


Collaboration	with	hydrologists	since	1980:	
	Mapping	Provincetown	landfill	plume	with	NPS,	EPA	&	Univ.	Rhode	Island	
	Herring	River	groundwater	studies	with	NPS	&	US	Geological	Survey	
	Vernal	pool	hydrogeology	with	NPS	&	Cape	Cod	Commission	
	Groundwater	discharge	into	Nauset	Marsh	with	NPS	&	Univ.	Rhode	Island	
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Well	drillers...	
	









Shape	of	freshwater	lens	depends	on:	

Size	of	the	land	mass	

Permeability	of	
the	soil	

Rain,	snowfall	



Groundwater	Discharge	along	a	Oceanic	Shoreline	



Groundwater	Discharge	along	a	Marsh-fringed	Coast	

Barlow,	PM.	2003.	USGS	Circular	1262	



Predicted	high-tide	salinity	with	full	restoration	



Portnoy	et	al.	1999.	Water	Resources	Research	34:3095-3104	



Tidal	areas	in	salt-marsh	estuaries	
are	underlain	by	fresh	groundwater	

Namskaket	Marsh	
Sagamore	Marsh	
Boat	Meadow	Creek	
Pamet	River	
Salt	Pond,	Eastham	
Nauset	Marsh	
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Portnoy	&	Martin.	2007.	NPS	Report.	
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The	best	place	for	a	well	screen	is:		
1)  10-20	feet	below	the	water	table,	to	ensure	it	is	

submerged	even	in	the	driest	years,	and	

2)  Enough	above	the	fresh/saltwater	interface	to	avoid	the	
withdrawal	of	salty	water.		



Geophysical	soundings	by	USGS	in	1989	showed	that:	
	
There	was	ample	freshwater	lens	thickness	all	around	the	
Herring	River	estuary	to	meet	these	criteria	and	provide	
excellent	quality	drinking	water.	
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Salinity	1990	&	2003	



Herring	River	deep	well	monitoring	by	US	Geological	Survey:	

	Numbers	are	freshwater	lens	thickness	in	feet.	
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Salinity	



• In	general,	the	freshwater	lens	around	Herring	River	is	at	least	
35-40	feet	thick	even	at	the	upland/salt-marsh	boundary.	
• This	freshwater	lens	is	over	50	feet	thick	in	

	surrounding	developed	uplands.	
• A	network	of	deep	wells	is	in	place	for	long-term	monitoring	
of	the	fresh/salt	groundwater	interface.	



• Saltwater does not intrude laterally into the freshwater 
aquifer; i.e. the groundwater flow direction is always towards 
the sea. 

• Nearly all residential wells draw water from a depth that is 
far less than the thickness of the freshwater lens. 

• Salt water does not penetrate more than a few meters into 
salt-marsh sediments.  

• Freshwater will continue to be present under the tidal 
wetlands after restoration. 

• Except for wells drilled in original tidelands,  

 tidal restoration is highly unlikely to damage 
 well water quality. 

CONCLUSIONS 



Given	1)	well-studied	hydrogeology,	and	2)	hydrodynamic	
modeling	predictions	of	changes	in	surface-water	levels	
and	salinity,	Herring	River	tidal	restoration	will	result	in	

little	change	in	current	fresh/salt	groundwater	
relationships.		


