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The First 400 Days of Water M anagement Plan

Jurisdictional Analysis

Project Statement 1.1
Development of Policy Statement Regarding the Desired “ Natural State”
for Water Resourcesin the National Seashore

Problem Statement

Unlike most national parksthat were created from wilderness or focus on an historical event, the Cape Cod
National Seashore attempts to encompass the natural environment, history and current recreation needs.
There is an inherent conflict between the National Park Service authorizing mandate to maintain the park
as*“ permanently preserved inits present state” as of itscreation in 1961 while also carrying forward on the
goals of “restoring cultural landscapes or natural conditions where disturbed or precluding natural changes
in the environment,” as expressed in the General Management Plan (National Park Service, 1998). The
conflict arises not only because 1961 was not a particularly notable time for demonstration of the ideal
balance of cultural and natural influences, but because the choice between restoration or preservation of the
natural, historic and recent multiple use environment are often at serious conflict between environment and
culture and between multiple jurisdictions with differing goals. Some examples of conflict areas include
housing inholdings, fish stocking, the Gull Pond sluiceway, tidal restoration, Pilgrim Lake, and historical
cranberry operations. Choices cannot be simply based on earliest chronology because some early practices
have had major environmental repercussions while others are clearly resident in our deepest sense of Cape
Cod and have little or no impact on the natural environment. Other customary activities or uses may be
deeply held by one jurisdiction but felt to be del eterious to the primary goals of another. It isclear that the
original legislative mandate to preserve the National Seashore as it was in 1961 has been altered to
selectively preserve critical resourcesin culturally and environmentally meaningful ways.

Description of Recommended Proj ect

Development of aconsistent policy to guide these complex choicesisthe purpose of thisproject. Theinitia
stepwould beareview of founding legislation and existing policy in other parkswith comparablechallenges.
Some notable examples are AcadiaNational Park because of inholdings and state management of lakesand
the Great Smoky Mountains National Park with its Cades Cove area where nature and unique culture must
coexist. The second step would be a review of current policy and practice by the National Seashore and
other agenciesinvolved in management of Cape Cod resources. Finally, astatement of preservation targets
for identifiable resources would be created with an overarching target for lesswell-defined resources. The
targetswould be based on aprocessthat permitted rational decision between optionsbased on overall benefit
for cultural and environmental purposes with procedures for resolving jurisdictional conflict.

Budget

Year 1 $10,000

158



I ntegration of Effort and Consolidation of I nformation

Project Statement 1.2
Establishment of a Cooper ative Program Committee

Problem Statement

Many of the conflictsand problemsthat arisefor the National Seashorearetheresult of conflicting interests,
mandates and goals of other agencies and organizations and incomplete or untimely communication. A
formal processof establishing early communication between theinterested partiesisnot in placeor functions
only when specific issues arise, often after positions are well established.

Description of Recommended Proj ect

Establish a Cooperative Program Committee that includes the Cape Cod National Seashore, Cape Cod
Commission, Massachusetts Coastal Zone Management, six townsin the National Seashore, M assachusetts
Department of Environmental Protection, Massachusetts Divisions of Marine Fisheries, and Fisheries &
Wildlife, Massachusetts Audubon, and Friends of the Cape Cod National Seashore. This committee
represents all parties with government jurisdiction and others with a strong record of past involvement that
have a stake in future water resource management on the outer Cape. Thefirst goal isto develop between
all the agencies amemorandum of understanding that acknowledges the need for management efforts that
complement each other. The agreement should be focused on developing a consensus for sustainable
management and devel opment of thewater resources, holistically considering short- and long-term impacts.
Guidelines should be set for meetings, protocols, and technology and for information transfer between
agencies and the National Seashore. An initia task of the committee should be an examination of current
zoning asit relatesto water quality and quantity. Additionally, the staff at the Cape Cod National Seashore
should review conflict resolution methods, determine which ones are most appropriate for implementation
at the National Seashore, and complete a comparison of responses to multi-jurisdictional issues that have
been successful in other parks. This information can then be used in initial talks concerning water
withdrawal from withinthe National Seashore, salt marsh restoration at Herring River and Pamet River, and
water quality protection.

Budget

Ongoing $1,000
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Project Statement 1.3
Development of Community Extension

Problem Statement

Most of the interpretive effort of the National Seashore is aimed at the natural history and cultural history
of the outer Cape. Y et many of the pressing issuesfor the National Seashore require amore comprehensive
effort to involve the surrounding community and the National Seashore visitorsin the process of planning
and management for the park and its surrounding communities because the actions, intended or unintended,
by an one group will have consegquences on the others.

Description of Recommended Proj ect

Devel op acomprehensivewater resource database that is manageabl e, consistent, and compatiblewith other
National Park Service databases. This database should consolidate data into a format that is easily
retrievable and easily updated. The plan for the database should include GIS data layers, U.S. Geological
Survey water sampling data, National Park Service research and monitoring data sets, and park facilities
monitoring data. The databases should be organized relationally, with common identifiers that will alow
them to be linked and Internet linkages to other online databases be created including a metdatabase
describing the information resources available in each, data quality limits to use and data structure.
Consideration should be given to creating an intranet database for efficient input of data and easy output of
information integration from avariety of related databases.

Budget
Year 1 $50,000
Year 2 $50,000
Ongoing $15,000/year
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Watershed Characteristics
Project Statements 3.1 through 3.6

Muchisknown about the characteristics of the water resources of Cape Cod National Seashore, but itsmany
unique habitats require that past efforts continue for those areas that have yet to receive sufficient attention.
Also, an ongoing base program to monitor and inventory watershed characteristicsisrequired, especialy in
light of both improvements in techniques for assessment and a greater appreciation for the integration of
individual componentsinto a holistic watershed view. Many of the suggested studies were identified in a
1993 description of aprototype monitoring program for the National Seashore (Roman and Manski, 1993).

Project Statement 3.1
Inventory Aquatic M acrophytes

Problem Statement

The 20 kettle ponds within Cape Cod National Seashore are a unique and sensitive natural resource with
significant ecological, aesthetic and recreational value. The ponds are essentially oligotrophic, naturally
acidic, and extremely clear; attributes that are highly valued by the public. In addition, the kettle pond
environment isthe pre-eminent rare plant habitat at the National Seashorewith state-listed speciesoccurring
within 18 ponds. Many of the ponds are heavily used, both by day visitors and by the seasonal residents
located on private land around them. All of the dwellings adjacent to the pond shorelines rely on septic
systems, which, given the unconsolidated nature of the ground water aquifer, can contribute to pond
eutrophication. Some seasonal cottages are being converted to year-round residences with aresulting year-
roundimpact. Giventheinherently low nutrient levelsat these ponds, impactsfrom septic effluents on pond
water quality and associated fauna and flora are of real concern. Increased nutrient loading from septic
systems can greatly increase pond aguatic macrophyte production. While the National Park Service has
collected water quality dataat thekettle pondsfor over adecade, limited quantitativeinformationisavailable
on pond margin and wetland transition macrophytes (Soukup, 1977; Hinds and Hathaway, 1968). Having
baseline data on pond aquatic macrophytesis essential to understanding the trophic status of the ponds, for
monitoring trends of rare species, and in hel ping to detect future changesto the pond environment. Initiation
of thisproject has been identified asan important need in the National Seashore'sWater Quality Monitoring
Plan for Kettle Ponds.

Description of Recommended Proj ect

Objectives for all 20 kettle ponds are to: 1) develop baseline area maps of the current distribution of
macrophytes along pond shorelines, and 2) inventory the species composition and abundance of mapped
emergent pond vegetation.

Each pond would be surveyed for submerged aquatic macrophytes (objective 1) employing techniques
currently in use by the Massachusetts Department of Environmental Protection (R. McVoy, 1996, pers.
comm., Massachusetts Department of Environmental Protection) and by the Massachusetts Water Watch
Partnership (M. F. Walk, 1996, pers. comm., M assachusetts Water Resources Research Center) and adapted
from the U.S. Environmental Protection Agency (Simpson, 1991). In brief, thissurvey is conducted

throughout the littoral area of the lake in mid to late summer. The areal extent of macrophytes is semi-
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guantitatively determined by viewing the bottom with aviewscope and estimating density in quartiles. The
extent of macrophyte coverageis estimated and mapped. Species are determined at several sampling sites
by four casts, one to each quadrant, of a specially modified rake. The recovered plants are identified
wherever possible. All data are transferred to GIS base maps of the lake. The use of GIS permits easy
comparison of change between surveys.

More extensive vegetation monitoring will focus on the five ponds that represent a range of bathymetric,
hydrologic, and chemical characteristics. Listed in order of enrichment status (oligotrophic toward
eutrophic), the ponds are Duck, Ryder, Great (Truro), Gull, and Herring. Complementary, ongoing studies
by park staff and the U.S. Geological Survey, Biological Resources Division cooperators at these ponds
include water quality monitoring, hydrogeologic investigations, and investigations of ground water
withdrawal effects on pond chemistry and biota. In addition to the two objectives for all ponds, study of
these five ponds will: investigate relationships between pond trophic status and macrophyte species
composition, production and growthform; study thelocal factors(e.g., bathymetry, slope, aspect, insol ation)
controlling the distribution of aquatic plants; and, develop long term monitoring protocols to assess and
detect changesin distribution, species composition and cover in response to potential nutrient loading at the
ponds.

Budget

Year 1 $23,000
Year 2 $ 5,200
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Project Statement 3.2
Inventory Amphibian and Reptile Populations

Problem Statement

The insular nature of the outer Cape, and its glaciated past, have resulted in a unique assemblage of
amphibiansand reptiles. A comprehensive survey of reptile and amphibian populationswithin the National
Seashore has never been accomplished, despite these animals' sensitivity to natural and anthropogenic
changesto their aguatic and terrestrial habitats and their important roles as both bioindicators and members
of temperate ecosystems. Our current knowledge of local populationsisbased upon Lazell's (1972) surveys
of the entire Cape and |slands (Martha's Vineyard and Nantucket) region, Jones (1992) surveys of National
Seashore reptiles and amphibians, Seipt's (1987) surveys of state-listed rare species, Portnoy's (1986)
inventory of amphibians associated with temporary ponds, the Massachusetts Audubon Society's terrapin
studies (Shipley and Prescott, 1989), and casual observations. Amphibian populations, in particular, have
exhibited dramatic |ocal declinesthroughout theworld, variously attributed to devel opment impacts, global
climate change and attendant shiftsin habitat, predation and/or competition, and acid rain. Insular reptile
populations are especially vulnerable to devel opment on the outer Cape peninsulawith associated isolation
of habitat and direct mortality (e.g., road kills, wanton killing) inevitable with increased human activity.
Without comprehensive surveys, National Seashore managerswill be unableto identify and protect critical
habitat or to monitor this resource.

Description of Recommended Proj ect

National Seashore-wide surveys are initially proposed to provide qualitative information on species
occurrence and relative abundance; search will be keyed to specific habitats and seasons, especially for
amphibians, to identify important breeding groups. Identified centers of activity (e.g., breeding ponds,
denning sites) will be intensively studied to provide more quantitative data on populations, habitat use and
breeding phenology and other aspects of their natural history.

Budget

Year 1 $ 7,200
Year 2 $12,000
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Project Statement 3.3
Study the Causes and Effects of Bullfrog Expansion

Problem Statement

When J. Lazell published his 1960s observations on the distributions of reptiles and amphibianson the outer
Cape, bullfrogs were restricted to the upper Cape (Orleans and westward), and one introduced group wasin
South Wellfleet, outside the National Seashore. Today bullfrogs are widely distributed throughout kettle
ponds, temporary ponds, and streams at least as far north as Truro. Although well known for displacing
other amphibian species, particularly green frogs, nothing is known about their impact within the National
Seashore. Current wisdom (see Freda, 1986) holdsthat the bullfrog is excluded from highly acidic habitats
(pH < 5). However, this species occurs and breeds abundantly and successfully in National Seashore ponds
with pH ca. 4.5. The absence of generaly acid-tolerant green frogs from these sites suggests they, and
perhaps other native fauna, have been eliminated by the larger predatory bullfrogs. The recent observation
that bullfrogs inhabit a number of vernal pools may be of special concern because these pool-dependent
communitieshaveevolved over thelast 10,000 yearswithout large anuran predation (E. Colburn, 1998, pers.
comm., Massachusetts Audubon Saciety) .

Description of Recommended Project or Activity

Proposed researchincludes: 1) asurvey of thedistribution of the bullfrog on the entire outer Cape peninsula
from Eastham through Provincetown, and 2) an examination of the ecological role of bullfrogs on lake and
temporary pond faunal communities. Establishing the present distribution is particularly important to the
second phase because it creates a baseline for future comparison and permits selection of appropriate sites
for further study. Using Gl Sand biological and chemical water quality dataderived from other projects, the
pattern of occurrence can beanalyzed, particularly identifying those water bodiesthat are within the present
range but do not have bullfrog populations or are on the margins of the present range. In the second phase,
emphasis will be placed on interspecific relations, but the influences of aquatic chemistry and vegetative
cover will also be assessed using Gl Sand other techniquesto hel p explain the mechanism and possiblelimits
to the apparent range expansion. A detailed ecological analysisshould clarify important factors controlling
the species' success and identify impacted native aguatic species. Field observation and analysis may be
supplemented by experimental study in the lab to confirm hypotheses and further resolve critical
circumstances or life cycle periods that might lead to management strategies for the preservation of the
original diversity of aguatic life.

Budget

Year 1 $15,000
Year 2 $10,000
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Project Statement 3.4
Monitor Spotted Salamander Reproduction

Problem Statement

Mole salamanders (Ambystomidae) have long been considered vulnerable to acidification impacts due to
their near exclusive use of temporary isolated wetlands (vernal ponds) for breeding. On Cape Cod these
habitats are poorly buffered due to their isolation from mineral soils; the presence of sphagnum and pine,
oak and maple litter which results in highly acidic water of pH 4.5 to 5.5, no reserve alkalinity, and high
color. Recent work by Portnoy (1990) has demonstrated a high level of acid tolerance among Cape spotted
salamanders, but also a clear sensitivity of embryos to the combination of low pH and high concentrations
of polyphenolic compounds. It ishypothesized that further reductionsin pH (e.g., dueto acid rain: pH 4.3),
in highly colored siteswill substantially reduce embryonic survival and recruitment within isolated demes.
Since the common and widely distributed spotted salamander is the only amphibian whose breeding
abundance and embryonic survival have been systematically inventoried throughout the National Seashore,
a clear opportunity exists to use the existing baseline and methods to evaluate the biological effects of
potential acidification.

Description of Recommended Project or Activity

The basic tool for monitoring spotted salamander populationsis by egg mass counts conducted annually at
traditional breeding ponds and pond complexes. Although adult salamanders are fossorial and difficult to
find, it is possible to determine their reproductive output on an annual basis because they assemble to mate
and oviposit within afairly predictabletime period in early April. Work elsewhereindicates that egg mass
counts are a good index of breeding female abundance (S. Jackson, 1999, pers. comm., University of
Massachusetts). Thesecounts, coupled with coincident water chemistry (at least pH, alkalinity/acidity, color
and tannin-lignin), should over the long-term, predict biologically important changesin water chemistry.
If declines are suspected as a result of water chemistry changes, results should be confirmed with egg
mortality studies to help identify whether the cause is due to changes in embryonic mortality rates.
Additional research may be necessary to assess survival and recruitment in the adult population.

Budget
Year 1 $1,000
Year 2 $1,000
Year 3 $1,000
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Project Statement 3.5
Wetland Plant Species Monitoring

Problem Statement

Anthropogenic pressureson both freshwater and saltwater wetlandspotentially impact wetland plant species
occurring in, on or adjacent to wetland shores. Nutrient runoff from household septic systems and the
resulting accelerated growth of aquatic plants is a critical concern. Municipal ground water withdrawal
plans, the subsequent lowering of thewater tableand changesin nutrient availability could alter plant species
composition of some National Seashore wetlands allowing for increased encroachment of upland plants
(Cortell, 1983). In addition, recreational use (e.g., foot traffic, flora and fauna collecting, littering and
shellfishing) impact wetland plant communities. Whileinventoriesthat identify wetland plant specieswithin
the National Seashore have been completed (Cortell, 1983; LeBlond, 1990; Patterson, 1988), little
guantitative monitoring has been implemented to document changes in species communities from human
impacts. Without field monitoring that documents changesin wetland plant species communities, National
Seashore managers will lack quantitative data to support potential wetland protection measures.

Description of Recommended Proj ect

Project 1: Synthesize Existing Wetland Plant Inventory Data
Existing inventory and monitoring plots will be identified, located, and mapped on the National
Seashore’ s geographic information system.

Project 2: Define Monitoring Methodology
Existing wetland inventory and monitoring plots use different classification and sampling systems.
A resampling and monitoring schemewill be devel oped after reviewing inital dataand determining
applicability to future management needs. Wetland areas without established monitoring plotsand
in need of quantitative sampling of data will be identified in priority order. Standards for
classification and sampling wetland plant species and communities will be identified. The time
interval between monitoring efforts will be identified.

Budget
Project 1 Project 2
Year 1 $8,000 $8,000
Year 2 $5,000 $5,000
Year 3 $5,000
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Project Statement 3.6
Inventory Kettle Pond Benthic Invertebrates

Problem Statement

Baseline data on benthic invertebrate taxa are critically needed in order to understand the impacts of any
water quality changes associated with public use and adjacent residential development. A complete survey
of each pond for benthic invertebrates is also necessary for evaluation of the state’s active fish stocking
program. At present little information exists on kettle pond benthic invertebrates (Shortelle and Colburn,
1986).

Description of Recommended Project or Activity

Select ponds and habitats to represent the full range of water chemistries, depths, sediment types and
vegetational communities within which to characterize benthic macroinvertebrates. Develop functional
models of faunal/habitat relationships and verify models in newly sampled ponds and habitats. Produce
detailed protocols for characterizing benthic invertebrate abundance and diversity along with important
environmental attributes. The variety of habitats available for macroinvertebrates requires the use of
semiquantitative techniques such as sweep nets, dredges and hand-pi cking to devel op as compl ete a species
list as possible. Select groups may be quantitatively sampled with a dredge or multi-plate sampler.
However, pond changes are probably first observed by theloss of theleast frequently occurring species, the
same ones that will probably not be sampled by standard quantitative methods.

Budget

Year 1 $50,000
Year 2 $50,000
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Swamps, Bogs, Freshwater Mar shes, and Seasonally-flooded Wetlands
Project Statements 3.7 through 3.12

Problem Statement

The National Seashore has a wide variety of swamps, bogs, freshwater marshes and seasonally-flooded
wetlands. The Atlantic white cedar (Chamaecyparis thyoides) community (Table 3.1) is atree swamp that
establishes itself under very specific conditions that are rare in New England (Godfrey and Soukup, 1978;
Motzkin, 1990). Only afew standsremain on the Cape (Brownlow, 1979); one of whichisan 80-acreswamp
in Wellfleet on National Seashore property.

Cranberry bogs are relatively common in the interdunal swales of the Province Lands. For example, an
abandoned commercial cranberry bog is located in the upper reaches of the Pamet River valley. From the
1800s through the 1950s, it served as a cranberry farm for a Cape Cod family. Now it provides an
opportunity to educate the public about some of the early history of the Cape aswell asto demonstrate early
water management practices.

There are 55 documented seasonally-flooded wetlands within the National Seashore that vary in size from
small habitatsto larger systems(15to 60 feet; 5to 20 metersin diameter) that occupy several hectares. Since
1985, seasonally-flooded wetlandswithin the National Seashorehave been mapped; their vegetation hasbeen
described; and, the water chemistry has been surveyed. The predominance of coniferous and ericaceous
vegetation (Table .3.1) in combination with the low-alkality native outwash soils causes most seasonally-
flooded wetlands in the National Seashore to be acidic (median pH = 4.82).

The Province Lands ponds are young ponds formed in the last 1,000 years (Winkler, 1994) by the
development of dunes on barrier spits (Figure 3.1a-c). They are small, shallow depressions lessthan 3 feet
(1 meter) deep, that form between dunes and extend below the water table (Godfrey and Soukup, 1978).
These ponds are part of alarger wetlands complex that includes bogs, marshes, and floating peat islands
(Table 3.1). Some of the ponds are ephemeral and were designated as wetlands, not as open water, on old
maps (Winkler, 1994).

Project Statement 3.7
Update GISMap of Wetlands

Description of Recommended Project

The Province Lands interdunal wetlands represent different geological origins, with their development
following areverse sequence from wetland to bog to shallow pond. Paleoclimatic research (Winkler, 1994)
suggests that different periods of natural or cultural land use caused the development and change in the
interdunal ponds. Changesmay also have resulted from contaminant inputs from landfills and other sources
and from changes in ground water level. These dynamic systems should be accurately mapped from
orthogonally corrected aerial photography and incorporated into the National Seashore geographic
information system so that physical changesin extent may be temporally analyzed.

Budget $5,000
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Project Statement 3.8
Develop a Monitoring Program for Seasonally-flooded Dune Wetlands

Description of Recommended Proj ect

Theinterdunal wetlands, bogs and ponds represent an opportunity for the study and demonstration of some
“island biogeography” principles and improving the understanding of the interaction between biotic and
abiotic componentsin the reverse of the normal development from lake to wet meadow of these wetlands.
A plan for conducting an inventory and monitoring of seasonally-flooded wetlands, analogousto the plans
for estuarine resources and kettle ponds, should be devel oped so that the current composition of thefloraand
faunacan be documented and future trends can be detected. All data should beincorporated in the National
Seashore geographic information system database.

Budget Year 1 $5,000
Year 2 $5,000

Project Statement 3.9
Development of an Informational Display on the Interdunal Wetlands

Description of Recommended Proj ect

A park display should be developed, which explains the unusual characteristics of interdunal wetlands and
the synchrony of devel opment associated with thelarge-scale climatic change experienced onthe Cape. This
project will be developed through cooperation with the National Seashore's Interpretive Division.

Budget $5,000

Project Statement 3.10
Historic Cranberry Bog Restoration

Description of Recommended Proj ect

An abandoned cranberry bog with surviving related agricultural buildingsin the upper Pamet River valley
presents arich historical resourcefor the National Seashore. However, the hydrological regime of the area
has been altered by road construction. Restoring this bog as a working example of the cranberry industry
on the Cape will require restoration of the earlier hydrology, but thiswill aso re-expose heavy metals used
aspesticidesinthe past. The hydrology of the bog should be analyzed to determine the extent of hydrologic
restoration necessary and the degree of potential release of toxic metals. Plans should be developed for the
sequestration of these metals.

Budget Year 1 $20,000
Year 2 $15,000

Project Statement 3.11
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Development of an Informational Display on the
Role of Cranberry Bogs and their Use of Water

Description of Recommended Proj ect

Upon the completion of the restoration of the historic cranberry operation in the upper Pamet River valley,
aNational Seashoreinformational display should be devel oped, whichillustratesthe history of the cranberry
operation and its relation to the unique aguatic environment provided by the Cape.

Budget $10,000

Project Statement 3.12
Monitor Water Level Changesin Atlantic White
Cedar Swamps, Interdunal Ponds and Vernal Ponds

Description of Recommended Proj ect

Atlantic white cedar swamps are very rare in New England and depend on a unique set of hydrologic
conditions. Interdunal pondsand vernal pondsarelikely to besimilarly very sensitivetowater level changes.
A network of wells should be established where ground water level s are monitored and, in conjunction with
other ground water level analyses, impacts of short- and long-term ground water level change should be
evaluated. Thewell network installation, evaluation and optimization for alarger areaproposed by Weiskel
and Cambareri (1998) should be expanded or focused to include Atlantic white cedar swamps, interdunal
ponds, and verna ponds.

Budget $15,000
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The Human Environment
Project Statements 4.1 through 4.5

Project Statement 4.1
Develop a Water Resour ces | nfor mation Database

Problem Statement

The literature on the water resources of Cape Cod National Seashore is extensive: some in peer-reviewed
journals, somein“gray” literature (principally National Park Service publications), and somein file copies
of reports or data. Thetask of assembling the datafor new purposes can be formidable and heavily reliant
on the memory of long-term staff. The task of combining data from different National Seashore programs
and offices can be daunting such that the program manager would have great difficulty in developing a
holistic view of National Seashore water resources.

Description of Recommended Proj ect

Cape Cod National Seashore managers should devel op awater resources information database that permits
easy input, flexiblestructure, and easy output inavariety of forms. The database should be created with both
input and output in mind, guaranteeing itslong-term value and eliminating the possibility that it will fall into
disuse. The data collector should find the process of datainput simple; and, the data user should find the
manipulation of data into common formats more convenient and easier than attempting the same thing in
other ways. Output, even that which israrely requested, should be relatively simple to generate and should
includetabular, graphical and geographicinformation system (where applicable) viewing of thedata. Import
and export to commonly used software should be possible and simple. The ultimate goal is for the data
collector and user to prefer this system over other alternatives becauseit is easier and more comprehensive.

The first step is to identify the information to be included in the database. Examples of desirable data
resources include: pond water quality, water resources infrastructure, well monitoring, and landfill
monitoring. A committee of data collectors/users should identify the types and characteristics of the data
they commonly collect and use and identify future needs. The database designer should incorporate these
needs with a database management program consistent with National Seashore computer capability. The
final design should be extensively tested by theusers. Interns might be used to enter historical information.
OneNational Seashorestaff person should serveasquality control officer for the database, reviewing all data
entries with assistance from software that provides historical context for comparison.

Whileall datashould be availableto National Seashore staff, most data should also be available through the
Internet. Access to reports in a format which is easy to download (i.e., pdf format), would expand
availability to National Seashore research for the scientific community. Access to this web site might be
further enhanced by somereal time datacollection, e.g., tidetables, weather, number of visitors, an almanac
of natural history events, etc.

Budget $15,000 for design
$40,000 for initial data entry ($20,000/yr for 2 years)
$ 2,000 for testing
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Project Statement 4.2
Periodically Map and Assess Adjacent Land Use

Problem Statement

Residential and commercia devel opment isincreasing rapidly adjacent to Cape Cod Nationa Seashorewater
resources both within and outside park boundaries. Forest clearance, new subdivision roads, extended
pavement, additional on-site wastewater disposal, and increased use of pesticidesand fertilizersal threaten
water resources. |If these stressors and their likely implications to natural resources are not monitored and
evaluated, park management cannot effectively and proactively collaborate with local communities in
mitigating development impacts.

Description of Recommended Proj ect

To monitor and assess these rapid changes, the park needs regular mapping of land use and GI S analysis of
potential consequences. Land use mapping will quantify areas of lawns, impermeabl e surfaces, and point
and non-point sources of pollution in relation to down-gradient resources. The GIS analysis will include
hydrologic (ground water and surface water flow direction and velocities) and geologic (soils and surficial
geology) information to predict development effects on down-gradient wetlands, ponds and estuaries. For
example, existing particle tracking methods have been developed by U.S. Geological Survey, Water
Resources Division, and can beintegrated into the Cape Cod National Seashore GISto model the flow paths
of pollutantsfrom existing and potential land use changes. Instead of attempting to assess each devel opment
project individualy, the GIS approach will provide a much more systematic, comprehensive and
scientifically credible way to assess cumulative development impacts.

Budget

Year 1 $20,000 to upgrade the Cape Cod National Seashore GIS to include particle
tracking and other new methods.

Year 1 and every five years thereafter

$10,000 to map adjacent land use or incorporate data from cooperating agencies
(e.g., Cape Cod Commission)
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Project Statement 4.3
Develop a Technical Interagency Committee

Problem Statement

Cape Cod National Seashorewasestablishedin 1961 from publicand privateland, within six M assachusetts
towns, creating aunique park situation where over 30 percent of the land within its boundariesis under the
jurisdiction of state and municipal entities. Cape Cod National Seashore management is faced with
administering an integrated program of natural and historical preservation that must be consistent with
federal law and National Park Service policy, state laws and regulations, and local community bylaws. It
must also be sensitive to the desires and needs of the residents of the communities located within its
boundaries and the thousands of annual visitors. And it must be caretaker of afragile and rare ecosystem.

There is a good history of cooperation between the National Seashore, the public agencies and interest
groups, but it is not perfect; cooperation usually develops as a reaction to perceived problems and focuses
on conflict resolution rather than as a joint effort to anticipate and resolve problems before they become
conflicts. Some conflictsdo not get resolved and simply fester. Therecord of scientific inquiry concerning
the resources of the National Seashore is quite good but not alwaysintimately connected with the political
conflict resolution process because opinions are often formed and positions taken prior to the full
dissemination of good science.

Description of Recommended Proj ect

Creation of formalized links to interested groups and jurisdictional authorities for the purpose of planning
management strategies collaboratively and improving the regular flow of scientifically-based information
would provide a routine mechanism for dialogue. Development of a working relationship with the
multiplicity of agencies and interest groups will take time, care, and multiple steps.

The first step will be to invite agencies, municipalities, planning commissions, and interest groups to
participate in a standing committee; the teams created by the Massachusetts Watershed Initiative make an
excellent starting point. The committee should include representatives from the six towns; state agencies
such asCoastal Zone Management, Department of Environmental Protection, Department of Environmental
Management, Fisheries& Wildlife; regiona agenciessuch asthe Cape Cod Commission; and, local interest
groups such asthe Friends of the National Seashore and Massachusetts Audubon. Thefirst meeting of this
group should be professionally facilitated with the purpose of exposing present and anticipated issues and
to seek a common ground of understanding. One objective would be to agree on areas where memoranda
of understanding are needed and on the protocol for improving information transfer and communication.
Areas of possible complementary activity should also be identified. Finally, a subset of the committee
should be selected to focus on technical issues with additional advisors as needed. The full committee
should meet at least once ayear and publish asummary of itsconclusions. Thetechnical committee should
meet at least once more per year, preferably before the larger meeting so that technical issues might be
appropriately developed and based on recent research results.

Initial topics should include:
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. Zoning and health bylaws as water resources management tools

. Water quality issues relating to septic systems
. Landfills and their management
. Land use planning
. Fertilizer use and landscaping alternatives
. Cluster development as an alternative to individual lots
Budget
$2,000 for professional facilitator (first year only)
$1,000/year for meeting costs and publication of meeting summary
$1,000/year for outside technical advisors

174



Infor mation Exchange with the Public
Project Statements 4.4 through 4.6

Problem Statement

Cape Cod National Seashore established in 1961 from public and private land under different ownership,
coexists intimately with six longstanding towns and with interspersed “in-holdings’ of private, public and
leased land. From itsinception, residents have been incorporated in the land management process through
what is referred to as the “Cape Cod Formula.” Despite the farsightedness of the Cape Cod Formula,
conflicts still arise, many over water resources issues, and many of these are precedent setting for future
national park management. Full information exchange provides an opportunity to facilitate and explore
solutions to specific National Seashore problems and to more general park issues. Insufficient or poorly
timed communication often complicates attempts to develop acceptable compromises.

Project Statement 4.4
Publish a Newsletter

Description of Recommended Activity

Develop a newsletter to be published four times annually and distributed to residents, tourist havens, town
halls, citizen clubs, libraries, and newspapers. A National Seashore staff person, trained in journalism and
public relations should be the editor. An editorial board should be formed of National Seashore staff and
interested public, who will participatein editorial decisionsand thereview of articles. Whilethe newsletter
might contain some general information for the casual visitor, it should principally focus on topical matters.
These might include:

. Information on recent National Seashore research

. Information from the Pond Management Committees

. Model home updates

. Articles from residents living within the National Seashore boundaries and on the lower
Cape

. Articles from various organizations concerned with water resource issues relevant to the
lower Cape

. Other information to be included should be exciting natural history events such as whale

sightings, migratory bird arrivals, etc.

Budget Staff $5,000/year
Printing $3,000/year
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Project Statement 4.5
Develop an Interactive Web Page

Description of Recommended Proj ect

The Internet is quickly becoming an important resource for many people to gain information. Some of the
National Parks (e.g.,Y ellowstone, Crater Lake, Great Smokies, 1sle Royale) have devel oped Virtual Visitor
Centersthat can be accessed from the National Park Service home page. These web sites provide links to
information similar to that presented in a newsletter but at less cost. Information may be general, graphic
(maps and photographs), technical, and may include policy statements. The current Cape Cod National
Seashore web pageis afact sheet with one picture. A staff person or intern trained in journalism, but also
experienced with web page design, should work with an editorial board to develop both permanent pages
of information aswell asthose that need to be updated regularly. Linksto other key Cape Cod organizations
should be included (e.g., Cape Cod Commission, Massachusetts Audubon Society, etc.)

Budget $5,000

Project Statement 4.6
Createa Cape Cod I nstitute

Description of Recommended Pr oj ect

Investigate the possibility of starting a “Cape Cod Institute” patterned after the successful Y ellowstone
Institute. Thiswould be a non-profit field school operated in partnership with the National Park Service
featuring short courseson the Cape Cod ecosystem and taught by park serviceempl oyees, college professors,
and local experts. Many courses might be offered for college credit through a university continuing
education program. Courses are two to five days in length, and participants would gain knowledge about
the National Seashore’ s ecology. Lodging could be provided in National Seashore owned housing. There
might be a modest startup cost, but in the long-term, the institute should be self-supporting.

Budget Self-supporting
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I mpacts of Ground Water Withdrawals
Project Statements 5.1 and 5.2

Problem Statement

Ground water isthe principal source of fresh water for domestic, industrial, and agricultural useonthelower
Cape. In addition, the ground water resource supports freshwater ponds, wetlands, streams, and estuary
environments, all of which represent a specific and important habitat for rare plants, fauna, and fish
spawning. The ground water quantity and quality are threatened by avariety of impacts such as increased
water withdrawal, septic effluent, and contamination from landfills, |eaking underground storage tanks, and
urban runoff.

Significant growth in the number of summer and permanent residents over the last 30 years has increased
ground water useand placed stresseson theground water resources. Inresponseto increasing water demand,
several outer Cape communities have proposed placement of new public supply wellswithin or adjacent to
the National Seashore boundaries. Potential impacts of these proposed well locations are, at present, poorly
understood. In particular there is concern over the extent of long term declines in ground water and pond
levels and in the quantity of stream flow, as well as in the possibility of saltwater intrusion from the
surrounding ocean (Masterson and Barlow, 1994). The effects of increasing ground water withdrawals
depend on the location of wells, local hydrogeologic conditions, the amount and rate of withdrawals, and
whether or not the water is returned to the aquifer after use (Martin, 1993).

Several reports that focus on Cape Cod have documented that pollutants derived from septic effluent
negatively impact both ground and surface water resources|ocated within and outside the National Seashore
boundary (Persky, 1986; Sobczak and Cambareri, 1995; Valielaet a., 1992; Martin et al., 1992). Several
other reports (Valielaet al. 1992; D’ Avanzo and Kremer, 1994; Cantor and Knox, 1985) document the far
reaching ecological impacts derived from the discharge of contaminated ground water to surface waters.
Thesefindings are of great importance to the resource managers at Cape Cod National Seashore as many of
the ponds, estuaries, and marshes within the National Seashore’ sboundary are at risk of becoming polluted
by increased nutrient | oading derived from septic contaminated ground water discharge (Portnoy et al., 1998;
Martin et al., 1992).

Organic, inorganic, or biologic pollutants derived from landfills, leaking underground storage tanks, and
urban runoff pose a serious threat to the integrity of clean water drinking supplies as well as rivers and
estuaries. The intimate connection between ground water and surface water on the Cape compounds the
difficulty of managing these problems, as does the permeability and generally poor contaminant adsorption
characteristics of the sand and gravel aquifer.

Understanding the risk and developing cost-effective management plans for ground water protection will
depend on an improved understanding of ground water flow, recharge, and the impacts of withdrawal. The
ground water models currently used to evaluate threats to the lower Cape do not have sufficient resolution
to assess dternative strategies for increased water withdrawal and interrelationships between ground and
surface water resources. Specifically, higher resolution models should: 1) determinelocationsfor potential

new well fields; 2) determine the effect of the Knowle's Crossing well field on Pilgrim Lake; 3) determine
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the threat of ground water contamination on Duck and Bennett ponds; 4) evaluate landfill contamination
flowsandimpacts; 5) evaluate nitrateimpactson ground water quality; and, 6) contrast the use of many small
volume well fields against fewer large volume well fields.

Project Statement 5.1
Conduct Comprehensive Fine Resolution Ground Water Modeling

Description of Recommended Proj ect

This project reflects logical stages in the development of a more comprehensive view of the outer Cape
ground water systems critical to National Seashore management of its water resources. This three-part
project would: 1) provide comprehensive analysis of existing modeling efforts and sampling networks; 2)
implement refined datagathering that will improve knowledgeof thelithol ogy, hydrology, and water quality;
and, 3) development of an improved model describing the outer Cape ground water system and fine
resol ution sub-models of specific impact zones. The three parts lead to a system that can be represented in
ageographicinformation system and queried on theimpact of specific water use or contamination issuesthat
can be used to make management recommendations.

Part1: A number of ground water models have been developed for the lower Cape (Guswaand LeBlanc,
1981; Wilson and Schreiber, 1981; Cambareri et d., 1989a; Martin, 1993; Barlow, 19944, b;
Masterson and Barlow, 1994; Massachusetts Department of Environmental Management, 1994;
Sobczak and Cambareri, 1995). All of these models have used simplifying assumptions, two-
dimensional analysis, or relatively coarse resolution scales and appear inadequate to investigate
interconnections between aquifers, localized impacts, discharge to surface waters, and water
quality other than salt intrusion. Although they have been appropriate for the specific question
that was addressed, they do not provide sufficient integration to addressother questions. Aninitial
detailed analysis of the strengths and weaknesses of these models and the sampling network that
supports them will permit structuring of an improved model or set of models. Envisioned is a
nested system of model sbuilt from high resolution dataat sel ected local potential impact areasand
expanding with some loss of resolution for computational reasons to a model of the entire outer
Cape ground water system (Weiskel and Cambareri, 1998). The detailed analysis would also
permit assessment of those elements and data from prior studies that are still useful in the final
model and reveal areas where insufficient well data are available.

For example, previous reports of all landfill monitoring will be rigorously evaluated. The
placement of existing monitoring wellswill beexamined to ascertain if an adequate network exists
for future contaminant monitoring and fine-scale ground water monitoring. The depths of these
wellsmust be noted to determineif an adequate mechanism for monitoring at variouslevelsinthe
leachate plumes exists. Results of previous chemical analyseswill beinspected to seeif thelists
of analytesis appropriate for the suspected contamination from the |leachate.

Theresultsof thisanalysiswould providethe scope necessary for thefinal model devel opment and
identify areas where greater focus should exist. Areas of special focus will include freshwater
ponds, ground water dischargeto surface waters, landfill plumes, and water quality in addition to
sat intrusion.

Thefinal stageinthisfirst part will beto devel op the conceptual design of the complete final model
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such that individual parts can be accomplished as funds become available, yet all of these parts, or
sub-models, will beconsistent with theoverall model needs. Considerationwill begiventoallowing
themodel to be updated asmodel elementsareimproved. Dataneedswill be prioritized to maximize
results cost-effectively.

Part 2: Based on the recognized data collection needs from step one, additional wellswould be added and

additional parametersmeasured. New observationwellswill beinstalledinlocationsdeemed critical
for management and protection of key resources. It islikely that this part could be expensive, but
itisof valueto all agencies and communities with concern for outer Cape water issues. Partners
should be sought to share in this stage.

. Based on the conceptual framework developed in part one, the final phase will be the development

of al model elements, development of means to connect sub-models to the comprehensive model,

and quality testing. All elements of the model should be closely coupled to geographicinformation

system. After themodel isverified, anumber of specific questionswill be probed. These questions

will be developed from issues in the Water Resources Management Plan and through discussions

with the National Park Service. These will probably include:

e Documenting the detailed effects of increased levels of pumping from the Knowle's Crossing
wellfield on Salt Meadow and Pilgrim Lake.

e  Determining the relative merits of different positions for the proposed Long Nook well.

e Evaluating the balance between increased use of the Coles Neck well and an additional well
in the Chequesset lens.

e Assessing the merits of several smaller wellsvs. one large well to increase water supply.

e Assessing theimpact of existing and proposed housing development in proximity to National
Seashore surface waters.

e Determining the future impact of existing uncapped landfills on National Seashore water
resources.

Based on these and other modeling studies, recommendations for future management will be

assembled in areport suggesting the most effective management and mitigation strategies.

Budget
Year l Year 2 Year 3 Year 4 Year 5 Year 6 Year 7
Phase 1 $50,000  $50,000
Phase 2 $30,000* $30,000*
Phase 3 $100,000 $100,000 $100,000

* Assuming that other partners provide something more than $100,000 for well construction and water quality
analysis.
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Project Statement 5.2
Establish a Network of Water Table Monitoring Wells

Description of Recommended Proj ect

The surface fresh water and estuarine resources of the National Seashore are dependent upon alensof fresh
ground water floating atop the generally saline ground water under the Cape peninsula. A substantia local
withdrawal, e.g., amunicipal well field, resultsinalateral zone of depression of thewater table. Thiseffect
is greatest upgradient of the withdrawal site. Any wetlands within this affected zone will experience an
artificially lowered water table. Such a chronic lowering of surface waters in emergent wetlands can
produce major shiftsin floral dominance and/or can limit flooded habitat for dependent aguatic fauna.

Theresolution of various|and management concerns at the National Seashore is dependent on a clear and
detailed understanding of ground water relationships. These relations, including site-specific data on
direction of flow, high discharge locations, thickness of the fresh water lens and depth to seawater, are
crucial to maintaining the quality and quantity of National Seashore surface water resources. The effects
of adjacent human developments, e.g., wastewater and solid waste disposal, surface runoff and
nutrient-laden ground water discharge, will never be understood without this information. Given the
unconfined nature of the Cape Cod aquifer, a simple (albeit detailed) water table map is the single most
important piece of information for interpreting development impacts. Only coarse vertical resolution
ground water contour maps (5-ft contours, U.S. Geological Survey) presently exist, except for afew special
project sites of lessthan 1 km in diameter.

Beginning with existing bench marks and permanent piezometric measuring points (e.g., U.S. Geological
Survey observation wells), this project will develop ahigh density system of horizontally controlled water
table observation points using the National Park Service's geographic information system. This is
conceived as multi-phase process of gathering existing data, correlating extant measuring points and
establishing new ones as necessary to achieve the desired degree of spatial resolution. A stratified design
is likely with special attention to adjacent development impacts. Particular emphasis will be given to
regions near kettle ponds, wetlands and discharge areas into estuaries. Actual water height observations
should be synoptic and at least quarterly until the hydrology iswell described. Data generated from this
effort will have important and diverse applications for both land management and long-term research,
including global changeissues. Thiswill providethebasicinformationtointerpretinasite-specificfashion
the depth of fresh water and the likelihood for surface water impacts from proposed municipal pumping.
Second, the National Seashore, through cooperating or contracted hydrologists, will conduct specific
analyses and evaluations of the extent and degree of water table depression and salt water upconing
expected from specific withdrawal proposals.

Budget
Year 1 (installation of network) $80,000
Successive years (quarterly monitoring of water table height) $ 5,000
Approximately Year 5 (analysis of compiled data) $25,000

180



Non-Point Sour ce Pollution

Septic Systems

Project Statements 6.1 through 6.5

Problem Statement

On the outer Cape, many homes and businesses are unsewered and rely on private septic systemsfor waste
disposal. For amost two decades, various reports have documented increases in nitrate (NO,)
concentrationsin the ground water on the outer Cape and directly linked the elevated levelswith increases
in housing density and the number of actively used on-site septic systems (Frimpter and Gay, 1979; Persky,
1986; Noss, 1989; Goetz et a., 1991; Cambareri and Sobczak, 1995). The Massachusetts Department of
Environmental Protection has documented that private septic systems statewide in Massachusetts are the
largest contributor of pollutantsto inland and coastal surface water bodies in the state (Sit, 1995).

While Hatfield et al. (1994) conclude that land uses near ground water discharge areas have a minimum
impact on drinking water quality, several other reports (Valielaet al., 1992; D’ Avanzo and Kremer, 1994;
Cantor and Knox, 1985) document the far reaching ecological impacts derived from the discharge of
contaminated ground water to surface waters. These findings are of great importance to the resource
managers at Cape Cod National Seashore as many of the ponds, estuaries, and marsheswithin the National
Seashore's boundary are at risk of becoming polluted by increased nutrient loading derived from septic
system-contaminated ground water discharge (Portnoy, 1994; Portnoy et a., 1998; Martin et al., 1992).
Eutrophication, the increased production of plants and phytoplankton in surface waters, can result from
increased nutrient loading. Eutrophication not only decreases the natural ecological value of the resource,
but decreases its recreational value to humans aswell (Martin et al., 1992).

Inorganic pollutants are introduced to the ground water on the outer Cape predominantly through septic
system wastewater, landfill leachate, and urban runoff (Janik, 1987). The polluted ground water then
discharges into ponds and estuaries, in turn increasing the potential for eutrophication of surface waters.
The most common inorganic elements in the Cape Cod ground water, derived specifically from septic
effluent, are nitrogen (N) and phosphorus (P). Nitrate (NO,) which isthe form of nitrogen considered to
pose the greatest threat to human health, is regulated and monitored in public and private drinking water
supplies by the Massachusetts Department of Environmental Protection as outlined in the Massachusetts
Drinking Water Regulations (310 CMR 22.00, Drinking Water, 1988). However, nitrate can adversely
affect surface water quality at concentrations much lower than drinking water standards.

The addition of phosphorus to pond surface waters via contaminated ground water dischargeisaprimary
management concern ecologically, although it presents no major human health concern. Extrawatershed
phosphorusthat isintroduced to fresh water ponds by humans via septic system runoff hasthe potential to
increase algal production and reduce the native clarity of the pond waters (Martin et al., 1992). Martin et
a. (1992) statethat shoreline septic systemslocated at several residences, owned by both the National Park
Service and private homeowners, are thought to be the primary source of additional phosphorus to the
ponds.

Title5 (Massachusettslaw 310 CMR 15, Requirementsfor the Disposal of Sanitary Sewage) regulatesthe
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siting, design and construction of on-site below ground septic systems in Massachusetts. Title 5 also
requires that when any property is sold, expanded, or altered in its use that an inspection of the existing
septic system be performed. Theregulation al so requiresthat a soil absorption system maintainsa400-foot
distance from surface drinking water supplies, 100-foot separation from wells, and a50-foot distance from
rivers, lakes, ponds, and wetlands. Additionally, a4-foot unsaturated zone of soil (5 feet in sandy soils)
above the high ground water level is required. This distance is necessary to remove most pathogenic
biologica pollutants before they reach the ground water (Janik, 1987; Weiskell et al., 1996).

Nutrient loading, particularly nitrogen contamination, is the principal cause for concern regarding septic
waste waters on the outer Cape (Valiela et a., 1997). All conventional septic systems, even when
operating properly under ideal design conditions, will leach nitrogen to the ground water (Veneman,
unpublished). A minimum lot size of 40,000 square feet is needed to effectively dilute the nitrogen
contribution of a single-family septic system to concentrations below the Barnstable County planning
guideline of 5 mg/L (Veneman, unpublished). In areas where this minimum lot size is unfeasible,
aternative septic technologies, such as recirculating sand filters, peat filters, and the RUCK system have
shown potential for increased nitrogen removal. Title5 alowsfor the use of alternative systemsin nitrate
sensitive areas (Veneman, 1996).

The seasonal nature of population densities on the lower Cape provides an additional complication to the
problem of nutrient loading from septic systems. Postmaet a. (1992) reported that after a septic system
operates for 8 to 15 months, the continuous supply of wastewater to a conventional system produces a
biological clogging mat that slows the rate at which effluent travels into the soil, promotes an even
distribution of effluent throughout the treatment field, and enhances the septic system’s ability to filter
pollutants. The seasonal use of a septic system prevents the formation of a clogging mat and reduces the
system’s ability to remove pollutants efficiently. In the absence of a clogging mat, septic effluent is
unevenly distributed and travels through sandy porous soils in a concentrated, localized path with little
treatment before reaching the ground water (Postma et al., 1992). In situations where the clogging mat
doesn’t properly devel op, apressure dosing ty pe septic systemisrecommended (V eneman, 1996). Pressure
dosing systems store effluent in a pumping chamber from which it is pumped at either preset time or
volume interval s through a small diameter, perforated PV C pipe. This ensures even effluent distribution
throughout the leaching facility, low loading rates, slow unsaturated flow, and enhanced treatment
(Veneman, 1996).

Many of the ponds within the National Seashore boundaries have private homes or in-holdings on their
shorelinesthat are accompanied by septic systems. Of the 20 kettle pondslocated within National Seashore
property, only three do not have shoreline residences. The highly permeable nature of the sand and gravel
groundwater aquiferson the Cape combined with septic system runoff of nutrients, particularly phosphorus,
has the potential to cause eutrophication of the ponds. Part year residences are now becoming year-round
residences, exacerbating the nutrient deposition with increased waste disposal (Martin et a., 1992). The
very low natural background levels of phosphorus in surrounding soils results in very limited primary
production and a high water clarity in the ponds. The addition of human waste from septic systems is
assumed to be the primary source of phosphorus and likewise, increased primary production of plants and
phytoplankton and cultural eutrophication (Godfrey and Soukup, 1978; Martin et a., 1992).

Generally, transport of phosphorus to surface waters is hot a major concern since most phosphorus is

believed to be retained in the unsaturated soil (Cantor and Knox, 1985; U.S. Environmental Protection
Agency, 1990). However, sandy soils, like the soilsfound on Cape Cod, do not bind phosphorusvery well.
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When coarse sandy soils are the only media separating the septic system from the ground water and the
septic system is located adjacent to a surface water body, the phosphorus from the septic system moves
directly into the ground water, and in turn discharges into surface water resources such asground water fed
kettle ponds. Ground water phosphorus concentrations are generally higher under septic systemsin sandy
soils than in non-sandy soils (Cantor and Knox, 1985). Removal of the phosphorus from the wastewater
before it leaves the septic tank is a necessary management measure in this situation (Brandes, 1977).
According tothe U.S. Environmental Protection Agency, when septic systems arelocated on lakesidelots
near a water body or in sandy or gravelly soils, on site septic systems should not be used (U.S.
Environmental Protection Agency, 1993).

Project Statement 6.1
Review Alternative M ethods of Wastewater Disposal

Description of Recommended Project

Conduct aliterature review of alternative methods of wastewater disposal including:

e dternative technologies for private septic systems;

e cluster or package treatment plants for selected areas; and,

e increased on-line sewerage.
The review should include available information on cost, maintenance requirements, effectiveness,
conditions for use (seasonal vs. year round), and user reaction. The alternative use information should be
matched against facility requirementsin the National Seashore to develop alternative technology options
for the National Seashore.

Budget $10,000

Project Statement 6.2
Develop Case Studies of Improved or Alternative Systems

Description of Recommended Project

Develop one or two model case studies to evaluate and demonstrate appropriate systems for wastewater
disposal within Cape Cod National Seashore. Ideally, one of these would be seasonally occupied, the other
year-round, and bothin close proximity to akettle pond. Informationwould be collected oninstallation cost,
maintenance requirements, efficacy of treatment, and user reaction. To test treatment efficacy, severa
shallow wells with a 1 to 5-foot screened interval would be installed between the system and the pond.
Severa ground water samples would be taken to determine background chemistry prior to installation of
the new system. After installation, measurements would be taken monthly for one year to determine
changesin nutrient transport.

Budget $25,000 including installation costs
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Project Statement 6.3
Determine Nutrient Inputs from Shoreline Septic Systems

Description of Recommended Proj ect

Establish shallow wells with 1 to 5- foot screened intervals near the shore line between existing septic
systems on National Seashore owned properties and kettle ponds to determine the seasonal rate of
phosphorusand nitrateinput for systemsoperating under different conditions, e.g., seasonal vs. year round,
family vs. dormitory style, etc. Sufficient sites should be selected to permit analysis of variance for each
“treatment.” The number of wellsinstalled should be sufficient to determine the direction and gradient of
ground water flow.

Budget $30,000

Project Statement 6.4
Deter mine the Rate of Nutrient Attenuation with Distance

Description of Recommended Proj ect

Determine the rate of nitrate and phosphorus attenuation relative to the distance of the septic system from
a pond shoreline and the level of the water table by creating a transect of shallow wells with 1 to 5-foot
screened intervals. Replicate residences should be selected for both year-round and seasonal with systems
sufficiently far from the pond to permit evaluation. Sampling should be conducted monthly for 1 year to
evaluate seasonal effects.

Budget $15,000

Project Statement 6.5
Prioritize the Future of In-holdings Reverting to the National Seashore

Description of Recommended Proj ect

When the National Seashore was established, there were 68 homes within its boundaries whose owners
entered into contracts to turn over ownership of their home to the National Park Service. The contract
alowed the previous owner to remain in the homefor aspecified number of years. Thefate of these homes
is particularly important now as 45 of the use and occupancy permits have run out (between 1998 and
1999), and these homes have reverted to federal ownership. Many of the dwellings are located on pond
shorelines or close to other surface waters which could be receiving negative impacts from their use. The
planners at the National Seashore are currently putting together criteriafor management based on financial
constrai nts and demographic needswithin thepark. Water quality isnot part of these criteriabut proximity
to water resourcesis being strongly considered. Specifically, the risk to water quality should beincluded
in the management criteria. Risk might be defined as the type, age and distance of the septic system from
apond and planned use of the structure as it relates to waste output. Plansfor year round or seasonal use
of the home should also be considered since seasonal wastewater systems may not function as effectively
asyear round systems. The nature and location of many older septic systems may be inadequately known
and may require some on-site inspection.

Budget $5,000
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Kettle Pond Eutrophication M anagement
Project Statements 6.6 through 6.13

Problem Statement

Withinthe boundary of the National Seashore, 20 permanent ponds provide excellent examplesof thekettle
pond habitat typeinthe North Atlantic region. Theearliest water quality monitoring of the pondswas done
in the early 1950s; the National Park Service began monitoring in 1975 (Soukup, 1977) and regular
monitoring has been conducted since (Roman and Manski, 1993). In 1992, apanel of expertswas convened
to develop a comprehensive protocol for monitoring the kettle ponds. The panel also identified three key
issues with strong potential for altering or degrading the ponds:

1. phosphorus loading from development and recreational activities adjacent to the ponds;

2. acidrain effects on pH, alkalinity and sulfur and phosphorus cycling; and,

3. liming pondsto increase pH for enhanced recreational fishing.
Since that time, there has been no liming of public lakes conducted in Massachusetts, but the other two
issues, both non-point pollution problems, continue to be of even greater concern.

The kettle ponds of the National Seashore have a 20-year record of baseline monitoring. The protocol for
pond monitoring hasbeen peer reviewed (Martinet al ., 1993), and detailed plansfor additional development
havebeen prepared (National Park Service, 1993). Lessisknown about cause and effect relationships. The
record has shown that the 20 ponds are quite different, even though they lie within a5 km diameter and,
in principle, have the same ground water and atmospheric sources, the same geology and similar terrestrial
components of their watersheds. However, some are more acidic, othersare much more productive. The
productive ponds may have 100 timesthe algal production of theleast productive (Martin et a., 1993). In
one case, Gull Pond, a major cause of increased productivity may be nutrient contributions by gulls (as
much as 42 percent) with the major input of nutrients estimated to be septic system leachate (Portnoy,
1990d), but it isnot the most productive pond. Other ponds apparently do not have asimilar gull problem.

The 20-year record has aso shown that some of the ponds are experiencing symptoms of increasing
eutrophication. Both Gull and Duck ponds have experienced reduced transparency since 1975; Williams
Pond is much more productive than any other pondinthevicinity. Tothe contrary, Ryder Pond has shown
a2-pH unit declinesincethe mid-1980s. The causesof these changesare not well known. Key components
necessary for understanding the functioning of these ecosystemsand their interrel ationship through ground
water hydrology are recognized but have not been studied.
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Project Statement 6.6
Develop Nutrient Budgetsfor the Kettle Ponds

Description of Recommended Proj ect

Understanding the causes of eutrophication involves understanding the dynamics of nutrient supply, lake
response, and lake loss of nutrients. Partitioning the sources, particularly during critical periods of
biological activity, will enable managers to make good decisions about how to most effectively and cost-
efficiently maintain or restore desired water quality. Nutrient budgets were the mainstay of the
Massachusetts Clean Lakes program (M assachusetts Department of Environmental Quality Engineering,
1989). No nutrient budgets have been developed for National Seashore kettle ponds.

Nutrient budgets are traditionally developed in two ways, which are complimentary and equally effective.
Thefirst method uses*”land usefactors’ which rel ate percentages of land use coupled with published factors
that suggest the amount of nutrient reaching alake. These factors are derived from systems with minimal
ground water input and most input from streamflow and surface runoff. The second method measures
nutrient inputs and outputs from the lake. Again, most of these studies have been done on systems which
primarily have stream inputs and outputs. These conditionsdo not apply to National Seashore kettle ponds
since ground water is the primary source for inputs and outputs. However, major elements have been
studied and may be used to reduce the cost of further study by combining known factors with direct
measurements.

National Seashore kettle ponds, consequently, present a special problem for developing nutrient budgets.
Since the inputs and outputs may be primarily ground water with potentially significant inputs from the
atmosphere (including temporary avian visitors), the task of developing a nutrient budget requires close
coupling of hydrogeological and limnological techniques.

Thefirst step in this processisto develop priorities for the pondsto be studied. These priorities should be
based on the existing knowledge of the ponds' current state and recent changes; the value of the pond for
recreational use and for uniqueness in the National Seashore chain of ponds; and, the existence of cultural
pressures that suggest the likelihood for future change. These priorities have been established for the 20
National Seashore ponds (Martin et al., 1993). Based on this, nutrient budgets should be developed for all
20 kettle ponds. The research approach should change as information is developed. At first, direct
measurement of inputs and outputswill be needed because of the ground water nature of the pond systems.
As this database develops, correlational models between land use and hydrogeological characteristics
should be devel oped with the hopethat later nutrient budgets can berelated to the hydrogeol ogical and land
use characteristics rather than require the more expensive direct measurement technique. These so-called
“empirical nutrient loadingmodels” of eutrophication have been well devel oped for surfacewater input and
output systems but have not been sufficiently developed for ground water dominated systems. These
model sthat rel ateland use practi ceswith nutrient |oads permit managersto partition nutrient loading among
sources, evaluate the most cost-effective strategies, and estimate the outcome of implementation.

Direct measurement of ground water inputs will require a shoreline ring of multilevel piezometers to
intercept ground water from the watershed. Since this same well network can be used for studies of the
septic system impacts, this types of research should be coupled with nutrient budget measurements. The
National Atmospheric Deposition Program site may be used for additional nutrient measurements. Work
done by Portnoy on avian contributions (Portnoy, 1990d) along with waterfowl counts may be used to
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estimate transient contributions. Based on Martin et al. (1992) Duck, Gull, Spectacle, Great (Truro) and
Ryder pondsprovidethewidest array of morphol ogy, anthropogenic use, and surfacehydrology. Gull Pond
has an existing network of multilevel piezometers. Inlets or outlets will be sampled with grab sample
methods at monthly intervals and after significant precipitation events. In-lake monitoring will follow the
protocols described in Martin et al. (1992).

Budget
Year 1 Development of monitoring for nutrient budgets first two ponds $20,000
Year 2 Development of monitoring for nutrient budgets next two ponds $20,000
Year 3 Initia effort to develop land use factor models and monitoring of

two more lakes $25,000
Year 4 Development of monitoring for third two ponds to be used for

verifying model $20,000

At two or more ponds per year, all ponds should have nutrient budgets developed.

Project Statement 6.7
Review and Evaluate Existing Water Quality Monitoring Data

Description of Recommended Project

Since the earliest days of the National Seashore, water quality has been monitored (e.g., Soukup, 1977).
In recent years, the water quality monitoring program has expanded as aresult of the advice of atechnical
committee( National Park Service, 1995). Thecommittee' seffortswerefocused on devel oping appropriate
field and lab operating principles for the future. Despite the extensive research effort, there has not been
an effort to assemble existing water quality data, particularly routine monitoring data, into a consistent,
quality-defined synthesis describing past and present conditions, trends, and projections for the future.
During thedevel opment of the Water Resources Management Plan, it becameclear that water quality issues
have been thefocus of considerable high quality research. This makes an effort to synthesize past research
especialy rewarding. Part of the synthesis should include recommendations for future study. Following
a synthesis of existing data, it would be appropriate to revisit the protocols developed in 1995 (National
Park Service, 1995).

Budget Year 1 $40,000
Year 2 $ 5,000
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Project Statement 6.8
Complete Specific Kettle Pond M anagement Plans and
Develop a Comprehensive K ettle Pond M anagement Plan

Description of Recommended Proj ect

Each of the 20 kettle ponds within the National Seashore has different physical and ecological
characteristics, public recreation uses, and land ownership patterns. In order to meet the specific needs of
these diverseresources, efforts are underway to develop management plansfor each of these ponds. These
plans will establish the purpose and needs, program direction, responsibilities and scheduled activities to
be carried out to accomplish stated recreation and conservation objectives. Management plans for three
kettle ponds within National Park Service jurisdiction (Snow, Round West and Spectacle) have been
completed. Devel opment of plansfor two other pondswith multiple ownership (Duck and Gull) wasstarted
but not completed by a committee composed of National Seashore officials, pond residents, and town
officials. Thereis particular interest from landowners and the Friends of the Cape Cod National Seashore
group to complete the plan for Duck Pond. These plans should be completed with the assistance of an ad
hoc public advisory group with park staff taking the lead and coordination role.

Devel opment should al so begin on acomprehensive management plan that consolidates common el ements
in the specific kettle pond plans and providesflexihility for unique differences. Thiseffort should include
input from atechnical interagency committee and representatives from the individual pond committees,
with the lead and coordination role taken by park staff.

Development of individual pond plans can probably be done at the rate of three per year with the
comprehensive plan devel opment starting when half of the ponds have completed plans.

Budget Year 1 $10,000
Year 2 $10,000
Year 3 $15,000
Year 4 $15,000

Project Statement 6.9
Develop a Nutrient Loading Risk Assessment for Changesin
National Seashore Practicesor Aquifer Water Quality

Description of Recommended Proj ect

Upon the completion of nutrient budgetsfor each kettle pond, theimpact of individual septic systems, their
location, type and use should be determined. An estimation of agquifer water quality resulting from ground
water pollution by area-wide sourcesand asensitivity analysi sshould be conducted to determine theimpact
of potential changesin National Seashore practices or changesin aquifer water quality or depth to ground
water. For nutrients, thisanalysiswould use existing empirical models of trophic state change (e.g., Dillon
and Rigler, 1974). For other pollutants, analysiswould be based on established risk assessment procedures.
Based on the results of the risk assessment, National Seashore and regional policy regarding kettle pond
source water pollution should be revised.

Budget $25,000
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Project Statement 6.10
Investigate the Cause of pH Changesin Ryder Pond

Description of Recommended Proj ect

Ryder Pond, a8.3-ha, 11-m-deep kettle pond located in the Wellfleet outwash plain, has shown adramatic
declinein pH since 1986 (Godfrey et al., 1996). Annual maxima and minima have declined from pH 6.1
and 5.5tothe present pH 4.6 and 4.2, respectively, making Ryder the most acidic kettle pondin the National
Seashore. The cause of thislarge decreasein pH isunknown. lonic analyses of surface samplesfrom 1985
through 1995 show no major shifts in dominant anions and cations, except for an apparent increase in
sulfate since 1988. Although sulfate is the dominant anion in local precipitation (Truro NADP site),
preci pitation inputs seem insufficient to effect so rapid a change in pond chemistry. There are no reports
of chemical contamination over the period of pH decline. Besides, the observed increase in sulfate would
have required the addition of about 700 gallons of concentrated sulfuric acid, e.g., from septic system
cleaners, an unlikely scenario.

Cumulativeincreasesin sulfate concentration in pond water were cal culated by assuming the conservative
retention of sulfate from precipitation (Portnoy, unpublished data). Sulfate deposition was measured at the
Truro NADPsite. Loadingsover the pond surfacewere converted to concentrations by dividing by thetotal
volume of Ryder Pond. Successive annual |oadings were added to the initial concentration (7.18 mg/L)
measured by the Acid Rain Monitoring (ARM) project in 1986. All other actual pond water sulfate
concentrations are from ARM (and post-ARM) samples collected during spring mixing.

Even treating sulfate as a conservative substance, i.e. discounting dissimulatory sulfate reduction and
microbial assimilation, sulfate deposition is still much too small to account for the sulfate doubling, and
consequent pH decrease, between 1986 and 1993. By normalizing sulfate concentrationsto chloride, it was
found that most of the increase on pond water sulfate could not be attributed to salt spray.

The source of non-seasalt sulfate to Ryder Pond remains unknown. A reserve of reduced sulphur in pond
shoreline sediments (marine or freshwater wetland peat), which undergo alternate periods of aeration and
waterlogging, could bethe source. (Sulfate reductioninwaterlogged, anoxic sedimentsrel easesalkalinity;
aeration of the sediment oxidizes sulphur and releases acidity.) Although pH does not clearly vary with
pond elevation, total annual precipitation does appear to vary directly with pH, and indirectly with sulfate.
M.G. Winkler (1996) hasfound asignificant relationship between pH and preci pitation when thel atter was
lagged by two years, and attributed recent pH declineto drought. Thus acidity generation seemsrelated to
low precipitation, but not necessarily to low lakelevels. Perhapsawetter year causes higher soil/sediment
moisture conditions above the water table, promoting low redox, while drier years promote better aerated
soilsin the unsaturated zone, in turn promoting the oxidation of sulfur.

Thereisabasic problem with the notion that the acidification of Ryder Pond by sulfateis drought-induced:
Why do other similar land-locked kettle ponds show no change over the same period of low precipitation?
One possible explanation isthat sulfur cycling is different and/or sulfur reserves are much greater in Ryder
Pond's watershed.

To begin to understand the unusual situation in Ryder Pond, sediment cores should be collected, and total

sulfur analyzed from wetland sediments surrounding the pond and compared with sediments from other
National Seashore landlocked ponds. Thiswill test the hypothesisthat Ryder's watershed contains greater
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reservesof sulphur, which, depending on climate and water budget, hasacorrespondingly greater influence
on acid-base chemistry.

Toidentify the principal source(s) of sulfur in the watershed, conduct stable Sisotope analysis. Sulfurin
atmospheric and marine sulfate have very different isotopic signatures. Stableisotopeanalysisshould help
identify whether the sulphur, which cycles from sedimentary reservesto the water column during drought
and is from the atmosphere or from pyritic marine sediments.

Budget

Year 1 $30,000
Year 2 $20,000
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Project Statement 6.11
Survey the Kettle Pondsfor Invasive Species,
Develop an Information Program, and Prepare a Response Plan

Description of Recommended Proj ect

Throughout Massachusetts, severelake and pond problems are resulting from theintroduction of invasive,
introduced species of aguatic macrophytes. Within a few years, an accidental introduction can spread
throughout the entirelake, ruiningit for itsprior uses. Mattson et al. (1997) list thefollowing speciesfound
in Massachusetts that cause serious lake problems.

Submersed plants

Floating plants

Emergent plants

milfoil

parrot feather*
pondweed

bushy pondweed
Brazilian elodea
fanwort

water clover
hydrilla*
frogbit*

aligator weed*
watercress
European starwort

American lotus
lotus

water chestnut
floating heart
water hyacinth

reed grass

purple loosestrife
flowering rush*
yellow iris

Myriophyllum spicatum
Myriophyllum aquaticum
Potamogeton crispus
Najas minor

Egeria densa

Cabomba caroliniana
Marsilea quadrifolia
Hydrilla verticillata
Hydrocharis morsus-ranae
Alternanthera philoxeroides
Nasturtium officinale
Callitriche stagnalis

Nelumbo lutea
Nelumbo nucifera
Trapa natans
Nymphoides peltatum
Eichornia crassipes

Phragmites australis
Lythrum salicaria
Butomus umbellatus
Iris pseudacorus

*in nearby states but not officially known in Massachusetts

Whilemany of these speciesprefer nutrient rich, relatively hard water, and higher pH thanwhat istypically
found at National Seashore kettle ponds; others are broadly tolerant.
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To avoid accidental introductions, pond users need to diligently check that no weeds are attached to their
boatsor other itemsthat will be put into the pond. A small snippet isusually enough to begin aninfestation.
Inthe case of purpleloosestrife, it isoften sold asadecorative garden plant. All nurseriesintheareashould
be warned of the danger posed by purple loosestrife.

Each pond should be qualitatively surveyed each year for any initial colonization by these species.
Eradication isfar easier initially than in later years when whole pond chemical treatment may be the only
aternative; periodic retreatment may also be necessary. There are few less drastic treatments that are
effective after afoothold has been gained. National Seashore staff should prepare an emergency response
if aninvasion is discovered. Since use of chemicals and consequent effects on both native and invasive
species is inconsistent with National Seashore policy, short-term response should be carefully weighed
against the long-term consequences.

Budget Included in annual kettle pond monitoring program.

Project Statement 6.12
Evaluate Feasibility of Remote Multi-parameter Data L ogging

Description of Recommended Proj ect

Routine monitoring of the National Seashore kettle ponds began in the mid-1980s and two major studies,
in 1956-1957 and 1975-1976, were conducted prior. Frequency and parameters measured changed from
year to year; critical measurements of nutrients and algal biomass have been included sporadically. Until
1993, there was not a standard sampling protocol followed by these studies.

Remote sensing of aquatic environments hasbecomeareality for many key water quality parameters. Data
loggers attached to multi-parameter probes can lessen the need for staff to monitor frequently for several
easily measured parameters. Coupling multi-probe devices with cellular phone uplinks can provide real-
time information. Such information could be used in two ways. The first would be to alert the water
resources manager to unusual eventsin the ecosystem. A good example for the National Seashore would
be impending anoxiain the upper Herring River. Another would be continuous monitoring of shoreline
wells to record relatively short-term changes in water table height and chemistry. The second use would
beto increase public awareness of pond conditions. An examplewould be pond temperature and turbidity
at the surface and at several depths in stratified lakes; both would be useful to fishermen and swimmers.
Combining these with displays of other information about the ponds might improve the public’ sawareness
of pond issues.

The project would review available multi-parameter probesand logging or real-time systems; prioritizethe
dataneedsand information dissemination possibilities; and, implement an eval uation of cost-effectiveness.

Budget $10,000
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Project Statement 6.13
Evaluate the Role of Aquatic Macrophytesin
Permanently Sequestering Nutrients

Description of Recommended Proj ect

New research suggests that the aquatic macrophytes, which occupy the shorelines and shallow waters of
National Seashore kettle ponds, may be performing an important function in maintaining water clarity.
These plantsgrow in strategic positionsfor theinterception of pollutants carried by ground water asit flows
from the underground aquifer into pond surface waters. If these early research findings are correct, the
common practice of removing "weeds' from beaches may be counter-productive for water quality
preservation and for the long-term enjoyment of clear-water swimming and fishing.

The growth of algae, as well as aquatic plants, in Cape kettle ponds largely depends on the supply of
phosphorus which is scarce in native Cape Cod soils. Therefore, the addition of phosphorus to most
freshwater systems resultsin increased plant growth, algal blooms, or both. Where phosphorusis scarce,
plants and algae compete for the nutrient. In deep ponds like the National Seashore kettle ponds where
rooted plants are limited to the shorelines, excess phosphorus mostly benefits planktonic algae, which can
cloud the water, die and sink to the bottom where the dead organic matter consumes dissolved oxygen and
killsfish.

Aquatic plants may reduce eutrophication by producing conditionsin the sedimentsthat lead to permanent
sequestration of phosphorus. Not only do they compete with algae for phosphorusin the water column, but
they also intercept phosphorus before it leaks from the ground water system into the pond. Plants do this
by bringing oxygeninto their root zones. The oxygen changesthe chemistry of the sediment. Specifically,
in the presence of oxygen, soluble ferrousiron is oxidized to form nonsoluble ferric oxyhydroxide which
adsorbs phosphate.  The phosphorusisthereby removed from the water before the water reaches the open
pond water environment. Inthesameway, phosphoruswhich|eaksfrom decomposing organic matter along
the pond's shorelines may be "captured” in the plant's aerated root zones and kept out of the pond water.

Preliminary analysisof sedimentsin vegetated versus non-vegetated areasindicatesthat phosphorusismore
abundant in the sediments of vegetated areas (Portnoy, unpublished date, 1997). Many questions remain.
Do the macrophytes scavenge the phosphorus from the water column and sequester it in the aerobic zone?
Do they provide the chemically appropriate environment that converts potential ground water inputsto a
nonsoluble form before it can become part of the plant or algal biomass? |s the phosphorus permanently
sequestered or temporarily sequestered for later release?

Evaluation of the process of phosphorus sequestration by macrophytes will require analysis of the
phosphorus partitions and redox potential in the sediments of vegetated and non-vegetated areas. Samples
should be collected at various seasons to determine if the effect is permanent or temporary.

Budget $15,000
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Heavy Metal | mpacts
Project Statements 6.14 through 6.17

Problem Statement

Atmospheric deposition is implicated as a major source of mercury in the kettle ponds of the National
Seashore (Haines, 1996). Y ellow perch, afavorite with fishermen, is known to accumulate mercury inits
tissues. At the National Seashore'sthreemost acidic ponds[Duck (Wellfleet), Dyer and Great (Wellfleet)],
the perch over time have exhibited necrotic lesions on their heads and gill covers, a syndrome known as
"hole in the head" disease (Winkler, 1994). The U.S. Geological Survey Biological Resources Divisionis
currently engaged in a monitoring program that evaluates mercury contamination in five kettle ponds on
the National Seashoreaswell asat AcadiaNational Park. A recent progressreport showsthat yellow perch
in all five of the study ponds have mercury accumulations. This monitoring program is not yet compl ete,
however, preliminary findings suggest that atmospheric deposition is athreat to the National Seashore's
surface waters.

A similar study in Massachusetts (M assachusetts Department of Environmental Protection, 1997b) found
bi caccumulations of mercury inlargemouth bassand yellow perch but lesssoin brown bullhead. Thestudy
did not include any lakes on Cape Cod. However, there was a strong correlation between conditions
indicative of acid deposition impacts, such aslow pH and calcium and higher mercury concentrationsin
predaceousfish tissue. Low pH and calcium are typical chemical characteristics of nearly all Cape ponds
(Table 6.7).

Lakes, ponds and rivers with high acidity easily transform inorganic mercury from atmospheric pollution
to more toxic organic forms of mercury. Additionally, bioaccumulation of mercury in the food chain is
increased with high levels of acidity. Since many of the incinerators in Massachusetts are not properly
equipped to filter mercury from air emissions, mercury is a prevalent air pollution problem in the state.
Incinerators, which burn over 11,000 tons of trash every day, emit 19 tons of mercury per year in
M assachusetts.

Project Statement 6.14
Monitor Mercury Deposition at Cape Cod NADP Site

Description of Recommended Project

A Nationa Atmospheric Deposition (NADP) siteislocated in Truro. The equipment at this site monitors
precipitation, and samples are collected weekly. A variety of cations and anions are analyzed routinely
fromthese samples. Anadditional collector, dedicated to monitoring mercury deposition, should beerected
at the site. This collector would be emptied weekly, and the samples would be analyzed at a certified
environmental laboratory for total mercury. The collection process would be carried out for one year to
assess seasonal and meteorologically controlled changesin mercury deposition rates. Cumulative datacan
be used to calculate atmospheric mercury loading rates on the ponds of the National Seashore. At the
conclusion of ayear, the datawould be evaluated to determine if sampling should continue indefinitely.

Budget Year 1 $20,000
Year 2 $15,000 potentially recurring
Project Statement 6.15
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Evaluate Mercury Levelsin Sediments of Freshwater Ponds

Description of Recommended Proj ect

Samples of surface sediments will be collected from all 20 freshwater ponds in Cape Cod National
Seashore. Three samples will be collected from different locations and depths in each pond to assess
distribution. General sediment characteristics (grain size, organic content and bulk mineralogy) will be
analyzed for each sediment sample, and mercury, other toxic metal s, sulfate, and sulfide concentrationswil|
be determined by a certified environmental laboratory. Patterns in the distribution will be documented on
maps and contoured where appropriate. Once surficial distribution is determined, two ponds will be
selected for sediment coring using a Livingstone corer or similar apparatus. These coreswill be analyzed
for vertical changes in sediment characteristics and toxic metal content to evaluate historical changesin
mercury and other metal accumulation in the ponds. Chronology of the cores will be established by a
suitable dating technique, such as *°Pb.

Budget Year1 $25,000
Year 2 $30,000
Year 3 $25,000

Project Statement 6.16
Conduct Top Predator Fish Tissue Monitoringin
Fresh and Estuarine Environments

Description of Recommended Proj ect

Expand the program currently being conducted by the U.S.Geological Survey, Biological Resources
Divisiontoincludetheremaining freshwater ponds and estuaries and to monitor for additional toxic metals.
As part of this expansion, all 20 ponds would have completed fish surveys, since most have not been
surveyed for more than adecade but a subset are currently being surveyed (Mather, 1998). Resultswould
be compared with historical datawhen available and of appropriate quality to determinetrends. Fivetoten
fish would be selected from common predators, yellow perch or white perch for fish tissue analysis. Fish
tissue analysiswould complement the analysis of sediments. The combined fish survey and tissueanalysis
would serve as the basis for a risk assessment to consumers of predator fish, including humans, other
mammals and birds. The fish tissue monitoring would be repeated every 5 years.

Budget Year1l $35,000 (recurring every 5 years)
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Project Statement 6.17
Evaluate Mercury Pathways and M anagement Alter natives

Description of Recommended Proj ect

From the data on sediment and fish tissue concentrations of toxic metals, including mercury, one pond
will be selected for intensive study of food chain pathways of metal bioaccumulation. Samples of lake
water, surficial sediments, benthic invertebrates, zooplankton, and macrophytes will be analyzed for
methyl mercury and total mercury. Forage fish and predator fish will be analyzed for total mercury
content. Organismswill be stratified by habitat: pelagic, littoral, benthic (soft and hard bottom), and
macrovegetation. Relatively high body burdens will be compared with habitat type to reveal possible
pathways and will be confirmed by gut content analysisin larger species.

Budget Year 1 $35,000
Year 2 $35,000
Year 3 $25,000

Project Statements 6.14 through 6.17 compliment each other to a high degree. Combining theminto a
single project would yield one 4 to 5 year project.

Year 1 Year 2 Year 3 Year 4 Year 5

Deposition monitoring X X X X X
Sediment analysis X X X
Fish tissue analysis X
Pathway analysis X X X
Budget Year 1 $ 20,000

Year 2 $ 75,000

Year 3 $ 70,000

Year 4 $ 75,000

Year 5 $ 40,000

Total $290,000
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Confirmed and Potential Point-Source
Contamination Sites

L andfills
Project Statements 7.1 through 7.5

Problem Statement

Organic, inorganic, or biologic pollutantsderived fromlandfillsand | eaking underground storage tankspose
aseriousthreat to theintegrity of clean water drinking suppliesaswell asriversand estuaries. Theintimate
connection between ground water and surface water on the Cape compounds the difficulty of managing
these problems, as does the permeability and generally poor contaminant adsorption characteristics of the
sand and gravel aquifer.

Landfills are among the five most serious threats to ground water quality in the United States (Noake,
1989). In Massachusetts, |leachate contamination of ground water from landfills has been responsible for
private well contamination in at least nine communities (Massachusetts Department of Environmental
Quality Engineering, 1988). Onthe Cape, pollutantsrelated to landfill leachate are al so considered athreat
to ground water supplies (Janik, 1987). A 1996 report (ATP Environmental, 1995) documents that the
EasthamMunicipal Landfill isdirectly responsiblefor contaminated privatedrinking water supplieswithin
its vicinity.

Water that entersalandfill, usually in theform of rain and snow, comesinto 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 rechargezonesfor water wells(Noake, 1989). Poorly contained landfills, such asunlined landfills
in the sandy soils of the Cape, are especially vulnerable because water can infiltrate them from all sides,
including underneath the waste (M assachusetts Department of Environmental Quality Engineering, 1988).

There are five closed landfills located on the outer Cape (Figure 7.1), al of which have the potential to
impact the surface water resourceswithin the National Seashore (Table 7.1). The Provincetown and Truro
landfillsarelocated insidethe National Seashoreboundary. Wellfleet’ slandfill abutsthe National Seashore
boundary, and the two othersin Orleans and Eastham are in close proximity to the National Seashore. All
landfills have monitoring wells and the contaminant plume for each site has been mapped and discussed
invariousreports (Cambareri et al., 1989 a, b; Frolich, 1991; Urishet al., 1991; Urish et a., 1993; Winkler,
1994). According to these reports, some surface waters both inside and outside of National Seashore
boundaries may have been impacted.

The first two recommended projects overlap with the recommended comprehensive ground water study
plan.

197



Project Statement 7.1
Continue Landfill Plume Monitoring

Description of Recommended Proj ect

The five landfills at Provincetown, Truro, Wellfleet, Eastham and Orleans have all been investigated at
varioustimesfor the impacts of the leachate upon the ground water. The investigations have been done by
different contractors during different time periods. In order to fully evaluate the effects of the landfill
leachate on the ground water, a synchronized survey of the leachate plumesis necessary. In consultation
with the Massachusetts Department of Environmental Protection, the existing monitoring and observation
wellsaround the landfillswill berevisited. Measurements of specific conductance and pH will bedonein
the field, along with hydrostatic head determinations. Samples will be collected from each well and
analyzed for afew major indicators of contamination: chloride, alkalinity, sodium, nitrate, and dissolved
organic carbon. These data can then be plotted on layers using geographic information system and contour
maps generated to provide asynoptic picture of thelandfill plumesimpacting Cape Cod National Seashore.
This survey isto be done annually for three years to gauge the changes in the landfill plumes.

Budget Year 1 $25,000
Year 2 $25,000
Year 3 $25,000

Project Statement 7.2
Review and Evaluate the Study Design of Past Plume Monitoring

Description of Recommended Proj ect

The previous reports of all landfill monitoring in the vicinity of the National Seashore will be rigorously
evaluated, and a protocol for future action developed. The placement of existing monitoring wellswill be
examinedto ascertainif an adequate network existsfor future contaminant monitoring and fine-scaleground
water monitoring. The depths of these wells must be noted to determine if an adequate mechanism for
monitoring at variouslevelsin theleachate plumesexists. Previous chemical analyseswill beinspected to
seeif thelistsof analytesare appropriatefor the suspected contamination from theleachate. Based onthese
results, a program for improving the network and monitoring tasks will be recommended.

Budget Year 1 $30,000
Year 2 $15,000
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Project Statement 7.3
Review the Literature on Landfill Capping and
Recommend the Best Technique

Description of Recommended Proj ect

It is clear that the existing landfills will need to be capped to minimize future leachate generation and
migration. Different methods of capping may lead to different impacts upon the existing leachate plume.
Surveys will be made of available techniques for closing a landfill, and estimates will be made for the
influence of these various methods on leachate generation and the migration of the existing contaminant
plumes. Based on hydrological assumptions about the effects of the capping techniques, numerical
modeling of the plume (see Impacts to Ground Water Resources) will be completed and likely scenarios
predicted. The most effective techniqueswill berecommended aswill other possible mitigation strategies,
such asrelief wellsto influence the direction or rate of leachate migration.

Budget Year 1 $20,000
Year 2 $15,000

Project Statement 7.4
Assess Contaminant Dischargeinto Surface Waters

Description of Recommended Project

Plumes of contaminated ground water flow from landfillsin Truro and Wellfleet toward National Seashore
surface waters at Herring and Pamet Rivers. Both of these landfills originated with the dumping of
household waste, building materials, and probably some hazardous chemicals into seasonally flooded
freshwater wetlands. This ensures that wastes are in intimate contact with the ground water flow system
withlittle or no separation by unsaturated soil. Giventhe periodsof landfill use and estimated ground water
flow rates, contamination has probably been leaking into downgradient wetlands and streams for decades.
Despite the high probability of surface water contamination, site assessments have been limited to the
ground water system. Study should be extended into wetland sediments and surface waters by:

1) Employingwell installationand monitoring, and surfacegeophysical soundingsto map effluent plumes
and discharge locations into surface waters.

2) Monitoring sediment and water quality at identified |eachate discharge zones with analyses of volatile
organic carbon compounds, metals, and nutrients.

3) Devising and implementing remediation of identified toxic or nutrient-rich leachate.

Budget 1)  $50,000
2)  $40,000
3)  $40,000
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Project Statement 7.5
Createa Forum for Dialogue on Contamination | ssues

Description of Recommended Proj ect

Using theinteragency technical advisory committee, establish compatible proceduresfor prevention of and
response to contamination incidents.

Budget $1,000 per year.
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Hazardous Waste

Project Statement 7.6
Hazardous Waste Spill Preparation

Problem Statement

In Massachusetts, it is estimated that there are 50,000 underground storage tanks, 20 percent of them
leaking each year (M assachusetts Department of Environmental Quality Engineering, 1988). Underground
storage tanks are used by many homeowners and commercial businesses on the lower Cape. Each
underground tank poses athreat to ground water quality depending on the age and type of thetank (Noake,
1989). The mgjority of the tanks documented by Barnstable County hold fuel oil and range in size from
250 t0 4000 gallons and in age from new to 60 yearsold (C. Stiefel,1996, pers. comm., Barnstable County
Program Coordinator for Underground Storage Tanks). The townsin Barnstable County each have their
own set of regulations for the tanks; Barnstable County keeps a record of their location and inspection
documentation. According to Charlotte Stiefel, Program Coordinator for Underground Storage Tanksin
Barnstable County, the location of each tank in the county is currently being entered into a geographic
information system database that the Commonwealth of Massachusetts will develop into a data layer.

TheBureau of Waste Site Cleanup inthe M assachusetts Department of Environmental Protection maintains
acurrent list of all confirmed and transitional oil and hazardous material disposal sites. Thelatest standard
release report lists spills (releases of two hours) and sites (releases of 120 days) reported since October 1,
1993. In addition to this list, the Department of Environmental Protection maintains a transition list of
every “site” in Massachusettsthat the agency hasinvestigated. Of the 32 listingsfor the lower Cape, eight
were for underground storage tanks and 15 were for above ground storage tanks; all of these listings were
two-hour spills(releasesof two hours). Twenty-eight sitesarelisted on thetransition list for thelower Cape.
While the source of the contamination is not listed, six of them are confirmed priority sites.

Thelatest inventory of National Park Service-owned underground storagetanksis dated May 3, 1993. All
but four actively used underground storage tanks on the National Seashore have been replaced with double
walled fiberglasstanks. These tanks hold gasoline, heating fuel, fuel oil, and diesel. The new tanksrange
in size from 1,000 to 4,000 gallons.

All facilitieswithin the National Seashore, indeed all facilities on the outer Cape, are dependent on ground
water from alimited number of aquifers. A small spill or misuse of contaminants can have drastic effects
on water supply and water resource management issues for large numbers of people and over long time
periods. For example, leakage of 3,000 gallons of gasoline from an underground storage tank near the
South Hollow Wellfield, the main source of Provincetown water at thetime, closed that well in 1978. Use
of the well was discontinued and emergency supplies were taken from Test Site#4 within the National
Seashore. For 2 years, the South Hollow Wellfield was completely unavailable; for 5 more years, it
provided one fourth of its previous capacity. The wellfield went back to full capacity 9 years after the
contamination incident.

Contamination incidentson the outer Capeare unlikely to approach the massive problem that existsaround
the closed Edwards Air Force Base onthe upper Cape, whereaplume of various contaminantsisinexorably
moving toward major population areas that have no alternative water sources. However, the example of
arelatively small leak and its decades long consequence requires that the National Seashore conduct an
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assessment of similar and even smaller risks fromindividual home owner use of contaminants throughout
itsinfrastructure. The consequences and range of options should be assessed by the National Seashorein
response to potential incidents outside its boundaries.

The responsibility for minimizing ground water contamination and for managing the decontamination
processlieswith state and local agencies, but the responsibility for being prepared to respond in arapid and
ethical way lies with the National Seashore. Prior analysis of the risk and the response, including
publicizing the plan, are essential to the general understanding that the National Seashore is both a
responsible and active community member, but has pre-established limits on its emergency resources and
is able to respond only in a manner consistent with the National Seashore’ s founding requirements.

The risks from contamination events, from leaking storage tanks to the misuse of degreasers, can have
consequences ranging from providing emergency community water suppliesto replacing individual wells
for contract homes or in-holdings with small distribution systems or bottled water.

Description of Recommended Proj ect

Therisk of contamination eventsfrom leaking storagetanksto misuse of degreaserscan have consequences
to the operation of the National Seashore ranging from providing emergency community water suppliesto
replacing individual wells for contract homes or in-holdings with small distribution systems or bottled
water.

Thefirst step in devel oping acontamination plan will beto create an outreach program that educates people
ontherisksof certain practicesand responsibilities under existing state programs. Effortswill be primarily
targeted toward the contract houses and in-holdings within the park, but the information for general
distribution on the outer Cape. Considerableinformation has been devel oped by other agenciesand should
be used; the National Seashore can most efficiently target the audience and provide follow-up.

Budget $1,000/year ongoing

The second step will beto eval uate the potential sourcesof contamination within the National Seashoreand
areasonable distance from itsboundary. Much of thisinformation already exists, but needsto beinstalled
in ageographic information system (GIS). Coupling the GISwith hydrogeological modeling will provide
a means for risk assessment based on quantity and proximity. Potential contaminant sources should be
prioritized and future efforts to develop educational programs and remediation planning aimed at the
highest priority potential sources.

Budget $15,000 for 1 year

Thethird step will be the preparation of an emergency response. Thisis not intended to duplicate plans
that may be in place with state agencies or towns, but specifically to plan for the National Seashore
response in providing emergency resources or in reacting to impacts on National Seashore
infrastructure. Specific policy decisions should be detailed for various scenarios. The prior two steps
are primarily concerned with known potential contaminant sources, but accidental spills represent a
similar hazard and are less predictable. Given the number of visitors to the National Seashore and the
lower Cape, aresponse plan should be developed for known contaminant sources and accidental spills.
Budget $10,000 for 1 year
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Cultural Impactson Pond Water Quality

Project Statement 8.1
Develop a Kettle Pond Recr eational M anagement Plan

Problem Statement

Perhapsmorethan any other park inthe National Park System, Cape Cod National Seashore hasan inherent
conflict between natural and historical preservation, recreational use and the customary and presently
burgeoning needsand desiresof the public and surrounding residents. Inaddition, much of themanagement
of theresourceis not solely under thejurisdiction of the National Park Service. Whilethisaffectsall water
resource management activities in the National Seashore, it is an especialy difficult issue for the
management of the kettle ponds.

TheGeneral Management Plan (National Park Service, 1998) places pondsinthenatural management zone.
According to the plan, the natural zone “includes most of the National Seashore where the primary
experience isone of being in natural surroundings, such aswoods or along the beach.” The natural zone
is broken down into four management subzones, three of which apply specifically to ponds: Concentrated
Use, Dispersed Use, and Low Use. Those ponds with well developed public access are considered the
concentrated use subzone. Theseareasare easily accessibleto the public by hardened trails or boardwal ks
and have parking areas provided. Examples are Snow and Duck ponds. Dispersed Use refers to more
remote areas which have no visitor facilities or improvements. Vehicles are permitted only in designated
corridors and along ungated sand roads. Low Userefersto remote natural areaswhere aperson can expect
to be completely immersed in a natural landscape and where tranquility and freedom from settlements or
peopleis highly likely. These management subzones provide an initial framework for the National Park
Service to determine how to modify or enhance existing access to any of the ponds. However, this
framework does not addressthe multi-jurisdictionissuethat potentially alterstheintent of the National Park
Service nor does it develop a comprehensive plan for integration of pond management goals with
conflicting interests and practices.

Jurisdiction and management of the 20 kettle ponds is dependent on two factors. who owns rights to the
pond, and who owns the access points to the pond. All ponds greater than 10 acres are Great Ponds as
established by Colonial Ordinance of 1641 and amended in 1647. Thislaw, asit remainstoday, grantsthe
title to the bed of agreat pond to the Commonwealth of Massachusetts. The state has the right to control
and regulate the use of Great Ponds and can limit their use under certain circumstances. Additionally, the
state has the right to convey the title of a Great Pond to the National Park Service, a right currently
exercised in Truro and Provincetown. The State of Massachusetts continues to hold thetitles to pondsin
Wellfleet. The state can also delegate regulatory authority to local towns by Massachusetts General Law
Chapter |1, Section 45. This agreement has made it possible for Truro and Wellfleet to enact rules and
regulations concerning pond activities that are enforceable by local police. The public has the right to
access any Great Pond and where no access exists, the public may cross, by foot, private property which
isnot “improved, enclosed or cultivated.” Members of the public who own portions of the shoreline on a
Great Pond have the same rightsto use as the public and do not have any special authority or ownership of
the pond itself.
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Thetitle to a pond bed, where the pond is less than 10 acres and private residences occupy the shorelineg,
is divided among the shoreline owners. Ownership of the pond bed runs from the property lines on the
shore to the center of the pond, creating a wedge-shaped piece of property for private land owners.
Shoreline ownershavetheauthority to regulate public useontheir land or to closetheir section to the public
completely. With so many active “players’ in pond use, the planning and management process must be
both comprehensive and consensus building.

Duck Pond is an example of apond that has severa different owners and has many management concerns
as aresult. Duck Pond is accessible by atown-owned parking area. Adjacent to this parking areais a
power line clearing that has accommodated additional parking during the peak season. Lack of signs or
fencing to deter parking along the power line allows heavier public use on Duck Pond, with a sufficient
number of visitorsto significantly changeits ecological character. Situations such asthis are challenging
toremedy asmany land ownersand government interestsarerepresented in aconcentrated area. Thehealth
of the 20 kettle ponds is therefore dependent on carefully planned, cooperative management that comes
from the Cape Cod National Seashore natural resource staff aswell as the pond shoreline residents, local
governments, state government agencies, and visitors.

Description of Recommended Proj ect

The principal goals would be to develop an integrated watershed management plan encompassing all 20
ponds to minimize impact, mitigate problems, preserve sensitive ecosystems, maintain water quality and
landscape aesthetics, and provide sustainabl e recreational opportunity for local landownersand day visitors
alike. Sincethe solution of the many issuesrequiresthe sustained participation of pond users, they should
become active partners in the earliest stages. Severa stages in the process are envisioned. First, a
Technical Committee should be assembled consisting of local, park, academic and state members
knowledgeable about the National Seashore ponds, the local environment and watershed monitoring and
management. The committee’ s task would be to review the existing knowledge base and recommend a
common process for involving the larger community, identifying and prioritizing problems, designing
monitoring and management programs, implementing recommendations, and sustaining stewardship.
Second, the committee would prepare a brief overview of the existing conditions in the ponds and the
potential impacts and barriers to their resolution for distribution to pond users. One or more public
meetings would be held to encourage wider participation in solutions. At the meetings, attendees would
be advised of the issues facing National Seashore ponds and encouraged to participate in a variety of
activitiesto resolve those i ssues through membership in Pond Management Committees. For the purposes
of maintai ning reasonabl e group numbers, pondswould be grouped by proximity. Each Pond Management
Committee would select aliaison to attend general planning meetings that would link the activities of the
different Pond Management Committees. Pond M anagement Committeeswoul d devel op pond specificlists
of issuesand prioritizethem. They would propose and eval uate plansfor resolving those issuesthat might
include education, remediation and monitoring.

Implementation plans would be referred to the initial Technical Committee for the development of
standardized, credible procedures and for devel opment of training workshopswhen appropriate. The Pond
Management Committees would recommend appropriate ways to accomplish the established goals; some
might be volunteer programs, high school projects, and projects conducted by National Seashore or town
staff or by outside contractors. An intermediate step might be collection of more information through
various monitoring projects.
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Monitoring activities might include:
* landscape characterization and land ownership patterns,
* mapping of unique vegetation and wildlife habitat presence or potential;
* recreational activity and seasonal patterns of use;
e sediment sampling and analysis,
* pond chemical and biological monitoring; and,
e shallow ground water monitoring.

Depending on the nature of the project, National Seashore staff and the Technical Committee would either
provideoversight or arrangefor analysisof the data, preparation of annual and final reports, and distribution
to the interested community.

When sufficient information was available, plansfor protection or remediation would be devel oped by the
Pond M anagement Committeewithinput fromthe Technical Committeeand National Seashore. Such plans
would have to be consistent with National Park policy and the laws of Massachusetts and the local towns.
The goal of al plans would be to minimize impact, mitigate problems, preserve sensitive ecosystems,
provide sustai nabl erecreati onal opportunity, monitor for successof planimplementation, andidentify other
problems.

A public meeting would be held to present these plans to the larger community.

Budget Year 1 $15,000
Subsequent years $ 5,000
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Project Statement 8.2
Managing the Gull Pond Sluiceway

Problem Statement

During the 1800s, residentsof Wellfleet dug and stabilized an artificial sluiceway between Gull and Higgins
Ponds (Figure 8.3). The sluiceway was maintained in order to provide herring with additional spawning
watersin Gull Pond, thusimproving the anadromousfish run that existsin the Herring River. TheNational
Park Service has been maintaining the sluiceway by periodic dredging since the establishment of the
National Seashore. This practice has been taken over by local volunteers working under the direction of
the Massachusetts Herring Run Protection Program. Whether to maintain the historical sluiceway between
Gull and Higgins pondsisacomplex question with potential impacts on the natural biota of the ponds, the
introduced trout fishery in Gull Pond, and the anadromous herring run in the Herring River. Without this
surfaceflow of water, the two species of herring, alewife (Alosa pseudoharengus) and blue-backed herring
(A. aestivalis), would no longer be able to enter Gull Pond to spawn in the spring and the juvenileswould
be unable to leave the pond in late summer and fall.

The sluiceway hastraditionally been maintained by the National Park Service for two basic reasons. The
firstisfor protection of the herring and their habitat. The secondisbecauselittleisknown about what effect
alowing the sluiceway to fill in would have on Gull Pond (M. Reynolds, 1996, pers. comm., Cape Cod
National Seashore). Whilethe sluiceway remains apart of the cultural landscape of Cape Cod, a National
Seashore natural resource management objective, stated in the General Management Plan (National Park
Service, 1996), contradicts the current preservation efforts. The objective states, “(management should)
allow natural processesto continueunimpeded in natural zones, including the action of wind and water, and
neutralize the effects of human intervention where it has adversely affected natural systems.”

Theinflux of thesefishinto relatively small freshwater systems may have aconsiderable impact upon pre-
established food chains and nutrient cycles. Adult fish may remain from afew daysto many weeksonthe
spawning grounds; mortality of adult fish on the spawning groundsishigh, 39to 57 percent (Durbinet al.,
1979). Young alewives spend part or all of their first summer in the nursery area and then migrate to sea.
Since most of their growth and nutrient uptake occurs at sea, these fish may represent a nutrient source to
ponds (through shedding eggs and sperm, excretions and the carcasses of the dead spawners). 1n ground
water fed lakes, which do not have large amounts of water flowing in and out, such nutrient additions may
be significant (Mitchell and Soukup, 1981).

Theintroduction of alewives can also change the aquatic community of plantsand animals. Alewivesare
planktivores, fish that eat zooplankton. Zooplankton, such as Daphnia, are herbivores and feed on algae
in lakes and ponds and in turn reduce the amount of algae that grows. When planktivores such as the
adewife are introduced to a pond, the populations of zooplankton are decreased significantly, and the
populations of algaeincreasewith the reduced grazing pressure (Shapiro, 1990). Based on thisoccurrence,
which according to Shapiro (1990) has been observed in several locations including Lake Michigan, Gull
Pond would hypothetically see a decrease in algal growth after the sluiceway is closed and herring are
prevented from entering. Algal density may be one factor in the relatively low clarity observed in Gull
Pond. Reduced clarity may, in turn, contribute to the dissolved oxygen deficit observed at the bottom of
the pond by reducing the level of light penetration at these depths and increasing the deposition of organic
matter to the bottom. This change may eventually affect the trout fishery in Gull Pond (Mitchell and
Soukup, 1981). Thefishery ismanaged by the Commonwealth of Massachusetts, Division of Fisheriesand
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Wildlife under the terms of a Memorandum of Understanding with the National Park Service (December
20, 1968). This agreement recognizes that the management of fish and wildlife must be cooperative
between the State of Massachusetts and the National Park Service (Mitchell and Soukup, 1981).

Description of Recommended Proj ect

History and ecology are highly interconnected on the issue of maintaining the sluiceway to Gull Pond.
From an historical perspective, the nearly 200-year existence of the sluiceway (Winkler, 1994b) isastrong
argument that it should be maintained, just as other historical structuresin the park are maintained. From
an ecological perspective, the sluiceway is neither natural nor self-maintaining; natural processes would
cause it to fill in. An alternative approach is to determine whether the sluiceway creates an overall
ecological benefit to the entire Herring River ecosystem.

Understanding the ecol ogical impact of the sluiceway may be divided into three steps: 1) determination of
a detailed nutrient budget for Gull Pond and the freshwater reach of the Herring River system; 2)
determination of the trophic structure of Gull Pond and the chain of ponds, river and estuary downstream;
and, 3) completion of a study which models the effect of removing the herring run from Gull Pond. The
latter, which provides the means to ask “What if?” may only be necessary if the first two steps show that
the contribution of theanadromousrunislargeand if thetrophic structure does appear to be skewedinways
typical of herring grazing on zooplankton. An assessment of the anadromous fish use of the Gull Pond
chain and Herring River system is planned to begin in 1998 to 1999 (Mather, 1998).

Most of the research effort should focus on Gull Pond assuming that the anadromousfishery in downstream
lakes and flowing systems will not change significantly. However, this project should include sufficient
data collection to verify that assumption.

For Gull Pond, standard procedures for determining anutrient budget by measuring all inputs and outputs
should befollowed. Measurements of atmosphericinputsshould bemadeon an event basis. Measurements
of watershed inputs and outputs will necessarily focus on ground water flow input and outlet loss.
Anadromous fish will be a net input, necessitating counts and average size estimates for incoming and
outgoing fish. Trophic structure analysis will require collection, identification and counting of
phytoplankton and zooplankton at monthly intervals, at least.

Model development should reflect the steady-state endpoints of both changes in biomass and qualitative
characteristics (gross species composition) because both are key to determining if there is ecological
benefit. Downstream analysisis complicated by tidal influences. Consequently, it is suggested that this
portion of the study might be confined to qualitative estimates of steady-state endpoints.

When amanagement decisionismadeto either maintainthe sluiceway or let it close naturally, amonitoring
program should be initiated that will be sufficiently detailed to reveal changes prior to ecological effects
becomingirreversible. Model analysis should estimate the parameters required for follow-up monitoring.

Budget Year 1 $90,000
Year 2 $90,000
Year 3 $60,000
Year 4 $25,000

Cape Cod National Seashore Infrastructure
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Project Statement 9.1
Update All Water-related Facilitieswithin the National Seashore
and Monitor their Efficiency

Problem Statement

The Cape Cod National Seashore hasthree types of propertieswithin its boundaries. OneisNational Park
Service owned facilitiesincluding houses, waste disposal systems, and storagetanks. There are also homes
withinthe National Seashorewhich arefederally-owned, but privately occupied. TheNational Park Service
will gain occupancy of anumber of these homeswithin a specified period of time. Many of the dwellings
are located adjacent to ponds and marshes, have septic systems, and in some cases, underground storage
tanks. Finally, there are grandfathered private propertiesor “in-holdings’ that will always exist within the
National Seashore, but will never fall under the ownership of the National Park Service unless donated or
sold to the Cape Cod National Seashore. What all of these properties havein common isthat they exist and
function within the National Seashore, and have apotential impact on water resourceswithin the park. For
thisreason, it isimportant to inventory all properties, regardless of ownership status, within the National
Seashore boundaries.

On-site septic systems|ocated in seasonal and permanent housing, aswell asall buildings on the National
Seashore include conventional leaching systems such as cesspools, drain pits, septic tank systems and
leaching galleries. Therearealso apeat |eaching system and aWaterloofilter, which are nutrient reduction
systems. The majority of the systems were installed prior to 1960, with some dating back to 1920.
Capacities (design flows) range from 500 to 15,000 gallons.

Limited supplies of fresh water on the Cape make water conservation an important part of water resource
management for the park aswell asthe towns on the lower Cape. Provincetown has taken the lead on this
aspect of water management and has worked collaboratively with the National Park Service on the public
education component of water conservation. Water conservation strategies can be used and exemplified for
the public at the National Seashore, placing the park in a natural position as educator and role model.
Annual water use at each of the main visitor centersfor 1993 to 1995 was highly variable and suggeststhe
possibility that a water conservation program will have significant impact. The septic system at the Salt
Pond Visitor’ sCenter had been declared “failed” in 1996 (C. Phipps, 1996, pers. comm., Cape Cod National
Seashore). A new septic system was completed in 1998. This provides opportunities for using its design
and implementation for public outreach.

Water conservation within the park has occurred to some degree. Funding isthe major barrier to parkwide
implementation of water conserving devices. Low flow shower heads have been ingtalled in al of the
houses that are owned and occupied by the National Park Service staff and low flush toilets have been
placed in some of the seasonal homes.

There are approximately 80 National Park Service-owned housing units within the National Seashore that

are suitable for year-round or seasona residence. All of these units were privately owned before the
establishment of Cape Cod National Seashore.

There are 68 homes within the National Seashore that were under long-term agreements with former
owners. About 45 of the use and occupancy permitsrun out between 1998 and 1999. Many of these homes
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areon pond shorelinesor closeto other surfacewaterswhich could bereceiving negativeimpactsfrom their
use. The National Seashore has determined criteria for management based on financial constraints and
demographic needs within the park. Water quality is not part of these criteria.

Currently, there are over 600 homes within the National Seashore that represent private, improved
properties. These private properties cannot be acquired by the National Park Service through eminent
domain if they have a certificate of suspension from condemnation, and owners of the properties are
allowed to sell their propertiesto others. Thereisno formal management or collaboration between these
residents and the National Park Service. Some of the residents serve on committees for the National Park
Service and are active in the political process on the Cape. However, the National Park Service does not
recognize this sizable infrastructure as part of their own in databases. These homes must conform to the
regulations of the town in which they are located.

Description of Recommended Proj ect

Updatetheexisting inventory of water and wastewater rel ated infrastructure and underground storagetanks
to eliminate incorrect, incomplete or missing information. Include all National Park Service facilities,
contract houses, and in-holdings. Includeinformation relevant to the assessment of risk to water resources.
Incorporate the location of each facility or house in a parkwide geographic information system data layer.

Budget: $10,000

Install flow metersin al National Seashore facilities and use as a research tool to evaluate the effect of
different hardware and behavioral approachesto water conservation.

Budget $20,000
Assesstherisk to National Seashore water resources of existing infrastructure and housing. Develop water
resource-based criteria for management of National Seashore facilities and housing. Recommend

appropriate strategies for encouraging similar management of private in-holding infrastructure.

Budget $20,000
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Model Home Case Study

Project Statement 9.2
Use a National Seashore-owned Home(s) to
Showcasea Living Laboratory for the Public

Problem Statement

Many of the environmental issues facing Cape Cod National Seashore cannot be resolved solely by the
implementation of management practices within the National Seashore boundaries; they are problems
common to all of the lower Cape. These problems include heavy demand on the ground water resource,
ground water contamination from specific major contaminant sitesand from diffuseindividual homes, and
eutrophication of ponds. To date, the National Seashore has lagged in implementing appropriate best
management practices. To beeffective, solutionsmust be undertaken that reduce theseimpactsboth within
and outside park boundaries. Since both water use and wastewater disposal arelargely non-point pollution
source issues, solutions cannot be put into effect in a few places. Solutions require a combination of
infrastructure change and education. Thereisan opportunity for the National Seashoreto lead by example,
using its advantage of being a principal destination for visitors and residents of the lower Cape.

Description of Recommended Proj ect

The goal would be to create a demonstration program that would help the public learn about available
methods of water conservation and alternative waste disposal, reduction of surface runoff, shorelinebuffers
and other best management practices. The demonstration program would be combined with a research
effort that would provide the National Seashore and the public with information on the efficacy and
economicsof avariety of approaches. An education program would makethisinformation attractiveto the
National Seashorevisitor, provide alearning experience for school groups, and be availableto all residents
through a newsletter.

Budget

Some demonstrations that could be initiated include:
e Indigenous species vegetation planting and landscaping that minimizes the use of water and
fertilizers, and maximizes nutrient uptake.
$15,000

* Roof top collection of rainfall to be used for grounds maintenance, waste disposal systems and
anywhere el se where human ingestion would be unlikely.
$5,000

e [Installation of denitrifying septic systems.
$20,000/system

e Installation of composting toilets and recycling of resulting gray water.
$30,000
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Reduction of impervious surface areaand replacement with pervious durable materia (i.e., shell
grit), especially in parking lots and pathways. Landscape parking lots with plantings to provide
shade, increased evaporation, reduce erosion and improve aesthetics.

$5,000/Iot

Install water conservation devices; install metersto provide statistics; and, initiate competition for
minimizing water use.
$500/house

Plant shoreline buffer strips to reduce nutrient input to ponds.
$3,000/pond

Use National Seashore buildings and grounds as a showcase to the public, as well as living
laboratoriesfor research and monitoring. Collection of before and after dataand between modified
buildings or ponds and unmodified ones on effectiveness and cost would provide results pertinent
to the homeowner on the lower Cape.

$5,000 (staff only)

The educational component would include:

Production of aregular newsdl etter to be distributed to visiting public and all householdswithin the
National Seashore that discusses environmental issues, provides statistics, provides advice on
lifestyle alternatives, new household technologies, etc.

Development of workshops for visiting school groups that covers:

a) the importance of the lower Cape;

b) threats to the Cape - sources and seriousness,

¢) what the National Seashore is doing; and,

d) what the individual can do.

Include guided National Seashore visits to provide field and facility experiences. Many of the
demonstrations would necessarily be dispersed throughout the National Seashore; all should be
included as part of educational information presented at the visitor centers and on a guided visit.
$10,000/year
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| mpacts of Estuary Tidal Restrictions

Estuarine Habitat Restor ation
Project Statements 10.1 through 10.2

Problem Statement

Salt marshesarevery productive ecosystems, providing arich food base and cover to resident and migratory
shellfish as well as finfish and birds (Portnoy and Soukup, 1988). Fifty percent of the nation’s coastal
wetlands have been lost and even more have been significantly impacted (Roman et al., 1995). Many of
the marshes within the Cape Cod National Seashore have been atered with dikes and/or tide gates and
subsequently drained. Thispracticeof “marshreclamation”, started in thelate 1600s, was meant to reduce
mosquito populations, increase productive agricultural acreage, and improve roadways (Portnoy and
Soukup, 1988). Asaresult, native habitat has been lost and freshwater wetland and upland plant species
have invaded the diked areas.

Research by the National Park Service since 1980 has documented that restricted seawater flow into salt
marshesdramatically changes plant and wildlife habitat (Portnoy and Soukup, 1986; Portnoy et al., 1987b).
Salt marshes depend on sediment from the ocean in order to stay above sea level rise. Dike structures
prevent this process from occurring, in turn causing the marshes to be vulnerable to flooding when dikes
are breached. Additionally, salt marsh peat | eft after the marsh isdrained periodically releasestoxic acids
and aluminum as it decomposes, resulting in massive fish kills (Soukup and Portnoy, 1986). Diking also
reduces or eliminatestidal flushing of nitrogen from salt marsh estuaries with consequent eutrophication
and potential oxygen depletion. Constant summertime oxygen stress (Portnoy, 1991), from lack of tidal
flushing, reduces both fish and invertebrate numbers as well as diversity in diked and drained wetlands.

Restoration of salt marshes providesresource managerswith avaluabletool for maintaining and enhancing
coastal zone habitat diversity (Roman et a., 1995). According to Roman et al. (1995), numerous studies
inother regionshave shown that degraded coastal wetlandsand small estuariescan be successfully restored.
Hydrologic modeling is one method used to predict tide height levelsand tidal flooding elevationsthat can
occur asaresult of salt marsh restoration. Roman et al. (1995) successfully used this method to predict the
effects of dike and tide gate removal at Herring River in Wellfleet and Hatches Harbor in Provincetown.
Hydrologic modeling combined with research and interagency planning since 1986, has resulted in a
program to restore up to 90 acres of salt marsh at Hatches Harbor in Provincetown and provide flood
protection for the town’ s airport that was built in the floodplain.

There are three estuary systems currently in various stages of consideration for tidal flow restoration: the

Herring River, Hatches Harbor and Pamet River. There are both estuary-specific research issues and
general issues common to al three.
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Herring River Restoration

The history of human alterations to the Herring River system has been well documented by the Cape Cod
National Seashorescientific staff who have compl eted extensiveresearch on past and proposed management
of the system (reviewed in Portnoy and Reynolds, 1997). The Herring River was diked completely at the
mouth by 1910 primarily to reduce breeding habitat for salt marsh mosquitoes (Aedes sollicitans, A.
cantator). While salt hay production and fisheries productivity decreased, the mosqguitos did not. Asa
further attempt to eradicate the mosquitos, drainage ditcheswere dug in the marsh behind thedike structure.
By the mid-1930s, the Herring River's mainstream, now flowing with freshwater, was channelized and
straightened. A golf course and two residential dwellingswere constructed in the floodplain. Thewetland
became dominated by freshwater vegetation and upland shrubs and trees. In 1984, the Massachusetts
Department of Environmental Protection was given control of the tide gates by the town of Wellfleet.

After a mgjor fish kill in fall 1980, the National Park Service began to examine salt marsh restoration
dternatives. Asaresult, theNational Park Servicediscovered that dramatic water quality problemsexisted
duetodiking and reducedtidal flushing of the salt marshes. The problemswere surfacewater acidification,
oxygen depletion that led to massive fish kills, and the persistence of abundant mosquito populations
(Romanetal., 1995). In 1980, the dissolution of sulfurous compoundsfrom the old salt marsh depositsand
consequent acidification of the Herring River and tributaries by oxidized sulfur (sulfuric acid) caused a
massive el kill (Soukup and Portnoy, 1986). Inaddition, aluminum, leached from native claysby thehigh
acidity, was at lethal levels.

Reduced flushing at the Herring River has also caused oxygen stress and summertime oxygen depletions
(Portnoy and Soukup, 1988). Starting in mid-May to early June, temperature increases in the stream,
decreasing mid-day dissolved oxygen levelsfrom 100 percent to 50 percent saturation levels and creating
ahypoxic state (Portnoy, 1991). During times of heavy precipitation and consequent high flow intheriver,
wetland runoff, which is high in oxygen demand, is at its greatest (Portnoy, 1991). These periods of high
stream flow provide an opportunity for juvenile herring to leave natal headwater ponds. However, if the
stream is anoxic at the time of migration, massive fish killsensue. 1n both 1984 and 1985, entire juvenile
herring runswerekilled in the Herring River asaresult of anoxic stream conditions (Portnoy and Soukup,
1988). A fish gateis now in place that prevents juvenile herring from entering the river during anoxic
episodes (Portnoy et al. 1987a). Tidal flow restoration would permit testing the hypothesis that periods of
anoxiawould be reduced, and survival of juvenile herring would improve.

Dike construction washistorically undertaken in order to reduce and eliminate saltwater mosguito habitats.
Despite these efforts, studies have found that the mosquito popul ations continue to thrive (Portnoy, 1984).
Surfacewater acidification by high sulfatelimitsfish popul ationswhich are natural predators of mosguitos.
Additionally, acid tolerant mosquitos were favored in the stagnant waters and continued to survive. Based
on the information presented, Portnoy predicts that mosquito popul ationswill decrease after tidal flushing
isrestored. John Doane, Cape Cod Mosquito Control District, supports this conclusion and adds that for
the past 20 years, the district has believed that it is easier to reduce mosquito populations in well flushed
tidal marshesthaninrestricted systems(J. Doane, 1997, pers. comm., Cape Cod M osquito Control District).
Portnoy (1984) concluded that by restoring the Herring tidal marsh, typical marsh-estuarine vegetation
wouldincrease, stream anoxiaand acidification woul d decrease, and estuarinefish, nursery habitat and shell
fish populations would be restored. Mosquito populations would actually decrease due to natural fish
predation and enhanced tidal circulation. Tidal flow restoration would present a unigue opportunity to test
this hypothesis.
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Roman et al. (1995) state that while restoration is an appropriate management tool for degraded salt
marshes, there are several concernsthat must be addressed before restoration can take place. One concern
surrounding restored tidal flushing of the Herring River is salt water intrusion of private wellsin the diked
salt marsh. However, aU.S. Geological Survey investigation found that thefreshwater lensat thevery edge
of the upland is 60 feet (20 m) thick and, therefore, projected tide height increases of 1.5 feet (0.5 m) after
restoration would not impact wells outside of the floodplain (Fitterman and Dennehy, 1991). A second
concern was flooding of the golf course and private homes within the floodplain. A 1992 report by Nuttle
shows that the golf course which occupies a portion of the Herring River floodplain along a Mill Creek
tributary can be protected by rebuilding an old dike at the mouth of Mill Creek, however, protection of the
two private homesisan unresolved issue. Thetide height and the mixing modelswere both used to predict
changesin the Herring River system that would occur as a result of increased tidal flow (Roman, 1987).
The results of these two models allow all parties involved to evaluate and consider ecological and
socioeconomic impacts (Roman, 1987; Roman et al., 1995).

Hatches Har bor Restoration

Prior to 1930, Hatches Harbor was a productive 200-acre salt marsh and open water embayment. During
the 1930s, the natural status of this embayment was destroyed as adike closed off half of the acreage from
the seain an attempt to reduce salt marsh mosquito habitat. Subsequent to diking, asmall airfield, now
Provincetown Municipal Airport, was constructed on the floodplain above the dike. Flood protection for
the airport became the primary role of the dike structure which was repaired twice for this purpose, once
in 1946 and again in 1978 (Portnoy, 1990).

The 1987 reconstruction of the dike prompted dialog between both airport and natural resource interests,
who explored the possibility of salt marsh restoration. These discussions, facilitated by Coastal Zone
Management, led to the conclusion that the dike structure provided more than adequate protection for the
airport against flooding. Further research by the National Park Service found that the salt marsh abovethe
dike had becomelargely degraded, with decreased natural salt marsh species and habitat for benthic fauna,
fish, and native waterfowl. Research also showed that the reduction in sediment normally imported to the
marsh had |ed to the subsidence of the marsh bed, waterlogging, and plant stress. Two primary objectives
becameclear to al partiesinvolvedinthe cooperative research: 1) restorethefloodplain to salt marsh; and,
2) protect the airport from flooding (Portnoy, 1990a).

Since both objectives are defined by land and surface elevations (Portnoy, 1990b), bathymetric mapping
aswell astide height studies were used to determine the magnitude of restoration. According to Portnoy
(19908a), these models showed that 90 acres of the floodplain, within aten foot contour, could be reflooded
by semi-diurnal tides and restored to an intertidal salt marsh with no additional impacts to the airport.
Flooding of the salt marsh would occur viafour concrete box culverts, each allowing ampletidal flow and
flood protection to the airport. Landing system structures located in two swales near the runways would
receive added flood protection from earthen berms.

In addition to the plan for restoration of Hatches Harbor salt marsh, amonitoring plan, consistent with the
National Seashore’ slnventory and Monitoring Program and the M emorandum of Agreement withthe Town
of Provincetown, was developed. A Resources Management Plan (National Park Service, 1996) project
statement for Hatches Harbor salt marsh restoration outlines a plan for semi-annual monitoring of the
estuarine system that includes analysis of hydrology and water quality, wetland vegetation, benthic
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macrofauna, shellfish, finfish, mosquitoes, sedimentation, and migratory water birds. The first phase of
monitoring under that plan has been completed.

A description of thisrestoration project isnot complete without asummary of the project’ ssignificanceto
the National Seashoreand the State of Massachusetts. Portnoy (1990a) describestherestoration of Hatches
Harbor as “the largest single wetland restoration project in the history of Massachusetts.” The 10-year
planning process behind the restoration proposal for Hatches Harbor is a significant multi-jurisdictional
achievement among eleven different | ocal, state and federal agencies (Portnoy, 1990a). Cape Cod National
Seashore has placed thisrestoration project first on the park’ spriority list of resource management projects
(National Park Service, 1998).

Pamet River Restor ation

Pamet Harbor, located on Cape Cod Bay, was once a viable commercial port that served alarge fleet of
local fishing vessels (Giese et a. 1993) operating in the cod and mackerel industry (Giese et a., 1985).
During the mid-1800s, commercial fishing fleetswere competing for spaceto anchor in Pamet Harbor, and
many had no room. Asaresult, the fishing industry declined and human popul ation numbers decreased.
Remaining residents began to alter the hydrology of the Pamet in hopes of restoring and increasing the
capabilitiesof the harbor (Gieseet al., 1985). From 1850 to 1930, major portions of the estuary were diked
and dredged. Wilder's Dikewasbuilt in 1869 to replace arotting bridge acrossthe mid section of the Great
Pamet River and in 1950, a clapper valve and dike structure were built to accommodate the construction
of Route 6 (Giese et al., 1993).

The diking of the Pamet established two distinct hydrological reaches, the Upper Pamet and the Lower
Pamet (Livingston, 1996). East of thetide gatelocated just west of Route 6, the Upper Pamet isfreshwater
(Figure 10.3) with a watershed encompassing approximately 192 acres. Many upland species of salt-
intolerant plants have invaded the area. Ground water discharge from the Pamet and Chequesset lenses,
as well as precipitation are continuously recharging this section of the Pamet. The Upper Pamet flows
slowly west into the Lower Pamet, a salt marsh estuary (National Park Service, 1986).

TheLower Pametisanintertidal estuary, greatly stressed by past alterationsthat have reduced natural tidal
circulation andinturnincreased shoaling and sedimentation (Gieseet al., 1993). Tidal channel beds, except
for the outermost section of the inlet channel, are higher than the mean low tide in Cape Cod Bay
(Livingston, 1996). According to the 1996 Resource Management Plan, restoring tidal flow to the Pamet
River has many beneficial effectsincluding increased natural flushing in the estuary which would in turn
improve water quality, maintain habitat diversity, and balance sediment loads in the Pamet River Valley.
Additionally, restoration of natural flows would allow the salt marsh to regain a state of equilibrium
between sealevel and wetland elevationsin the Upper Pamet.
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Project Statement 10.1
Topographic Survey And Hydrodynamic M odeling for
Estuarine Habitat Restoration at Herring River, Wellfleet

Background Information

The Herring River ecosystem comprisesthe park'slargest (600 ha) estuary on Cape Cod Bay and isunique
in extending to a chain of freshwater kettle ponds and in including both anadromous (three species) and
catadromous (American eel) fish runs. Before historic diking (1908) and drainage (1910 to 1980s), the
system supported productive migratory fish runs, shellfish beds and hundreds of hectares of intertidal salt
marsh habitat for finfish aswell asriparianmammals. Culturally, the marshesprovided seafoodsfor native
Americans over many millennia, plus animal fodder and storm surge protection for the surrounding
community of fishermen-farmers throughout the 17" to 19" centuries.

At present, hundreds of hectares of origina intertidal salt marshes have been converted to upland
vegetation, eliminating habitat for estuarine animalsincluding shellfish and finfish (Portnoy et al., 1987b;
Roman, 1987). Since the blockage of seawater, salt-intolerant grasses, forbs and woody vegetation have
increased even in theriver channel, restricting recreational boating and anadromous fish habitat (Portnoy
and Reynolds, 1997). Meanwhilesurfacewatershavebeen acidified by drainage and the oxidation of sulfur
in diked salt marsh peat (Soukup & Portnoy, 1986; Portnoy & Giblin, 1997a). High acidity leachestoxic
metals from native clays to surface water. In summer, oxygen depletions are common due to the dike's
reduction of tidal flushing (Portnoy, 1991). Acidity, metals and episodes of anoxia cause fish kills,
including resident, anadromous and catadromous species (Portnoy et al., 19874). High acidity and episodic
hypoxiarestrict fish access to mosquito breeding sites. Thus, despite the 1908 intent of diking to control
mosquitoes, nuisance mosquitoes can be abundant (Portnoy, 1984) and their control comprises a major
National Seashoreissue. Drainage hasalso caused wetland subsidence amounting to nearly ameter caused
by increased decomposition, dewatering and pore-space collapse, and reduced sediment supply.

Recognizing the original value of thisresource to native fauna and people, and understanding the severity
of degradation caused by 20" century hydrologic alterations, the National Park Service has funded or
cooperated on alarge number of multi-disciplinary studies regarding diking impacts and alternatives for
restoration since 1980 (Table 11.2 and References). Besides detailing the ecological effects of diking and
drainage, and evaluating alternativesfor tidal restoration (Roman et al. 1995), research hasaddressed social
concerns for the protection of ground water quality and private properties adjacent to the floodplain
(Fitterman and Dennehy 1991, Nuttle 1990). These efforts have made it apparent that these impacted
conditionscan bereversed by restored tidal flow (Roman et al., 1995; Portnoy and Giblin, 1997b; Sinicrope
et al., 1990).

Aspart of aparkwide program of salt marsh restoration, National Seashore managers, the public and local
and state environmental authorities have renewed interest in restoring estuarine habitats at Herring River.
Although over 80 percent of the floodplain affected by diking and drainage is within National Seashore
boundaries and nearly all federally-owned, critical features, including adjacent homes, a golf course and
thedikestructureitself, are outside National Park Service control. Furthermore, evenwithin National Park
Service lands other jurisdictions apply. Therefore, the National Park Service cannot undertake restoration

without the full understanding and cooperation of private interests plus municipal, state, and federal
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regulators. These potential cooperators require a scientifically rigorous, comprehensive and clearly
articul ated restoration plan. The proposed project is afundamental component of this plan.

The approach described here has aready been used successfully at the National Seashore to develop a
restoration program for the diked portions of Hatches Harbor (Roman et al., 1995) where inter-agency
agreement and funding have been achieved and dike opening will begin this year.

Earlier observations and modeling of the floodplain as affected by existing gates and culverts (Roman et
a., 1995) showed that full restoration will eventually require the complete removal of the principal dike
(at Chequesset Neck), reconstruction of a dike along atributary of Herring River (Mill Creek) to protect
agolf course, and possibly other physical changes, e.g. culvert enlargementsor removals. However, limited
topographic information was available during earlier studies to confidently predict the estuary's
hydrography and salinity regime with the removal of all restrictions on tidal flow. Without detailed
topography for the entire flood plain, and without subsequent modeling to clearly map the extent and
duration of tidal flooding, both social and ecological consequences of tidal restoration cannot be assessed.
Also, because 90 years of diking and drainage have caused about a meter of sediment subsidence (Portnoy
and Giblin, 1997a), managers need to understand how restored tidal velocities can maximize sediment
accretion, to bring the diked wetland surface back into equilibrium with the modern sealevel.

The ecological problems which have persisted at Herring River since diking in 1908 can be solved by an
incremental, carefully monitored and adaptive program of restored tidal flow (Roman et a., 1995; Portnoy
and Giblin, 1997b; Portnoy and Reynolds, 1997). The proposed hydrodynamic work isessential for design
of an incremental approach which minimizes adverse effects (e.g., soil waterlogging, anoxia, or damage
to roads or structures) and optimizes conditions for recolonization by salt marsh halophytes and fauna.
Detailed topography is also needed to confidently answer recurrent questions about the extent and degree
of restoration effects on structures and on the salt-sensitive vegetation which has invaded the floodplain
sincediking. These outstanding questionshave effectively blocked management progressdespitethelarge
body of information documenting the adverse effects of past water management.

Objectives of thiswork are: 1) to produce detailed topography of the floodplain affected by restored tidal
flow; 2) to usetopographic and tide height datato predict (model) tide height and salinity regimeswith full
and partial dikeremoval; 3) to use predicted tide heightsandtidal vel ocitiesto map sedimentation patterns;
and, 4) to recommend adaptive management strategies given both natural and constructed physical
constraints. Herring River's ecological problems associated with diking are not unique and are often cited
by environmental regulators throughout New England to urgetidal restoration of the region's many diked
wetlands. (Only about half of New England's coastal marshes have survived 300 years of alterationssince
European settlement; about 10 percent of remaining salt marshes are diked.) Further, the National Park
Service has the data base to document and learn from restoration results. Due to the long and detailed
record of research and monitoring in this system, its history, past management, and current status are well
known. Thus, the National Seashore'sexperiencewithrestorationwill compriseawidely-applicable model
for the assessment of the impacts of diking, for tidal restoration methods, and for the evaluation of project
success. More specificaly, this study will highlight and promote the ecological and social advantages of
a carefully researched and phased approach to hydrologic restoration in these long-disturbed and
biogeochemically complex coastal systems.

Description of Recommended Proj ect

217



This project is an intensive investigation of the physical processes attendant to the return of tidal flow to
Herring River and includes the following:

1)

2)

3)

4)

The collection of detailed topographic data for the entire floodplain (elevations < 3 m-NGV D) above
the Chequesset Neck Dike including the Mill Creek tributary. Work by Roman and others (1995) to
predict the effects of opening the existing culvertsin the Chequesset Neck dike relied on topographic
profilesfor only the bottom third of the floodplain. In addition, sampling intensity and precision were
limited by availabletechnology (auto-level and manually-read rod). With modern electronic distance-
measuring instruments, highly precise and intensive topography can be collected rapidly for the large
(600 ha) study area.

Numerical modeling of tide heights and salinities based on, and encompassing the area of, detailed
topography. New modelswill incorporate updated tide height and newly-refined topographic dataand,
aswith Roman (1987), will show the effects of arange of alternative levels of increasein tidal prism.
Predicted tide heightswill be compared to the el evations of road grades, spoil pilesand other structures
within the floodplain to suggest management actions which optimize estuarine restoration and avoid
socia conflicts.

An assessment of hydrography after tidal restoration, including digitized mapping of principal tidal
creeks, expected flood- and ebb-tide velocities and the likely areal extent and rate of sediment
deposition both in creeks and on the wetland proper. Modeling will produce estimates of the flow
velocities throughout the normal tidal cycle and during storms for various levels of tidal restoration.
Sediment transport and deposition will be assessed from flow velocities and from the grain sizes of
sediment from local sources.

Recommendations should be made for:

a) the optimum rate of increasein tidal flow given historic subsidence, the predicted rate of sediment
accretion, and ecological constraints on hydroperiod (e.g., to minimize soil waterlogging and
anaerobiosis at low tides);

b) tide hei ght monitoring and physical adjustmentsto tidal flow during the restoration processto ensure
that high tide heights do not exceed the accretion capacity of the subsided wetland.

¢) the need for the removal of other structures (e.g., spoil piles, road beds, small culverts) within the
floodplain to maximize habitat restoration without damaging private property;

d) the need to re-establish original creek meanders, cut off by channelization in the 1930s, and
consequently to achieve more natural hydrography.

Budget Task1 Topographic survey of the floodplain (6 months) $10,000

Task 2 Numerical modeling and calibration of predicted tide

heights and salinities (1 year) $20,000
Tasks3a-b  Predict effects of various physical restoration scenarios

on cultural and natural features, especially roads, structures

and sedimentation. Recommendations for the implementation

of restoration (6 months) $20,000. Total cost: $50,000

Tablel. Summary of past Herring River research.
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Date Resear ch | nstitution Research Topic
1972 Massachusetts Division of Marine Fisheries Finfish and shellfish (seaward of
dike)
1975 Association for the Preservation of Cape Cod Salt marsh vegetation
(APCC)
1980-81 National Park Service, Tide heights above dike
Wellfleet Shellfish Department,
M assachusetts Audubon Society
1980-86 | National Park Service, Eel kill, acidification
Massachusetts Division of Marine Fisheries
1981 Williams College Freshwater wetland vegetation
1983 Boston University, Salt marsh vegetation
Association for the Preservation of Cape Cod
1984 Massachusetts Department of Environmental Water quality, fauna
Protection
1982-84 | National Park Service, Mosquito breeding ecology
Cape Cod Mosguito Control
1985-97 | National Park Service Water chemistry
Oxygen depletion
1983-87 | Rutgers University, Surface water hydrology
National Park Service Salinity, Vegetation, Fin- and
shellfish
Restoration aternatives
1990 Massachusetts I nstitute of Technology, Mill Creek (golf course) water budget
National Park Service,
Chequesset Yacht & Country Club
1991 U.S. Geological Survey, Ground water, saltwater intrusion
National Park Service
1994 University of Wisconsin, Post-glacial development of marsh
National Park Service and ponds
1995 National Park Service, Sediment chemistry,

U.S. Geological Survey

Effects of restoration
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Project Statement 10.2
Monitoring Estuarine Restoration Projects

Description of Recommended Proj ect

Hatches Har bor

In preparation for on-going modifications to the Hatches Harbor Dike, a comprehensive pre-restoration
monitoring program has been in implementation since 1997. The program includes monitoring of surface
elevation, tide heights, vegetation, fish, benthic invertebrates (including harvestable shellfish), coliform
bacteria, and salinity and sulfide sampling (in over 100 1-m? plots) on both sides of the dike. The U.S.
Geological Survey, Biological Resources Division has also established Sedimentation Erosion Tables
(SETS) aspart of the Cape Cod Nationa Seashore’ s Inventory and Monitoring Program, to follow erosion
and accretion of the wetland surface. However, post-restoration monitoring is not explicitly funded andis
currently patched together using existing staffing and volunteers. Dedicated funding for biannual surveys
of vegetation and other variablesis required to maximize the benefits and knowledge gained by thislarge
program of tidal restoration.

Budget
Year 1 $15,000
Post-restoration and biannually thereafter

Herring River

Current monitoring of the Herring River includes surface water quality and fish. Past surveysalso covered
salt-fresh ground water relationships, benthic invertebrates, mosquitoes, vegetation, and some elevational
work. The U.S. Geological Survey, Biological Resources Division has also established Sedimentation
Erosion Tables (SETS) as part of Cape Cod National Seashore’s Inventory and Monitoring Program, to
follow erosion and accretion of the wetland surface. As the National Seashore continues to resolve the
remaining social concerns and moves toward dike removal and tidal restoration, regular monitoring both
pre- and post-restoration will becomeimportant. Past surveysshould berepeated biannually. The National
Seashore is presently embarked on an intensive research effort (Washington Office, Water Resources
Division funded) to model the system’ s hydrodynamics and predict the hydrography and sedimentation of
arestored system. Topographic surveys and regular monitoring is essential to this project and to future
adaptive management.

Budget

Year 1 $20,000
And biannually thereafter
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Pamet River

Historic monitoring of the Pamet River included elevational surveysand some porewater quality (salinity)
after the barrier beach overwashed in 1991 and 1992. The overwashes madeit clear that though thissystem
isdiked, it still functioned as a back-barrier wetland. The retention of seawater between the overwashed
dune and the dike pointed out the inadequate size of present culverts for water discharge. Proposals to
restorethe Pamet River prompted the recently completed U.S. Army Corps of Engineers study (Kedzierski
et al., 1998) of culvert alternatives, which predicted hydrological, ecological, and social effects of tidal
restoration. Nevertheless, monitoring is necessary to assess the system’s current functions and values as
freshwater wetland habitat and to further evaluate the need for tidal restoration. Especially importantisthe
question of Phragmites spread on thefloodplain. Thisinvasivegrassiswell established inthe Pamet River
floodplain and could form a monoculture, particularly if present freshwater vegetation is stressed by
occasional overwashes of seawater. Monitoring should concentrate on topography, vegetation, soil
conditions, hydrology and surface water chemistry.

Budget
Year 1 $20,000
And at five-year intervals unless management changes

Pilgrim Lake and Salt M eadow

Past studies of this highly altered system have centered on limnology, sedimentation, ground water
hydrology, insect breeding ecology, and phytoplankton; however, the only recent effort to characterize the
current system wasasalinity survey (Jones, K., 1997, unpublished data, Cape Cod National Seashore). To
assess the estuary’ s present functions, time-extensive data sets are needed which describe surface water
hydrology and chemistry. To evaluate the merits of restored tidal flow, comprehensive data sets which
include topography/bathymetry, tidal forcing, sediment budge and freshwater inflow are needed.
Interpretations of present water quality and the merits of increasing tidal flow, require data on current
nutrient dynamics and on the plankton community. Two years of data collection are required to
characterize the present system, with subsequent monitoring of selected variables at five-year intervals.

Budget
Year 1 $30,000
Year 2 $20,000
Recurrent sampling at five-year intervals $20,000
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Pilgrim Lake M anagement
Project Statements 10.3 through 10.5

Problem Statement

Pilgrim Lake is a 51.5 acre coastal lagoon that functioned as a tidal back barrier estuary and salt marsh
system when it was connected to Cape Cod Bay by an inlet at the western end (National Park Service,
1996). East Harbor, asit was once called, was isolated from Cape Cod Bay completely in 1868 with the
construction of asolid-fill causeway for aroad and railroad. Since the construction of the dike, the waters
of Pilgrim Lakehave become brackish and eutrophic (A pplebaum and Brinnekmeyer, 1988). Theeutrophic
condition of thelakeisbelieved to betheresult of natural and human factors such asthe shallow depth (2.5
ft in 1987), stirring of lake sediments by coastal winds, nutrient input from septic system effluent and
animal feces, and salt water intrusion from malfunctioning weir boards (Mitchell and Soukup, 1981). There
arefairly consistent blue-green algal bloomsand periodic outbreaks of midges (Chironomidae). Thelake's
water level likely affectsits ecological processes. Lakelevel isdetermined by: 1) the height of the water
level control structure located on the bay side of the lake and operated by the Cape Cod M osqguito Control
Project; and, 2) the opening of tide gatesin the dike operated by the Massachusetts Division of Waterways
(National Park Service, 1996).

Pilgrim Lakeishighly eutrophic. Thealgal bloomsoccur in all seasons except winter and givethelakeits
blue-green color. High values of total phosphorus and ammonia-nitrogen have been recorded (Mozgala,
1974). Thesourceof these high valueshasnot been determined but may befrom organic bottom sediments,
septic systems, and leaching from old salt marsh sediment. The nutrient buildup from these sources
nourishes a large algal population which dominates the system and controls a large part of the water
chemistry. Additionally, the shallow depth of the lake, decreasing rapidly, also contributes to the
eutrophication by increasing nutrient regeneration.

Thesignificance of thelake swater level to the ecological community was highlighted in 1968 when weir
boards were removed from the water level control structure. After the boards were removed, there were
massive outbreaks of midges, whose larvae live in lake bottom sediments (Portnoy, 1991). Water depth,
salinity levels, midgelarval counts, oxygen levels, and nutrient level swere examined after the fish kill and
midge outbreak. Emery and Redfield (1969) compiled a thorough set of data at this time, however, the
studies were not continued. The 1969 midge outbreaks were controlled with pesticides, a practice that is
not feasible for the National Park Service today because of concerns for non-target organisms.

Thethree major management concernsfor Pilgrim Lake are sand deposition, eutrophication, and nuisance
insects (National Park Service, 1996). Sand deposition continues to decrease the depth of this already
shallow lake. The extensive migrating dune system upwind of Pilgrim Lake may be partly responsible for
the 1.5-foot decrease in depth from 1948 to 1987. While past and present infilling rates have been poorly
recorded, a 1987 assessment determined that the lake will fill in completely in 25 years (Applebaum and
Brinnekmeyer, 1988).
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Project Statement 10.3
Deter mine Bathymetry and Sedimentation Patterns
in Pilgrim Lake

Description of Recommended Project

The rate, patterns, and sources of sediment accumulation in Pilgrim Lake must be determined to make
accurate predictions about the ultimate fate of this water body. To this end, detailed maps of present
sediment distribution and water depth are fundamental prerequisites. The lake is to be surveyed with a
fathometer to determine water depth, and several transects acrossthelake will be established to samplethe
bottom sediments. These samples will be analyzed for grain size, bulk mineralogy, and organic matter
content so that accurate maps can be made of these characteristics. Sediment traps are to be deployed in
strategic portionsof thelake and monitored periodically for at least oneyear. The contents of the trapswill
be measured to determine sedimentation rates in different parts of the basin as well as the aggregate rate
of sediment accumulation in the lake as awhole. Short core samples from various parts of the lake will
reveal historical changes in sedimentation rates, and these can be dated using appropriate methods, such
as ZlOPb.

Budget Year 1 $45,000
Year 2 $35,000
Year 3 $25,000

Project Statement 10.4
Study Controls of Midge Production

Description of Recommended Project

The midge (Chironomid) problem in Pilgrim Lake has defied both control and understanding. Itislikely
produced by either intentional or accidental changes in lake management strategy. A systematic
synecological study of the midge population has hot been done in the context of the conditions found in
Pilgrim Lake. Theresearch should proceedin stagesby completing: 1) adetailed description of the species
present, their breeding ecology, habitats and seasonal changes in population structure, accompanied by
relevant water and sediment chemistry and predaceousfish densities; 2) laboratory studiesto determinethe
optimum salinity and dissolved oxygen requirements of larvae for comparison to historical data; and, 3) a
controlled field experiment to determine the relative role of predaceous fish on midge populations using
limnocorrals to exclude predators. Based on these results and in cooperation with the Town of Truro and
the Commonwealth of Massachusetts (Marine Fisheries, Department of Public Works, and Cape Cod
Mosquito Control), the final phase of study will be to manipulate conditionsin Pilgrim Lake, e.g., through
increased seawater flow, to determine if experimental results accurately predict field response.

Budget Year 1 $20,000
Year 2 $18,000
Year 3 $20,000
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Project Statement 10.5
Evaluate the Cause of the Eutrophication Problem
in Pilgrim Lake

Description of Recommended Project

Pilgrim Lake has three principal problems. sedimentation, nuisance insect outbreaks and excess
eutrophication. There are reasons to believe that the three are not independent and are at least weakly
connected.

Pilgrim Lakeor East Harbor isahighly altered system resulting from variably restricted tidal flow, possible
non-point nutrient sources, shallow depth, and limited biota. The lake is highly eutrophic with blooms of
blue-green algae throughout theyear. Past management has not controlled the eutrophication. Itisunclear
whether nutrients from the devel oping watershed, seawater intrusion, the existence of an anadromousfish
run, or proximity of nutrient rich sediments to the photic zone serve to exacerbate the eutrophication
problem. It isalso unclear whether the system might regain some balanceif allowed to flush more freely
with the ocean.

Emery and Redfield (1969) provide some provocative information regarding the source of nutrients. Most
freshwater lakes are strongly phosphorus-limited; Emery and Redfield found that Pilgrim Lake had 83
mg/m® of total phosphorus - alevel more than 4 times higher than most eutrophic lakes in M assachusetts.
Most marinewatersare nitrate-limited and have excess phosphorus, but Emery and Redfield al so observed
that phosphorus levelsin Pilgrim Lake were twice the levels of the North Atlantic. They also found that
nitrate-nitrogen levelswere 4.8 mg/m?, alevel generally below that in freshwater lakes but somewhat high
for seawater. With salt levels at 6.8 percent or about 20 percent of seawater, it may be that Pilgrim Lake
providesideal conditionsfor outbreaks of blue-green algae. Much of the phosphorus may be contributed
by the limited Cape Cod Bay exchange and/or waterfowl, and sinceit isquickly taken up by algaein excess
of their needs, brief or small exchanges may serve to “bioaccumulate” phosphorusin the system. By the
same token, seawater provides little nitrate, but surrounding development and atmospheric deposition
provide some. Since the salinity is between fresh and seawater, many salt-intolerant algae common to
freshwater will be non-competitive, but given the rich phosphorus supply, salt-tolerant and nitrogen fixing
blue-green algae would find the right blend of conditions for excessive blooms.

It seems reasonable from the few reports available (e.g., Emery and Redfield, 1969) that returning Pilgrim
Lake to awell-flushed estuarine system would eliminate the problem of excess blue-green blooms, since
currently high reserves of nutrients within the impounded system would be flushed out. Most of the fish
would be replaced with marine species. Nutrient chemistry would take on the characteristics of Cape Cod
Bay and shellfish may return. Midge production should decrease assalinity increases. However, there may
be negative consequences for sand deposition in Provincetown Harbor (the original reason for restricting
flow to East Harbor).

By the same token, a reasonable trophic balance may be achieved by allowing the lake to become
freshwater with no connection to the sea, if the connection is a major source of phosphorus.
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Allowing the lake to become more fresh with limited phosphorus inputs by closing the tidal gates
permanently may also replace the blue-green algae problem with more aesthetically and ecologically
desirable species. Thefish populationwould changelittle. However, the sediment accumulation problem
would remain.

Beforetaking either drastic action, the system should be modeled for hydrol ogic and nutrient responsesto
either choice. Part of thisstudy would involve modeling theinteraction between hydrol ogic flushing, sand
transport and water chemistry; part would involve a detailed nutrient budget of the system under existing
conditions, with restored tidal flow, or as a closed fresh water system with consequent biological effects.

Additional data collection would be required in the first and second year of the study.

Budget Year 1 $45,000
Year 2 $30,000
Year 3 $20,000
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