Horsley Witten Group
Sustainable Environmental Solutions
5RXWH$6DQGZLFK0$

3KRQH)D[www.horsleywitten.com

Town of Brewster, Massachusetts

Pleasant Bay Nitrogen Management Alternatives
Analysis Report
Final Report
.BSDI 2015

Submitted to:
Ms. Susan M. Leven
Town Planner
Brewster Town Hall
2198 Main Street
Brewster, Massachusetts 02631
Submitted by:
Horsley Witten Group, Inc.

Pleasant Bay Nitrogen Management Alternatives Analysis Report
Town of Brewster, MA

1.0

INTRODUCTION .................................................................................................................... 3

2.0

PROPOSED ALTERNATIVES ................................................................................................. 3

2.1
)HUWLOL]HU5HGXFWLRQDW%UHZVWHU¶V*ROI&RXUVHV ........................................................... 5
2.2
Fertilizer Reduction by Residents: A Bylaw .................................................................. 7
2.3
Onsite, Alternative Nitrogen Treatment Systems ........................................................... 9
2.4
Alternative Toilets ........................................................................................................ 12
2.5
Connection to Orleans WWTF ..................................................................................... 15
2.6
Purchase of Sewer Connections in Orleans .................................................................. 18
2.7
Cluster/Neighborhood Treatment Systems .................................................................. 19
2.8
Irrigation Wells to Capture N and Return it to Beneficial Use .................................... 26
2.9
Permeable Reactive Barrier to Treat Groundwater ...................................................... 29
2.10 Shellfish Propagation ................................................................................................... 32
2.11 Alternative Summary ................................................................................................... 36
3.0
RANKING CRITERIA .......................................................................................................... 36
3.1
Cost ............................................................................................................................... 37
3.2
Timeframe for Implementation .................................................................................... 37
3.3
Time of Travel/Distance from the Bay......................................................................... 38
3.4
Proven Performance ..................................................................................................... 39
3.5
Long Term Maintenance Requirements ....................................................................... 40
3.6
Nitrogen Reduction Achievable Through Full Implementation ................................... 41
3.7
Ability to Address Nitrogen Load from Buildout ........................................................ 41
3.8
Ranking Results ............................................................................................................ 41
4.0
RECOMMENDED ALTERNATIVE ........................................................................................ 43
5.0

IMPLEMENTATION PLAN ................................................................................................... 44

5.1
Golf Fertilizer Management ......................................................................................... 44
5.2
Town-wide Fertilizer Bylaw ........................................................................................ 44
5.3
Nitrogen Recapture through Irrigation ......................................................................... 45
5.4
Shellfish Propagation ................................................................................................... 45
5.5
Planning for Contingencies .......................................................................................... 47
6.0
REFERENCES ................................................................................................................. 47
TABLES
Table 1. Brewster Planning Unit Nitrogen Reductions .................................................................. 4
Pleasant Bay Nitrogen Management Alternatives Analysis Report
Town of Brewster, MA
1

March 2015
Horsley Witten Group, Inc.

Table 2. Recent Fertilizer Application Rates at Captains Golf Course .......................................... 6
Table 3. Summary Cost Information for Alternatives .................................................................. 36
Table 4. Ranking Results for Nitrogen Management Alternatives ............................................... 42
Table 5. Costs and Nitrogen Reductions Associated with the Recommended Plan ..................... 43
FIGURES
Figure 1. Connection to Orleans WWTF ...................................................................................... 17
Figure 2. Neighborhood Parcel 1 for Potential WWTF ................................................................ 22
Figure 3. Neighborhood Parcel 2 for Potential WWTF ................................................................ 24
Figure 4. Neighborhood Parcel 3 for Potential WWTF ................................................................ 25
Figure 5. Irrigation and Monitoring Wells at Captains Golf Course ............................................ 27
Figure 6. N Concentrations at Irrigation and Monitoring Wells (Captains Golf Course) ............ 28
Figure 7. Potential Locations for PRBs ........................................................................................ 30
Figure 8. 10-Year Time of Travel for Groundwater to Pleasant Bay. .......................................... 39

Pleasant Bay Nitrogen Management Alternatives Analysis Report
Town of Brewster, MA
2

March 2015
Horsley Witten Group, Inc.

1.0 INTRODUCTION
The Horsley Witten Group, Inc. (HW) developed this document to summarize our analysis of the
nitrogen management alternatives for the Town of %UHZVWHU¶VFRQWULEXWLRQWRWKHPleasant Bay
Watershed identified during Phase II RIWKH7RZQRI%UHZVWHU¶VIntegrated Water Management
Plan (IWRMP). In addition to the Phase II alternatives, HW discussed with the Town the
adoption of a fertilizer reduction bylaw for residents, the purchase of sewer connections for
homes in Orleans, and the development of shellfish farming as three additional nitrogen
management alternatives to help the Town meet its total maximum daily load (TMDL) for
nitrogen (N) in Pleasant Bay. These three additional alternatives are also analyzed in this
document.
The alternatives address all forms of nitrogen management, from reducing nitrogen input (e.g.,
nitrogen fertilizer reduction, improved wastewater treatment), to treating nitrogen upgradient of
the Bay as it travels through groundwater (e.g., fertigation wells, permeable reactive barriers),
and to removing nitrogen once it has reached the Bay (e.g., shellfish propagation). For each
alternative, this document:
x Describes the alternative, and identifies potential locations for their implementation;
x Estimates nitrogen reduction and the timeframe for beneficial impact to Pleasant Bay;
x Provides cost estimates in terms of capital cost, operation and maintenance costs,
annualized cost, and cost per pound of nitrogen managed annually;
x Describes the pros and cons of each alternative; and
x Identifies any road blocks to implementation, and additional considerations for the Town.
In order to identify the alternative, or the combination of alternatives most likely to be
implemented by the Town to meet its TMDL for nitrogen in Pleasant Bay, HW worked with the
Town to identify ranking criteria to assist the Town of Brewster in comparing and ranking the
alternatives. This document describes the ranking criteria, and summarizes the results of the
alternative ranking process. Finally, this document provides recommendations to the Town for
moving forward with implementation. A placeholder has been included for an implementation
plan to be developed following discussions with the Town.
2.0 PROPOSED ALTERNATIVES
This section presents individual nitrogen management alternatives, starting with the alternatives
reducing nitrogen input, such as fertilizer reduction and improved wastewater management. The
second series of alternatives remove nitrogen from groundwater before it reaches Pleasant Bay,
such as fertigation wells and permeable reactive barriers. The last alternative addresses nitrogen
that has already reached the Bay: the propagation of shellfish takes advDQWDJHRIWKHDQLPDOV¶
filter feeding ability to remove nutrients from the water.
Nitrogen reduction and cost estimates are based on the amount of nitrogen the Town needs to
manage to meet its TMDL for Pleasant Bay, as identified in Phase II of the IWRMP. Table 1
summarizes the amount of nitrogen reduction needed for each planning unit within the Pleasant
Bay Watershed and Brewster in pounds (lbs) per year. It also provides estimates of the number
of septic system upgrades required to meet the nitrogen reduction. Table 1 estimates are based
on current development conditions in Brewster, and on the following assumptions:
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x

x

Wastewater effluent concentrations of:
o 35 milligrams per liter (mg/L) for septic systems;
o 19 mg/L for advanced septic systems; and
o 5 mg/L for wastewater treatment facilities (WWTF).
The number of septic system upgrades in the Pleasant Bay planning unit assumes that
Captains Golf Course maintains its reduced level of fertilizer applications achieved
since the development of the Massachusetts Estuaries Project (MEP) planning model.

Table 1. Brewster Planning Unit Nitrogen Reductions
Nitrogen
Number of
Reduction
Upgrades to
Planning Unit
Residential
Needed To
Advanced Septic
Names
Parcels
Meet TMDL
(46% reduction)
Available
(lbs/year)
The River Group
672
229
103
Quanset Pond
239
48
37
Little Pleasant Bay
141
12
22
Pleasant Bay
3,240
351
183*
TOTAL
4,291**
641
345

Upgrades to
Advanced WWTF
(86% reduction)
55
20
12
98*
184

*

Assumes past reductions in fertilizer applications at Captains.
This total would be reduced to approximately 2,240 lbs of N assuming past reductions in fertilizer
applications at Captains.
**

Costs for each alternative are described in terms of capital costs, which include the upfront costs
of implementing the alternative (e.g., wastewater treatment facility, permeable reactive barrier
installation), and in terms of annual operation and maintenance (O&M) costs. Costs for certain
alternatives can then be broken down in terms of cost per unit of housing, but this is not
applicable to all alternatives (e.g., golf course fertilizer reduction). In order to compare all
alternatives, HW converted the planning-level capital and O&M costs for each alternative into an
annual cost per pound (lb) of N removed.
The cost for each alternative in $/lb N/year is estimated as follows:
x Capital investment is calculated, and assumed to be invested upfront in the first year for
all alternatives, including alternatives that may be phased for budgetary purposes, such as
sewering;
x O&M costs are estimated on an annual basis over a period of 20 years;
x 7KHXSIURQWFDSLWDOLQYHVWPHQWDQGDQQXDOFRVWVDUHDQQXDOL]HGLQWRDQ³DQQXLW\´FRVW
assuming a 3% annual inflation rate and a 20-year time horizon; and
x The annuity cost is divided by the amount of nitrogen removed by that alternative to
obtain a cost in $/lb N/year.
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2.1
2.1.1

FERTILIZER REDUCTION AT BREWSTER¶S GOLF COURSES
Description

The MEP model for Pleasant Bay is based on the assumption that Captains and Cape Cod
National golf courses apply fertilizer in the amounts of approximately 26,700 lbs, and 7,120 lbs
of nitrogen per year, respectively. The MEP model also assumes that approximately 20% of all
fertilizer applied reaches groundwater, such that the resulting load from Captains and Cape Cod
National golf courses was modeled as approximately 5,340 lbs and 1,424 lbs of nitrogen per
year, respectively.
However, improved management practices at Captains Golf Course have significantly reduced
the total amount of fertilizer applied by the golf course since then. HW¶VFRQYHUVDWLRQVZLWKWKH
golf course around 2010 had indicated significant fertilizer reductions. These were also recently
confirmed over the phone with the golf course superintendent, and are discussed below.
The Cape Cod National golf course was designed in the late 1990s with a more restrictive
fertilizer use than had been historically observed on other similar courses, including at Captains.
This means that fertilizer applications were relatively low when the golf course opened in 1998,
and have been stable since then. For comparison purposes, the MEP model reported almost four
times the nitrogen fertilizer use on Captains than on Cape Cod National for a golf course with
about twice the number of holes. HW contacted the manager at Cape Cod National, who
confirmed that no nitrogen reduction had occurred recently because nitrogen fertilizer
applications were already comparatively low to begin with.
2.1.2

N Reduction and Time of Travel

Captains Golf Course fertilizer data from 2009 collected by HW for the development of the 2010
Pleasant Bay Fertilizer Management Plan on behalf of the Pleasant Bay Alliance indicated
fertilizer applications of 14,900 to 18,000 lbs per year, showing a reduction in fertilizer
applications of 8,700 to 11,800 lbs per year (i.e., 10,250 when averaged). Assuming nitrogen
fertilizer leaches at a rate of a 20%, the fertilizer reduction at Captains results in approximately
2,050 lbs less nitrogen loading to Pleasant Bay annually.
HW recently contacted Captains Golf Course to discXVVUHFHQW\HDUV¶IHUWLOL]HUDSSOLFDWLRQVDQG
confirm that reduced fertilizer use is still an ongoing practice. Table 2 summarizes Captains
fertilizer practices on various areas of the golf course, as reported by the superintendent. It
shows that the annual fertilizer use has been reduced by 12,900 lbs since the MEP model was
developed. This is an even greater fertilizer use reduction than was reported in 2010, but these
reduced levels should be confirmed as sustainable with the golf course before credit should be
requested towards the TMDL. More recent data from the last few years can be used to further
confirm the appropriate nitrogen reduction to attribute to the golf course.
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Table 2. Recent Fertilizer Application Rates at Captains Golf Course
Fertilizer
Application
(lbs N/1,000 ft2)

Managed Area
(acres)

Managed
Area
(1,000 ft2)

N Fertilizer
Applied
(lbs N)

Green

3.5

7

305

1,067

Tee

2.5

8

348

871

2

136

5,924

11,848

6,577

13,786

Turf Type

Other
(including fairway and rough)

Total
N/A
151
(Source: Personal Communication with golf course superintendent)

During conversations with Cape Cod National Golf Course in 2009, the golf course had
mentioned having reduced nitrogen fertilizer use in 2004 to 2006 by an average of 1,000 lbs of N
per year, corresponding to a nitrogen load reduction of approximately 200 lbs N to Pleasant Bay.
Since then, HW obtained 13 years of data on fertilizer applications at Cape Cod National from
WKH7RZQRI%UHZVWHU¶V'HSDUWPHQWRI+HDOWK. The data show a fertilizer use reduction of about
1,000 lbs in 2004-2006 as compared to 1999-2003, when the average annual use was closer to
8,000 lbs. However, this nitrogen reduction was already taken into account by the MEP model,
since it assumes an annual load of 7,120 lbs N.
The golf course significantly reduced N fertilizer use in 2009-2011, during which time an
average of 5,100 lbs N was applied. However, N fertilizer use increased back up to about 7,000
lbs in 2012. This is consistent with the gROIFRXUVH¶VH[WHQVLYHVRLOWHVWLQJSUDFWLFHVZKLFK
enable Cape Cod National to only apply fertilizer when it is needed. However, annual variability
from one year to another based on soil needs does not represent a true nitrogen reduction. The
average nitrogen application over the 13 years is 6,925 lbs N, slightly lower than the MEP
model, but not significant enough to claim a nitrogen reduction towards the TMDL.
During Phase II of the IWRMP (HW, 2013), a reduced fertilizer use of 10,250 lbs for Captains
and 1,000 lbs for Cape Cod National, and the resulting reduced N load to Pleasant Bay were
taken into account. A reduced load of 2,250 lbs N to Pleasant Bay is equivalent to upgrading
346 homes to an advanced septic system, or to connecting 184 homes to an advanced WWTF.
However, only the reduced fertilizer use at Captains should be taken into account, which is
equivalent to a load reduction of 2,050 lbs N to Pleasant Bay, or the upgrade of 168 homes to an
advanced WWTF.
The Cape Cod National Golf Course is located entirely within the 10-year time of travel to
Pleasant Bay, while Captains is between 0.8 and 1.7 miles from the Bay, mostly outside the 10year time of travel boundary. This indicates that Captains¶ recent fertilizer reduction may take a
few more years before they positively impact Pleasant Bay.
2.1.3

Cost

Reducing fertilizer use at Captains Golf Course will reduce operating costs for the Town of
Brewster, but the savings resulting from purchasing less fertilizer is minimal compared to the
Pleasant Bay Nitrogen Management Alternatives Analysis Report
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savings achieved from upgrading a smaller number of septic systems. Fertilizer reductions could
account for over 50% of the N reduction requirement for Brewster to meet its TMDL.
The upgrade of a single family home from a standard septic system to an advanced system
results in a reduced nitrogen contribution of approximately 6.5 lbs per year, with an associated
capital cost of $15,000 to $24,000 (see Section 2.3). A connection of that same residence to an
advanced WWTF results in a reduced nitrogen contribution of approximately 12.2 lbs per year
with an associated capital cost of approximately $25,000 to $35,000 (see Section 2.7). The
reduction in fertilizer use at the Captains is equivalent to upgrading 315 homes to advanced
septic systems, or to connecting 168 homes to an advanced WWTF. It would save the Town
between $4.6 million and $5.8 million in upfront capital costs.
2.1.4

Pros and Cons

The financial benefits discussed above are significant and warrant further discussion with
Captains Golf Course and the Massachusetts Department of Environmental Protection (DEP). In
addition, Captains is closer to the Bay than many of the homes in Pleasant Bay so that the
positive impact to Pleasant Bay from reduced fertilizer use may be visible sooner than with the
implementation of other alternatives further upgradient. On the other hand, DEP has indicated
that for this type of N to be used towards meeting the TMDL, ongoing reporting would be
required on an annual basis to document N fertilizer use at a golf course. This will need to be
discussed with Captains.
2.1.5

Additional Considerations

Golf is an important contributor to the local tourism industry on Cape Cod, and the Town should
involve Captains Golf Course in discussions about reduced fertilizer use. Captains needs to
accept the reduced nitrogen fertilizer use on a long-term basis before this alternative can be
implemented. This may lead the golf course to certain management considerations to ensure
WKH\PDLQWDLQFRQGLWLRQVDSSURSULDWHWRWKHLUSOD\HUV¶H[SHFWDWLRQVWhile additional fertilizer
reductions may be possible at Cape Cod National, Captains has indicated that they could not
reduce N fertilizer use any further, and their current use is comparable to Captains¶reduced use
when adjusted for the number of holes.
2.2
2.2.1

FERTILIZER REDUCTION BY RESIDENTS: A BYLAW
Description and Conceptual Design

Golf courses are not the only users of fertilizers. In fact, a recent study by the Cape Cod
Commission on fertilizer and pesticide use across the Cape indicated that homeowners are by far
the largest consumers of fertilizers and pesticides. While this may not be the case within the
Brewster portion of the Pleasant Bay Watershed because this portion of the watershed includes
both Captains and Cape Cod National golf courses, homeowners still contribute a non-negligible
amount of fertilizer.
The Cape Cod Commission has adopted a Cape-wide District of Critical Planning Concern
(DCPC) to promote fertilizer management and is asking each town to consider adopting a
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fertilizer management regulation based on a model they are currently developing. The adoption
of the DCPC is a direct result of recent state legislation that clarified Barnstable &RXQW\¶VDELOLW\
to manage fertilizers. The Town of Brewster has passed its own fertilizer management bylaw to
promote improved fertilizer management practices across the Town, particularly in Pleasant Bay.
2.2.2

N Reduction and Time of Travel

A review of parcel data in GIS indicates that approximately 650 residential, commercial, and
industrial properties in Brewster are located within the Pleasant Bay Watershed. Only about 20
of those properties are commercial and industrial, therefore the majority of the properties are
residential.
The MEP model makes the following assumptions for the Pleasant Bay Watershed:
x Each residential property has a 5,000 square foot lawn;
x Each property fertilizes at a rate of 1.08 lbs/1,000 square feet; and
x 20% of the N fertilizers leach to the ground.
The MEP model assumptions applied to approximately 630 residential properties results in a
nitrogen contribution to the Bay of approximately 680 lbs N/year. The Cape Cod Commission
reports that a 25%-75% credit for N loads from residential properties may be given to towns that
implement a fertilizer reduction bylaw and its associated public education campaign. Fifty
percent, or half of the 680 lb residential fertilizer contribution in N would be approximately 340
lbs. Implementation of a nitrogen fertilizer reduction bylaw in Brewster could provide credit to
the Town for an equivalent N reduction of approximately 340 lbs, or over 15% of the remaining
N load after N fertilizer reductions at Captains Golf Course.
Residential properties are distributed throughout the entire Pleasant Bay Watershed, so that
distance to the Bay will vary from a close proximity to a few miles, depending on which
properties abide by the bylaw. While the measure of distance to the Bay does not apply well to
this alternative, it should be taken into account when the public education campaign is
developed. There may be direct benefits to focusing on properties closer to the Bay, as well as
properties in close proximity to other impacted waters such as ponds.
2.2.3

Cost

The cost of implementing a nitrogen management bylaw in Town will be very limited.
However, a nitrogen reduction credit for the Town of approximately 340 lbs can be compared to
what it would cost to obtain a similar nitrogen reduction from implementing other alternatives.
For example, installing an advanced onsite system (see Section 2.3) can reduce the nitrogen
contribution of a property by approximately 6.5 lbs. This means that implementation of a
fertilizer reduction bylaw would be equivalent to upgrading the septic system to an advanced
system on 52 homes. Implementing a fertilizer reduction bylaw in Brewster could save the
Town between $800,000 and $1.2 million in capital investment from the 52 septic system
upgrades the bylaw could potentially replace.
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2.2.4

Pros and Cons

This alternative is inexpensive to implement, and while it would not be sufficient on its own for
Brewster to meet its TMDL, it would reduce the amount of N reduction needed from other
alternatives. In addition, implementing a nitrogen management bylaw provides an opportunity to
raise awareness about fertilizer use, water quality, and how the two are related. It is important
for residents to understand that golf courses are not the only fertilizer users: they, or their
neighbors, most likely apply fertilizers to their lawns as well. It is likely that the golf courses
would welcome this alternative.
2.2.5

Additional Considerations

The Town must meet an extended deadline to adopt a fertilizer regulation. As noted above, the
Cape Cod Commission has adopted a Cape-wide DCPC to promote fertilizer management and is
asking each town to consider adopting a fertilizer management regulation based on a model they
are currently developing. The adoption of the DCPC is a direct result of recent state legislation ,
however, implementing regulations must be in place prior to January 1, 2015. For that reason,
any actions the Town is considering for fertilizer management must be adopted by January 1,
2015 in order to comply with the state law that began this process.
2.3
2.3.1

ONSITE, ALTERNATIVE NITROGEN TREATMENT SYSTEMS
Description and Conceptual Design

Alternative systems are typically upgraded from traditional septic systems by adding a
component that reduces nitrogen concentrations from the effluent before it is discharged to the
ground. They are installed on a single home, or cluster of homes, and usually cost more to
operate and maintain than a traditional septic system. The increased O&M costs are due to
power needs for the system (e.g., pumps, aerators), required water quality sampling, and other
elements that are not needed for a traditional onsite system.
2.3.2

N Reduction and Time of Travel

Wastewater effluent from a traditional septic system is typically dispersed to the ground through
a leachfield at a concentration of around 35 mg/L of N. Alternative treatment systems can
reduce the N concentration from the effluent to much lower levels. DEP has approved a number
of alternative systems for residential systems that would provide significant nitrogen reduction.
DEP has approved residential systems for meeting effluent concentrations of 19 mg/L and 10
mg/L. The focus of this alternative is on systems meeting effluent concentrations of 19 mg/L
because they are significantly less expensive to install, operate, and maintain than systems
meeting lower N concentrations, which require additional elements and moving parts.
Under Phase II of the IWRMP, HW had estimated average water use per household in Brewster
of slightly less than 150 gallons per day. Assuming that 10% of the water is used for outdoor
purposes, the remaining 90% makes its way to the septic system. At a concentration of 35 mg/L
for the effluent, an average household in Brewster generates approximately 14.2 lbs N per year.
Upgrading a traditional system to an advanced septic system meeting an effluent concentration
of 19 mg/L provides an equivalent 6.5 lbs of N reduction per household. (HW, 2013)
Pleasant Bay Nitrogen Management Alternatives Analysis Report
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As indicated in Table 1, 4,291 lbs of N reduction per year are needed for Brewster to meet its
TMDL. Assuming that the Captains golf course can reduce its N fertilizer use by an average of
10,250 lbs a year compared to fertilizer use estimates from the MEP model, this could reduce the
total N reduction needed by 2,050 lbs, leaving 2,241 lbs N for other alternatives. If the upgrade
of one septic system to an advanced system results in a 6.5 lb N reduction, the Town of Brewster
would need to upgrade 345 homes across the Pleasant Bay Watershed to meet its TMDL. This
number could be reduced with the implementation of other alternatives.
Similar to the residential fertilizer reduction bylaw, residential properties that could be upgraded
are distributed throughout the entire Pleasant Bay Watershed, so that distance to the Bay will
vary from a close proximity to a few miles, depending on which properties are upgraded. While
the measure of distance to the Bay does not apply well to this alternative, it should be taken into
account when identifying candidate homes for upgrade. There would be direct benefits to
focusing on properties closer to the Bay, as well as properties in close proximity to other
impacted waters such as ponds.
2.3.3

Cost

The capital cost for this alternative will vary depending on the existing septic system at the
property to be upgraded. If the leachfield and the septic tank at a given property are in good
condition, and can be retrofitted, the cost for that property could be as low as $15,000 for an
installed system capable of meeting 19 mg/L. This cost includes the design, materials, and
installation. However, if a new septic tank and leachfield are needed, the cost could increase to
approximately $24,000 per system.
These cost estimates are based on price quotes obtained from a manufacturer of technology
approved to meet 19 mg/L in Massachusetts. They are consistent with costs quoted in the 2010
Guidance to Cape Cod Towns Undertaking Comprehensive Wastewater Management Planning
prepared by the Barnstable County Wastewater Cost Task Force (2010). The guidance estimates
that nitrogen-removing systems typically add $9,000 to $15,000 to the cost of the basic septic
tank and leaching field system, resulting in total costs of $17,000 to $30,000 for an advanced
system. However, in the case of this alternative, the Town would be upgrading an existing septic
system. If the system meets Title 5 and can be retrofitted by taking advantage of the existing
septic tank and leachfield, the upgrade cost would be on the lower end of the range. If not, the
upgrade cost would be similar to a new system.
Initially O&M may need to be easier to do on a home-by-home basis, but DEP has indicated that
it would require some form of centralized management for advanced septic systems. This could
be either managed by the Town, or contracted to a qualified O&M service provider. If a large
number of systems are installed (e.g., hundreds) in Town, there may be economies of scale in
setting up a Town-operated management entity for the systems. Both the HW and the 2010
Guidance estimate O&M costs for an individual advanced system at approximately $1,200 to
$1,300 per year per system, including parts, labor, and effluent testing.
The present value of the capital cost and 20 years of O&M costs on 345 systems ranges from
$11.5 to $14.9 million. This translates to a total cost per household of $33,600 to $43,300.
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These 345 advanced systems would remove approximately 2,241 pounds of N per year, at an
average cost of $350 to $450/lb N/year.
2.3.4

Pros and Cons

This alternative can be implemented one property at a time, and while significant, the
infrastructure costs could be phased over multiple years. An initial phase could prioritize
properties located closer to Pleasant Bay, or within close proximity to a pond. The upgrade of
such properties would have a more immediate impact on water quality in the Bay. This strategy
has been adopted by the State of Maryland, which has identified properties within 1,000 feet of
the Chesapeake Bay and its tributaries as a priority for upgrading septic systems.
If this alternative is used to meet the TMDL for Brewster in Pleasant Bay, the Town will have to
promote the alternative and identify homeowners willing to upgrade their systems. The Town
will also have to identify a funding source, and determine who should pay for the system
upgrades. An advanced onsite system is an upgrade to a system currently entirely owned by an
individual homeowner. Several questions should be considered:
x Should all residents pay for towards upgrading a limited number of septic systems, or
should the homeowner bear most of the cost?
x If the Town decides to pay for upfront capital costs, will the homeowner have to pay for
the regular O&M cost?
Performance of the advanced systems will be highly dependent on public education, whether
homeowners understand the benefits of an advanced system, and most likely who manages and
pays for the O&M. Due to the increased O&M cost of an advanced system compared to a
traditional system, some residents may be concerned about the impact of an onsite system
upgrade on their property value. One of the big questions on this issue relates to cost, and who
will pay for the upfront capital costs, and for the O&M on these systems. If this alternative is
selected, funding opportunities will need to be identified.
2.3.5

Additional Considerations

The current annual estimate for O&M is approximately $440,000 for 345 systems, which is
significantly higher than the O&M for a local wastewater facility. There may be economies of
scale in having the Town manage the systems once a large number of them have been installed.
This could potentially reduce the total O&M cost.
The N reduction calculations are based on the assumption that effluent N concentrations for
traditional septic systems are 35 mg/L, but the MEP model assumed that N concentrations were
closer to 25 mg/L. An effluent concentration of 19 mg/L is typically assumed to provide a 50%
N reduction, which would place the effluent concentration at 38 mg/L. While the MEP
concentration of 25 mg/L seems unusually low, this discrepancy should be discussed with DEP
to ensure that appropriate credit is given to upgrades of septic systems before this alternative is
implemented.
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2.4
2.4.1

ALTERNATIVE TOILETS
Description and Conceptual Design

Composting toilet systems offer a different solution to wastewater by eliminating much of the
liquid waste. On a basic level, composting toilets retain solid and liquid excrement in a
contained unit that facilitates the natural breakdown of material, or composting. Whether done
completely within the eco-toilet unit, or transported and completed offsite, this process results in
µILQLVKHG¶FRPSRVW, free of pathogens and disease, with the potential to serve as a soil
amendment. There are many different types of composting systems that range in cost, size, and
maintenance requirements.
Large Bin Dry Composting Toilets
These systems consist of a waterless toilet fixture connected to a large storage unit below the
floor of the bathroom (usually in a basement). Solid and liquids are both conveyed to the storage
unit through a 12" diameter chute. A ventilation pipe and fan maintain negative pressure down
through the fixture to eliminate any odors. The addition of bulking material (e.g., wood chips),
is required on a weekly to monthly basis, depending on use. The storage unit facilitates the
drying and composting of organic materials, decreasing the total volume over time, by up to
90%. Removal of organic material is required every one to two years, depending on use.
Batch Composting Toilets
These systems are very similar to the large bin composting toilet systems, except the storage unit
is partitioned into multiple chambers. Once one chamber is full, the toilet contents are redirected
to an empty chamber. Full storage units are allowed to compost on site for up to two years,
resulting in complete pathogen removal.
Self Contained Composting Toilets
These units are similar to the systems described above, but do not require a large storage unit
below the floor. Instead, a smaller storage area built-into the fixture is provided and contained
entirely within the bathroom. A ventilation system similar to that of the toilets described above
is common.
Urine Diversion Toilets
8ULQH'LYHUVLRQ RU³8'´ WRLOHWV\VWHPVKDYHDPRGLILHGWRLOHWIL[WXUHZLWKWZRVHSDUDWHEDVLQV
one for solids in the rear and one for liquids in the front. The solids component can be connected
to a dry composting unit or a conventional flush system. The main focus of UD is to separate
urine from feces. Urine contains up to 90% of the nitrogen and is far less contaminated than
feces. Urine stored over time is self sterilizing and can be utilized and processed for nutrient
recovery (e.g., fertilizer).
Hybrid Composting Toilets
These systems contain one or more features of the toilets described above, and in some cases,
combine the flushwater with household greywater.
While there are many options for alternative toilets, the focus of this alternative is on large-bin
composting toilets because these are among the most widespread consumer composting toilets.
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This discussion excludes the ³Do-It-Yourself´ systems and basic systems that require daily
maintenance because of the burden they place on homeowners, and their likely low public
acceptance.
2.4.2

N Reduction and Time of Travel

According to the Cape Cod Eco-Toilet Center, reported N removal rates for composting toilets
range from 70 to 88%. The Cape Cod CommisVLRQ¶VGUDIWIDFWVKHHWVGHYHORSHGDVSDUWRIWKHLU
Water Quality Plan identify nitrogen reductions for alternative toilets between 60 and 90%.
Assuming a conservative N removal of 70%, upgrading a household to composting toilets would
result in a 10 lb N reduction for the property.
As indicated in Section 2.0, approximately 2,241 lbs N removal is required for Brewster to meet
its TMDL for Pleasant Bay. If the upgrade of one residential property to alternative toilets
results in a 10 lb N reduction, the Town of Brewster would need to upgrade 224 homes across
the Pleasant Bay Watershed to meet its TMDL. This number could be reduced with the
implementation of other alternatives.
Similar to the residential fertilizer reduction bylaw and the advanced septic system alternatives,
residential properties that could be upgraded are distributed throughout the entire Pleasant Bay
Watershed, so that distance to the Bay will vary from a close proximity to a few miles,
depending on which properties are upgraded. While the measure of distance to the Bay also does
not apply well to this alternative, it should be taken into account when identifying candidate
homes for upgrade. There would be direct benefits to focusing on properties closer to the Bay,
as well as properties in close proximity to other impacted waters such as ponds.
2.4.3

Cost

Costs for upgrading a residential property to alternative toilets vary greatly, based on a number
of cost factors, including:
x Number of bathrooms / fixtures;
x Extent of carpentry or remodeling required;
x Greywater management;
x Permitting requirements; and
x The type of system and fixture model.
Materials cost between $2,000 and $10,000, and include one or more composting toilet fixtures,
a storage chamber, a chute, and a ventilation fan, pipe, and fittings. Design and installation can
add between $2,000 and $4,000. Extensive carpentry or remodeling can increase these costs.
Permitting can cost up to $3,000. Greywater management options can also vary in cost, and
range from conveyance to existing an septic system (minimal cost), treatment via greywater
treatment systems (medium to high cost), treatment via onsite wastewater system sized for
greywater load only (medium to high cost), or treatment with a vegetated/constructed wetland
system (medium to high cost). These would result in total capital costs ranging between $6,000
and $22,000.
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Like any onsite wastewater management system, composting toilets require maintenance, the
degree to which depends on the type of system installed and management preferences.
According to the leading manufacturers of composting toilets, standard O&M procedures are
required on weekly, monthly, and yearly intervals.
Weekly maintenance may include:
x Adding bulking material (e.g., wood chips) to provide a source of carbon and control
moisture;
x Checking moisture; and
x Turning compost (many models include some type of mixing lever that does not require
opening of the unit).
Monthly maintenance may include checking:
x Moisture level;
x Ventilation system and air screen;
x Fan operation; and
x Liquid drainage components.
Yearly maintenance may include:
x Removing compost;
x Cleaning vent pipe and screen; and
x Checking storage chambers.
O&M costs vary, and will depend on how much O&M the homeowner is willing to do
themselves, but are estimated to range between $100 and $400 a year. The present value of the
capital cost and 20 years of O&M costs on 224 alternative toilet systems ranges from $1.7 to
$6.3 million, or approximately $7,500 to $28,000 per household. These 224 alternative toilet
systems would remove approximately 2,240 pounds of N per year, at an average cost of $50 to
$190/lb N/year.
2.4.4

Pros and Cons

The composting approach to managing wastewater differs from conventional methods by
treating wastewater as a resource rather than a waste. Composting is unique in that it eliminates
the use of clean water for conveyance and the resulting volume of contaminated water that
requires treatment to prevent environmental impact. It also reduces household water
consumption (by 20 to 40%), can accommodate large/surge capacities, and is appropriate for
seasonal use scenarios. In addition, energy requirements for the systems are low, as they are
mainly limited to the operation of a 4-25 Watt fan, and the system requires no hazardous
chemicals. Finally, composting toilets could potentially be combined with large-scale operations
for food scrap, yard clippings, and organic materials recycling, reducing solid waste volume.
These systems, while not a new technology, have not been widely implemented and are not
without their challenges. There is a lack of precedent for municipal oversight of communitywide implementation in the U.S. These systems focus on human waste, but do not address
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greywater. Finally, urine diversion toilets have been experiencing some operational and
technical issues, including clogging of pipes from crystallizing urine.
The biggest road block to implementing composting toilets is a lack of precedent for large-scale
implementation. Many individuals have never used a composting toilet and often assume
negative performance, particularly with odors. Encouraging homeowners to purchase and install
an eco-toilet can be difficult.
2.4.5

Additional Considerations

Management of a program to implement and maintain alternative toilets would require
coordination between several stakeholders, including homeowners, municipal officials, eco-toilet
manufacturers, septic haulers, composting facilities, and end users. Several composting toilet
models are approved for general use under Title 5, and coordination with DEP and County
regulators would be a key first step in planning for eco-toilet implementation.
Installation of a composting toilet system in a public facility may provide homeowners with the
opportunity to better understand how these systems work and demonstrate their efficacy by
simply increasing public education and awareness. Many municipalities are looking to ecotoilets for use in recreational settings. Bathroom facilities in parks are not usually in close
proximity to existing sewer lines and require onsite treatment. Alternative toilets offer flexibility
in location and are ideal for seasonal use situations.
2.5
2.5.1

CONNECTION TO ORLEANS WWTF
Description and Conceptual Design

The Town of Orleans developed a Comprehensive Wastewater Management Plan (CWMP)
focused on sewering large areas of Town, including areas located within the Pleasant Bay
Watershed. The Town of Brewster could potentially take advantage of the sewering efforts in
Orleans to sewer some Brewster homes, and connect them to the Orleans wastewater system.
The proposed Orleans wastewater facility is located outside the Pleasant Bay Watershed, to the
northwest of Exit 12 on Route 6, close to Namskaket Marsh (Wright Pierce, 2010). There would
be no benefit to N reduction in Pleasant Bay if Brewster sewered the homes located close to the
proposed Orleans wastewater facility because they are already outside the watershed. Most of
the eastern part of Brewster located close to Orleans and in the Pleasant Bay Watershed includes
WKH1LFNHUVRQ6WDWH3DUNFRQVHUYDWLRQODQGDURXQG%DNHU¶V3RQGDQGthe Cape Cod National
Golf Course. There are few residential properties neighboring Orleans; most of them are located
to the southeast corner of Brewster.
The CWMP sewer connections are phased over six phases, with the first phase starting near
Town Cove, and phases 5 and 6 located close to the southeast corner of Brewster where
connection to Brewster homes would be possible. While Brewster could potentially connect to
WKHILUVWSKDVHRI2UOHDQV¶SODQWKHFRQQHFWLRQZRXOGUHTXLUHLQVWDOOLQJVHZHUPDLQUXQQLQJRYHU
four miles along Route 28. Connections to phases 5 or 6 would be more cost effective for
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Brewster, but may delay implementation of this alternative until these phases are implemented in
Orleans.
For comparison purposes, HW evaluated both options: a direct connection to the wastewater
treatment facility with a four-mile sewer main, and a potential connection to phases 5 or phase 6
RI2UOHDQV¶sewer system. Both options are represented on Figure 1, with the four-mile sewer
main represented by a dashed line.
2.5.2

N Reduction and Time of Travel

An advanced WWTF may reduce N levels in the effluent to 5 mg/L or less. However, the
proposed location of the Orleans wastewater discharge for its WWTF is located outside the
Pleasant Bay Watershed, so regardless of the effluent N concentration for the Orleans WWTF,
from a TMDL perspective, the effluent leaves the watershed altogether. This is equivalent to a
concentration of 0 mg/L in the effluent discharged in the Pleasant Bay Watershed. Each home
connected to the Orleans WWTF represents a total N reduction of 14.2 lbs/year.
Removing 2,241 lbs N from the Pleasant Bay Watershed in Brewster would require connecting
approximately 158 homes to the Orleans WWTF, assuming the wastewater leaves the
Watershed. Some homes are clustered in the southeast corner of Brewster, which is relatively
close to the Pleasant Bay Watershed. Based on the MEP model, most of these homes would be
located within the 10-year time of travel to the Watershed. Once the homes are connected to the
sewer, water quality improvements to the Bay should follow. However, Phase ,RI2UOHDQV¶
CWMP has been voted down by residents, so the implementation timeframe for this alternative
is unknown.
2.5.3

Cost

According to its CWMP, the Town of Orleans identified the need to sewer approximately 2,830
properties across three watersheds, including 1,680 properties in Pleasant Bay. Assuming
Orleans moves forward with its sewering plan for all 2,830 properties, the 158 properties from
Brewster would represent a 5.6% increase in the number of properties to be sewered. The
Orleans website provides a preliminary cost estimate of $145 million for this plan, and it is likely
that the Town of Orleans would want Brewster to contribute to the capital and O&M costs of its
system if Brewster wishes to connect some homes to its WWTF. The WWTF itself is expected
to cost DSSUR[LPDWHO\PLOOLRQDQG2UOHDQVPD\DVNIRU%UHZVWHU¶VFRQWULEXWLRQWRWKH
collection system. A 5-10% contribution from Brewster to the WWTF itself would be
approximately $1.2 to 2.4 million. A 5% contribution to the collection system would add
another $6 million.
In addition, Brewster would need its own collection system. If Brewster connects to the Orleans
WWTF during phase 5 or phase 6 of the CWMP, the capital cost for the collection system would
be approximately $1.6 million. However, if Brewster wishes to connect directly to the Orleans
WWTF during phase 1, a 4-mile sewer line would have to be installed along Route 28 at an
additional cost of almost $2 million. Therefore, the Brewster collection system would range
from $1.6 to $3.6 million in capital investment.
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Figure 1

Brewster would also have to participate in the annual O&M costs for the Orleans WWTF.
Assuming a contribution of $150,000 a year, the present value of the capital cost and 20 years of
O&M costs on connecting 158 homes ranges from $5 to $11.8 million, or approximately $32,000
to $75,000 per household. These 158 sewered homes would remove approximately 2,244
pounds of N per year, at an average cost of $150 to $350/lb N/year.
2.5.4

Pros and Cons

While this alternative would enable Brewster to meet its TMDL with limited management effort
once the infrastructure is in place, it would also come at great cost to the Town. At this time,
Brewster would also be relying on the Town of Orleans to address its TMDL, but the sewering
option in Orleans has received little public support so far, and it is unclear when Orleans will
start Phase 1, if at all. In addition, the Town of Orleans is evaluating other options, some of
which do not remove the effluent from the watershed. In that case, additional homes beyond the
estimated 158 may need to be connected.
2.5.5

Additional Considerations

This alternative would encourage regional coordination with Orleans, and possibly other Towns
on the Cape.
2.6
2.6.1

PURCHASE OF SEWER CONNECTIONS IN ORLEANS
Description and Conceptual Design

As discussed in Section 2.5, the Town of Orleans developed a CWMP focused on sewering large
areas of Town. Rather than building nitrogen reducing infrastructure in Brewster, an alternative
would be to purchase additional sewer connections to the proposed sewer system in the Pleasant
Bay Watershed portion of Orleans.
2.6.2

N Reduction and Time of Travel

If wastewater is taken from the Pleasant Bay Watershed and discharged outside the watershed,
the resulting nitrogen contribution to Pleasant Bay from the upgraded system would be zero.
Similar to the connection of Brewster homes to the Orleans WWTF, each connected home
represents a total N reduction of 14.2 lbs/year. In order to reduce nitrogen contributions to
Pleasant Bay by 2,240 lbs, 158 additional Orleans homes would need to be connected to the
proposed WWTF.
Time of travel will depend on the location of the connected homes. As shown in Figure 1, the
proposed WWTF is located outside the Pleasant Bay Watershed. Initial phasing in Orleans will
start with homes located in close proximity to the treatment facility, and at the furthest distance
from Pleasant Bay. Future phasing will be located closer to Pleasant Bay.
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2.6.3

Cost

According to its CWMP, the Town of Orleans identified the need to sewer approximately 2,830
properties across three watersheds, including 1,680 properties in Pleasant Bay (Wright Pierce,
2010). The Orleans website provides a preliminary cost estimate of $145 million for this plan,
and an annual O&M cost of approximately $1.4 million. Using a similar methodology to
estimate costs for other alternatives (see Section 2.0), the total cost per property is approximately
$60,000 in present value terms, and is equivalent to an annual cost of about $280 /lb N/year.
Connecting 158 Orleans homes would cost the Town of Brewster approximately $9.5 million in
present value terms for a total N reduction of approximately 2,240 lbs.
2.6.4

Pros and Cons

This alternative has limited management implications for the Town of Brewster, which would
most likely simply pay its share to the Town of Orleans. However, the connected homes would
not be located in Brewster, and it may be politically challenging to ask Brewster residents to pay
for upgrades to homes in a neighboring town. In addition, Orleans is not ready for
implementation of its WWTF at this time, and it is unclear when the Town will implement the
first phase. Finally, the proposed WWTF is located outside the Pleasant Bay Watershed, and the
first connections in Orleans will be made to homes close to the WWTF. If Brewster were to
purchase connections to help Orleans get started with their initial investment, Orleans may
request that Brewster purchase some connections outside the watershed, or at least contribute
significantly to the initial investment for the WWTF.
2.6.5

Additional Considerations

This alternative would also encourage regional coordination with Orleans, and possibly other
Towns on the Cape.
2.7

CLUSTER/NEIGHBORHOOD TREATMENT SYSTEMS

Instead of upgrading individual septic systems, homes could be connected to a common
collection system, and either a cluster advanced septic system, or a small WWTF. HW reviewed
clusters of properties throughout Brewster to identify potential cluster systems, or opportunities
for clustering individual homes. Specifically, HW reviewed opportunities for clusters and
system upgrades for the Pleasant Bay Nursing Facility, the Housing Authority homes, and the
septic systems at Captains and Cape Cod National golf courses. In addition, HW analyzed
municipally owned parcels that could be used for wastewater disposal, and identified three
candidate parcels.
2.7.1

Pleasant Bay Nursing Facility

The Pleasant Bay nursing facility uses an amphidrome system designed for a flow above 10,000
gallons per day (gpd), for which the facility obtained a groundwater discharge permit from DEP.
Therefore, the system is already meeting a reduced N level compared to traditional septic
systems. HW obtained flow records for the Pleasant Bay amphidrome system, and estimated the
average and maximum flows at the facility as 17,000 and 22,600 gpd, respectively.
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The facility could potentially accommodate an additional 3,000 gpd based on its peak flow,
which corresponds to nine three-bedroom homes, but there are few homes in the immediate
vicinity of the facility. A 3,000-foot sewer line would be required to accommodate this
additional flow, which would only result in a N reduction of approximately 90 lbs.
Based on average flow, the facility¶VV\VWHPFRXOGDOVRSRWHQWLDOO\DFFRPPRGDWHXSWRWKUHHbedroom homes with 4,500 feet of sewer line, but this would also require construction of an
equalization tank to accommodate any flow above the average flow. In addition, the nursing
facility may have expansion plans, which could use the remaining available flow.
2.7.2

Housing Authority Duplexes

The Housing Authority manages 24 two-unit duplexes, representing approximately 66 bedrooms.
Most systems are shared between two neighboring units. These units could be retrofitted as
advanced individual systems (see Section 2.3), or as a cluster system for all duplexes. They
could also potentially be connected to the Pleasant Bay Nursing Facility located half a mile north
of the complex.
2.7.3

Captains Golf Course

The septic system at Captains has a design flow of 800 gpd for the clubhouse, and 120 gpd for
the maintenance building, which provides no opportunity to add flow from neighboring
properties. In addition, there are very few residential properties nearby to connect to the system
if it were upgraded to a larger system. The system could, however be upgraded either to provide
advanced treatment (Section 2.3), or as a public education opportunity for demonstrating
alternative toilets (Section 2.4). Urine diverting or composting toilets could be retrofitted at the
facility to educate Brewster residents about nitrogen management.
2.7.4

Cape Cod National Golf Course

The design flow for the septic system at Cape Cod National Golf Course is 4,400 gpd, but the
average water use is approximately 2,300 gpd, indicating that the system is not oversized enough
to accommodate much additional flow. While Cape Cod National could upgrade their system to
an advanced septic system for their own use, there are few homes nearby for added connections
and to justify the upgrade to a larger system.
2.7.5

Municipally-Owned Parcels for Small WWTFs

HW identified three Town-owned parcels in close proximity to existing development in the
Pleasant Bay Watershed. It should be noted that zoning does not allow a treatment plant in a
residential area, and may require a special permit.
For each of the parcels, HW estimated the amount of flow that could be discharged onto the
parcel, and converted the flow to an estimated number of three-bedroom homes. To estimate
project costs, HW followed the 2010 Guidance to Cape Cod Towns Undertaking Comprehensive
Wastewater Management Planning (Barnstable County Wastewater Cost Task Force, 2010)
prepared by the Barnstable County Wastewater Cost Task Force. For comparison purposes, HW
Pleasant Bay Nitrogen Management Alternatives Analysis Report
Town of Brewster, MA
20

March 2015
Horsley Witten Group, Inc.

then re-estimated costs for the first parcel based on mapped sewer lengths, expected flows, and
general engineering practice.
Neighborhood Parcel 1
Two candidate parcels separated by a residential property, and located to the west of the Pleasant
Bay Watershed (Figure 2) would provide more than enough land area for discharging effluent
from 168 homes1, and has additional capacity for future expansion to accommodate growth.
Approximately 2.7 acres of the northern parcel appear to be located outside the Pleasant Bay
Watershed boundary, which could potentially reduce the number of homes to be sewered to 158.
However, this may need to be discussed with DEP because the property is very close to the
watershed boundary. In the meantime, cost and nitrogen reduction estimates are based on 168
homes.
Connecting 168 existing homes to an advanced WWTF (i.e., meeting N concentrations of 5
mg/L at discharge) would result in N reduction of approximately 2,260 lbs. However, these
homes are located a few miles from the Bay, with a time of travel expected to be much larger
than 10 years. This means that implementation of this alternative would result in delayed water
quality improvements compared to other alternatives.
It should also be noted that both parcels are landlocked and may require purchasing a
neighboring lot or home, or negotiating an easement with local residents.
Based on the 2010 Guidance, the capital cost estimates for connecting 168 homes are
approximately $4.3 million, and annual O&M costs are approximately $360,000, for a total
SUHVHQWYDOXHRIPLOOLRQ+:¶VHVWLPDWHLVKLJKHUIRUFDSLWDOFRVWV PLOOLRQ EXWORZHU
for O&M costs ($180,000), resulting in a lower present value cost of the project of
approximately $8.7 million. While they could be refined, both sets of costs are of the same order
of magnitude, and provide a benchmark for cost for the alternative. Depending on the estimate,
the cost of N removal ranges from $285 to $315/lbN/year.

1

Preliminary design and costs were initially estimated assuming that a 2,050 lbs N load reduction was needed from
alternatives other than golf course fertilizer reduction. Since N fertilizer reductions at Cape Cod National are not
feasible, a total of 185 homes would need to be connected for this alternative. This would not significantly change
the cost estimates expressed in terms of $/lb/year, so cost estimates are provided here based on 168 homes.
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Neighborhood Parcel 2
This parcel is located to the south of the western tip of the watershed (Figure 3), and would
provide enough land area for discharging effluent from 142 homes with no additional capacity
for future expansion to accommodate growth. While easily accessible (i.e., not landlocked), this
parcel cannot accommodate the N reduction needed for the Pleasant Bay Watershed, and
provides no room for capacity expansion.
Connecting 142 existing homes to an advanced WWTF (i.e., meeting N concentrations of 5
mg/L at discharge) would result in N reduction of approximately 1,730 lbs. However these
homes are located a few miles from the Bay, with a time of travel expected to be much larger
than 10 years. This means that implementation of this alternative would result in delayed water
quality improvements compared to other alternatives.
Based on the 2010 Guidance, the capital costs are approximately $3.6 million for sewering this
neighborhood. O&M costs would be around $300,000 a year, resulting in a present value of
around $8 million and a N removal cost of $315/lb N/year.
Neighborhood Parcel 3
This parcel is located to southeast of Captains Golf Course, under two fairways for the golf
course (Figure 4), and would provide enough land area for discharging effluent from 50 homes
with no additional capacity for future expansion to accommodate growth.
Parcel 3 is not easily accessible, and is currently used by the golf course. Installation of a drip
irrigation system under the golf course would be required. In addition, most of the parcel is
located in a Zone II to the Town¶s drinking water wells, so the drainfield may need to be sited
outside the Zone II.
Connecting 50 existing homes to an advanced WWTF (i.e., meeting N concentrations of 5 mg/L
at discharge) would result in N reduction of approximately 610 lbs. These homes are located
slightly further than the 10-year travel distance to the Bay, so implementation of this alternative
would result in observed water quality improvements over the next decade or more.
Based on the 2010 Guidance, the capital costs are approximately $1.3 million for sewering this
neighborhood. O&M costs would be around $105,000 a year, resulting in a present value of
around $2.8 million and a N removal cost of $315/lb N/year.
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2.8
2.8.1

IRRIGATION WELLS TO CAPTURE N AND RETURN IT TO BENEFICIAL USE
Description and Conceptual Design

Most golf irrigation systems withdraw water from wells on the golf course, some of which may
have non-negligible concentrations of nitrogen and other nutrients. This is the case for the
irrigation well used at Captains Golf Course (Figure 5). It is also most likely the case at Cape
&RG1DWLRQDOEXWWKHJROIFRXUVH¶VLUULJDWLRQZHOOLVORFDWHGLQ+DUZLFKDQGDQ\QLWURJHQ
reduction resulting from that well could most not likely not be claimed by Brewster.
When water high in nutrient content is pumped from an irrigation well and used to irrigate a golf
course, or any vegetated area, the nutrients are taken out of the groundwater and potentially
absorbed by the irrigated turf. This practice is sometimes called fertigation (i.e., a combination
or fertilization and irrigation).
2.8.2

N Reduction and Time of Travel

Nitrogen sampling results at Captains golf course from 2006 to 2010 at irrigation well 6D
(Figure 6) show a steady increase in nitrogen concentrations at that well from 0.8 mg/L in
February 2006 to 2.6 mg/L in July 2010, with a peak at 5.6 mg/L in June 2009. The average
nitrogen concentration at that well across the existing data is 2.4 mg/L. HW contacted the golf
course to obtain additional data, but the golf course no longer samples this well.
According to the golf course superintendent, the golf course pumps approximately 30 million
gallons a year from well 6D to irrigate the golf course. At a concentration of 2 mg/L,
approximately 500 lbs of N are pumped out of the groundwater and applied to the turf. If the
concentration is 3 mg/L, the amount of N removed from groundwater increases to 750 lbs.
Assuming a 20% leaching rate for the N applied to the turf from fertigation, this results in the
golf course removing between 400 and 600 lbs of N a year, depending on the N concentration in
the groundwater.
Figure 6 shows N concentrations for both irrigation and monitoring wells, and indicates that
pumping at other locations across the golf course could potentially yield higher N concentrations
than the ones observed in the irrigation wells. While this could potentially increase the amount
of N removed from the ground, it would also require some upfront groundwater modeling to
identify the best well location, and subsequent permitting and drilling of additional wells.
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Figure 6. N Concentrations at Irrigation and Monitoring Wells (Captains Golf Course)
2.8.3

Cost

While the fertigation practice most likely results in cost savings for the golf course from reduced
fertilization needs, the real savings would come from upgrading a smaller number of septic
systems to advanced systems. Removing 400 to 600 lbs of N a year from fertigation at Captains
Golf Course is equivalent to upgrading 60 to 90 septic systems to advanced systems, and could
save the Town the equivalent of a $900,000 to $2.16 million capital investment.
2.8.4

Pros and Cons

Fertigation is a very inexpensive alternative that is already taking place. DEP should be involved
LQGLVFXVVLRQVWRGHWHUPLQHLIWKLVW\SHRIDOWHUQDWLYHZRXOGEHDFFHSWDEOHDVSDUWRI%UHZVWHU¶V
overall N reduction strategy to meet its TMDL.
Fertigation is already occurring at Captains golf course, but monitoring data at the irrigation well
is not available for recent years to confirm N levels in the groundwater. However, data exist for
other wells on the golf course, and these wells show some sustained N concentrations despite
&DSWDLQV¶UHGXFHGIHUWLOL]HUapplications. If fertigation is used to help Brewster meet its TMDL,
sampling at the irrigation well may need to resume.
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2.8.5

Additional Considerations

,I'(3DFFHSWVIHUWLJDWLRQDVDQRSWLRQWRPHHW%UHZVWHU¶V70'/RSportunities may exist to
implement this alternative at other golf courses, and to maximize the amount of nitrogen
removed from groundwater, by modeling groundwater flow and N loading around the golf
courses, and siting multiple wells at locations with expected high N concentrations.
However, the higher N concentrations at the golf course also indicate that fertilizer applications
are indeed leaching to the groundwater, and makes the case for using permeable reactive barriers
or other forms of N interception downgradient of the golf courses to improve water quality in
Pleasant Bay, as discussed below.
2.9
2.9.1

PERMEABLE REACTIVE BARRIER TO TREAT GROUNDWATER
Description and Conceptual Design

A permeable reactive barrier (PRB) constructed perpendicular to groundwater flow provides an
opportunity for contaminant removal as groundwater flows through the permeable barrier. PRBs
constructed downgradient from septic systems have shown significant nitrogen removal in the
groundwater flowing through the barrier. Those barriers are typically constructed using wood
chips, because the wood provides a carbon source promoting denitrification. Nitrogen removal
rates as high as of 90% have been observed for these types of structures, but their siting and
construction can be a challenge, because their effectiveness depends on the amount of
contaminant traveling through the barrier. If sited too high, or too low, the barrier may not
intercept the plume, or may only treat part of it. In addition, after some time, the carbon source
needs to be replaced, and the trench needs to be reopened.
Instead of the traditional PRB, a series of injection wells could be drilled in a line perpendicular
to the direction of flow. A carbon source would be injected into each well, and the wells would
be spaced such that the carbon source injected in each well overlaps with the carbon source
injected in the two neighboring wells. This would create a horizontal carbon-based barrier
capable of denitrification and nitrogen removal. The Town of Falmouth was planning on
implementing a traditional PRB, but recently changed its plan in favor of a series injection wells.
Two locations have been identified for the permeable reactive barriers. A PRB along the power
line easement downgradient of Captains Golf Course (see solid PRB line in Figure 7) could
capture the N load from the golf course. However, the depth to groundwater at that location
varies from 30 to 80 feet, which would require drilling relatively deep injection wells. A better
PRB location would be along Route 28, but it would require coordination with the Towns of
Harwich and Orleans.

Pleasant Bay Nitrogen Management Alternatives Analysis Report
Town of Brewster, MA
29

March 2015
Horsley Witten Group, Inc.

Legend

32

WAY

Groundwater Contours

Approved Wellhead Protection Areas (Zone II)

Pleasant Bay Watersheds

Harwich

28

26

O

24

22

20

16

18

Orleans

Town Boundaries

0

1" = 1,000 Feet

±

1,000

Date: 11/12/2013

Figure 7

Permeable Reactive
Barriers
Town of Brewster

Document Path: \\hw-file\HW-Server\Projects\2011\11109 Brewster Int.Wtr.Res.Mgt Plan\11109 B\GIS\Mapping\Cluster_Neighborhood_Systems\Permeable_Reactive_Barr.mxd

Potential Permeable Reactive Barrier Locations

Pleasant Bay

MAN
S

30

FRE
E

S

AN
LE

R

OA
D
HR

HA
RW
IC

L

HO
R
SO U
T

RO
AD
EA
NS

The Route 28 PRB could be constructed with much shallower injection wells, reducing the
construction cost, and allowing for a greater length of PRB to be installed for the same price.
While it would require coordination with the neighboring towns, it would also provide an
opportunity to share the cost of the structure across the three towns. It would also most likely
capture a greater amount of nitrogen as the depth to groundwater is smaller closer to shore.
2.9.2

N Reduction and Time of Travel

The PRB along the powerline easement downgradient of Captains golf course could capture
approximately 90% of the fertilizer applied to the golf course. It would also capture 90% of the
effluent from the 45 residential properties located between the golf course and the easement.
This PRB may also capture N loads from development upgradient of the golf course, but
groundwater modeling would be needed to confirm how groundwater flows between developed
areas DORQJ)UHHPDQ¶V:D\DQG/RQJ3RQG Road, and the golf course. Conservative nitrogen
reduction estimates focus on the fertilizer applications at the golf course and the 45 properties
mentioned above.
As indicated in Table 2, Captains golf course applies approximately 13,786 lbs of N to the golf
course, of which approximately 2,757 lbs (i.e., 20%) are expected to leach into the groundwater.
A PRB along the powerline could remove approximately 2,500 lbs of N from groundwater,
which is 250 lbs more than are needed for Brewster to meet its TMDL. In addition, the 45
residential properties contribute approximately 1,260 lbs of N to Pleasant Bay, of which
approximately 90%, or 1,130 lbs, would be captured by the PRB. This PRB could address the N
load from current development, as much as an additional 1,380 lbs N of future development.
The PRB along Route 28 in partnership with Harwich and Orleans would remove an even greater
amount of N, and could contribute to all three WRZQV¶70'L, but groundwater modeling would
be required to estimate the N removed from this PRB.
Both proposed PRB locations are within the 10-year time of travel of groundwater to Pleasant
Bay. However the Route 28 PRB is located much closer than the power line PRB, and would
result in earlier water quality improvements to Pleasant Bay. Some sections of Route 28 in
Orleans are even located within 100 feet or less of the Bay.
2.9.3

Cost

Construction of the wood trench PRB costs on average $1,500 a linear foot, and would cost
between $4.5 million and $7.5 million for the proposed locations, but would require special
considerations to avoid underground gas and other utility lines along Route 28. Some of the
utility lines may need to be disconnected temporarily during construction.
Construction costs for the injection well PRB would include drilling wells approximately every
20 feet along 3,000 (power line) to 5,000 (Route 28) feet, for a total of 150 to 250 wells.
Assuming drilling costs of approximately $1,500 to $1,800 depending on the depth of each well,
drilling costs would vary from $2.5 to $3.5 million. In addition, these wells would have to be
injected with a carbon source after they are drilled and on a regular basis thereafter. HW is
currently researching potential cost-effective carbon sources for injection, and will turn to the
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Town of Falmouth for information on performance and cost for their test injection barrier. Our
current estimates for injection volumes indicate that upwards of 8,500 to 17,000 gallons of
carbon source may be needed in each well to cover a vertical extent of 10 to 20 feet, and a 2-foot
overlap between the wells. These volumes are significant, and a cost-effective carbon source
needs to be identified.
2.9.4

Pros and Cons

A PRB at either of the proposed locations has the potenWLDOWRDGGUHVV%UHZVWHU¶VFXUUHQW1
loads, and potentially some of the contribution from future buildout. The PRB at the power line
would require discussions with the utility company and other residents to obtain permission to
install the wells. The PRB along Route 28 would require coordination with Orleans and Harwich
because most of the road is located in both towns, with a limited section in Brewster, but would
provide an opportunity for regional coordination of nitrogen management across the three towns.
Costs for this alternative are not well known. The Cape Cod Commission has recently been
revising its cost estimates for the traditional PRB upwards, and the only existing similar project
on the Cape is a pilot project currently underway in Falmouth. The Falmouth pilot project will
provide additional information on performance, and capital and O&M costs. Cost and nitrogen
reduction estimates for this alternative can then be updated to better evaluate this alternative.
2.9.5

Additional Considerations

Nitrogen reduction loads beyond those estimated in Section 2.8.2 would require groundwater
modeling. HW obtained a copy of the U.S. Geologic Survey (USGS) groundwater model for the
Monomoy Lens, but this model needs to be reviewed and adapted to model groundwater flow in
the proposed areas.
2.10
2.10.1

SHELLFISH PROPAGATION
Description and Conceptual Design

A growing body of research, including in the Chesapeake Bay and on the Cape (e.g., Wellfleet,
Mashpee, and Falmouth), has shown that healthy shellfish populations can significantly reduce
existing nutrient loads in certain ZDWHUERGLHV:KLOH%UHZVWHU¶VZDWHUIURQWERXQGDU\ZLWK
Pleasant Bay is limited, it may be worth researching opportunities to enhance shellfish
populations in Pleasant Bay or initiate shellfish aquaculture.
The sheltered but well flushed embayments of Pleasant Bay provide significant opportunities for
shellfish aquaculture. In addition, the most recent update of the Pleasant Bay Resource
Management Plan (Pleasant Bay Alliance, 2013) recommends sXSSRUWLQJ³/RFDO3URSDJDWLRQ
EIIRUWV´(Section 6.3.2) and exploring ³1XWULHQW+DUYHVWLQJ´ (Section 6.3.4). Nitrogen reduction
and cost estimates in this section assume that the shellfish propagation in Pleasant Bay will focus
on oysters, but other shellfish such as clams could be considered for nutrient reduction.
Two main approaches exist for implementation of shellfish propagation: Brewster could manage
its own aquaculture grant, or could work with the other watershed towns to improve shellfish
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propagation and harvesting Bay wide. Wellfleet, Mashpee, and Plymouth are examples of
municipalities growing their own shellfish. This is the more labor-intensive and expensive
implementation approach for Brewster, but the Town already has an extensive shellfish growing
operation on the Cape Cod Bay side, creating opportunities for efficiencies in that approach.
The Town of Brewster could also model its implementation on the Providence or Gloucester
models, and encourage private aquaculture by allowing growers to apply for grants or by setting
up an aquaculture development area (ADA). The revenue for the latter approach would be
generated by selling recreational harvest licenses.
Preliminary discussions through the Pleasant Bay Alliance have been held to also discuss the
option of a regional project to improve shellfish propagation throughout the Bay which could
result in nitrogen reductions through increased residential and commercial harvests. Further
work is needed to evaluate this option and determine how it could be managed between the four
Pleasant Bay towns, what the cost would be, and how much nitrogen removal could be expected.
The Town plans to continue conversations with Orleans, Harwich and Chatham as part of the
implementation phase of the Integrated Water Resource Management Plan.
2.10.2

N Reduction and Time of Travel

Oysters can remove nutrients by filtering them from the water column and incorporating them in
their tissue and shell material. Adult oysters are estimated to contain about 0.5 g of nitrogen, and
it takes approximately two years for an oyster to reach adult size. In addition, while oysters
release feces that contain nutrients, these nutrients are exposed to denitrifying bacteria, which
convert the biologically available N to inert nitrogen gas. Approximately 0.2 g to 0.75 g of N
per oyster can be removed annually through bio-deposition and bacterial denitrification.
Assuming it takes an oyster 2.5 to 3 years to take up 0.5 g of nitrogen into its shell and tissue,
this is equivalent to approximately 0.17 to 0.2 g of N per oyster per year if they are harvested
every two and a half to three years. Another 0.2 g of N per oyster will be removed through biodeposition and bacterial denitrification, for a total of 0.4 g of N per oyster per year. Removing
2,240 lbs of nitrogen annually from Pleasant Bay would require growing approximately 3 million
oysters at any given time, and harvesting about a third of them every year.
Depending on culture method, oyster farms can grow between 500,000 and 2 million oysters per
acre. Between 1.5 and 6 acres of oyster farming would be needed for Brewster to meet its
TMDL in this way. Oysters can be grown in a variety of environments and water depths, from
the intertidal zone to deep water (in floating cages), so identifying less than 10 acres appropriate
for shellfish propagation within the 7,200 acres of Pleasant Bay should be feasible.
If additional credit can be taken beyond the estimated 0.2 g/oyster/year for nutrient removal from
oyster fecal deposition and bacterial denitrification, the total number of oysters could potentially
be reduced.
The location of the oyster farms within the Bay means direct nitrogen reduction, and a time of
travel for N to the Bay of zero. Implementing this alternative would result in an immediate
positive impact on water quality in Pleasant Bay.
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2.10.3

Cost

Capital costs will depend on the implementation approach for shellfish propagation, and the
number of oysters and acres of farm needed to meet the TMDL. Capital and O&M costs for
town-run aquaculture and private aquaculture are estimated separately.
Town-Run Aquaculture
Capital costs include the following items.
x Permitting/licensing (Division of Marine Fisheries, U.S. Army Corps of Engineers
General Permit, Chapter 91, Coastal Zone Management): $1,000 - $5,000 one-time
startup cost.
x Oyster spat on shell: $10,000 to $15,000/million for a total of $30,000 - 45,000 at startup.
Additional spat in subsequent years is estimated below as part of the annual operation and
maintenance costs.
x Miscellaneous tackle (e.g., buoys, containment): $10,000 at startup.
x Labor, probably in the form of 4-5 seasonal employees: 1-2 full-time equivalent staff
(FTEs) at $40,000 to $80,000 at startup.
x Administration for recreational harvest licenses, enforcement, and reporting: 0.5 FTE at
$40,000 for a shellfish constable. (Many towns employ one constable and enlist
additional volunteers).
x If no walk-in access is available, a boat and fuel would be required for about $15,000 at
startup.
The total upfront cost would range from approximately $120,000 to $195,000. It should be
noted that if all oysters are being grown in cages, additional capital costs of $55,000 for the
cages (500 cages at $110 each), and 2-6 FTEs and associated costs should be included in the
estimate. At this time, the cost of growing oysters in cages is not included, because cages are not
a requirement for a successful shellfish program.
Annual O&M costs include the following items.
x Oyster spat on shell: $10,000 to $15,000/year.
x Miscellaneous tackle: $3,000/year.
x Labor (4-5 seasonal employees): 1-2 FTEs at $40,000 to $80,000/year.
x Administration: 0.25 FTE at $20,000/year.
x Transportation costs: $1,000-$2,000/year.
x If no walk-in access is available, annual fuel would be required for about $2,000/year.
The total annual O&M cost would range from approximately $74,000 to $122,000. This activity
could also generate revenue from selling licenses to residents and non-residents. The Town of
Brewster currently sells shellfish permits for $20 and $100/year for residents and non-residents,
respectively. Additional shellfish beds could result in an additional 500 to 1,000 licenses for
potential revenue of $10,000 to $20,000 a year to offset annual costs.

Pleasant Bay Nitrogen Management Alternatives Analysis Report
Town of Brewster, MA
34

March 2015
Horsley Witten Group, Inc.

Private Aquaculture
Capital and annual costs include the following items.
x Setting up an ADA (initial modeling, planning, public hearings): $50,000 to $80,000 onetime startup cost.
x Administration for licensing, inspections, and enforcement: 0.25 FTE at $20,000 annually
± WKH7RZQRI%UHZVWHU¶VNatural Resources Department already oversees shellfish
propagation and permitting in Town. A few additional acres of oyster beds would not
require hiring full time staff.
x Some health and safety certifications and inspections maybe ne needed. This could
potentially be handled by existing Town staff: 0.25 FTE at $20,000 annually.
The total upfront cost would range from approximately $90,000 to $120,000, with an annual
operation cost of approximately $40,000. Revenue from licensing fees would vary. This activity
could also generate revenue from selling licenses to residents and non-residents.
The total annual cost for shellfish propagation would range from about $20/lb of N/year if
private aquaculture is pursued, and about $40 to $60/lb/year for Town-run aquaculture, with the
potential for revenue on the order of $5 to 10/lb N/year from licensing.
2.10.4

Pros and Cons

The largest benefits to this alternative are the low implementation and O&M cost compared to
other alternatives. In addition, oyster farming can be easily scaled up or down to accommodate
population growth and tailor the farming to the health of the Bay, providing a cost-effective
solution to address nitrogen levels forecasted by the buildout for the Town. This alternative
would generate job opportunities in Brewster, either for Town employees, or by leasing the
Town farm(s) to local residents for management. Finally, oysters take up nutrients beyond solely
nitrogen, which could help improve overall water quality in the Bay.
On the other hand, these estimates are based on the assumption that approximately 3 million
oysters are grown annually from the Bay. Since Brewster has a very limited shoreline on
Pleasant Bay, and no jurisdiction over Pleasant Bay surface waters, the Town may need to
coordinate licensing and access to the Bay with other towns in Pleasant Bay. The Pleasant Bay
Resource Management Plan has already identified specific areas open to aquaculture in the Bay,
but these areas are located in Orleans. Brewster may wish to consider coordination with Orleans,
or establishing a shellfish partnership with its neighbors, possibly through the Pleasant Bay
Alliance.
In addition, it is unclear what levels of nitrogen reduction would be accepted by DEP for oyster
farming, and this may depend on the results in Wellfleet, Mashpee, Falmouth, and other
locations.
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2.10.5

Additional Considerations

Developing sustainable oyster farms in Pleasant Bay could provide Brewster with an opportunity
to help other towns in Pleasant Bay meet their TMDL requirements at a lower cost than other
alternatives. This provides an opportunity for regional coordination.
When identifying opportunities and siting for shellfish propagation outside of existing areas
(e.g., areas not included in the Pleasant Bay Resource Management Plan), attention should be
given to avoiding sensitive resources, such as eelgrass and endangered species habitat, as well
existing human uses, particularly those related to boating and navigation (e.g., channels, marinas,
mooring fields).
2.11

ALTERNATIVE SUMMARY

Table 3 compares the costs for all alternatives. It should be noted that the best solution for
Brewster may be a combination of alternatives.
Table 3. Summary Cost Information for Alternatives
Alternative

Total Cost
(Present Value)

Cost
($/lb/year)

Capital Cost

Fertilizer Reduction at
Golf Courses

$0 (savings)

Saves $4.6-5.8 M

$0

Fertilizer Reduction Bylaw

$0 (savings)

Saves $0.8 ± 1.2 M

$0

Alternative systems

$11.6 ± 15 M

$5.2 ± 8.3 M

$350 ± 450

Alternative toilets

$1.7 ± 6.3 M

$1.3 ± 4.9 M

$50 ± 190

Connection to Orleans
WWTF

$5 ± 11.7 M

$2.8 ± 9.6 M

$150 ±350

Purchase of sewer
connections in Orleans

$9.5M

$8.4M

$280

Cluster/ Neighborhood
treatment systems

$8.6 ± 9.6 M

$4.4 ± 6 M

$285-315

Irrigation wells to capture
N and return it to
beneficial use

$0 (savings)

Saves $0.9 ± 2.2 M

$0

PRB to treat groundwater*

$8.3 ±13.1M

$3.9 ± 7.5M

$180 ± 250

Shellfish propagation
$1.2 ± 2 M
$120 ± 195,000
$20-60
* Cost estimates for PRBs are based on cost information from the alternative nitrogen management matrix
GHYHORSHG&DSH&RG&RPPLVVLRQ¶V6HFWLRQWHDP7KHHVWLPDWHVPD\QHHGWREHUHYLVHGRQFH
additional becomes available from Falmouth or other locations.

3.0 RANKING CRITERIA
Seven criteria were identified for evaluating the nitrogen management alternatives in the Town
of Brewster. In this section, each criterion is described and followed by the rating and point
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system that was used to compare alternatives, and rank them by order of priority for potential
implementation. The following seven proposed ranking criteria are presented in this document.
1.
2.
3.
4.
5.
6.
7.

Cost
Timeframe for implementation
Time of travel/distance from Pleasant Bay
Proven performance
Long term maintenance requirements
Total N achievable through full implementation
Ability to address N load from buildout

The order of the ranking criteria described in this document does not indicate any priority or
weight for the criteria. The criteria and the points associated with them are summarized in
Section 3.8.
3.1

COST

One of the important factors in comparing the alternatives is their cost, but these vary widely and
can be calculated in many different ways. As indicated in Section 2.0, and shown in the cost
estimates for each alternative, some alternatives, such as onsite system upgrades or permeable
reactive barriers, require capital investment upfront, followed by O&M costs. In that case, costs
can be expressed in terms of cost per home upgraded or connected to a sewer. Other
alternatives, such as fertilizer management, have little to no capital cost associated with them,
but may require ongoing investment for public education or reporting. Costs for these types of
alternatives cannot be expressed in terms of cost per unit of housing. In order to compare all
alternatives, HW estimated planning-level costs for each alternative, and converted them to an
annual cost per pound (lb) of N removed.
The cost for each alternative in $/lb N/year was estimated by adding the upfront capital
investment and the annual O&M costs over a period of 20 years assuming a 3% annual inflation
rate, and converting it to a annual cost over 20 years. Additional details about the methodology,
and individual cost estimates are provided in Section 2.
After estimating the annual cost for each alternative, the alternatives were ordered from the most
expensive to the least expensive in terms of $/lb N/year. The most expensive alternative was
given zero points, and each subsequent alternative was given two additional points so that the
most inexpensive alternative scored 16 points.
3.2

TIMEFRAME FOR IMPLEMENTATION

Some nitrogen management alternatives, such as fertilizer reduction at Captains Golf Course,
have already been implemented. Other alternatives have a potentially short implementation
timeframe on the order of a few years, including a residential fertilizer bylaw, or shellfish
propagation. The remaining alternatives may take decades to reach full implementation.
Upgrading hundreds of onsite systems to either advanced onsite systems or connecting them to a
local wastewater treatment facility will require initial planning, engineering design, and
FRQVWUXFWLRQSRVVLEO\LQSKDVHV7KHFRQQHFWLRQWRDQRWKHUWRZQ¶VWUHDWPHQWIDFLOLW\VXFKDV
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that of Orleans, could potentially take even longer as it will depend on how fast the neighboring
town can implement their sewer alternative. The same considerations apply to purchasing
additional connections in Orleans.
Timeframe for implementation is an important comparison factor for the nitrogen management
alternatives in Brewster, as it will enable the time to quickly separate the short-term
opportunities with a shorter time to improved water quality from the longer-term opportunities.
Timeframe to implementation was ranked as follows, with the following associated points:
x
x
x
3.3

Immediate/already implemented (10 points)
Short term ± one to five years (5 points); and
Long term ± greater than five years (0 points).
TIME OF TRAVEL/DISTANCE FROM THE BAY

While the MEP model for Pleasant Bay (Howes, et al, 2006) does not directly account for time
of travel for nitrogen through groundwater, it is an important factor in improving water quality.
From a conceptual standpoint, nitrogen introduced into the groundwater close to Pleasant Bay
will reach the Bay faster than the same amount of nitrogen discharged upgradient in the same
watershed, because groundwater travels slowly through the watershed. This means that nitrogen
management alternatives implemented closer to the Bay will show faster results than the same
alternative implemented further up the watershed.
Travel time for groundwater depends on how groundwater travels underground through the
watershed (e.g., How deep does it go before reaching the Bay? What geologic layers does it
travel through?). MEP estimated travel time for groundwater, and mapped the 10-year time of
travel boundary for sub-watersheds of the Pleasant Bay Watershed. For sub-watersheds in the
Town of Brewster, the 10-year time of travel to the Bay delineated by MEP ranges from
approximately 0.6 miles to a mile (see Figure 8 below, taken from the MEP report). HW does
QRWKDYHDFFHVVWR0(3¶VJURXQGZDWHUPRGHOVRH[DFWWLPHRIWUDYHOFDQQRWEHFDOFXODWHGIRU
each alternative. However, while the time of travel is not linearly correlated to distance, the two
are related, and travel time tends to increase with distance to the Bay.
Distance between each proposed alternative and the Bay in the direction of groundwater flow
was used as a third criterion for ranking the alternatives. This distance provides an indication of
the time it will take for the alternative to have a positive impact on water quality in the Bay. Ten
points were granted for a short distance to the Bay, five points for a medium distance, and zero
points for a long distance.
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Figure 8. 10-Year Time of Travel for Groundwater to Pleasant Bay.
Source: MEP Final Report for Pleasant Bay

3.4

PROVEN PERFORMANCE

Sewering has historically been the main solution to nitrogen loading pursued by many towns
across the Cape and in other areas of the U.S. to resolve nutrient-related water quality issues.
The public understands that option, and its performance in reducing nutrient loading is proven,
but the cost associated with it is often an issue. Some of the alternatives proposed for the Town
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RI%UHZVWHUPD\QRWEHDV³PDLQVWUHDP´DVLQVWDOOLQJVHZHUVDQGPD\QRWhave the same track
record of proven performance.
An assessment of track record for each alternative provides another criterion for comparing
alternatives. For example, PRBs have been used effectively on a local scale for site remediation,
so the concept of pollutant removal by the PRBs has been proven. However, large-scale PRBs
for nutrient reduction have yet to be fully implemented at a watershed level to prove
performance at that scale and improve understanding of cost implications, particularly for the
carbon source that may need to be replaced periodically. Shellfish propagation for addressing
nutrient issues is also still a new technology. Initial public feedback on the Cape has been
positive. Town of Falmouth residents had complained about odors and fish kills in some of their
ponds, and showed overwhelming support for shellfish propagation after the first implementation
season during which there were no fish kills or odors. In addition, other areas of the country
(e.g., Chesapeake Bay Watershed) are implementing shellfish propagation for nutrient reduction,
but data are still being collected to measure performance.
Proven performance is given a total of 10 points, with:
x 5 points for alternatives with either proven performance (e.g., sewering), or that reduce
nutrient input before it reaches the ground (e.g., fertilizer reduction);
x -5 points for innovative alternatives that have yet to be implemented on a large scale
(e.g., watershed, or town-scale); and
x 0 points for alternatives that have the potential to reduce nitrogen loading, but for which
performance has yet to be measured (e.g., shellfish propagation), or for which poor O&M
can render the alternative ineffective (e.g., alternative onsite system).
3.5

LONG TERM MAINTENANCE REQUIREMENTS

Most alternatives will require the Town to be involved in initial planning for the alternative, and
in identifying funds for the initial capital investment. In addition to initial efforts from the Town,
some alternatives such as neighborhood wastewater treatment systems may require long term
staffing (e.g., a wastewater operator). Management needs are an important factor for the Town
to consider, as they may require additional funds and staff. While this may create job
opportunities for residents, and benefit the Town from an economic development standpoint,
alternatives with reduced management responsibility for the Town may be best suited,
particularly if they still promote job creation. For example, reducing fertilizer at Captains golf
course will require minimal long term management needs, and leasing shellfish beds may
provide job opportunities with limited management by the Town.
HW estimated the long term management needs for each alternative in terms of level of effort
(LOE) required from the Town. The LOE was then be used as a ranking criterion to ensure the
Town understands the long-term implications of each alternative in terms of management
requirements. A low LOE was awarded five points, a high LOE was given negative five points,
while an average LOE getting zero points.
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3.6

NITROGEN REDUCTION ACHIEVABLE THROUGH FULL IMPLEMENTATION

One of WKHJRDOVRI%UHZVWHU¶V,:503LVWRPHHWWKH7RZQ¶V70'/UHTXLUHPHQWIRUQLWURJHQLQ
Pleasant Bay. Most alternatives provide for some nitrogen reduction, but may not provide
enough reduction alone for Brewster to meet its TMDL. HW estimated the total amount of
nitrogen reduction achievable for each alternative, which is important because some alternatives
may need to be combined for Brewster to meet its TMDL. For example, while a very
inexpensive alternative, the implementation of a fertilizer reduction bylaw in Brewster will only
address a portion of the nitrogen reduction needed. On the other hand, shellfish propagation
alone or in combination with other practices could be scaled to meet the TMDL for the Town.
The nitrogen reduction achievable through full implementation of the alternative (i.e., assuming
no phasing of the alternatives) was presented in pounds of nitrogen reduction per year, as well as
in percentage of the total nitrogen reduction needed in the Pleasant Bay Watershed for Brewster.
Alternatives enabling the Town to meet its N TMDL were given three points, while zero points
were awarded to alternatives that cannot provide sufficient N reduction for Brewster to meet its
TMDL.
3.7

ABILITY TO ADDRESS NITROGEN LOAD FROM BUILDOUT

In addition to reducing nitrogen loads to meet the TMDL from existing development in
Brewster, the Town needs to consider the additional nitrogen generated from additional
development (i.e., estimated N for buildout conditions). While the Town may implement a
bylaw that requires no net nitrogen increase for some areas (e.g., commercial or industrial), the
bylaw may not apply to the entire Town, and some residential lots may need to be grandfathered.
In order to address nitrogen loads from additional development, some alternatives such as
sewering or shellfish propagation can be scaled up.
The ability to address nitrogen loads from future development/buildout in addition to the current
nitrogen reduction needs is an important comparison factor for the nitrogen management
alternatives. Each alternative will be evaluated for this criterion and given the following points:
x Zero if the alternative cannot be scaled up to address any additional nitrogen load; and
x Five points if the alternative can address the full N load from buildout.
3.8

RANKING RESULTS

Table 4 provides a summary of the ranking criteria, the suggested point system, and the overall
ranking results. The two alternatives tied for first place in the ranking results are the fertilizer
reduction strategies at Captains golf course, and through the implementation of a fertilizer
reduction bylaw. The alternative with second place in the results is the shellfish propagation.
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4.0 RECOMMENDED ALTERNATIVE
Based on the ranking criteria discussed in Section 3, a combination of alternatives is proposed as
WKHUHFRPPHQGHGSODQWRPHHWWKHQLWURJHQUHGXFWLRQVQHHGHGWRFRPSO\ZLWK%UHZVWHU¶VVKDUH
of the Pleasant Bay TMDL. The recommended alternatives includes a combination of:
x
x
x
x

Fertilizer reductions at Captains Golf Course;
Adoption of a Town-wide fertilizer bylaw;
Recapture of nitrogen from the Captains Golf Course Irrigation Well (fertigation); and
Shellfish propagation within Pleasant Bay.

These options have all been evaluated and reviewed with the CWPC and provide the level of
QLWURJHQUHGXFWLRQQHHGHGWRFRPSO\ZLWK%UHZVWHU¶VSRUWLRQRIWKH3OHDVDQW%D\70'/7KH
nitrogen reduction and associated cost with each component of this recommended alternative is
shown in Table 5.
Table 5. Costs and Nitrogen Reductions Associated with the Recommended Plan
Alternative
Golf Fertilizer Management

Nitrogen Load
Reduction (lbs N/yr)
2,050

Estimated Cost
(20 yr Planning Period)
$0

Fertilizer Bylaw

340

$0

Nitrogen Recapture Through Irrigation

500

$0

Shellfish Propagation

1,300

$700,000 - $1,300,000

Total

4,290

$700,000 - $1,300,000

TMDL Nitrogen Reduction Needed

4,291

The extent of shellfish propagation can be managed to achieve the TMDL under current
conditions and at buildout within the watershed. For example the assumption of a 1,500 lb
reduction from shellfish propagation used here (based on the size of a proposed shellfish grant) is
enough to exceed the load reduction needed for current conditions and provide for some buildout
within the watershed.
The cost estimate for this approach is between $700,000 and $1.3 million based on information
currently available. Nitrogen management strategies associated with Captains Golf Course have
no cost, and actually will save the town money by eliminating the need for other, costly nitrogen
management approaches. The adoption of the fertilizer bylaw is currently in progress and the
FRVWDVVRFLDWHGZLWKWKDWLVSDUWRIWKHWRZQ¶VFXUUHQWEXGJHW7KHRQO\DGGLWLRQDOFRVWLV
associated with the development of a shellfish propagation program. The exact costs of this
program will be evaluated further in the next phase of the project as plans for permitting and
initiating the program and finalized. The plans for moving forward with implementation of the
recommended alternative are described below.

Pleasant Bay Nitrogen Management Alternatives Analysis Report
Town of Brewster, MA
43

March 2015
Horsley Witten Group, Inc.

5.0 IMPLEMENTATION PLAN
This section describes the next steps required to implement the recommended alternative
described in Section 4 of the nitrogen management alternatives report (the alternatives report),
starting with zero-cost nitrogen load reductions, most of which have already been implemented
(i.e., Captains golf course fertilizer reduction, and nitrogen recapture through irrigation).
5.1

GOLF FERTILIZER MANAGEMENT

Improved management practices at Captains Golf Course over the recent years have significantly
reduced the total amount of fertilizer applied by the golf course since the MEP model was
developed. Reductions in annual fertilizer applications ranged from 8,700 to 12,900 lbs,
depending on the year, which correspond to reductions in nitrogen contributions to the Bay
ranging from 1,740 to 2,580 lbs when assuming a 20% leaching rate consistent with the MEP
model.
The Massachusetts Department of Environmental Protection (DEP), gave approval for the town
to take credit for golf course fertilizer load reductions as part of a TMDL strategy as long as the
nitrogen reduction is clearly documented.
While significant fertilizer reductions have been implemented at the golf course, a discussion
should be held with the Golf Superintendent to determine if any additional reductions are
possible over time. It is important to confirm that the golf course is able to commit to
maintaining these reductions and to documenting total nitrogen fertilizer use on an annual basis.
Therefore, implementing this alternative will require discussions with Captains Golf Course
regarding:
x Sustainable nitrogen fertilizer application rates for Captains (i.e., how little fertilizer can
the golf course use while maintaining an acceptable playing level),
x *ROIFRXUVHPDQDJHPHQW¶VDELOLW\WRFRPPLWWRWKHVHUDWHVRQWhe long term (potential
agreement), and
x Type and frequency of fertilizer use reporting requirements (most likely on an annual
basis).
5.2

TOWN-WIDE FERTILIZER BYLAW

During the development of the draft Section 208 Water Quality Plan, the Cape Cod Commission
estimated that implementation of a town-wide fertilizer management strategy for residential
lawns could potentially result in nitrogen loading reductions from residential fertilizer use (See
latest technology matrix available at:
http://watersheds.capecodcommission.org/index.php/groupjive/pluginclass?plugin=cbgroupjive
&action=plugin&func=file_download&cat=1&grp=19&id=77). As a result, the Commission
proposed and adopted a District of Critical Planning Concern (DCPC) for all of Cape Cod to
allow individual towns to adopt a bylaw or regulations to manage fertilizer applications to lawn
areas and to minimize the nitrogen loadings resulting from fertilizers. For the Town of Brewster,
assuming a 50% reduction in nitrogen load could result in a nitrogen credit of approximately 340
lbs N/yr.
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The recommended management strategy combined the adoption of a general bylaw similar to the
model bylaw developed by the Cape Cod Commission with a public education campaign about
fertilizers and the impact of excess nitrogen to Pleasant Bay and other nutrient-sensitive areas.
HW drafted a bylaw for review by the town. Following receipt of comments, the revised bylaw
was provided to the town and presented to the CWPC and the Board of Selectmen. Both boards
recommended approval of the bylaw at Town Meeting. The bylaw was then adopted at the
November 2014 Town Meeting.
Based on discussions with DEP it is our understanding that the nitrogen reduction credit is
reasonable and can be incorporated into the recommended action plan for Brewster. If future
monitoring shows that the combination of proposed actions do not result in a full restoration of
Pleasant Bay, then the fertilizer credit may be reexamined. The town should continue to follow
the regional discussion regarding the implementation of the fertilizer bylaws under the
&RPPLVVLRQ¶V'&3&DQGLIQHFHVVDU\DGMXVWWKHlanguage in the bylaw to maximize the
nitrogen reduction credit allowed.
5.3

NITROGEN RECAPTURE THROUGH IRRIGATION

Water quality sampling of the irrigation well at Captains Golf Course from 2006 to 2010 showed
an average nitrogen concentration of 2.4 mg/L. While sampling of the well has been
discontinued since then, and nitrogen concentrations may be lower due to reduced fertilizer rates,
some nitrogen is being recaptured from the groundwater and applied to the turf. As indicated in
the alternatives report, a concentration of 2.4 mg/L in the well corresponds to a recapture of 600
lbs N/yr of nitrogen, resulting in a 480 lb N/yr reduction in loading to Pleasant Bay.
Similar to fertilizer reductions at Captains, DEP gave preliminary approval for implementing
³IHUWLJDWLRQ´DVSDUWRID70'/VWUDWHJ\DVORQJDVWKHQLWURJHQUHFDSWXUHLVFOHDUO\GRFXPHQWHG
The amount of nitrogen recaptured depends on the nitrogen concentration at the irrigation well,
and the total amount of water use at that well. Therefore, the golf course would need to
document the following information annually:
x Nitrogen concentrations at the well (e.g., results from sampling the well 2-3 times per
year during the irrigation season), and
x Well withdrawal volumes during the irrigation season.
Since DEP has agreed to the approach, the next step is to discuss the strategy with Captains Golf
Course, and determine who will be responsible for the monitoring of irrigation well as well as for
reporting the sampling results and withdrawal volumes on an annual basis.
5.4

SHELLFISH PROPAGATION

Significant research conducted on Cape Cod and the Chesapeake Bay has shown that healthy
shellfish populations can significantly reduce existing nutrient loads in estuarine systems.
Nitrogen reductions could be achieved by creating additional aquaculture grants in Pleasant Bay,
as described in Section 2.10, or through an enhanced shellfish propagation program managed by
the towns in the Bay watershed. In either case, coordination with Orleans, Chatham and
Harwich is needed to advance this alternative, and further discussions with DEP are needed
regarding potential nitrogen credits for any proposed actions.
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It is difficult to recommend specific shellfish implementation steps at this time. Further
discussion is needed with the adjacent towns to select an approach that works well for Brewster
and the other towns, and provides the maximum improvements in Pleasant Bay. Some
preliminary actions for both the aquaculture and shellfish propagation approaches are
summarized below. These will be used to investigate this alternative more fully and to develop
a proposed set of action items for Brewster to consider.
Shellfish Grant Approach
Currently, the Town of Orleans is the only town with shellfish aquaculture grants in Pleasant
Bay. The 2013 Pleasant Bay Resource Management Plan (RMP) identifies specific areas of the
Watershed appropriate for shellfish aquaculture, which are only located in Orleans.
Collaboration and coordination with Orleans as well as the Pleasant Bay Alliance is critical. The
following steps will need to be taken to pursue a grant approach:
x
x

Continue discussions with the Pleasant Bay Alliance on whether or not additional
areas of Pleasant Bay could be used for Aquaculture.
Work with Orleans to evaluate the potential for the Town of Brewster to obtain an
aquaculture grant in one of the areas already identified for aquaculture. This
discussion could also include opportunities for Brewster to partner with an existing
grant holder to expand their shellfish production. In either event, the discussions will
need to include an evaluation of how the nitrogen credit for any expanded aquaculture
is allocated to Brewster.

If an aquaculture option is pursued, then the permitting process will need to be evaluated.
Necessary permits will likely include a Notice of Intent with the local Conservation Commission,
permitting under the Massachusetts Environmental Policy Act and with the Army Corps of
Engineers. The Town will also have to confirm the allowable nitrogen reduction credit in
consultation with DEP, and evaluate what record keeping needs must be met to document the
credit achieved each year.
Coordination on Bay-Wide Shellfish Propagation
Bay wide-improvements to promote shellfish propagation could be adopted by all or some of the
Pleasant Bay towns. They could include enhanced efforts to seed shellfish in appropriate areas
of the bay. They could also include the development of improved shellfish habitat areas, such as
oyster reefs to promote natural growth of shellfish. The coordination on bay-wide propagation
efforts could include the following steps:
1. ,GHQWLI\HDFKWRZQ¶VDELOLW\DQGH[WHQWRI involvement in enhanced shellfish propagation.
2. In collaboration with the Pleasant Bay Alliance, determine the types of improvements
that will be made to promote shellfish propagation.
3. Create a budget and management plan for the improvements.
4. Evaluate the permitting requirements for any proposed actions.
5. Determine how to monitor the results of bay-wide improvements, such as requiring both
private and commercial licenses to report their harvest numbers and animal weight
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6. Among the towns involved in bay-wide improvements, determine how the nitrogen
credits will be awarded to individual towns.
5.5

PLANNING FOR CONTINGENCIES

The recommended package of alternatives will remove sufficient nitrogen to allow Brewster to
comply with its portion of the TMDL for Pleasant Bay. If necessary, options are availabe in the
event that any individual alternative does not provide the expected nitrogen removal. These
include the other options described in Section 2.0, including use of onsite alternative, nitrogen
treatment septic systems (Section 2.3) or the development of a cluster, or neighborhood
treatment facility (Section 2.7), among others. The cost of these alternatives was shown to be
greater than the combined cost of the recommended alternatives. In addition, given the distance
between potential neighborhood clusters and the Bay it will take longer for these options to have
a positive impact on the water quality. However they can provide the nitrogen reduction needed
to meet the Pleasant Bay TMDL requirements if, for some reason additional nitrogen removal is
needed in the future.
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