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April	
  2011	
  Town	
  Mee4ng	
  unanimously	
  passed	
  Ar4cle	
  17,	
  appropria4ng	
  $2.7	
  million	
  
to	
  proceed	
  with	
  sewer	
  design	
  and	
  alterna4ve	
  demonstra4on	
  projects	
  
	
  

Voters	
  approved	
  this	
  measure	
  on	
  a	
  town-­‐wide	
  ballot,	
  suppor4ng	
  it	
  by	
  a	
  2:1	
  margin	
  
in	
  every	
  precinct.	
  
	
  

In	
  August	
  2012,	
  Board	
  of	
  Selectmen	
  unanimously	
  approved	
  a	
  DraU	
  Comprehensive	
  
Wastewater	
  Management	
  Plan	
  (DCWMP)	
  with	
  these	
  elements	
  and	
  submiEed	
  it	
  to	
  
the	
  state.	
  

Falmouth’s	
  
Estuaries	
  Restora4on	
  Plan	
  



ü 	
  Spring	
  2010	
  –	
  Concept	
  outlined	
  and	
  developed	
  

ü 	
  March	
  2011	
  –	
  Shellfish	
  Regula4on	
  Workshop	
  

	
  

Steps	
  Toward	
  the	
  Demonstra4on	
  Project	
  



TOWN	
  OF	
  FALMOUTH	
  
Chapter	
  235.	
  WETLANDS	
  PROTECTION	
  	
  
[HISTORY:	
  Adopted	
  by	
  the	
  Town	
  of	
  Falmouth	
  Annual	
  Town	
  
Mee4ng	
  4-­‐2-­‐1979,	
  Art.	
  32;	
  amended	
  in	
  its	
  en4rety	
  by	
  
Annual	
  Town	
  Mee4ng	
  4-­‐5-­‐1993,	
  Art.	
  41,	
  approved	
  
7-­‐16-­‐1993.	
  Subsequent	
  amendments	
  noted	
  where	
  
applicable.]	
  
GENERAL	
  REFERENCES	
  
Conserva,on	
  Commission	
  —	
  See	
  Charter,	
  §	
  C7-­‐6.	
  
Watershed	
  protec,on	
  —	
  See	
  Ch.	
  227.	
  
Wetlands	
  regula,ons	
  —	
  See	
  Division	
  4.	
  
Zoning	
  —	
  See	
  Ch.	
  240.	
  

Regula4ons	
  –	
  
Federal,	
  State	
  and	
  Local	
  

March	
  18,	
  2011	
  CFF	
  Workshop	
  –	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (46	
  par4cipants)	
  
Falmouth	
  BOS,	
  BOH,	
  DPW,	
  ConCom,	
  	
  
	
  	
  	
  	
  	
  	
  	
  FinCom,	
  DNR,	
  Coastal	
  Management	
  
Mass	
  Fish	
  &Game,	
  DMF	
  &	
  DEP	
  
CC	
  Coop	
  Extension,	
  Bourne	
  FinCom	
  
Mashpee	
  Shellfish	
  Warden	
  
CLF,	
  UMass	
  Boston,	
  OPET,	
  WHG,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Nature	
  Conservancy	
  
Oyster	
  growers,	
  Shellfishers,	
  	
  private	
  



ü 	
  Preliminary	
  2012	
  Field	
  Test	
  

ü Demonstra4on	
  Project	
  Descrip4on	
  

ü Monitoring	
  Plan	
  
	
  

ü Roles	
  and	
  Responsibili4es:	
  	
  	
  
Water	
  Quality	
  Management	
  CommiEee	
  and	
  
Marine	
  and	
  Environmental	
  Services	
  Department	
  

	
  
	
  
	
  
	
  
	
  

Demonstra4on	
  Project	
  Overview	
  





Evaluate	
  shellfish	
  as	
  one	
  of	
  the	
  tools	
  for	
  estuary	
  restora4on	
  
ü  May	
  be	
  an	
  important	
  tool	
  when	
  used	
  in	
  combina4on	
  with	
  other	
  measures,	
  	
  

	
   	
  or	
  on	
  its	
  own	
  
ü  If	
  successful,	
  any	
  future	
  implementa4ons	
  would	
  be	
  evaluated	
  separately	
  
	
  
Project	
  Goals:	
  	
  	
  
ü 	
  	
  	
  	
  	
  Install	
  a	
  quan4ty	
  of	
  oysters	
  that	
  will	
  create	
  a	
  DETECTABLE	
  change	
  in	
  water	
  

quality	
  
ü 	
  	
  	
  	
  	
  Measure	
  public	
  acceptance	
  
ü 	
  	
  	
  	
  	
  Evaluate	
  implementa4on	
  logis4cs	
  	
  
	
  

ü  Monitor	
  and	
  Measure	
  water	
  quality	
  over	
  the	
  three	
  year	
  demonstra4on	
  
period	
  per	
  MassDEP	
  requirements.	
  

ü  Measure	
  nitrogen	
  uptake	
  to	
  establish	
  TMDL-­‐credit	
  for	
  oysters	
  from	
  MassDEP	
  
ü  Monitoring	
  and	
  Measure	
  for	
  Resource	
  Protec4on	
  goals	
  of	
  Conserva4on	
  

Commission	
  
	
  
	
  
	
  

Demonstra4on	
  Project	
  Purpose	
  



Little

Pond


Great

Pond


Green

Pond


Bournes

Pond


Priority Estuaries to Control

Excessive Nitrogen Pollution

In Falmouth, Massachusetts




Ø  It causes excessive growth of microscopic 

plants that shades bottom plants -- eelgrass.  




Ø  This phytoplankton dies and settles.

Ø  Settled plankton decomposes and smothers 


bottom life.

Ø  Toxic and foul smelling chemicals are emitted 


(e.g., hydrogen sulfide) – low oxygen/fish 
kills. 


Ø   A cascading decline to death of estuary 
life.




Why is Too Much Nitrogen 

a Problem for Estuaries?
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Atmosphere	
  
from	
  Rain	
  

Storm	
  Water	
  
Run-­‐off	
  

Sep4c	
  	
  
Systems	
  

Atmosphere	
  
from	
  Rain	
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Sources	
  of	
  Nitrogen	
  

Atmosphere	
  
from	
  Rain	
  Storm	
  Water	
  

Run-­‐off	
  

Sep4c	
  	
  
Systems	
  

Fer4lizer	
  

AUer	
  Earle	
  Barnhart	
  

Decomposing	
  	
  
Sediment	
  	
  



Sources	
  of	
  Nitrogen	
  Entering	
  LiEle	
  Pond	
  
-­‐-­‐	
  	
  Sources	
  from	
  Sep4c	
  Systems	
  Pulled	
  Out	
  -­‐-­‐	
  

40%	
  

2%	
  
21%	
  

21%	
  

2%	
   11%	
  

3%	
  

Sep,c	
  

Run-­‐off/fer,lizer	
  

Atmosphere	
  

Li[le	
  Pond	
  Stream	
  
sep,c	
  
Li[le	
  Pond	
  Stream	
  
run-­‐off	
  +	
  fer,lizer	
  
Li[le	
  Pond	
  Stream	
  -­‐	
  
watershed	
  
Benthic	
  flux	
  

Total	
  Load	
  =	
  23.1	
  kg-­‐N/day	
  

Source	
  :	
  SMAST/DEP	
  MEP	
  2006	
  Report	
  	
  



	
   (µ
M
)	
  

	
  

From	
  northern	
  head	
  of	
  pond	
  to	
  southern	
  point	
  LP-­‐3	
  

Source:	
  UMass/SMAST	
  

in Little Pond 



Nursery/Grow-­‐Out	
  Approach	
  
Floating Bag Systems 

Each	
  row	
  shown	
  here	
  is	
  100	
  floa4ng	
  bags	
  (50	
  lengths	
  long).	
  	
  	
  



Nursery/Grow-­‐Out	
  Approach	
  
Floating Bag Systems 

•  Economical	
  
•  Easily	
  to	
  manipulate	
  
•  Workable	
  from	
  small	
  craU	
  
•  Efficient	
  to	
  deploy	
  and	
  mobilize	
  

Upweller Nursery 



Oyster	
  Growing	
  Loca4on	
  

Approximately	
  2	
  
acres	
  is	
  necessary	
  to	
  
grow	
  a	
  crop	
  of	
  2	
  
million	
  (with	
  
minimal	
  spacing)	
  

Closed	
  to	
  Shellfishing	
  
Due	
  to	
  High	
  
Coliform	
  Bacteria	
  
Concentra4ons	
  



Poten4al	
  Seasonal	
  Nitrogen	
  Removal	
  
-­‐-­‐	
  LiEle	
  Pond	
  -­‐-­‐	
  

Only	
  from	
  shell	
  and	
  4ssue.	
  	
  Denitrifica4on	
  es4mates	
  not	
  included.	
  
From	
  Woods	
  Hole	
  Group’s	
  Project	
  Specifica4ons	
  and	
  Cost	
  Es4mate	
  

	
  

 	
   2013	
   2014	
  

Early Seed (#)	
   1.25 million	
   1.25 million	
  

Late Seed (#)	
   1.25 million	
   0	
  

Nitrogen Removed 
(kg)	
   194	
   766	
  

% Seasonal Load	
   6.6	
   26.0	
  



Hydrodynamics	
  of	
  LiEle	
  Pond	
  
Mean	
  Volume	
  =	
  	
  6,986,660	
  U3	
  
	
  

Annual	
  Freshwater	
  Input	
  =	
  79,709,430	
  U3/year	
  
	
  -­‐-­‐	
  LiEle	
  Pond	
  Stream	
  Input	
  =	
  0.83	
  U3/sec	
  
	
  -­‐-­‐	
  Groundwater	
  Input	
  =	
  1.45	
  U3/sec	
  
	
  -­‐-­‐	
  Direct	
  Precipita4on	
  Input	
  =	
  0.25	
  U3/sec	
  
	
  -­‐-­‐	
  does	
  not	
  include	
  adjacent	
  surface	
  run-­‐off	
  

	
  

Freshwater	
  Exchanges/Year	
  =	
  11.4	
  or	
  about	
  once	
  per	
  month	
  
	
  

**********************************************	
  
Tidal	
  Prism	
  =	
  785,605	
  U3/cycle	
  	
  

	
  -­‐-­‐	
  4.6	
  days	
  BUT	
  mainly	
  affects	
  southern	
  por4on	
  
	
  
	
  Sources	
  :	
  SMAST/DEP	
  MEP	
  2006	
  Report	
  	
  plus	
  Precipita4on	
  Data	
  



Freshwater	
  Exchange	
  in	
  Four	
  Esturaries	
  

Estuary	
  	
  	
  	
  	
  	
  Mean	
  Volume	
  (U3)	
  	
  FW	
  Input	
  (U3/yr)	
  	
  Exchanges/	
  
	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  Year	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  
LiEle	
  Pond	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6,986,660	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  79,709,43 	
  	
  	
  11.4	
  
Great	
  Pond	
  	
  	
  	
  	
  	
  	
  	
  54,452,700 	
  	
  	
  	
  619,426,230 	
  	
  	
  11.4	
  
Green	
  Pond	
  	
  	
  	
  	
  	
  	
  22,471,900	
  	
  	
  	
  	
   	
  	
  	
  	
  197,020,900 	
  	
  	
  	
  	
  8.8	
  
Bournes	
  Pond	
  	
  	
  22,408,300 	
  	
  	
  	
  227,572,700 	
  	
  	
  10.2	
  

	
  	
  
	
  

Sources	
  :	
  SMAST/DEP	
  MEP	
  Reports	
  plus	
  Precipita4on	
  Data	
  



Proposed	
  Management	
  Approach	
  2013	
  –	
  2015	
  
(1.25	
  million	
  seed	
  per	
  batch	
  to	
  upweller)	
  

(?)	
  



Range	
  of	
  Relay/Depura4on	
  Loca4ons	
  

West	
  Falmouth	
  Harbor	
  

Quisset	
  Harbor	
  

Great	
  Pond	
  

Green	
  Pond	
  



Monitoring	
  Plan	
  for	
  MA	
  DEP	
  and	
  ConCom	
  	
  

Mee4ng	
  Needs	
  of	
  Ma	
  DEP	
  for	
  TMDL-­‐compliance	
  	
  

	
  and	
  Nitrogen-­‐credit:	
  
ü 	
  	
  	
  	
  	
  Consistent	
  with	
  MEP	
  Reports	
  

ü 	
  	
  	
  	
  	
  Sampling	
  complies	
  with	
  	
  Quality	
  Assurance	
  Project	
  Plan	
  (QAPP)	
  

	
  

Mee4ng	
  Needs	
  of	
  the	
  Conserva4on	
  Commission	
  
ü  	
  Diurnal	
  Intensive	
  Monitoring	
  

ü  	
  High	
  Temporal	
  Resolu4on	
  

ü  	
  In-­‐situ	
  sensors	
  

	
  



Spa4al	
  Layout:	
  MA	
  DEP	
  Monitoring	
  



Bi-­‐weekly	
  Sampling	
  Frequency	
  
230	
  samples	
  per	
  growing	
  season	
  

MA	
  DEP	
  sign-­‐off	
  prior	
  to	
  finaliza5on	
  



Bi-­‐weekly	
  Parameters	
  
Total	
  nitrogen	
  

(nitrate	
  +	
  nitrite,	
  ammonia,	
  dissolved	
  organic	
  nitrogen,	
  
par4culate	
  organic	
  nitrogen)	
  

Temperature	
  
Chlorophyll-­‐a	
  
Pheophy4n-­‐a	
  

Orthophosphate	
  
Salinity	
  

Dissolved	
  oxygen	
  
Transparency	
  (Secchi	
  depth)	
  
Benthic	
  Condi4on	
  (Periodical)	
  

other	
  parameters	
  as	
  specified	
  in	
  the	
  QAAP	
  
	
  

Shellfish	
  weight	
  (Periodical)	
  
	
  

As	
  outlined	
  in	
  SMAST	
  monitoring	
  plan,	
  in	
  compliance	
  with	
  QAPP	
  



Monitoring	
  for	
  Conserva4on	
  Commission	
  
To	
  determine	
  poten4al	
  localized	
  
effects	
  of	
  the	
  project	
  on:	
  
	
  

•  Dissolved	
  oxygen	
  (DO)	
  
•  Turbidity	
  
•  Chlorophyl	
  a	
  (via	
  fluorescence)	
  
•  Water	
  temperature	
  

Consistent	
  with	
  sampling	
  done	
  by	
  MEP	
  
(2002):	
  	
  
•  Mid-­‐July	
  –	
  Mid-­‐August	
  (2	
  ,dal	
  cycles	
  

during	
  cri,cal	
  period/warmest	
  water)	
  
•  Same	
  parameters	
  
•  Data	
  collected	
  in	
  15-­‐minutes	
  intervals	
  
•  Same	
  Sampling	
  Sta,ons	
  (Upper	
  and	
  

Lower)	
  
•  Bo[om	
  Sampling	
  



Analysis	
  of	
  Intensive	
  Monitoring	
  Data:	
  

Dissolved	
  Oxygen	
  (DO):	
  
•  	
   Mean,	
  median,	
  range,	
  net	
  produc,on	
  
•  	
   Cycles/overall	
  metabolism	
  of	
  system	
  

Hypoxia	
  (DO	
  <3	
  mg/L):	
  
•  	
   Localized	
  impacts 	
  	
  
•  	
   Frequency	
  and	
  dura,on	
  
•  	
   Number	
  of	
  events	
  

Chlorophyl	
  a	
  (via	
  fluorescence):	
  
•  	
   Trends	
  expected	
  to	
  be	
  downward	
  

Turbidity:	
  
•  	
   Correlate	
  to	
  ,des	
  and	
  weather	
  

Water	
  temperature,	
  salinity:	
  
•  	
   Actual	
  condi,ons	
  

Compare	
  with	
  MEP	
  data	
  from	
  2002	
  

Impact	
  of	
  project	
  on	
  localized	
  condi5ons	
  



Other	
  Shellfish	
  	
  
and	
  Ancillary	
  Estuary	
  Management	
  Op4ons	
  

	
  
	
  

ü Quahog	
  Seeding	
  –	
  separately	
  or	
  	
  
	
   	
  beneath	
  floa4ng	
  oyster	
  units	
  

	
  

ü Mussel	
  Culture	
  
	
  

ü Oyster	
  Reefs	
  –	
  protected	
  biodiversity	
  areas	
  
ü Complementary	
  Restora4ve	
  Dredging	
  	
  
ü Eelgrass	
  Plan4ng	
  
	
  



We	
  shall	
  not	
  cease	
  from	
  explora4on	
  
And	
  the	
  end	
  of	
  all	
  our	
  exploring	
  
Will	
  be	
  to	
  arrive	
  where	
  we	
  started	
  
And	
  know	
  the	
  place	
  for	
  the	
  first	
  4me	
  
	
  

T.	
  S.	
  Eliot	
  
Four	
  Quartets	
  





Ques4ons	
  and	
  Discussion	
  


