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Figure 1X-1. Historical and proposed dredging plans for the Popponesset Bay system.
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Mashpee Fiidef’
4 channel\

Figure 1X-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 1X-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 1X-5, and Table IX-1.
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Figure 1X-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 1X-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.
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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: Alternative 2:
Stati SMAST dredge Mashpee | dredge River
ation Name Station River only and Bay
Indicator o o

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 - MRI 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.

135



MASSACHUSETTS ESTUARIES PROJECT

X. REFERENCES

Aubrey, D.A. and A.G. Gaines, 1982. Recent evolution of an active barrier beach complex:
Popponesset Beach, Cape Cod, Massachusetts. Woods Hole Oceanographic Institution
Technical Report, WHOI-83-3.

Aubrey, D.A. and M.R. Goud, 1983. Coastal sediment transport: Popponesset Beach,
Massachusetts. Woods Hole Oceanographic Institution Technical Report, WHOI-83-26.

Aubrey Consulting, Inc., 1994. Hydrodynamic and Water Quality Modeling Study of the
Popponesset Bay Estuary, MA. Technical Report. 37 pp.

Brawley, J.W., G. Collins, J.N. Kremer, C.-H. Sham, and I. Valiela. 2000. A time-dependent
model of nitrogen loading to estuaries form coastal watersheds. Journal of Environmental
Quality 29:1448-1461.

Brigham Young University, 1998. “User’'s Manual, Surfacewater Modeling System.”

Cambareri, T.C. and E.M. Eichner, 1998. Watershed Delineation and Ground Water Discharge
to a Coastal Embayment. Ground Water. 36(4): 626-634.

Cape Cod Commission, 1998. “Cape Cod Coastal Embayment Project.” Barnstable, MA.

Cape Cod Commission Water Resources Office, 1991. Technical Bulletin 91-001, Nitrogen
Loading.

Cape Cod Commission Water Resources Office, 1998. Cape Cod Coastal Embayment Project
Interim Final Report.

Cape Cod Commission, 1998. Cape Cod Coastal Embayment Project: A Nitrogen Loading
Analysis of Popponesset Bay. Cape Cod Commission Technical Report.

Costa, J.E., G. Heufelder, S. Foss, N.P. Millham, B.L. Howes. 2002. Nitrogen Removal
Efficiences of Three Alternative Septic System Technologies and a Conventional Septic
System. Environment Cape Cod 5(1): 15-24.

Dyer, K.R., 1997. Estuaries, A Physical Introduction, 2nd Edition, John Wiley & Sons, NY, 195
pp.

Eichner, E.M. and T.C. Cambareri, 1992. Technical Bulletin 91-001: Nitrogen Loading. Cape
Cod Commission, Water Resources Office, Barnstable, MA. Available at:
http://www.capecodcommission.org/requlatory/NitrogenLoad Techbulletin.pdf

Eichner, E.M., T.C. Cambareri, G. Belfit, D. McCaffery, S. Michaud, and B. Smith, 2003. Cape
Cod Pond and Lake Atlas. Cape Cod Commission. Barnstable, MA.

Eichner, E.M., T.C. Cambareri, K. Livingston, C. Lawrence, B. Smith, and G. Prahm, 1998.

Cape Coastal Embayment Project: Interim Final Report. Cape Cod Commission,
Barnstable, MA.

136



MASSACHUSETTS ESTUARIES PROJECT

FitzGerald, D.M., 1993. “Origin and Stability of Tidal Inlets in Massachusetts.” In: Coastal and
Estuarine Studies: Formation and Evolution of Multiple Tidal Inlets, Volume 29,
Symposium on Hydrodynamics and Sediment Dynamics of Tidal Inlets (D. G. Aubrey and
G.S. Geise, eds.). American Geophysical Union, Washington, D.C. pp. 1-61.

Geise, G.S., 1988. “Cyclical Behavior of the Tidal Inlet at Nauset Beach, Massachusetts:
Application to Coastal Resource Management.” In: Lecture Notes on Coastal and
Estuarine Studies, Volume 29, Symposium on Hydrodynamics and Sediment Dynamics
of Tidal Inlets (D. Aubrey and L. Weishar, eds.), Springer-Verlag, NY, pp. 269-283.

Hamilton, R.P., 1996. Letter Report to the Town of Mashpee Waterways Commission:
Assessment of the effects of proposed dredging on tidal flushing of the Popponesset Bay
Estuary. Aubrey Consulting, Inc., Cataumet, MA.

Hamilton, R.P., 1998. Letter Report to the Town of Mashpee: An analysis of the effects of
dredging on tidal flushing of the Mashpee River. Aubrey Consulting, Inc., East Falmouth,
MA.

Henderson, F. M., 1966. Open Channel Flow. Macmillan Publishing Company, New York. pp.
96-101.

Howes, B.L., R.l. Samimy and B. Dudley, 2003. Massachusetts Estuaries Project, Site-Specific
Nitrogen Thresholds for Southeastern Massachusetts Embayments: Critical Indicators
Interim Report

Howes, B.L., J.S. Ramsey and S.W. Kelley, 2000. Nitrogen modeling to support watershed
management: comparison of approaches and sensitivity analysis. Final Report to MA
Department of Environmental Protection and USEPA, 94 pp. Published by MADEP.

Howes, B.L. and D.R. Schlezinger, 1997. Nutrient Related Water Quality within the
Popponesset Bay System. Final Report to the Town of Mashpee, pp. 29.

Howes, B.L. and D.R. Schlezinger, 1998. Nutrient Related Water Quality within the
Popponesset Bay System. Environment Cape Cod. 2( ):1-21.

Howes, B.L. and D.R. Schlezinger, 1998. Nutrient Related Water Quality within the
Popponesset Bay System. Environment Cape Cod. 2(5):1-21.

King, lan P., 1990. "Program Documentation - RMA2 - A Two Dimensional Finite Element Model
for Flow in Estuaries and Streams." Resource Management Associates, Lafayette, CA.

K-V Associates Inc., 1991. A cumulative impact assessment plan to reduce and control sources
of contamination in the Mashpee and Santuit/Shoestring Bay River Estuaries. Final
Report to the Town of Mashpee.

Lindeburg, Michael R., 1992. Civil Engineering Reference Manual, Sixth Edition. Professional
Publications, Inc., Belmont, CA.

Massachusetts Department of Environmental Protection, 1999. DEP Nitrogen Loading
Computer Model Guidance. Bureau of Resource Protection. Boston, MA. Available at:
http://www.state.ma.us/dep/brp/dws/techtool.htm

137



MASSACHUSETTS ESTUARIES PROJECT

Massachusetts Department of Revenue. November, 2002. Property Type Classification Codes.

Millham, N.P. and B.L. Howes, 1994a. Freshwater flow into a coastal embayment: groundwater
and surface water inputs. Limnology and Oceanography 39: 1928-1944.

Millham, N.P. and B.L. Howes, 1994b. Patterns of groundwater discharge to a shallow coastal
embayment. Marine Ecology Progress Series 112:155-167.

Norton, W.R., I.P. King and G.T. Orlob, 1973. "A Finite Element Model for Lower Granite
Reservoir", prepared for the Walla Walla District, U.S. Army Corps of Engineers, Walla
Walla, WA.

Pleasant Bay Technical Advisory Committee, and Ridley & Associates, Inc., 1998. Pleasant Bay
resource management plan. Report to the Pleasant Bay Steering Committee, 158 pp +

appx.

Ramsey, J.S., B.L. Howes, S.W. Kelley, and F. Li, 2000. “Water Quality Analysis and
Implications of Future Nitrogen Loading Management for Great, Green, and Bournes
Ponds, Falmouth, Massachusetts.” Environment Cape Cod, Volume 3, Number 1.
Barnstable County, Barnstable, MA. pp. 1-20.

Ramsey, John S., Jon D. Wood, and Sean W. Kelley, 1999. “Two Dimensional Hydrodynamic
Modeling of Great, Green, and Bournes Ponds, Falmouth, MA.” Applied Coastal Research
and Engineering, Inc. report prepared for the Town of Falmouth and Horsley & Witten, Inc.

41 pp.

Taylor, C.D. and B.L. Howes, 1994. Effect of sampling frequency on measurements of seasonal
primary production and oxygen status in near-shore coastal ecosystems. Marine Ecology
Progress Series 108: 193-203.

USGS web site for groundwater data for Massachusetts and Rhode Island:
http://ma.water.usgs.gov/ground water/ground-water data.htm

Van de Kreeke, J., 1988. “Chapter 3: Dispersion in Shallow Estuaries.” In: Hydrodynamics of
Estuaries, Volume |, Estuarine Physics, (B.J. Kjerfve, ed.). CRC Press, Inc. pp. 27-39.

Weiskel, P.K. and B.L. Howes, 1991. Quantifying Dissolved Nitrogen Flux Through a Coastal
Watershed. Water Resources Research, Volume 27, Number 11, Pages 2929-29309.

Wood, J.D., J.S. Ramsey, and S. W. Kelley, 1999. “Two-Dimensional Hydrodynamic Modeling
of Barnstable Harbor and Great Marsh, Barnstable, MA.” Applied Coastal Research and
Engineering, Inc. report prepared for the Town of Barnstable. 28 pp.

Zimmerman, J.T.F., 1988. “Chapter 6: Estuarine Residence Times.” In: Hydrodynamics of
Estuaries, Volume |, Estuarine Physics, (B.J. Kjerfve, ed.). CRC Press, Inc. pp. 75-84.

138



