. 

Expected average nitrogen concentrations generally are lower than concentrations 
observed by Coalition for Buzzards Bay citizen samplers (Howes, et al., 1999). Table 8 
indicates the expected nitrogen concentrations based on the watershed land use 
analysis and average concentrations based on water quality sampling. The higher 
observed concentrations may be due to internal loading of nitrogen from the 
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embayments' sediments. Analyses planned for the Massachusetts Estuaries Project will 
help to explain these differences. 

Table 8. Comparison of Estimated and Observed Average Nitrogen Concentrations in 
Pocasset and Megansett Harbor 

Embavment Estimated N Cone.I Observed TN Conc.2 Difference 

(mg/I) (mg/I) 
Pocasset Harbor (WHOLE) 0.36 0.33 +0.03 

Red Brook Harbor 0.36 0.39 -0.03 

Hen Cove 0.39 0.41 -0.02 

Barlows Landing 0.35 0.41 -0.06 
Megansett Harbor (WHOLE) 0.36 0.37 -0.01 

Squeteague Harbor 0.36 0.46 -0.10 

Rands Harbor 0.51 ----
Fiddlers Cove 0.42 ----

1Backo-round concentration assumed to be 0.35 nnm. 2Results from Howes, et al., 1999 
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B. Potential Nitrogen Management Strategies for Rands Harbor 

The existing nitrogen load from the Rands Harbor subwatershed exceeds the ORW 
nitrogen loading limit and the buildout load exceeds both the ORW and SA limits (see 
Figure 6 and Table 7). Water quality monitoring of other systems around Cape Cod has 
shown that the ORW limit is most appropriate for healthy coastal ecosystems. 

Table 9 presents selected nitrogen management options for Rands Harbor watershed to 
reduce the current and buildout loads to less than the ORW and SA limits. The 
wastewater treatment nitrogen concentrations to meet the ORW limit are between O and 
3.5 ppm with reduced fertilizer loads and/ or preservation of future residential parcels 
as open space. Given these concentrations, it would likely require the installation of a 
centralized sewage treatment facility, possibly with its discharge outside of the 
watershed. Evaluation of this possibility would have to weigh the cost and siting issues 
associated with these types of systems, as well as considering the likelihood and cost of 
attaining the required reductions in fertilizer use and land use preservation. 

Meeting the SA standard would require a lower level of wastewater treatment, but still 
a change from conventional Title 5 septic systems. The range of concentrations (20 - 24 
ppm) for the nitrogen treatment levels in Table 9 is associated with current state
approved denitrifying septic systems. Attaining this level of treatment for all properties 
within the watershed would require an evaluation of costs, management strategies to 
ensure the required performance, and potential siting issues associated with 
neighborhood facilities. 

The proposed wastewater management options to meet the nitrogen loading limits for 
Rands Harbor would require the development of a strategy to change the current 
wastewater infrastructure in this watershed to one that offers a higher level of nitrogen 
treatment. Before committing to the development of such a strategy, project staff 
recommend that a more refined nitrogen loading assessment be completed 
incorporating available water quality monitoring available from the Coalition for 
Buzzards Bay. This assessment would be comparable to the assessments planned under 
the Massachusetts Estuaries Project (MEP). This watershed would be addressed in the 
later years of the planned six year scope of the MEP. If inadequate state funding is 
made available to continue the MEP beyond the initial two years, project staff 
recommend that the towns work with the Cape Cod Commission to secure adequate 
state funding to ensure that a MEP-style project is completed. 
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Table 9. Selected Nitrogen Management Options Reviewed (Rands Harbor) 

% Nitrogen Reduction Necessary Future 

Nitrogen Limit Existing or 
residential 

Wastewater Fertilizer parcels 
Buildout 

Concentration Load preserved as 
oven space 

ORW Existing 100% (0 ppm discharge) none ---
ORW Existing 90% (3.5 ppm discharge) 50% ---
ORW Buildout 100% (0 ppm discharge) 50% none 

ORW Buildout 97% (1 ppm discharge) 50% 79/159 

SA Buildout 31 % (24 ppm discharge) 50% none 

SA Buildout 43% (20 ppm discharge) none -
All analyses assume 2000 Census seasonal development (77.1 % year-round); at buildout 159 additional 
residential lots are projected. ORW = Critical Load based on 0.05 ppm nitrogen addition. SA = Critical 
Load based on 0.15 ppm nitrogen addition. 

C. Potential Nitrogen Management Strategies for Fiddlers Cove 

The existing and buildout nitrogen loads from the Fiddlers Cove subwatershed exceeds 
the ORW nitrogen loading limit (see Figure 6 and Table 7). Water quality monitoring of 
other systems around Cape Cod has shown that the ORW limit is most appropriate for 
healthy coastal ecosystems. 

Table 10 presents selected nitrogen management options for Fiddlers Cove watershed 
to reduce the current and buildout loads to less than the ORW limits. The wastewater 
treatment nitrogen concentrations to meet the ORW limit are 26 ppm without any 
fertilizer reductions and 29 ppm with reduced fertilizer loads. These concentrations can 
be attained through the use of state-approved denitrifying septic systems throughout 
the watershed or use of higher treatment neighborhood systems in selected areas. The 
additional 23 residential lots projected at buildout require lower overall wastewater 
nitrogen concentrations throughout the watershed: 18 ppm without fertilizer 
reductions or 22 ppm with a 50% fertilizer reduction. The lowest current state 
denitrifying septic system permit concentration is 19 ppm for residential systems. This 
concentration can be met at buildout with a fertilizer reduction or preservation of a 
portion of the future residential lots as open space. Evaluation of the use of watershed
wide use of denitrifying septic systems and fertilizer application reductions would have 
tci include consideration of maintenance arrangements to ensure that optimal 
performance is maintained in these systems, as well as evaluation of costs, siting issues, 
and management. 
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The proposed wastewater management options to meet the nitrogen loading limits for 
Fiddlers Cove would require the development of a strategy to change the current 
wastewater infrastructure in this watershed to one that offers a higher level of nitrogen 
treatment. Before committing to the development of such a strategy, project staff 
recommend that a more refined nitrogen loading assessment be completed 
incorporating available water quality monitoring available from the Coalition for 
Buzzards Bay. This assessment would be comparable to the assessments planned under 
the Massachusetts Estuaries Project (MEP). This watershed would be addressed in the 
later years of the planned six year scope of the MEP. If inadequate state funding is 
made available to continue the MEP beyond the initial two years, project staff 
recommend that the towns work with the Cape Cod Commission to secure adequate 
state funding to ensure that a MEP-style project is completed. 

Table 10. Selected Nitrogen Management Options Reviewed (Fiddlers Cove) 

% Nitrogen Reduction Necessary Future 
residential 

Nitrogen Existing or 
parcels 

Limit Buildout Wastewater Concentration Fertilizer Load preserved as 
open space 

ORW Existing 26% (26 ppm discharge) none ----
ORW Existing 17% (29 ppm discharge) 50% -----
ORW Buildout 49% (18 ppm discharge) none none 

ORW Buildout 37% (22 ppm discharge) 50% none 

ORW Buildout 29% (25 oom discharge) 50% 11/23 
All analyses assume 2000 Census seasonal development (77.1 % year-round); at buildout 23 additional 
residential lots are projected. ORW = Critical Load based on 0.05 ppm nitrogen addition. 

D. Next Stepsilliscussion/Recommendations 

The assessment of the Pocasset Harbor and Megansett Harbor systems documented in 
this report indicates that the Rands Harbor and Fiddlers Cove portion of Megansett 
Harbor are overloaded with nitrogen. Because of the likely high cost associated with 
improving the wastewater infrastructure to meet the ORW nitrogen limit for these 
subembayments, project staff suggest that better characterization of the water quality 
and ecosystems should be undertaken before pursuing infrastructure planning. This 
characterization should evaluate the existing Coalition for Buzzards Bay water quality 
data to identify additional water quality data that maybe necessary, an evaluation of 
the benthic sediments, including their biota, and their potential for nitrogen 
regeneration, and an evaluation of the dominant plants in the system. This additional 
information could be used to refine the above analyses such that adequate water quality 
information can be combined with the existing tidal model to produce a water quality 
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model. These steps are anticipated to be completed under the Massachusetts Estuaries 
Project. 

In the interim, the Town of Falmouth should consider purchase of available properties 
within these watersheds. Purchasing and preserving properties limits additional 
nitrogen that would come from these properties if they are otherwise developed and 
preserves their future potential use for siting of neighborhood scale wastewater 
treatment facilities. The town could also consider implementation of a wastewater 
management district structure similar to the one proposed for New Silver Beach and the 
West Falmouth Harbor watershed. 

If the town wishes to pursue a wastewater management district or wishes to reserve 
time to evaluate potential options, the District of Critical Planning Concern (DCPC) 
provisions of the Cape Cod Commission Act (Section 10 of the Act) could also be used. 
These provisions could allow the town to institute a limited moratorium on 
development within the watershed and use the DCPC process to facilitate community 
discussions regarding appropriate mitigation, nitrogen targets, and potential costs. 
Discussions of management options could also occur through the existing facilities 
planning process or a board of health permitting moratorium for a period certain. 
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IV. CONCLUSIONS 

Excessive nitrogen loading in near coastal waters creates conditions that are 
incompatible with the shellfish, fish, and water quality expected on Cape Cod. The 
determination of nitrogen loading excess requires an individualized characterization of 
each embayment system. This consists of 1) development of an understanding of tidal 
exchange rates of water within various parts of the system, 2} delineation of watersheds 
to tidally restricted sections, 3) determination of nitrogen loads generated from land 
uses within the respective watersheds, and 4) comparisons of these nitrogen loads to 
standards associated with sustainable nitrogen loads. This information can be refined 
with water quality information, sediment and benthic biota characterization, and 
changes in eelgrass coverage to produce more complete representation of the system, 
including a calibrated water quality model. Model of this sort can then be used to 
explore community discussions of expected water quality and willingness to fund 
changes in the treatment of wastewater, which is the major source of nitrogen to these 
waters. 

This project begins the process of developing information for these types of community 
discussions in the towns of Barnstable, Falmouth, and Bourne for the Barnstable 
Harbor, Pocasset Harbor, and Megansett Harbor embayments. These assessments are 
part of an overall effort by the Cape Cod Commission, the state Department of 
Environmental Protection, and a number of other agencies and organizations to develop 
basic information for all of the coastal systems surrbunding Cape Cod. Further 
refinement of these analyses will be completed during the course of the current 
Massachusetts Estuaries Project provided that adequate state funding is secured to 
allow the project to complete the remaining four years of the six year project. In the 
interim, analyses like those completed for this project have been used in discussions of 
future development, existing wastewater infrastructure, community plans, and 
Commission regulatory decisions. Commission staff is available to assist in the review 
of this information and any subsequent characterization efforts. 

The assessment of the Barnstable Harbor system documented in this report indicates 
that the Huckins Creek portion of the Barnstable Harbor system is overloaded with 
nitrogen. It is recommended that the Town of Barnstable complete the necessary three 
years worth of water quality monitoring for Barnstable Harbor, with particular 
attention to the Huckins Creek portion of the system, to help to calibrate and refine this 
nitrogen loading analysis under the Massachusetts Estuaries Project. l tis also 
recommended that the town consider interim steps to limit future nitrogen loading 
additions, preserve available undeveloped land within the Huckins Creek watershed 
for potential neighborhood wastewater treatment facilities, and evaluate potential 
connection of properties within this watershed to the existing municipal wastewater 
treatment system. 
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The assessment of the Pocasset Harbor and Megansett Harbor systems documented in 
this report indicates that the Rands Harbor and Fiddlers Cove portion of Megansett 
Harbor are overloaded with nitrogen. It is recommended that a better characterization 
of the water quality and ecosystems should be undertaken before pursuing 
infrastructure planning for these subwatersheds. This characterization should evaluate 
the existing Coalition for Buzzards Bay water quality data to identify additional water 
quality data that may be necessary, an evaluation of the benthic sediments, including 
their biota, and their potential for nitrogen regeneration, and an evaluation of the 
dominant plants in the system. This additional information could be used to refine the 
above analyses such that adequate water quality information can be combined with the 
existing tidal model to produce a water quality model. These steps are anticipated to be 
completed under the Massachusetts Estuaries Project. 

In the interim, the Town of Falmouth should consider purchase of available properties 
within these watersheds. Purchasing and preserving properties limits additional 
nitrogen that would come from these properties if they are otherwise developed and 
preserves their future potential use for siting of neighborhood scale wastewater 
treatment facilities. The town could also consider implementation of a wastewater 
management district structure similar to the one proposed for New Silver Beach and the 
West Falmouth Harbor watershed. 
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