


WATER RESOURCES MANAGEMENT PLAN

CAPE COD NATIONAL SEASHORE
MASSACHUSETTS

Prepared by

Paul Jos. Godfrey
Katie Galluzzo

Neal Price
Massachusetts Water Resources Research Center

University of Massachusetts
Amherst, Massachusetts

and
John Portnoy

Cape Cod National Seashore
Wellfleet, Massachusetts

In cooperation with

Mike Reynolds
Cape Cod National Seashore

Wellfleet, Massachusetts 
and

David Vana-Miller
National Park Service

Water Resources Division
Fort Collins, Colorado

September 1999





WATER RESOURCES MANAGEMENT PLAN

CAPE COD NATIONAL SEASHORE
MASSACHUSETTS

Approved by:

_________________________________________________________________________
Superintendent                 Date
Cape Cod National Seashore





i

ACKNOWLEDGMENTS

The authors wish to thank a number of people who made substantial contributions to this report.  At the
University of Massachusetts, a team of faculty members with wide diversity of expertise relevant to Cape
Cod water resources issues contributed to a broader understanding of the background information available
as well as to a thorough discussion of future water resources needs.  The team consisted of: Jack Ahern,
Department of Landscape Architecture and Regional Planning; Curtice Griffin, Department of Forestry and
Wildlife; Anna Hicks, Cooperative Extension; Stephen Mabee, Department of Geosciences; Rutherford Platt,
Department of Geosciences; Peter Veneman, Department of Plant and Soil Science; and, Richard Yuretich,
Department of Geosciences.

From the National Park Service and the U.S. Geological Survey’s Biological Resources Division, we wish
to thank Charles Farris, Charles Roman, Mark Flora, and Lawrence Martin.  GIS specialist Mark Adams is
especially thanked for his dedication to the accuracy and clarity of the figures.  From this project’s
conception, a strong spirit of cooperation developed between the University team and the National Park
Service personnel.  The results reflect the strength of that combined effort.

The following individuals provided excellent comments which greatly improved the document: Elizabeth
Colburn of the Massachusetts Audubon Society; Tom Cambareri of the Cape Cod Commission; Paul Barlow
and Wayne Sunntag of the U.S. Geological Survey; and, Jane Downing and Tora Tracy of the U.S.
Environmental Protection Agency.

A special note of thanks to Diane Fusaro of Timnath, Colo., for her detailed editorial review.  The final
product represents her substantial energy and talents.

Others, too numerous to mention individually, were helpful in providing background information that would
have otherwise been almost impossible to obtain.



ii

Table of Contents

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi

EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

CHAPTER ONE: The Water Resource Management Plan . . . . . . . . . . . . . . . 1
A New World Discovered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Partners in Conservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
The Original Water Resources Management Plan - 1981 . . . . . . . . . . . . . . . . . . . . . 4
The Challenge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
General Management Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Water Resources Management Plan Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Relationship to Other Planning Efforts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Identification of Water Resource Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Management Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
An Action Plan for the Future . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
First 400 Days of the Water Management Program . . . . . . . . . . . . . . . . . . . . . . . . 12

CHAPTER TWO: The Hydrogeologic Environment . . . . . . . . . . . . . . . . . . . 13
Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Geomorphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Topography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Climate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Ground Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
     The Hydrologic Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
     Hydrogeology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
     Ground Water Recharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
     Ground Water Discharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
     Ground Water Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
     The Flow System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
     Ground Water Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

CHAPTER THREE: Watershed Characteristics . . . . . . . . . . . . . . . . . . . . . . 31
Vegetation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
     Forests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
     Heathlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
     Tree Swamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
     Freshwater Marshes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
     Grasslands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
     Surface Freshwater Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
     Bogs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
     Kettle Ponds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37



iii

     Seasonally-flooded Freshwater Wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
     Dune Ponds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
     Rivers and Streams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Surface Brackish Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
     Brackish Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
     Estuaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
     Coastal Salt Marshes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Wildlife . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
     Freshwater Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
     Reptiles and Amphibians . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Rare, Threatened and Endangered Species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

CHAPTER FOUR: The Human Environment . . . . . . . . . . . . . . . . . . . . . . . . 53
Demographics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Towns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Land Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Water Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
     Water Demand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
     Municipal Water Supply Locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Environmental Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

CHAPTER FIVE: Impacts of Ground Water Resources . . . . . . . . . . . . . . . 63
Problem History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Local Water Table Declines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Saltwater Intrusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Reduction of Aquifer Discharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
Specific Impacts of Current and Potential Public Wells . . . . . . . . . . . . . . . . . . . . . 67
Current Research Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

CHAPTER SIX: Water Resource Contamination from Non-Point 
                        Source Pollution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Problem History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Impacts of Nutrient Contamination of Ground Water . . . . . . . . . . . . . . . . . . . . . . . 74
Impacts of Pond Shoreline Septic Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Impacts of Nutrient Loading to Coastal Waters from Septic Systems . . . . . . . . . . 85
Contributing Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
     Atmospheric Deposition of Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
     Acid Rain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
     Current Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90



iv

CHAPTER SEVEN: Confirmed and Potential Contamination Sites . . . . . . 95
Problem History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
     Waste Disposal Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

            Underground Storage Tanks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
      National Park Service Owned Underground Storage Tanks . . . . . . . . . . . . . . 103

CHAPTER EIGHT: Cultural Impacts on Pond Water Quality . . . . . . . . . 105
Problem History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Complexities of Ownership . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
National Park Service Management Zoning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
Gull Pond Sluiceway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Current Monitoring and Mitigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

CHAPTER NINE: Cape Cod National Seashore Infrastructure . . . . . . . . 113
Facilities Currently Owned and Occupied by National Park Service . . . . . . . . . . 113
     Problem History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
     On-Site Waste Disposal Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
     Drinking Water Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

      Water Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
     National Park Service Owned Underground Storage Tanks . . . . . . . . . . . . . . 118
Contributing Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
    Use and Occupancy Homes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
     Private Inholdings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

CHAPTER TEN: Ecological Impacts of Tidal Restriction . . . . . . . . . . . . . 123
Problem History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Herring River Restoration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
Hatches Harbor Restoration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Pamet River Restoration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Pilgrim Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
Current Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

CHAPTER ELEVEN: Summary of Recommended Water
 Resources Management Program . . . . . . . . . . . . . . 135

Project Statements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Appendix A: Legislative and Regulatory Responsibilities . . . . . . . . . . . . . . . . . . . . . 242
Appendix B: Special Directive 78-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Appendix C: Ground Water Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246



v

List of Figures

Figure 1.1 Regional Location and Cape Cod National Seashore Boundary . . . . . . . . . . . . . . . . 2
Figure 1.2 Land Ownership within National Park Service Boundaries . . . . . . . . . . . . . . . . . . . 3
Figure 2.1 Lobes of the Late Wisconsin Laurentide Ice Sheet During its Maximum 
                          Advance in the Cape and Islands Region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Figure 2.2 Glacial Lake Cape Cod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Figure 2.3 Generalized Geology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Figure 2.4 Generalized Soil Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Figure 2.5 The Hydrologic Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Figure 2.6 Inland/Coastal Surface to Water Natural Resource Relationships . . . . . . . . . . . . . 24
Figure 2.7 Ground Water Lenses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Figure 3.1a Generalized Vegetation within Cape Cod National Seashore Boundary . . . . . . . . 32
Figure 3.1b Generalized Vegetation within Cape Cod National Seashore Boundary . . . . . . . . 33
Figure 3.1c Generalized Vegetation within Cape Cod National Seashore Boundary . . . . . . . . 34
Figure 3.2a Wetlands Provincetown/North Truro Quad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Figure 3.2b Wetlands Wellfleet Quad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Figure 3.2c Wetlands Orleans Quad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Figure 4.1 Generalized Land Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Figure 4.2a Generalized Land Use (1990) Provincetown/Truro . . . . . . . . . . . . . . . . . . . . . . . . 56
Figure 4.2b Generalized Land Use (1990) Wellfleet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Figure 4.2c Generalized Land Use (1990) Orleans/Chatham . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Figure 4.3 Existing and Potential Wellfields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
Figure 6.1a Nitrate Levels by Parcel - North Truro Quad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Figure 6.1b Nitrate Levels by Parcel - Wellfleet Quad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
Figure 6.1c Nitrate Levels by Parcel - Orleans/Chatham Quad . . . . . . . . . . . . . . . . . . . . . . . . . 81
Figure 6.2 Shoreline Ownership and Building Density near Wellfleet Kettle Ponds . . . . . . . . 84
Figure 6.3 Discharge of Cold (Dark) Ground Water into Relatively Warm Estuarine 

Waters of Town Cove, Orleans, August 1994 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Figure 6.4 Median and Range of Mercury Concentrations in Fish Fillets from Five

Kettle Ponds on Cape Cod National Seashore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Figure 7.1 General Location of Major Ground Water Contamination Plumes . . . . . . . . . . . . . 96
Figure 7.2a-d Major Groundwater Contamination Plumes - Provincetown, Truro, 

Wellfleet, and Eastham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
Figure 7.2e Major Groundwater Contamination Plumes, Orleans . . . . . . . . . . . . . . . . . . . . . . . 98
Figure 8.1 Shoreline Ownership Patterns - Wellfleet/Truro Kettle Ponds . . . . . . . . . . . . . . . 106
Figure 8.2 Multi-jurisdictional Land Ownership Near Duck Pond . . . . . . . . . . . . . . . . . . . . . 107
Figure 8.3 Gull Pond Sluiceway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
Figure 9.1a Facilities - Provincetown/Truro Quads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Figure 9.1b Facilities - Wellfleet Quad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Figure 9.1c Facilities - Orleans/Chatham Quads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
Figure 10.1 Herring River, Wellfleet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
Figure 10.2 Hatches Harbor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
Figure 10.3 Pamet River, Truro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
Figure 10.4 Pilgrim Lake, Truro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132



vi

List of Tables

Table 3.1 Summary of characteristic plants by habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Table 3.2 Kettle ponds in the Cape Cod National Seashore . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Table 3.3 Acid rain monitoring project data for 16 Cape Cod National Seashore 

kettle ponds, averages from 1983-1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Table 3.4 General characteristics of kettle ponds of Cape Cod National Seashore . . . . . . . . 43
Table 3.5 List of fish species that occur on the Cape Cod National Seashore . . . . . . . . . . . . 47
Table 3.6 Freshwater fish species in National Seashore ponds . . . . . . . . . . . . . . . . . . . . . . . . 48
Table 3.7 Fish species and years stocked in National Seashore ponds . . . . . . . . . . . . . . . . . . 49
Table 3.8 Summary of state-listed species on Cape Cod National Seashore - Plants . . . . . . . 50
Table 3.8 Summary of state-listed species on Cape Cod National Seashore - Animals . . . . . 51
Table 4.1 Lower Cape land areas (acres) by township and within the Cape Cod

National Seashore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Table 5.1 Hydrologic inputs and outputs for the Pamet and Pilgrim lenses . . . . . . . . . . . . . . 64
Table 6.1 Criteria for selected parameters important to monitoring water quality . . . . . . . . . 74
Table 6.2 Aquifer lens water quality data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Table 6.3 Dissolved inorganic nitrogen concentrations in ground water seeps 

discharging into Nauset Marsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Table 6.4 Summary of Kettle Pond Monitoring Program at Cape Cod National 

Seashore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Table 6.5 Depths and measures of productivity in five Cape Cod kettle ponds . . . . . . . . . . . 87
Table 6.6 National Atmospheric Deposition Program data for sulfate and 

lab pH for precipitation at Truro, Mass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Table 6.7 Comparison of data for Long Pond, Wellfleet resulting from the 

U.S. Environmental Protection Agency Eastern Lakes Survey (STORET) 
and the Acid Rain Monitoring Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Table 6.8 Surface water acid/base trends, 1983-1994, on Lower Cape Cod . . . . . . . . . . . . . . 94
Table 7.1 Status summary of landfills on the outer Cape Cod . . . . . . . . . . . . . . . . . . . . . . . . 99
Table 7.2 Summary of recorded underground storage tanks owned by the 

National Seashore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Table 9.1 Water use statistics for the Cape Cod National Seashore . . . . . . . . . . . . . . . . . . . 118
Table 9.2 Number of improved properties by town within the National Seashore . . . . . . . . 118
Table 9.3 Summary of recorded underground storage tanks owned by the 

National Seashore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119



vii

EXECUTIVE SUMMARY

This plan charts a course for Cape Cod National Seashore water resources management and planning for the
next 10 years. The overall goal is to resolve many of the uncertainties regarding the interaction between
people and the National Seashore water resources in ways that sustain or restore the environmental health.

In 1981, the first Water Resources Management Plan was developed for the Cape Cod National Seashore.
Its intent was to: 1) describe the state of information available at that time; 2) encourage a spirit of
cooperation between the National Park Service and local municipalities and residents; and, 3) clearly
articulate water resources management goals for the National Seashore. Eighteen years later, the present
report attempts to update those goals with new information to create an action plan for public involvement
in the protection of Cape Cod’s freshwater resources. This action plan comprises two broad goals: first, the
protection of ground and surface water quality and quantity, and second, the restoration of the natural
hydrography and estuaries. It further includes six objectives: 

1) to provide a detailed survey of existing information on the National Seashore’s water resources;
2) to identify and discuss current and potential water resource problems and issues; 
3) to clarify the legislative mandates of the National Park Service in the local and regional context;
4) to improve and encourage communication with appropriate state and regional agencies; 
5) to identify and discuss viable management actions to address water resource management issues;
and, 
6) to develop an overarching water resources management program.

The first step, developing an up-to-date overview of the current state of National Seashore water resource
information, is presented in Chapters One through Four of this report.  Chapter One develops the context for
National Seashore water resources concerns.  Chapter Two summarizes the state of our knowledge regarding
climate, soils, geology, and ground water. Chapter Three focuses on surface biotic and abiotic features with
emphasis on the ponds, streams, and estuaries. (The report does not attempt to summarize knowledge on
environments that are considered marine, i.e., neither freshwater nor brackish.)  Chapter Four describes the
human uses of the environment and how those uses affect the natural environment.

In defining this plan, six water resource areas of concern were identified. These are: 1) ground water
withdrawal impacts; 2) water resource contamination from non-point pollution sources; 3) confirmed and
potential contamination sites; 4) cultural impacts to pond water quality and biota; 5) park infrastructure
management; and, 6) impacts from tidal restrictions. Chapter Five investigates ground water withdrawal
issues from the perspective of impacts on surface waters and their biota and of human supply needs. Chapter
Six examines non-point source pollution in both a local and regional context. Chapter Seven focuses on
potential contamination from underground storage as well as other localized sources of toxic contamination.
Chapter Eight examines the critical conflict between recreational demand for the unique resources of the
National Seashore and the need to protect those resources from overuse or abuse. Chapter Nine assesses
existing water supply and wastewater disposal within the National Seashore for their impact on water quality
and quantity. Lastly, Chapter Ten reviews the efforts and remaining uncertainties in restoring tidal flow to
historically restricted estuaries.

From this review of the natural and human environment and the more detailed examination of six specific
major issues, Chapter Eleven sets forth a plan for developing the information necessary to continue to
safeguard the environment, while recognizing the needs surrounding human participation in that
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environment. This plan provides a complex matrix of information gathering and implementation of programs
that enhance National Park Service operation in the National Seashore; informs and encourages agencies and
municipalities to also improve their practices as they relate to National Seashore water resources; and,
informs and encourages the general public, residents and visitors to take an active part in the protection of
these resources.

Cape Cod National Seashore is unusual within the national park system in that it was established after the
area had been settled for more than 300 years; therefore, the opportunity to set aside wilderness or to assume
responsibility for a large private holding was not an option. In creating a viable water resource management
plan, park management must deal with many jurisdictions including those of the six outer Cape towns,
Provincetown, Truro, Wellfleet, Eastham, Orleans, and Chatham, and of the state.  

While 59 percent of the land is owned by the National Park Service, more than 30 percent within the National
Seashore boundary is under the jurisdiction of other public entities, and nearly four percent is privately
owned. Preserving the National Park Service mandate can, therefore, be challenging among so many other
jurisdictional and management objectives. This plan provides a review of those jurisdictional interests and
historical precedents and suggests methods for improved education and communication among the many land
management interests.

Environmental research and management have shown that National Seashore water resources are both fragile
and complex. Increased understanding of the complexity and sensitivity of the ecosystem is critical to wise
management. Therefore, another major thrust is to maintain and expand the knowledge of National Seashore
water resources.

Surface freshwater resources on the Cape include kettle ponds, seasonally-flooded wetlands, bogs, freshwater
marshes, and dune ponds. Kettle ponds are permanently-flooded water bodies formed in ice-block
depressions left in the landscape after the last glaciers melted about 12,000 years ago. There are 20
permanently-flooded kettle ponds within the National Seashore that range from 3 to 90 acres and 6 to 60 feet
deep. There are 55 documented seasonally-flooded wetlands (vernal ponds) within the National Seashore
that vary in size from small habitats to larger systems that occupy several acres. Freshwater marshes are
located in river drainages, pond shores, and wetlands that were once salt water, but are now fresh water due
to the placement of dikes and tide gates that prohibit tidal influences in the marsh. Dune ponds are small,
shallow depressions that form between dunes on barrier spits and extend below the water table. These ponds
are part of a larger wetlands complex that includes bogs, marshes, and floating peat islands. Bogs are poorly
drained wetlands that have a floating mat of vegetation on their surface made up of sphagnum moss and
cranberries, for example. The Atlantic white cedar community, which is a tree swamp, establishes itself
under specific conditions that are rare on the Cape.

Very little is known about the interdunal bogs and vernal ponds. Wetland mapping and classification are
outdated, and the impacts of water level change have not been evaluated. The National Seashore needs to
update geographic information system maps of existing wetlands and develop a monitoring program for
seasonally-flooded wetlands and for water level changes in the Atlantic white cedar swamps, interdunal
ponds and ephemeral wetlands.  

The Herring and Pamet rivers represent the two major stream systems on the lower Cape. The Herring River
estuary has been greatly altered by 20th century diking and drainage for the purposes of mosquito control,
flood protection, and improved travel corridors. The upper Pamet River, located in Truro, was a salt marsh
estuary until it was diked around 1860.  
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Pilgrim Lake, once a coastal lagoon, was diked off from tidal flow by railway construction about 1870. This
action transformed this body of water from a salt water bay to the present 344-acre brackish, shallow,
eutrophic lake.

Estuarine salt marshes are one of the most valuable and productive ecosystems found anywhere, providing
important nursery habitat to fish and shellfish. Almost all of the estuarine systems on the National Seashore
have been altered to some extent by dikes and tide gates, reducing their productivity and habitat values. Salt
marshes on the lower Cape are located at Hatches Harbor, Pamet River, Nauset Marsh, Provincetown's West
End, and the lower Herring River (Wellfleet).

The Cape’s water resources support a wide variety of plants, fish, reptiles, amphibians, and mammals.  There
is a need for baseline surveys of the biotic and abiotic water resource environment including an inventory
of aquatic macrophytes, amphibian and reptile populations, and kettle pond benthic invertebrates.  

Most surface water resources on the lower Cape depend directly upon ground water.  The Cape Cod aquifer
system consists of six distinct ground water lenses or flow cells, which support both coastal and inland
resources. Inland resources, such as kettle ponds, vernal pools and bogs, depend entirely on yearly and
seasonal ground water levels to maintain their particular ecosystems. Fluctuations in the water table, due to
either natural recharge variation or ground water withdrawals, are directly felt by these resources. Coastal
resources, such as streams and estuaries depend on aquifer discharge to maintain yearly and seasonal flow
rates and to regulate water chemistry.  

Water withdrawals and water pollution can threaten the natural and human environment. Population growth
and development are major considerations in maintaining water quality and quantity on Cape Cod.
Population densities in America's coastal areas are growing faster than the rate of the general population, and
Barnstable County, which encompasses Cape Cod, is growing faster than any of the mainland Massachusetts
counties.  The human population of the lower Cape is also entirely dependent on the ground water for private
and municipal water supply.  For this reason, the U.S. Environmental Protection Agency has designated this
water source a "sole source aquifer", that is a water source which supplies greater than 50 percent of the
drinking water to its service area, with no alternative should the source become contaminated.  

Population and housing density increases in lower Cape communities have increased demand and
simultaneously degraded local ground water quality to the extent that some communities are considering new
public supply well locations. Only two of the lower Cape aquifers presently contain public water supply
wells. The Pamet lens supports four permanent, large volume, public water supply sites. Chequesset lens has
no large volume public water supplies and only one small volume public well supplying approximately 30
households. National Seashore lands are often viewed as prime sites for withdrawing high quality drinking
water; however, the National Park Service mandate to "preserve and protect" may cause the National
Seashore to have a different perspective on appropriate use than other entities. Current drinking water
planning focuses on salt water intrusion; the National Seashore and the Massachusetts Department of
Environmental Protection would prefer that all impacts resulting from ground water withdrawls be
considered. 

There are three, primary ground water withdrawal concerns facing the National Seashore as development
continues and the demands for new private and public water wells increases. First, excessive ground water
withdrawals can lower the local water table, potentially depleting pond, wetland, and vernal pool water
levels. Second, large-scale, sustained pumping can decrease aquifer discharge, impacting streams and
estuaries.  Finally, under extreme cases, the ground water volume may be depleted to a point where salt water
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intrudes and contaminates the fresh ground water.

While much is known, more study is needed to assess the consequences of current or future development,
particularly for maintaining adequate water quality for human consumption or adequate water quantity and
quality for surface water resources. Efforts should be made to analyze existing ground water modeling to
determine areas of increased water quantity and quality data needs, as well as test the feasibility of using
models for investigating local impacts and evaluating the entire outer Cape ground water system.  

The National Seashore as well as the Commonwealth of Massachusetts and local agencies recognize that the
contamination of water resources by septic system leachate poses a great threat to the long-term health of
the hydrologic environment of the Cape. Organic, inorganic, and biological pollutants can enter ground water
through septic system leach fields. On the lower Cape, homes and businesses generally rely on private septic
systems for wastewater disposal. Increases in housing density and the number of actively used on-site septic
systems have been directly linked to increases in nitrate concentrations in the ground water on the lower
Cape. Due to the proximity of private water supply wells and septic systems and the nature of the porous
sand and gravel aquifer, there is great concern that as population growth on the outer Cape continues and the
use of on-site wastewater disposal systems increases, occurrences in cross contamination of clean drinking
water supplies will also increase. There needs to be a balance between the human impacts of development
and the health of the environment.    

Ponds and estuaries can also be degraded by pollutants that come from septic effluent.  Eutrophication, the
increased production of plants, phytoplankton, and macroalgae in surface waters, can result from nutrient
loading. Eutrophication not only alters the native ecosystem, but also decreases its recreational value to
humans. The addition of phosphorus to freshwaters via contaminated ground water discharge is a primary
management concern ecologically, although it presents no major human health concern. Phosphorus
introduced to the ponds via septic system runoff has the potential to increase algal production and reduce the
natural clarity of the pond waters. Similar effects result from nitrogen discharge to estuaries.

To reduce nutrient loading and eutrophication, alternative wastewater treatment technologies need to be
researched and tested on a case study basis. Some alternative wastewater disposal methods include:
alternative technologies for private septic systems; cluster or package treatment plants for selected areas; and,
increased on-line sewerage.

Additionally, underground storage tanks pose a threat to the quality of both ground and surface waters on
the outer Cape. The majority of the tanks hold fuel oil and range in size from 200 to 2,000 gallons.  Organic
pollutants derived from landfills and leaking underground storage tanks as well as urban and septic leachate
pose a serious threat to the integrity of clean drinking water supplies and natural resources.

Atmospheric deposition of acidity and metals is another significant source of non-point pollution.  Cape Cod
ponds are naturally very low in pH and therefore acid neutralizing capacity. Forty percent of Barnstable
County ponds have little to no acid neutralizing capacity, a higher percentage than any other county in
Massachusetts. Although a survey of mercury in National Seashore ponds has not been completed,
preliminary results show a strong relationship between low pH and elevated methyl mercury levels in fish
tissue. A recent study shows that sport fish in some ponds have mercury accumulations. These preliminary
findings suggest that atmospheric deposition of mercury is a threat to the National Seashore's surface waters.
The National Seashore should monitor mercury deposition at specific sites and evaluate mercury levels in
sediments of freshwater ponds. Top predator fish tissue should be monitored in both fresh and estuarine
environments. Information collected should be used to evaluate mercury pathways and determine
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management alternatives.

Road runoff, including salt and petrochemicals, as well as surface runoff and infiltration from lawns and golf
courses may also be important sources of contamination. These non-point sources are presently a minor
threat, but may become significant with increased development of the outer Cape.

The plan identifies two areas with regard to potential major contamination. The first involves historic
landfills in the vicinity of the National Seashore. The proposed action focuses on understanding the
continuing pollution from those landfills and their impact on surface and ground waters. The second concerns
heightened preparation for and awareness of potential toxic contamination from National Seashore or private
facilities and operations.

Inorganic and organic pollutants derived from landfills, leaking underground storage tanks, septic effluent,
and urban runoff on the lower Cape pose a serious threat to clean drinking water and to ponds, rivers and
estuaries located within the National Seashore. The intimate connection between the Cape's ground water
and surface water compounds the difficulty of managing these problems, as does the permeability and
generally poor contaminant adsorption characteristics of the region's sand and gravel aquifer. There are five
landfills located on the lower Cape, all of which have the potential to impact the freshwater resources within
the National Seashore.  Four of these (Truro, Wellfleet, Eastham, Orleans) are inactive landfills; the fifth
(Provincetown) is capped. Both Provincetown and Truro landfills are located within the National Seashore
boundaries and have contamination plumes emanating from their containment areas. The Wellfleet landfill
abuts the National Seashore boundary and has a plume that travels southwest toward the Herring River.  

Water that enters a landfill, usually in the form of rain and snow, comes into contact with buried wastes and
forms leachate or dissolved waste. This leachate can contain toxic chemicals from commercial and household
wastes. Often, the leachate leaves the landfill and follows the ground water flow, potentially entering
recharge zones for water wells or surface water resources.  

The five landfills on the Cape are monitored by wells and the contamination plume at each site has been
mapped. According to reports generated from this monitoring, surface and ground waters both inside and
outside of National Seashore boundaries may have been impacted. Landfill contamination  may have
negatively affected waters in Duck and Bennet ponds, the Pamet River, Provincetown Harbor, as well as
several of the aquifers.  National Seashore personnel need to continue to monitor landfill plumes, as well as
review and evaluate the study design of past plume monitoring. Literature on landfill capping should be
reviewed and the best techniques identified in preparation for capping the uncapped landfills.  Contaminant
discharge into surface waters should be assessed and a forum for dialogue on contamination issues should
be established. 

To be better prepared for potential hazardous waste spills, National Seashore personnel should conduct an
inventory of septic systems and storage tanks on homes located on or near surface water resources and  
should also prepare an emergency response plan in case of spills or leakages of contaminants within National
Seashore boundaries. 

Recreational impacts continue to threaten the water quality of kettle ponds in the National Seashore, nearly
all of which are used for recreation and have shoreline residences. The highly permeable nature of the sand
and gravel aquifers on the Cape combined with septic system runoff of nutrients, particularly phosphorous,
has the potential to cause eutrophication of the ponds.  
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Historic fisheries management, including stocking and liming, have affected pond waters. For example, an
anadromous fish run between Gull Pond and Higgins Pond is maintained by artificial means to promote
recreational fishing.  The impacts of this on other pond organisms and water quality are unknown. National
Seashore managers must gain an understanding of the ecological impact of the Gull Pond sluiceway before
it can be managed. A study should be completed which will model the trophic structure and nutrient status
of Gull Pond with and without river herring.

On some kettle pond shorelines, foot traffic has caused soil erosion and damaged rare plants.  In most cases,
revegetation is the most practical method of mitigating problems of heavy soil erosion around pond
shorelines. However, the 20 kettle ponds within the National Seashore suffer from impacts related to
multi-jurisdictional ownership and access which cannot be mitigated completely by revegetation. The area
that surrounds the kettle ponds contains roads and access points that are maintained by both the National Park
Service and local communities, as well as ones that have been informally created by visitors seeking
alternative access to remote portions of the ponds.

No plan currently exists that provides an integrated approach to the recreational management of the kettle
ponds within National Seashore boundaries. A kettle pond recreational management plan needs to be
developed by a pond management committee which would consist of all involved organizations.  Outreach
programs should be developed which would inform the public as well as continue public participation.

The National Seashore is encouraging and collaborating on restoring the natural tidal environment of
estuaries, reversing many decades of well-intentioned but environmentally damaging efforts to drain and alter
these systems. In the process of restoration, there are many issues regarding how these systems originally
functioned; how best to arrive at restored systems that resemble the unaltered systems as closely as possible;
and, how to make the transition in an environmentally safe and culturally sensitive manner. 

Salt water marsh estuaries are a primary natural resource feature of Cape Cod National Seashore.  Since the
early 1900s, intertidal and estuarine resources on the Cape have been greatly altered by diking and drainage,
turning brackish waters with a marine influence into freshwater wetlands and upland habitats. Diking affects
over 10 percent of the remaining coastal marshes in New England as well as a portion of nearly all the salt
marshes on the lower Cape. Salt marsh diking degrades and eliminates estuarine habitat for many native plant
and animal species, including fish, shellfish and crustaceans. Restoration has been proposed for each of these
diked areas; however, development within the diked areas makes restoration more complicated.  Actual
restoration of tidal flow has begun in Hatches Harbor in Provincetown, with research and discussion
continuing for Herring and Pamet rivers, and Pilgrim Lake.

Ponds, streams and estuaries are often ground water discharge points, and because of this connection,
estuaries, rivers, and ponds are susceptible to contamination from ground water discharge that contains
pollutants. Ground water discharge containing high concentrations of nutrients, predominantly from septic
leachate, has led to the eutrophication of portions of Waquoit Bay, Cape Cod, and many other coastal
ecosystems worldwide. Tidal flushing is the primary mechanism for removal of nutrients, specifically
nitrogen from coastal surface waters. In the absence of tidal flushing, nutrients introduced to coastal water
bodies can remain in the system, increase algal production, and promote eutrophication. 

Limited supplies of fresh water on the Cape make water conservation an important part of water resource
management for the park as well as for towns on the lower Cape. Further, the National Seashore, in its role
as an environmental steward and educator, has a responsibility to lead the way in development, use and
demonstration of water conservation techniques. 
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It is critical that the National Seashore improve its own facilities to reflect long-range water resource
management goals and objectives. Analyzing ages and types of septic systems as well as the amount of use
that each facility receives is essential to determining the efficiency of the park's water usage. Also, 
there are private properties within the National Seashore boundary that have underground storage tanks and
septic systems that can add to the contamination threat within the park. 

Regardless of ownership, all development in the National Seashore has the potential to impact public water
resources. For this reason, it is important to assess the contamination potential of all properties, regardless
of ownership status, within the park. 

The National Park Service needs to continue to fill a critical role as educator by modeling water conservation
strategies at the National Seashore. Water conservation within the park has occurred to some degree. Low
flow shower heads have been installed in all of the houses that are owned and occupied by the National Park
Service and low flush toilets have been placed in some of the seasonal homes. Funding is a major barrier to
park wide implementation of water conserving devices. The National Seashore could use their properties to
showcase water conservation for the public. The homes could include alternative septic systems, modern
water conservation devices, xeriscaping, pervious outdoor surfaces and rooftop rainfall collectors.
Alternatively, a model home could be created which does all of the above, plus serves as a location for public
education programs about water conservation. 

This Water Resources Management Plan focuses on the protection of outer Cape freshwater resources
including ponds, ground water, and estuaries. Without the cooperation and participation of Cape residents
in the solution for these complex problems, effective management of water resources is impossible.

Information exchange with the public could provide a critical tool for the park to promote water resource
solutions. The park could publish a newsletter, as well as create an interactive web page. A Cape Cod
Institute could be established, which would be patterned after the successful Yellowstone Institute. This
institute would provide classes and the opportunity for scientists and the general public to work together to
understand and solve water resource management issues. 

This plan proposes the establishment of a water resources management program which includes residents
and local governments. The four components of this programs are to establish:  1) a cooperative forum
among local government agencies and the National Park Service; 2) a community extension program that
involves education, research and planning; 3) a comprehensive database that improves the accessibility of
water resources information; and, 4) a research program that increases knowledge of the water resources on
the National Seashore.

In conclusion, this Water Resources Management Plan updates the previous effort of 1981; identifies priority
issues for continued research, management and outreach for the next decade; and, suggests a number of
specific projects to address all of these issues.
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