












































































PROPOSAL 
PROJECT NARRATIVE 

Modeling in Red Brook Harbor to Support TMDL Development 

Background 
The Red Brook Harbor system, located in the Town of Bourne on the western side of Cape Cod, 

-service marina and Hen Cove beach.  As revealed by water 
quality monitoring data collected since 1992 by the Buzzards Bay Coalition, the water quality of 
Red Brook Harbor has declined over the last 25 years. The monitoring data (approximately 
weekly measurements of dissolved oxygen, temperature, salinity, and water clarity acquired 
from late May to late September, and nitrogen and chlorophyll measurements taken on 4 dates 

in July and August) have tracked 
declining water quality through the 
Bay Health Index score for inner 
Red Brook Harbor.  The Bay Health 
Index score is calculated by 
combining data including dissolved 
oxygen, water clarity, nitrogen 
levels, and abundance of algae.  
The water quality decline is a result 
of excessive nitrogen loading from 
non-point pollution sources, 
including wastewater from septic 
systems, road runoff, and lawn 
fertilizers. In the last few years, 
water quality has rebounded 
somewhat, although it still remains 
classified as only "fair". 

Issue 
Because of nitrogen pollution, Red Brook Harbor, Hen Cove, and Pocasset Harbor (see map) 
are all listed as impaired for estuarine bioassessments and fecal coliform on the Massachusetts 
2016 303(d) Integrated List of Impaired Waters.  Red Brook Harbor and Hen Cove are also 
listed as impaired for nutrient/eutrophication biological indicators.  The impaired status of these 
areas requires development of a Total Maximum Daily Load (TMDL) of nitrogen input to Red 
Brook Harbor.  A TMDL, the quantity of nitrogen loading that an estuary can sustain and still 
meet water quality standards, outlines the sources of nitrogen to the estuary and provide 
guidance on how much nitrogen loading from these sources should be reduced.  This 
information is critical for the Town of Bourne as it develops management plans to restore water 
quality in Red Brook Harbor. 

To develop nitrogen TMDLs, the Massachusetts Dept. of Environmental Protection (MassDEP) 
uses a site-specific approach of gathering information and performing modelling of each 
estuary. This scientific foundation for nitrogen TMDLs has been developed in many southeast 
Massachusetts estuaries by SMAST through the Massachusetts Estuaries Project (MEP).  
However, a Red Brook Harbor TMDL was not completed by the MEP, and SMAST is no longer 
under contract to MassDEP. Building on a previous 604b project, this project would supply 
critical new information needed for TMDL development. 

Project Need and Justification 
There is a clear need to develop a TMDL for the Red Brook Harbor system.  This proposed 
project builds on an earlier 604b project in which the benthic habit and water quality in Red 
Brook Harbor were assessed. In the proposed project, we will develop additional tools towards 
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forming the scientific foundation for a nitrogen TMDL for Red Brook Harbor system.  
Specifically, we will estimate watershed nitrogen loads to the system, and adapt a 
hydrodynamic/water quality model that will use these calculated loads as nitrogen input to the 
water quality model to examine the transport and concentration of nitrogen throughout the 
system.  The model results will reveal which sub-watersheds 
concentrations and can be used to formulate nitrogen load reductions needed to meet water 
quality standards. 

Project Description 
This project will estimate sub-watershed nitrogen loads that will be incorporated into a 
hydrodynamic/water quality model of the Red Brook Harbor system. The project, building on our 
previously funded 604b project, will support management planning by providing tools and 
information needed for site-specific scientific TMDL formulation in Red Brook Harbor.  

The assessment and quantification of watershed nitrogen loading will use realistic best-
estimates of nitrogen loads, rather than loads with built-in safety factors like Title 5 design loads.  
The assessment will incorporate parcel-level data (e.g., on land use, lot size, lawn area), census 
occupancy rates and seasonality, and other information to refine estimates of current watershed 
nitrogen loading. Watershed nutrient attenuation will be estimated from available stream load 
data and assumptions from previous MEP reports where concentration data is not available. 

Watershed nitrogen loading, and resultant estuary nitrogen concentrations, will also be 
estimated under realistic build-out conditions, which will be determined by conversations with 
the Town Planner. 

The manner in which watershed nitrogen loading influences the estuarine water quality will be 
determined by applying a coupled hydrodynamic/water quality model.  The 3-D model, which 
has been applied by project team member Churchill in numerous studies of estuarine water 
quality, includes all of the southeastern New England coastal zone, with very high resolution 
(order 30-m horizontal and 20-cm vertical cell size) in Red Brook Harbor.  It will be adapted to 
employ the watershed nitrogen loads estimated in this study. Similar to the methodology 
employed by the MEP, the model will be calibrated and validated using water quality data 

 (collected following 
a Quality Assurance Project Plan approved by the Massachusetts Department of Environmental 
Protection and the U.S. Environmental Protection Agency). The calibrated model will reveal how 
nitrogen loading from the various sub-watersheds is transported through the system, and will be 
used to estimate how nitrogen concentrations in Red Brook Harbor may be altered by targeted 
reduction of loading (e.g. by septic system upgrade of a given neighborhood) or by increased 
loading through realistic build-out. 

A technical report will be produced to describe the results of project.  The report will document 
how the watershed loading impacts the estuarine nitrogen concentrations under current, and 
build-out, conditions.  The report will include a recommended watershed load limit and will 
include a discussion of the sensitivity of the estuarine nitrogen concentrations to the watershed 
loading, and describe all assumptions used in the analysis.  

Project Outreach 
Project outreach will extend to state and local officials involved in estuarine management and to 
members of the general public. The project results will be presented at meetings of appropriate 
town boards/committees, such as the Board of Selectmen, Conservation Commission, and the 
Board of Health.  The Coalition will develop digital content on the project to be disseminated to 
the general public through its website and on social media.  The Coalition website was visited 
about 450,000 times in 2019 and has over 10,000 followers on social media. 
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Project Team  
The Town of Bourne successfully oversaw monitoring to support one of the first estuaries 
assessed by the Massachusetts Estuaries Project.  The TMDL 
completed in 2008.  More recently, the MEP completed assessment of Megansett and 
Squeteague Harbors, which are on the border between Bourne and Falmouth. 
The Town of Bourne is developing plans to reduce nitrogen pollution and meet water quality 
standards including developing new capacity for sewering through new wastewater treatment 
facilities as well as through innovative partnership agreements.  Thus, the Town has 
comprehensive knowledge and experience with the importance of monitoring information for 
developing nitrogen management plans.   
 
The Town of Bourne will partner with scientists from the Buzzards Bay National Estuary 
Program, the Woods Hole Oceanographic Institution, and the Buzzards Bay Coalition to 
accomplish this project. The project partners have successfully worked together in the past. The 
Town of Bourne and the Buzzards Bay Coalition partnered on a previous 604b project that has 
developed information on the benthic habitat and water quality for Red Brook Harbor. For the 
last five years the Town of Bourne and the Buzzards Bay Coalition have collaborated on 
projects funded by the U.S. EPA to explore the potential for expanding regional sewer service in 
Upper Buzzards Bay following the relocation of a municipal wastewater treatment plant outfall 
out of a sensitive area. The Woods Hole Oceanographic Institution developed a paired 
hydrodynamic/water quality model for that project. The Town has worked with the Buzzards Bay 
National Estuary Program to map stormwater networks and monitor stormwater discharges, 
including sites within the Red Brook watershed. 
 
Project personnel include: 

 Samuel Haines, Town of Bourne, Conservation Agent:  Sam will oversee the project 
activities and coordinate outreach to town boards and committees.  

 Joe Costa, Buzzards Bay National Estuary Program, Executive Director (resume 
attached):  Joe will calculate the watershed nitrogen loading. Joe has calculated 
watershed nitrogen loading as part of the review process for MEP reports and for 
analyses published in peer-reviewed scientific publications. 

 Jim Churchill, Woods Hole Oceanographic Institution, Oceanographer Emeritus (resume 
attached):  Jim will develop, calibrate and execute the coupled hydrodynamic/water 
quality model for Red Brook Harbor. He has carried out numerous similar modeling 
studies [i.e., to assess environmental impact of proposed wastewater discharge sites at 
the western end of Cape Cod Canal and off a site in eastern Buzzards Bay, and to 
evaluate the impact of wastewater discharge on carbonate chemistry near 3 discharge 
sites in western MA].  He is currently applying his model to evaluate the transport and 
impact of microplastics in wastewater discharge at four sites in the MA coastal zone. 

 Rachel Jakuba, Buzzards Bay Coalition, Science Director (resume attached):  Rachel 
will perform project management and reporting activities, and develop outreach 
materials. 

 Korrin Petersen, Buzzards Bay Coalition, Senior Attorney (resume attached):  Korrin will 
perform project outreach. Korrin is currently managing outreach for the Upper Buzzards 
Bay project on expanding regional sewer service. 
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PROPOSAL 
 SCOPE OF SERVICES 

Modeling in Red Brook Harbor to Support TMDL Development 
 
TASK # 1:  Quantify existing watershed nitrogen sources.  
SUMMARY:  Watershed nitrogen loading will be calculated using realistic best-estimates of 
nitrogen loads.   
PERSONNEL:  Joe Costa 
DESIRED OUTCOMES:  Text document that describes methods and assumptions and 
spreadsheet document with data by sub-embayment. 
COST:  $0 
MATCH:  $0, however this work is able to be done at no cost to the project due to federal 
funding to the Buzzards Bay National Estuary Program. 
 
------------------------------------------------------------------------------------------------------------------------  
TASK # 2:  Quantify future watershed nitrogen sources.  
SUMMARY:  The estimates developed in Task #1 will be updated to include realistic build-out 
conditions, which will determined through conversations with the Town Planner.   
PERSONNEL:  Joe Costa 
DESIRED OUTCOMES:  Text document that describes methods and assumptions and 
spreadsheet document with data by sub-embayment. 
COST:  $0 
MATCH:  $0, however this work is able to be done at no cost to the project due to federal 
funding to the Buzzards Bay National Estuary Program. 
 
------------------------------------------------------------------------------------------------------------------------  
TASK # 3:  Hydrodynamic/water quality model development, calibration and execution. 
SUMMARY:  A paired hydrodynamic/water quality model will be developed that uses the 
watershed nitrogen loading numbers developed in Task #1 to predict nitrogen concentrations in 
the harbor. The model will be calibrated to match water quality data collected by the Buzzards 

approved by the Massachusetts Department of Environmental Protection and the U.S. 
Environmental Protection Agency.1  
PERSONNEL:  Jim Churchill, Rachel Jakuba 
DESIRED OUTCOMES:  Output from the model in the form of spreadsheets and nitrogen 
concentration maps as well as a description of strengths/limitations of the model, model loading 
and model assumptions. 
COST:  $29,248 
MATCH:  $4,490 
 
------------------------------------------------------------------------------------------------------------------------  
TASK # 4:  Hydrodynamic/water quality model run with build-out nitrogen loading. 
SUMMARY:  The model developed in Task #3 will be re-run with the build-out scenario loading 
numbers developed in Task #2 to predict what the estuary nitrogen concentrations would be 
with the build-out loading.   
PERSONNEL:  Jim Churchill 

                                                      
1 
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DESIRED OUTCOMES:  Output from the model in the form of spreadsheets and nitrogen 
concentration maps as well as a description of strengths/limitations of the model, model loading 
and model assumptions. 
COST:  $9,048 
MATCH:  $0 
 
------------------------------------------------------------------------------------------------------------------------  
TASK # 5:  Project Outreach. 
SUMMARY:  Project outreach will extend to officials involved in estuarine management and to 
members of the general public. Project partners will engage with officials from MassDEP who 
develop total maximum daily loads.  The project results will be presented at meetings of the 
appropriate town boards/committees, such as the Board of Selectmen, Conservation 
Commission, and the Board of Health.  The Coalition will develop digital content on the project 
to be disseminated through its website and on social media.   
PERSONNEL:  Korrin Petersen, Rachel Jakuba, Sam Haines 
DESIRED OUTCOMES:  Presentations to a minimum of two municipal boards. Digital stories 

 
COST:  $5,000 
MATCH:  $0 
 
------------------------------------------------------------------------------------------------------------------------  
TASK # 6: Project Coordination and Reporting  
SUMMARY:  Project reporting will occur in accordance with the terms outlined in the grand 
agreement. 
PERSONNEL:  Rachel Jakuba, Sam Haines 
DESIRED OUTCOMES:  Seven quarterly reports and a Final Draft Report and Final Report.  
COST:  $5,048  
MATCH:  $510 
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PROPOSAL 
PROJECT BUDGET 

Modeling in Red Brook Harbor to Support TMDL Development 
 
  
 

Expense Items     604 (b)         
Amount 

Cost Share 
(not required) 

    Total 
   Amount 

 Applicant's Salary - By Title and salary range 
 

$0 $0 $0 

 Subcontractual Services 
 Buzzards Bay Coalition (Outreach/reporting) 
 Churchill (Hydrodynamic/water quality 

modeling) 

 
$6,000 

$42,344 

 

$5,000 
 

 
$11,000 

$42,344 

 Equipment 
 

$0 $0 $0 

 Supplies (including printing, mailing) 
 

$0 $0 $0 

 Travel (for mileage only @ 0.45 cents/mile) 
 

$0 $0 $0 

 Other 
 

$0 $0 $0 

  
 Total Amounts: 
 

 
$ 48,344     

 
$5,000   

 
$53,334    

 
   OVERHEAD RATE (%)   %                 
 
   TOTAL REQUEST FOR GRANT:$  48,344                604 (b) Funds 
  
   TOTAL COST SHARE:  $     5,000             (Not Required) 
 
   TOTAL BUDGET AMOUNT:      $_ 53,344________                 
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PROPOSAL 
MAP OF PROJECT SITE WITH LOCUS MAP OF PROJECT AREA (INSET) 
Modeling in Red Brook Harbor to Support TMDL Development 

 

 


