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Preface

This report presents the findings and recommendations from three Pilot Projects on Cape Cod; each
addressing the watershed nitrogen load conditions affecting water quality impairment for three estuaries:
Popponesset Bay (Mashpee, Barnstable, and Sandwich, MA); Three Bays (Barnstable, Sandwich, and
Mashpee, MA), and Pleasant Bay (Chatham, Orleans, Brewster, and Harwich, MA). The outcome of these
case studies, including what was learned, and the actions taken and/or recommended for follow-up,
represent several years of dialogue among the towns sharing land use jurisdiction of the affected
watersheds.

Each estuary had been designated by the Commonwealth as a nitrogen impaired estuary - in violation of
the state water quality numerical standards and its designated uses (recreational fishing, swimming and
boating and as habitat for sustaining eelgrass meadows as a breeding and nursery ground for important
commercial marine fisheries and shellfish).

Past wastewater planning elsewhere in the US and in New England are typically focused on end of pipe
point (NPDES) discharges to receiving surface waters. These case studies on Cape Cod address the fact
that wastewater impacts to coastal embayments are not from typical NPDES discharges but from nonpoint
source discharges to the ground from septic systems, stormwater runoff, large and small wastewater
treatment plants, and use of fertilizers by the towns sharing the watershed. These case studies utilized a
holistic, scientific approach by evaluating all nitrogen sources in the watershed for use in integrating a
broad range of infrastructure and management solutions into existing state permitting programs.

For an electronic version, please visit: < http://www.mass.gov/dep/water/resources/coastalr.htm>.
The digital copy includes numerous hyperlinks to websites.

For further information about these projects, please contact:

George A. Zoto, Ph.D.

Bureau of Resource Protection
Massachusetts Estuaries Project
Massachusetts Department of Environmental Protection
Cape Cod Office
973 lyannough Road
Hyannis, MA 02601
508-771-6055
Email: George.Zoto@state.ma.us

MassDEP does not necessarily agree with all the recommendations expressed in this document by persons
or groups that have participated in the project. Nor is MassDEP committing at this time to implement any
of the recommendations made by others.

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 4 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm



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

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

Table of Contents

[ LTod F= Y T SRR
F Ao 01T T o T=T o T o (PSS
L =] (0TSSP
=L o] (o) B O] ] (=] o | TSSOSO
I TS A0 o U =T PP
I TS 01 I o 1= PSPPSR 10
I TS A0} AN o] o 1= o o0 SRS PR ST 11
(O F= 1o} 1= g A 1 o Yo [V T o f o 1 o IS 14
IS N T T 1= T o] LU o o PP 14
1.2 Case Studies on Watershed-Based Permitting: Massachusetts Roadmap for Regulatory
(O o= o - TSP SS 16
1.2.1 Selection of Coastal Watersheds...........covieiiiiiie e 16
1.2.2 Watershed and Embayment CharaCteriStiCS.........ooivveiiieiiiiiiiece e 18
1.2.3 Pilot Study Team RECIUITMENT........cciiiiieiiieiei it 18
1.2.4 Pilot Project Team Guiding PriNCIPIES........c.oiiiieiiie et 18
I T T AV 1= oSSR 19
1.3 The Massachusetts Estuaries ProjeCt (MEP) ........cccco o 20
1.3.1 IMIEP HISTOTY ..otttk bbbttt bbbt ene e 20
1.3.2 MEP Linked Watershed Embayment MOdEl ............cooeiiiiiiicie e 20
1.3.3 SENLINEI STALIONS. ... .itiieiieiicieie bbb b ettt st b et nenre s 21
1.3.4 MEP TeChNICal REPOITS ......veuieiiiiiiiisiiit ettt 22
1.3.5 MEP Estuaring REStOration PrOCESS.........ciueriiieaieieerieeriesiesiee e steeeeseesteeneeseesseeneeseeeneeseesseeneesees 22
1.3.6 Natural Attenuation OF NITFOGEN .......ccviieiii i ne e 25
1.3.7 The MEP Community Partnership .........ccooeoieieiiiniiineseieesese st 26
1.3.8 IMIEP RESOUITES ... ittt ettt ettt ettt bbbt bt be e e ab e e be e sbe e sbe e sbeesbbessbeesbeenbeaneen 27
1.4 Applicable Federal, State, County, and Local ROIES............ccooeiiiieiiiiie e 27
14,1 FEUBIAI ROIE ...ttt bbbttt bt et e ne b 27
R - (=3 o [ SRR 28
IR 0 T O o111 Y20 o] [ PSSP 33
1.4.4 LOCAI ROIE ...ttt bbbttt bbb et ene s 35
1.5 Wastewater Treatment and Effluent Discharge Siting.........ccccccoovvvveviieiie i 37
1.6 Watershed-Based Permitting and Nutrient Trading in this Project...........ccccovvviiiniiiinenn 37
1.6.1 What is Watershed-based Permitting? ........cccccceiieeiieeiiie i see e e 37
1.6.2 What is NULFIENt TradiNg?.......ccoveiiiiiiieie ettt sttt e sra e e 38
Chapter 2: Popponesset Bay Pilot ProjecCt .........occuuiiiiiiiiiiiiieeece e 40
2.1 Popponesset Bay Watershed FaCES ........c.ccviiiiiiiiiiec ettt nneas 41
2.2 The Popponesset WaLerShed ...........coviiiiiiiiicc e 42
P €T T oL TS ] o] oo SR 42
2.2.2 Geology and HYdrogeoIogY ........ccveieeieiiiiiie e ste e ste s stee sttt e e e te e steesreesneenneas 43
2.2.3 WaLEr QUAIITY ..o b bbbttt bbbt 44
2.2.4 Eelgrass HADITAL ...........cooiiiieiiiiie ettt sttt st esaeereeneeseeeneeee e 47
2.2.5 SENLINEL STALION ...ttt ettt et be st e e e sreen e nbeene e e 49
2.2.6 WALEISNEA LANG USE .....oviiiieiieiiiiie ittt bbbttt bbb 49
2.3 SOUFCES OF NITFOQGEN ... .ottt et e s be et e be s teeseesbeaneesbesteaneeneas 49
2.3.1 Wastewater Treatment Plants and ONnSite SYStEMS .......c.ccceviiiiieeiee i 51
2.3.2 Treatment Plant Discharge LOCAtIONS .........c.cciiiiiiiiiieie e s 52
P e IS (0] 101V L] SO TSP R ORI 53
p B S T4 | =] U USSR 53

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 5 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

p T g Tl | =T o] o (oSSR 54
o I I g o B LYY @ =T o - OSSP 54
2.4.2 POPUIALION GIOWEN ..ottt sttt ettt e e sneesaesre s e sbeeneenee e 56
2.4.3 POPUIALION DENSITY .....vieiiieiiciie st s e st be et e e te e teesneesneeateenteesteenreennes 58

2.5 Building the Popponesset Bay Watershed TeaM..........ccevveieeieevee v eie e e e seesee e 58
2.5.1 TAM IMBETINGS. ...ttt b ettt b et bt bbb bt e e bbbt et e s s 59

2.6 Assessing and Characterizing the ProbIEm ... 60
2.6.1 Enhanced Natural Attenuation: Potential of the Santuit Pond Preserve .........ccccocvveienieneenenn 61
2.6.2 Aquaculture: Shellfish Growing and Harvesting on the Lower Mashpee River............c.ccccco.... 65
2.6.3 Harvesting Aquatic Vegetation on the Mashpee RIVEr..........cccccviiiiiiiiiiini e 65
2.6.4 Dredging and FIUShing IMProVEMENTS.........c.ciiiiieiie s re e sre e sreesnae e 65

2.7 Exploring Implementation OPTIONS. .......ccciiiiiiieie s sre e e e e s esaesnees 66
2.7.1 Comprehensive Water Resources Management PIans.............cooeveieeninineneseseesesesie e 66
2.7.2 Inter-Municipal Collaboration ...........ccceiiiiicie e 66

2.8 Allocating Wastewater NIitrogen LOAUS .........ccveieeiieiiee i iiesie e sie et ste e see e see e steeseeesreesnnes 67
2.8.1 Unattenuated and Attenuated LOAAS .........cceiiiiiiiiiieieeeee s 67
2.8.2 Controllable and Uncontrollable LOAS .........c.coviiiiiiieie e 68
2.8.3 PULING Tt Al TOGELNET ..ot e ee e peenneenneas 69
2.8.4 Allocating Loads a Watershed SCAIE ...........cccoiiiiiiiiiieieeie et 74
2.8.5 Calculating the TOWN Nitrogen LOAG.........ccceuiiiiiiiiiiie et 76
< N S o] | 0111 o S 77

pZ2N N T = I 0] U T o | PSS 79

Chapter 3: Three Bays PilOot ProJECT.......uuuiiiiiiiiiiiiiiiiiiiiiiiiiiia e eanrnneaannansannaanne 81

3.1 Three Bays WaterShed FACES ........ccvciiiiiii et te e te e nta e nnee e 83

3.2 The Three Bays WaterShEd ...........c.oiiiiiii ittt s ne e 84
N R €1 LI =TT ox ] o] o] oSS 84
KA ©1-To] (oo 1A=V To Il o Yo {oTo [<To ] (oo VA 88
I BTV | (=T @ U 1) ST 88
I - [0 o LT o o L T 90
3.2.5 SENLINEI STALION ....c.viieie ettt bt e b s re e st e nbeene et 91
3.2.6 WaLErSNEU LANG USE .....ccueiuiiiiiieitiiie ittt bbbttt bbb 93

IR IS 01U Lot To)  AN1) 4 oTo T=] o OSSP 94
3.3.1 Wastewater Treatment Plants and ONSite SYSTEMS ........cccoveiiiiiiiiriienceee s 94
3.3.2 Treatment Plant DiScharge LOCALIONS .........cccvviiiiiiiiiiie e 96
G T T (0] 411111 =] PRSP 96
334 FRITIIZEI USE... ittt ettt sttt e et e e sbeete e e saeereentenneeneenee e 97

TR D T T o = o] o1 [T 97
R - T o O LT O 1 - T o 1= PSPPSR 97
3.4.2 POPUIALION GIOWLN ...ttt 100
3.4.3 POPUIALION DENSITY ....ecviiitiiitiisie e re e e st e et st e st e e e e te e steesreesaeesraesneeaneeenreeneens 101

3.5 Three Bays PIlOL PrOJECT......ccui ittt ettt e sr e naeeneeenre e 102
3.5.1 Building @ Watershed TEAIM...........coueieiiiiiiieiisie ettt 102
3.5.2 TRAM IMBELINGS. ...t ettt ettt ettt sttt s ettt e st te et e see et e e besbeeneenbeaneeneenaeseeeneennas 103
3.5.3 SMAST Linked MOl RUNS .......ccoiiiiiiiiie et st 105
3.5.4 Proposals for Sewering the Three Bays Watershed ... 111
3.5.5 Pilot Project Team Issues and SUGQESLIONS .........cciiieiiriiieie e 113

Chapter 4: Pleasant Bay WaterShed .............uuuuuuuiiimiiiiiiiii e 116

4.1 Pleasant Bay Watershed FaClS.........ccccveiiiiiicce ettt 118

4.2 The Pleasant Bay WaterSNed ..............cooiiiiiiiiiiiiii e 119
4.2.1 General DESCIIPLION .....cieieiiiie ettt et e e sb e ne e be s re e s e stesreeeeneas 119

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 6 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

Vi ©1-To] (oo 1A=V To Il o L Y/o [ {0l [<To] (o]0 Y ARSI 122
4.2.3 WatEr QUALIEY ....cveciieiiiiie ettt ettt e st et e e besbeene e be s aeeneenaesreeeennas 122
4.2.4 Eelgrass HaDItat ..........oooi ittt sttt nas 124
4.2.5 WaALErShed Lanmd USE.......c.oiiiiiiiiieie sttt sttt bbb st ne et re e e e sae e see e 127
R To 1 | ol o) B L 4 (T =1 o OSSR 127
4.3.1 WaStEWALET TTEAIMENT ......viiiiiiiietie ittt sttt st sttt st e sae e sbe e sbeesbeesbbessbesnbeenbeenbeens 129
4.3.2 FEITHIZEI USE ...ttt ettt ettt st et e e steene e e ere et e naesteeneeaeas 129
4.3.3 STOMMWALET ...ttt sttt ettt b e ekt e ekt esb e e bt e eb e e sbeesbeesbbesbbeenbeanbeeneen 130
o T g T o =T o] SR 130
g I IV o O LT 1 o - T o 1= SRR 130
A 0T o1 = U o TN T £ 1T 1 SR 133
4.4.3 POPUIALION DENSITY ...cuviivieiiiiiiie ettt st st et e e st e te et sbe e s e sbesraeeennas 134
4.5 The Pleasant Bay AIANCE TEAM ......cccviiiiiiiiee et nas 135
4.5.1 AlHANCE TeAM MEELINGS ... ccuveeieeieeiee s ettt se s e e s e st e e e e e e s e e sreesreesnaeaaeenreesteesraeneens 136
4.6 Water Quality Modeling Parameters ..o eeste e se e eeenaeenre e 138
4.6.1 Biologically ACLIVE NITIOGEN ......civiiiiiiieieieie ettt 138
4.6.2 SENLINEI STALIONS. ... .eoeei ittt e e s te et e sbesreeneesaeaneesaeseeeneeneas 139
4.6.3 Establishing the Sentinel Threshold Concentration for Habitat Restoration ...........c...cccccevi. 140
4.6.4 Impact of Inlet Formation on Embayment Water QUality ..........ccccoereiineiiiiiiiiic e 141
4.7 Pilot Project SCENAIIo RUNS .......oiiiiiiiiieie bbbt 143
4.7.1 Limits on Performing these SCENArio RUNS...........ccoiveiiiiiiii et 144
4.7.2 SCENATIO RUNS ...ttt ettt b bbbttt b e bbb e bt e ebeans 145
4.8 Inter-municipal Wastewater Management Planning .........cccccoceviiieieiiiie s 146
4.8.1 Utilizing MEP Septic Load Reductions for Restoring Water Quality ...........ccccooevvviviinirnennne 146
4.8.2 MEP Technical Report Septic Load Percent RedUuCtions...........cccccveveveiieiciiir e 146
4.8.3 Town by Town Attenuated and Unattenuated LOads............cccvrcvererireiiereneeieneseeneese e 146
4.9 Inter-municipal Planning and Implementation.............cccooeiiiiiineieieeeese e 148
4.9.1 Regional Implications of the Orleans CWMP ... 150
4.9.2 Regional Significance of the Economies of Scale Study ...........cccceviviieiiie i, 150
4.10 Lessons Learned for MassDEP’S Future PIanning ..........ccccooviiiiiinineieisise e 152
4.10.1 Possible Management and Permitting MeChaniSImS...........ccccvvvviiieiieesieeviee e eie e 152
4.10.2 Monitoring and Permitting COmMPIIanCe........c.coviveiiiiiieie e 152
4.10.3 Local or Regional Obstacles for watershed-based TMDL implementation..............cc.ccceue... 153
4.10.4 Role of community-based outreach and planning in wastewater mitigation .............cc.cc........ 153
ot I T =L N T T o £ STR 154
Chapter 5: Municipal, Regional, and State Accomplishments -Public and Private............ 155
5.1 Inter-Municipal CWMP Coordination and Planning ...........cccccooiiiinenenie e 155
5.2 Municipal ACCOMPLISNMENTS........ccooiie e ree e neeeee s 155
5.2.1 TOWN OF IMASNPEE ...ttt bbbttt bbbt 155
5.2.2 TOWN OF BaNSTADIE ... ettt nas 157
5.2.3 TOWN OF SANAWICK ..ottt sttt 160
5.2.4 TOWN OF BIBWSEET ...e.viiiiiieiie ittt sttt ste e e e te e esteeteentesreeneenaentaeneeneas 160
5.2.5 TOWN OF ChatNam ......oiiiie ettt sttt e naesreeeeneas 161
5.2.6 TOWN OF HAMWICK ...ttt nas 164
oI B o 1LY I O [ SR 165
5.3 Regional Accomplishments: Barnstable COUNTY ..o 166
5.3.1 Cape Cod Commission’s Regional Policy Plan: No-Net Nitrogen...........cccoccvvvviviveiiecveevnenne. 166
5.3.2 Cape Cod Commission’s 2008 Draft Regional Policy Plan..........c.cccccoevevviiiiieiineccce e 166
5.3.3 Cape Cod Commission Wastewater Planning Conferences and Publications..............c........... 168
5.3.4 Cape Cod Water Protection Collaborative..............cooeeiiiieiiiiie e 168
5.3.5 Coastal Zone Management National Estuarine Programs..........cccccccvviveveseciienesieeneeseseeseenes 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 ACCOMPLISNMENTS.........coiiiiiii e
5.4.1 Inter-Municipal Wastewater Management PIanning ..........cccccovvviveviiiiiie v
LR VT (oo [=] o T I o[ o OSSR
5.4.3 Natural Attenuation of Nitrogen in Wetlands and Surface Waters............cccooovvvviveveenncnnenn,

Chapter 6: Regulations, Policies, and Guidance: Stakeholder Recommendations for

FULUIE Planning ...
6.1 Inter-Municipal TMDL Planning and Implementation ..............cccccovoiiiiiiiinnnee e
6.1.1 EXIStING CAPACITY ...euveuverieiiiiieiiiieite sttt bt ettt bbb ne b
6.1.2 DefiniNg FULUIE NEEUS .......ci ittt esre e e
CTN R B O] 1] o (=T =[] 3 LTSRS
6.1.4 Key Elements of a Watershed-Based Wastewater Management Plan ...........c.ccccoevevevvivennenne.
6.2 State Revolving Loan FUNAING (SRF) ..c..oiiiiiiie sttt et
T R 11 1 1o T O T o Tox |
6.2.2 Defining Future Needs (includes MassDEP comment to these recommendations)..................
RIS = 1 (3 =T o 411 o SO SPSSN
OTR I8 A o q 1Y 1o O - T | OSSR
6.3.2 DefiniNg FULUIE NEEUS ......cceeiieiie ettt e et e e s ee et e e te e ste e sreesneesnee e e
6.4 Environmental Planning REQUITEMENTS........cc.oiiiiiiiiie i s sre s
R A e q 1Y o O - T | SRR
6.4.2 FUture Needs DEfINEd ........ccoo ittt ees
6.5 Wastewater Management Planning and RepoOrting ..........cccooe e
6.5.1 The Problem DefiNed ........ccoiiiiiiie e
6.5.2 Challenges to Watershed-Wide Planning and TMDL Implementation .............cccccoocvveviininnne.
6.5.3 Suggested Elements of a Watershed Based CWMP .........c.ccccvvviiiiiieine v

Chapter 7. MassDEP Action Plan to Facilitate

CWRMP Planning and Implementation by Coastal COmmMUNItIeS .........cccccuvuvvvinviiiienininnnnnnns
7.1. Outreach and TeChNICal ASSISTANCE.........ccuiiiiiiii e e
7.2. Nitrogen Planning and ImMplementation............cccccoviiiiieiiiieiis e
7.2.1 Nitrogen Management PIaNNING .........ccooiiioiiiiiie et
A o~ 111 144 S
7.2.3 CWRMP IMPIEMENTALION .. .ocviiiiiiie ettt sre e re e anas
7.2.4 TMDL Compliance Monitoring and RePOItiNg .........ccceoveiriririreieneee s
7.2.5 TMDL Compliance Monitoring and REPOITING .......cccevveiieeieeiie e se e

Chapter 8: Inter-municipal, Watershed-Wide

Comprehensive Wastewater Management Planning ProCess ........cccccvvvvivvviinvinneinininnninnnn.
Literature CitatiONS ......oooiiieieeee s

F Y o] o L= g Vo [ o] =S PP PP PPPPPRTPO

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. 238
MEP Technical Memo: Howes, Brian et al. April 6, 2007.

Scenario Run of Popponesset Bay MEP Linked Model 264
MEP Technical Report Executive Summary — Three Bays 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 277
MEP Technical Report Executive Summary — Pleasant Bay 292
MEP Technical Memo: September 22, 2008. Sean Kelley, P.E. and

John Ramsey, P.E. Pleasant Bay Water Quality Model Update and Scenarios. 307
Nitrogen Removal Potential from Shellfish Aquaculture. Richard York. 320
Town of Mashpee Bylaw: Stormwater Management 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 331
Chatham Board of Health Regulation: Nitrogen Loading 334
MassDEP Guidelines on Inter-Municipal Collaboration Financing 342
2008 Environmental Bond Bill (Clean Water) Legislation 346

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 12 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

LOCUS MAP
Popponesset Bay, Three Bays, & Pleasant Bay Watersheds

J :

o\
W<§%’-§>E
v

S

Bypo vinceton

Connecticut

Plymouth

Bourne

Falmouth

DATA SOURCES:
Watershed Boundaries - USGS
Cther Political Boundaries - MassG|S

:’ Popponesset Bay

[— =
|:’ Three Bays !L’,ﬁﬁggg !
|:| Pleasant Bay Weap proxkiced by MEGSDEP 1S Progran

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 13 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

Chapter 1: Introduction

The significance of protecting estuaries is clear. Estuaries, as the boundary between land and sea, are also
the mixing zones where the freshwaters of the land and the salt waters of the ocean meet. This
mixing/transition zone, or ecotone, promotes the environmental conditions that make estuaries among the
earth’s richest and most productive ecosystems. Healthy, biologically diverse estuarine ecosystems are
able to sustain habitat, spawning grounds and nursery conditions to at least two-thirds of the Nation’s
commercial fisheries, while providing for the recreational and aesthetic enjoyment of the public.

Ironically, as the winter and summer coastal population grows, the estuaries that once attracted these
people as visitors are now under increased assault, as they are now attracted to live there year-round.
According to the National Oceanic and Atmospheric Administration (NOAA) “the coastal zone has
become the most developed in the nation. This narrow fringe—comprising 17% of the contiguous U.S. land
area is home to more than 53% of the nation's population. Furthermore, the coastal population is increasing
by 3,600 people per day, giving a projected total increase of 27 million people between now and 2015”
(see: http://www.epa.gov/owow/estuaries/aboutl.htm).

As a result of these growth pressures, ambient water quality at estuarine locations has been increasingly
under assault and at risk from human dominated land use changes within the coastal watershed. The water
quality impacts were primarily from:

o Expansion of urbanization and wastewater collection and disposal systems discharges that
collectively contribute 75-85% of the nitrogen load to southeastern Massachusetts’ coastal
estuaries;

e Loss of open space and the proliferation of impervious pavement (roof tops, sidewalks, parking
lots, and roadways) that contributed to the loss of groundwater recharge from rainfall events and
the increase in stormwater runoff discharges to coastal waters;

o Expansion of stormwater collection and disposal systems that discharge untreated to inland and
coastal waters and the excess nutrient contamination from its many sources;

e Higher volumes of urban nonpoint runoff;

e Noticeable increases in nitrate levels in drinking water

The accompanying decline in water quality, primarily from nitrogen discharges from residential on-site
septic disposal systems, residential lawn fertilizer use, and stormwater discharges has detrimentally
affected the biological richness and productivity of these ecosystems that once supported spawning
grounds and nursery for a vast array of shellfish and commercially important fisheries. This decline has
also affected tourism, property values, and the economy of affected coastal areas. (see:
http://oceanservice.noaa.gov/education/pd/estuaries/welcome.html).

1.1 Nitrogen Pollution

It is well established that nitrogen is essential to living organisms and its availability is critical to
functioning estuarine ecosystems. However, unlike freshwater ecosystems where phosphate is the limiting
nutrient, marine ecosystems are limited by nitrogen. This means that freshwater and marine ecosystems
have all the nutrients needed for growth — except for phosphate and nitrogen. When either nitrogen or
phosphate concentrations exceed natural background levels, the affected marine or freshwater ecosystems
undergo eutrophication (http://www.town.barnstable.ma.us/PublicWorks/nutrients1.pdf), with an explosive
growth of undesired phytoplankton (blooms) and algal mats that overwhelm and degrade the ecological
functioning of these inland and coastal waters. However, it must also be understood that eutrophication is
a natural process that occurs over a long period while cultural eutrophication, the dynamic affecting this
and other coastal embayments, is a human influenced acceleration of this natural process.
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The collapse of the affected coastal ecosystems soon follows. During the day the algal blooms
supersaturate the water column with oxygen and at night, this oxygen is depleted by biological respiration.
Finally, when the algal bloom undergoes decay and microbial decomposition most of the dissolved oxygen
in the water column is consumed leaving very little for the affected ecosystem to sustain itself.

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)

Eutrophication also results in the buildup of carbon rich bottom sediments resulting from the fallout of this
algal and plant biomass from the water column. This bottom settlement buildup can have long-term
changes in benthic habitat, animal populations, and community structure — collectively with the potential to
affect biogeochemical cycles, living resources, and biodiversity.

It is important to understand the connection between nitrogen pollution and the decline of eelgrass beds.
When the water column is overwhelmed by an algal bloom, it is no longer transparent to sunlight
penetration. The shading that results from these algal blooms and the attached epiphytic algae is such that
the eelgrass beds are no longer receiving sufficient sunlight to fuel their photosynthetic needs on the
seafloor (Kemp et al., 1983). The subsequent loss of these eelgrass beds soon has a domino effect on the
ecosystem it had sustained, with the loss of its dependent plant and animal community; including habitat,
breeding ground, and nursery to its dependent commercial fisheries and shellfish.

Increases in estuarine nitrogen levels have also affected the health and functioning of the saltwater marshes
that had been dominated by Spartina alternafolia (seagrass). The introduction of nitrogen to these
ecosystems will over time result in a community dominated by Phragmites australis. Phragmites thrives in
nitrogen enriched estuaries and easily out competes Spartina for both sunlight and nutrients as it spreads its
dense growth of underground stems (rhizomes). Collectively, this dense growth pattern and slow rate of
winter decomposition of its rhizomes and leaves, results in a degraded habitat that no longer sustains
preexisting wetlands function when these thick stands become elevated and fill in the previous open
waters.

Nitrogen enrichment from groundwater and stormwater can have a profound affect on the functioning of
estuarine ecosystems. When present at levels that exceed its capacity to function, it will have a damaging
and catastrophic effect on its dependent plant and animal communities. This report focuses on three tidally
restricted coastal embayment systems on Cape Cod that have been affected by elevated nitrogen
concentrations resulting from increases in housing, population densities, and septic system discharges.
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1.2 Case Studies on Watershed-Based Permitting: Massachusetts
Roadmap for Regulatory Change

The need for these case studies is clear. The discharge of untreated, nonpoint source discharges of
wastewater continues unchecked from population growth and land use development from many of the
communities on the south shore of Massachusetts. Seasonal homes have become year-round, undeveloped
land has continued to be lost with the development of year-round residences, road networks, businesses
and municipal buildings. The loss of open space with each new development has collectively contributed
to the decline in water quality; primarily from the discharges of nitrogen from septic systems, lawn
fertilizers, and stormwater runoff. This decline in water quality is especially noticeable in the small upper
sub-embayments where septic system load discharges have increased steadily with land development in a
small sub-embayment system that has a limited capacity to exchange its nutrient laden waters with clean
seawater during each tidal cycle.

At some point, the untreated wastewater discharges will need to be managed to reduce the impacts to these
nitrogen impaired embayments. The degradation of water quality to these embayments has frequently been
from more than one community sharing the affected coastal watershed resource. The driving force for this
study has been to learn how towns sharing a coastal watershed resource would address their load
reductions. Would they do it alone or in collaboration? It is clear that the resolution of these questions
will not be easy as the priorities may not be the same for all towns sharing the watershed to an impaired
embayment. MassDEP faces the difficult challenge of promoting watershed wide, inter-municipal
planning and coordination to achieve these reductions while integrating the management of town-specific
and watershed-wide, inter-municipal CWMPs into the existing NPDES and groundwater discharge
permitting framework.

Unlike past wastewater facilities planning that historically focused on the mitigation of NPDES point
discharges within a community or within one of its villages, a watershed-wide, inter-municipal approach
was being pursued to promote shared planning and responsibility for reducing nonpoint source loads of
nitrogen to a nitrogen sensitive estuary. The goal of this project was to identify the issues that would
define each study and how they would be resolved.

It was for this reason, with funding provided by an US Environmental Protection Agency (EPA) Water
Quiality Cooperative Agreement that this project was undertaken to address the pathways the towns and the
state would take when two or more municipalities share responsibility for restoring water quality to a
nitrogen impaired embayment. Also of interest was how the towns, county, and the MassDEP would
resolve any zoning, regulatory or permitting issues that address the watershed-wide nitrogen load
reductions. Other issues addressed were: (1) inter-municipal strategies towns could engage in for the
restoration of water quality from the land use impacts they collectively share responsibility for its
restoration and (2) identifying barriers in local zoning, regulations, state statutes, regulation or policies and
recommending ways these barriers could be overcome.

In sum, the major nutrient management issues of concern pertained to inter-municipal collaboration and
allocation of responsibility, including actions taken and recommendations for the future. This project also
focused on identifying barriers in local zoning, regulations, state statutes, regulations and polices and
recommending how they could be overcome.

1.2.1 Selection of Coastal Watersheds

The coastal watersheds were selected using the following criteria: a) at least two or more communities
sharing jurisdiction of a coastal watershed; and b) a signed agreement with a commitment to attend and
participate at regular scheduled meetings. Case study participants, referred to as the Pilot Project Team,
would use the findings of the MEP Technical Report and the EPA approved TMDL to define the watershed
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nitrogen loads and load reductions needed to restore eelgrass or the shellfish benthic habitat - the ultimate
compliance criterion for deciding if water quality restoration had been achieved; even if the nitrogen water
quality standard had not been met.

In addition, the teams were also tasked to identify and develop creative decision-making, nutrient
management solutions. Ultimately, this information would be shared with other coastal communities. The
three coastal watersheds from Cape Cod and the towns sharing land use jurisdiction for these case studies
were:

» Popponesset Bay — Towns of Mashpee, Sandwich and Barnstable
» Three Bays — Towns of Barnstable and Sandwich
» Pleasant Bay — Towns of Chatham, Harwich, Orleans, and Brewster

Each of the affected embayments has been designated by the Commonwealth of Massachusetts as nitrogen
impaired - a violation of the state’s surface water quality standards for its designated uses (recreational
fishing, swimming, boating and a habitat for sustaining eelgrass meadows as a breeding and nursery
ground for important marine fisheries and shellfish).

This project was initiated with the goal of promoting watershed-based, inter-municipal planning and
coordination. However, this would need to overcome the Commonwealth’s history of strong local home
rule and municipal authority. Few examples exist in the Commonwealth for guiding inter-municipal
wastewater management planning and implementation. It was the hope that these case studies would
define some of the issues of concern and how they would be resolved when two or more towns share
responsibility for reducing nitrogen throughout a watershed to a nitrogen-impaired embayment. The
lessons learned and the recommendations presented in these case studies are, at best, a first step to a
lengthy, deliberative planning and implementation process that encompass the steps that have been defined
in Figure 1.3.

CWA 303(d)
Requires States to
Identify & List
Impaired
Waters

Comprehensive MassDEP
(Watershed) Develops
Wastewater Pilot Project TMDL

Management Plan Case Studies Report

2004-2008

Figure 1.3 Diagram Defining the Pilot Project Case Studies Role in the Implementation of a TMDL
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1.2.2 Watershed and Embayment Characteristics

The estuaries and ground-watersheds that defined each of the three case studies are dissimilar in land use,
population/housing density, proximity of discharges to the coast, the role of natural attenuation to denitrify
nitrogen loads, the number of towns sharing the watershed, and its tidal flushing cycle (the embayment
inlet’s capacity to exchange its waters within a tidal cycle). Any one or more of these characteristics define
the uniqueness of these embayment systems and the mitigations required for reducing nitrogen loads.

As a result, an understanding of these watershed/subembayment differences is critical to the management
decisions affecting the selection of any nitrogen load reduction scenario that achieves the threshold
concentration at a sentinel station. Further discussion on Cape Cod’s embayments can be found at:
http://www.capecodgroundwater.org/groundwateredpage/embayment.pdf

1.2.3 Pilot Study Team Recruitment

Recruitment of communities for the project required:

e Astrong lead town —a commitment to participate in advance, prior to any particular outcomes.

e Each town designate a primary contact or “point person” who would solicit input from a broad
range of municipal and nongovernmental citizen groups. However, the work of the Pilot Team
required a commitment to attend meetings and contribute to the ongoing dialogue.

e Participation in and support of an inter-municipal team through informal meetings, problem
solving, and the shared responsibility to reduce nitrogen loads either jointly or alone through the
formal CWMP planning process.

e Interest in promoting inter-municipal watershed-wide cooperative planning.

MassDEP also enticed participation by covering the cost of the Linked Model runs to evaluate the effect of
proposed watershed nitrogen reductions by the Pilot Study Team on the threshold concentration at the
sentinel station(s).

MassDEP’s Case Study Project Manager, as team leader, was responsible for team recruitment; the
scheduling/coordination of team meetings; educating stakeholders about the MEP process and the
applicable state and federal regulatory rules; presenting/discussing wastewater treatment options; and
defining/resolving issues of concern for follow-up by local, regional, and state policy makers.

1.2.4 Pilot Project Team Guiding Principles

Participating Pilot communities understood that the lessons learned would guide them with the planning
and implementation of their Comprehensive Wastewater Management Plans. Likewise, MassDEP would
evaluate how its policies and regulations could be enhanced to promote a state regulatory framework that
facilitates local and regional watershed efforts that are consistent with the restoration of estuarine water
quality.

The following facts guided case study meeting discussions:
o Wastewater discharges to the watershed are the dominant sources of nitrogen pollution affecting
estuarine water quality;
e Most estuaries require nitrogen load removals of nearly 75% to achieve water quality restoration at
their designated embayment sentinel station;
¢ Identify the most cost-effective and environmentally appropriate restoration scenario
Sewering is key, but towns must first evaluate the many technical and institutional options;
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e Solutions will cost many millions of dollars and take many years;

e Towns sharing a coastal watershed should work together to define optimal solutions that are:
0 Watershed-wide
o0 Environmentally-sound
0 Cost effective

Equally important, the towns understood the importance of examining all nitrogen reduction options,
including:
e Land use alternatives that reduce the need for sewering,
o Evaluating creative, nontraditional ways to solve the nitrogen problem beyond the typical
wastewater treatment focus of Comprehensive Wastewater Management Planning,
e Aguaculture that provides habitat, water quality, and community benefits.

Team meetings also discussed wastewater infrastructure, management and regulatory practices for

reducing nitrogen loading from existing and proposed land uses at build-out, including the following:
o Better wastewater treatment: sewers, small systems, onsite septic disposal

Stormwater runoff and fertilizer use controls

Embayment flushing improvements

Natural attenuation

Water reuse

Wastewater management districts

Watershed-wide cooperative arrangements

Land use controls

Nitrogen offsets and trading

1.2.5 Team Meetings

The Pilot Project Team consisted of town officials and representatives of environmental organizations from
the participating towns and environmental organizations sharing the watershed, with support from the Cape
Cod Commission, MassDEP, and SMAST. Team meetings varied but on average were held monthly.

Each Case Study involved the following:
¢ An in-depth understanding of the Technical Report and use of the Linked Model;
e A review of the nitrogen reduction scenario described in the MEP Technical Report (Chapter
VIIL3);
e Team proposals for three model runs by SMAST, based on nitrogen reduction options to determine
if the threshold concentration at the sentinel station is achieved; and
e Discussion of local and state management and regulatory issues.

Case study meetings identified a number of issues for improving the CWMP and TMDL implementation
process and the recommendations for adoption of a broad range of infrastructure and management practices
by local, county, and state polices and regulations. The lessons learned from the Pilot Projects are
combined and presented in detail in Chapter 6, under the heading “Recommendations”.
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1.3 The Massachusetts Estuaries Project (MEP)

1.3.1 MEP History

In 2000, the Massachusetts Executive Office of Environmental Affairs and the University of Massachusetts
signed a cooperative agreement to collaborate on environmental projects. The idea was to give the
Commonwealth access to the talent pool at UMass campuses, while giving students the opportunity for
hands-on study. This agreement led to the launching of the Massachusetts Estuaries Project (MEP) in 2002
(see: http://www.oceanscience.net/estuaries/about.htm) with partial funding provided by the Massachusetts
Legislature to address the pollution from excess nitrogen loading in 89 estuaries in southeastern
Massachusetts (http://www.oceanscience.net/estuaries/progress.htm ). As a multiyear $13 million dollar
project, financed by federal, state, municipal, and private funds, this project involved the collaboration of
the University of Massachusetts at Dartmouth's School Marine Science and Technology (SMAST), the
Massachusetts Department of Environmental Protection (MassDEP), the Executive Office of Energy and
Environmental Affairs (EOEEA), the MEP coastal communities in southeastern Massachusetts, the Cape
Cod Commission, the US Environmental Protection Agency (EPA), Applied Coastal Research and
Engineering, and the U.S. Geological Survey.

The estuaries and embayments of southeastern Massachusetts extend from the Town of Duxbury to the
City of Fall River, encompassing all of Cape Cod and the Islands, Buzzards Bay and Mt. Hope Bay. Many
of these estuaries are at risk of, or are experiencing degraded water quality and habitat loss from
watershed-based nitrogen load impacts. With local communities dependent on the preservation of water
quality for sustaining their fishing, shellfishing, and tourism industries, the degradation of these estuarine
water resources has serious economic consequences; including reductions in property values, local
commerce, and tax revenues. Given the synergy among these interests, embayment protection and
restoration is of paramount importance to the Commonwealth and its coastal communities.

1.3.2 MEP Linked Watershed Embayment Model

The MEP uses a model developed at the University of Massachusetts Dartmouth School of Marine Science
and Technology (SMAST). Input parameters required for modeling include physical, chemical and
biological data. Collectively these model inputs calculate the capacity of an embayment to assimilate
nitrogen and run predictive scenarios for use in planning water quality restoration through nitrogen
reductions throughout an impacted subwatershed.

The complexity of the nitrogen flows to the estuary from subwatershed discharges (septic systems,
fertilizer use, strormwater runoff, atmospheric deposition, and benthic flux) and its interaction with the
environment (natural attenuation, tidal flushing, and benthic regeneration) is reflected in the results
generated by the MEP Linked Watershed Embayment Model (Appendix B). At best, the model is a
guantitative estimate of an embayment's: (1) N sensitivity, (2) N threshold loading levels (TMDL) and (3)
response to changes in nitrogen loading. The Linked Model approach, after it is fully field validated, and
calibrated accounts for all sources of nitrogen loads, the reduction by natural attenuation, nutrient
recycling, and the variations in an embayment’s water quality resulting from a bay’s hydrodynamics
(current, tidal range, bathymetry) (Figure I-2 of each Technical Report). In short, the Linked Model
approach integrates the water quality monitoring results from the field with the data collected on its
hydrodynamics, as listed below:
e Water Quality Monitoring - multi-year, 3-year minimum, embayment nutrient sampling
e Hydrodynamics
0 Embayment bathymetry (depth contours throughout the embayment)
o0 Site-specific tidal record (timing and height of tides)
o Water velocity records (in complex systems only)
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Hydrodynamic model

Watershed N Loading

Watershed delineation

Stream flow and N load

Land-use analysis (GIS)

Watershed N model

o Embayment Threshold Development - Synthesis

Linked Watershed-Embayment N Model

Salinity surveys (for Linked Model validation)

Rate of N recycling within embayment

Dissolved oxygen record

Macrophyte (eelgrass and other plants living on the bottom of an embayment) )
Infaunal survey (benthic/bottom dwelling animals) in complex systems

OO0OO0O0OO0OoOo

OO0OO0O0OO0OoOo

1.3.3 Sentinel Stations

Prior to initiating the water quality studies, the MEP team first identified for each impaired embayment
representative sampling location(s) within the system and at its headwater sub-embayments. Following
three years of water quality sampling, testing, and data collection, the MEP technical team was able to
analyze this data for use in identifying sentinel station(s) that are representative of current water quality
throughout a nitrogen-impaired embayment. Usually, the sentinel station is the furthest from the ocean
inlet with the best potential for demonstrating that water quality and habitat throughout the embayment
system to its headwaters has been restored when the nitrogen threshold concentration has been met at that
location. Some systems, such as Pleasant Bay, have more than one impaired embayment and as such have
several sentinel stations. Once the model has been calibrated and validated with this input data, it is
possible to run the model to determine if one or more proposed subwatershed-load reductions for each
nitrogen impaired embayment has the potential to restore water quality at its sentinel station. This
information is then used by the towns for CWMP planning and implementation.

The target concentration of total nitrogen (TN) that is restorative of water quality and eelgrass habitat at
any sentinel station is site specific and dependent on the restoration of eelgrass and/or benthic animal
habitat. Since Popponesset Bay was without an established eelgrass bed, the establishment of a threshold
concentration required site visits to similar habitats where eelgrass exists such as those at Stage Harbor
(Chatham) and Waquoit Bay (Mashpee), near the inlet (measured TN of 0.39 mg TN/liter, tidally corrected
<0.38 mg N/Liter) and a similar finding in West Falmouth Harbor. However, with this said, the use of a
threshold concentration for all embayments in setting the TMDL is not the ultimate test for compliance
with water quality standards; it will ultimately be the restoration of eelgrass and/or benthic habitat even if
water quality exceeds the 0.38 mg/L TN standard; as it was determined for Pleasant Bay’s embayments
when TN was affected by dissolved organic carbon (see pages 138-140 of this report). The secondary
threshold standard for restoring benthic infaunal habitat was set between 0.400 and 0.500 mg/L TN.

Determining the acceptable maximum level of TN, without causing unacceptable harm to habitat is a major
part of threshold development. Prior to conducting model runs, SMAST selected appropriate nutrient-
related environmental indicators and tested the qualitative and quantitative relationship between those
indicators (eelgrass and benthic infaunal species) and the TN concentrations. The Linked Model was then
applied to determine the site-specific threshold TN concentrations of each sampling location by using the
specific physical, chemical and biological characteristics of each embayment, corrected for tidally driven
variation in TN concentration at each site within an embayment. As a result, the calibrated and validated
water quality model for a chosen sentinel station reflects the average TN concentration in the upper
embayment that is the most representative of the conditions within the estuary and its sub-embayments.

When the model is validated to existing watershed and estuarine conditions, the MEP Linked Model
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provides MEP communities with a powerful planning and management tool for use in identifying the best
sewering and disposal options, by running additional model simulations using alternative scenarios
(various nitrogen loading schemes, enhanced flushing possibilities, and/or enhanced natural attenuation)
for deciding what option provides the best nitrogen reduction and cost for restoring water quality as part of
wastewater management planning; a process that ultimately leads to a comprehensive wastewater
management plan (CWMP) with a preferred solution. The CWMP is then submitted to the state for its
review and approval as part of the TMDL planning and implementation process (Figure 1.4)

1.3.4 MEP Technical Reports

The MEP Technical Report is the final product from SMAST that defines the nitrogen discharge load of
the coastal watershed and its subwatersheds, the embayment’s hydrology, and proposes a hypothetical
nitrogen reduction scenario for restoring water quality to the threshold concentration at the sentinel station.
Town officials should not assume that the nitrogen load reduction scenario proposed in the MEP Technical
Report is the preferred option. They should decide on a load reduction strategy that works best for their
community prior to making a final decision. These include such factors as population/housing densities,
availability of land for construction of proposed wastewater treatment/disposal facilities, proximity to
existing satellite treatment plants, and the costs and benefits. ldentifying the scenario that makes
environmental and cost-benefit sense could require several additional model simulations before the
preferred option is identified for the CWMP the town is preparing.

1.3.5 MEP Estuarine Restoration Process

As outlined in Figure 1.4 and further defined in Chapter 8, the MEP represents a long-term wastewater
planning and implementation process, with a repeating cycle that relies heavily on five action steps:

Step 1: Gather Watershed Data

This involves watershed delineation, land use data, embayment hydrology, water quality, and habitat
sampling for a three—year period with oversight and support by the University of Massachusetts at
Dartmouth’s School of Marine Science and Technology (SMAST) and Applied Coastal Research and
Engineering, Inc (ACRE). In addition, SMAST coordinated its efforts with the Cape Cod Commission to
generate watershed-based nitrogen loads.

Characterize the Watershed

and its Embayment:
Gather Data Develop Watershed
I Model

‘ Water Quality Wonitoring SMAST Linked Model
T Nitrogen Loading
| Watershed Delineation | Hydrodynamic Model
Water Quality Model
T e
Tydrology of Embayment Prepare MEP
Technical
Repor
Develop Nitrogen Establish Total
Management Plan Maximum Daily
(CWMP) Load (TMDL)
ADAPTIVE MANAGEMENT

TRACK IMPLEMENTATION
IMPLEMENTATION PROGRESS
of MassDEP Monitor Water Quality and
Approved CWMP Habitat Conditions

Figure 1.4: The Massachusetts Estuary Project Restoration Process
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Step 2: Develop the Watershed Model

The core of the Massachusetts Estuaries Project analytical method is the Linked Watershed-Embayment
Management Modeling Approach. It fully links watershed inputs with embayment circulation and N
characteristics, and is characterized as follows:

e requires site specific measurements within the watershed and each sub-embayment;

uses realistic best-estimates of N loads from each land-use (as opposed to loads with built-in safety
factors such as Title 5 design loads);

spatially distributes the watershed N loading to the embayment;

accounts for N attenuation during transport to the embayment;

includes a 2D or 3D embayment circulation model depending on embayment structure;

accounts for basin structure, tidal variations, and dispersion within the embayment;

includes N regenerated within the embayment;

is validated by both independent hydrodynamic, N concentration, and ecological data;

is calibrated and validated with field data prior to generation of additional scenarios.

The Linked Model, when properly calibrated and validated for a given embayment, becomes a nitrogen
management planning tool as described in the model overview in Appendix B. The model can assess
solutions for the protection or restoration of nutrient-related water quality and allows testing of
management scenarios to support cost/benefit evaluations. In addition, once a model is fully functional it
can be refined for changes in land-use or embayment characteristics at minimal cost. In addition, since the
Linked Model uses a holistic approach that incorporates the entire watershed, embayment and tidal source
waters, it can be used to evaluate all projects as they relate directly or indirectly to water quality conditions
within its geographic boundaries.

The Linked Model provides a quantitative approach for determining an embayment's: (1) nitrogen
sensitivity, (2) nitrogen threshold loading levels and (3) response to changes in loading rate. The approach
is fully field validated and unlike many approaches, accounts for nutrient sources, attenuation, and
recycling and variations in tidal hydrodynamics

For detailed information on the MEP Linked Watershed Embayment Model, please refer to Appendix B for
a description, as the modeling results are not intuitively clear to non-technical community decision makers.
SMAST and ACS provided oversight on all model runs for use in preparing the MEP Technical Reports.

Application of the Linked Watershed-Embayment Model

The approach developed by the MEP for applying the linked model to specific sub-embayments, for the
purpose of developing target N loading rates, is as follows:

e Select one or two sub-embayments within the embayment system, located close to the inland-most
reach or reaches, which typically has the poorest water quality within the system. These are called
“sentinel” sub-embayments;

e Use site-specific information and a minimum of 3 years of sub-embayment-specific data to select
target/threshold nitrogen concentrations for each sub-embayment. This is done by refining the draft
threshold nitrogen concentrations that were developed as the initial step of the MEP process. The
target concentrations that were selected generally occur in higher quality waters near the mouth of
the embayment system;
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¢ Run the calibrated water quality model using different watershed nitrogen loading rates to
determine the loading rate that will achieve the target nitrogen concentration within the sentinel
sub-embayment. Differences between the modeled nitrogen load required to achieve the target
nitrogen concentration and the present watershed nitrogen load represent nitrogen management
goals for restoration and protection of the embayment system as a whole.

Step 3: MassDEP establishes the TMDL

MassDEP utilized the findings of the MEP Technical Report as its basis for establishing nitrogen TMDLs
for the MEP’s 89 bay embayment systems. The Department utilizes the nitrogen loads from the Technical
Report and presents them as daily loads in accordance with the requirements of the Federal Clean Water
Act. The TMDL for an affected embayment typically requires very significant watershed reductions in
nitrogen loads in the range of 50-80%. They also set watershed-based nitrogen reductions for use in
restoring estuarine water quality to its designated uses.

TMDLs are used by MassDEP to set groundwater discharge and NPDES permitting conditions. As stated
earlier, the MEP has chosen the restoration of eelgrass or healthy benthic animal communities as the
ultimate measure for determining if the TMDL has been met at the designated embayment sentinel station.
While specific nitrogen threshold concentrations have been designated as the ambient water column
concentration necessary to achieve that level of restoration, the ultimate test will be the concentration that
is restorative of habitat, even if the concentration in the estuary is greater than the specified threshold. If
the standard has been met and neither eelgrass nor benthic animal communities are restored, then the
affected estuary must be re-evaluated to determine what additional strategies are required to achieve the
habitat restoration target. At best, the nitrogen threshold concentration for water quality restoration is an
estimate, based on water quality conditions that sustain eelgrass beds elsewhere on Cape Cod.

Beyond the restoration of eelgrass because it provides valuable habitat for shellfish and finfish, the other
objectives for restoring water quality are to prevent algal blooms, protect benthic communities from
impairment or loss and to maintain dissolved oxygen concentrations that are protective of the estuarine
communities.

Step 4: Develop the Comprehensive Wastewater Management Plan (nitrogen management plan)

Towns use the TMDL reports as the basis for the nitrogen management planning they would undertake for
the reductions they would ultimately propose to the state with the submission of their Comprehensive
Wastewater Management Plan (CWMP) (see: http://www.mass.gov/dep/water/laws/wwtrfpg.pdf) .

Traditionally, wastewater management/facility planning has focused on a community-based approach to
mitigate the wastewater discharge impacts to affected inland and coastal waters. However, with the
introduction of EPA’s Total Maximum Daily Load (TMDL) requirement, pollutant load reductions are
now required for the watershed as a whole. It is for this reason that the MEP and the TMDL reports do not
identify town specific load reductions when two or more towns share a coastal watershed to a nitrogen-
impaired embayment.

Step 5: MassDEP Approves CWMP, MassDEP Issues Permit, Applicant Implements CWMP

Following public comment and approval of the CWMP by the Massachusetts Environmental Policy Act
(MEPA) Unit (see: http://www.mass.gov/envir/mepa/), MassDEP reviews the applicant’s CWMP
proposal to determine if the mitigation measures are adequate to address the nitrogen load reductions from
the watershed. If approved, the MassDEP prepares a groundwater or surface water (NPDES) permit that
defines the requirements and conditions for the proposed layout and design of the wastewater collection,
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and treatment system. Also defined in the permit are the water quality discharge limits and the water
quality/habitat monitoring requirements for determining if compliance with the threshold concentration has
been met at the sentinel station(s) in the affected embayment(s).

Following construction of the wastewater infrastructure and the hookup of area homes and businesses, the
permittee monitors water quality and habitat conditions in the embayment to determine if the nitrogen
reductions were sufficient in restoring water quality. If not, the permittee(s) adjusts their wastewater
implementation plan via adaptive management, with MassDEP oversight, or maintains its implementation
until the target restoration threshold at the sentinel station in the embayment is achieved.

1.3.6 Natural Attenuation of Nitrogen

Natural attenuation (attenuation or attenuated load) as described in this report, is defined as denitrification,
a microbiological process that occurs in anoxic (without oxygen) zones (and all the other conditions
necessary for denitrification) in the sediment and sediment-water interface, involving the biological
reduction of nitrate (NO3) to nitrogen gas (N2) by the following series of reactions: NO3 to NO2 (nitrite)
to NO (nitric oxide) to N20 (nitrous oxide), and finally as a N2 gas emission.

As groundwater flows down gradient to the coast, denitrification occurs as this plume is intercepted by the
carbon-rich sediments of one or more lakes and ponds, and/or rivers. MEP research studies have validated
this assumption and modeled a 50 percent nitrogen removal in the Linked Model whenever a groundwater
plume path is expected to pass through a lake or pond; or a 30 percent reduction whenever the plume is
intercepted by a streams and a wetland system. Therefore, the MEP Linked Model assumes 50% removal
in ponds and 30% in streams and wetlands associated with them.

An in depth study of over 200 peer-reviewed and other publications was the subject of a MassDEP
subcontract under this EPA cooperative agreement to the Woods Hole Group (WHG) and Teal Associates
to confirm the role of nitrogen attenuation in different types of wetlands (bogs, fens, emergent, shrub-
scrub, wet meadows, cranberry bogs, forested & open wetlands, salt ponds, marshes and mudflats) and
waterbodies (streams, rivers, lakes and ponds). Information was also sought from the researchers who
have authored previous studies for any unpublished/in press studies. Publications were also sought on the
design for constructed wetlands and the site modifications to enhance natural attenuation rates. Finally, the
literature review also examined data obtained from model, laboratory, and field projects.

This review identified denitrification in wetlands as the most effective nitrogen removal mechanism from
surface and ground water, followed in effectiveness by small ponds, large ponds and streams. Vegetative
uptake played only a minor role in nitrogen removal. The role of pH, oxygen content, muck content as a
carbon source, stream and/or groundwater flow, and temperature are fully described, each with optimal
environmental conditions for promoting nitrate attenuation.

Following the completion of this literature review, the contractor, as a contract deliverable, presented its
findings at two public forums: on April 24, 2007 at the Buttonwood Park Zoo in New Bedford, and on
April 25, 2007 at the Harwich Community Center. These meetings were well attended and strategically
important to the Department and the MEP in providing the public’s point of view on the use of natural and
enhanced nitrogen attenuation processes.

This research represented a first step in the policy development process for external and internal discussion
concerning the effectiveness, limitations in use, and applicability under existing state statutes and
regulations of nitrogen attenuation. The findings of this review of the literature will allow the MassDEP to
consider the effectiveness of nitrogen attenuation as a treatment option to reduce impacts from nitrogen-

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 25 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

contaminated groundwater that would otherwise contribute to estuarine eutrophication (Appendix J:
Executive Summary of WHG Report).

The following copies of this literature review are available for downloading at the MassDEP Website,
under Estuaries Project Reports: http://www.mass.gov/dep/water/resources/coastalr.htm.

e Final Report: Natural Attenuation of Nitrogen in Wetlands and Waterbodies,
o Literature Review, Bibliography with Abstracts and Annotations
o Natural attenuation (literature findings as Excel spreadsheet

Key findings of the report are as follows:
1. The most effective nitrogen removal from surface and ground water is via denitrification in
wetlands, small ponds, large ponds and streams.
2. The conditions that maximize nitrogen removal include a nitrate loading rate of ~2 to 3
mg/l, detention time of about one day in anoxic zones with labile organic carbon, near
neutral pH, and temperatures ~ 10° C.

If the natural (microbiological) attenuation capabilities of these ecosystems systems are enhanced or
restored, it can be argued that less sewering and wastewater treatment may be needed to meet the nitrogen
threshold at the sentinel station in the estuary. However, this view may have unintended consequences; as
these wastewater plumes are also sources of phosphate and bacteria, both subject to future TMDL
requirements for the affected lakes and ponds.

1.3.7 The MEP Community Partnership

As described earlier the MEP partnership includes the coastal communities of southeastern Massachusetts,
the services provided by SMAST, ACRE, the Cape Cod Commission, and MassDEP throughout the
CWMP planning and implementation process. For their part, the towns are required to contribute
approximately 40% of the overall cost and to provide three years of water quality sampling and monitoring
data. The MEP communities must also establish a local committee consisting of officials and citizens who
would interface with SMAST and MassDEP staff throughout the planning and implementation phases of
comprehensive wastewater management planning.

When the financial considerations for participation are resolved, the MEP process begins at the SMAST
designated sampling sites to assess water quality and habitat conditions and eventually for use in
calibrating and validating the MEP Linked Model. When the MEP Technical and the MassDEP TMDL
reports are completed and the EPA approves the TMDL, MassDEP is ready to provide technical assistance
throughout the CWMP decision-making and implementation process.
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1.3.8 MEP Resources

Home page for the MEP, including maps and background articles:
http://mass.qgov/dep/water/resources/coastalr.htm

Total Maximum Daily Loads (TMDL)
http://www.mass.gov/dep/water/resources/tmdls.htm

Comprehensive Wastewater Management Plans
http://www.mass.qov/dep/water/laws/wwtrfpg.pdf

Water Resource Management Planning http://www.mass.gov/dep/water/laws/iwrmp.pdf

MEP Embayment Restoration and Guidance for Implementation Strategies
http://www.mass.gov/dep/water/resources/mamep.doc

Home page for the MEP Technical Reports at the University of Massachusetts School of
Marine Science and Technology (SMAST)
http://www.oceanscience.net/estuaries/

State Bookstore, Room 116, State House Boston, MA 02133 (617) 727-2834
http://www.state.ma.us/sec/spr/spridx.htm

1.4 Applicable Federal, State, County, and Local Roles

1.4.1 Federal Role

1.4.1.1 The Clean Water Act (See 33 U.S.C. 8 1251, http://www.epa.gov/watertrain/cwa/ ) is the federal
law that governs the cleanup of impaired inland and coastal waterways, enacted in 1972 with the goal of
eliminating the discharge of pollutants to "restore and maintain the chemical, physical, and biological
integrity of the Nation's waters.” To achieve this objective, one of the CWA'’s principal sections strictly
prohibits discharges of pollutants into the “navigable waters of the United States” (see 33 U.S.C. §
1311(a)) without a National Pollution Discharge Elimination System (NPDES) permit from the
Environmental Protection Agency (“EPA”). The CWA (see 33 U.S.C. 8 1362(7)) defines the term
“navigable waters” to mean “waters of the United States, including the territorial seas”. For the past thirty
years, the control of point, end-of-pipe, wastewater discharges to the environment has been very effective,
leaving much of the wastewater discharged from nonpoint sources such as stormwater runoff and on-site
waste water treatment plants untouched. The CWA establishes the basis for identifying impaired inland
and coastal waters, defining the source(s) of the impairment(s), and defining the reductions in pollutant
load to restore water quality that will not exceed the Total Maximum Daily Load (TMDL) (see:
http://www.epa.gov/OWOW/tmdl/) The goal of this Rule, as defined in the Clean Water Act, is for the
States to work with interested parties to develop Total Maximum Daily Loads or TMDLSs for polluted
waters. A TMDL is essentially a “pollution budget” designed to restore the health of the polluted body of
water for use in swimming, fishing, and healthy populations of fish and shellfish.

(CWA Web page: http://epw.senate.gov/water.pdf )

A statutory and regulatory framework exists in Massachusetts relevant to the implementation of nutrient
mitigation measures in support of the information provided by the Massachusetts Estuaries Project.

1.4.1.2 EPA Water Quality Planning and Implementation Grant and Loan Funds. A number of
grant programs are available with support provided by the U.S. Environmental Protection Agency; monies
that are passed through and administered by MassDEP. These include the following programs that should

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 27 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm



http://mass.gov/dep/water/resources/coastalr.htm�
http://www.mass.gov/dep/water/resources/tmdls.htm�
http://www.mass.gov/dep/water/laws/wwtrfpg.pdf�
http://www.mass.gov/dep/water/laws/iwrmp.pdf�
http://www.mass.gov/dep/water/resources/mamep.doc�
http://www.oceanscience.net/estuaries/�
http://www.state.ma.us/sec/spr/spridx.htm�
http://www.epa.gov/watertrain/cwa/�
http://www.epa.gov/OWOW/tmdl/�
http://www.epa.gov/OWOW/tmdl/�
http://epw.senate.gov/water.pdf�
http://epw.senate.gov/water.pdf�

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

be considered to assist MEP communities with their nitrogen management planning and implementation
activities:

e Section 319(h) Nonpoint Source Competitive Grants Program. The federal Clean Water Act
amendments (1987) (see: http://www.epa.gov/owow/nps/sec319cwa.html) created a national
program to control nonpoint source pollution under § 319 of the CWA (33 U.S.C 1329) to help
focus State and local nonpoint source efforts. As administered by MassDEP, 319 funds projects
address the prevention, control, and abatement of nonpoint source (NPS) pollution. A 40% match
is required from the grantee. Requests for Proposals are generally issued in Spring (see:
http://www.mass.gov/dep/water/grants.htm )

e Section 604b Grant Program Water Quality Management Planning. As provided by the Clean
Water Act, § 604(b), and as administered by MassDEP, 604(b) funds projects for water quality
assessment and management planning. Eligible entities include: regional planning agencies,
councils of governments, conservation districts, counties, cities and towns, and other substate
public planning agencies and interstate agencies. No local match is required. Requests for
Proposals are generally issued in mid-October See (http://www.mass.gov/dep/water/grants.htm)

e Clean Water State Revolving Loan Funds. Congress created the Clean Water State Revolving
Fund (CWSRF) program in 1987 to replace the construction grants program as a long-term funding
source for projects that protect and restore the Nation’s waters. As in other state programs, the
Massachusetts CWSRF oversees construction project financing for wastewater treatment
infrastructure projects, including their development, construction, payment, inspection, and
closeout. (see: http://www.mass.gov/dep/water/wastewater/cwsrffs.htm )

1.4.1.3 EPA’s Stormwater Permitting Program

Stormwater discharges to inland and coastal waters are generated from runoff from land and impervious
areas such as paved streets, parking lots, and building rooftops during rainfall and snow events. Runoffs
from these sites are a source of nitrogen and other pollutants to coastal embayments in quantities that have
the potential to adversely affect water quality and as a result, most stormwater discharges are considered
point sources and require coverage by EPA’s National Pollution Discharge Elimination System (NPDES)
Phase | and Phase Il (http://cfpub.epa.gov/npdes/home.cfm?program_id=6) stormwater regulations. The
primary method to control stormwater discharges is through the use of best management practices.

Under Phase I, EPA required NPDES permit coverage for stormwater discharges from:

e Medium and large municipal separate storm sewer systems (MS4s) located in incorporated
places or counties with populations of 100,000 or more (see:
http://cfpub.epa.gov/npdes/home.cfm?program_id=6 ) ;

¢ Eleven categories of industrial activity which includes construction activity that disturbs five or
more acres of land (see: http://cfpub.epa.gov/npdes/stormwater/swcats.cfm )

Under Phase 1l, EPA requires NPDES permit coverage for stormwater discharges from:

e Certain regulated small municipal separate storm sewer systems (MS4s) (see:
http://cfpub.epa.gov/npdes/stormwater/phase2.cfm) ; and

e Construction activity disturbing between 1 and 5 acres of land (i.e., small construction
activities) (see: http://cfpub.epa.gov/npdes/stormwater/cgp.cfm ).

1.4.2 State Role

1.4.2.1 Massachusetts Clean Waters Act — M.G.L. Chapter 21, §826 through 53

Under Massachusetts General Laws Chapter 21, § 27 (see: http://www.mass.gov/legis/laws/mgl/21-
27.htm), MassDEP, among its powers and duties is directed to:
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o Adopt regulations that MassDEP “deems necessary for the proper administration of laws relative to
water pollution and to the protection of the quality and value of water resources...”

o Adopt water quality standards and periodically examine the water quality of MA waters, and to
publish the results together with the water quality standards.

o Establish effluent limits, permit programs and procedures applicable to the management and
disposal of pollutants, as well as related monitoring, sampling, and reporting requirements for
dischargers.

e Conduct a continuing planning process that will result in plans for reducing, controlling and
eliminating discharges to all MA waters, and to prepare or supervise the preparation of, and adopt,
comprehensive river basin and regional plans “for abatement of such discharges by means of
treatment works or other practical control facilities and methods.”

e “Encourage” the adoption of water pollution prevention, control, and abatement plans by
municipalities and other users of Massachusetts’ waters.

Under the Massachusetts Clean Waters Act, MassDEP has the authority to unilaterally establish a
wastewater management district (MGL Chapter 21, 88 28, 29, 30, 32, 35 and 36), and could use this
authority to implement solutions on a watershed basis more quickly than might occur by the towns sharing
a watershed if they were left to act on their own priorities (see: http://www.mass.gov/legis/laws/mgl/gl-21-
toc.htm).

As described in MassDEP’s MEP Guidance "Introduction to Management Districts in Massachusetts”,
(see: http://www.mass.gov/dep/water/wastewater/mqtdists.pdf ) MGL Chapter 21, 8§88 28-30, 32, 35, and
36 authorize MassDEP to propose, and in some cases, mandate the establishment of water pollution
abatement districts consisting of one or more municipalities, or designated portions of one or more
municipality. A core power of a water pollution abatement district is to construct, operate, and manage
“abatement facilities”. The term “abatement facilities” as defined in Chapter 21, 8 26A includes “facilities
for the purpose of treating, neutralizing, or stabilizing sewage and such industrial and other wastes as are
disposed of by means of the facilities, including treatment or disposal plants, the necessary intercepting,
outfall and outlet sewers, pumping stations integral to such facilities and sewers, equipment and
furnishings thereof and their appurtenances.” A district also has an obligation to develop a plan for abating
sources of pollution within the district, including identifying the sources of pollution, the means by which
and the extent to which such pollution is to be abated, and the facilities needed to abate the pollution.
However, these statutory provisions do not specifically address the extent to which a district may abate
sources of pollution identified in its plan by means other than an abatement facility owned and operated by
the district. To date MassDEP has not exercised its authority under the Massachusetts Clean Waters Act to
propose or to require the establishment of a water pollution abatement district.

Pollutant is broadly defined under Chapter 21, 8§26 as “any element or property of sewage, agricultural,
industrial or commercial waste, runoff, leachate, heated effluent, or other matter, in whatever form and
whether originating at a point or major nonpoint source, which is or may be discharged, drained or
otherwise introduced into any sewerage system, treatment works or waters of the Commonwealth.”
(Emphasis added.) Note: Neither the MA Clean Waters Act nor the MassDEP existing regulations at 314
CMR further defines what constitutes a “major” nonpoint source. In comparison, the federal Clean Water
Act does not regulate or permit discharges from nonpoint sources. Thus, when a TMDL identifies needed
reductions in pollutant loadings from nonpoint sources, such reductions may implemented voluntarily
when regulations are lacking or under a state law that regulates such discharges. As noted above,
MassDEP has state law authority under Chapter 21 to expressly regulate “major” nonpoint sources of
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pollutants as well as broad authority to promulgate regulations that MassDEP deems necessary for the
proper administration of water pollution laws and to protect water resources.

Under Massachusetts General Laws Chapter 21, 843, “no person shall discharge pollutants to
Massachusetts waters without a permit from MassDEP, nor shall any person engage in any other activity
that may be reasonably expected to result, directly or indirectly, in such a discharge, or construct, maintain,
or use a sewer extension or connection without a permit from MassDEP, unless exempted by MassDEP
regulation.” Chapter 21, 843 directs MassDEP to adopt regulations with respect to permit proceedings and
determinations.

1.4.2.2 Title 5: On-Site Sewage Treatment and Disposal Systems

Over 30% of the homes in Massachusetts and over 85 percent on Cape Cod have on-site wastewater
systems, as do small businesses and institutions that are located in unsewered areas. Under Massachusetts
General Laws (M.G.L.) c. 21A, 8§13 (http://www.mass.gov/legis/laws/mgl/21a-13.htm ) any wastewater
treatment that is designed to receive less than 10,000 gallons per day, must comply in accordance with
Title 5 requirements (310 CMR 15.000: The State Environmental Code, Title 5, Standard Requirements
For the Siting, Construction, Inspection, Upgrade and Expansion of On-Site Sewage Treatment and
Disposal Systems and for the Transport and Disposal of Septage) (see:
http://www.mass.gov/dep/service/requlations/310cmr15.pdf).

While Title 5 is administered by the Department of Environmental Protection (“MassDEP”), pursuant to its
authority granted by the State Legislature via M.G.L. c. 21A, 813,
(http://www.mass.gov/legis/laws/mgl/21a-13.htm ) the Legislature provides local approving authorities,
primarily town Boards of Health, with the authority to approve most on-site sewage and disposal systems.
Additionally, local authorities may enact more stringent regulations than those required by MassDEP.
However, MassDEP is the approving authority for systems owned or operated by the state or federal
government, and for systems with a design flow of at least 10,000 gallons per day (“gpd”). These include:
innovative/alternative (1/A) systems (http://www.mass.gov/dep/about/organization/aboutbrp.htm#aboutia);
shared systems; variances granted by the local approving authority; upgrade or expansion of systems with a
design flow between 10,000 and 15,000 gpd; and any other system which MassDEP determines requires its
review.

In some situations, a local approval is subject to MassDEP approval. In other instances, local and state
authorities may allow a variance (http://www.mass.gov/dep/water/wastewater/fagsupgr.htm#whatvar) from
the provisions of Title 5. A variance may be authorized by the state or local approving authority whenever
two conditions are met: (1) where the applicant has established that enforcement of the provision of Title 5
would be “manifestly unjust” considering the circumstances of the individual case; and (2) where the
applicant has established that a level of environmental protection that is at least equivalent to that provided
under Title 5 can be achieved without strict application of the regulations.

If the variance application is approved locally, the applicant must then seek approval from MassDEP.
Until then, no work is authorized. Additionally, variance approvals may be conditioned by either the local
approving authority or MassDEP with required monitoring and reporting, deed recordation, financial
assurances, or other qualifications.

Nitrogen Sensitive Areas - Title 5 regulations (310 CMR 15.214) state, "certain on-site septic systems
located in Nitrogen Sensitive Areas, must comply with a wastewater discharge that does not exceed 440
gpd per acre (see: http://www.mass.gov/dep/service/regulations/310cmr15.pdf ) . This means a home may
not exceed four bedrooms on a one-acre lot or two bedrooms on a half-acre lot. This Commonwealth of
Massachusetts Regulation (CMR) affects discharges serving new construction in coastal watersheds to
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nitrogen sensitive estuaries or other areas designated by MassDEP as nitrogen sensitive, including drinking
water supply well zones of contribution defined as 1) Interim Wellhead Protection Areas (IWPAs) and
Approved Wellhead Protection Areas (Zone 1ls) (see: http://www.mass.gov/dep/water/drinking/wspaglos.htm).
The location of these designated Nitrogen Sensitive Areas are mapped and made available to the public. In
addition, Title 5 has provisions for designating nitrogen sensitive embayments as nitrogen sensitive areas.

310 CMR 15.216 allows the 440-gpd nitrogen loading limitation to be calculated in the aggregate in two
situations. First, one or more municipalities, or a district composed of two or more municipalities, may
seek MassDEP approval for an aggregate determination of flows and nitrogen loading across a region-wide
area. Local boards of health may thereafter approve site-specific facility aggregation plans in accordance
with a MassDEP-approved Community Aggregation Plan. Second, a board of health and MassDEP may
approve a site-specific Facility Aggregation Plan that authorizes the 440-gpd limitation to be met across
the facility and other land areas for which nitrogen credit is sought.

1.4.2.3 Massachusetts Wetlands Regulations for Stormwater Management

To encourage stormwater recharge, the increased use of low impact development techniques, improved
operation and maintenance of stormwater best management practices, and the removal of illicit connections
from stormwater management systems, in January of 2008 MassDEP promulgated revisions to the
Stormwater Management Standards. The revised Standards have been incorporated into the Wetlands
Regulations (310 CMR 10.00) and the addition of new sections. MassDEP has also made some technical
changes to 310 CMR 10.00. These revisions are explained further in the new Massachusetts Stormwater
Handbook (www.mass.gov/dep/water/laws/policies.htm#storm) and briefly summarized at
http://www.ebcne.org/fileadmin/pres/Civian.pdf

1.4.2.4 Groundwater Quality

Under the Massachusetts Clean Water Act (M.G.L. c. 21, § 43) (http://www.mass.gov/legis/laws/mqgl/21-
43.htm ) and the Groundwater Discharge regulations (314 CMR 5.03) discharges of pollutants to the
groundwater of the Commonwealth for flows greater than 10,000 gpd are not authorized without a permit
by MassDEP. Permit applicants have the option of demonstrating compliance of their discharge or through
an alternative nutrient loading approach. In addition to regulating these discharges, the Massachusetts
Clean Water Act (M.G.L. c. 21, 88 26 through 53) also require that MassDEP regulate the outlets for these
discharges and any treatment works associated with the discharges.

These permitted discharges must also comply with the Massachusetts Groundwater Quality Standards (314
CMR 6.00) that establish classifications, water quality criteria, and designated uses for groundwater.
MassDEP is authorized to establish effluent limits in groundwater discharge permits. MassDEP also has
broad authority under 314 CMR 6.07 to subject its groundwater discharge permits to “such conditions as
[MassDEP] may deem necessary to insure compliance” with the minimum groundwater quality criteria
(see: http://www.mass.gov/dep/service/requlations/314cmr06.pdf).

1.4.2.5 Surface Water Quality

Under the Massachusetts Clean Water Act (M.G.L. c. 21, § 27) (http://www.mass.gov/legis/laws/mgl/21-
27.htm ) and the Massachusetts Surface Water Discharge Permits Quality Standards (314 CMR 3.03)
discharges of pollutants to the surface waters of the Commonwealth are not authorized without a MassDEP
permit. Under 314 CMR 3.06, MassDEP may also issue general permits that regulate one or more
categories of surface water discharges by multiple dischargers who have applied for coverage under the
general permit (see: http://www.mass.gov/dep/service/regulations/314cmr03.pdf).
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These permitted surface water discharges must also comply with the Massachusetts Surface Water Quality
Standards (314 CMR 4.00) which designate the most sensitive uses for which “the waters of the
Commonwealth shall be enhanced, maintained and protected; prescribe the minimum water quality criteria
required to sustain the designated uses; and contain regulations necessary to achieve the designated uses
and maintain existing water quality” (see: http://www.mass.gov/dep/service/regulations/314cmr04.pdf).

Under 314 CMR 4.03, MassDEP may limit or prohibit surface water discharges to assure compliance with
the water quality standards. In establishing effluent limits, MassDEP must consider background conditions
and existing discharges. MassDEP also has authority to limit or prohibit discharges to protect existing uses
and to prevent interference with the attainment of designated uses in downstream and adjacent segments.

1.4.2.6 Massachusetts Coastal Zone Management Program

"The mission of the Massachusetts Office of Coastal Zone Management (CZM) is to balance the impact of
human activities with the protection of coastal and marine resources through planning, public involvement,
education, research, and sound resource management." Through its Coastal Nonpoint Pollution Control
Program CZM carries out its mission through technical assistance and funding support to communities
within the coastal zone through a grant programs that support the implementation of the Coastal Nonpoint
Pollution Control Program: (see: http://www.mass.gov/czm/cwg.htm)

e The Coastal Pollutant Remediation (CPR) Grant Program, provides funding to municipalities in
Massachusetts coastal watersheds to reduce stormwater impacts from roads, highways, or parking
areas and to install municipal boat pumpout facilities (see: http://www.mass.gov/czm/cprgp.htm ).

The Massachusetts CZM also hosts two of the US Environmental Protection Agency's National Estuary
Program projects as an advisory and planning unit. These include the Buzzards Bay
(http://www.buzzardsbay.org/index.htm) and the Massachusetts Bays
(http://www.mass.gov/envir/massbays/default.ntm) National Estuaries Programs. The Buzzards Bay NEP
serves the Buzzards Bay Watershed communities while the Massachusetts Bays NEP serves the
communities bordering Massachusetts Bay and Cape Cod Bay. Similar to the other NEP projects
nationwide, they are guided by the Clean Water Act Section 320
(http://www.epa.gov/owow/estuaries/320.htm ) which requires them to develop plans for attaining or
maintaining water quality in an estuary. Similar to the MEP, they use a science-based approach to inform
decision-making, emphasize collaborative problem solving, and involve the public. As required, each
program establishes a Comprehensive Conservation and Management Plan
(http://www.epa.gov/owow/estuaries/ccmp/index.htm) to control point and nonpoint sources of pollution to
supplement existing controls of pollution and is developed and approved by a broad-based coalition of
stakeholders. The Buzzards Bay (http://www.buzzardsbay.org/ccmptoc.htm) and Massachusetts Bay
(http://www.mass.gov/envir/massbays/ccmp.htm ) CCMP serve as a blueprint for coordinated action to
guide future decisions and actions and addresses a wide range of environmental protection issues including
water quality, habitat, fish and wildlife, pathogens, land use, and introduced species to name a few. To
carry out its objective, each CCMP features action plans with specific recommendations for pollution
prevention, habitat preservation, and the restoration of the Bays degraded resources that would be carried
out by dozens of organizations, both governmental and non-governmental, each responsible for taking the steps
needed to protect and restore the Bays.

MEP Technical and Financial Support. Both NEP programs provide funding and technical assistance
support to municipalities and citizens to implement the recommended actions contained in the
Management Plan. MEP communities served by these two projects should take advantage of the technical
support they provide associated with CWMP planning and implementation. The can provide grant writing
services for the planning and implementation projects available from the MassDEP and CZM grant

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 32 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm



http://www.mass.gov/dep/service/regulations/314cmr04.pdf�
http://www.mass.gov/dep/service/regulations/314cmr04.pdf�
http://www.mass.gov/dep/service/regulations/314cmr04.pdf�
http://www.mass.gov/czm/npstoc.htm�
http://www.mass.gov/czm/npstoc.htm�
http://www.mass.gov/czm/cwq.htm�
http://www.mass.gov/czm/cwq.htm�
http://www.mass.gov/czm/cwq.htm�
http://www.mass.gov/czm/cprgp.htm�
http://www.mass.gov/czm/cprgp.htm�
http://www.buzzardsbay.org/index.htm�
http://www.buzzardsbay.org/index.htm�
http://www.mass.gov/envir/massbays/default.htm�
http://www.mass.gov/envir/massbays/default.htm�
http://www.epa.gov/owow/estuaries/320.htm�
http://www.epa.gov/owow/estuaries/320.htm�
http://www.epa.gov/owow/estuaries/ccmp/index.htm�
http://www.epa.gov/owow/estuaries/ccmp/index.htm�
http://www.buzzardsbay.org/ccmptoc.htm�
http://www.buzzardsbay.org/ccmptoc.htm�
http://www.state.ma.us/envir/massbays/ccmp.htm�
http://www.mass.gov/envir/massbays/ccmp.htm�

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

programs identified in this report. MEP communities located within the watershed areas of these NEP’s
should consider the consultant type of services they provide communities in any stage of watershed-based
nitrogen management planning; including their use in bringing communities together to address the
possibilities of joint, intermunicipal watershed-wide nitrogen reductions.

1.4.3 County Role

Barnstable County has taken a number of initiatives that address the importance of assisting the towns with
the preparation and financing of wastewater management plans following the approval of a TMDL by the
US Environmental Protection Agency. These initiatives by the Barnstable County Health and Environment
Department (BCHDE), Cape Cod Commission, Wastewater Implementation Committee, and the Cape Cod
Water Protection Collaborative are briefly described below. Consult their websites for more information.

1.4.3.1 Barnstable County Health and Environment Department and the Massachusetts
Alternative Septic System Test Center

The Barnstable County Health and the Environment Department (BCHDE) and its 15 municipal boards of
health have been actively investigating, since the early 1990s, the feasibility of enhancing the capacity of
septic systems to remove nitrogen. Since 1995 when MassDEP revised its Title 5 regulations (310 CMR
15.000) “innovative and alternative (I/A)” systems were allowed for the disposal and treatment of
wastewater. As a result of this revision, since 1999, more than 1,100 I/A systems were installed on Cape
Cod (Heufelder, Rask, and Burt 2007).

The Massachusetts Alternative Septic System Test Center, located at the Otis Air National Guard Base on
the Massachusetts Military Reservation on Cape Cod, led by The Buzzards Bay National Estuary Program
(BBP), in collaboration with Massachusetts Department of Environmental Protection (MassDEP),
BCDHE, and UMass Dartmouth’s School of Marine Science and Technology (SMAST), was established
to field test the performance of proposed I/A systems as part of the testing and approval process provided
by the 1995 Title 5 revisions. In addition, the Center identified the operational costs of these new
innovative technologies and assists vendors in getting their technologies approved for use in
Massachusetts.

A report by the BCHDE, in conjunction with the 15 Boards of Health in Barnstable County, recently
presented the results of many pilot studies that defined the performance of several nitrogen-removal I/A
systems on Cape Cod soils. A copy of this report "Performance of I/A onsite septic systems for the
removal of nitrogen in Barnstable County, Massachusetts 1999-2007" is available for downloading at:
http://www.buzzardsbay.org/etimain.htm

In addition to their work at the Test Center, the BCHD is currently engaged in a two-year study, entitled:
“Developing of Smart Growth Planning tools to deal with gross impact of sewering” with funding provided
by the Massachusetts Environmental Trust. In 2007, the first year of the study, a working group was
convened with representation from the towns with a focus on promoting public education on wastewater
and sewering issues.

1.4.3.2 Cape Cod Commission

Since its founding in 1990, the Cape Cod Commission has administered a No Net Nitrogen (NNN) Policy
for Developments of Regional Impact or DRIs (new retail, office, industrial or private construction greater
than ten thousand square feet, additions greater than five thousand square feet, or outdoor commercial
space greater than forty thousand square feet, and any proposed development, including the expansion of
existing developments, that is planned to create or accommodate more than thirty dwelling units).
Website: http://www.capecodcommission.org/RPP/home.htm
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The regional No Net Nitrogen Policy requires that DRIs when proposed in ground watersheds with
documented marine water quality problems or defined as nitrogen sensitive must maintain or improve
existing nitrogen loadings. Developments may meet this requirement by providing additional wastewater
treatment capacity for nearby dischargers, installing denitrifying on-site wastewater systems for existing
septic systems, and/or contributing financially to town or watershed planning that support nitrogen
reduction efforts.

1.4.3.3 Wastewater Implementation Committee

Barnstable County Commissioners established the Wastewater Implementation Committee (WIC) in 2002
as an advisory committee to the County on countywide wastewater management planning and as a regional
forum for “sharing information and coordination between towns, county and state programs. As a regional
forum on wastewater management, its goal was to identify opportunities for consensus among its
stakeholders that would lead to a new regional wastewater management plan; including options for
establishing Wastewater Management Districts for use in determining which are most appropriate for town
consideration. The WIC goals were ambitious in facilitating and encouraging towns to initiate wastewater
management strategies that protect public health, restore coastal and fresh surface water quality, preserve
community character and provide growth center infrastructure.” Website:
http://www.capecodgroundwater.org/wastewaterpages/wastecom.html

In 2004 the WIC published study “Enhancing Wastewater Management on Cape Cod: Planning,
Administrative, and Legal Tools”, conducted by a WIC working group led by Wright-Pierce and other
consultants, conducted four case studies involving the towns of Barnstable, Orleans, Mashpee, and
Falmouth concerning their capabilities and limitations to address future needs for wastewater management.
(see: http://www.capecodcommission.org/water/WastewaterToolsReport/\WWWToolsRept.pdf ) Because of
this effort the WIC working group recommended several planning, administrative and legal tools and
actions for consideration/follow-up by the towns, the county and the state. For Mashpee, the Study
highlighted the potential benefits and challenges presented by the large number of private sewage treatment
facilities serving commercial and residential developments. On one hand, these facilities have prevented
further nitrogen loadings to the estuary, and in the future can be part of the town’s wastewater structure.
However, they were built as standalone facilities without considering municipal or watershed needs, and
the technology used may not be what the town would have chosen.

In 2005, thirty thousand dollars ($30,000) was awarded and allocated between the Towns of Eastham and
Wellfleet for a study on the use I/A wastewater disposal systems for mitigating nitrogen-loading impacts.

1.4.3.4 Cape Cod Water Protection Collaborative

The Cape Cod Water Protection Collaborative, (http://www.capekeepers.org/) created in 2005 through
ordinance by the Barnstable County Assembly of Delegates inherited the work of the WIC with the goal of
addressing the inadequacy of the Cape’s wastewater infrastructure to mitigate wastewater discharge
impacts to its inland and coastal waters. (see: http://www.barnstablecounty.org/documents/05-
22WasteColl.DOC

As stated in its authorizing legislation, the Collaborative is “To offer a coordinated approach to enhance
the wastewater management efforts of Towns, the Regional Government and the Community for the
provision of cost-effective and environmentally sound wastewater infrastructure, thereby protecting Cape
Cod’s shared water resources”. In addition, it is charged to: “1) Attract state, federal and public-private
revenue sources for financing assistance to the Towns for wastewater projects; 2) Maximize regional
cooperation and action in managing wastewater; 3) Coordinate the development of infrastructure that is
cost-effective, technologically efficient and environmentally appropriate; and 4) Educate the public
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concerning the contribution wastewater management makes to sustaining Cape Cod’s economic and
environmental health.”

In addition, the Collaborative assists the Cape’s towns prepare and adopt comprehensive wastewater
management plans within three years of receiving the TMDL data from MassDEP; ensuring the plans are
consistent with the Regional Wastewater Management Plan.

1.4.4 Local Role

Citizen-monitoring groups, regional planning and environmental organizations, and city/town agencies
(e.g., Selectmen, City councils, Boards of Health, Planning Boards, and Departments of Public Works) all
have a role when it comes to the implementation of wastewater management related measures for their
community. It may be in the form of promoting public education on the issues of concern or more
specifically related to needed planning, funding, zoning, and/or regulatory measures. Under Massachusetts
General Law, cities and towns have local options to address land use nitrogen reductions, many of which
are discussed in the MEP Embayment Restoration and Guidance for Implementation Strategies at
http://www.mass.gov/dep/water/resources/mamep.doc. This MEP report provides useful information
covering the following topics:

o Wastewater Treatment
0 On-Site Treatment and Disposal Systems
0 Cluster Systems with Enhanced Treatment
o0 Community Treatment Plants
0 Municipal Treatment Plants and Sewers
e Tidal Flushing
0 Channel Dredging
0 Inlet Alteration
0 Culvert Design and Improvements
e Stormwater Control and Treatment *
o Source Control and Pollution Prevention
o Stormwater Treatment
Attenuation via Wetlands and Ponds
Water Conservation and Water Reuse
Management Districts
Land Use Planning and Controls
0 Smart Growth
0 Open Space Acquisition
0 Zoning and Related Tools
e Nutrient Trading

Massachusetts General Laws Chapter 111, § 31 (http://www.mass.gov/legis/laws/mgl/111-31.htm)
provides broad general powers to municipal boards of health to promulgate reasonable regulations that can
exceed the State’s minimum Title 5 requirements, provided that the board states the reasons and/or local
conditions supporting the more stringent regulation at a public hearing.

Towns are enabled to address nitrogen reductions through other existing authorities and measures,
including but not limited to:

e Adopting local bylaw/ordinances for coastal watersheds that have been defined and mapped as
nitrogen sensitive that limits the onsite disposal systems to 440 gallons per day per acre nitrogen
loading or no more than four bedrooms (110 gallons per day/bedroom) pursuant to 310 CMR
15.214 (http://www.mass.gov/dep/service/requlations/310cmr15.pdf).
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e Adopting local bylaws/ordinances to manage fertilizer (see:
http://www.mass.gov/dep/water/resources/fertiliz.htm), pursuant to 310 CMR 15.216 (see
http://www.mass.gov/dep/water/nagg95p.doc).

e Adopting local bylaws/ordinances requiring water reuse by dischargers

o Adopting local bylaws/ordinances related to house drainage, pursuant to Chapter 111, 8127
(http://www.mass.gov/legis/laws/mgl/111-127.htm).

e Adopting a bylaw that mandates Title 5 upgrades to I/A systems.
(http://www.mass.gov/dep/water/wastewater/iatechs.htm) for Zone Ils and Nitrogen Sensitive
Areas that are more restrictive than Title 5 (see http://www.mass.gov/dep/water/nagg95p.doc).

e Adopting local bylaws/ordinances that address aquatic buffers, erosion and sediment control, open
space development, storm water control operation and maintenance, illicit discharges, and post
construction controls. (see: http://www.epa.gov/owow/nps/ordinance and
http://www.stormwatercenter.net/).

o Deciding areas to sewer and mandating owners of abutting property to connect to a common
sewer, pursuant to Chapter 83 §3 (http://www.mass.gov/legis/laws/mgl/83-3.htm) and 811
(http://www.mass.gov/legis/laws/mgl/83-11.htm).

e Requiring ongoing system management in the disposal system construction permits ,
(http://www.mass.gov/dep/water/t5form2a.pdf) pursuant to 310 CMR 15.003.
(http://www.mass.gov/dep/service/regulations/310cmr15.pdf).

e Issuing and enforcing Conservation Commission Orders of Conditions,
(http://www.mass.gov/dep/water/approvals/wpaform5.pdf ) pursuant to 310 CMR 10.00
(http://www.mass.gov/dep/service/regulations/310cmr01.pdf).

Additionally, towns may address nitrogen reductions through an inter-municipal wastewater district. This
can be accomplished through a Comprehensive Water Resources Management Plan that identifies the
wastewater infrastructure and management needs for a watershed shared by more than one town. CWMP’s
not only propose a plan, they also investigate the need for the proposed facilities, consider alternatives, and
must be approved by MassDEP. A MassDEP approved CWMP consists of the following elements:

e A description of the proposed treatment works, and the complete collection and wastewater

treatment system of which it is a part
A description of the Best Practicable Wastewater Treatment Technology

o A cost-effective analysis of the feasible conventional, innovative and alternative wastewater
treatment works, processes and techniques
A cost-effective planning period of 20 years
A demonstration of the non-existence or possible existence of excessive infiltration/inflow in the
sewer system
An analysis of the potential open space and recreation opportunities associated with the project
An evaluation of the environmental impacts of alternatives to meet the requirements of MEPA
An evaluation of the water supply implications of the project
For the selected alternative, a concise description
A public participation program that includes as a minimum one public meeting to discuss the
alternatives and their environmental impact and a public hearing on the recommended plan
including its environmental impact.

If these elements are present, the MassDEP may approve an inter-municipal wastewater management
district’s plan.

MassDEP’s guidance document: “Guide to Comprehensive Wastewater Management Planning”
(http://www.mass.gov/dep/water/laws/wwtrfpg.pdf) and at 310 CMR 44 which defines MassDEP’s
authority and responsibilities to select, approve and regulate water pollution abatement projects receiving
financial assistance under the State Revolving Fund (“SRF”) Program should be consulted to assist
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municipal officials, consulting engineers, citizens groups, and other interested parties in developing
comprehensive wastewater management plans. (see:
http://www.mass.gov/dep/service/regulations/310cmr44.pdf)

For alternative residential development planning patterns that are protective of coastal waters, readers may
want to consider the recommendations provided by National Oceanic and Atmospheric Administration’s
(NOAA) Coastal Services Center at its website: http://www.csc.noaa.gov/alternatives.

1.5 Wastewater Treatment and Effluent Discharge Siting

The location of treatment plant discharges is an increasingly challenging issue for MEP communities,
given the space limitations at preferred sites where housing densities favor a treatment facility and the
prohibition under the Massachusetts Ocean Sanctuaries Act ((M.G.L. c132A section 15-16) from siting
new surface water discharges in Nantucket Sound or to Massachusetts Bay (see:
http://www.mass.gov/legis/laws/mgl/132a-15.htm)

Section 14A of the Ocean Sanctuaries Act states the ocean sanctuaries “... shall be protected from any
exploitation, development, or activity that would significantly alter or otherwise endanger the ecology or
the appearance of the ocean, the seabed, or subsoil thereof, or the Cape Cod National Seashore”. As a
consequence, NPDES permits are not allowed; requiring all future wastewater treatment facilities to
discharge treated wastewater flows to the subsurface environment, once the CWMP proposal for a
wastewater treatment works has been approved and permitted as a MassDEP groundwater discharge
permit.

1.6 Watershed-Based Permitting and Nutrient Trading in this Project

Watershed based permitting and nutrient trading are important tools to improve water quality. EPA has led
the way in promoting their use, and has developed policies and guidance to help states and communities
use them appropriately.

EPA’s primary interest in funding this grant to MassDEP was to understand how watershed-based
permitting and nutrient trading can support implementation of the nitrogen loading limits established by the
Massachusetts Estuaries Project (MEP). Both the state and municipalities will play critical roles:
Communities will determine how these tools fit into local TMDL implementation plans.

MassDEP will evaluate changes needed in state regulations or permitting to support them.

Lessons learned from this project will help other communities in Massachusetts and other states determine
how best to use watershed-based permitting and nutrient trading.

1.6.1 What is Watershed-based Permitting?

Watershed-based permitting is a tool to address all point and nonpoint sources of pollution within a
geographic area, rather than issuing permits to individual pollution sources. Watershed-based permitting
can range from synchronizing the timing of permits within an estuary to issuing a single permit that
regulates all discharges. For more information, see EPA material:
http://cfpub.epa.gov/npdes/wgbasedpermitting/wspermitting.cfm)

The right approach to watershed-based permitting depends on circumstances in each watershed, sources of
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nitrogen, and the structure and flexibility of federal, state, and local regulatory systems. For example, EPA
is particularly interested in watershed-based permitting as it relates to NPDES permits for surface water
discharges. MassDEP is interested also in permits issued under the Commonwealth’s groundwater and on-
site discharge regulations.

In addition to determining the appropriate watershed-based permitting for the three pilot estuaries, this
project will identify the regulatory and permitting obstacles in Massachusetts to implementing watershed-
based permitting and develop a road map to address them. The road map could include changes in state
regulations, new legal entities at the local level for permitting purposes, new permitting and enforcement
tools for communities, and other options.

1.6.2 What is Nutrient Trading?

Nutrient trading is an approach to meeting water quality goals by identifying the most cost-effective ways
to reduce pollution and using financial incentives to encourage reductions by as many dischargers as
possible. According to the EPA, “Trading can provide greater efficiency in achieving water quality goals
in watersheds by allowing one source to meet its regulatory obligations by using pollutant reductions
created by another source that has lower pollution control costs.” For more information:
http://www.epa.gov/owow/watershed/trading.htm

A nitrogen trading program relies on: 1) the commodity that will be traded; 2) a demand for the
commodity; and 3) a structure for trading the commaodity. In this report, the commodity for trading is the
kilograms of nitrogen that the MEP Linked Model calculated scientifically for reduction from the
watershed that would ultimately achieve the nitrogen threshold concentration for restoring water quality in
the estuary. For the purpose of this report, the watershed-wide nitrogen loads that have been quantified for
reduction by the Massachusetts Estuaries Project for each sub-watershed and town sharing this coastal
watershed provided the basis for inter-municipal discussions regarding wastewater management planning
and implementation that is cost and environmentally effective for restoring water quality by the
participating communities.

In Massachusetts, the trading tools used are variable and dependent on local circumstances. For example, a
nutrient offset program or trading is used whenever a wastewater facility applies for a new or increased
wastewater discharge to a nitrogen sensitive coastal watershed. Typically, the nitrogen offset program is
applied to individual projects requiring a discharge permit in areas without a comprehensive wastewater
management plan (CWMP) in order to insure that no additional nitrogen is applied to an impacted
watershed. In these circumstances, approval is granted in exchange for sewering a sufficient number of
on-site septic systems so that, at a minimum, the outcome of the permit to expand results in a watershed
reduction of nitrogen to the estuary. More complex trading tools do exist elsewhere that utilize formal
nutrient trading markets, in which sources of pollution buy and sell credits for pollution discharges.
Whatever tool is use, it is clear that EPA has made it clear in its draft framework for watershed-based
trading (1996) that trades must be consistent with attainment of water quality standards and occur within a
regulatory (permitting), enforcement, public participation framework. The EPA also stressed that the
boundaries of trading should generally coincide with watershed or water body segment boundaries. This
correlation ensures that the environmental outcomes of trading between parties occur within the boundaries
of the same watershed that the boundaries are of manageable size, and are selected to prevent localized
problems.

In this project, the participating Case Studies communities utilized the findings of the MEP as the basis for
resolving how they would “trade” or share responsibility for the nitrogen load reductions they are
responsible under EPA’s watershed-based TMDL. At the same time MassDEP and the Pilot Project Teams
utilized what was learned from these Case Studies to identify changes in state policy and regulations to
facilitate inter-municipal, watershed-based TMDL planning and implementation.
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Typit:al Algae Bloom

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 39 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

Chapter 2: Popponesset Bay Pilot Project

Nantucket Sound

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

Key Feature

TMDL implementation in a tidal estuary

Project Name

Popponesset Bay Watershed,
Inter-municipal Watershed TMDL Implementation

Scope/Size: Watershed area: 20.5 square miles (ca. 12,942 acres); approximately 9 miles
north to south and just over 3 miles east to west.

Land Type 18 % Rural undeveloped, urbanizing with 36% residential, 2% limited
agriculture including golf course, 9% ponds and lakes, and 35% municipal,
pubic and private open space.

Pollutant Nitrogen

Wastewater Watershed is without municipal sewer; 5 private sewage treatment plants;

Infrastructure most properties with residential on-site wastewater disposal systems.

Hyd ro|ogy The Popponesset Bay system consists of five embayments (Popponesset
Bay, Pinquickset Cove, Ockway Bay, Mashpee River, and Shoestring Bay)
and three Rivers with surficial flow from the watershed (Mashpee River,
Santuit River and Quaker Run). This embayment system exchanges tidal
water with Nantucket Sound through a single maintained inlet at the tip of
Popponesset Bay. *

TMDL NPS subsurface, nitrogen discharges primarily from residential on-site septic

Development

systems and secondarily from fertilizers use associated with cranberry bogs
and golf course turf management.

Data Sources

Towns of Mashpee, Barnstable, and Sandwich; Cape Cod Commission;
Mass. Department of Environmental Protection; University of Massachusetts
@ Dartmouth-School of Marine Science & Technology (SMAST)

Data Mechanisms

Water quality monitoring results, watershed/parcel specific defined estimates
of nitrogen loading based on drinking water use records, USGS delineation
groundwatersheds, and MEP Linked Watershed-Estuary Nitrogen
Management Model (Linked Model) for calculating load thresholds.

Monitoring Plan

Yes

Control Measures

In 2001, the Town of Mashpee initiated comprehensive wastewater planning
to reduce the sources of watershed nitrogen loads affecting the Popponesset
Bay system and its embayments. Planning is underway to prepare a
comprehensive wastewater management plan with input from the neighboring
towns of Barnstable and Sandwich. At the time of this report, Barnstable has
initiated its planning while Sandwich has not.

* A complete description of all 5 sub-embayments is presented in Chapters | and 1V of the MEP Technical Report
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Figure 2.2 Delineation of the Popponesset Bay Watershed

2.2 The Popponesset Watershed

2.2.1 General Description

The Popponesset Bay Watershed and its five embayments (Popponesset Bay, Pinquicket Cove, Ockway
Bay, Mashpee River, and Shoestring Bay) lie along the southern shores of the Cape Cod Basin. Three
estuarine river systems (Mashpee River, Santuit River, and Quaker Run) discharge directly to the Bay and
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the Bay ultimately discharges to Nantucket Sound through a single outlet (Figure 2.1). As shown in Figure
2.3, the five embayments are subdivided further into two or more sub-embayments.

These embayments constitute important components of each Town’s natural and cultural resources.
However, the nature of these enclosed embayments in close proximity to populous regions of the
watershed brings two opposing elements to bear: (1) as protected marine shorelines they are popular for
boating, recreation, and land development and (2) as enclosed bodies of water, the pollutants they receive
may not be readily flushed. In particular, the sub-embayments within the Popponesset Bay Watershed are
at risk of further eutrophication from high nutrient loads in the groundwater and runoff from their
watersheds. Because of excessive nutrient discharges, the Mashpee River, Shoestring Bay, and
Popponesset Bay embayments have been listed as impaired waters requiring TMDLs (Category 5) in the
MA 2006 Integrated List of Waters (http://www.mass.gov/dep/water/resources/2006cmt2.pdf).

The watershed drainage area consists of 13,458 acres (21.029 sq miles) and slightly over 9 miles north and
south and just over 3 miles east and west. The Popponesset Bay embayment is roughly 1 mile long and a
slightly over half a mile wide - shore-to-shore (Figure 2.3, No. 26). The land area of the watershed is
shared with the towns of Mashpee, Barnstable (Cotuit Village), and Sandwich. Nearly two thirds of the 21
square mile watershed area is within Mashpee, followed by lesser amounts by the towns of Sandwich and
Barnstable (Table 2.1).

Table 2.1 Popponesset Watershed Land Area by Town

TOWN Town Area within Popponesset Watershed
Acres Square Miles Percent
Barnstable 1,469.236 2.296 10.92%
Mashpee 8,573.633 13.397 63.71%
Sandwich* 3,414.999 5.336 25.37%
Total 13,457.868 21.029 100.00%

* Area includes all water, including estuarine
The Massachusetts Military Reservation has 369 acres ~ 10.8% within the Town of Sandwich and 2.74% of the
land area within the Popponesset Watershed.

This southern coastal region of Cape Cod between the Popponesset Bay and West Bay entrances can be
considered a moderately dynamic region, where natural wave and tidal forces continue to reshape the
shoreline. Due to the protection afforded by the islands of Martha’s Vineyard and Nantucket, the south
shore of Cape Cod is protected from the influence of long period open ocean wave conditions. Similar to
many portions of the Massachusetts coast, the available sediment supply influences the migration and/or
stability of tidal inlets. Tidal inlets can become overwhelmed by the gradual wave-driven migration of a
barrier beach separating the estuaries from the ocean. In addition to these natural coastal processes, man-
made structures often can influence the stability of a shoreline/tidal inlet system.

2.2.2 Geology and Hydrogeology

The hydrogeology of this watershed, like most of Cape Cod, consists predominantly of glacial deposits of
sand and gravel. Several glacial kettle-hole ponds characterize the Mashpee River subwatershed while a
small glacial pond and large kettlehole pond (Santuit Pond) define the Santuit River subwatershed (see:
http://www.capecodgroundwater.org/groundwateredpage/groundwater.pdf).

Unlike off Cape locations where surface topographic features characterize a watershed’s boundary and
drainage pattern, Cape Cod’s ground watersheds are defined by the elevation and direction of flow of its
water table (Cambareri and Eichner 1998, Millham and Howes 1994 a, b). The Sagamore Lens is the
contributing source of the Popponesset Bay groundwater (see: http://simlab.uri.edu/cara/sagamore.htm). The
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aquifer's convex shape causes it to resemble a lens and it is often referred to as the freshwater lens.
Popponesset’s embayments are of varying size and hydraulic complexity; each defined by their rates of
flushing, salinity, and shallow depths and their proximity to a heavily developed and populated sub-

watershed.

2.2.3 Water Quality

Water quality studies have been ongoing since the early 1980s when the DEQE (now MassDEP) Shellfish
Sanitation Section (now delegated to the Massachusetts Division of Marine Fisheries) identified excessive
levels of coliform bacterial contamination in the Mashpee River. Following this discovery, the DEQE
ordered the closure of the Mashpee River to shell fishing. This finding prompted Mashpee to conduct
additional water quality studies by its consultant and the work of others:

October 1987. “Sources of Bacterial and Nutrient Contamination into the Mashpee River,
Santuit River and Shoestring Bay” (KV Associates, Inc.)

1988. To evaluate the impacts from stormwater discharges (under winter conditions) and the
delineation of the recharge zone to the Mashpee River, Quaker Run and the Santuit River.

July 1988. The Sewer Commission in conjunction with its work for a proposed a sub-regional
wastewater treatment plant adjacent to the Mashpee landfill, commissioned a study to identify
flow and water quality conditions of the Mashpee River. This study concluded that Popponesset
Bay and its embayments were degraded by nutrient additions and classified the embayment
system eutrophic.

1991. “A Cumulative Impact Assessment Plan to Reduce and Control Sources of
Contamination in the Mashpee and Santuit/Shoestring Bay River Estuaries” (KV Associates,
Inc.) A modeling study for use in providing long-term management in preserving water quality
of the Mashpee River and Shoestring Bay.

1997 and 1998. “Nutrient Related Water Quality within the Popponesset Bay System, Part I:
Summer Survey of Nutrient and Oxygen Levels” (Howes, B. and David Schlezinger). This
study assessed if nutrient-related water quality impairment was affecting the Popponesset
embayment system. The Mashpee River, Ockway Bay, and Shoestring Bay were identified with
nutrient related water quality impacts.

1993. “The Cape Cod Coastal Embayment Project Study” (Cape Cod Commission) funded with
EPA section 319 MassDEP pass through money, was among the first to document water quality
degradation to Popponesset Bay with sub-watershed nitrogen loads.

2002. “Cape Cod Coastal Nitrogen Loading Studies” by the Cape Cod Commission, funded by
MassDEP through Clean Water Act section 604b grant (#99-03/604). Using the results of 604b-
funded water quality studies from the mid to late 1990s, this study revised tidal flushing studies
in the Popponesset Bay system including the Mashpee River to produce nitrogen management
options for the watershed.

2004. “Popponesset Technical Report” (MEP) Evaluated the full extent of the watershed
impacts on the Popponesset Bay system based on 1997 — 2003 water quality studies.
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Figure 2.3 The Popponesset Bay Watershed and its Groundwatersheds
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The MassDEP Cape Cod Watershed Water Quality Assessment Report to EPA initiated studies of the
Popponesset Bay, Mashpee River and Shoestring Bay embayments to assess their status as SA waters
(see: http://www.mass.gov/dep/water/resources/96wgar.pdf). This designation, as defined by the

MassDEP Surface Water Quality regulations (314 CMR 4.05(4)(a)), means these waters are:
“.... an excellent habitat for fish, other aquatic life and wildlife, including for their
reproduction, migration, growth and other critical functions, and for primary and

secondary contact recreation. In certain waters, excellent habitat for fish, other

aquatic life and wildlife may include, but is not limited to, seagrass. Where

designated in the tables to 314 CMR 4.00 for shellfishing, these waters shall be

suitable for shellfish harvesting without depuration (Approved and Conditionally

Approved Shellfish Areas). These waters shall have excellent aesthetic value”

In view of the past and recent water quality studies that confirmed water quality degradation, the Mashpee
River, Shoestring Bay, and Popponesset Bay sub-embayments are listed as impaired waters on the
Massachusetts 2006 Integrated List of Waters (http://www.mass.gov/dep/water/resources/2006cmt2.pdf)
that require TMDLs (Category 5) to comply with the Clean Water Act under Section 303(d) (Table 2.2).
The environmental damage affecting the Popponesset, Mashpee River and Shoestring Bay embayments
include pollutant loadings from nutrients and pathogens, periodic decreases of dissolved oxygen,
decreased diversity of benthic animals, and periodic algal blooms.

Habitat quality of the Popponesset Bay System is highest near the tidal inlet to Nantucket Sound and
poorest in the inland-most tidal reaches. This is indicated by gradients of the various indicators. For
example, nitrogen concentrations are highest inland and lowest near the mouths. In addition, the nitrogen
loads from the contributing sub-watersheds to the Popponesset Bay sub-embayments ranged from 0.76
kg/day in Pinquickset Cove to 39.99 kg/day in the Mashpee River. The sub-watershed loads affecting the
Bay ranged from 0.422 mg/L (milligrams of nitrogen per liter) in Popponesset Bay to 0.958 /L in mg the

Mashpee River.

Table 2.2 Embayment Waters within the Popponesset Bay Watershed on the 2006 Integrated List

NAME

SEGMENT ID

DESCRIPTION

SIZE

POLLUTANT LISTED

Mashpee River (9662775)

MA96-24_2006

Quinaquisset Avenue to mouth at
Shoestring Bay (formerly to mouth at
Popponesset Bay), Mashpee.

0.09 sg mi

- Nutrients
- Pathogens

Popponesset Bay (96918)

MA96-40_2006

From line connecting Ryefield Point,
Barnstable and Punkhorn Point, Mashpee
to inlet of Nantucket Sound (including
Ockway Bay and Pinquickset Cove),
Mashpee/Barnstable.

0.67 sgq mi

- Nutrients

Popponesset Creek
(9662800)

MA96-39_2006

All waters west of Popponesset Island
(from Popponesset Island Road bridge at
the north to a line extended from the
southeastern most point of the island
southerly to Popponesset Beach),
Mashpee.

0.04 sg mi

- Pathogens

Shoestring Bay (96905)

MA96-08_2006

Quinaquisset Avenue to Popponesset Bay
(line from Ryefield Point, Barnstable to
Punkhorn Point, Mashpee, including
Gooseberry Island), Barnstable/Mashpee.

0.31 sg mi

- Nutrients
- Pathogens
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2.2.4 Eelgrass Habitat

The first aerial photographic surveys of Popponesset Bay in 1951 documented eelgrass beds with
significant coverage within the central bay and the upper bay near the mouth of Shoestring Bay (Table
2.3, Figure 2.4) suggesting these waters were of high quality without the impacts associated with nitrogen
loading (Charles Costello, MassDEP Eelgrass Mapping Program). However, follow-up MassDEP field
surveys in 1995 and in 2001 identified an embayment system in decline with the loss of eelgrass
throughout the Popponesset Bay System. Today, the nitrogen loads affecting the embayment system have
been sufficient to promote the growth of microalgal blooms during the summer months, as suggested by
their high chlorophyll a levels (exceeding 20 p/L). As stated earlier, these algal blooms are of sufficient
density in the water column to shade the floor of the seabed. Without adequate sunlight, the eelgrass beds
are unable to sustain their energy requirements via photosynthesis and eventually perish. For the same
reason, these ecosystems cannot be reestablished as habitat and spawning ground, nursery, and protective
cover for commercially important finfish, and shellfish. The eelgrass beds that were first identified in
1951 have since been replaced by macro algae, which are undesirable because they do not provide the
high quality habitat for fish and invertebrates. In the most severe cases, this habitat degradation has the
potential of leading to periodic fish kills, unpleasant odors and scums, and near loss of the benthic
community and/or presence of only the most stress-tolerant species of benthic animals.

The complete loss of eelgrass beds throughout the Popponesset Bay Watershed makes the presence or
loss of eelgrass a difficult parameter to use in evaluating water quality within the sub-embayments. Yet,
infaunal study results indicate an ecosystem capable of supporting diverse healthy communities in the
region nearest the tidal inlet, with most of the system having an infaunal habitat that is significantly
impaired under present N loading conditions.

Table 2.3 Popponesset Bay’'s Eelgrass Acreage (Past and Present)

1951 1995 2006

Embayment (Acres) (Acres) Acres) Percent Loss
Popponesset Main Bay 85.41 0 0 100
Shoestring Bay 10.64 0 0 100
Mashpee River 0.83 0 0 100

Ockway Bay 0 0 0

Pinquicket Cove 0 0 0

TOTAL 96.88 0 0 100
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Department of Environmental
Protection
Eelgrass Mapping Program

Popponesset Bay

1951 Eelgrass 1995 and 2001 Eelgrass
Legend

E 1951 Historic Eelgrass Resource

[] 1995 extent of Eelgrass Resource 0 375 750 1,500 2,250 3,000
I I B3 B eters

2001 extent of Eelgrass Resource

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, MassDEP Eelgrass Mapping Program)

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 48 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

2.2.5 Sentinel Station

The sentinel station was located within the upper region of the central basin to Popponesset Bay at the
mouth of Shoestring Bay (Figure 2.3), and the uppermost eelgrass bed detected in the 1951 data. Under
present loading conditions the sentinel station supports a measured nitrogen level at mid-ebb tide of 0.581
mg/L TN and a tidally corrected average concentration of 0.451 mg/L TN. This location was selected as a
sentinel station because: (1) it was the upper extent of the eelgrass coverage in 1951, (2) restoration of
nitrogen conditions supportive of eelgrass at this location will necessarily result in even higher quality
conditions throughout the whole of the central basin, and (3) restoration of nitrogen concentrations at this
site should result in conditions similar to 1951 within Shoestring and Ockway Bays. Shoestring Bay and
Ockway Bay should then be supportive of high quality habitat for benthic animal (Infaunal) communities.
Based upon current conditions, the infaunal analysis (Chapter VII, MEP Technical Report) coupled with
the nitrogen data (measured and modeled), indicated that nitrogen levels on the order of 0.4 to 0.5 mg/L
TN are supportive of high quality infaunal habitat within the Popponesset Bay System.

2.2.6 Watershed Land use

Land use in the watershed, as identified in the MEP technical report, is predominantly residential and
public municipal and public/private open space, with one third of the lots with single-family homes
(Figure 2.5).

Vegetative cover consists primarily of a mixture pine, oak and beech with limited agricultural production,
confined to cranberry production.

Farming and Golf
- Courses
2%

Commercial and
Industrial
3% |

Fonds _—7

Public: Municipal and
9%

School Facilities; Public
— and Private Open
Space
35%

e

Undeuelnped_/f
18 % '

Residential

Figure 2.5 Popponesset Watershed Land Uses

2.3 Sources of Nitrogen

There are many sources of nitrogen affecting the estuarine water quality and each has an impact. Table
2.4 and Figures 2.6a-c identify three major sources: atmospheric deposition, sediment regeneration
(benthic flux) and contributions from both natural and anthropogenic sources in the watershed. Figures
2.6a-c illustrates three levels of understanding. Figure 2.6a represents the percentage of all the loads
affecting water quality from all estuarine and watershed sources. Figure 2.6b identifies the percentage of
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the sources of nitrogen from the watershed and Figure 2.6c¢ represents the percentage of those watershed
sources that can be controlled by wastewater management practices. As presented in Figure 2.6a, loads
contributed to the estuary are not always from the watershed; there is also atmospheric deposition and
nitrogen regeneration from the biological decay of biomass deposited in the embayment’s sediment layer
(benthic flux). When considering the nitrogen contributions affecting the coastal waters from the
watershed, on-site septic system loads represent 63 percent of the overall load and 84 percent of the
controllable load.

Because the contributions of nitrogen from atmospheric deposition and those recycled from the sediment
are not loads that can be controlled by any watershed-based management strategy, we are left with the
watershed loads (Figure 2.6b) that can be controlled (Figure 2.6c).

Starmwveater
Runoff Lavan
a 4.445%, Fettilizers
T3E%
Freshwater
Attnospheric
Deposition
14.83%
Fumospheric:
u " L Deposiion
PHtLIr - BI6%
Sources T
385% et
- 40%
Trestment ) Package
" Hart= et - Tregtment
Atmozpheric 0.44% ; i Plarts
Deposition D47%
5.01%

Stonmw ater
Runott
5.8

Law n Fertigers
QTEE

Pachage
Treatment Aarts
0.5%

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

Howes, B. et. al, 2004, Chapter 4, Table IV-4.
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Table 2.4 Sources of Nitrogen Loads to the Popponesset Bay
Embayment and Watershed

Source Kg N/Year

Title 5 Wastewater 32300
Stormwater Runoff 2268
Fertilizers (lawns and agriculture) 3765
Fresh Water Surface — Atmospheric Deposition 7584
"Natural" Sources 1971
Package Treatment Plants 227
Estuarine Surface Water - Atmospheric Deposition 3022.2
Total Unattenuated Load 51137.2

Clearly, the reduction of the septic load, representing 84 percent of the controllable (stormwater,
fertilizers, package treatment plants) watershed load is the source that must be controlled and also the
subject of this and other management plans. The use of the Linked Model for the reduction of nitrogen
takes into account the contributions from atmospheric and benthic flux, as it simulates the affect of any
plan for a septic load reduction that addresses the threshold concentration that must be achieved at the
sentinel location in the bay.

2.3.1 Wastewater Treatment Plants and Onsite Systems

Approximately ninety seven percent of the 3509 residential and commercial parcels are served by onsite
systems and the remaining three percent are served by package treatment plants. The number of these
systems was not determined as the number of public water service connections and those on private wells
within the watershed, not the number of parcels, was the most valuable in determining the watershed’s
nitrogen loads (SMAST confirmed that 90% of the residential metered water use was returned to the
watershed as wastewater). Since a service connection to a condominium frequently includes multiple
units, each with its own service connection, it was decided not to estimate the number of onsite Title 5
systems. However, it is clear - the majority of the parcels are served by on-site septic systems with nearly
2000 dwellings/homes served by small package treatment plants (Sterns and Wheeler, 2007. Town of
Mashpee, Popponesset Bay Needs Assessment Report)

Fewer than four percent of all on-site systems in the watershed are nitrogen-reducing systems, which have
been approved for a 19 or 25-mg/Liter nitrogen effluent limit.

The deployment of I/A nitrogen-reducing onsite systems creates a public support challenge to long-term
nitrogen reduction plans, for two reasons. First, they cannot be the long-term solution for wastewater
treatment. Although they are more effective than conventional septic systems in reducing nitrogen loads
by 25-45%, (from 30-35 mg/L to 19 mg/L), most affected estuaries require nitrogen reductions in the
range of 60-80%. Secondly, these I/A systems are expensive to install and operate, and can fail unless
managed carefully. In addition, if an owner is required to spend a substantial sum to install one of these
systems, they may understandably be reluctant to spend more money for sewering or other higher-level
technology because the I/A system contributed to the solution.

To help educate the public about the environmental impact of nitrogen reducing systems and to instill the
importance of taking collective action, the Pilot Team requested the School of Marine Science and
Technology to model the impact of sewering all properties in the watershed with innovative/alternative
Title 5 systems (1A) under build out conditions (i.e., all existing plus any projected development under
current zoning). The results of the model runs confirmed the belief that the 1A systems alone would not
achieve the required reductions to restore and sustain water quality at the TMDL threshold concentration.
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The five privately owned wastewater treatment facilities in the Popponesset watershed, designed for large
commercial or residential developments, currently contribute less than 1% (0.47 %) of the total yearly
controllable load to Popponesset Bay (Figure 2.6b). The unused capacity of the five privately owned
treatment plants provides an opportunity, following future wastewater management planning, to evaluate
the potential of upgrading and extending their use to adjoining neighborhoods with Title 5 septic systems
given their design flow, and their relatively high nitrogen discharge limit (three of the four plants with a
nitrate concentration limit of 10 mg/L, and one without a limit).

However, wastewater flows from residential (whether they fail or comply with code requirements) and
small commercial developments (less than 10,000 gpd) represent the lion’s share (84 percent) of the
controllable load. Through the CWMP process, towns will need to consider the technical, managerial,
financial, and inter-municipal coordination issues related to the selection of a wastewater treatment option
for town and/or watershed wide utilization and benefit.

It is likely, following the completion and approval of a MassDEP approved” CWMP, that a variety of
wastewater treatment options will be implemented, singularly or in combination. It is highly possible that
the excess capacity of existing treatment plants will be insufficient to treat the required additional flows.
New plants may be needed, while existing plants may be incorporated within a proposed overall
watershed-wide system. In addition, comprehensive wastewater management planning and
implementation may require additional nitrogen reduction technologies to lower the nitrate discharges of
existing plants below the current 10 mg/l permit limit; thus maximizing on costs and benefits, flows, and
nitrate reductions at Title 5 septic system locations.

2.3.2 Treatment Plant Discharge Locations

Identifying a suitable location to construct a treatment facility and to discharge its treated effluent is an
increasingly difficult issue on Cape Cod and other MEP communities, given the space limitations at
preferred sites where housing densities favor a treatment plant and the prohibition under the
Massachusetts Ocean Sanctuaries Act ((M.G.L. c132A section 15-16) from siting new surface water
discharges in Nantucket Sound or to Massachusetts Bay (see: http://www.mass.gov/legis/laws/mqgl/132a-
15.htm ). The Act prescribes that these locations “... shall be protected from any exploitation,
development, or activity that would significantly alter or otherwise endanger the ecology or the
appearance of the ocean, the seabed, or subsoil thereof, or the Cape Cod National Seashore”. As a result,
future wastewater treatment plants on Cape Cod and the Islands will continue to discharge treated
wastewater flows to the subsurface environment as permitted as a MassDEP groundwater discharge
permit.

Yet, this limitation may be challenged in view of recent studies that have identified low level, part per
trillion, of pharmaceuticals and personal care products (some of which are endocrine disruptors) in
drinking water, presumably entering groundwater from wastewater effluent from Title 5 septic systems
and/or state permitted wastewater treatment plants. In view of these and other public health concerns,
there may a public outcry against future groundwater discharges as they may pose a public health
nuisance and a reexamination of the limitations imposed by the Ocean Sanctuaries Act. Under MGL
c132a § 16A, there are “...cases where the prohibition in section fifteen against discharges of municipal
wastes into the ocean sanctuaries may not further the purposes of the act, such discharges may be
allowed; provided, however, that a suitable quality of effluent is achieved to protect the appearance,
ecology, and marine resources of the sanctuary; and, provided further that the department, in its
discretion, upon application, grants a variance from the prohibitions of said section fifteen for the
proposed discharges, subject to the provisions of sections sixteen B to sixteen F, inclusive”.

High growth rate MEP communities may find limitations in the siting of these wastewater treatment
discharges if the only lands available for discharge are within Zones of Contribution (Zone 11s) to public
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supply wells and coastal watershed to nitrogen sensitive estuaries. While the Groundwater Regulations
(310 CMR 5.00; see: http://www.mass.gov/dep/water/laws/requlati.htm#gwp) provide adequate public
health protection safeguards for the siting of state permitted wastewater treatment plants within Zone Ils,
towns are also exploring increasingly creative options for wastewater disposal in coastal watersheds to
nitrogen sensitive embayments). The Town of Mashpee considered in its CWMP the possibility of
locating wastewater discharge outside the Popponesset Bay watershed to an area where groundwater
would flow directly to Nantucket Sound rather than the nitrogen sensitive Popponesset Bay estuary. The
Popponesset Team evaluated the potential of relocating a wastewater disposal site near New Sudbury’s
wastewater treatment facility. Unfortunately, the proposed site could handle a maximum of 500,000 gpd,
compared to the need for disposing 3-4 million gpd.

2.3.3 Stormwater

Sources of water quality impairment also exist from stormwater runoff off buildings, roads, and
driveways. Collectively they contribute 4.4% of the overall load (Figure 2.6a), stormwater runoff
represents 5.8% (Figure 2.6¢) of the watershed-wide unattenuated controllable load, slightly more in sub-
watersheds with a greater percentage of developed land. Stormwater and fertilizer management are
closely related, because lawn fertilizers frequently wash off lawns during rainfall events and becomes part
of the stormwater runoff load.

The EPA NPDES Phase Il stormwater-permitting program, which regulates stormwater discharges,
requires certain towns to have general permits that commit them to carry out a variety of Best
Management Practices (BMPs). Examples from the towns’ Annual Reports include detection of illicit
discharges, treatment of discharges, changes in local management practices such as street sweeping and
collection of hazardous wastes, public education, and local bylaw changes to prohibit dumping into
stormwater drains. Reducing fertilizer use will also attenuate nitrogen loading from stormwater.

MassDEP’s revised Stormwater Policies and Guidance at should be consulted for recommended best
management practices for controlling stormwater impacts to surface waters. (see:
http://www.mass.gov/dep/water/laws/policies.htm#storm)

. SMAST has also identified the following BMPs that warrant further investigation for nitrogen removal:
e Vegetated swales

Retention ponds

Constructed wetlands

Sand/organic filters

Infiltration basins/trenches

2.3.4 Fertilizer Use

As an importance source of nitrogen, fertilizer use contributes 7.3% of the overall load contributed all
sources, it accounts for 10% of the unattenuated, locally controllable load of nitrogen in the watershed
(Figure 2.6). Ten percent of the controllable loads are from the following sources:

e Lawns and town parks: 76% of the unattenuated fertilizer load is contributed from residential
lawns and town parks. This represents 7.6% of the total unattenuated controllable load with
residential lawns supplying most of the load. The MEP Technical Report estimates that only half
of all residences fertilize, and at rates well below the recommendations by lawn care companies.
As more seasonal homes become year-round, there is potential for a significant increase nitrogen
loads from lawn fertilizing.
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e Farmland and cranberry bogs: MEP Technical Report data files list approximately 29 acres as
agricultural land, or 0.42% of the total Popponesset Watershed acreage and most in cranberry
production.

. Golf courses (Willowbend, and portions of Quashnet Valley and Cotuit Highlands): Golf courses
contribute 24% of the unattenuated fertilizer load, equal to 2.4% of the total unattenuated
controllable load. Loads from golf courses are a larger share of the load in the sub-watersheds
where they are located - primarily in the Upper and Lower Mashpee River, Quaker Run, Santuit
River, and Shoestring Bay.

2.4 Demographics

2.4.1 Land Use Change

During the past 58 years, land use development pressures within the Popponesset Watershed have been
dramatic with a substantial loss of undeveloped land (Table 2.5, Figures 2.7 — 2.8). Coincident with this
change was a substantial increase in the number of year round single-family homes and the conversion of
seasonal to year-round residences. These changes are also reflected in the loss of undeveloped forest land
for suburban use.

Table 2.5 List of acreage of developed and undeveloped land in the Popponesset Watershed
from 1951 to 1999 (MassDEP GIS)

Developed Undeveloped Percent Percent
YEAR /Acreage |Acreage Total Acreage* Developed Undeveloped TOTAL_PCT
1951 533 11097 11630 5% 95% 100%
1971 1317 10306 11623 11% 89% 100%
1985 2535 9088 11623 22% 78% 100%
1999 4628 6994 11622 40% 60% 100%

* Exclusive of acreage from lakes and ponds
+ Refer to Figure 2.8 for landuse codes for these two categories of land use.

Popponesset Bay Watershed - Developed & Undeveloped Land
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Figure 2.7 Graph of acreage of developed and undeveloped land in the
Popponesset Watershed from 1951 to 1999 (MassDEP GIS)
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As expected, water quality problems associated with this transformation are primarily from on-site
wastewater treatment systems, and to a lesser extent from stormwater runoff — and the use of lawn

POPPONESSET BAY WATERSHED - Land Use Change
'Developed’ & 'Undeveloped' Land 1951-1999
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Figure 2.8 Map of acreage of developed and undeveloped land in the Popponesset Watershed
from 1951 to 1999 (MassDEP GIS)
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fertilizers. The installation of onsite Title 5 systems in these unsewered areas of the watershed has greatly
affected the water quality of the sub-embayments from the subsurface discharge of wastewater effluent
from these on-site systems. These discharges enter the groundwater system and eventually affect surface
water bodies down gradient as it flows seaward. In the sandy soils of Cape Cod, the movement of
nitrogen in groundwater is unimpeded, flowing at the same rate as groundwater at an average rate of one
foot per day.

2.4.2 Population Growth

US Census data indicate a population growth rate that has consumed an increasingly greater percentage of
the open space in the three towns since the 1950s (Figures 2.7 and 2.8 and Table 2.5), with the Town of
Mashpee taking the lead in population growth for all time intervals (1950 to 2000; 1990 to 2000; and
2000 to 2006) (Figure 2.9 and 2.10). The highest rate of growth occurred from 1950 to 2000 with a 2856
percent increase, followed by Sandwich at 737 percent and Barnstable at 356 percent. While these rates
reflect town wide patterns, they also reflect increases in residential development and wastewater
discharges within the watershed from on-site water septic systems, mostly in the town of Mashpee
representing 64 percent of the land area within the Popponesset Bay watershed. Dramatic declines in
water quality, and the quality of the estuarine habitats, throughout Cape Cod, have paralleled its
population growth. Intuitively, it can be argued that the nutrient load increases affecting the groundwater
system of the Popponesset Watershed is directly related to the increase in subsurface wastewater disposal
systems that accompanied both land development and population growth.

Table2.6. Percent Population Growth from 1950 to 1990, for the Popponesset Watershed Towns

Town 1950 — 1960 1950-1970 1950-1980 [1950-1990 1950-2000 1990 — 2000 1990 - 2006
Barnstable [28.5 89.3 194.8 291 356 16.7 15.6
Mashpee 98 194 745 1700 2856 64.2 81.9
Sandwich |14 117 261 541 737 30.6 32.4
TOTAL 20 85 196 235 443 61.6 64
3000 -
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Figure 2.9 Percent population increase since 1950 for Popponesset Watershed Towns

Massachusetts Department of Environmental Protection
Massachusetts Estuaries Project, Boston, MA 02108 Page 56 of 347
http://www.mass.gov/dep/water/resources/coastalr.htm




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

The population of Mashpee and Barnstable, as with all of Cape Cod, has increased markedly since 1950.
http://www.capecodcommission.org/data/trends98.htm#population). Of the three towns, Mashpee
underwent the greatest percentage increase (Table 2.5, Figures 2.9) following the 1983 federal court
settlement of the land claim by the Wampanoag Indian tribe to reclaim the entire town as tribal land. This
suit clouded Mashpee’s property titles for nearly a decade. When the court ruled that the Wampanoag
Indian tribe had no legal grounds because it was not federally recognized, the town’s landowners were no
longer constrained in developing or selling their properties. As a result, land development and population
growth in Mashpee, representing 64 percent (Table 2.1) of the land area within the watershed, “led not
only Cape towns but the entire State and probably all of New England, more than doubling (+113%) from
3,700 in 1980 to 7,884 in 1990.” The town of Barnstable, the largest of Cape Cod’s 15 communities,
added the most new residents (10,051) from 1980 to 1990 (Figure 2.10). A Cape Cod Commission study
(Cape Trends Report, 1998) reported that the town of Barnstable, from 1990 to 1996, gained another
2,7501 new residents for a 7% increase to 43,699; the second highest of the 351 Massachusetts cities and
towns (following Franklin's 4,569). The Town of Sandwich also saw a substantial increase in growth for
the same six-year period for a 16% increase from 15,489 to 17,916 - the highest percentage gain increase
among Cape towns.
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Figure 2.10 Population growth since 1950 for the Popponesset Watershed Towns

The MEP Popponesset Bay Technical Report (2004) estimated the population of the Popponesset
watershed at 14,000 with the average household size at 2.54. Since the completion of the MEP Technical
report (2004), basing its estimates on 2001 data, the three towns continued to grow. For example, the
Town of Mashpee's estimated 2006 population (US Census) outpaced both Sandwich and Barnstable with
an increase of 10.79 percent (12,946 to 14,343) from 2001 to 2006 period; while Sandwich grew a modest
1.3 percent (20,238 to 20,508) and Barnstable having a —0.92 percent (from 47,821 to 47,380) (Table
2.5, Figure 2.9).

The significance of these statistics is clear; in the absence of municipal sewering, Title 5 on-site septic
systems continue to serve new households with ever increasing nitrogen loads to this estuary beyond the
2004 MEP Technical Report estimates; meaning that the MEP Technical and EPA approved TMDL
estimates of loads and reductions will need to take into account the estimates the MEP Technical Report
has identified as inevitable and provides an estimate of these future loads under the buildout conditions
provided by current zoning for each of the towns sharing this watershed.
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Nitrogen TMDL Planning: Three Case Studies of Towns Sharing a Coastal Watershed

2.4.3 Population Density

US Census population density (Figure 2.11), reported as persons per square mile, are also helpful in
assessing land use development patterns as they define where the wastewater burden affecting the
Popponesset Bay embayments are the greatest. Overall, this increase in population density within the
Popponesset Bay watershed is expected to contribute greatly to the nitrogen loads affecting this
embayment system.
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Figure 2.11 Change in population density in the Popponesset Watershed from 1990 to 2000
(US Census)

2.5 Building the Popponesset Bay Watershed Team

This Pilot Project relied on a team of key local officials and citizens, with Mashpee as the lead town with
support from the Cape Cod Commission, MassDEP, and SMAST (Table 2.7). In addition to the three
town leads, membership included staff from Mashpee’s Offices of Health, Conservation, Shellfish, and
Waterways, and the Planning Board. The key players from Barnstable were from the Department of
Public Works and the Growth Management Department. Sandwich’s key player was the Health Agent
(appointed position). Key players from environmental organizations included the Mashpee
Environmental Coalition, Three Bays Preservation, Cotuit Waders, and Nantucket Sound Keeper. The
title of these individuals is less important than their ability to collaborate regionally and to connect with
other key staff and elected officials from their towns. Staff from SMAST attended in the early stages of
the Pilot and to develop and discuss modeling scenarios. Consulting engineers and Barnstable County
staff also attended occasionally or as requested.
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