Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

Table of Contents

Disclaimer 2
Acknowledgements 3
Preface.iiniiniinnicnicniiseineessisssisssecssecssesssssssisssissseesseessesssassssssssssssssssssssssses 4
Table of Contents 5
List of Figures 8
List of Tables 10
List of Appendices 11
Chapter 1: INtrodUCtion ... s sssssssssssnssnssnsnnnnns 14
1.1 Nitrogen Pollution 14
1.2 Case Studies on Watershed-Based Permitting: Massachusetts Roadmap for Regulatory
Change 16
1.2.1 Selection of Coastal WaAtEISREAS ...t 16
1.2.2 Watershed and Embayment CharacteriStiCS..........cveouieriierierienienienie e e e e e eee st 18
1.2.3 Pilot Study Team RECTUIIMENL ..........ccoieiiiiiiiieeieerieeeie e ere et seaesebeebeereesraessaesesesesenenas 18
1.2.4 Pilot Project Team Guiding PrinCiples.........ccocuereueeciieriienieiieieniesee e ere e esieesiee e snesnesnnes 18
1.2.5 TEAM MEELINGS. ... eeeuveeuiieiieiiesite ettt et et et e stteetteeteebe e bt e bt e beesstesateenseenseenseesseesseanseenseesneesnees 19
1.3 The Massachusetts Estuaries Project (MEP) 20
1.3.1 MEP HiSEOTY .uviiiiiiiieiieiiecte e ettt et esttesttesttestveesbeesbeesbeesaesssessseasseessaesseesssesssesssesssensssenssensns 20
1.3.2 MEP Linked Watershed Embayment Model ............ccocciiiiiiiiniiniieieeeeeee e 20
1.3.3 Sentine] STATIONS. ...ccueiiuiieiieieeitteitte ettt ettt ettt b e sttt e et e e bt e sbeesbeesabesatesabeenbeenbeenaeesaees 21
1.3.4 MEP Technical REPOILS ......c.ceovieriieiiiiiiiiiieteeie et et e sttesetesere v e esseesseessaestaestaessaesssessseessaessensnas 22
1.3.5 MEP Estuarine Restoration ProCeSS........ccoieerieiirieriiiieieriieee et 22
1.3.6 Natural Attenuation Of NItTOZET .....cc.eeruieriiiriieiieiie ettt ettt et este e te et ebe b e st e saeesnees 25
1.3.7 The MEP Community Partnership..........ccceeevieviiiiienieniieciesieeriereesieesreesieesvesveesvessseesseessessenas 26
1.3.8 MEP RESOUICTES .....cuiiuiiiiiieieeiteriteete ettt ettt ettt sttt st st ebe e e bt enaeesaees 27
1.4 Applicable Federal, State, County, and Local Roles . 27
1.4.1 Federal ROLE......co.ooiiiiee ettt st st sttt et e b e nbe e saees 27
L.4.2 St ROLE ...ttt b e bt st sttt et e 28
1.4.3 COUNLY ROIC ...ueiiiiiiiicieeeeeete ettt ettt ettt st sat e es e e s e essaesbaesseessaessseasseenseesseenssensses 33
1.4.4 L0CAL RO ...ttt ettt et e b e s ht e st e et e b e b e bt e aeesaees 35
1.5 Wastewater Treatment and Effluent Discharge Siting 37
1.6 Watershed-Based Permitting and Nutrient Trading in this Project 37
1.6.1 What is Watershed-based Permitting? ............ccccoevieeiiieiiienieiieniesieeie ettt 37
1.6.2 What is NUtrient Trading@?........cccueeeeiiiiiiieiiie ettt e eee e sveesveeeeaeessveessbeeessseeesseeessneas 38
Chapter 2: Popponesset Bay Pilot Project ......... e 40
2.1 Popponesset Bay Watershed Facts .41
2.2 The Popponesset Watershed 42
2.2.1 GENEral DESCTIPLION ...ecuvieiieiieriieitieeie et et et esteesttestesseeeseesseeseeseessaesssessseasseesseesseesseessessssennses 42
2.2.2 Geology and HydrogeoloZy ........ccuiiiiiiieiiiiiieciiesiie ettt ettt sttt esaee e 43
2.2.3 Water QUALILY ..oocviiiiiiiieiieiiesee et re e et e ste et estbeseb e s b e esseesseesbaessaesabessbeasseasseesseesseesssensns 44
2.2.4 Eelgrass Habitat ..........ccoecieriieiieiiiiie ettt esieesiee st st e st e te e e e seestaessaessseesseessaessaenseesseesssenssas 47
B TN 1< 1131 5T BN 7211 () o OO USTOR 49
2.2.6 Watershed Land USE ........c.coouiiiiiiiiiieee ettt sttt et ettt e st esatesateeee e 49
2.3 Sources of Nitrogen . 49
2.3.1 Wastewater Treatment Plants and Onsite SyStemS ........ccceeeeviiririenerirnieneniereneneeie e 51
2.3.2 Treatment Plant Discharge LOCAtIONS ........cc.ceccviiiiiiiiiiieiiie ettt eevee s ive e e e eaee e 52
2.3.3 SHOTIIWALET c..eetteeiti ettt ettt ettt e bt e sb e sbt e eat e st e et e bt e bt e sbeesbeesateeabeeabeebe e bt e beenbeesaees 53
2314 FertIlIZOT USE . .eeueiiieiieiieeiteie ettt ettt et ettt et e b bt et e bt s et et e b eaeenee e 53

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108
http://www.mass.gov/dep/water/resources/coastalr.htm

Page 5 of 347



Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

2.4 DemOBraphiCs...ccccnicneisicssenssenssensssecssecssecssessnesssesssesssesssesssasssassssesssssssasssssssassns 54
2.4.1 Land USE CRANGE........ccecvieiiiiiiiiieeiieeeieeeteeeeteeesiveesteeetaeessbeessaeessseassseesssseessseesssssessessssseenssens 54
2.4.2 PoOpulation GIOWLEN .......cccuiiiiiiiiieiiiecie ettt ettt sttt re et e et e e s e e sseessnesssesnseessaesseessnennses 56
2.4.3 POPULAtiON DENSILY ....cuvietieiieiieitieeite ettt ettt et ettt st e et e bt e bt e saeesatesateeaseebeeseenseesneesneas 58

2.5 Building the Popponesset Bay Watershed Team 58
2.5.1 TCAM MEELINES. ... .veeevieerierierieiteeireeteeteesteesteesteesteesesessseasseesseesssesssessseasseasseesseessaesssesseesssesssessses 59

2.6 Assessing and Characterizing the Problem . 60
2.6.1 Enhanced Natural Attenuation: Potential of the Santuit Pond Preserve ..........cccccoceevveninnnnnnee. 61
2.6.2 Aquaculture: Shellfish Growing and Harvesting on the Lower Mashpee River......................... 65
2.6.3 Harvesting Aquatic Vegetation on the Mashpee RIVET.........cccovveveiiriieniienieeniecieeie e 65
2.6.4 Dredging and Flushing IMpProvements. ............ccoevierierierieiieeeeieesee sttt 65

2.7 Exploring Implementation Options ... 66
2.7.1 Comprehensive Water Resources Management Plans............ccoccevvevciiiiieiicnicneenieciecveeveene, 66
2.7.2 Inter-Municipal CollabOration ...........ccceerierierieiieeieeie ettt sttt e te et sbe e b e saeesnees 66

2.8 Allocating Wastewater Nitrogen Loads .67
2.8.1 Unattenuated and Attenuated Loads .........occevieieiiiieiieeee e 67
2.8.2 Controllable and Uncontrollable Loads ...........cccceiiririiiriniiiiinieeseeee e 68
2.8.3 Putting It Al TOGELNET ......cocuiiiiiiiiiieie ettt ettt sttt et e saeesneeenees 69
2.8.4 Allocating Loads a Watershed SCale ........cccccueiiiiiiiiieiieieeeeecesre e 74
2.8.5 Calculating the Town Nitrogen Load.........cccceveveriiieiieiiieieieeereesee et 76
2.8.0 FOILOW-UD .ottt ettt ettt ettt st bt et be st e e e 77

2.9 Final Thought 79

Chapter 3: Three Bays Pilot Project.........isssssssssssssssssssssssssnes 81

3.1 Three Bays Watershed Facts 83

3.2 The Three Bays Watershed 84
3.2.1 General DESCIIPION ...veevieeieeiieiieieeteesite st eteeteesteesteesssessseeeseesseesseesseessaesssesssessseesseesseesssennses 84
3.2.2 Geology and HydroZEOIOZY ......eecuieruieiiiiiiiiiie ettt ettt ettt sttt sbe e s esaeesneas 88
3.2.3 Waater QUALIEY ...eeiuiiiiiiieieeeite ettt ettt ettt e et e et eestbeeestee e tbeessseeessseessaesssaeesseessseassseeessseessseaans 88
3.2.4 Eel@rass Habitat ........ccccecieriiriiieiieiieieeree e eieeie et esteesetestesbeessaessaessaesssessseenseessansseesseesssennsas 90
T N 1<) 11310 1S B 1510 o U STOU 91
3.2.6 Watershed Land USE ......cc.ueiiiiiiiieiee ettt st st ettt e b b e e 93

3.3 Sources of Nitrogen 94
3.3.1 Wastewater Treatment Plants and Onsite SYStEMS .......c.cccvvecveeciierierierienie e eieeseeseesnesve s 94
3.3.2 Treatment Plant Discharge LoCations ..........cccerieriiririieeiieieeieeieeeesee st 96
3.3.3 SHOTIMIWALET ..ttt ettt ettt ettt e bt e bt e sbe e s at e st e bt et e e bt e sbeeshtesabe st e e bt e beenbeeanees 96
3.34 FETtilIZET USC....iouiiiiiiieieitt ettt ettt sttt h ettt et s bt et enbesbe e st e bt eaeenee e 97

3.4 DemOZrapRhiCs ...cucievcrrcrcerissricsssnissnnesssrcssstissssnsssssessssisssssosssssssassssssssssssssssssessnses 97
3.4.1 Land Use CRANGE........ccccuieiiieiiieeiieecieeeiteeeiteeetee ettt e sibeesssee e tbeessseeesseeesssesssseeesseessseesssseesssenans 97
3.4.2 Population GIOWLh .......ccoiiiiiiiiiiii ettt e ae ettt e e taestbessbeesbeesseessaessaesssesssessseenns 100
3.4.3 POPUlation DENSIEY ...cccueeiiieiiieeiieeie ettt ettt ettt et e st ettt ettt et e e saee et e enbeenre e 101

3.5 Three Bays Pilot Project 102
3.5.1 Building a Watershed Team...........ccieeviiviiiriiiiieiiecie ettt sv e b reesraeseneseneesseenns 102
3.5.2 TAIM MEELINES. .. .eeveereeriierieerireeteeteeteesttesseeseressseasseesseesseesseesssessseassessseesseesssesssesssessessnsenssennns 103
3.5.3 SMAST Linked Model RUNS ........cccuiiiiiiiiiieieie ettt s 105
3.5.4 Proposals for Sewering the Three Bays Watershed .........ccccccoovvieviiiviieniiniienieciecee e 111
3.5.5 Pilot Project Team Issues and SUZZESHONS .........cvrrviereerieerierienieeieereeeeieeseeeseeeseaesnreesseenns 113

Chapter 4: Pleasant Bay Watershed ..........ccccoviiiiimimimiissrrns s 116

4.1 Pleasant Bay Watershed FacCts......ciiiiiviriiiinnniicnsnniinssnniisssssniessssssiessssssiessssssssssssssssssssssssssssssse 118

4.2 The Pleasant Bay WatersShed ..........oeueinveinveiisnecsnecsnecsensensseisssisssisssicssecssecssessssssssssssssssssssssssesns 119
4.2.1 GeNeral DESCIIPLION .....vviiiiieiiieeiieeetieeite ettt e eeteeesteeesbeeebeeeseseessseeesseesssaeessseessseesssessssesssseenns 119

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108
http://www.mass.gov/dep/water/resources/coastalr.htm

Page 6 of 347



Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

4.2.2 Geology and HydrogeoloZy .......cceuieiieiieiieiiecieciie ettt et ettt ettt et be e bt eneee s 122
4.2.3 Water QUALILY ..uvviiiiiiiiiiecieecee ettt ettt e et e e st e e st e e e taeesebeeessaeessbaesssaeessseessseeanseesnssaensseenns 122
4.2.4 Eelgrass HaDItat .......c.cccveriieiierieriesieeie ettt et et see st e staesnae e e e taessaessaesssesnsessseensessseessesssnens 124
4.2.5 Watershed Land USE..........coviiiiiiiiiiieie ettt ettt ettt e e be et ebeenbeesbeensee s 127
4.3 Sources of Nitrogen 127
4.3.1 Wastewater TreatMENT .......coouiriiiiiiiiiieeteeee ettt ettt ettt st enae e 129
4.3.2 FITIHZET USE ..ottt ettt et b ettt et e e sb et e st bt e e bt sae et e 129
4.3.3 STOTIIIWALET ....eeutieiiiieeitie ettt ettt ettt et e st e ettt e et e e bt e e bbeesabee e bt e e sabeesabeeeeabeesabaeebaeesateesabteesabeenns 130
4.4 Demographics 130
4.4.1 Land USE CRANGE ........ccueevvieriieriieriiesiesie st eteeseesteesseessaesseessaesssessseesseesseesssesssesssesssesseessessseens 130
4.4.2 Population GIOWLH .....ooueiiiiiiieiie ettt et ettt sb e sbeesntessteenteenseenseenseens 133
4.4.3 POPUIAtiON DENSIEY ...eciuiiiiiieiiieeiieeetieecieeeteeeteeestte et e e ebeeesebeesbeeesseeesssaesssaeessseessseessssesnsseenns 134
4.5 The Pleasant Bay Alliance Team we. 135
4.5.1 AllIance Team MEEHINES ........ccecutriieiieeiiietieriieete ettt ete et e e e bt e steesaeesaaesnsesbeeseeseesseesseenseens 136
4.6 Water Quality Modeling Parameters 138
4.6.1 Biologically ACtiVe NItTOZEN ......ecvvierieerieertierieeieereereeteeseesseesseessaesssesssesssessseesseessessseesseesseens 138
4.6.2 SENNE] STALIOMS. ...c.vieuieniitieiieite ettt ettt ettt ettt e e st e st et e eb e et e s bt estetesbe et e sbeestenbesaeeneene 139
4.6.3 Establishing the Sentinel Threshold Concentration for Habitat Restoration ..............ccceceennee. 140
4.6.4 Impact of Inlet Formation on Embayment Water QUality ..........ccccccvevvveviierierienienieereereennenn 141
4.7 Pilot Project Scenario Runs 143
4.7.1 Limits on Performing these Scenario RUNS............ccoocuiviiiiiiiiienieneceee e 144
4.77.2 SCENATIO RUINS ...cotiiiiiiiiiit ettt ettt ettt e b e b e be e bt e e st e enteenbeenaeens 145
4.8 Inter-municipal Wastewater Management Planning 146
4.8.1 Utilizing MEP Septic Load Reductions for Restoring Water Quality ..........ccoccveveververcvenvennnenn 146
4.8.2 MEP Technical Report Septic Load Percent Reductions...........cccccveevveeeciieiciienieeciee e 146
4.8.3 Town by Town Attenuated and Unattenuated Loads...........ccccueveerieriienieniiieieceereeieesieesiens 146
4.9 Inter-municipal Planning and Implementation.... . 148
4.9.1 Regional Implications of the Orleans CWMP .........cc.ccccoiiiiiiiiniiniinceeceeeeee 150
4.9.2 Regional Significance of the Economies of Scale Study ........ccccecvvveviieeciiiiiiieciiecie e 150
4.10 Lessons Learned for MassDEP’s Future Planning.... .152
4.10.1 Possible Management and Permitting MechaniSms...........ccccceeeueeiieeiiieriienienienie e 152
4.10.2 Monitoring and Permitting COmMPLIANCE...........ceeeviiiiiieeciieiiie e esee e eive e e sreeeseveeeevee s 152
4.10.3 Local or Regional Obstacles for watershed-based TMDL implementation................cccc....... 153
4.10.4 Role of community-based outreach and planning in wastewater mitigation .......................... 153
4.11 Final Thoughts 154
Chapter 5: Municipal, Regional, and State Accomplishments -Public and Private............ 155
5.1 Inter-Municipal CWMP Coordination and Planning .......... 155
5.2 Municipal AcCOMPLSHMENTS ....cccueiivvirivvriiisirirnrissniiiseicsneissnerissseisssencsstesssesssssnessssesssssessssesssssse 155
5.2.1 TOWN OF MASHPEE ....ocvviieiiiiieiieciiecte ettt ettt ae e be et e et e e te e tbestbessseesbeessaesaessaesssessseenns 155
5.2.2 ToWN Of BAIMSTADIE ... .eiiieiiiiiiieii ettt ettt ettt sttt ettt et esaeesaeesneeeaseeane 157
5.2.3 Town Of SANAWICK ...c.eiiiiiiiee ettt ettt et e st et 160
5.2.4 TOWN Of BIEWSTET ....eetiiiiiiiiiiiiiieie ettt ettt sb e sttt sttt e bt e sbeesbeesaee st e easeeane 160
5.2.5 Town Of Chathamm ......cocooriiiiiiee ettt sttt 161
5.2.6 TOWN OF HATWICK ....eeiiiiiieciii ettt ettt et et ettt et e et e saee st eease e 164
5.2.7 TOWN OF OTIEANS .....oviiiiiiieiieie ettt ettt et ettt et e et et e st eneeeeeneeeeeees 165
5.3 Regional Accomplishments: Barnstable COUNtY ......ccccceerveresvercscnncsssercssnsesssssssarsssnssssssssssassssnsssse 166
5.3.1 Cape Cod Commission’s Regional Policy Plan: No-Net Nitrogen...........cccoeeeeveveneeneeneennene 166
5.3.2 Cape Cod Commission’s 2008 Draft Regional Policy Plan.............ccccecovivviiiiciiiiciieieeeeee, 166
5.3.3 Cape Cod Commission Wastewater Planning Conferences and Publications........................... 168
5.3.4 Cape Cod Water Protection CollaboratiVe..........ccvevuierieriieiiireiieiieseeseesre e sseesseesseessnessnenns 168
5.3.5 Coastal Zone Management National Estuarine Programs............ccccceeeeiiiniieniieeecieeniee e 169

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 7 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

5.4 Massachusetts DEP Accomplishments .170
5.4.1 Inter-Municipal Wastewater Management Planning ............ccccocveeviienciiieniienciee e 170
5.4.2 NIrOZEN TTAQING. ... .eeivieriieriieeieeie ettt eee st ste st e steeteesteesteessaessseasseasseesseeseesssesssesssesssensseenns 170
5.4.3 Natural Attenuation of Nitrogen in Wetlands and Surface Waters..........cccceeeveevinenccncnennee. 171

Chapter 6: Regulations, Policies, and Guidance: Stakeholder Recommendations for
LT T =T o P T 4 T 174

6.1 Inter-Municipal TMDL Planning and Implementation . 174
6.1.1 EXIStING CAPACILY .eevveeveerrieriiesieereereetiesstesseesieesssessseasseesseesseesssesssesssesssesssesssesssessssesssssssesssesnns 174
6.1.2 Defining FUture NEEAS........coeciiiiiieiieiieierie ettt ettt ssae e ess e essaessaesseesnnesnseenns 175
0.1.3 CONSIACTALIONS. .....veieiiieeeiieeciieeetee et et e et e e eveeeteeestbeeebeeeaseesaseeesaeesasesesseessseesnsesensseesnseeennns 176
6.1.4 Key Elements of a Watershed-Based Wastewater Management Plan .............ccccccoeeveeennennen. 176

6.2 State Revolving Loan Funding (SRF) 176
6.2.1 EXIStING CAPACILY .euveeveetiertieeiieeie et et et estte st e st e stteeateete e bt esseesseesntesnseenseenseenseesseesseesnsesnsennne 176
6.2.2 Defining Future Needs (includes MassDEP comment to these recommendations).................. 177

6.3 State Permitting 178
6.3.1 EXIStING CAPACILY .evveervieriieriieriierieetieteeseesseesetesseesssessseesseesseesseesssesssessseasseesseessessseesssssssenssennns 178
6.3.2 Defining FUture NEEdS ........ccooiiiiiiiiiieiieiesieste ettt ettt e st esaee e 178

6.4 Environmental Planning Requirements 179
6.4.1 EXIStING CAPACILY .evveerveeriieriierierieeteeteeseesteesttesssesssessseesseesseesseesssesssesssessseesseessessseesssssssensennns 179
6.4.2 Future Needs Defined .........cooooiiiiiiiiiicce ettt et et tv e e e et e 180

6.5 Wastewater Management Planning and Reporting . 180
6.5.1 The Problem Defined...........cooiiiiiii ettt e 180
6.5.2 Challenges to Watershed-Wide Planning and TMDL Implementation .............ccccecvevverveennnne 180
6.5.3 Suggested Elements of a Watershed Based CWMP .........ccccociiiiniiiininiininiiececeee, 181

Chapter 7: MassDEP Action Plan to Facilitate
CWRMP Planning and Implementation by Coastal Communities........ccccceeeemmmemmmeeemeeneeeennee. 182

7.1. Outreach and Technical Assistance .. 182

7.2. Nitrogen Planning and Implementation 183
7.2.1 Nitrogen Management PIanning ............ccccecveriiiiriiiiiieeieeiesiesee e ereesieesreeseneeene e 183
A < 4 11 L 710V SRS 183
7.2.3 CWRMP IMPIemMENtation .........c.ccceuiieiiieiciieiiiieeieeeieeesreeeveeesveesteeeebeesbeeesseessseeessseesssessnnns 184
7.2.4 TMDL Compliance Monitoring and REPOItINg ..........ccceevveevvievieeriierierierresreereesseesseesenessnenes 184
7.2.5 TMDL Compliance Monitoring and RepOTting ..........ccceevueriireiiieniienienienieeieeie e 184

Chapter 8: Inter-municipal, Watershed-Wide

Comprehensive Wastewater Management Planning Process.........ccccccccvieiinnsnnnnnnnnnnns 186
Literature Citations .........ccovieiiiiir e ————————— 190
N o 1= g e [ o =Y 3 193

List of Figures

Figure 1.2 A view of Shoestring Bay from the Santuit River with algal mats throughout much of the
surface waters of the Bay (Photo by Ed Baker)

15

Figure 1.3 Diagram Defining the Pilot Project Case Studies Role in the Implementation of a TMDL 17

Figure 1.4: The Massachusetts Estuary Project Restoration Process

22

Figure 2.1 Aerial view of Popponesset Bay showing the sand spit that impedes tidal exchange with
Nantucket Sound

40

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 8 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

Figure 2.2 Delineation of the Popponesset Bay Watershed 42
Figure 2.3 The Popponesset Bay Watershed and its Groundwatersheds 45
Figure 2.4 Pleasant North Orthophoto of Past (1951) and Present (2001) Distribution of Eelgrass Beds -

1951 historical imagery not field checked (Source: MassDEP, Charles Costello) 48
Figure 2.5 Popponesset Watershed Land Uses 49

Figure 2.6a-c. Popponesset Bays Estuary and Watershed Nitrogen Sources of (a) Combined
Unattenuated Nitrogen Loads, (b) Watershed Sources of Unattenuated Loads and (c) Combined
Watershed Loads that are Controllable. Source: SMAST Popponesset Bays Technical Report by

Howes, B. et. al, 2004, Chapter 4, Table IV-4. 50
Figure 2.7 Graph of acreage of developed and undeveloped land in the Popponesset Watershed from

1951 to 1999 (MassDEP GIS) 54
Figure 2.8 Map of acreage of developed and undeveloped land in the Popponesset Watershed 55
from 1951 to 1999 (MassDEP GIS) 55
Figure 2.9 Percent population increase since 1950 for Popponesset Watershed Towns 56
Figure 2.10 Population growth since 1950 for the Popponesset Watershed Towns 57
Figure 2.11 Change in population density in the Popponesset Watershed from 1990 to 2000 58
Figure 2.12 Santuit Pond Preserve - Map and aerial view of monitoring sites 63
Figure 2.13 Unattenuated nitrogen load deposited in the watershed and attenuated nitrogen load

reaching the Bay from each watershed town 68
Figure 2.14 MEP Technical Report scenario with the percent reduction in septic loads needed in each
subwatershed to restore water quality at the sentinel station 70
Figure 2.15 Equal Percentage for each town of Nitrogen Reduction Deposited as an Unattenuated

Load to the Popponesset Watershed* 75
Figure 3.1 Aerial photo of the Three Bays Embayment System 81
showing the two outlets that impede tidal exchange with Nantucket Sound 81
Figure 3.2 Floating Algal Mats at Warren’s Cove 82
Figure 3.3 Three Bays Sub-embayments: Cotuit Bay, West Bay, North Bay, Prince’s Cove, Warren’s

Cove and Little River, Marstons Mills River and Seapuit River 85

Figure 3.4 Three Bays Embayment System: Tidal waters enter the Bay through two inlets from
Nantucket Sound. Freshwaters enter from the watershed primarily through 2 surface water discharges

(Marstons Mills River and Little River) and direct groundwater discharge. 86
Figure 3.5 Three Bays Sub-watersheds: Cotuit Bay, West Bay, North Bay, Prince/Warren’s Cove,

Little River, and Marstons Mils River 87
Figure 3.6 Floating Algal Mat and Phytoplankton Bloom at 91
South Prince Cove displaying limited light transparency 91
Photo courtesy of Three Bays Preservation, Inc 91
Figure 3.7 Eelgrass Beds past and present distribution in the Three Bays embayment system 92
Figure 3.8 Three Bays Watershed Land Uses 93

Figure 3.9 a-c Combined Three Bays Estuary and Watershed Sources of (a) Unattenuated Nitrogen
Loads (top), (b) Watershed Sources of Unattenuated Loads (bottom Left) and (c) Percentage of the
Combined Watershed Loads that are Controllable (stormwater, fertilizers (agriculture, lawns/turf),

treatment plants) (bottom right). 95
Figure 3.10 Graph showing land use change (1951, 1971, 1985, 1999) in the Three Bays Watershed
represented as developed and undeveloped (Source: MassDEP GIS) 98
Figure 3.11 Maps showing land use change (1951, 1971, 1985, and 1999) in the Three Bays

Watershed represented as developed and undeveloped (MassDEP GIS) 99
Figure 3.12 Percent Population Increase since 1950 for Three Bays Watershed Towns 100
Figure 3.13 Population Growth since 1950 for the Three Bays Watershed Towns 101
Figure 3.14 Changes in Population Density for the Three Bays Watershed from 1990 to 2000. 102
Figure 3.15 Sewershed Locations Proposed for Septic Load Reductions in the 106
Three Bays Watershed 106

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 9 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

Figure 3.16 Nitrogen Loads from the three towns under existing conditions described as (a) the
unattenuated loads deposited to the watershed, (b) the attenuated load that reaches the Bay and (c)

a pie chart that defines the percent of attenuated load contributed by each town. 109
Figure 4.1 Aerial views Pleasant Bay displaying its single inlet (top) and the breach to its barrier
beach that resulted in a second inlet on April 19, 2007. 116

Figure 4.2 Aerial photo of the Pleasant Bay Watershed and its embayments showing the southern
inlet that impeded tidal exchange with the Atlantic Ocean, prior to April 19, 2007 when a new

second inlet was formed on the barrier beach. 117
Figure 4.3 The Watersheds and Sub-Watersheds of Pleasant Bay 120
Figure 4.4 Contributing Sub-Embayments of Pleasant Bay 121
Figure 4.5 Past and present distribution of eelgrass beds in the Pleasant Bay system 126
Figure 4.6 Land Use by percent within Pleasant Bay watershed 127

Figure 4.7 a-c Pleasant Bay Estuary and Watershed Sources of Nitrogen Loading - (a) Overall
unattenuated nitrogen loads, (b) Unattenuated nitrogen loads affecting the Watershed, and (c)

Percentage of controllable nitrogen loads (stormwater, fertilizers, and treatment plants) 128
Figure 4.8. View of Pleasant Bay from the Eastward Ho Golf Course in Chatham 130
Figure 4.9 Chart showing change in developed and undeveloped land between 1951 and 1999 in the

Pleasant Bay Watershed (source: MassDEP GIS) 131
Figure 4.10 Map showing landuse change (1951, 1971, 1985, 1999) in the Pleasant Bay Watershed

represented as developed and undeveloped (source: MassDEP GIS) 132
Figure 4.11 Percent Population Increase since 1950 for Pleasant Bay Watershed Towns of Chatham,

Orleans, Brewster, and Harwich 133
Figure 4.12 Population Growth since 1950 for the Pleasant Bay Watershed Towns 134
Figure 4.13 Changes in Population Density within the Pleasant Bay Watershed from 1990 to 2000 135
Figure 4.14 Phases of new inlet development pre and post January 2, 1987 1422
Figure 4.15 Oblique view of Pleasant Bay and Nauset Beach prior to the 1987 inlet 144
Figure 4.16 Sequence of Inlet Developments since April 2007 breach of Nauset Beach 145

Figure 4.17 Bar graph of the unattenuated nitrogen load deposited to the watershed and the attenuated
nitrogen load that reach the Bay from each of the four towns under existing conditions. Pie Chart of

the percentage of the attenuated load that reaches the Bay from each town under existing conditions _ 148
Figure 4.18 Percent reduction in septic load recommended for each of the designated Pleasant Bay

embayments as defined by the MEP Technical Report 149
Figure 4.19 Town of Orleans CWMP Proposal for Public Discussion identifying locations within the
Pleasant Bay Watershed for sewers 151
List of Tables

Table 2.1 Popponesset Watershed Land Area by Town 43
Table 2.2 Embayment Waters within the Popponesset Bay Watershed on the 2006 Integrated List 46
Table 2.3 Popponesset Bay’s Eelgrass Acreage (Past and Present) 47
Table 2.4 Sources of Nitrogen Loads to the Popponesset Bay Embayment and Watershed 51
Table 2.5 List of acreage of developed and undeveloped land in the Popponesset Watershed from 1951

to 1999 (MassDEP GIS) 54
Table2.6. Percent Population Growth from 1950 to 1990, for the Popponesset Watershed Towns 56
Table 2.7 Popponesset Bay Watershed Pilot Team 59
Table 2.8 Unattenuated and Attenuated Nitrogen Loads by Town 71
Table 2.9 Nitrogen loading rates from present controllable watershed sources, loading rates necessary to
achieve target nitrogen concentrations, and the percent reduction needed to achieve the target. 72

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 10 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

Table 2.10 The Total Maximum Daily Loads (TMDL) for the Popponesset Bay System, represented
as the sum of the calculated target thresholds loads (from controllable watershed sources), atmospheric

deposition, and sediment sources (benthic flux) 73.
Table 2.11 Observed nitrogen concentrations at present and calculated target threshold nitrogen
concentrations derived for the Popponesset Bay Sub-embayments 73
Table 3.1 Three Bays Watershed Land Area by Town 84
Table 3.2 Embayment Waters within the Three Bays System on the 2006 Integrated List 89
Table 3.3 Major water quality indicators of habitat impairment observed in the Three Bays System 90
Table 3.4 Three Bays Eel Grass Acreage (Past and Present) 91
Table 3.5 Sources of Nitrogen Loads to the Three Bays Embayment and Watershed System 94
Table 3.6 Developed and Undeveloped Land (1951, 1971, 1985, 1999) in the Three Bays Watershed
(Source: MassDEP GIS) 97
Table 3.7 Percent Population Growth, since 1950 and again from 1990 for the Three Bays Watershed
Towns of Barnstable, Sandwich, and Mashpee 100
Table 3.8 Three Bays Watershed Pilot Team 103
Table 3.9 Three SMAST Scenarios for reducing nitrogen in the Three Bays Watershed 107

Table 3.10 Unattenuated load deposited to watershed and attenuated nitrogen load that reaches the
Bay from each of the three towns sharing the Three Bays Watershed (Source: Cape Cod Commission

Technical Memo, see Appendix O). 109
Table 3.11 Percent reductions of controllable watershed loads that are required to restore water

quality to the threshold concentration at the sentinel station 110
Table 3.12 Attenuated and unattenuated load by sub-watershed, under existing and build-out conditions,
for the Towns of Barnstable, Sandwich, and Mashpee 110
Table 4.1 Pleasant Bay Watershed - Area by Town 119

Table 4.2 Pleasant Bay Waters in Category 5 of the Massachusetts 2002 and 2004 Integrated List 123
Table 4.3 Comparison of parameters for the impairment of waterbodies within the

Pleasant Bay System 124

Table 4.4 Pleasant Bay’s Eelgrass Acreage (Past and Present) 125

Table 4.5 Sources of Unattenuated Nitrogen Loads to the Pleasant Bay

Embayment and Watershed 128

Table 4.6 Developed and undeveloped land (1951, 1971, 1985, 1999) in the Pleasant Bay

Watershed (MassGIS 131
Table 4.7 Percent Population Growth, since 1950, for the Pleasant Bay Watershed Towns 133
Table 4.8 Pleasant Bay Watershed Pilot Team 136
Table 4.9 Unattenuated and Attenuated Loads to Pleasant from Brewster, Chatham,

Harwich, and Orleans under existing and build-out conditions (Source: Howes, B. al., 2006) 147

List of Appendices

Appendix A Glossary 195
Appendix B MEP Linked Watershed/Estuary Model Approach to Calculating

Nitrogen Thresholds 201
Appendix C ~ Massachusetts Surface Water Quality Standards 208
Appendix D Massachusetts Groundwater Quality Standards 212
Appendix E  Nitrogen Load Allocations 215
Appendix F Fact Sheet: Implementing Total Nitrogen TMDLs 217
Appendix G~ TMDL Implementation and SRF Funding Questions and Answers 221
Appendix H  MassDEP Town Recruitment Letter 223
Appendix | MEP Technical Report Executive Summary - Popponesset Bay 225
Appendix J  Executive Summary of Literature Review of Enhanced Natural Attenuation

by the Woods Hole Group 235

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 11 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

Appendix K

Appendix L

Appendix M
Appendix N

Appendix O
Appendix P

Appendix Q
Appendix R
Appendix S

Appendix T

Appendix U
Appendix V
Appendix W
Appendix X

MEP Technical Memo: Howes, Brian. May 2, 2006. Popponesset
Bay: Results, Pilots Modeling Scenarios, Final Revision June 15, 2006.

MEP Technical Memo: Howes, Brian et al. April 6, 2007.
Scenario Run of Popponesset Bay MEP Linked Model

MEP Technical Report Executive Summary — Three Bays

238

264
267

MEP Technical Memo: Howes, Brian et al. December 26, 2007. Scenario
Runs of Three Bays MEP Linked Model. Cape Cod Commission Memo:
Eichner, Eduard. December 7, 2007 Three Bays Watershed Town Areas and
Share of TMDL Nitrogen Loads

MEP Technical Report Executive Summary — Pleasant Bay

MEP Technical Memo: September 22, 2008. Sean Kelley, P.E. and

John Ramsey, P.E. Pleasant Bay Water Quality Model Update and Scenarios.

Nitrogen Removal Potential from Shellfish Aquaculture. Richard York.
Town of Mashpee Bylaw: Stormwater Management

277
292

307
320
322

Town of Mashpee Board of Health Regulation - Regulation to Protect Water Quality 324
Town of Barnstable Board of Health Regulation Protection of Saltwater Estuaries 326

Town of Barnstable Ordinance: Resource Protection Overlay District
Chatham Board of Health Regulation: Nitrogen Loading

MassDEP Guidelines on Inter-Municipal Collaboration Financing

331
334
342

2008 Environmental Bond Bill (Clean Water) Legislation

346

Massachusetts Department of Environmental Protection

Massachusetts Estuaries Project, Boston, MA 02108

http://www.mass.gov/dep/water/resources/coastalr.htm

Page 12 of 347




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


