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Figure IX-1. Historical and proposed dredging plans for the Popponesset Bay system. 
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Figure IX-2. Channel layouts for two dredging alternatives in Popponesset Bay: 1) Alternative 1 
(yellow line), dredging a -3 ft MLW channel in the Mashpee River, and 2) Alternative 2 
(yellow and orange lines), dredging an additional -5 ft MLW channel between the lower 
Mashpee River and Popponesset Bay inlet. 

 
 Modeling these two alternatives first required that the computational grid of Popponesset 
Bay be modified to incorporate the dredged channels.  Next, the hydrodynamic model was rerun 
using the grid developed for each separate alternative.  With the updated hydrodynamic 
solutions, the total nitrogen model was then rerun, using the same diffusion coefficients used for 
the modeling of present conditions (Section VI). 
 
 Model results showing N concentration changes resulting from Alternatives 1 and 2 are 
presented in Figures IX-3 and IX-4.  Output from the two modeled scenarios shows that the two 
dredging alternatives have essentially the same effect on N concentrations in Popponesset Bay.  
Changes in average modeled N concentrations along the Mashpee River for the two modeled 
alternatives are presented in Figure IX-5, and Table IX-1.   
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Figure IX-3. Color contours indicating change in nitrogen concentrations (mg/L) resulting from 
dredging the Mashpee River (Alternative 1). Contours greater than zero indicate N 
concentration increases over present modeled conditions. 
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Figure IX-4. Color contours indicating change in nitrogen concentrations (mg/L) resulting from 
dredging the Mashpee River together with the 1916 channel in Popponesset Bay. 
(Alternative 2). Contours greater than zero indicate N concentration increases over 
present modeled conditions. 
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Figure IX-5. Comparison of modeled maximum, average and minimum total N concentrations for 

present conditions (blue line), and two dredging alternatives (Alternative 1, dredging 
Mashpee River inlet, black line; Alternative 2, dredging Mashpee River and Popponesset 
Bay channels).  Stations are along the Mashpee River, from the Mashpee River 
headwater (MRh) to the upper reach of Popponesset Bay (PBh), see Figure VI-1.  
Because the two dredging alternatives cause the same concentration changes in the 
Mashpee River, the lines representing conditions for Alternative 1 and 2 are 
indistinguishable from each other in this plot. 

 
 

Table IX-1. Comparison of changes in average computed average total N 
concentrations resulting from two dredging alternatives: 1) 
Alternative 1, dredging a -3 ft MLW channel in the Mashpee River, 
and 2) Alternative 2, dredging an additional -5 ft MLW channel 
between the lower Mashpee River and Popponesset Bay inlet.  
Positive values indicate increased concentration over present 
conditions.  Stations references are the same as Figure VI-1. 

Alternative 1: 
dredge Mashpee 

River only 

Alternative 2: 
dredge River 

and Bay  Station Name 
SMAST 
Station 

Indicator N % change N % change 
Mashpee River head - MRh PB1 +0.5% +0.5% 
Mashpee River upper - MRu PB2 +0.9% +0.8% 
Mashpee River mid - MRm PB3 +4.2% +4.0% 
Mashpee River lower - MRl PB4 +1.0% +0.8% 
Popponesset Bay head - PBh PB8 +0.4% +0.5% 
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 Model results indicate that dredging the proposed channel in the Mashpee River will 
increase N concentrations along the river, with the greatest increase occurring at the mid-way 
point of the tidal portion of the river.  The reason that nitrogen concentrations increase is due to 
the increase in mean tide volume of the Mashpee River sub-embayment.  Because the tide 
prism change from pre- and post-dredge conditions is negligible compared to the change in 
mean tide volume of the sub-embayment (i.e., a 9.0% increase in mean tide volume results from 
dredging the channel, but there is only a 0.5% increase in tidal prism), tidal excursion (i.e., the 
distance a parcel of water travels during a half tide cycle) in the river decreases.  As a result, 
residence times in the river increase, which, in turn, increases N concentrations in the river.  
The change is greatest at the mid-point of the estuarine reach of the river because of the 
diluting effects of the large freshwater discharge at the head of the river and the lower 
concentration waters from Popponesset Bay at the opposite end of the sub-embayment, 
combined with the watershed and benthic N loads which are distributed along the length of the 
river (which have a concentrating effect). 
 
 Results for Alternative 2 indicate that the proposed channel in the lower portion of the bay 
would have negligible effects on nitrogen concentrations in the main basin of Popponesset Bay.  
The reason there is little change is that the dredged channel does not significantly affect tidal 
exchange (i.e., change the volume of the tidal prism) in the Popponesset Bay system.  In order 
for there to be significant reductions in nitrogen concentrations in a coastal embayment, it is 
usually necessary to increase the tide prism volume.  Embayments that would benefit most from 
dredging likely would have significant attenuation of tidal energy, possibly caused by an under-
sized inlet to the ocean.  For the Popponesset Bay system, possible improvements to water 
quality as a result of dredging are small, since tidal attenuation through the system is minimal 
(see Section V). 
 
 Although the results of the modeling for the two dredging scenarios indicated a slight 
increase in total nitrogen concentrations, it likely is possible to develop dredging scenarios that 
have no increase in total nitrogen concentrations.  In general, the dredging conditions evaluated 
caused a more significant increase in the mean sub-embayment volume than the increase in 
tidal flushing could offset, allowing high-nutrient water to reside longer within the Mashpee 
River.  Therefore, to avoid potential negative impacts to water quality, future dredging efforts 
within the Popponesset Bay system (except for the inlet) should focus on keeping the overall 
sub-embayment volume fixed at present-day conditions.   Dredging scenarios that do not 
increase sub-embayment volume would require dredged material to remain within the sub-
embayment.  One option would be to utilize dredge spoils for wetland restoration.    
 
 The conditions described above are appropriate for sub-embayments where tidal 
attenuation is negligible.  For the Popponesset Bay system, it is unlikely that dredging will 
improve water quality within the three main sub-embayments: Ockway Bay, Shoestring Bay, 
and Mashpee River.  However, the hydrodynamic modeling indicated that tidal attenuation is 
small, but not negligible, across the main inlet to Popponesset Bay.  Therefore, the main 
channel connecting to Nantucket Sound should be maintained to its existing cross-section to 
avoid further degradation of estuarine health.  Although no dredging alternatives were evaluated 
through the main inlet, the combined hydrodynamic and water quality model provides an ideal 
tool for evaluating future proposed dredging scenarios. 
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